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CHAPTER 1 
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INTRODUCTION 
 
 
 
1.1  CHRONIC OBSTRUCTIVE  PULMONARY 


DISEASE 
 
Chronic Obstructive Pulmonary Disease (COPD) imposes a significant burden on 


affected individuals and society. The 2008 World Health Statistics show that in 2004 


COPD was the fourth leading cause of death worldwide and is predicted to become 


the third by 2030 (WHO 2008).  


 


 


1.1.1 Definition  
 


Chronic obstructive pulmonary disease (COPD) is defined as “a preventable and 


treatable disease with significant extra-pulmonary effects that may contribute to the 


severity in individual patients. Its pulmonary component is characterized by airflow 


limitation that is not fully reversible. The airflow limitation is usually progressive 
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and associated with an abnormal inflammatory response of the lung to noxious 


particles or gases” (GOLD Guidelines 2009).  


 


 


1.1.2 Classification of COPD severity 
 


The airflow limitation is defined and quantified by spirometry measuring the forced 


expiratory volume in one second (FEV1) and the forced vital capacity (FVC). The 


spirometric definition of COPD is the presence of   FEV1/FVC ratio of less than 70% 


and an FEV1 <80% predicted. Spirometry is the gold standard for the diagnosis of 


COPD and for monitoring of disease progression. It is a standardized, easy to 


perform and reproducible measurement of the airflow limitation (GOLD 2009). 


The degree of the airflow obstruction can be stratified by measuring the percentage 


predicted FEV1 (%FEV1). I will use the GOLD classification of COPD which is 


presented in Table 1 to stratify disease severity in the remainder of this thesis. 


 
 
Table 1:  GOLD Classification of COPD based on post-bronchodilator FEV1 
    
 
Stage 


 
Severity 


 
Criteria 


 
Stage I: 


 
Mild  


 
FEV1/FVC<70 
FEV1> 80% predicted 
 


Stage II: Moderate FEV1/FVC<70 
50%<FEV1<80% predicted 
 


Stage III: Severe  FEV1/FVC<70 
30%<FEV1<50% predicted 
 


Stage IV: Very severe FEV1/FVC<70 
FEV1<30% predicted or  
FEV1< 50% predicted plus 
cor pulmonale and  
hypoxaemia 
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1.1.3 Aetiology 


COPD is a heterogeneous disease, and the classic subdivision into predominantly 


bronchitic or emphysematous phenotypes does not capture its diversity well. The 


chronic exposure of a genetically susceptible individual to certain noxious 


environmental factors is believed to cause COPD.  


Worldwide, cigarette smoke is the most common risk factor for COPD. It has been 


recognized since the description by Peto & Fletcher in the 1970’s. The WHO 


estimates that 73% of COPD mortality is related to cigarette smoking in high income 


countries and 40% in middle and low income countries (Mannino et al 2007). 


However, not all smokers have COPD and some non-smokers also develop COPD.  


Over the last decade several epidemiological studies have demonstrated other 


significant risk factors for the development of COPD. These factors are presented in 


Table 2. 


 


At present alpha-1 antitrypsin deficiency is the only hereditary disease with a strong 


evidence for a causal relationship in the pathogenesis of COPD. It is present in about 


1-3% of individuals with COPD (Mannino et al 2007).  Alpha-1 antitrypsin is a 


major inhibitor of serine proteases. Individuals with the deficiency who smoke 


develop more severe COPD at a younger age than non-smokers with the disease. 


Multiple other gene polymorphisms are currently being studied for their links to 


COPD: genes coding for tumour necrosis factor (TNF)-α, interleukin (IL)-6, 


transforming growth factor (TGF)-β, haeme oxygenase and matrix 


metalloproteinases among others. Recent genome wide association studies in 


European ancestry populations have identified several single nucleotide 


polymorphisms in the following genes which are related to COPD: BICD1 (Kong et 


al 2010), CHRNA3/CHRNA5 (Pillai et al 2010), HHIP (Pillai et al 2010) and 


FAM13A (Pillai et al 2010, Cho et al 2010). 


 


Exposure to biomass fuels such as animal dung, straw, crop residues, coal and wood 


used for cooking and heating is a major risk factor for COPD in low and middle 


income countries. The WHO estimates 35% of people with COPD developed it after 


exposure to these indoor air pollutants (Mannino et al 2007). 
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Occupational exposure to organic and inorganic dust, chemical fumes and vapours is 


recognized as an independent risk factor for developing COPD. This may account to 


up to 19% of all cases of COPD as recognized in the NHANES III survey (Hnizdo et 


al 2002). NHANES III is a large US population based survey of about 10000 adults 


aged 30-75 years which included lung function.  The same study showed that 


occupational exposure can be responsible of 31% of cases of COPD in never 


smokers.  


 


The contribution of outdoor pollution to COPD is much smaller and estimated at 1% 


in high income countries and 2% in low income countries according to the WHO 


(Mannino et al 2007).  


 


Infections can contribute to both the development and the progression of COPD.  


Repeated infections in childhood can lead to impaired lung development and smaller 


lung volumes, when such an individual is exposed to another noxious agent COPD 


may appear. Recent epidemiological data from the Burden of Obstructive Lung 


Disease (BOLD) Initiative has identified a history of tuberculosis as a significant risk 


factor for the development of COPD (Buist et al 2007), even in non-smokers.  


 


In-utero malnutrition can lead to smaller infants with smaller lungs and may 


predispose to COPD. 
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Table 2: Risk factors other than cigarette smoking associated with chronic 
obstructive pulmonary disease (Salvi et al 2009) 


 
 
Risk Factor 


 
Agent responsible 
 


Indoor air pollution 
 


 Smoke from biomass fuel: plant 
residues (wood, charcoal, crops, 
twigs, dried grass) and animal 
residues (dung) 


 Smoke from coal 
 


Occupational exposures 
 


 Crop farming: grain dust, organic 
dust, inorganic dust 


 Animal farming: organic dust, 
ammonia, hydrogen sulphide 


 Dust exposures: coal mining, 
hard-rock mining, tunnelling, 
concrete manufacturing, 
construction, brick 
manufacturing, gold mining, iron 
and steel founding 


 Chemical exposures: plastic, 
textile, rubber industries, leather 
manufacturing, manufacturing of 
food products 


 Pollutant exposure: transportation 
and trucking, automotive repair 


Treated pulmonary tuberculosis 
 


 


Lower-respiratory-tract infections 
during childhood 
 


 


Chronic asthma 
 


 


Outdoor air pollution  Particulate matter (<10 μm or <2
・5 μm diameter) 


 Nitrogen dioxide 
 Carbon monoxide 


 
Poor socioeconomic status 
 


 


Low educational attainment 
 


 


Poor nutrition 
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1.1.3 Epidemiology 
 
Acquiring reliable epidemiological data in COPD is hampered by imprecise 


definition of the disease, under recognition and under reporting of the disease. The 


existing prevalence data shows wide variation due to survey methods, diagnostic 


criteria and the various analytical methods used. 


In recent years, the BOLD Initiative Study and the Latin American Project for the 


Investigation of Obstructive Lung Disease (PLATINO) Study have used spirometry 


and the GOLD diagnostic criteria to survey the prevalence of COPD in 17 countries 


worldwide. This data shows the prevalence of COPD is generally higher than 


previously reported and there is heterogeneity in prevalence and staging of COPD 


across sites and between men and women within sites (Buist et al 2007). This 


heterogeneity is likely related to the prevalence of different risk factors in the 


different areas. The prevalence of stage II or higher COPD in persons aged 40-80 is 


0.1% worldwide. The prevalence rates increase with age and the pack years smoked.  


It is also estimated that up to 2/3 of patients with COPD are undiagnosed (Shahab et 


al 2006).  


 
 
 
 


1.1.5.1 Pathology 
 
Our understanding of the anatomical changes present in the COPD lung has 


significantly improved in the last 20 years. Our knowledge is derived from studies 


from bronchial biopsies, broncho-alveolar lavage (BAL) fluid and lung tissue 


obtained after lung volume resection surgery or lung resection for cancer.  


 


COPD is associated with increased inflammation throughout the airway. The upper 


airway, the trachea, the large bronchi, the medium and small airways as well the lung 


parenchyma are affected. However, small airways with a calibre <2mm are the main 


site of airway obstruction in COPD. The inhalation of cigarette smoke/other toxic 


causes an increase in the number of neutrophils, macrophages, natural killer cells and 


lymphocytes, in the COPD lung. 
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In a study of bronchial biopsies O’Shaughnessy et al reported an increase in 


macrophages and T lymphocytes, particularly CD8+ cells in patients with chronic 


bronchitis and COPD compared to normal subjects. They also found an inverse 


correlation between the number of airway CD8+ cells and %FEV1 in the COPD 


patients (O’Shaughnessy et al 1997). This relationship was also found by another 


group in a study of specimens obtained after lung resections for a pulmonary nodule. 


There was an inverse correlation between the number of CD8+ cells in the peripheral 


airways and the %FEV1 (Saetta et al 1998).  


 


In another study of bronchial biopsies from smokers with severe and mild to 


moderate COPD, the number of sub-epithelial neutrophils, macrophages and natural 


killer cells were increased compared to smokers without COPD (Di Stefano et al 


1998). This study also showed that the number of inflammatory cells in the bronchial 


sub-epithelium was inversely correlated with the %FEV1 and that the inflammation 


was quantitatively and qualitatively different between smokers with and without 


COPD. 


 


Chronic sputum production is common in COPD. Saetta et al examined surgical 


specimens from lung resection for localized pulmonary lesions in chronic bronchitic 


smokers with and without COPD (Saetta et al 2000) and compared them with non-


smokers. Smokers with chronic bronchitis and COPD had an increased number of 


goblet cells, macrophages and CD8 cells in their epithelium compared to those 


without COPD.  


 


In another surgical resection study the same group also showed that smokers with 


severe COPD had increased number of leucocytes in the small airways (Turato et al 


2002). Furthermore the number of leucocytes showed a positive correlation with the 


radiological emphysema score and the measured residual lung volume. There was a 


negative correlation between the number of leucocytes in the airway and the FEV1 


and the diffusion of carbon monoxide DLCO). The number of CD4 and CD8 T cells 


was increased in the airway wall and the number of macrophages was increased in 


the airway epithelium. The smoking history was also correlated with the airway wall 


and smooth muscle thickness.   
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In a study of lung volume reduction surgery (LVRS) specimens, Retamales et al 


showed that severe emphysema was associated with an absolute increase in the total 


number of inflammatory cells (neutrophils, macrophages, eosinophils, CD4 and CD8 


T cells) in the lung tissue and airspaces. They demonstrated that the extent of 


emphysema detected on high resolution CT scans was directly related to the number 


of total macrophages in the lung tissue and airspaces (Retamales et al 2001).  


 


The relationship between the severity of the airway obstruction as measured by the 


GOLD criteria and the pathological changes in the lung tissue was elegantly 


demonstrated in LVRS specimens by Hogg et al (Hogg et al 2004). Lung tissue from 


159 patients with GOLD stage I to IV were examined. The progression of COPD was 


strongly associated with an increase in the volume of tissue in the airway wall and 


the accumulation of inflammatory mucous exudates in the lumen of the small 


airways. The percentage of the airways containing neutrophils, macrophages, CD4 


cells, CD8 cells, B cells and lymphoid aggregates increased as the severity of COPD 


increased. Patients with stage III-IV COPD had lymphoid follicles and higher 


numbers of all the lymphocytes subsets in their airways (Hogg et al 2004).   


 


In summary the changes present in the COPD lung include: destruction of cilia, 


infiltration of the respiratory epithelium and airspaces by inflammatory cells, goblet 


cells hyperplasia, mucus hyper-secretion, smooth muscle cell hypertrophy, increased 


connective tissue, fibrosis, remodelling of the airways with narrowing of airways 


(leading to increased lower airway resistance) and emphysematous destruction of the 


lung parenchyma leading to decreased elastic recoil of the lungs. In the pulmonary 


vessels there is thickening of the vascular wall, infiltration of inflammatory cells and 


smooth muscle cell hypertrophy. Several studies have demonstrated a direct 


relationship between the number of T cells present in the lung and the severity of the 


airway obstruction (O’Shaugnessy et al 1997, Saetta et al 1998). The severity of 


COPD as measured by the GOLD classification is directly associated with the 


accumulation of inflammatory exudates in the small airway lumen and infiltration of 


the wall by inflammatory immune cells that formation of lymphoid follicles in severe 


disease (Hogg et al 2004). These lymphoid follicles could represent be the response 


of the lower airways to the bacterial colonization often seen patients with more 


severe degrees of COPD.  
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1.1.6 Role of inflammation  


Patients with COPD have increased airway and systemic inflammation compared to 


healthy controls, both in the stable state and at exacerbation. This inflammation is 


believed to represent an amplification of the normal inflammatory response of the 


airways to chronic irritants as depicted in Figure 1. The airway inflammation is 


further amplified by oxidative stress and the proteinase-antiproteinase imbalance.  


 


The various inflammatory cells present in increased numbers in the COPD lung 


produce numerous mediators/cytokines capable of damaging and sustaining the 


inflammatory process. These cytokines can be measured in the broncho-alveolar 


lavage fluid, in the sputum and the blood of COPD patients and healthy controls. A 


selection of frequently measured cytokines is shown in Table 3. The exact origin of 


the systemic inflammation in COPD is unknown. It could be due to a spillover from 


the lung into the systemic circulation or local synthesis due to the increased numbers 


of inflammatory cells present in the circulation in COPD patients. It could also be 


due to the direct effect of smoking on other tissues such as the vascular endothelium.  


 


The inflammatory markers assessed in this thesis are interleukin(IL)-6, IL-8 and C-


reactive protein (CRP).  


 


Interleukin 6 


Interleukin-6 is produced by a variety of cells including bronchial epithelial cells, 


macrophages, fibroblasts, synovial cells, endothelial cells, glia cells, adipocytes and 


keratinocytes (Kishimoto T 2005). IL-6 production can be induced by a variety of 


stimuli including: IL-1, tumour necrosis factor (TNF), platelet-derived growth factor 


(PDGF), bacterial and viral infection and microbial components such as 


lipopolysaccharide (LPS). IL-6 stimulates the production of CRP and fibrinogen by 


hepatocytes. It also has a haematopoietic role as it stimulates leucocytosis, 


thrombocytosis and lymphocytes differentiation (Kishimoto T 2005). The secretion 


of IL-6 is inhibited by glucocorticoids. 
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Interleukin 8 


Interleukin-8 is a 16 kDa protein produced by bronchial epithelial cells, 


monocytes/macrophages and neutrophils. Its secretion is stimulated by TNF-alpha, 


cigarette smoke and bacteria. It is involved in the chemotaxis of neutrophils into the 


airways and their activation. The concentration of sputum IL-8 is related to the 


severity of the airway obstruction in patients with COPD (Yammamoto 1997).  


 


In an in-vitro model, when bronchial epithelial cells derived from patients with 


COPD are cultured and stimulated by TNF-alpha, they produce higher concentrations 


of IL-6 and IL-8 than cells derived from smokers & ex-smokers without COPD 


(Patel et al 2003). This response is attenuated in COPD patients taking inhaled 


corticosteroids. 


 


C reactive protein 


C-reactive protein is an acute phase protein produced by hepatocytes and IL-6 is the 


main stimulus for the release of CRP into the blood. CRP is increased in many 


inflammatory disorders, in response to infection and tissue damage. Epidemiological 


studies have demonstrated a relationship between increased levels of CRP and 


increased cardiovascular mortality. However, it is not yet established if CRP 


contributes directly to the increased cardiovascular mortality or if it is solely a 


marker of the systemic inflammation present in these subjects. In cross-sectional 


studies the concentration of CRP is related to FEV1 (Barnes et al 2009).  


 


 







CHAPTER 1 


 
 


 
Figure 1: Cellular and pathological processes that link the aetiology of COPD to clinical outcomes (Chung et al 2008). 
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Table 3: List of commonly studied markers of airway and systemic 


inflammation in COPD


AIRWAYS SYSTEMIC 


Interleukin (IL)-6, IL-8 IL-6, IL-8 


Leukotriene (LT)-B4 Fibrinogen 


Tumour necrosis factor (TNF)-α  and 


Receptors 


Tumour necrosis factor (TNF)-α and 


receptors 


Myeloperoxidase (MPO) C-reactive protein(CRP) 


Secretory leukoprotease inhibitor (SLPI) Soluble intracellular adhesion 


molecule(ICAM)-1 


Endothelin(ET)-1  ET-1 


Matrix metalloproteinase 9 (MMP-9) MMP-9 


Granulocyte and macrophage colony 


stimulating factor (GM-CSF) 


GM-CSF 


Neutrophil elastase (NE)  


Total cell count and neutrophil count Total cell count and neutrophil count 


Eosinophilic cationic protein (ECP)  
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1.1.7  Systemic Effects of COPD 


COPD is associated with systemic manifestations such as cachexia/ loss of fat free 


mass, osteoporosis, muscle wasting and dysfunction. Patients with COPD have an 


increased risk of the following comorbidities compared to age matched healthy 


controls: cardiovascular disease, depression, gastro-oesophageal reflux, anaemia, 


lung cancer, metabolic syndrome, diabetes and obstructive sleep apnoea. Systemic 


inflammation is a key contributors to these comorbidities and systemic 


manifestations of COPD (Gan et al 2004, Agusti 2005, Barnes  et al 2009, Sinden et 


al 2010). The systemic inflammation present in COPD patients can be quantified by 


measuring the circulating levels of leucocytes, C-reactive protein (CRP), fibrinogen, 


IL-6, IL-8, tumour necrosis factor and its receptors (Gan et al 2004). 


 


Cachexia 


Body composition is altered in patients with COPD and the fat-free mass index 


(FFMI) provides more relevant information than the body mass index (BMI). Vestbo 


et al assessed the FFMI, BMI and their relationship to all cause and COPD related 


mortality in 1898 subjects from the Cohpenhagen City Heart Study. The majority of 


the patients had mild disease, only 117 patients had an FEV1<50% predicted (Vestbo 


et al 2006). The proportion of patients with low FFMI increased with COPD severity. 


In patients with GOLD stage 3 & 4 disease, 50% of patients with normal BMI had a 


reduced FFMI.  


In this large sample of COPD patients, being in the lowest 10th percentile of the 


general population for FFMI was associated with a hazard ratio of 1.5 (95% 


confidence interval, 1.2–1.8) for overall mortality and 2.4 (1.4–4.0) for COPD-


related mortality. FFMI was a predictor of overall mortality. In another study of 412 


COPD patients with GOLD stage II-IV disease, the FFMI was found to be an 


independent predictor of mortality (Schols A et al 2005). The fat mass was not 


related to mortality in the same study. The FFMI has been shown to be related to the 


six minutes walking distance (6MWD) in all GOLD stages of COPD (Ischaki et al 


2007). The FFMI was also related to the MRC dyspnoea score in patients with 


GOLD stage 2 or above in the same study. 


Cachexia can be defined as a FFMI< 17 kg/m2 in males or less than 14 kg/m2 in 


females. It is estimated that about 25% of COPD patients develop cachexia (Wagner 
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P 2008). The exact mechanisms causing cachexia in COPD patients are unknown. 


Several hypotheses exist. Patients with COPD have an increased basal metabolic rate 


which can lead to weight loss. The increased work of breathing, tissue hypoxia, 


deficit of certain anabolic hormones, systemic inflammation and certain drugs (β-


agonists) used in COPD can all be responsible for the increased basal metabolic rate 


seen in COPD (Agusti 2005, Wagner 2008).  


 


Muscle dysfunction 


The fat free mass is mainly constituted by skeletal muscle. In patients with COPD the 


skeletal muscle weakness mainly affects the locomotor muscles such as the 


quadriceps (Man et al 2009). The strength of the diaphragm, adductor pollis and 


abdominal muscles are preserved in COPD patients when compared with age 


matched controls (Man et al 2009). The quadriceps abnormalities observed in COPD 


patients include increased fatigability, reduced endurance, reduced mid-thigh cross 


section area, reduction in type I fibres and  increased type IIx fibres (Man et al 2009). 


The skeletal muscle dysfunction is multi-factorial and likely related to the systemic 


inflammation, oxidative stress and increased immobility present in COPD patients. 


Other contributing factors include the recurrent courses of oral steroids, tissue 


hypoxia, hypercapnia, nutritional depletion, genetic factors and an imbalance of 


anabolic and catabolic hormones (Man et al 2009).   


 


Cardiovascular disease 


COPD increases the risk of cardiovascular disease. This could be attributed to the 


common risk factor of cigarette smoking or to the persistent low grade systemic 


inflammation and the endothelial dysfunction present in COPD. A recent analysis of 


the primary care records of over 1 million individuals over 35 years of age 


demonstrated that a physician diagnosis of COPD was associated with increased 


risks of cardiovascular disease, stroke and diabetes. This increased risk persisted 


after correction for age, sex and smoking status (Feary et al 2010).  


 


Osteoporosis 


A high proportion of patients with COPD have osteoporosis and low bone mineral 


density, even in the early stages of the disease (Jorgensen et al 2008).  The loss of 


bone mineral density is directly related to the loss of fat free mass (Bolton et al 2004). 
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Osteoporosis could be due to the increased production of pro-inflammatory cytokines 


that alter bone metabolism and other features common in COPD such as repeated 


courses of oral steroids, immobility, nutritional depletion and old age.  


 


Depression 


The prevalence of depression is high in COPD patients and is multi-factorial 


(Norwood 2007). The progression of COPD is often associated with a reduction in 


the level of independent function and worsening quality of life due to recurrent 


exacerbations. There is also some evidence that the systemic and physiologic 


changes associated with COPD have direct effects on the brain’s vasculature that 


lead to areas of sub-cortical hypo-densities that are more common in depression 


(Norwood 2007).  


 


Lung cancer 


Patients with COPD have a 3-4 times higher risk of lung cancer than smokers 


without COPD. The higher risk persists even in never smokers with COPD (Turner 


et al 2007). Lung cancer is a common cause of death in patients with COPD (Sin et 


al 2006). The association could be related to exposure to the same noxious agent or 


the underlying lung inflammation and structural changes.  


 


Obstructive sleep apnoea 


Sleep apnoea and COPD can co-exist and is called overlap syndrome. There is 


evidence of increased systemic inflammation in both diseases (McNicholas 2009). 


 


Diabetes and the metabolic syndrome 


COPD is associated with an increased prevalence of diabetes and metabolic 


syndrome (Mannino et al 2008, Watz et al 2009, Feary et al 2010). The systemic 


inflammation is again believed to contribute to the association. Pro-inflammatory 


cytokines such as TNF-alpha and IL-6 are known to induce insulin resistance 


(Barnes et al 2009). It has also been demonstrated that the presence of 


hyperglycaemia on admission to hospital with an exacerbation of COPD was 


associated with a poor outcomes (Baker et al 2006). 
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Gastro-oesophageal reflux disease 


Several studies have reported an association between gastro-oesophageal reflux 


symptoms and more frequent exacerbations of COPD (Hurst et al 2010, Terada et al 


2008, Rascon-Aquilar et al 2006).  


 


 


 


1.2 EXACERBATIONS OF COPD 
COPD is characterized by recurrent episodes of worsening respiratory 


symptoms called exacerbations. They are important events in COPD, both for 


the patient and for society. Exacerbations contribute considerably to the 


morbidity, mortality and increased healthcare costs associated with COPD. 


Exacerbations are a major cause of health care utilization, both as GP visits 


and hospitalizations. Exacerbations of COPD were responsible for around 1 


million bed days in the UK (Donaldson  et al 2006).  


 


 


 


1.2.1 Definition 


Exacerbations can be defined by respiratory symptoms alone (symptom based 


definition) or by healthcare utilization events such as GP visit, A&E attendance or 


hospital admission for an exacerbation (health care utilization definition). The health 


care utilization often involves additional treatment for increased respiratory 


symptoms. Both have advantages and disadvantages.  


 


In a study of 70 patients with moderate to severe COPD followed with daily diary 


cards for one year, our group previously demonstrated that up to 50% of 


exacerbations are not reported to the study team (Seemungal et al 1998). There was 


no difference in symptom scores, exacerbation severity and peak expiratory flow rate 


(PEFR) changes between reported and unreported exacerbations. The INSPIRE study 


was the first large scale trial to use in parallel a symptom based and a healthcare 


utilization based definition of a COPD exacerbation (Seemungal et al 2007 and 


Wedzicha et al 2008). It showed that if a symptom based definition was used the 
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exacerbation rate was 3 per year, if a healthcare utilization definition was used the 


exacerbation rate was 50% less at about 1.5. 


 


To date there is no single biomarker that can diagnose an exacerbation with sufficient 


sensitivity and specificity.  Our group assessed the use of 36 plasma biomarkers in 


paired baseline and exacerbation samples from 90 patients with moderate to severe 


COPD to confirm the diagnosis of exacerbation and to predict severity (Hurst et al, 


2006). CRP was the most selective biomarker for an exacerbation, however, its 


sensitivity and specificity on its own was insufficient. Associating any major 


symptom recorded by the patient to the CRP level increased the sensitivity. No 


biomarker was useful to predict the severity of the exacerbation. 


A frequently used consensus definition of an exacerbation of COPD is “an event in 


the natural course of the disease characterized by a change in the patient’s baseline 


dyspnoea, cough, and/or sputum production that is beyond the normal day-to-day 


variation, is acute in onset, and may warrant a change in the regular medication in a 


patient with underlying COPD” (GOLD 2009).  


 


The definition of COPD exacerbation used in this thesis is the symptom based 


definition used in all the work from our department. The definition was developed 


from that of Anthonisen, used in his landmark study of antibiotics at exacerbation of 


COPD (Anthonisen et al 1987). The London COPD Cohort definition of an 


exacerbation is summarized in Table 4.  


 


TABLE 4:  The London COPD Study Definition of Exacerbation. 


MAJOR SYMPTOMS DEFINITION MINOR SYMPTOMS 


Dyspnoea Cough 


Sputum Volume Wheeze 


Sputum Purulence Sore Throat 


 


EXACERBATION 


Coryza* 


Two or more new or worsening symptoms, on two or more consecutive days,  


at least one symptom being MAJOR 


*Coryza is defined as one or more of runny or blocked nose, post-nasal drip or sneezing. 
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The patients record changes in their respiratory symptoms on a diary card. They are 


asked to record symptoms only when they are new or worse than usual. The 


symptoms are categorised as major (increased dyspnoea, increased sputum volume or 


sputum purulence) and minor (increased cough, wheeze, and presence of a sore 


throat or a cold).  


An exacerbation is defined as: 


 the onset of two or more new or worsening symptoms 


 on two or more consecutive days 


 at least one symptom being major 


This definition has been validated against important outcome measures in COPD 


including the rate of decline in FEV1 (Donaldson et al 2002), and quality of life 


(Seemungal et al 1998). 


 


 


 


1.2.2 Epidemiology of exacerbations 


COPD exacerbations occur throughout the year but are about 50% more frequent in 


the winter months and contribute to the winter bed pressures each year.  The 


increased prevalence of respiratory viral infections during the winter months could 


explain this seasonality. 


 


 


 


1.2.3 Concept of exacerbation frequency 


The exacerbation frequency is the number of exacerbations experienced by a patient 


in a year. It is an important outcome measure in COPD. Exacerbation frequency is 


directly related to quality of life (Seemungal et al 1998), lung function decline 


(Donaldson et al 2002), activities of daily living (Donaldson et al 2005), airway 


inflammation (Bhowmik et al 2000), lower airway bacterial colonisation (Patel et al 


2002) and mortality (Soler-Cataluna et al 2005). 


  


Exacerbations tend to become more frequent and more severe as the underlying 


disease progresses (Donaldson et al 2003, Hurst et al 2010). However, in each 
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individual the exacerbation frequency remains relatively constant over a period of 3-


6 years (Donaldson et al 2003, Hurst et al 2010).  


 


In the study by Donaldson et al, 132 patients with moderate to severe COPD were 


followed for 6 years with daily diary cards and 1,111 exacerbations were identified 


during the study period. Patients with GOLD stage III disease had a 0.75/year higher 


exacerbation rate than patients with GOLD stage II disease. Patients with severe 


disease (GOLD stage III) had a higher total symptom scores at exacerbation, 


reflecting more severe exacerbations as severity of COPD increased. The symptom 


and lung function recovery time was longer for patients with GOLD stage III disease 


compared to stage II disease (0.32 and 0.55 days/year respectively).  


 


In the study by Hurst et al, 2138 patients were prospectively followed up for 3 years. 


Exacerbations were defined as an event that led to the prescription of antibiotics, 


steroids, both or admission to hospital. As a healthcare utilization definition was used 


the exacerbation frequency may be an underestimation of the true rate.  


Exacerbations were more frequent and severe as the severity of COPD increased. 


Exacerbation frequency was 0.85, 1.34 and 2 for patients with GOLD stage II, III 


and IV disease. The single best predictor of exacerbations in this large cohort and 


across all GOLD stages of COPD was a previous history of exacerbation.  In this 


large study the frequent exacerbator phenotype was independently associated with a 


history of gastro-oesophageal reflux, poor quality of life and an elevated white cell 


count. 


 


 


 


1.2.4 Impact of exacerbations 


Exacerbations are responsible for a large amount of the burden of COPD, both to the 


patient and to society. The way exacerbations impact on patients and society will be 


examined below. 
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a. Patients 


Quality of life 


Our group was the first to describe the impact of frequent exacerbations on quality of 


life (Seemungal et al 1998). Seventy patients with moderate to severe COPD were 


followed with daily diary cards for one year. Patients recorded changes in their 


respiratory symptoms and their morning PEFR. Patient’s quality of life was assessed 


by the St Georges Respiratory Questionnaire (SGRQ) which is a validated measure 


of health impairment in chronic airflow limitation.  Patients with frequent 


exacerbations had significantly higher total SGRQ scores compared with patients 


with infrequent exacerbations. The mean difference for the total SGRQ score was 


14.8, p<0.001, on a scale where a 4 unit change is considered clinically significant. 


The factors predictive of frequent exacerbations in this study were the presence of a 


daily cough, daily wheeze,  daily sputum production and frequent exacerbations in 


the previous year.   


 


Activity levels 


As COPD becomes more severe patients become less mobile and they become 


housebound. This was demonstrated by Donaldson et al in a study of 147 patients 


followed for a median of 8 years with daily diary cards in our Cohort (Donaldson et 


al 2005). Patients recorded the time spent outdoors and completed the SGRQ 


annually. The time spent outdoors decreased by 0.16 hours/day per year and the 


decline was faster in patients with frequent exacerbations.  


 


Lung function decline 


Patients with frequent exacerbations have a faster decline in lung function (Kanner et 


al 2001, Donaldson et al 2002). The Lung Health Study (LHS) was a 5 year 


prospective, randomized multicentre clinical trial that followed 5,587 smokers with 


GOLD stage I & II COPD. It was designed to determine whether a smoking 


cessation intervention and regular use of a bronchodilator could slow FEV1 decline. 


One of the reports from the LHS specifically examined the impact of exacerbations 


on lung function (Kanner et al 2001). Sustained quitters had fewer exacerbations than 


continuing smokers. Over 5 years, exacerbations had a significant effect on the rate 


of decline in FEV1 in smokers. The occurrence of one exacerbation per year was 
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associated with an additional decline in FEV1 of 7ml/year in smokers. Patients with 


more frequent exacerbations had greater declines in FEV1. In another study from our 


Cohort, Donaldson et al showed that patients with frequent exacerbations had faster 


decline in FEV1 (-40 ml/year) compared to infrequent exacerbators (-32ml/year) 


(Donaldson et al 2002). In this study, frequent exacerbators were also admitted to 


hospital more often and had a longer length of stay than infrequent exacerbators. 


 


Airway inflammation 


Our group has previously demonstrated that patients with frequent exacerbations 


have higher levels of airway inflammation in the stable state compared to those with 


infrequent exacerbations (Bhowmik  et al 2000). In this study 57 patients with 


moderate to severe COPD were followed up with daily diary cards and had samples 


of blood and sputum taken in the stable state and at exacerbation. Exacerbation 


frequency was correlated with stable IL-6 and IL-8 levels. Infrequent exacerbators 


had median (95% CI) IL-6 and IL-8 levels of 22(12-93) and 1628 (607-4812) pg/ml 


versus frequent exacerbators who had IL-6 and IL-8 levels of 110 (11-215) and 6694 


(3120-11995) pg/ml. The differences were statistically significant with p<0.05 for 


both.  


 


Lower airway bacterial colonisation 


In an analysis of 29 patients with moderate to severe COPD followed up for a 


median of 529 days, the colonisation by any possible pathogen was associated with 


an increased exacerbation frequency (Patel et al 2002).  


 


Mortality 


Patients with frequent exacerbations of COPD have higher mortality rates compared 


to those with infrequent exacerbations as demonstrated by a Spanish prospective 


observational study of 305 men with COPD followed over 5 years (Soler-Cataluna J 


et al 2005). In this study a multivariate analysis of survival was performed correcting 


for age, co-morbidity index, body mass index, severity of COPD and use of long 


term oxygen therapy. This study showed that patients with 3 or more exacerbations 


had a survival rate of 30% at 5 years compared to 80% for those without 


exacerbations. The survival rate was influenced by the need for recurrent hospital 
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admissions. Patients requiring readmission only had a 20% survival rate at 5 years 


compared to those with exacerbations not requiring admissions.  


 
  


b. Society 
 
COPD imposes a considerable burden on healthcare systems and society and 


exacerbations are the major contributor to this burden. The Confronting COPD 


Survey estimated the total cost of COPD at up to $ 4.119 per patient per year in 


North America and Europe (Wouters E 2003). Hospitalizations accounted for 54% of 


costs, medications accounted for 16%, unscheduled care accounted for 6%, 


investigations for 5% and oxygen therapy accounted for 3% of the direct costs. A 


review of data from the United States estimated the direct per patient costs for COPD 


to be in the range of $ 2,700 to $ 5,900 per year in 2005 (Foster et al 2006). 


 


In the UK the direct cost of COPD to the healthcare system is estimated to be 


between £ 810-930 millions per year (NICE COPD Guidelines 2010). More than 


50% of these costs are due to hospital admissions. COPD is among the most costly 


inpatient conditions treated by the National Health Service (NHS). Indirect costs are 


also substantial and incompletely quantified.  COPD is estimated to cause 24 million 


lost working days per annum (NICE 2010).  


 


A recent department of health analysis has estimated the direct cost associated with 


COPD by disease severity to be as follows: 


GOLD Stage I: £120 - £130  


GOLD Stage II: £270 - £290  


GOLD Stage III: £910 - £980  


GOLD Stage IV: £3,000 - £3,200 


 


The estimated cost of an exacerbation in the UK in 2004 was (NICE 2010): 


• £8 to £15 for a person with mild COPD  


• £23 to £95 for a person with mild to moderate COPD  


• £1,400 to £1,600 for a person with severe COPD 
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The National COPD Audit 2008 showed that COPD accounts for around 1.4 million 


consultations in general practice per year. In general, 74% of patients admitted to 


hospital with an exacerbation had made contact with their GP in the 4 weeks prior to 


admission and 31% had 3 or more contacts in the preceding 4 weeks. 


  


Although only a small proportion of patients with COPD are admitted to hospital 


each year, 1/8 emergency admissions are now due to COPD and they account for 


more than one million bed days in the UK (NICE 2010). 


 


 


1.2.5 Risk factors for exacerbation 


A previous history of exacerbations is a consistent risk factor for further 


exacerbations. As the major costs related to COPD are due to hospital admissions 


with exacerbations, most of the data on risk factors for exacerbations come from 


studies examining risk factors for hospital admission. The different reports from the 


EFRAM study demonstrate that a history of frequent exacerbations, under 


prescription of long term oxygen therapy, reduced physical activity and lower FEV1 


are all risk factors for exacerbations of COPD and admission to hospital (Garcia 


Ameyrich et al 2000, 2001, 2003 and 2006).  


 


The presence of increased fibrinogen level in the stable state has also been described 


as an independent risk factor for exacerbations in the subsequent year (Groenwald et 


al 2008). This study also found that a lower FEV1 and a higher number of 


exacerbations in the previous year were risk factors for exacerbation.  


 


 


 


1.2.6 Aetiology of exacerbations 


COPD exacerbations are heterogeneous events likely reflecting the different  


aetiologies. An infection of the airways, either viral or bacterial is present in about 


50-80% of exacerbations. Atmospheric pollution levels, temperature changes and 


pulmonary emboli have also been implicated as a cause of COPD exacerbations.  
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a. Role of bacteria 


The role of bacteria during exacerbations of COPD was debated in the past due to the 


fact that the same bacteria were found in the airways of stable as well as exacerbated 


COPD patients. The fact that not all exacerbations responded to antibiotic therapy 


was another reason for the controversy. However over the last 20 years there have 


been significant improvements in our understanding of the role of bacteria in 


exacerbations of COPD. Up to 50% of exacerbations are bacterial in origin (Sethi et 


al 2002).  


A more detailed analysis of the role of bacteria in COPD exacerbations will follow in 


section 1.3.3 . 


 


b. Role of viruses 
 
Respiratory viruses are an important cause of exacerbations of COPD. 


Several studies have demonstrated that respiratory viruses are more frequently 


isolated from patients with exacerbations than from those with stable COPD, they are 


illustrated in Table 5. The table is the result of a literature search with the terms 


“viruses, COPD and exacerbation”. The detection of respiratory viruses was by PCR, 


viral culture or serology.   
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Table 5: Studies detecting viruses at exacerbation of COPD 
 
NPA=naso-pharyngeal aspirate, NPS= naso-pharyngeal swab, NL=nasal lavage, 
PBS=protected brush specimen, BAL=broncho-alveolar lavage 
 


 


 Study 
setting 


Samples 
taken 


Virus detection 
by 
 


n Virus identified 
 


Kherad O 
et  al 2010 


Hospital 
ED 


NPS PCR 86 51% 
 


De Serres 
et al 2009 


Hospital 
ED  


NPA, 
Sputum 


PCR 108 31% 
 


Camargo  
et al 2008
  


Hospital 
ED  


NPS PCR 76 25% 
 


Mc Manus 
et al 2008 


Hospital IP
  


Sputum PCR 136 37% 
 


Ko et al 
2007 


Hospital IP NPA PCR 196 22.1% 
 


Cameron 
et al 2006
  


ITU NPA, 
NPS 


PCR 105 43% 
 


Papi et al 
2006 


Hospital IP Sputum PCR 64 23.5%  and  25% 
Viral/bacterial 
 


Wilkinson 
et al 2005 


Outpatients Sputum PCR Rhinovirus 39 Rhinovirus 19.6% 
 


Rohde et 
al 2003 


Hospital IP NL, 
sputum 


PCR 85 56% 
 


Bandi et al 
2003 


Outpatient Sputum PCR, serology, 
viral culture 


24 46.7% 
68.6% virus/bacteria 
 


Tan et al 
2003 


Hospital IP
  


Sputum PCR  14 64% 
 


Aaron 
2001 


Outpatients Sputum PCR, serology, 
Viral culture 


14 14% and 21% 
virus/bacteria 
 


Seemungal 
et al 2001 


Outpatients NPA, 
NPS 


PCR Rhinovirus 
Serology, 
culture 


83 39.2% any virus , 
58.2% Rhinovirus 
 


Soler et al 
1998 


ITU PBS, 
BAL  


Serology 50 16% 
 


 


The viruses most commonly detected at exacerbation of COPD are rhinovirus, 


influenza A & B (in non-vaccinated populations), coronavirus, parainfluenza virus 


and more rarely human metapneumovirus and bocavirus.  
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Respiratory syncytial virus (RSV) and Epstein Barr virus have both been detected in 


stable COPD and at exacerbation (McManus et al 2008a, Seemungal et al 2001, 


Wilkinson et al 2006 a). The recurrent isolation of RSV has been linked to faster 


FEV1 decline (Wilkinson et al 2006 a).  


 


Our group has previously described that the presence of a common cold at onset of 


an exacerbation is related to a prolonged recovery time (Seemungal et al 2001). 


Patients with symptoms of a cold or a virus isolated from the airways at exacerbation 


have more severe exacerbations (higher drop in FEV1) and higher levels of serum IL-


6, fibrinogen and higher levels of sputum IL-6 (Seemugal et al 2001, Bhowmik et al 


2000) than those without a cold/ virus in airway secretions.  The isolation of both a 


virus and a bacterium at exacerbation is associated with more severe exacerbations in 


terms of drop in FEV1 and airway inflammation (Wilkinson et al 2006 b, Papi et al 


2006). 


 


c. Role of pollution 


There is epidemiological evidence of a link between air pollution and admission to 


hospital with respiratory diseases (Dominici et al 2006) and in particular COPD (Ko 


et al 2007, Arbex et al 2009).  


 


In the study by Ko et al the relationship between levels of ambient air pollutants 


(sulphur dioxide (SO2), nitrogen dioxide (NO2), ozone (O3), particulates with 


diameter <10µm (PM10) and 2.5 µm) and hospital admission for COPD was assessed 


retrospectively in 15 hospitals in Hong Kong between 2000 and 2004. In a multi-


pollutant model, O3, SO2 and PM2.5 were significantly associated with increased 


admissions for COPD. SO2, NO2 and O3 had a greater effect on COPD admissions in 


the cold season than during the warm season. 


In the second study the relationship between the daily number of emergency visits 


for COPD and the environmental air concentrations of PM10, SO2, NO2, carbon 


monoxide and ozone  were studied in the City of Sao Paulo, Brazil between 2001 and 


2003. PM10 and SO2 readings showed both acute and lagged effects on COPD 


emergency department visits (Arbex et al 2009). 
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In vitro studies show that exposure of alveolar macrophages to atmospheric pollution 


increases their phagocytic activity, oxidant production and release of pro-


inflammatory cytokines such as IL-8 and TNF-α (Ling et al). This increase in airway 


inflammation could contribute to the epidemiological link between air pollution and 


exacerbations of COPD. 
 


d. Role of temperature 


Exacerbations are more common during the winter months in the Northern 


hemisphere. The higher prevalence of viral infections may be one of the reasons. In a 


study of 76 patients with moderate to severe COPD from our cohort, Donaldson et al 


demonstrated that a fall in outdoor temperature was associated with increased 


number of exacerbations (Donaldson et al 1999).   


 


e. Venous thrombo-embolism 


A recent systematic review and meta-analysis found that up to 25% of patients who 


require admission with symptoms of an exacerbation of COPD may have a 


pulmonary embolism (Rizkallah et al 2009). Patients with COPD exacerbations have 


increased systemic inflammation and reduced mobility, both could contribute to the 


increased risk of thrombus formation.  


 


 


 


1.2.7 Time course of symptoms at exacerbation 
 
Our group was the first to prospectively assess the time course of symptoms during 


an exacerbation of COPD (Seemungal et al 2000). One hundred and one patients 


were asked to record any change in the following respiratory symptoms on daily 


diary cards: dyspnoea, sputum colour, sputum volume, common cold, cough and 


wheeze or chest tightness. They were also asked to contact the study team when they 


noticed any change in their symptoms. The patients were followed for 2.5 years and 


504 exacerbations were identified from diary cards. Only 50% of the exacerbations 


were reported to the study team or other health care professional. The respiratory 


symptoms worsen in the 7 days prior to the onset of the exacerbation, then on the day 


of onset there is a sudden increase in symptoms and drop in peak expiratory flow rate 
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(PEFR). Symptoms generally recover in median (IQR) 7 (4-14) days and PEFR 


recovers in 6 days (1-14). However, in this study 25% of patients had not recovered 


to baseline 35 days after the onset of the exacerbation.   See Figure 2. 


 


Figure 2:  Symptoms and PEFR time course during an exacerbation of 


COPD (from Seemungal et al 2000) 


 
 
 
 
 


1.2.8 Airway and systemic inflammation at 


exacerbation  


Airway inflammation can be assessed non-invasively by measuring inflammatory 


cells and cytokines in the sputum. Our group has previously demonstrated that there 


is no difference between the cytokines levels and total cell count measured in 


induced and spontaneously expectorated sputum (Bhowmik et al 1998). However, 


induced sputum has a higher proportion of viable cells (Bhowmik et al 1998). 


Patients with COPD have higher airway and systemic inflammation in the stable 


state compared to healthy controls. Several studies have demonstrated a further 
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Table 6: Changes in airway and systemic inflammatory markers at exacerbation of COPD 
 
Paper Increased at 


exacerbation 
Unchanged at 
exacerbation 


Design Patient number Comments 


Bathoorn et al 2009 LTB4,MCP-1, ECP IL-8, IL-6, MPO, 
TNF-α 


Matched 45  


Sethi et al 2008 IL-8, NE, TNF-α  
 


Matched 65 148 exacerbations in 
65 patients 


Hurst et al 2006 
 
 


MPO IL-6, IL-8 Matched 41  


Papi et al 2006 ECP    Exacerbation-
convalescent samples 


Wilkinson et al 2006 IL-8  Matched 39  


Tsoumakido  et al 
2005 


IL-8, MPO  Matched 12  


Fujimoto et al 2005 ECP, elastase, IL-8, 
RANTES 


 Matched 30  


White et al 2003 Elastase IL-8, LTB4, MPO Matched 40 Baseline was a 
convalescent samples 
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Gompertz et al 2001 Elastase, LTB4, MPA IL-8 Matched  Baseline was a 
convalescent samples 


Aaron et al 2001 IL-8, TNF-α MPO Matched 14  


Roland et al 2001 Endothelin-1 IL-6, IL-8 Matched 14  


Seemungal et al 2001 IL-6 IL-8 Matched 30 30 exacerbations in 
22 patients 


Crooks et al 2000 Elastase, IL-8, LTB4, 
MPO 


 Matched & Unpaired 6  


Bhowmik et al 2000 IL-6 IL-8 Unpaired 37  


Hill et al 2000 b Elastase, IL-8, LTB4, 
MPO, α1-antitrypsin 


 Matched 11 α1-antitrypsin 
deficient patients 
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1.2.9 Time course of airway and systemic 
inflammation at exacerbation 


 
The study by Seemungal et al 2000 described the time course of symptoms at 


exacerbation. Three studies describe the time course of airway and systemic 


inflammation at exacerbation (Crooks et al 2000, Gompertz et al 2001 and Aaron et 


al 2001). These studies will be described in detail here.  


 


a.  


This study included a small group of patients (n=8) with very severe COPD who 


presented a mean (range) of 12 (2-28) days after they first noticed an increase in their 


respiratory symptoms (Crooks et al 2000). Their mean (range) exacerbation 


frequency in the 12 months prior to the sampled exacerabation was 4.6 (0-10).  The 8 


study patients had a mean (SEM) FEV1 of 0.65 (+/- 0.09) litres and were all admitted 


to hospital with an exacerbation of COPD. An exacerbation was defined as an 


increase in dyspnoea and/or cough accompanied by an increase in sputum purulence, 


together with a positive bacterial culture from the sputum. All patients were treated 


with antibiotics. Patients were sampled on admission prior to antibiotics, after 3, 5, 


14 days and when clinically stable. Sputum samples were taken at each visit and 


assessed for the levels of MPO, elastase activity, chemotactic activity, IL-8 and LTB-


4 were. Systemic inflammation was assessed by measuring CRP and serum α1-


proteinase inhibitor. All indices of airway and systemic inflammation were higher at 


presentation and decreased significantly by day 3 and remained low until they were 


seen in the stable state. No precise information was given as to when the stable state 


sample was taken. 


 


b.   


This study included 69 patients with chronic bronchitis and a clinical diagnosis of 


COPD who presented to their primary care physician with an exacerbation 


(Gompertz et al 2001). An exacerbation was defined as a combination of worsening 


respiratory symptoms (breathlessness, sputum volume, colour or viscosity, chough, 


wheeze or chest pain) with or without systemic symptoms (fever, malaise, rigors). 


Patients with purulent sputum were treated with antibiotics and those with mucoid 


sputum were treated with inhaled corticosteroids. Patients had sputum and blood 
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samples taken at presentation prior to antibiotics, after 5 days, at end of treatment (10 


days for patients on ICS and 14 days for patients on antibiotics) , after 28 days and 


after 56 days. Sputum levels of MPO, NE, IL-8, LTB-4 were measured as well as 


serum CRP.  Quantitative sputum cultures were also performed. Patients were 


grouped according to their sputum appearance into mucoid bronchitics and purulent 


bronchitics. Purulent bronchitics were more likely to grow a PPM, have higher 


bacterial loads and higher airway and systemic inflammation at presentation. The 


mucoid bronchitics showed little change in their inflammatory markers throughout 


the study. The purulent bronchitics had a significant drop in airway inflammation by 


day 5 but there was a wide variation in the range of values observed. The patients 


mean exacerbation frequency and the duration of symptoms prior to presentation 


were not recorded.  


 


c.  


Fifty patients with a mean FEV1 of 39% predicted were recruited in the stable state 


and followed up prospectively for 9 to 15 months (Aaron et al 2001). An 


exacerbation was diagnosed according to criteria from Anthoniesen (Anthoniesen et 


al 1987). Patients were treated with antibiotics, oral steroids or both. They were 


sampled in the stable state, at exacerbation and one month after. Induced sputum 


samples and blood samples were taken at each visit. Viruses were detected by PCR 


and cultures in the sputum and serology. Quantitative bacterial cultures were 


performed and an exacerbation was deemed to be bacterial if a new organism was 


isolated at exacerbation. Airway inflammation was measured by IL-8, TNF-α and 


MPO. Systemic inflammation was not assessed. Only 14 patients experienced an 


exacerbation during the study period. All indices of airway inflammation increased 


significantly between baseline and exacerbation. After one month all indices had 


returned to baseline levels. One patient had a new bacterium in his sputum at 


exacerbation and two patients had evidence of a viral infection by both PCR and 


serology. The three patients with documented infection did not have significantly 


higher levels of airway inflammation at exacerbation compared to those without 


infection. The authors concluded that COPD exacerbations are associated with 


neutrophilic inflammation that resolves after one month and that this inflammation 


was independent of an acute infection.  
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All three studies confirm that exacerbations are associated with increases in 


neutrophilic airway inflammation that returns towards the baseline levels after about 


5 days. If another exacerbation does not occur, airway inflammation remains low up 


to 30-56 days after the exacerbation. These studies are quite heterogeneous. The 


duration of symptoms prior to sampling and the exacerbation frequency are only 


documented in one of the studies. The first two studies only included patients with 


chronic bronchitis. The baseline sample was also taken after the exacerbation in both 


of them. In the third study, a bacterial aetiology was only considered if a new 


organism was isolated at exacerbation; the baseline airway colonization rate is not 


documented. The definition of exacerbation is also variable among these studies.   


   


 


 


1.2.10 Severity of exacerbation 


The severity of an exacerbation can be assessed in the following ways: 


 counting the total number of symptoms present at exacerbation 


 quantifying the deterioration in lung function parameters (FEV1, PEFR) 


 the need for additional treatments: antibiotics, steroids, both, oxygen 


 quantifying the intensity of the airway and/or systemic inflammation 


 the need for admission to hospital 


 patient death 


Different studies have used different combinations of the above to describe the 


severity of an exacerbation. In clinical practice it is difficult to disentangle the 


severity of the exacerbation from the severity of the underlying COPD and we 


usually talk about the severity of the presentation. 


 


 


 


1.2.11 Recovery 


An exacerbation is considered to have recovered when the patient’s symptoms and/or 


lung function have returned to their pre-exacerbation levels. Our group has 


previously demonstrated that in 25% of exacerbations PEFR does not return to 


baseline after 5 weeks (Seemungal et al 2000). The reasons for this non-recovery are 
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unknown. The use of oral steroids at exacerbation is associated with a faster recovery 


in lung function and less treatment failures (Davies et al 1999, Niewohner et al 1999).   


 


 


 


1.2.12 Recurrences 


COPD exacerbations are often recurrent as demonstrated by several studies. 


However, the underlying mechanisms leading to recurrences are unknown. 


 


The 2003 UK National COPD audit analysed data on 7529 patients admitted to 


hospital with an exacerbation. Thirty one per cent were readmitted within 3 months 


with another exacerbation (Price et al 2006). The previous audit in 1997 had found 


that 34% of patients were readmitted within 3 months (Roberts et al 2002). 


 


In a randomized double blind placebo controlled trial of outpatient oral Prednisolone 


in the treatment of exacerbations of COPD, 27% of patients in the active drug group 


required another physician visit within 30 days for worsening symptoms (Aaron et al 


2003).  


 


In a study from our cohort, 297 patients were assessed for 904 patient-years. The 


timing of a second exacerbation after an initial exacerbation was compared with that 


expected should exacerbations occur randomly (Hurst et al 2009) by using a 


mathematical model. Twenty seven per cent of exacerbations were followed by a 


recurrent exacerbation within 8 weeks. The study showed that exacerbations are not 


random events and that they cluster together and the highest risk period is the 8 


weeks immediately after the initial exacerbation. 


 


 


 


1.2.13  Prevention of exacerbations 


There are effective treatments that can reduce exacerbations. Table 7 shows 


pharmacological agents that prevent exacerbations. The exact mechanism by which 


this reduction is achieved is not clear.  
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Pharmacological treatments 


The ISOLDE study was the first long-term prospective double-blind placebo 


controlled study to demonstrate an effect of ICS in COPD (Burge et al 2000). The 


study included 751 patients with a mean (SD) FEV1 of 50 (14.7) % who were 


followed up for 3 years. Exacerbations were a secondary outcome and were reduced 


by 25% in the treatment arm compared to the placebo arm. ISOLDE also showed that 


health status as measured by the SGRQ declined by 2 units/year in the ICS arm and 


by 3.2 unit/year in those in the placebo arm. It showed for the first time that 


treatment with ICS can modify the decline in health status (Spencer et al 2001 and 


2004). 


 


The Salmeterol versus-placebo arm of the TRISTAN (Calverley et al 2003 a) and 


TORCH (Calverley et al 2007) trials both show a reduction in exacerbation 


frequency of 15-25%. The role of combination therapy with ICS and LABA is now 


well established, they reduce exacerbation frequency by about 25%.  


 


The long acting anti-muscarinic agent Tiotropium reduces exacerbation frequency by 


14-20%. It is worth noting that in the UPLIFT study (Tashkin et al 2008), patients on 


the treatment arm were allowed to be on combination ICS-LABA. 


 


Macrolides reduced exacerbation frequency by 35% in a randomized controlled 


study conducted by our group (Seemungal et al 2008). 


 


Mucolytic agents have been shown to reduce exacerbation frequency in patients who 


are not on inhaled cortico-steroids (Zheng J et al 2008, Decramer M et al 2005).  


 


Non-pharmacological therapies 


The non-pharmacological interventions that reduce exacerbations and hospital 


admissions include pulmonary rehabilitation, vaccination and lung volume reduction 


surgery. A comparison of the exacerbation rate between the medically managed 


group and those undergoing LVRS in the NETT trial showed a 30% reduction in 


exacerbation frequency in the operated group (Washko et al 2008).  
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Table 7: Pharmacological agents that reduce exacerbations in COPD 


Trial Therapy n= % Reduction 


 


UPLIFT Tiotropium/placebo 5993 14% 


TORCH Salmeterol/placebo 1521 15% 


TORCH Fluticasone/placebo 1534 18% 


TORCH Combination/placebo 1533 25% 


Casaburi Tiotropium/placebo 921 20% 


Vincken Tiotropium/Ipratropium 535 20% 


TRISTAN Salmeterol/placebo 733 20% 


TRISTAN Fluticasone/placebo 735 19% 


TRISTAN Combination/placebo 719 25% 


Szafranski Budesonide-formeterol/placebo 413 24% 


Calverley Budesonide-formeterol/placebo 510 24% 


ELECT Erythromycin/placebo 109 35% 


Rennard Cilomilast/placebo 647 39% 


Calverley Roflumilast/placebo 3091 17% 
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1.3 ROLE OF BACTERIA IN COPD 
 
In the fifties British investigators hypothesized that recurrent bronchial infections led 


some smokers to develop chronic airways obstruction (Fletcher et al 1977). The 


seminal study of Fletcher et al was designed to test this hypothesis. Their prospective 


observational study of working men in London measured the frequency of “chest 


illnesses”, the daily respiratory symptoms of cough and sputum production and lung 


function over eight years. They studied the quality and quantity of sputum produced 


and measured the changes in FEV1 of the subjects. They found that chronic cough, 


sputum production and recurrent “chest illnesses” did not correlate with lung 


function decline (Fletcher et al 1977). These findings led to the belief that chronic 


bronchitis resulted from an inflammatory response of the lung to chronic exposure to 


irritants. Cigarette smoke and air pollution were possible irritants and bacterial 


colonization was considered to be an epiphenomenon. Fletcher summarized this in 


his Philip Ellman lecture at the Royal Society of Medicine in May 1965 as follows: 


  


   
    
             From Fletcher CM 1965. 
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Research conducted in the nineties renewed the interest in the role of bacteria in 


COPD pathogenesis and progression.  


Five potential ways in which bacteria may contribute to COPD pathogenesis and 


progression were described by Sethi et al in 2001: 


1. Recurrent childhood lower respiratory tract infections impair lung growth 


and lead to smaller lung volumes in adulthood. 


2. Bacteria are the main cause of exacerbations of COPD and contribute to 


the morbidity and mortality of the disease. 


3. The vicious cycle hypothesis: chronic colonization of the lower airways 


by bacteria amplifies the inflammatory response present in the COPD 


lungs and leads to progressive airway obstruction. 


4. Bacteria invade and persist in the respiratory tissues and alter the host 


response to cigarette smoke. They can also induce a chronic inflammatory 


response and thus contribute to the pathogenesis of COPD.  


5. Bacterial antigens induce hypersensitivity in the lower airways. 


 


The three organisms most commonly isolated from patients with COPD are: 


Haemophilus influenzae, Streptococcus pneumoniae and Moraxella catarrhalis.  


Other frequently isolated pathogens include Haemophilus parainfluenzae, 


Staphylococcus aureus, Psuedomonas aeruginosa and Entoerobacteriacaeae. These 


organisms are commonly referred to as potentially pathogenic micro-organisms 


(PPM) (Sethi et al 2000). The bacteria that colonize the airways of COPD patients 


are less virulent, in the usually accepted sense of the word, than those that cause 


invasive disease such as pneumonia (Wilson et al 1996).  These organisms persist in 


the lower airways in a state of equilibrium where their number is contained but not 


eliminated by the host defences. However, this persistence is associated with higher 


airway and systemic inflammation. 
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1.3.1 Lower airway bacterial colonisation in COPD 


The lower airways of healthy non-smokers are usually sterile due to the innate lung 


defences. From the late fifties it was known that bacteria could be present in the 


lower airways of smokers in the absence of clinical symptoms of an infection 


(Fletcher CM 1965).This phenomenon is called lower airway bacterial colonization. 


The major papers on lower airway bacterial colonization in COPD relevant to this 


thesis are listed in Table 8 and their main findings will be discussed in the next 


section. 


 


a. 


In the first study, 40 patients with an FEV1 of 51% predicted had bronchoscopies and 


protected brush specimens (PBS) taken whilst in the stable state (Monso et al 1995). 


Bacterial cultures were considered positive if there were 1000 or more colony 


forming units per millilitre (CFU/ml). Twenty five per cent of samples were positive 


and the most commonly isolated bacteria were H influenzae and S pneumoniae.  


In the second study the authors used PBS in 41 patients with stable chronic 


bronchitis to determine the prevalence of lower airway bacterial colonization and the 


risk factors associated with it (Monso et al 1999). The cut-off 1000 or more CFU/ml 


was used to declare a sample positive. Most patients had mild to moderate COPD 


with FEV1 74%  +/- 23% predicted. Active smoking was found to be a risk factor for 


lower airway colonization.  H influenzae was again the most prevalent organism in 


the PBS samples.  


 


b. 


This study included 88 patients with stable COPD and 20 subjects with normal 


spirometry and chest x-ray (Zalacin et al 1999). All had bronchoscopies and PBS 


taken, cultures were considered positive if 1000 or more CFU/ml were present. There 


was significant bacterial growth in 40% of the patients and in 0% of the normal 


subjects. The most common organisms were H infulenzae, S viridans, S pneumoniae 


and M catarrhalis. In a multivariate analysis, severe airflow limitation and current 


smoking were associated with a positive culture.   If only potentially pathogenic 


micro-organisms were considered, a significant bacterial growth was found in 30.7% 


of patients and severe airflow obstruction was the only associated risk factor.  
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Table 8: Papers on lower airway bacterial colonization in COPD 


 


Paper Samples 


analysed 


n= Colonization 


rate 


Comments 


Monso et al 1995 PBS 40 25%  


Monso et al 1999 PBS 41 22%  


Zalacin et al 1999 PBS 88 40% or 30.7% 30% if only PPM 


Soler et al 1999 PBS & 


BAL 


52 34.3% 33% if smokers and 


COPD patients counted 


together 


Hill et al 2000 Sputum 160 74% 55 COPD & normal α1-


antitrypsin level,  


62 COPD with low  


α1-antitrypsin, 


43 idiopathic 


bronchiectasis 


Bandi et al 2001 PBS, BW 


& Sputum 


23 9%, 18%, 35% Detection rate of  


H influenza only 


Patel et al 2002 Sputum 29 51.7%  


Wilkinson et al 


2003 


Sputum 30 53% and 


56.6% 


Sampled one year apart 


Banerjee et al 


2004 


Sputum 67 40%  


Sethi et al 2006 BAL 26 34.6%  


Miravitlles  et al 


2009 


Sputum 119 33.6%  


Marin et al 2010 Sputum 79 53.2%  


PBS= protected brush specimen, BW= bronchial wash, BAL= broncho-alveolar 


lavage. 
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c. 


This study included 8 non-smokers, 18 smokers with normal lung function and 52 


patients with COPD ( 28 mild, 11 moderate and 13 severe) (Soler et al 1999). All 


patients underwent bronchoscopy and had PBS and BAL samples taken. Quantitative 


cultures were done, samples were considered positive if 1000 or more CFU/ml were 


present in BAL and 100 or more CFU/ml were present in PBS samples. Among the 


COPD patients, a PPM was isolated in 34.6% of the cases. The presence of a PPM 


was associated with higher BAL neutrophil count and TNF-α concentration.  


 


d. 


This study tested the hypothesis that the number of organisms and bacterial species 


present in the lower airways modulate airway inflammation (Hill et al 2000). The 


study included 55 patients with COPD without α1-antitrypsin deficiency, 62 patients 


with COPD and α1-antitrypsin and 43 patients with idiopathic bronchiectasis. 


Patients provided up to 4 samples of spontaneously produced sputum whilst in the 


stable state. Seventy four per cent of sputum samples grew ≥ 105 CFU/ml of bacteria. 


Airway inflammation was assessed by measuring IL-8, LTB4, myeloperoxidase and 


neutrophil elastase levels in the sputum. The sputum/serum albumin ratio was also 


assessed. The airway bacterial load correlated with sputum myeloperoxidase, IL-8, 


leukotriene-B4 levels and sputum neutrophil elastase activity. The type of bacteria 


isolated was also directly related to the degree of airway inflammation, P aeruginosa 


was associated with more airway inflammation than H influenzae, which in turn 


caused more airway inflammation than M catarrhalis. This study demonstrated a 


significant linear relationship between the lower airway bacterial load and the degree 


of airway inflammation.  


 


e. 


This study included patients with stable chronic bronchitis (n=23), normal subjects 


(n=26) having general anaesthesia for an operation and patients with exacerbations of 


chronic bronchitis requiring intubation and mechanical ventilation (n=15) (Bandi et 


al 2001). All subjects had samples of PBS, BAL and sputum sent for quantitative 


bacterial cultures. Samples were considered positive if more than 10 CFU/ml were 


isolated. Patients with stable COPD had H influenzae in 26% of specimens collected 


at bronchoscopy (PBS & BAL) and in 35% of sputum samples. The control subjects 
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did not grow any bacteria in the sputum or in the bronchoscopy specimens. In the 


patients with H influenza isolated, strain typing revealed the presence of multiple 


strains. Sixteen of the chronic bronchitis patients had a second bronchoscopy a mean 


of 6.4 months later; H influenza was isolated from bronchoscopy samples in 50% of 


samples. Strain typing revealed the same strains and new strains on the repeat 


bronchoscopy. This study demonstrated that the lower airways of patients with 


chronic bronchitis are frequently colonized by multiple strains of H influenza and the 


colonization is a dynamic process.   


 


f. 


Twenty nine patients with severe COPD (mean FEV1% predicted 38.7) provided 


sputum samples at least 3 weeks away from an exacerbation (Patel et al 2002). One 


or more PPM was isolated from 51.7% of the patients. The most common pathogens 


were H influenzae (53%), S pneumoniae (33%), M catarrhalis (20%), H 


parainfluenzae (20%) and P aeruginosa (20%). Colonisation by any PPM was 


associated with a higher exacerbation frequency. Colonisation by H influenzae was 


associated with a higher total symptom count and more purulent sputum at 


exacerbation. This study demonstrated that lower airway bacterial colonisation in 


stable COPD modulates the character and the frequency of COPD exacerbations.  


 


g. 


Thirty patients with severe COPD (mean (SD) FEV1 34.8 % +/- 13.6%) had sputum 


samples taken whilst in the stable state on two separate occasions one year apart 


(Wilkinson et al 2003). The study was prospective, quantitative and qualitative 


bacterial cultures were performed and lung function was monitored during the study 


period. The FEV1 declined by 57.6 ml per year. All samples grew bacteria, total loads 


increased significantly from 10 7.47 to 10 7.93 CFU/ml after one year (p=0.01). FEV1 


decline was related to the increase in bacterial load.  The FEV1 decline was greater in 


patients who exhibited a change in the colonizing bacterial type compared to those 


with persistence of the same organism. This study showed a direct relationship 


between lower airway bacterial colonization and FEV1 decline.  
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h. 


This study included patients with severe COPD and assessed the impact of lower 


airway colonization by a PPM on airway inflammation, systemic inflammation and 


health status (Banerjee et al 2004). Sixty seven patients with a FEV1≤50% predicted 


had induced sputum and blood samples taken whilst in the stable state. Health status 


was assessed with the St George’s Respiratory Questionnaire (SGRQ) and the 36-


item Short-Form Health Survey questionnaire. Forty per cent of patients were 


colonized by a PPM. Patients colonized by a PPM had higher airway inflammation 


as measured by sputum IL-8, leukotriene-B4, tumour necrosis factor-α, neutrophil 


elastase levels and had increased neutrophil chemotaxis. They also had higher levels 


of plasma fibrinogen and worse health status compared to patients not colonized by a 


PPM. This study demonstrated that colonization by a PPM is associated with a worse 


health status and higher airway and systemic inflammation.  


 


i. 


This study included 26 ex-smokers with stable COPD, 20 ex-smokers without COPD 


and 15 healthy non-smokers (Sethi et al 2006). All subjects underwent bronchoscopy 


and had BAL samples taken for quantitative bacteriology and measurement of airway 


inflammatory markers. A PPM was isolated at a load ≥100 CFU/ml in 34.6% of the 


COPD patients. COPD patients colonized by a PPM had significantly higher 


neutrophil count, IL-8 levels, active metalloproteinase-9 levels and endotoxin levels 


in the BAL than non-colonized COPD patients. This study showed that lower airway 


bacterial colonization in ex-smokers with stable COPD is associated with 


neutrophilic airway inflammation. 


 


j. 


This cross-sectional study included 119 patients with a moderate to severe COPD 


who provided sputum samples whilst in the stable state for quantitative and 


qualitative bacterial cultures (Miravittles et al 2010). Patients’ daily respiratory 


symptoms, smoking history, sputum colour and exacerbation frequency were also 


assessed. Bacterial colonisation was defined as the presence of a PPM at a load ≥102 


CFU/ml of  sputum. The bacterial colonization rate was 48.7% in these patients; 


more than 80% of patients with dark yellow to greenish sputum samples grew a PPM 


compared with 5.9% of patients with white sputum samples. 
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In a multivariate analysis increased levels of dyspnoea and a darker sputum colour 


were associated with the presence of PPM’s in the sputum. 


 


k. 


This study included 40 patients with moderate COPD who were infrequent 


exacerbators with no previous hospital admissions with COPD exacerbations (Marin 


et al 2010). Patients were sampled in the stable state on two separate occasions 8 


months apart. Quantitative and qualitative sputum cultures were performed, strain 


typing of the PPM was performed with pulse field gel electrophoresis to ascertain if 


new strains were being acquired or the same strains were persisting. Airway 


inflammation and lung function indices were measured. A PPM was isolated in 


53.2% of the baseline samples and 70.9% of the follow-up samples. The principal 


organisms isolated were H influezae, P aeruginosa and enterobacteria.  Colonisation 


by these organisms was associated with sputum neutrophilia. For H influenza only, a 


relationship was observed between the bacterial load and airway inflammation. Long 


term persistence of the same strain was observed in 15.2% of the cases and was 


mainly due to P aeruginosa and enterobacteria. 


 


 


 


1.3.2 Mechanisms involved in bacterial colonization 


The lower airways are usually kept sterile by the coordinated efforts of the innate and  


adaptive immune responses. The main components involved are: 


 The mucociliary escalator 


 Protein components of the innate lung defences: lysozyme, lactoferrin, 


defensins, secretory leukoprotease inhibitor, cathelicidin and pentraxin 


family 


 Surfactant proteins 


 Alveolar macrophages and dendritic cells 


 Airway epithelium and all the mediators and antimicrobial substances it 


produces 


 The pattern recognition receptors 
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 Adaptive immune response: B cells, plasmocytes, T cells, bronchus 


associated lymphoid tissue and lymphoid follicules 


Bacteria have developed multiple strategies to evade lung defences. They are 


presented in Table 9.
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Table 9:  Bacterial strategies to evade clearance from the airways  


      (From Wilson et al 1996) 


 


Bacterial  exoproducts  impair 
mucociliary clearance 


Stimulate mucus production 
Slow and disorganize ciliary beat 
Affect ion transport 
Damage epithelium 
 


Bacterial enzymes break down local 
immunoglobulins 


Proteases  cleave  antibodies  to 
create  nonfunctional  or  “blocking” 
antibodies 
IgA proteases 
 


Bacterial exoproducts alter immune 
effector cell function 


Neutrophils: inhibit chemotaxis and 
phagocytosis,  enhance  oxidative 
metabolism 
Lymphocytes:  impair  cytokine 
production,  activate  suppressor  T 
cells 
Macrophages: reduce viability 
 


Bacterial adherence to epithelium  Increased by certain environmental 
factors and in certain disease states 
Increased by damaged epithelium 
Increased  as  not  cleared  from 
secretions 
Enhances  the  effect  of  toxins 
released  in  the  epithelial 
microenvironment 
Increases  the  availability  of 
nutritional  factors  for  bacterial 
growth  
 


Bacteria avoid immune surveillance  Antigenic  heterogeneity  of  the 
bacterial surface 
Growth of biofilms 
Microcolonies  of  bacteria  surround 
themselves  with  a  polysaccharide 
gel 
Endocytosis:  bacteria  hide  within 
epithelial cells 
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1.3.3 Role of bacteria at exacerbations of COPD  


The role of bacteria at exacerbations of COPD was controversial for several reasons 


including the lack of a consensus definition of an exacerbation and the fact that the 


same organisms were isolated in stable and exacerbated COPD patients. Numerous 


antibiotic trials further clouded the issue with their design flaws and variable results. 


Most studies recruited the patients at exacerbation and followed them up until 


resolution and the stable state or baseline sample was a post exacerbation sample. 


Prospective studies in patients with well characterized COPD, a clear definition of an 


exacerbation and pre-exacerbation baseline sampling are scarce.  


 


Recent studies with better design and newer diagnostic methods have established that 


bacteria are responsible for about 50% of exacerbations of COPD (Sethi  et al 2008). 


Our group and others have demonstrated that exacerbations are characterized by an 


increase in the number of organisms present in the lower airways and an increase in 


airway and systemic inflammation. Other studies have linked exacerbations to a 


change in the type of organisms present or the apparition of a new strains of the same 


organism. We and others have also demonstrated that both bacteria and viruses can 


be isolated together at exacerbation. The reduction of airway inflammation 


associated with bacterial eradication after antibiotic treatment of exacerbations has 


also been described and favours a causal link. 


Several studies have demonstrated the apparition of a strain specific immune 


response in the sputum and serum of patients with COPD which again favours a role 


of bacteria in exacerbations (Sethi et al 2003, Murphy et al 2005).   


The next section with describe the most relevant of these studies.   


 


 


a. Change in bacterial load  


Three studies have reported a higher rate of isolation of bacteria & PPM in patients 


with exacerbations of COPD and one study showed no relationship between change 


in bacterial load and COPD exacerbations. These studies are presented in the 


following section. 
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Rosell et al reported data from a pooled analysis of 6 studies using PBS sampling of 


the lower airways. The study included 70 healthy volunteers, 181 patients with stable 


COPD and 86 patients with exacerbations. In patients with COPD, they found ≥ 102 


CFU/ml of PPMs in 29% of stable patients and 54% of exacerbated patients. Patients 


with exacerbations had significantly higher bacterial loads than patients in the stable 


state. The predominant organisms at exacerbation were H influenzae and P 


aeruginosa (Rosell et al 2005). Patients with more severe airway obstruction were 


more likely to be colonized than those with mild disease.  


 


In a study of 69 patients with chronic bronchitis presenting with an exacerbation, 


patients were grouped according to the appearance of their sputum: mucoid or 


purulent. The mean FEV1 of the group was 52% and they had samples of sputum and 


blood taken at exacerbation, after 5, 10-14, 28 and 56 days for analysis of 


inflammatory markers as well as quantitative bacterial cultures. At exacerbation 19% 


of mucoid samples and 90% of purulent samples had bacterial loads ≥ 107 CFU/ml. 


At day 56 the majority of sputum samples were mucoid and only 24% of the purulent 


samples had high bacterial loads (Gompertz et al. 2001).  


 


Our group prospectively studied 56 COPD exacerbations in 39 patients with 


moderate to severe COPD (mean (SD) FEV1 % predicted 40.6(15.6)) (Wilkinson et 


al 2006 b). There was a significant rise in the total bacterial load and the prevalence 


of PPM rose from 48.2% to 69.6% between baseline and exacerbation. 


 


In another prospective study of 104 patients during 81 months, patients were seen 


during 560 exacerbation visits and 2449 stable visits (Sethi et al 2008). 


Spontaneously produced sputum samples were used for quantitative bacteriology and 


strain typing.  


The authors found that at exacerbation there was no significant increase in the load 


of pre-existing strains of H influenzae, there was a decrease in the pre-existing load 


of M catarrhalis and S pneumonia. They also found that the appearance of a new 


strain of H influenza and M catarrhalis was associated with a small increase in the 


load. However, they did not feel this increase was of significant magnitude to be the 


cause of an exacerbation. 
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b. Acquisition of new strains 


One group has demonstrated a link between the acquisition of a new strain of the 


most common PPM and the occurrence of an exacerbation of COPD (Sethi et al 


2002). 


In a prospective study of 81 patients with COPD followed monthly and during 


exacerbations for a total of 56 months, Sethi et al performed molecular typing of 


sputum isolates of H influenzae, M catarrhalis and S pneumonia. A total of 1353 


stable visits and 302 exacerbations visits were included in the analysis. Isolation of a 


new strain of any of the above organism was associated with a significant risk of an 


exacerbation. The relative risk (95% confidence interval) was 1.69 (1.37-2.09) for H 


influenzae, 2.96 (2.39-3.67) for M catarrhalis and 1.77 (1.14-2.75) for S pneumonia. 


Although not all exacerbations were due to a strain change and not all strain changes 


resulted in exacerbations; the authors concluded that the apparition of a new strain 


was more likely to lead to an exacerbation. This type of study is time consuming and 


laborious, therefore unlikely to be reproduced.     


 


 


c.  Co-infection of bacteria and viruses 


Several studies have isolated both bacteria and viruses at exacerbation (Bandi et al 


2003, Wilkinson et al 2006 b, Papi et al 2006, De Serres et al 2009). These 


exacerbations were characterized by a more severe exacerbation (higher drop in 


FEV1 and higher symptom score) and were associated with higher airway and 


systemic inflammation.  


 


 


d.  Antibiotics at exacerbation and bacterial eradication 


Exacerbations are associated with increased airway inflammation and frequent 


isolation of PPM. However, distinguishing colonization from acute infection can be 


clinically difficult. Despite that antibiotics are frequently prescribed at exacerbation 


of COPD and several meta-analyses have confirmed their utility in exacerbations 


associated with increased dyspnoea and sputum purulence (Ram et al 2006, McCrory 


et al 2001, Saint et al 1995).  
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A recent randomized controlled trial assessed the utility of Doxycycline in addition 


to systemic corticosteroids for exacerbations of COPD (Daniels et al 2010). They 


sampled 265 exacerbations in 223 patients; exacerbations were defined as increased 


dyspnoea and sputum volume with or without increased sputum purulence. The use 


of Doxycyline was associated with clinical success and cure at day 10, symptom 


resolution and with microbial response. The study did not detect any difference in 


recovery of lung function, resolution of systemic inflammation or time to treatment 


failure between the treatment groups. At day 30 there were no significant differences 


in clinical outcome between the 2 groups.  


 


Another way to demonstrate a causal role of bacteria is to demonstrate a relationship 


between the reduction in airway inflammation and the success or failure of 


antibiotics to eradicate bacteria (White et al 2003). In this study 58 patients were 


sampled at exacerbation, after 10 days and 2 months. All exacerbations were treated 


with antibiotics. Airway inflammation was assessed by measuring IL-8, neutrophil 


elastase, LTB-4 and MPO. At exacerbation 48/58 patients had a PPM. At day 10, 41 


of these patients were able to provide a sputum sample and after 2 months 46 patients 


provided a sputum sample. The patients who had eradicated the PPM by day 10 had 


significantly lower levels of MPO, IL-8, LTB4 and neutrophil elastase than those 


who had not eradicated the PPM. After 2 months, IL-8 was not significantly different 


in the two groups but the other three markers remained lower in patients who 


eradicated the PPM. Those with persistence of a PPM had higher airway 


inflammation.  


  


 


 


 


1.3.4 Traditional methods for detection of bacteria and 


their limitations  


The traditional methods for detection of bacteria are microscopy, microbial cultures 


and serology. These techniques are relatively cheap to perform and validated 


protocols are available for the isolation of organisms involved in COPD. However, 
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their sensitivity can be poor and they are time consuming compared to non-culture 


methods.  


 


Microscopy usually requires sample preparation and staining according to validated 


protocols. The morphology, size and grouping pattern of the organisms help 


identification.  The detection rate may be limited by the quality of the sample, the 


preparation method, the number of organisms present and the ability of the observer 


to recognize the organism.  


 


Microbial cultures rely on the principle that the microbe is separated from the 


bacterial milieu and placed on an in vitro milieu able to selectively support its 


development. This in vitro milieu has to provide essential nutrients, the correct 


atmosphere (i.e.: aerobic, anaerobic, rich in CO2), the optimal temperature and pH 


necessary for the multiplication of the desired organism. The physiological state of 


the bacteria when separated from its milieu can influence the growth.  A prior 


knowledge of the rate of growth of the organism is essential for its optimum 


identification as all organism go through a phase of adaptation to the new milieu, a 


logarithmic multiplication phase, a growth stabilisation state and a cell death phase 


when the nutrients run out which is represented in Figure 3.  


 


Figure 3: Growth curve of bacteria in a petri dish 


 


 


There is a defined window for the detection of each bacterium. Once growth has 


occurred on the culture medium, pure colonies of the organism are used to determine 
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individual species by their morphology and metabolic characteristics. Routine 


microbial culture and identification uses standardized protocols.  


 


The sensitivity and specificity of microbial cultures can be limited due: 


 quality of the sample 


 culture media used 


 type of organism 


 rate of growth 


 the narrow detection window 


 prior use of antibiotics 


 contamination 


 presence of multiple organisms. 


 


Studies of dental plaque have demonstrated that only about 50% of the isolated 


organisms can be cultured (Rogers et al 2009). In otitis media with effusion an 


organism can be isolated by standard cultures in only20-30% of patients (Hendolin et 


al 2000). 


In community acquired pneumonia, the detection rate of the responsible organism 


from sputum samples is poor and most clinical guidelines do not recommend it for 


mild disease.  


 


Serology detects the presence of antibodies specific to a certain organism in the 


serum of an individual exposed to that organism in the past. The need for an acute 


and convalescent sample is one of its main disadvantages.  


 


 


 


1.3.5  Non-culture based methods for detection of 


bacteria 


The detection of microbes by non-cultured based methods has been expanding in the 


last 20 years. The advent of polymerase chain reaction (PCR) provided an ideal basis 


for the development of assays to detect differences in the micro-organisms DNA 


sequences (Rogers et al 2009).  The PCR can amplify DNA or RNA when preceded 
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by a reverse transcription incubation sequence. It is the most commonly used nucleic 


acid amplification technique for the diagnosis of infectious disease (Mackay 2004).  


 


PCR involves 3 essential steps: 


 Double-stranded DNA is separated at temperatures ≥ 90°C. 


 Oligonucleotide primers anneal at 50-75 °C 


 Primer extension occurs at 70-78°C 


In conventional PCR the amplified product or amplicon has to be detected by agarose 


gel electrophoresis, Southern blot or ELISA-like systems. These post PCR handling 


steps are laborious and the advent of real time PCR (rt-PCR) therefore was welcome. 


 


Real time PCR instruments combine PCR chemistry with fluorescent probe detection 


of the amplified products in the same reaction vessel and both steps can generally be 


completed in an hour or less (Espy et al 2006). 


 


PCR can be used to detect specific organisms if the genome of the organism is 


known or it can be used to identify regions of phylogenetically informative genes 


that are conserved across the domain Bacteria. The 16S ribosomal RNA gene is one 


such segment present in all members of the domain Bacteria. It contains both highly 


conserved and variable regions (Rogers et al 2009, b). Using the 16S rRNA 


technique on a clinical sample containing multiple species will lead to the detection 


of a mix of PCR products. These products can then be separated by techniques such 


as 16S rRNA gene sequencing, different types of electrophoresis or terminal 


restriction fragment length polymorphisms (T-RFLP) profiling (Rogers 2009, b). 


When researchers used the 16S RNA gene diversity to study the gut micro-flora, they 


discovered that more than 75% of the species detected in the human large intestine 


did not correspond to known cultured species (Rogers 2009, b). The use of 16S 


rRNA and T-RFLP to assess sputum samples of cystic fibrosis (CF) patients revealed 


14 or more terminal restriction fragment bands corresponding to one or more 


bacterial species in each sputum sample. Eighty per cent of the five most common 


species detected in this way were not any of the five key CF species detected by 


microbial cultures (P aeruginosa, Burkholderia cepacia complex, Staphylococcus  


aureus, H  influenzae and Stenotrophomonas maltophilia) (Rogers et al 2009, a). 
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PCR is more sensitive, specific and less time consuming than standard microbial 


cultures. The bacterial species identification is based on DNA sequencing and is thus 


more accurate. Another advantage is that nucleic acids can be directly extracted from 


the clinical sample prior to identification by PCR. The increased sensitivity and 


specificity allow detection of difficult to grow bacteria, those contained in samples 


collected after starting antibiotics and those transported in sub-optimal conditions.    


Multiplex PCR permits the simultaneous detection of several species. However, both 


single target PCR assays and multiplex assays both require predetermination of 


which bacteria are likely to be present in a given sample.  


 


Some of commonly cited disadvantages of PCR include detection of bacteria at low 


levels deemed non-pathogenic, inability to distinguish live and dead bacteria, false 


positives due to carryover contamination and the costs involved with the instruments 


and reagents. Bacteria can develop mutations which may reduce the accuracy of the 


PCR.  
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1.4 ROLE OF DIFFERENT SUBSETS OF 


CIRCULATING LEUCOCYTES IN 


COPD 
COPD is an inflammatory disease and the number of leucocytes present in a given 


sample of blood or sputum can be used to quantify the degree of inflammation 


present. Cigarette smoke is known to produce a 20-25% increase in circulating 


leucocytes compared to non-smokers (Van Eeden et al 2000). In epidemiological 


studies the number of circulating leucocytes has been linked to FEV1, FEV1 decline 


and respiratory and all-cause mortality (Sparrow et al 1984, Chan-Yeung et al 1988, 


Weiss et al 1995, James et al 1999).  


 


Numerous studies report increased numbers of leucocytes in the airways, lungs tissue 


and peripheral blood of COPD patients. The neutrophils and lymphocytes play a 


major role in the pathogenesis and progression of COPD. The next section will be a 


brief overview of the role of circulating leucocytes in COPD.  


 


 


1.4.1 Neutrophils 


Neutrophils are part of the innate immune response and are produced in the bone 


marrow and released into the peripheral blood at a rate > 5-10x1010 cells every day. 


The bone marrow can significantly increase this rate further if needed. The 


circulating half-life of neutrophils is short at about 6-8 hours. Cigarette smoke 


increases the number of circulating leucocytes but does also hasten the release of 


neutrophils from the bone marrow as evidence by the increased number of band cells, 


increased surface L-selectin expression and increased MPO levels in smokers 


compared to non-smokers (Van Eeden et al 2000). In the lungs neutrophils exit the 


bronchial circulation at capillary level (Cowburn A et al 2008). The main 


chemotactic agents in the COPD lungs are LTB-4 and IL-8. Other known pulmonary 


chemotactic agents are: C5a, CXCL1, CXCL5 and the elastase-α1-antitrypsin 


complex. The neutrophils are recruited from the bronchial circulation via a “rolling-


tethering” process where adhesion molecules such as the selectins and integrins play 
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a vital role. Neutrophils contain numerous cytotoxic and immune regulatory 


molecules in their granules. However, they need to be primed prior to degranulation 


(Cowburn A et al 2008). Neutrophil elastase (NE) is a major component of the 


granules and is able to degrade many proteins including elastin, fibronectin, collaged, 


α1-antitrypsin and tissue inhibitors of matrix metalloproteinase. NE is able to 


produce emphysema in animal models of COPD.   


Other activities of NE include: 


 Activation of the airway epithelium 


 Stimulation of TGF-β release from airway muscle cells    


 Acting as a secretagogue for IL-8 and muc5A 


 Ciliotoxic effect 


 Cytotoxic effect 


 


Neutrophils participate in the elimination of pathogens via the respiratory burst, via 


phagocytosis and by secreting neutrophil extracellular traps (Crowburn et al 2998).   


Their broader role in the innate immunity has been discovered in recent years and 


includes: 


 generation of CXCL10/interferon-γ-inducible protein 10 which acts as a 


chemo-attractant for activated natural killer and T-helper type 1 cells 


 digestion and presentation of antigen fragments to dendritic cells 


 trans-differentiation into longer-lived macrophage like cells 


 


Resolution of neutrophilic inflammation is believed to occur mainly via apoptosis. A 


more recent theory is that there is egression of neutrophils across the bronchial 


epithelial layer into the airway lumen where they can be cleared through muco-


ciliary clearance (Persson et al 2010). 


 


Studies in patients with COPD have described the following changes in the 


circulating neutrophils: 


 Down regulation of the expression of G protein subunit (Noguera et al 1998). 


 Abnormal expression of adhesion molecules: L-selectin, lymphocyte  


function-associated antigen-1 and MAC-1 (Noguera et al 1998). 


 Enhanced respiratory burst compared to smokers with normal lung function 


(Noguera et al 2001). 
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 Reduced spontaneous apoptosis during COPD exacerbations (Pletz et al 


2004). 


 


 


1.4.2 Lymphocytes 


T lymphocytes play a strategic role in the immune response as they orchestrate the 


adaptive immune response. They are produced by the bone marrow and then travel to 


the thymus where they undergo positive and negative selection before maturation and 


release into the periphery as naive CD4 T lymphocytes, CD8 cytotoxic lymphocytes 


and γδ T lymphocytes. These cells are activated in peripheral lymphoid tissue when 


they encounter their corresponding bacterial/viral antigens presented by the antigen 


presenting cells. T cells then differentiate and proliferate as either memory T cells or 


effector T cells and migrate into specific organs. The activated effector T cells 


produce an array of cytokines that stimulate their own proliferation and orchestrate 


the adaptive immune response. T cells need to be stimulated to enter or home into an 


organ. T cells can be classified as having a type 0, I or II phenotype depending of the 


type of cytokines they secret. Type 1 T cells predominantly produce interferon γ, 


TNF β and IL-2 and type 2 T cells predominantly secret IL-4, IL-5, IL-10 and IL-13. 


About 5% of circulating T cells are γδ T lymphocytes, they play a key role in 


mucosal homeostasis and reparation after tissue damage. γδ T lymphocytes co-


expressing the  CD8 receptor have marked anti-inflammatory effects and exert a 


suppressive effects on the cell mediated immunity (Pons et al 2005). 


 


Numerous studies have described the role of lymphocytes, in particular T cells, in the 


COPD airways and lung parenchyma. However, studies describing the circulating 


lymphocytes have included very different groups of COPD patients and the results 


are thus difficult to compare.  


 


The following section is a summary of the results of a literature search using the 


terms COPD and T cells: 


 Higher percentage of CD8+ T lymphocytes in non-smoking COPD patients   


o (De Jong et al 1997) 


 Higher CD4:CD8 ratio is associated with higher %FEV1 in non-smoking  
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o COPD patients (De Jong et al 1997). 


 In non-smoking COPD patients a higher percentage of B cells was associated 


with a higher %FEV1 (De Jong et al 1997) 


 Increased production of  interferon γ and decreased production of IL-4 by 


circulating CD4+ T cells in COPD patients compared to control subjects, no 


difference in cytokines produced by CD8+ T cells (Majori et al 1999) 


 Correlation between CD4+/CD8+ ratio and FEV1/FVC ratio (Kim et al 2002) 


 Higher CD8+ T cells in patients with COPD and normal DLCO/VA (Kim et 


al 2002). 


 Increased apoptosis of circulating T cells of COPD patients compared to 


controls (Hodge et al 2003). 


 Increased apoptosis of circulating T cells and decrease in Bcl-2 and IL-7 


(=anti-apoptotic proteins) in COPD patients treated with inhaled 


corticosteroids (Hodge et al 2005). 


 Increased γδ T lymphocytes in smokers with preserved lung function and 


blunted γδ T lymphocytes in COPD patients (Pons et al 2005). 


 Increased proportion of circulating CD4 and CD8 cells expressing FAS 


receptor in COPD patients compared to healthy smokers and non-smokers 


(Domagata-Kulawik et al 2006). FAS bearing cells can to undergo apoptosis. 


 BAL T cells in COPD patients produce more TH2 type cytokines than 


healthy controls, no such relationship is observed in peripheral blood 


(Barcelo et al 2006). 


 COPD patients have higher absolute numbers of circulating CD8 cells than 


healthy non-smokers (Hodge et al 2007). 


 Increased percentage of circulating CD8 cells producing TNF-α and INF-γ in 


COPD patients compared to healthy non-smokers (Hodge et al 2007). 


 Increased CD8 cells in blood, BAL and bronchial brush of COPD patients 


compared to healthy non-smokers (Hodge et al 2007). 


 Increased production of TNF-α by CD8 cells in blood, BAL and bronchial 


brush of COPD patients compared to non-smokers (Hodge et al 2007). 


 Decreased percentage of circulating CD4 cells producing TGF-β in COPD 


patients and active healthy smokers compared to healthy non-smokers 


(Hodge et al 2007). 
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 Active smokers with COPD have increased %CD4 cells, increased CD4:CD8 


ratio and decreased % CD8 cells in peripheral blood compared to smokers 


without COPD and healthy controls (Koch et al 2007). 


 Active smokers with COPD have increased expression of CXCR3 receptor on 


their circulating CD8 cells compared to smokers without COPD and healthy 


controls (Koch et al 2007). Activation of CXCR3 increases the migration of 


CD8 cells into the lung. 


 Smokers with and without COPD have more activated and cytotoxic effector 


CD8 cells in peripheral blood compared to non-smokers (Koch et al 2007). 


 Increased recruitment of memory T cells into the lungs of smokers with and 


without COPD compared to non-smokers (Smyth et al 2007). 


 Increased regulatory T cells in the lungs compared to peripheral blood in 


smokers with and without COPD compared to non-smokers (Smyth et al 


2007). 


 There was no difference in the circulating numbers of naïve and memory 


CD4 and CD8 cells between COPD patients, smokers with normal lung 


function and non-smokers. This was in contrast to the BAL fluid where 


COPD patients had higher naïve and memory CD8 cells compared to smokers 


without COPD (Barcelo et al 2008). 


 Smokers with and without COPD had significantly lower percentages of 


regulatory CD8 cells in BAL than never smokers. No such relationship was 


seen in peripheral blood (Barcelo et al 2008). 


 Decreased circulating CD4 cells in COPD patients compared with healthy 


non-smoking controls (Zhu et al 2009). 


 Circulating CD8 cells of COPD patients produced more IL-4 and IFN-γ than 


those of healthy non-smoking controls (Zhu et al 2009). 


 The percentage of circulating CD4 cells was related to %FEV1 (Zhu et al). 


 The circulating CD4 cells of COPD patients predominantly produced TH1 


type cytokines and the circulating CD8 cells produced IL-4. 


 


These different studies evaluated different aspects of circulating T cells and they 


generally included small numbers of patients. The largest study included only 81 


patients (Zhu et al 2009). Therefor they are difficult to compare. 
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1.5 CONCLUSION 


COPD is an inflammatory disease with considerable morbidity and mortality. The 


disease imposes a high burden on society. The main risk factor for developing COPD 


is cigarette smoking. The disease is characterized by progressive airflow limitation 


and  acute exacerbations which are responsible for most of the burden of the disease. 


Exacerbations are characterized by increases in airway and systemic inflammation 


that are heterogeneous. The aetiology of exacerbations is variable and may account 


for some of the heterogeneity observed. Infection plays a major role in COPD, and 


microbial cultures are currently the gold standard for detection of bacteria.  The use 


of non-culture based detection of bacteria in COPD is uncommon in COPD and 


warrants further study.  


 


The introductory chapter was a general overview of COPD and a literature review on 


the role of bacteria and leucocytes in COPD.  
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NAME         March 2006 NEXT 
APPOINTMENT 


Study Number         WORSENING SYMPTOMS? 
CALL US 


/        /06 
      .      am 


THE EAST LONDON COPD STUDY                 


DATE 1 2 3 4 5 6 7 8 9 10 11 
Peak Flow            
CHANGE in 
Symptoms 


           


CHANGE in 
Treatment 


           


Hours Out of the Home            
            


DATE 12 13 14 15 16 17 18 19 20 21 22 
Peak Flow            
CHANGE in 
Symptoms 


           


CHANGE in 
Treatment 


           


Hours Out of the Home            
            


DATE 23 24 25 26 27 28 29 30 31 
Peak Flow          
CHANGE in 
Symptoms 


         


CHANGE in 
Treatment 


         


Hours Out of the Home          
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Instructions for filling in the DIARY CARDS 
EVERY DAY… 


1. After taking morning medications record the best of 3 attempts at the PEAK 
FLOW blowing test in the box on the sheet. 


2. Please record any WORSENING of symptoms from your usual daily level.  
The symptoms we are interested in are listed below, just put the appropriate 
letter in the box on the sheet.  Continue recording until the symptom has gone 
away or got back to the level you consider 'normal'. 


Letter Symptom 
A increased BREATHLESSNESS. 
B1 increased SPUTUM COLOUR. 
B2 increased SPUTUM AMOUNT. 
C a COLD (such as a runny or blocked nose). 
D increased WHEEZE or CHEST TIGHTNESS. 
E1 SORE THROAT. 
E2 increased COUGH. 
F FEVER. 


 
If you experience a worsening in any one of these symptoms 
please phone us to arrange an assessment visit, and do this 


BEFORE starting any antibiotic or steroid tablets.  The phone 
number is  


07762 038662.   
Wayomi, Tom or John will have the phone and we can usually arrange to 


see you later the same day or the following morning. 
It is best to phone first-thing in the morning. 


 
3. Please record any CHANGE to your usual treatment for as many days as it 


applies.  Again, just put the appropriate letter in the box on the sheet. 
Letter Treatment 


H I am in Hospital. 
I I am taking more than usual INHALED STEROID (red / brown). 
R I needed to take extra RELIEVER (blue / green / grey / nebuliser). 


HOW MANY PUFFS? Write, eg 'R3' for 3 puffs, 'R2' for 2 etc 
S I am taking STEROID (Prednisolone) TABLETS. 


HOW MANY TABLETS? Write, eg 'S6' for 6 tablets, 'S5' for 5 etc 
X I am taking ANTIBIOTIC TABLETS. 


PLEASE RECORD WHICH (write the name on the diary card). 
4. Finally, please estimate the time that you were out of your own home 


on the previous day. 
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4  
Circulating 


leucocytes and 


COPD 
 


4.1 Introduction 
The COPD lung is characterized by infiltration of inflammatory cells, mainly 


neutrophils and T lymphocytes, throughout the airways, lung parenchyma and 


pulmonary vasculature. The neutrophils are present in the epithelium and the lumen 


of the airways as well as in the sub-mucosal glands and smooth muscle of the 


peripheral airways (Baraldo et al 2004). The CD8 cells are found in the mucosa and 


the sub-mucosa of the entire bronchial tree as well as in the lung parenchyma, 


smooth muscle and the pulmonary vasculature. The number of CD8 cells in the 


airways is related to the severity of the airway obstruction (O’Shaughnessy et al 


1997, Saetta et al 1999). T cells play a key role in the defence against infection.  
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The inflammation in the lungs is accompanied by systemic inflammation which can 


be quantified by measuring the circulating levels of C-reactive protein (CRP), 


fibrinogen, interleukin-6(IL-6), tumour necrosis factor alpha(TNF-α) and it’s 


receptors (Gan et al 2004) and many other biomarkers (Hurst et al 2006). Patients 


with COPD also have significantly higher circulating leucocytes than healthy 


controls (Gan et al 2004). Epidemiological studies performed in large samples of the 


general population show that increased peripheral blood leucocytes are associated 


with reduced lung function, increased decline in lung function and increased all 


cause mortality, independent of age and cigarette smoking (Weiss et al 1995, James 


et al 1999). A recent study in a large cohort of COPD patients shows that increased 


circulating leucocytes are associated with more frequent exacerbations (Hurst et al 


2010). 


 


Patients with COPD experience frequent exacerbations which are associated with 


increased morbidity, mortality and impaired quality of life (Seemungal et al 1998). 


Exacerbations are associated with increased systemic inflammation as measured by 


plasma endothelin-1 (Roland et al 2001), fibrinogen (Wedzicha et al 2000), serum 


IL-6 (Wedzicha et al 2000), C-reactive protein (Dentener et al 2001, Hurst et al 


2006) and soluble ICAM-1, PARC, MPIF, ACRP-30 (Hurst et al 2006). Circulating 


leucocytes can also be increased at exacerbation.  


 


The lower respiratory tract of patients with COPD is frequently colonized by bacteria 


in the stable state (Monso et al 1999, Zalacin et al 1999), and this is considered an 


independent stimulus for airway inflammation (Sethi et al 2001). The number of 


bacteria and the species contribute to airway inflammation (Hill et al 2000). The 


lower airway bacterial load in stable COPD is linked to exacerbation frequency and 


lung function decline (Patel et al 2002, Wilkinson et al 2003). Isolation of a primary 


pulmonary pathogen in the sputum of stable COPD patients is associated with a 


higher level of plasma fibrinogen and a worse health status (Banerjee et al 2004). 


The exact mechanisms leading to lower airway colonization are incompletely 


clarified. A defect in the host immunity is one of the potential mechanisms. Alveolar 


macrophages of COPD patients show an impaired response to H influenza outer-


membrane P6 and lipooligosacharide (Berenson et al 2006). Another recent study 
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shows that TH1-mediated adaptive immune response to bacterial infections is 


impaired in COPD patients (Knobloch et al 2011). 


 


At the time we conducted the present study, only a few publications had examined 


circulating T cells in COPD patients (De Jong et al 1997, Majori et al 1999, Kim et al 


2002 and Hodge et al 2003). These studies included small numbers of patients and 


their findings were variable. In the last 5 years several studies have demonstrated 


abnormalities in the circulating T lymphocytes in smokers and COPD patients 


(Hodge et al 2005, Pons et al 2005, Barcello et al 2006, Smyth et al 2007, Zhu et al 


2009). However, to the best of our knowledge no study has examined the relationship 


between the number of bacteria present in the lower airways in patients with stable 


COPD and the number of the different circulating leucocytes.  


 


 


 


4.2  Aim 


The aim of our study was to assess the relationship between the different types of 


circulating leucocytes and the lower airway bacterial load in patients with well 


characterized COPD. We sampled the patients in the stable state and followed them 


up prospectively to evaluate the changes occurring at exacerbation.  


 


 


 


4.3  Method 
4.3.1 Study protocol 


Patients were recruited and sampled from the London COPD Cohort whilst in the 


stable state and at least 6 weeks away from their last exacerbations. They were then 


followed prospectively with daily diary cards where they recorded any change in 


their respiratory symptoms and the best of 3 morning PEFRs. They were asked to 


contact the study team via a dedicated phone line if they noticed any change in their 


respiratory symptoms. They were generally seen within 48 hours. The presence of an 


exacerbation was confirmed, symptoms and lung function were recorded. Samples of 
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sputum and blood were collected and patients were treated with antibiotics, steroids 


or both depending on the severity of the episode. Patients were also seen routinely 


every 3 months and lung function was recorded and diary cards reviewed. This study 


was conducted between July 2003 and July 2004. 


 


4.3.2 Study subjects 


Fifty eight patients were recruited from the London COPD cohort. Patients had 


COPD defined as a ratio of post bronchodilator forced expiratory volume in 1 second 


(FEV1) /forced vital capacity (FVC) <70 % and a β2-agonist reversibility of 


FEV1<15% or 200 ml. Patients with a history of asthma, atopy, allergic rhinitis, 


clinically significant bronchiectasis, or lung cancer were excluded.  


At recruitment the following information was recorded for each patient: daily 


respiratory symptoms, smoking history, drug history, age, sex, height, weight, FEV1, 


FVC, peak expiratory flow rate(PEFR) [measured by rolling seal spirometer 


SensorMedics Ltd, Yorba Linda, California, USA] and ear lobe capillary blood gas 


tension (measured on a Model 278 Blood Gas Analyser, Ciba-Corning, Medfield, 


Maine, USA).  


 


4.3.3 Skin testing 


All patients underwent skin prick testing to the following common inhaled allergens: 


house dust mite, 3 trees, 6 grasses, cat, dog and Aspergillus fumigatus. The skin tests 


were considered positive if the wheal to any allergen was larger than the positive 


control histamine. Patients with positive skin tests were excluded from this study. 


Skin tests were performed in the stable state, at least six weeks away from any 


infection or treatment with antibiotics. No patients were taking oral steroids or anti-


histamines when the skin tests were performed.  


 


4.3.4 Peripheral blood and sputum sampling 


The blood and sputum samples used in the present study are different from those 


used in the time course study presented in chapter 3.  


A sample of peripheral venous blood was collected into an EDTA tube. A 


spontaneously produced sputum sample was also collected into a clean sputum pot. 


The baseline sample was collected at least six weeks away from the last exacerbation 


124 
 







Chapter 4 
 


and treatment with antibiotics and/or oral steroids. The exacerbation sample was 


collected at the exacerbation visit prior to starting treatment. Blood and sputum 


samples were processed within 4 hours of collection. 


 


4.3.5 Blood processing 


Blood samples were divided into two portions. One portion was used to obtain a 


differential white cell count using a Coulter Gen S analyser in the hospital 


laboratory. The second portion was used to assess the lymphocyte subsets using a 


flow cytometer according to the process detailed below.  


 


T cell phenotypes determination 


We carried out dual-colour staining with fluorescein isothiocyanate (FITC) and R-


phycoerythrin (RPE)-conjugated monoclonal antibody pairs (DakoCytomation, 


Glostrup, Denmark) on anticoagulated whole blood. The antibody pairs CD3+/CD4+ 


(helper/inducer), CD3+/CD8+ (suppressor/cytotoxic) and CD3-/CD16+ (natural killer 


(NK)) were used to detect the different sub-populations. A dual-colour isotype 


control was included and CD45 FITC/CD14RPE was used as a gating control. B cells 


were detected using FITC-conjugated CD20 (Becton Dickinson Biosciences 


Immunocytometry Systems, San Jose, CA, USA).  


 


One hundred micro-litre blood samples were kept on ice for 60 minutes in the 


presence of 10 μl antibody reagent and red blood cells were then lysed for 10 


minutes at room temperature in 2 ml FACS Lysing solution (BDIS). Cells were 


washed and acquired immediately onto a FACSort flow cytometer(BDIS). At least 


15000 events were collected within a gate set around the lymphocyte population on 


the forward scatter versus side scatter dot plot and data were analysed using 


CELLQuest software.  


 


CD3+, CD3+/CD4+, CD3+/CD8+ , CD3+/CD16+ and CD20+ lymphocytes were 


expressed as the percentage of total lymphocytes and the absolute number of each 


subset was calculated from the white blood cell count(WBC) by multiplying the 


WBC by the percentage that was lymphocytes and by the percentage of lymphocytes 


that was the subset.  
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4.3.6 Sputum processing 


Quantitative sputum bacteriology was performed according to our previously 


validated methodology (Patel et al 2002). In summary a portion of sputum was 


incubated for 30 minutes at 37°C with an equal weight of 0.1% dithiothreitol(DTT). 


Ten fold serial dilutions were then made in Brain Heart infusion broth, and 100 μl 


aliquots plated on to the surface of a range of culture media including blood, 


chocolate, MacConkey and cysteine lactose electrolyte deficient agars. These were 


incubated for 18 hours at 37°C in air enriched to 5% CO2 and bacterial colonies were 


counted and sub-cultured for identification using standard morphological and 


biochemical assessments. The bacteriology results are expressed as the logarithm of 


the number of colony forming units per millilitre of sputum (log cfu/ml). 


 


4.3.7 Statistical analysis 


SPSS-11 for Windows was used for the statistical analysis. The One-Sample 


Kolmogorov-Smirnov Test was performed to assess the data distribution. Normally 


distributed data is expressed by mean and standard deviation. Skewed data is 


expressed as median and interquartile ranges. Pearson’s and Spearman’s correlation 


were used to correlate the lung function data with the different white cell subsets and 


the latter with the bacterial load. An unpaired t test and Wilcoxson Sign Ranked test 


were used to compare the different white cells between current and past smokers 


with COPD. The changes between baseline and exacerbation in the 18 paired 


samples were compared with paired t test.  


 


4.3.8 Ethics 


The study was approved by the East London and City Health Authority Ethics 


Committee and all patients gave written informed consent. 
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4.4 Results 


4.4.1 Patient characteristics 


The patients mean (SD) age was 69.2(7.3) years and they had moderate to severe 


COPD according to the Global Initiative for Chronic Obstructive Lung Disease 


(GOLD) criteria. They had a significant smoking history with a mean (SD) of 53.3 


(40.8) pack years. Eighty seven per cent of the patients were on an inhaled 


corticosteroid. The patient characteristics are shown in Table 16. The different white 


cell subsets and the bacterial load at baseline are presented in Table 17. 


 


Table 16:  Baseline characteristics of the 58 patients sampled in the stable 


 state 


Characteristic Mean (SD) 


Female:male (numbers) 24:34 


Age (years) 68.2 (7.3) 


FEV1 (litres) 1.05 (0.52) 


FEV1 (percentage predicted) 42.73 (17.22) 


FVC (litres) 2.25 (0.89) 


FEV1/FVC ratio 0.47 (0.14) 


pH 7.41 (0.04) 


pCO2  (kPa) 5.74 (0.74) 


pO2  (kPa) 8.84 (1.19) 


Pack-years of smoking 53.3 (40.8) 


Number of active smokers (%) 18 (31%) 
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Table 17:  Cell count and bacterial load at baseline in the 58 patients 


Type of cells Mean (SD) 


White cells x 109/mm3 7.91 (2.26) 


Neutrophils x 109/L 5.37 (1.97) 


Eosinophils x 109/L 0.20 (0.10-0.30) 


Basophils x 109/L 0.10 (0-0.10) 


Monocytes x 109/L 0.50 (0.40-0.60) 


Lymphocytes x 109/L 1.75 (0.59) 


B cells x 109/L 0.15 (0.08) 


NK cells  x 109/L 0.22 (0.15) 


CD3 cells x 109/L 1.27 (0.50) 


CD 4 cells x 109/L 0.80 (0.29) 


CD 8 cells x 109/L 0.49 (0.34) 


Bacterial load log cfu /ml sputum 7.79 (0.59) 


 


 


 


 


4.4.2 Relationship between circulating leucocytes and lung 


function indices 


In the stable state, patients with a lower percentage predicted FEV1 had a 


significantly higher number of circulating neutrophils, r=-0.29, p=0.02, as shown on 


Figure 19. 
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Figure 19: Relationship between circulating neutrophils and %FEV1 


Percentage predicted FEV1


100806040200


N
e
u
tr


o
p
h
ils


 in
 G


/L


12


10


8


6


4


2


0


 


The FEV1/FVC ratio was inversely related to the number of circulating white cells 


(r=-0.329, p=0.01), neutrophils (r=-0.347, p=0.008) and monocytes (r=-0.39, 


p=0.003).  


Patients with a higher percentage predicted FEV1 had a higher absolute number of 


circulating B cells (r= 0.384, p=0.003) as demonstrated on Figure 20. 


 


Figure 20:  Relationship between the number of circulating B cells and  


  %FEV1 
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There was no significant correlation between the FEV1, percentage predicted FEV1 


or FEV1/FVC ratio and the circulating T cells, the CD4/CD8 ratio, the number of 


circulating eosinophils or basophils.  
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4.4.3 Effects of smoking on circulating leucocytes 


Current smokers with COPD showed a trend towards an increased number of 


circulating total lymphocytes (1.95 x 109 /L vs 1.66 x 109 /L ,p=0.08), CD4 T cells 


(0.54 x 109 /L vs 0.46 x 109 /L ,p=0.06) and B cells (0.18 x 109 /L vs 0.14 x 109 /L, 


p=0.09).  


Current smokers with COPD had a lower monocyte count than the ex-smokers with 


COPD (0.40 x 109 /L vs 0.50 x 109 /L,p=0.019). There was no significant difference 


in the other white cell subsets between current smokers and past smokers with 


COPD. There was no significant difference in the baseline bacterial load between the 


current and past smokers. 


 


 


 


4.4.4 Relationship between circulating leucocytes and 


lower airway bacterial load in the stable state 


Quantitative bacterial cultures were performed on 45 patients who provided a 


spontaneously produced sputum sample. The sputum bacterial load in the stable state 


was inversely related to the number of circulating total white cells (r=-0.56, p<0.01), 


neutrophils (r=-0.46, p=0.001), total lymphocytes (r=-0.46, p=0.001) and the 


circulating T lymphocytes (r=-0.48, p=0.001). The relationship between circulating T 


cells and bacterial load is illustrated in Figure 21. Patients with a higher sputum 


bacterial load had a higher percentage of circulating B cells (r=0.31, p=0.04) as 


shown in Figure 22. There was no significant relationship between the CD4/CD8 


ratio and the bacterial load in the stable state (p=0.84).  


 


Twenty patients grew a primary pulmonary pathogen (PPM) in the sputum. 


However, there was no significant difference in the white cell subsets between the 


patients colonized and not colonized by a PPM. In these 20 patients, a higher sputum 


bacterial load was associated with a higher percentage (r=0.54, p=0.01) and absolute 


number of circulating B cells (r=0.51, p=0.02).  
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Figure 21:  Relationship between circulating T lymphocytes (G/L) and 


sputum bacterial load (CFU/ml) 
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Figure 22:  Relationship between circulating B lymphocytes (%) and sputum 


bacterial load (CFU/ml) 
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4.4.5 Changes in circulating leucocytes at exacerbation 


Eighteen patients had an exacerbation during the study period and paired baseline-


exacerbation samples were available for the following analysis. Table 18 shows the 


baseline and exacerbation values of the leucocyte subsets and bacterial load for the 


18 patients.  


 


There was a small but non-significant fall in FEV1 from 0.91(0.27) to 0.86(0.29) 


litres, p=0.29. There were no statistically significant changes in FVC and FEV1/FVC 


ratio. 


Although the white cell count and neutrophil count remained within the normal range 


for our laboratory, there were significant changes at exacerbation. The total leucocyte 


count increased from 7.91 x 109/L to 10.18 x 109/L(p=0.04), neutrophil count 


increased from 5.23 x 109/L to 7.67 x 109/L (p=0.03) and monocyte count increased 


from 0.51 x 109/L to 0.69 x 109/L(p=0.016). Patients were sampled at exacerbation 


prior to any treatment with antibiotics and/or steroids. 


 


At exacerbation there was a significant drop in the number of circulating 


lymphocytes from 1.81 x 109/L to 1.52 x 109/L (p=0.004). When the lymphocyte 


subsets were assessed we observed a drop in the total T lymphocytes (p=0.001); drop 


in CD4 lymphocytes (p=0.002) and a drop in CD8 cells (p=0.008). We did not 


observe any significant changes in eosinophils, basophils, B cells and NK cells 


numbers, CD4/CD8 ratio or bacterial load between baseline and exacerbation. 
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Table 18: Changes at exacerbation in 18 paired samples (paired t-test) 
 


 


 Mean(SD) at 


baseline 


Mean(SD) at 


exacerbation 


p= 


White cells x 109/mm3 7.91(2.61) 10.18(4.00) p= 0.043 


Neutrophils x 109/L 5.23(2.16) 7.67(4.42) p=0.030 


Eosinophils x 109/L 0.26(0.22) 0.26(0.21) p=1.00 


Basophils x 109/L 0.08(0.07) 0.05(0.06) p=0.170 


Monocytes x 109/L 0.51(0.16) 0.69(0.32) p=0.016 


Lymphocytes x 109/L 1.81(0.61) 1.52(0.52) p=0.004 


B cells x 109/L 0.16(0.08) 0.13(0.10) p=0.138 


NK cells  x 109/L 0.19(0.14) 0.22(0.14) p=0.184 


CD3 cells x 109/L 1.33(0.61) 1.07(0.49) p= 0.001 


CD 4 cells x 109/L 0.80(0.27) 0.63(0.26) p= 0.002 


CD 8 cells x 109/L 0.56(0.50) 0.46(0.39) p= 0.008 


CD4/CD8 ratio 


Bacterial load log cfu 


2.11(1.270 


7.60(0.63) 


2.01(1.30) 


7.83(0.67) 


p=0.49 


p= 0.167 


 


 


4.4.6 Relationship between baseline bacterial load and 


changes in leucocytes at exacerbation 


The intensity of the change in the circulating total lymphocytes (r=0.63, p=0.016), T 


cells (r=0.64, p=0.013) and CD8 cells (r=0.61, p=0.019) at exacerbation was related 
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to the baseline bacterial load. The relationship between baseline bacterial load and 


the difference in T cells is illustrated in Figure 23. The changes in white cell count, 


neutrophil count, lymphocyte count (including lymphocyte subsets) between the 


stable state and exacerbation were not related to the baseline lung function.  


  


Figure 23:  Relationship between the change in circulating T cells at 


exacerbation and baseline bacterial load. 
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4.5 Discussion 
This study was performed in a group of patients with well characterized COPD. 


When sampled in the stable state we demonstrate: 1) a relationship between the 


number of circulating neutrophils, B cells and the severity of COPD, 2) a relationship 


between the severity of the airway obstruction and the number of peripheral 


leucocytes, 3) a relationship between the airway bacterial load and the number of 


peripheral leucocytes. At exacerbation we demonstrate that the change in circulating 


lymphocytes and in-particular T lymphocytes is related to the baseline airway 


bacterial load.  


 


Our data show that a higher neutrophil count is associated with a lower % FEV1 and 


more severe airway obstruction. We also show that the severity of airway obstruction 


is inversely related to circulating leucocytes. These finding were previously 


described in epidemiological studies conducted in the general population (Weis et al 


1995, James et al 1999). A recent observational study in a large cohort of COPD 


patients shows that a higher neutrophil count is related to more frequent 


exacerbations (Hurst et al 2010). The mechanism leading to an increased number of 


circulating leucocytes and neutrophils in COPD patients is unknown. One can 


speculate that the increased production of neutrophil chemo-attractants such as IL-8 


and LTB-4 in the airways of COPD patients attracts the circulating neutrophils into 


the lungs and therefore stimulates the bone marrow to produce more cells to maintain 


the peripheral homeostasis. The increased T cells present in COPD airways can 


secrete GM-CSF which can in turn directly stimulate the bone marrow (Quint et al 


2001). The presence of bacteria in the lower airway could also be the stimulus for a 


higher circulating leucocyte and neutrophil count.  


 


Our finding of a lower circulating monocyte count in active smokers with COPD is 


in keeping with a previous study describing reduced levels of circulating monocytes 


in active smokers (Jensen et al 1998). Active smokers have higher numbers of airway 


macrophages; these secrete chemotactic agents stimulating the circulating monocytes 


to migrate into the lungs. In contrast to what is observed in the lungs, we found no 


significant relationship between the circulating lymphocytes subsets and the lung 


function indices. 
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To our knowledge this is the first study examining the relationship between 


circulating leucocytes and lower airway bacterial load in patients with COPD.  Our 


data shows that the lower airway bacterial load is inversely related to the number of 


circulating leucocytes, neutrophils, lymphocytes and total T cells. These findings 


may reflect increased migration of these cells due to the presence of bacteria in the 


lungs of these patients. A study describing the morphological changes present in the 


small airways of COPD patients found that progression of disease is associated with 


a higher percentage of airways containing neutrophils, macrophages, CD4, CD8 cells 


and the apparition of lymphoid follicles with germinating centres (Hogg et al 2004). 


The authors speculated that bacterial colonization may lead to an adaptive immune 


response of the lungs and could explain the presence of the lymphoid follicles in 


patients with GOLD stage 3 and 4 disease. Our finding of a higher percentage of 


circulating B cells in patients with a higher airway bacterial load would also be in 


keeping with the above hypothesis.  


 


T cells play a key role in orchestrating the immune response against bacteria and 


viruses. They are known to circulate between the airways, lung parenchyma, 


secondary lymphoid organs and the peripheral circulation as demonstrated in animal 


models (Lehmann et al 2001). The role of T cells in the COPD lung was known since 


the late nineties (O’Shaugnessy et al 1997, Saetta et al. 1998). The studies examining 


circulating T cells were summarized in Chapter 1. Studies comparing peripheral 


blood and BAL fluid showed higher numbers of T cells in the BAL fluid than in 


peripheral blood. Circulating T cells of smokers express CXCR3 receptor more often 


than T cells of non-smokers and activation of CXCR3 is known to promote migration 


of T cells into the lungs. Our data shows that a higher bacterial load is associated 


with a lower number of circulating lymphocytes and T cells. Again the lower airway 


bacteria could be the stimulus for the increased migration of T cells into the lungs.  


 


The patients were prospectively followed until they experienced an exacerbation. At 


exacerbation we show a statistically significant rise in circulating white cells, 


neutrophils and monocytes. This may be related to decreased apoptosis of circulating 


neutrophils at exacerbation of COPD.  In a study of patients hospitalized with COPD 


exacerbations reduced spontaneous apoptosis of the circulating neutrophils were 


observed when patients were compared with healthy controls. Furthermore when the 
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patient’s admission sample neutrophil count was compared to their discharge sample 


neutrophil count, apoptosis was reduced only in the initial sample. (Peltz et al 2004). 


The other mechanism would be increased production of neutrophils by the bone 


marrow in response to the acute stress of the exacerbation.  


 


We found a reduction in the circulating lymphocytes, T cells and CD8 cells at 


exacerbation. This could be due migration of these cells into the lungs or to trapping 


of lymphocytes in the secondary lymphoid organs. This drop is proportional to the 


baseline bacterial load. Patients with a higher number of bacteria in the lower 


airways have a smaller drop. It is possible that the stimulation level of T cells is 


already maximum in colonized patients and is not able to increase further. Or these 


patients may have a defect of the adaptive immune response that permits the lower 


airway colonization in COPD.   


 


Our group and others have previously reported that the lower airway bacterial load is 


associated with greater airway inflammation (increased sputum IL-8 and IL6), faster 


decline in lung function and more frequent exacerbations. In the present study we 


demonstrate that the lower airway bacterial load is inversely related to the circulating 


leucocyte count, circulating neutrophil count and T cell count. The presence of 


bacteria in the lower airways may act as a stimulus for increased migration of 


inflammatory cells into the lung. The increased production of various cytokines by 


these inflammatory cells could lead to increased lung damage. This in turn could lead 


to a faster decline in lung function. 


 


This study has several limitations. We did not have a group of smokers without 


COPD as controls. However, several of the studies presented in Chapter 1 did 


include control groups of smokers without COPD; they did not find any significant 


difference in the circulating T cell subsets between the two groups. We did not 


evaluate the airway leucocyte subsets in our patients. Finally we did multiple 


correlations and did not correct for them. Our data is hypothesis generating rather 


than a proof of concept. 
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4.6 Conclusion 
In summary we demonstrate a new relationship between the number of circulating 


white cells, neutrophils and T cells and the number of bacteria present in the lower 


airways of patients with stable COPD. We also report the changes occurring to the 


different circulating white cells subsets at exacerbation.  
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S pneumoniae and  


M catarrhalis by 


real time 


quantitative PCR  


5.1 Introduction 
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Patients with chronic obstructive pulmonary disease have a high prevalence of lower 


airway bacterial colonisation (LABC) as presented in chapter 1. This is a dynamic 


process and changes in the number and the type of bacteria have been linked to lung 


function decline and exacerbations (Wilkinson et al 2003 and 2006). LABC is also 


directly related to the degree of lower airway inflammation and to the exacerbation 


frequency (Patel et al 2002, Sethi et al 2006). Active smoking and the severity of the 


airway obstruction are recognized risk factors for lower airway colonization include 


(Zalacin et al 1999, Soler et al 1999).  Haemophilus influenzae (HI), Streptococcus 


pneumoniae (SP) and Moraxella  catarrhalis (MC) are the most frequently isolated 


potentially pathogenic mirco-organisms (PPM) found in the lower airways of COPD 


patients.   


 


The presence of these micro-organisms in the stable state is associated with a higher 


total symptom count and more sputum purulence at exacerbation compared with 


patients who are not colonized (Patel et al 2002). The same strains of HI are known 


to persist for prolonged periods of time in an individual patient. One study reported 


prolonged periods of up to six months where these HI strains were not detectable by 


standard  culture methods but where HI DNA could be isolated by polymerase chain 


reaction (PCR)  assays (Murphy et al 2004). Exacerbations associated with a PPM 


are more severe in terms of symptoms, FEV1 drop and are linked to higher levels of 


airway inflammation (Chin et al 2005, Wilkinson et al 2006, Papi et al 2006).  
 


Routine microbiological cultures are currently the gold standard for the detection of 


bacteria from the sputum samples of COPD patients. Sputum cultures have several 


pitfalls, their results are influenced by the delay between sample collection and 


plating of the cultures, the fragility of the organisms, the prior use of antibiotics and 


the time required to obtain the results. More sensitive, specific and rapid diagnostic 


methods are necessary for a better understanding of the complex relationship present 


between bacteria and the COPD lung. 


  


 


Principles of real time quantitative PCR 
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Real time polymerase reaction (r-PCR) is a molecular diagnostic technique that has 


fundamentally changed and improved the way clinical microbiology laboratories 


diagnose bacterial and viral pathogens from a variety of human samples. In r-PCR, 


the PCR chemistry is combined with fluorescent probe detection of the amplified 


product in the same reaction vessel. Furthermore as the nucleic acid amplification 


and detection steps are performed in the same vessel, the risk of contamination is 


greatly reduced compared to conventional PCR. Real time PCR has excellent 


sensitivity, specificity, low contamination risk, and is easy and rapid to perform 


compared with routine microbiological cultures.  


 


In conventional PCR, the product is the amplified then detected by running the 


product on an agarose gel. In real time PCR the accumulation of the amplified 


product is detected and measured as the reaction progresses. This is possible as a 


DNA binding fluorescently labelled probe is incorporated to the reaction vessel. The 


thermal cyclers used for r-PCR testing are equipped with fluorescence detection 


modules and monitor the fluorescence as amplification occurs as shown in Figure 


24. The measured fluorescence represents the amount of amplified product in each 


cycle. Real time PCR allows us to determine the starting template copy number with 


accuracy.  


 


Figure 24: Real time PCR amplification plot 


 


The PCR cycle number is represented on the x axis and the fluorescence which is 


proportional to the amount of amplified DNA in the tube is represented on the y axis. 


141 
 







Chapter 5 
 
 
During the exponential phase the amount of PCR product doubles in each cycle. As 


the reaction proceeds, the components are consumed and the reaction slows and 


enters the plateau phase. 


 


The threshold value or Ct value is the cycle number at which enough amplified 


product has accumulated to yield a detectable florescent signal. The Ct value of a 


reaction is determined by the amount of template present at the start of the 


amplification process. If a large amount of template is present fewer amplification 


cycles would be necessary to give a signal above background, and the Ct value will 


be low. In contrast if a small amount of template is present at the beginning of the 


reaction, more amplification cycles will be necessary to obtain a signal above 


background and the Ct value will be high. This relationship forms the basis for the 


quantitative aspect of r-PCR. 


 


In quantitative r-PCR absolute quantification is achieved by comparing the Ct values 


of the test samples to a standard curve. The standard curve is generated by running 


serial dilutions of a target with known concentrations and plotting the log of the 


starting quantity against the Ct value obtained during amplification of each dilution. 


The equation of linear regression line along with Pearson’s correlation coefficient (r) 


or the coefficient of determination (R2) is then used to evaluated how optimized the 


quantitative r-PCR is. A r>0.990 or R2 >0.98 is necessary for the r-PCR to be 


optimized.  


 


Different types of PCR chemistries can be used to monitor the amplification of the 


target sequence. The two most common are: 


a) DNA-binding dyes (SYBER Green) 


b) Fluorescent dye labelled target sequence specific primer or probes 


 


The fluorescence chemistry used in our PCR is a TaqMan probe assay. A sequence 


of oligonucleotide specific for the organism (= probe) is labelled with a fluorescent 


reporter dye at it’s 5’ extremity and a quencher at the 3’ extremity. The TaqMan 


probe uses the 5’exonuclease activity of the thermostable polymerase Taq and during 


the annealing/extension step of the amplification reaction, the probe hybridizes to the 


target and the dsDNA-specific 5’→3’exonuclease activity of the Taq cleaves the 
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reporter dye. This results in emission of fluorescence that is proportional to the 


amount of amplified product in the sample. The process is illustrated in Figure 25. 


 


Figure 25:  TaqMan probe assay principles 


 


 


During annealing the TaqMan probe binds to the target  
sequence. 
 
 
During extension, the probe is partially displaced and 
the reporter dye is cleaved. The free reporter fluoresces. 
 
Reporter   Quencher 


 


Certain principles need to be followed when the primers and probes are designed for 


a r-PCR: 


 Primer annealing temperature(Tm) between 55 and 60°C 


 Probe with Tm 5-10 °C higher than that of primers 


 Probe < 30 nucleotide with GC content of 30-80% 


 Primer 75-200 base pairs with GC content of 50-60% 


 Avoid secondary structure 


 Avoid repeats of Gs and Cs longer than three bases 


 Place Gs and Cs on ends of primers 


 Check sequence of forward and reverse primers to ensure there is no 


3’ complementarity (this avoids primer dimer formation) 


 


Once the primers and probes are designed, the sequence specificity can be checked 


on publicly available databases such as the National Library of Medicine Blast 


database.  


 


When planning a multiplex assay it is important to use different reporter dyes for the 


different probes. As all the fluorescent labelled probes will be in the same reaction 


tube, each individual amplification reaction can thus be distinguished from the 


others. The Rotor-Gene Corbett used in our lab was able to detect fluorescence on 3 


different channels.  
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The next step in the setting up the multiplex r-PCR assay is to optimize individual 


assays and determine the Ct for each target. Then the multiplex assay can be 


validated. Running the singleplex and multiplex assays for the targets in the same run 


allows validation of the multiplex. The Ct for each individual target should be similar 


in the singleplex and multiplex assay.  


 


All the information above was summarized from Espy et al 2006, Mackay et al 2002 


and 2004 and  Real-Time PCR: Applications guide Bio-Rad Laboratories Inc. 


 


 


5.2 Aim 
We established a multiplex quantitative real time (qr)-PCR assay for the detection of 


HI, SP and MC from sputum samples. 


We used this multiplex assay on samples collected for the time course study. First we 


compared our assay with conventional microbiological cultures. Secondly we 


assessed the relationship between the detection of micro-organisms by PCR and 


airway inflammation in patients with COPD sampled in the stable state and at 


exacerbation. Finally we assessed the relationship between bacterial eradication by 


PCR and airway inflammation 7 days after exacerbation. 
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5.3  Methods 
The first part of this methods section will describe the steps involved in setting up the 


multiplex quantitative r-PCR. The sputum samples used were from a group of 


patients from the time course study.  


 


 


5.3.1 Establishing the real time PCR assay 


The PCR work was a new collaboration between the Academic Unit of Microbiology 


and the Academic Unit of Respiratory Medicine, University College London, Royal 


Free Campus. I spent six months working in the Academic Unit of Microbiology 


under the supervision of Drs Claire Ling and Tim McHugh.  


The PCR assay was performed on a Corbett Research Rotorgen analyzer. 


  


 


5.3.2 Probes and primers 


The target sequences for the three organisms were chosen after a literature review on 


published studies of r-PCR and according to the microbiology laboratory’s own 


experience with nested PCR. 


 


The target sequences chosen were the pneumolysin gene for S pneumoniae, the 


CopB gene for M catarrhalis and the Hel gene for H influenzae. The probes and 


primers were designed using the Primerquest and MFold programs. The specificity 


of the chosen sequences was checked using NCBI BLAST database. The target 


sequences, probes and primers are presented in Table 19. 


 


The primers were designed to have around 20 base pairs, a Tm around 60 °C and a 


GC content of 40-50%. The probes were designed to have around 30 base pairs, a 


Tm around 70 °C and a GC content of 50%.  


 


The probes and primers were all manufactured by T.I.B. MOLBIOL (Syntheselabor 


GmbH, Berlin, Germany).  
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Table 19: Primers and probes used for multiplex quantitative r-PCR 


 
Organism 


 
Target 
gene 


 
Forward primer 
Reverse Primer 
 


 
Probe 


S. pneumoniae ply gene 5’ ATggTggCgTACggTTTATgA 3’ 
5’ TCTACCTTATCCTCTACCTgAg 3’ 
 


5’ ROX-ATTTgCCACTAgTgCgTAAgCgACgATT-BHQ2 3’ 
 


H. influenzae hel gene 5’ CCATTCgATggTAAAgATTggACTC 3’ 
5’ CAAAACgAgCCgCTTTAgC 3’ 
 


5’ 6FAM-ACAgCCACAACggTAAAgTgTTCTACgT-Dabcyl 
3’ 
 


M. cattarhalis copB gene 5’ TgTACCgAAACgACTTTgACCA 3’ 
5’ TAATgCCATTgACCTAAAAATTgACA 3’ 
 


5’ YAK-TCTAgCATAAAgCgACCTTggTggTAgTgT- Dabcyl 
3’ 
 


 


 


Table 20: Reporter dyes and quenchers used in the assay 


Gene Reporter dye Quencher 


Hel FAM DABCYL 


Ply ROX DABCYL 


CopB YAK BHQ1 


147 
 







Chapter 5 
 
 


5.3.3 Determination of sensitivity and specificity of the 


assay 


The sensitivity of each set of primers and probes was determined individually then 


multiplexed together. For the sensitivity determination we used DNA extracted from 


pure cultures of National Culture Type Collection (NCTC) strains of S pneumoniae 


(NCTC 49619), H influenzae (NCTC 11931) and M catarrhalis (NCTC 11020).  


 


The specificity was also tested for each organism individually then all three 


multiplexed together. The specificity of the assay was tested against the organisms 


shown in Table 21. These bacteria were extracted from pure cultures strains isolated 


from routine sputum specimens in the microbiology department.  


 


Table 21: List of bacteria used to assess the specificity of our assay 


 
Bacterial species  
 


 


Moraxella catarrhalis Proteus mirabilis 


 
Haemophilus influenzae 


 


Neisseria meningitides 


 
MRSA 


 


Bordetella pertussis 


 
Echerishia coli 


 


Corynebacterium diphteriae 


 
Coagulase negative Staphyloccocus 
(S & R) 
 


Gr A Streptococcus 


 
Pseudomonas aeruginosa 


 


Oxford Staphylococcus 


 
Candida albicans 


 


Legionella pneumophiliae 


 
Klebsiella pneumoniae 


 


Haemophilus parainfluenzae 


 
Neisseria gonorrhoea Acinetobacter 
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To achieve the best sensitivity and specificity of the assay we conducted experiments 


where we changed: 


 the concentrations of magnesium chloride: MgCl2 5 and 6 mM 


 the cycling temperatures: 60 and 62 °C 


 the cycle duration:  


 Short cycle:  95°C for 3 min  


o 95°C for 10 seconds } for 40 


o 60°C for 5 seconds } cycles 


 Long cycle: 95°C for 3 min  


o 95°C for 10 seconds } for 40 


o 60°C for 45 seconds } cycles 


 probe concentrations: 0.2 and 0.25 μM 


 primer concentrations: 0.3 and 0.5 μM 


 Taq polymerase concentration: 1 and 1.25 U/μl 


 


When using NTCT bacterial strain cultures, the sensitivity of our multiplex assay 


was: 


o M catarrhalis 104 organisms 


o S pneumoniae 104 organisms  


o H influenzae 101 organisms  


The specificity of the multiplex assay was 100% against the organisms in Table 21 


with cycles cropped at 30 Ct for S pneumoniae. 


 


 


5.3.4 Mastermix and cycling 


The experiments above allowed us to optimize the in-house PCR mastermix which 


we then used for all experiments and samples. 


 


The mastermix used for our assay contained: 


 2.5 μL PCR reaction buffer (Promega, Southampton, UK) 


 1.5 mM of the four deoxyribuonucleotide triphosphate (dNTPs) 


(Promega, Southhampton, UK) 


 6mM MgCl2 
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 0.5μM of each of the primers 


 0.25 μM of each of the probes 


 1.25 U/ μL of Taq DNA Polymerase (Promega) 


 1.5 μL of sterile radiated PCR grade water 


 


We used the 72 well rotor with 0.1 ml ependorf tubess. We added 20μL of our in-


house PCR mastermix and 5 μL of sample DNA to each tube.  


 


The optimum PCR cycling was with initial denaturation at 95 °C for 3 minutes 


followed by 40 cycles held at 95 °C for 10 seconds and 60 °C for 45 seconds.  


 


 


5.3.5 Sputum sample preparation for PCR assay and 


DNA extraction 


PCR sputum sample preparation  


The sputum was diluted 10 fold in phosphate buffered saline (PBS) and manually 


agitated with 1-2mm in diameter siliconised glass beads (BDH Chemicals Ltd, Poole, 


Dorset, UK). Then 0.5 mililiters of the supernatant was frozen at -70 °C till DNA 


extraction.  


 


Bacterial DNA extraction 


The DNA extraction was performed using an in-house protocol containing Chelex 


10%.  In brief, heat-killed sputum samples were washed twice with sterile PBS, 


centrifuged at 13000 rpm and the pellets re-suspended by vortexing for 15 seconds 


with 250 μl of sterile distilled water and 250 μl of Chelex 10%.  The samples was 


then incubated at 56°C for 30 min followed by 95°C for 5 min.  Finally the samples 


were centrifuged at 13000 rpm for 10 minutes and the supernatant taken for qr-PCR.  


Positive and negative extraction controls were also performed with each batch. 


 


 


 


 


150 
 







Chapter 5 
 
 


5.3.6 Detection of bacteria with the real time multiplex 


PCR assay 


Our multiplex r-PCR was developed to give quantitative results for the 3 bacteria 


from sputum samples. Therefore we established standard curves for each organism 


using r-PCR negative sputa spiked with known amounts of each of the NCTC strains.  


 


In brief we collected a pooled sample of culture negative sputum. We extracted 


bacterial DNA with the in house Chelex protocol. We confirmed the sputum was also 


negative for the concerned organisms by r-PCR. In separate tubes we added 500μl of 


r-PCR negative sputum with a whole loop(= about 108 CFU/ml) of pure culture from 


each of the NTCT strains.  Figure 26 is a diagram of the process used to establish the 


standard curve. 


 


For each organism the standard curve was established in triplicate.  


The RotorGene software allowed us to determine the R value and threshold for each 


standard curve as illustrated in Figure 27.  


 


Figure 27: Standard curve given by Rotor gene 


 


 


 


Ct 


R=0.99 


No of bacteria  
 


 


The R value was 0.99 for all three and the threshold values (Ct) were: 


 H influenzae 0.01 


 S pneumoniae 0.02 


 M catarrhalis 0.03 
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 Figure 26:  Establishing the standard curve 


 


500 μl PCR Negative sputum 
spiked with H influenzae 


 


 


 


50 μl


 


 


50 μl  


 


 


Plate to agar 


Count colony forming 
units per ml 


Dilute 10x in 
sterile PBS 


450 μl PBS 450μl PCR 
neg sputum


Extract 
DNA 


Dilute 10x in 
PCR negative 


sputum 


Determine Ct for each 
sample  


Establish standard 
curve 
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Using these standard curves the sensitivity of the multiplex quantitative r-PCR assay 


was: 


 H influenzae  2.6x103  or  103.41  CFU/ml  


 S pneumonia  7.2x105  or  105.85  CFU/ml 


 M catarrhalis  7.2x104  or  104.85  CFU/ml 


 


Each sputum sample was run in duplicate in the same r-PCR assay and each sample 


was run on two separate tests. The inter-assay correlation for the 2 tests was r2=0.99; 


p<0.001 and is represented in Figure 28. 


 


Figure 28:  Inter-assay correlation on two separate occasions for SP with 


r-PCR assay 


 


 


 


 


 


 


5.3.7 Detection of bacteria with conventional cultures 


The sputum was homogenized by adding an equal weight of sputolysin (Sputasol; 


Unipath, Hampshire, UK) and several glass beads (1-1.5mm in diameter) and 


incubating for 30 minutes at 37°C, time during which they were intermittently 


vortexed for 5-10 seconds.  Tenfold serial dilutions of the homogenized sample were 
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made in brain heart infusion broth and 100 μL aliquots were plated out onto the 


surface of a range of different media including blood agar, chocolate agar, 


MacConkey agar and cysteine lactose electrolyte-deficient agar. These plates were 


then incubated for 18 to 36 hours in an atmosphere of air +5% carbon dioxide.  After 


incubation, bacterial colonies were counted and sub-cultured for identification by 


standard methods (Barrow et al 1993). The number of colony forming units per 


millilitre of sputum was calculated from the number of colonies obtained and the 


dilution of the sputum. The bacteriology data is expressed as the total bacterial count 


in log base 10.  


 


 


5.3.8 Patient recruitment and sampling 


Forty-nine patients were recruited from the London COPD Cohort.  COPD was 


defined as a post-bronchodilator forced expiratory volume in one second (FEV1) to 


forced vital capacity (FVC) ratio below 70% and a β2-agonist reversibility on 


predicted FEV1 of less than 15% or 200ml.  Patients with a history of other 


significant respiratory diseases were excluded, as were those unable to complete 


daily diary cards.  Patients were recruited when stable, at least six weeks away from 


their last exacerbation.  At recruitment, patients’ daily respiratory symptoms, 


smoking history, COPD exacerbation history and drug history were recorded.  Height 


and weight were measured, in addition to baseline lung function using a rolling seal 


spirometer (Sensor Medic Corp, Yorba Linda, US).  Reversibility to β2-agonists was 


measured after inhaling 400μg salbutamol from a metered dose inhaler via spacer.  


Partial pressures of arterial oxygen and carbon dioxide were measured on arterialised 


ear lobe blood gases (Model 278 Blood Gas Analyser, Ciba-Corning, Medfield, US).  


Patients also completed the St. George’s Respiratory Questionnaire (SGRQ), which 


is a disease-specific measure of health-status (Jones et al 1992).  


All the samples from the present analysis were used for the time course of airway 


and systemic inflammation analysis presented in Chapter 3. However, the 


bacteriology data was not addressed in that chapter and all the current analyses are 


original. 
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Patient follow-up and exacerbation 


All patients were asked to keep daily diary cards on which they recorded their 


morning post-medication peak expiratory flow rate (PEFR) with a mini-Wright peak-


flow meter (Clement-Clarke International Ltd, Harlow, UK) and any increase in their 


daily respiratory symptoms.  Patients were routinely followed up every three months 


in the research clinic, their diary cards were reviewed and spirometry was recorded.  


They were asked to contact the study team when they experienced any increase in 


their daily respiratory symptoms.  They were generally seen within 48 hours by a 


study-physician, their symptoms were reviewed and the exacerbation was confirmed 


according to our symptomatic definition described below.  Patients were sampled 


before starting any additional treatment for the exacerbation. 


 


Patient sampling 


Patients were seen and sampled in the stable state, at exacerbation prior to treatment, 


and seven days, 14 days and 35 days later.  At each visit, the patients’ symptoms 


were documented, lung function was recorded, and sputum and serum were 


collected.  Spontaneous sputum was used, or when no spontaneous sputum was 


available, patients were induced according to our previously described methodology 


(Bhowmik 1998).  We have previously reported on the equivalence of induced and 


spontaneous samples for the assessment of airway inflammatory markers (Bhowmik 


1998).   All exacerbations were treated with bronchodilators, antibiotics and or oral 


steroids depending on the clinical severity of the episode, as judged by the attending 


physician. 


 


Sputum processing 


Sputum samples were processed within two hours of collection. Sputum was 


separated from the contaminating saliva using sterile forceps and one third of the 


sputum sample was used for quantitative bacterial analysis, one third was used for 


the bacteriology PCR and the remainder was used for inflammatory cytokines 


analysis. Only sputum samples containing <25 squamous epithelial cells per low 


powered field and > 25 leukocytes per high powered field were used for the present 


analysis.     
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Airway inflammatory markers 


The sputum interleukin (IL)-6 and IL-8 levels were measured using an enzyme-


linked immunosorbent assay kit(R&D Systems; Abingdon, UK). The sputum sample 


was prepared by diluting it tenfold in PBS, homogenizing and filtering through a 


50μm nylon gauze to remove mucus and debris. Afterwards it was centrifuged at 


2000rpm for 10min and the supernatant was stored at -70 °C till analysis. The limit 


of detection for sputum IL-6 was 0.7pg/ml and for sputum IL-8 it was 10 pg/ml. 


 


 


5.3.9 Statistical analysis 


The Kolmogorov-Smirnov test of normality was applied and normally distributed 


data are presented as mean (SD) values and skewed data as median (inter quartile 


range, IQR) values. Continuous variables with normal distributions were compared 


by t test, and non-normal distributions were compared with the Mann-Whitney U or 


Wilcoxon signed-ranks test. Chi-square test was used to assess the results by 


standard cultures and PCR. The data analysis was performed using statistical 


software SPSS version 10 (SPSS; Chicago, Illinois, USA). 


 


 


5.3.10 Ethics 


All patients gave written informed consent and the project was approved by the East 


London and City Health Authority Ethics committee.  
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5.4 Results 


5.4.1  Patient characteristics 


Samples from 49 patients who participated in the time course study were available 


for the present analysis. The patients had moderate to severe COPD and their 


baseline characteristics are presented in Table 22. The mean (SD) FEV1 was 1.06 


(0.41) litres or 44 (18) % predicted. One hundred and seventy five sputum samples 


were analysed by quantitative r-PCR, 23 were baseline samples, 39 were 


exacerbation samples, 43 were samples taken after 7 days, 36 were samples taken 


after 14 days and 34 were samples taken 35 days after exacerbation.  One hundred 


and fifty eight of those samples had a matched conventional culture result available.  


 


Table 22:  Baseline characteristics of the 49 COPD patients 


  (21 female, 14 active smokers) 


 MEAN SD 


Age (years) 68.7 8.0 


FEV1 (l) 1.06 0.41 


FEV1 (% predicted) 44 18 


FVC (l) 2.38 0.84 


BMI (kgm-2) 26.2 6.80 


PaO2 (kPa) 8.72 0.96 


PaCO2 (kPa) 5.68 0.76 


Smoking (pack years) 49 29 


SGRQ (total score) 60.3 16.6 
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5.4.2  Detection of bacteria by qr-PCR compared to 


conventional cultures 


The results from the 158 samples with conventional bacteriological cultures and 


multiplex qr-PCR assay are presented in Table 23. 


 


Table 23:  Qualitative results of the conventional cultures and the qr-PCR  


Sample Culture positive PCR positive 


Type Total Spneu Hinf Mcat Spneu Hinf Mcat 


All 158 7 37 15 65 46 27 


Baseline 21 0 7 1 10 8 1 


Exacerbation 37 3 10 6 13 11 10 


Day 7 40 1 5 1 14 6 3 


Day 14 32 1 8 6 18 10 8 


Day 35 28 2 7 1 10 11 5 


 


By conventional culture 62/158 samples grew an identifiable pathogen. A PPM was 


present in 59/158 samples, 2 of the other samples grew Pseudomonas aeruginosa and 


1 sample grew Haemophilus parainfluenzae. No specific growth was found in 96/158 


samples. However, in all these samples with no specific growth the total bacterial 


load was above 105 CFU/ml. 


 


In 8 samples we detected 2 PPM’s. No samples detected 3 pathogens by culture. By 


qr-PCR we detected 2 PPM’s in 21 samples and all 3 PPM’s in 5 samples. 


 


All the samples that grew SP by conventional cultures were also positive by qr-PCR. 


For MC, 14/15 samples that were culture positive were also qr-PCR positive. For HI, 


37 samples were culture positive, a matched qr-PCR was available for 32/37 


samples. In these samples, 27/32 samples were culture and qr-PCR positive for HI. 
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When all the samples were considered together, the detection rate of any organism 


was significantly higher by qr-PCR compared to conventional culture, 58% by qr-


PCR versus 34% by culture, p<0.001 (Chi-square test).  


 


The detection of S pneumoniae was significantly higher by qr-PCR compared to 


conventional culture, 39.2 % by qr-PCR versus 5.0% by culture, p<0.001. There was 


no statistically significant difference in the detection rates of the other 2 organisms 


between qr-PCR and cultures. Detection of HI was 24.8% by qr-PCR versus 22.1% 


by culture and detection of MC was 11.7% by qr-PCR versus 9.7% by culture, 


p>0.05 for both. These results are presented in Figure 29.  


 


Figure 29:  Comparison of samples positive by culture and qr-PCR 


 


 


 


5.4.3 Time course of the bacteria  


The changes in bacterial load between baseline, exacerbation and the recovery at day 


7, 14 and 35 as measured by conventional cultures and qr-PCR are shown in Table 


24 and Figure 30. There were no statistically significant changes in bacterial load 


between baseline and exacerbation by either of the bacterial detection methods.  
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Table 24: Bacterial load by culture and qr-PCR in log CFU/ml of sputum 


 


Figure 30:  Bacterial load time course 


 
 


Baseline  Onset  Day 7  Day 14  Day 35 


Bacteria 
 


Culture  qr‐PCR  Culture  qr‐PCR  Culture  qr‐PCR  Culture  qr‐PCR  Culture  qr‐PCR 


HI 
 


7.8  6.22  8  7  6.8  5.88  6.45  6.86  7.7  5.78 


SP 
 


0  6.47  7.55  6.85  8  6.85  5.3  6.72  7.3  7.05 


MC 
 


7  7.3  7.9  6.47  8.6  6.5  8  6.87  8.3  7.05 
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There were a sufficient number of samples to compare the mean bacterial loads by 


culture and qr-PCR for HI at all sampling time points, for SP at exacerbation and at 


day 35 and  for MC at exacerbation and  day 14 (paired sample t test).  


The mean bacterial load for HI detected by culture was significantly higher at 


baseline and day 35 (p=0.001 for both). For MC, the mean bacterial load was higher 


by culture only at day 14 (p=0.04).   


 


 


 


5.4.4 Airway inflammation and bacterial detection by 


qr-PCR 


The sputum levels of IL-6 and IL-8 were determined in all our patients. Patients with 


H influenzae or S pneumoniae detected by qr-PCR in the stable state had a 


significantly higher level of sputum IL-6 than those without, p=0.04 and p=0.02 


respectively as shown in Figure 31. No similar relationship was observed between 


PPM detected by routine culture and sputum IL-6. 


 


Figure 31: Sputum IL-6 levels in patients with and without HI or SP detected 


by qr-PCR 


 


p=0.04 p=0.02 
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At exacerbation, the detection of any of the 3 organisms by qr-PCR was associated 


with a higher level of sputum IL-8, p<0.05 for all 3, as presented in Table 25. No 


similar relationship was observed with standard cultures. 


 


Table 25:  Relationship between sputum IL-8 and PPM detected by qr-PCR 


 


 
Sputum IL-8 if 
PCR+  
log 10 pg/ml 
 


 
Sputum IL-8 if 
PCR-  
log10 pg/ml 


 
p= 


HI 
 


3.6 3.43 0.03 


SP 
 


3.59 3.42 0.01 


MC 
 


3.62 3.44 0.03 


 


The presence of M catarrhalis at exacerbation was associated with higher levels of 


sputum IL-6 at 2.2 versus 1.74 log10 pg/ml, p=0.01. No statistically significant 


relationships were present at any of the other time points.  


 


 


 


5.4.5 Bacterial eradication and airway inflammation 


Thirty four patients had sputum qr-PCR performed at exacerbation prior to treatment 


and 7 days after treatment. Among these patients, 19/34 had a PPM detected by qr-


PCR at exacerbation, 12/34 Patients had a PPM detected by qr-PCR at exacerbation 


and at day 7. The 7 patients who had a PPM at exacerbation but had eradicated it by 


day 7, showed a trend towards lower sputum IL-8 levels at the second visit compared 


to those who had not eradicated the organism. Mean (SD) sputum IL-8 was 


3.40(0.20) versus 3.55(0.09)  log10 pg/ml, p=0.06. 
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5.5 Discussion 
In this pilot study we established a multiplex quantitative real time PCR (qr-PCR) for 


the detection of HI, SP and MC from sputum samples. We then used the assay to test 


158 sputum samples obtained from 49 patients from the London COPD Cohort.  


 


Our main findings were that when all samples were analysed together, the detection 


of any of the PPM was significantly higher by qr-PCR compared to standard 


cultures. When the qr-PCR and cultures results for each individual PPM were 


compared, only SP was detected at significantly higher rates by qr-PCR.  


 


We also found that the detection by qr-PCR of HI or SP in the stable state was 


associated with higher levels of sputum IL-6. At exacerbation, the detection of any 


PPM by qr-PCR was associated with higher levels of sputum IL-8. No similar 


relationship was present with routine cultures. 


 


As we had samples taken at baseline, exacerbation onset, after 7, 14 and 35 days; we 


were able to establish a time course of the bacterial loads both by standard cultures 


and qr-PCR. No significant changes in the bacterial load were detected between 


baseline and exacerbation by either detection method. Our results suggest that the 


gold standard for bacterial detection in COPD could be qr-PCR. 


 


We used a multiplex qr-PCR assay to simultaneously detect the three PPM. 


Multiplex assays for the detection of these PPM have previously described for 


middle ear effusions (Hendoin et al 1997) and lower respiratory tract samples (Kais 


et al 2006).  


 


In the first study 25 middle ear effusions were examined with a multiplex qr-PCR 


assay for the detection of SP, HI and MC (Hendolin et al 1997). By conventional 


cultures 32% of the samples were positive. By multiplex qr-PCR 84% of the samples 


were positive. In this study none of the culture positive samples were PCR negative. 


This was equivalent to a 225% relative increase in the detection of a pathogen by qr-


PCR. 
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In the second study 203 consecutive respiratory samples were subjected to detection 


of SP, HI and MC by a multiplex qr-PCR assay (Kais et al 2006).  Significant 


pathogen findings were defined as the presence of 105 or more organisms per 


CFU/ml.  The cultures were positive in 22.2% of the samples and qr-PCR was 


positive in 33.5% of the samples (p<0.05). This corresponds to a 51% relative 


increase and 11.3% absolute increase in the detection of a pathogen.  Our results 


showed a 70% relative increase and a 24% absolute increase, in keeping with above 


results. 


  


SP has been successfully isolated  by real-time PCR from middle ear fluid, 


nasopharyngeal aspirate, serum, BAL fluid and  respiratory tract samples (=sputum, 


nasopharyngeal swab and nasopharyngeal aspirate)  (Salo et al 1995, Greiner et al 


2001, Saukkoriipi et al 2002 and Straelin et al 2006 a & b). Three of these studies 


also used the pneumoysin gene as a target and the other 2 studies (Straelinet al  2006 


a&b)  used the lyt A gene as a target.  In all of the studies the detection of SP by PCR 


was higher than by conventional culture, in keeping with our results. The differences 


were the most pronounced for samples taken after starting antibiotics (Straelin et al 


2006 b). However, as the detection rate of SP is significantly higher by qr-PCR, our 


results should be confirmed and strengthened by detecting SP by a nested PCR.   


 


Only one study has used real time PCR to assess respiratory pathogens obtained 


exclusively from COPD patients (Curran et al 2006). In this study sputum samples 


from 30 COPD patients were assessed by real time PCR (not quantitative or 


multiplex) for the presence of 10 respiratory pathogens. The detection of 


Streptococcus pneumoniae, Staphylococcus aureus, Haemophilus species  and 


Moraxella catarrhalis was higher by PCR than by culture. However, in this study no 


clinical details were provided regarding the patients themselves or the severity of the 


COPD. 


 


Our study is unique as the patients are well characterized and we have matched 


airway and systemic inflammatory markers available for all the patients. This 


enabled us to  
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demonstrate significant relationships between the detection of a PPM by qr-PCR and 


airway inflammation. It was not possible to detect such relationships with standard 


cultures.  


 


In matched samples, the mean bacterial load by culture was significantly higher than 


that detected by qr-PCR for HI and MC at certain time points. These results are the 


opposite of what one would expect. This could be due to the presence of inhibitors in 


the sputum. Dithiothreitol and mucolytic agents present in sputum are known to exert 


an inhibitory effect on PCR amplification (Wilson I 1997). We did not use any 


Dithiothreitol whilst processing our sputum samples but we did not ask our patients 


if any of them were using mucolytic agents. 


 


The lower bacterial loads by qr-PCR could also be due to the presence of strains of 


HI and MC with mutations in our target sequence. Those samples would not be 


recognized by the qr-PCR assay. The colony morphology of MC can be difficult to 


distinguish from that of commensal Neisseria species which are also part of the 


commensal respiratory tract flora (Sethi et al 2000). It is also possible that the loads 


by culture for HI were overestimated.  


 


Sample preparation and DNA extraction methods are paramount when performing 


quantitative PCR. When commercially available DNA extraction kits are compared, 


variable amounts of DNA have been extracted from the same sample (Wilson D et al 


2004). We used an in-house Chelex extraction method. Our findings would be 


strengthened by extracting the DNA from the same sample via several extraction 


methods and then performing the qr-PCR assay to compare them. 


 


We were able to detect multiple PPM’s by qr-PCR more often than by culture. We 


also had samples with a total bacterial load > 105 CFU/ml by culture where no 


specific growth could be identified. A PPM could be detected in quite a number of 


those samples by qr-PCR.  However, a positive PCR result does not allow us to 


differentiate dead bacteria from those that are alive.   


 


This project was a pilot study and the results were encouraging. The work has now 


been taken forward in the department by other research fellows. Their work has 
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demonstrated that the pneumolysin gene was detecting Streptococcus 


pseudopneumoniae as well as SP. They have therefore changed the target sequence 


of SP to the lytA gene. They have also included an internal amplification control into 


the assay to detect any inhibitors present in the sample.  
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5.6 Conclusion 
In summary we developed a multiplex qr-PCR assay for the detection of HI, SP and 


MC. We have demonstrated that the detection of any of the PPM is significantly 


higher by qr-PCR. The assay needs to be further refined with regards to load 


determination and pathogen specificity. We feel that PCR could become the gold 


standard for the detection of bacteria from sputum samples in COPD patients in the 


near future. 
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3.1 Introduction 
COPD exacerbations are associated with increases in airway and systemic 


inflammation that are heterogeneous and probably related to the aetiology of the 


exacerbation. In Chapter 1 we reviewed the data available on the time course of  


inflammatory and infective changes at exacerbation of COPD available prior to the 


current study. We established the data was limited and included a very selected 


subgroup of COPD patients. 


Exacerbations have a tendency to cluster in an individual as demonstrated by studies 


of patients hospitalised with severe COPD exacerbations (Roberts et al 2002, Price et 


al 2006). Such studies have shown that after the index exacerbation, patients are at 


increased risk of readmission and one study showed that 34% of patients were 


readmitted with a recurrent exacerbation in the 3 months following their discharge. 


Frequent readmissions with COPD exacerbations have been highlighted as an 


independent risk factor for increased mortality (Soler-Cataluna et al 2005). However, 


it was not known whether the recurrent exacerbations were associated with 


persistence of a heightened inflammatory status or were related to non-recovery of 


the index exacerbation. 


 


 


 


3.2 Aim 


Our aim was to conduct a prospective study in a well-characterized cohort of COPD 


patients and assess the time course of airway and systemic inflammation in the stable 


state, at exacerbation and during the recovery at day 7, 14 and 35. We wanted to 


assess the differences in the airway and systemic inflammatory markers between 


frequent and infrequent exacerbators, patients with recovered and non-recovered 


exacerbations and in patients with different severities of COPD and those with and 


without symptoms of a common cold at onset. We also set out to assess the 


relationship between recurrent exacerbations occurring within 50 days of the index 


exacerbation and the airway and systemic inflammation during the index episode.  
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We also assessed the differences in symptoms, airway and systemic inflammation in 


patients treated with and without oral steroids. Finally we assessed the factors related 


to hospital admissions in our group of COPD patients. 


 


 


 


3.3  Methods 


3.3.1   The London COPD Cohort 


The London COPD Cohort is a prospective observational cohort of patients with 


COPD running since 1995. It was established to investigate the nature and 


mechanisms of COPD exacerbations. Patients are followed up with daily diary cards 


where they record any increase in their respiratory symptoms and their morning peak 


expiratory flow rate (PEFR). Patients also recorded the number of hours spent 


outdoors and any change to their COPD treatment. They are seen in the study clinic 


routinely every 3 months and whenever they experience an exacerbation. Patients 


have direct access to the study team via a dedicated phone line.  


 


 


3.3.2   Protocol of the time course study 


Patients are recruited in the stable state, when they are at least six weeks away from 


their last exacerbation. They are then followed prospectively with daily diary cards 


till they experienced an exacerbation.  


At exacerbation patients are generally seen the same day or during the weekend 


within 48 hours of them contacting the study team. Their symptoms are reviewed and 


the exacerbation is confirmed by the study physician. Spirometry is recorded and 


samples of sputum (spontaneously produced or induced) and peripheral venous blood 


are taken, prior to initiation of treatment. No patients take oral steroids or antibiotics 


prior to their visit to the study clinic with an exacerbation.  


Patients are treated with antibiotics and/or oral steroids according to the clinical 


severity of the episode. The treatment is left to the discretion of the attending 


physician and usually includes antibiotics and/or oral steroids as well as increased 


bronchodilators. 
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Patients are then asked to come back after 7, 14 and 35 days. At each of these 


subsequent visits, the symptoms are reviewed, spirometry is recorded and samples of 


blood and sputum obtained. Additional treatment is prescribed depending on the 


clinical evolution of the episode. 


 


 


3.3.3   Choice of airway and systemic inflammatory  


  markers 


In this study we assessed airway inflammation by measuring the levels of IL-6 and 


IL-8 in the sputum. The systemic inflammation was assessed by measuring the levels 


IL-6 and CRP in the serum. IL-6 was chosen as it can be consistently and repeatedly 


measured in the sputum and in the blood. CRP was chosen as it can be easily 


measured at low cost in many health care settings. Sputum IL-8 was chosen as it is a 


marker of the neutrophilic inflammation observed in COPD and it can be measured 


with commercially available kits. IL-6 in the sputum and serum and IL-8 in the 


sputum were measured with an enzyme linked immunosorbent assay (ELISA). 


Serum CRP was measured in our hospital laboratory with a luminometric analyzer. 


 


 


3.3.4   Patient recruitment and follow up 


Patient recruitment 


At the beginning of the time course study, 66 patients were recruited from the 


London COPD cohort. These patients had severe to very severe COPD. Patients with 


mild and moderate COPD were recruited from primary care and the Outpatient’s 


department of the London Chest Hospital. Between April 2003 and September 2004 


150 patients were recruited for this study. In total 80 time courses were sampled in 


80 different patients between April 2003 and March 2005. 73 of those time courses 


have been analysed and will be reported in the rest of this text. 


 


The inclusion criteria for the time course study were a history of at least ten pack 


year’s current or past smoking history and a FEV1/FVC ratio below 70. They also 


had to have less than 15% or 200mls reversibility to beta-2 agonists. Patients with a 
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history of asthma, significant bronchiectasis, carcinoma of the bronchus or other 


significant respiratory diseases were excluded, as well as those unable to complete 


daily diary cards. 


 


At the recruitment visit which took place in the outpatient department of the London 


Chest Hospital, a detailed history was taken, the patient’s medication was recorded 


and a clinical examination was performed including weight and height. Lung 


function was performed and reversibility to beta-2 agonists was assessed with 


Salbutamol 400 mcg administered via a volumatic spacer. Lung function 


measurement were taken at least 4 hours after the last dose of short acting beta-2 


agonist, and 12hrs after their last dose of long acting beta-2 agonist. Partial pressures 


of arterial oxygen and carbon dioxide were measured on arterialised ear lobe blood 


gases (measured on a Model 278 Blood Gas Analyser, Ciba-Corning, Medfield,  


USA). The patients were also asked to complete the St Georges Respiratory 


Questionnaire and provide a sample of peripheral venous blood and spontaneously 


produced sputum. At the recruitment visit all patients had their full blood count, urea 


and electrolytes, liver function test, albumin, calcium levels and C-reactive protein 


measured in the hospital laboratory.  


 


Patient follow-up 


All patients were instructed on how to keep daily diary cards on which they recorded 


their morning post medication peak expiratory flow rate (PEFR) with a mini-Wright 


peak flow meter (Clement Clarke International Ltd, Harlow, UK) and any increase in 


their daily respiratory symptoms. 


The respiratory symptoms were alphabetically coded, in the following way: 


 A = increased dyspnoea 


 B1 = increased sputum volume 


 B2 = increased sputum purulence 


 C = symptoms of a common cold 


 D = chest tightness or wheeze 


 E1 = sore throat 


 E2= increased cough  


 F = fever 
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An example of a diary card is shown in the Appendix 1. 


 


Patients were routinely seen every 3 months in the research clinic, their diary cards 


were reviewed and spirometry was recorded.  


They were asked to contact the study team via a dedicated phone line when they 


experienced any increase in their daily respiratory symptoms. They were generally 


seen within 48 hours of the onset of symptoms by a physician from the study team; 


their symptoms were reviewed and the exacerbation confirmed according to our 


symptomatic definition and patients were sampled before starting any treatment. 


 


 


3.3.5   Definition of an exacerbation 


The diagnosis of an exacerbation was based on symptomatic criteria previously 


validated by our group. Increased dyspnoea, increased sputum volume and increased 


sputum purulence were called major symptoms; nasal congestion/discharge, sore 


throat, increased chest tightness/wheeze or increased cough were termed minor 


symptoms. An exacerbation was defined as any two major symptoms or one major 


and one minor symptom, present for at least two consecutive days, the first of which 


was called the day of onset of the exacerbation. Symptoms recorded continuously in 


the five days before exacerbation onset were discounted when deciding whether an 


exacerbation had occurred or not. 


 


 


3.3.6   Definition of exacerbation severity 


Each symptom, major and minor, was binary coded as 1 (present/ increased over 


baseline) or 0 (absent/ not increased) and then summed. This symptom score was 


calculated daily throughout the exacerbation. The exacerbation severity was assessed 


by using the change at onset of exacerbation in the total symptom score and the 


percentage drop in FEV1 compared to baseline.  
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3.3.7   Definition of exacerbation frequency 


The number of exacerbations experienced by each patient between April 2002 and 


December 2004 was determined and the median exacerbation frequency was 


calculated for this study. Patients with an exacerbation frequency above the median 


for the study were called frequent exacerbators, and those with an exacerbation 


frequency below the median were called infrequent exacerbators.  


 


 


3.3.8   Definition of recovery 


The recovery time for symptoms was defined as the time from onset of the 


exacerbation to the day on which a three day moving average of the symptom score 


returned to baseline (defined as the median symptom score recorded on days 8 to 14 


prior to the onset of the exacerbation). The PEFR recovery time was defined as the 


time from exacerbation onset to the day on which a three day moving average of 


PEFR returned to baseline (defined as the mean PEFR recorded on days 8 to 14 prior 


to the onset of the exacerbation). 


 


 


3.3.9   Patient sampling 


Samples were taken at baseline and at exacerbation, prior to treatment, when patients 


were not taking any antibiotics or oral steroids for at least 6 weeks. After the 


exacerbation visit they were reviewed after 7, 14 and 35 days during the recovery. 


Forty nine prospective baseline samples were collected a median (IQR) 160 days 


(12-578) before the exacerbation, 15 baseline samples were collected a median(IQR) 


141 days (50-374) after the exacerbation when patients were clinically stable. 


Baseline samples were not available for nine patients.  


 


Spirometry 


All the lung function indices were measured with a rolling seal spirometer 


(SensorMedics Ltd, Yorba Linda, California, USA). All patients had baseline FEV1, 


FVC and PEFR measured in the stable state, at least four hours after their morning 
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medication, which included beta-2 agonists. All the baseline lung function data was 


generally recorded between 9am and noon. 


At exacerbation, patients FEV1, FVC and PEFR was measured between 9am and 


noon, at least 20 minutes after their last dose of short acting beta-2 agonist.  


 


Sputum 


Sputum samples were collected spontaneously and if no spontaneous sputum was 


available patients were induced with hypertonic saline. Our group has previously 


demonstrated that the inflammatory markers are equivalent in spontaneous and 


induced sputum (Bhowmik et al 1998). The sputum induction was performed by 


nebulisation with 3% saline using a DeVilbiss UltraNeb 2000 ultrasonic nebuliser. 


Patients were pre-medicated with Salbutamol 200 mcg given via a volumatic spacer 


10 minutes prior to nebulisation. Nebulisation was performed for 7 minutes at first, 


followed by oxygen saturation and spirometry measurements. If the patient had not 


produced an adequate sputum specimen and if the FEV1 had not fallen by more than 


20%, nebulisation was repeated for another 7 minutes. Patients were instructed to 


rinse their mouth with water and blow their noses before expectorating sputum into a 


sterile pot. Sputum was collected in the morning, kept at room temperature and was 


processed within 2 hours of collection.   


 


Peripheral venous blood 


All patients had 7 mls of peripheral venous blood collected via a Vacutainer system 


into a sterile serum sampling tube (BD Vacutainer ® spray coated silica tube)  and 


5mls of blood taken into a sterile Citrate tube (BD Vacutainer ® 3.2% buffered 


sodium citrate tube) . Blood samples were kept at room temperature and processed 


within 2 hours of collection to prevent degradation of any cytokines.  


 


 


3.3.10 Samples processing 


Sputum processing 


The sputum was separated from contaminating saliva using a pair of disposable 


forceps and the weight of the sputum recorded. A selected portion of sputum was 


placed in a pre-weighted tube and the weight of the portion of sputum was recorded. 
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The sputum portion was mixed with 9 times it weight of phosphate buffered saline 


(PBS) and a few siliconised glass beads. The tube was agitated till the sputum was 


homogenised, then the mixture was filtered through a 50μm nylon gauze to remove 


thee mucus and debris. The supernatant was decanted and aliquots of 500 μl were 


stored at -80 ºC until analysis.  


 


Blood processing 


The whole blood was centrifuged at 2000 rpm for 10 min at 4 ºC to separate the 


serum. 500 μl aliquots of serum and plasma were stored in sterile Eppendorf tubes at  


-80 ºC. The cells were discarded. 


 


Bacteriology processing 


A portion of the sputum sample was processed by adding an equal weight of 


sputolysin (Sputasol; Unipath, Hampshire, UK) and several glass beads (1-1.5 mm in 


diameter) and incubated for 30minutes at 37 °C during which time they were 


vortexed for 5-10seconds intermittently. The homogenised samples were diluted 10 


fold in brain heart infusion broth and 100 μl aliquots were plated out onto the surface 


of a range of different media including blood agar, chocolate agar, Mac-Conkey agar, 


and cysteine lactose electrolyte deficient agar. These plates were incubated for 18 


hours at 37 °C in an atmosphere of air + 5% CO2. After incubation, bacterial colonies 


were counted and sub-cultured for identification by standard methods. The number 


of colony forming units/g sputum was calculated from the number of colonies 


obtained and the dilution of the sputum. The bacteriology results are expressed as the 


logarithm of the number of colony forming units per millilitre of sputum (log 


cfu/ml). 


 


Sample storage 


All processed serum and sputum supernatants were stored at -80 ºC in our own 


freezers.  
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3.3.11 Cytokine measurements 


Sputum and serum IL-6 and sputum IL-8 were measured using a quantitative 


sandwich enzyme immunoassay kit and following the manufacturer’s instructions 


(Quantikine from R&D Systems, Abingdon, UK). The principle of the assay is that a 


monoclonal antibody specific for IL-6 or IL-8 is pre-coated onto a microplate. 


Standards, samples and conjugate are pipetted into the wells and any IL-6 or IL-8 


present was sandwiched by the immobilized antibody and the enzyme-linked 


polyclonal antibody specific for IL-6 or IL-8. After a wash to remove any unbound 


substances and/or antibody-enzyme reagent, a substrate solution was added to the 


wells and colour developed in proportion to the amount of IL-6 or IL-8 bound. The 


colour development was stopped and the intensity of the colour was measured by 


determining the optical density of each well using a microplate reader set at 540nm 


the appropriate wavelength for the measured cytokines. A standard curve was created 


with the standards used with each assay. The level of cytokine present in the samples 


was determined from the standard curve.  


The minimum detectable level of IL-8 was 10 pg/ml and for IL-6 it was 0.7 pg/ml.  


For all the sputum samples, the concentrations of cytokine are expressed as pg/ml 


and represent a 10-fold dilution by weight of the original sample.  


CRP was measured using a luminometric reader in the hospital laboratory. The 


minimum detectable level of serum CRP was 0.3 mg/l.  


All the samples from one patient were sampled in the same assay/run to avoid inter-


assay/run variability.  


 


 


3.3.12   Statistical analysis 


Data were analysed using SPSS version 11 for Windows, STATA-5 software (Stata 


Corporation, Texas, US). The Kolmogorov-Smirnov test of normality was applied. 


Normally distributed data were expressed as means with standard deviation (SD), 


skewed data as medians and inter-quartile ranges (IQR). Skewed data were log 10 


transformed to obtain a normal distribution. Comparisons between baseline and 


exacerbation data, and between the different exacerbation visits for symptoms, lung 


function parameters, airway and systemic inflammatory markers, were analysed 


using paired t test, unpaired t test and Mann-Whitney U tests as appropriate. 
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Spearman’s correlation was used to assess the relationships between changes in 


airway inflammation and recovery time, between serum CRP at day 14 and the time 


to the next exacerbation. Chi-Square test was used to compare the exacerbation 


symptoms at the index and recurrent exacerbation. The non log10 transformed values 


were used to assess the percentage changes between baseline and the different 


exacerbation visits for each parameter. A probability of error of less than or equal to 


5% was considered statistically significant.  


Dr Gavin Donaldson supervised and helped me with the statistical analysis 


mentioned above. 


 


The mixed linear model analysis was performed by Dr Hana Muellerova. Mixed 


linear models with random effects were applied to compare the evolution of the time 


curve during the course of exacerbation in two groups of patients separated by a 


binary trait (e.g. frequent and infrequent exacerbators). First, we examined the best 


fit values for the curve shape, represented by a time variable, separately for each 


group. The best fitting curve model (linear, quadratic or cubic) in interaction with the 


binary trait was then placed in a final model to explain the response of a log 10-


transformed biomarker (e.g. serum IL-6, serum CRP). Finally, we produced a visual 


output from this modelling using the transformed, predicted values for each time 


point, accompanied by standard error (SE). This part of analysis was supported using 


the SAS version 8.  


 


 


3.3.13 Ethics 


This study was approved by the East London and City Health Authority Ethics 


Committee and all patients gave written informed consent. 
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3.4   Results 


3.4.1   Baseline characteristics of the patients 


Seventy three exacerbation time courses were collected from 73 different patients; 


their baseline characteristics are presented in Table 10.  


 


Table 10: Baseline characteristics of the 73 COPD patients 


 


 Mean SD 
 


Age (years)   69.3 7.8 
 


Male (%) 54.8  
 


FEV1 (litres) 1.08 0.47 
 


% Predicted FEV1 (%) 45 18 
 


FVC (liters) 2.36 0.87 
 


BMI 26.2 6.26 
 


pH 7.41 0.03 
 


PaCO2 (kPa) 5.74 0.95 
 


PaO2 (kPa) 8.86 1.08 
 


Smoking (pack years)  48.1 34.9 
Active smokers (%) 29.4  


 
SGRQ total   59.0 18.3 


 
SGRQ symptoms 75.1 20.1 


 
SGRQ activity 48.3 20.6 


 
SGRQ impact  63.8 20.7 
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In the stable state, 38.3% of the patients reported daily (chronic) dyspnoea, 64.3 % 


were daily sputum producers, 23.6% reported a daily wheeze and 59.7% reported 


daily cough.  


Disease severity in the stable state was associated with differences in airway and 


systemic inflammatory markers as reported in Table 11.  


 


Table 11:  Baseline median (IQR) airway and serum inflammatory 


        markers and sputum bacterial load according to GOLD 


        stage of COPD severity  


 


 GOLD I-II  


disease,  


n=28 


GOLD  III-IV 


disease,  


n=45 


 


p= 


Sputum IL-8 pg/ml 2177 (1066-3088) 3381 (1978-3930) <0.01 


Sputum IL-6 pg/ml 66(32-127) 140 (50-279) 0.22 


Serum IL-6 pg/ml 5.5(2.5-9.2) 6.0 (3.1-8.4) 0.30 


Serum CRP mg/l 3.9 (2.7-8.2) 7.8(4.9-13.4) 0.01 


Sputum bacterial 


load CFU/ml 


10 7.9(7.35-8.00) 10 7.8(7.30-8.00) 0.96 


 


 


Patients with Global Initiative for Chronic Obstructive Lung Disease (GOLD) stage 


III and IV disease had a higher median (IQR) CRP than those with GOLD stage I 


and II disease [ 7.8 (4.9-13.4) mg/l versus 3.9(2.7-8.2) mg/l, p=0.01]. They also had 


significantly higher median (IQR) sputum IL-8 than those with GOLD stage I and II 


disease [3381 (1978-3930) versus 2177 (1066-3088) pg/ml, p=0.004].  


 


When all 73 patients were analysed together, the baseline concentration of sputum 


IL-8 was related to the baseline sputum bacterial load, r=0.28 and p=0.04 as seen in 


Figure 4.  
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Figure 4:  Relationship between baseline sputum bacterial load and baseline  


  sputum IL-8 
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The median (IQR) exacerbation frequency was 3.1 (2.0-4.2) per year in this study. 


Patients with frequent exacerbations had a median (IQR) of 4.2 (3.6-5.7) 


exacerbations per year compared to 1.9 (1.5-2.3) exacerbations per year for the 


patients with infrequent exacerbations. There was no significant difference in the 


baseline characteristics between frequent and infrequent exacerbators, except for the 


exacerbation frequency itself.  


 


 


3.4.2   Exacerbation characteristics 


At exacerbation patients were seen and sampled on average (SD) 2.3(2.1) days after 


the onset of the exacerbation and before they started additional treatment. The onset 


of the exacerbation was determined from the diary cards. 


 


Time course symptoms 


Patients had a median (IQR) total symptom score of 5(4-6) at exacerbation as shown 


in Figure 5.  
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Figure 5:  Time course of symptoms at exacerbation and during the  


  recovery 
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No exacerbation was diagnosed solely on the presence of one major symptom and 


the presence of a common cold. 


 


The levels of serum IL-6 during the recovery were related to the total symptom 


score. However there was no significant correlation between the total symptom score 


at exacerbation and serum IL-6. There was no statistically significant correlation 


between the levels of sputum IL-6 and the total symptom score at exacerbation or at 


any of the recovery visits as illustrated in Table 12.  


 


Table 12:  Relationship between total symptom score at exacerbation and  


  during the recovery and the levels of serum and sputum IL-6.   


 Serum Sputum 


 rho= p= rho= p= 


Onset 0.23 0.08 0.01 0.92 


Day 7 0.28 0.02 -0.08 0.54 


Day 14 0.33 0.01 -0.01 0.90 


Day 35 0.34 0.01 0.12 0.42 
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Exacerbation treatment 


All exacerbations were treated according to the clinical severity of the episode as 


deemed necessary by the attending physician. Exacerbation treatment included 


increased bronchodilaotrs, antibiotics and or oral steroids, 96% (n= 70) of the 


patients were treated with antibiotics, 67% (n= 50) were treated with oral 


corticosteroids and 62% (n= 45) were treated with both antibiotics and oral cortico-


steroids at exacerbation. At day 14, 36% of the patients were prescribed a second 


course of oral cortico-steroids. 


 


Time course lung function 


The mean (SE) percentage change in FEV1 at exacerbation compared to baseline was 


-5.05(-15.02 to + 6.18) %. There was a trend towards a drop in FEV1 (p=0.07) 


between baseline and onset of the exacerbation.  The time course of FEV1 is 


illustrated in Figure 6. 


 


Figure 6:  Time course of mean (SE) FEV1 in litres 
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Time course of airway inflammatory markers 


There was a significant rise in sputum IL-6 between baseline and onset of the 


exacerbation, p= 0.02, followed by a return towards baseline by day 7. The changes 


96 
 







Chapter 3 
 


between onset and day 7, 14 and 35 were not statistically significant. The time course 


of sputum IL-6 is illustrated in Figure 7. 


 


Figure 7:  Time course of mean (SE) sputum IL-6 in log10 pg/ml 
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There was no statistically significant change in sputum IL-8 between baseline and 


exacerbation onset. However there was a significant drop between onset of the 


exacerbation and day seven, from 3263(2249-4140) to 2677 (1633-3897), p= 0.004. 


The time course of sputum IL-8 is illustrated in Figure 8. 


 


Figure 8:  Time course of mean (SE) sputum IL-8 in log10 pg/ml  


4643576352N =


Day 35Day 14Day 7OnsetBaseline


M
e
a
n
(S


E
) 


sp
u
tu


m
 I
L
-8


  
  
lo


g
1
0
 p


g
/m


l


3.6


3.5


3.4


3.3


3.2


 


97 
 







Chapter 3 
 


Time course of systemic inflammatory markers 


There was a significant rise in serum IL-6 between baseline and onset of the 


exacerbation from 5.74 (3.08-8.69) ng/ml to 12.1 (3.9-24) ng/ml, p=0.001, followed 


by a drop below baseline to 3.84(1.6-6.4) ng/ml, p=0.001, after seven days. Serum 


IL-6 then returned towards baseline by day 35. The drop in serum IL-6 between 


onset of the exacerbation and day seven and between day seven and day 14 were 


both highly significant (p<0.002). The time course of serum IL-6 is illustrated in 


Figure 9. 


 


There was a significant rise in serum CRP between baseline and exacerbation, from 


6.5 (3.5-11.8) mg/l to 12.1(5.8-34.8) mg/l, p=0.001. By day 7 serum CRP had 


returned towards baseline. The drop in serum CRP between onset of the exacerbation 


and day seven was highly significant (<0.01 when comparing drop from onset). The 


time course of serum CRP is illustrated in Figure 10. 


 


Figure 9:  Time course of mean (SE) serum IL-6 in log10 pg/ml 
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Figure 10:  Time course of mean (SE) serum CRP in log10 mg/l 
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1 and p=0.02. The time course 


f the sputum bacterial load is illustrated in Table 11. 


Figure 11:  Time course of mean (SE) sputum bacterial load in log CFU/ml 


 


 


Time course of sputum bacterial load 


There was no statistically significant change in the sputum bacterial load between the 


stable state and exacerbation when all the patients were assessed together, p=0.83. 


However, sputum bacterial load at day seven was significantly lower than in the 


stable state and compared to exacerbation onset, p=0.0


o


 


2222222222N =


Day 35Day 14Day 7OnsetBaseline


M
e
a
n
 (


S
E


) 
sp


u
tu


m
 b


a
ct


e
ri
a
l l


o
a
d
 lo


g
 c


fu
/m


l 


8.4


8.2


8.0


7.8


7.6


7.4


7.2


7.0


6.8


 


99 
 







Chapter 3 
 


Between day 7 and day 35 there was a significant increase in the lower airway total 


bacterial load, p=0.002. Most patients (97%) received a course of antibiotics between 


exacerbation onset and day 7. There was a trend towards a higher sputum bacterial 


load at day 35 compared to baseline, p=0.08. 


  


 


3.4.3 Outcome of exacerbations treated with and 


without oral steroids 


Our patients were treated with antibiotics and/or oral steroids according to the 


severity of the exacerbation as judged by the attending physician. The repeated 


sampling during the recovery period gave us a unique opportunity to assess the 


impact of treatment with oral steroids on airway and systemic inflammation during 


the recovery.  


 


Patients with GOLD stage III and IV disease had steroids more often than those with 


GOLD I and II disease, 76% versus 52%, Chi square 4.26 and p=0.03. However, the 


total number of symptoms experienced by GOLD stage III and IV patients who 


received steroids at onset was not significantly different from patients with the same 


severity who did not receive steroids. 


 


There was no difference in sputum IL-6 in the stable state between patients treated 


with or without steroids at onset of exacerbation. However, serum IL-6 was higher at 


baseline in those treated with steroids compared to those treated without steroids at 


onset and after 14 days (p=0.003). 


 


Baseline FEV1 was lower in patients treated with oral steroids at onset of the 


exacerbation, p=0.004. Patients treated with a course of oral steroids at onset had a 


lower FEV1 and a higher percentage drop in FEV1 compared to baseline (p=0.03).  


There was no significant difference in the total symptom score, in sputum IL-6, 


serum CRP and IL-6 between those treated with or without steroids at onset of the 


exacerbation. 
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At day 14, patients who received a further course of oral steroids (36% of patients) 


had higher symptom scores, had significantly higher levels of sputum IL-6 (p=0.04) 


and higher levels of serum IL-6 (p=0.01), as illustrated in Table 13.  
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Table 13:  Differences in symptoms, FEV1, sputum and serum IL-6 in patients treated with or without steroids at  


  exacerbation. 


  Baseline Exacerbation onset At day fourteen  


 Steroid No steroid p Steroid No steroid p Steroid No steroid p 


Median(IQR) 


number of 


symptoms 


 


 


 


 


 


 


5(4-6) 4(4-6) 0.68 3(2-4) 1(0-3) 0.01 


Mean (SD) FEV1 


l 


1.00(0.37) 1.22(0.62) 0.06 0.91(0.36) 1.25(0.60) 0.004 1.15(0.58) 1.11(0.38) 0.79 


 


Mean(SD) log10 


sputum IL-6  


pg/ml 


1.84(0.67) 2.08(0.36) 0.18 2.10(0.53) 2.21(0.35) 0.39 2.21(0.39) 1.88(0.55) 0.04 


Mean (SD) log10 


serum IL-6 


pg/ml 


0.82(0.43) 0.60(0.26) 0.04 1.08(0.53) 0.97(0.45) 0.43 0.86(0.48) 0.54(0.34) 0.01 


Mean (SD) log10 


serum CRP mg/l 


0.85(0.27) 0.70(0.43) 0.17 1.18(0.61) 1.20(0.45) 0.92 0.74(0.55) 0.61(0.40) 0.36 
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3.4.4  Relationship between severity of disease and 


exacerbation severity 


The total symptom score at each of the exacerbation visits was compared between 


patients with %FEV1 below and above 50% using a Mann-Whitney U test and is 


represented in Table 14. There was no significant difference in the total symptom 


scores at exacerbation between the two groups. Patients with GOLD III-IV disease 


showed a trend towards a higher total symptom score during the recovery period at 


day 7 and 14 after the exacerbation.   


 


Table 14:  Time course of symptom score according to GOLD stage of  


  COPD 


 Median (IQR) total 


symptom score in patient 


with GOLD III-IV 


Median (IQR) total 


symptom score in patient 


with GOLD I-II 


p= 


Onset 5(4-6) 5(4-6) 


 


0.96 


Day 7 3(2-4) 2(1-3) 


 


0.06 


Day 14 3(1-3) 1(1-0) 


 


0.05 


Day 35 1(0-3) 0 


 


0.11 


 


 


There was no statistically significant difference in the percentage drop in FEV1 at 


exacerbation between patients with GOLD III-IV compared to patients with GOLD 


I-II disease, p=0.15. Patients with GOLD III-IV had a median (IQR) percentage 


change FEV1 between baseline and onset of 2.94(-14.28 to 8.06) compared to 6.75(-


17.97 to 1.61) in patients with GOLD I-II disease.  Patients with GOLD III-IV 


COPD had a smaller percentage change in sputum IL-8 at exacerbation compared to 


patients with GOLD I-II disease, p<0.01. 
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Figure 12: Percentage change in sputum IL-8 levels according to GOLD stage of 


disease 
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3.4.5 Relationship between in airway and systemic 


inflammatory markers, bacterial load and 


recovery 


The exacerbation recovery data for symptoms and PEFR were obtained from the 


daily diary cards. The median (IQR) symptom recovery time was 9 (4-18) days and 


the median (IQR) PEFR recovery time was 5 (1-11) days.  In 11% of the cases PEFR 


did not recover by day 35.  


In 60% (n=44) of the patients, symptoms had recovered to baseline by day 35.  In 


23% (n=17) of the cases, symptoms did not recover to baseline by day 35, and in the 


remaining 16% (n=12) of the cases, diary card data did not allow us to establish an 


exact recovery date  


 


The percentage change in sputum IL-8 between baseline and exacerbation was 


directly related to the symptom recovery time, rho=0.41 and p=0.01 in a univariate 


analysis. In a multivariate analysis, the percentage change in sputum IL-8 was related 
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to the recovery time independent of the severity of disease and the exacerbation 


frequency, p=0.03.  


 


Figure 12: Relationship between symptom recovery and percentage change 


in sputum IL-8 between baseline and onset of exacerbation. 
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There was a significant relationship between the symptom recovery time and the 


changes in sputum IL-6 and IL-8 between baseline and day 7; (rho=0.57 and p=0.004 


for sputum IL-6, rho=0.48 and p=0.01 for sputum IL-8). 


 


Figure 14: Relationship between recovery time and change in sputum IL-6  


  and IL-8 between baseline and day 7. 
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However the symptom recovery time was not related to the changes in sputum IL-6 


and serum IL-6 between baseline and exacerbation onset or any other time point 


during the recovery.  


 


In a mixed linear model analysis, patients with non-recovered exacerbations at day 


35 had a persistently higher serum CRP (but not IL-6) concentration during the 


recovery period, compared with those patients who had recovered (p=0.03). 


This is illustrated in Figure 15. 


 


Figure 15:  Time trend of serum C-reactive protein (CRP) in patients whose 


symptoms had recovered (●) and those whose symptoms had not 


recovered (■) 


 


On this graph the estimates from the mixed linear model analysis on log transformed 


data were anti-logged. The data are presented as means (SEM) expressed as a 


percentage of the value of the exacerbation onset sample (time=0). 


 


There was no statistically significant relationship between the change in bacterial 


load between baseline and exacerbation and the symptom recovery time.  
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3.4.6  Colds and symptom recovery 


Patients presenting with symptoms of a common cold at COPD exacerbation are 


known to have a prolonged recovery time and higher airway inflammation at onset 


(Seemungal et al 2000, Bhowmik et al 2000).  However the evolution of the airway 


inflammation over time has not been described. In our study patients presenting with 


symptoms of a common cold at exacerbation onset had significantly higher levels of 


sputum IL-6 than patients without a cold, mean (SD) sputum IL-6 at onset was 


2.24(0.43) versus 1.99(0.52) log10 pg/ml, p=0.04. Seven days after onset these 


patients still had significantly higher levels of sputum IL-6 than patients presenting 


without a cold at onset, mean (SD) sputum IL-6 at day 7 was 2.16 (0.48) versus 


1.70(0.58) log10 pg/ml, p=0.003. In a multivariate analysis, this relationship between 


a cold at exacerbation onset and persistently high sputum IL-6 after 7 days remained 


significant (p=0.016), independent of %FEV1, active smoking, exacerbation 


frequency, sputum bacterial load in the stable state and at exacerbation onset.  


 


 


3.4.7 Differences in the systemic and airway 


inflammatory changes in patients with frequent 


and infrequent exacerbations 


We compared the percentage changes between baseline and exacerbation for sputum 


IL-6, sputum IL-8, serum CRP and serum IL-6 between frequent and infrequent 


exacerbators and did not find any statistically significant differences among the two 


groups as illustrated in Table 15.  


 


77.8% (28/36) of patients with frequent exacerbations were treated with oral steroids 


compared to 55% (20/36) patients with infrequent exacerbations (Chi-squared 


p=0.046). 


 


There was no significant difference in the recovery time between frequent and 


infrequent exacerbators (p=0.76). 
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Table 15: Difference in airway and systemic inflammatory changes between  


  baseline and exacerbation in frequent and infrequent 


exacerbators 


 


 Infrequent 


exacerbators 


Frequent 


exacerbators 


p= 


% Change Sputum IL-6 


 


76(-48 to 385) -7.00(-49 to 160) 0.41 


% Change Sputum IL-8 


 


39(-21 to 89) 0.82(-39 to 19) 0.06 


% Change Serum IL-6 


 


68(9 to 439) 50(-33 to 268.00) 0.53 


% Change Serum CRP 


 


42(-7 to 78) 35.00(-4 to 68) 0.92 


 


 


We then evaluated the difference in systemic inflammation between frequent and 


infrequent exacerbators using a mixed linear model analysis. There was a significant 


difference in the time trends of serum IL-6 and serum CRP between exacerbation 


onset and day 35 in frequent and infrequent exacerbators, p<0.05 for both. Frequent 


exacerbators had a smaller reduction in systemic inflammation between exacerbation 


and day 35, despite treatment, compared to infrequent exacerbators. This is 


illustrated in Figure 16.  


 


There was too much variability in the airway markers to analyse them using the  


mixed linear model analysis. 
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Figure 16:  Differences in serum IL-6 and CRP between frequent and infrequent exacerbators with the mixed linear model.  
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3.4.8  Recurrent exacerbations 


Recurrent exacerbations occurring close to each other are a frequent cause of 


readmission to hospital. We compared the airway and systemic inflammation during 


the initial sampled exacerbation in patients with and without another exacerbation 


(=recurrent exacerbation) within 50 days. We were able to determine the number of 


patients with a recurrent exacerbation within 50 days of the index exacerbation from 


the diary card data. 


 


Sixteen patients (22%) had a recurrent exacerbation within 50 days of the index 


exacerbation. These recurrent exacerbations were all treated exacerbations. Patients 


who presented with symptoms of a common cold at the first exacerbation were likely 


to present with a cold at the recurrent exacerbation (χ2=6.11 and p=0.01). However 


this relationship was not statistically significant for any of the other exacerbation 


symptoms. The interval between the index exacerbation and the recurrent 


exacerbation was not related to the presence of a cold at the index exacerbation 


(p=0.67) or at the recurrent exacerbation (p=0.82). 


 


Patients with a recurrent exacerbation within 50 days of the index exacerbation had 


higher concentrations of serum CRP at day 14 than those without a recurrent 


exacerbation, CRP was 8.8 (4.4-15.9) mg/l versus 3.4 (2.0-7.7) mg/l, p= 0.007. This 


is illustrated in Figure 17. In a multivariate analysis, the CRP at day 14 was related 


to a recurrent exacerbation within 50 days independent of the disease severity, 


exacerbation frequency and treatment of the index exacerbation with oral steroids 


(p=0.004). No such relationships were demonstrated for the other markers and time-


points 


 


There was no significant relationship between recurrent exacerbations and the 


concentrations of airway and systemic inflammation in the stable state prior to the 


index exacerbation. The severity of the index exacerbation was not related to 


recurrent exacerbations occurring in the fifty days afterwards. Total symptom score 


for non-recurrent versus recurrent exacerbations was 3 (2.0–3.7) versus 3 (2–4), 


respectively (p=0.99), and percentage change FEV1 was -4.8% (-11.6– -1.2%) versus 


-12.9% (-14.1– -6.6%), p=0.20). 
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Figure 17:  Levels of serum CRP at day 14 in patients with and without a 


 recurrent exacerbation within 50 days. 
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3.4.9  Time to the next exacerbation 


Diary card data on the time to the next exacerbation were available for 61/73 


patients. The median (IQR) time to the next exacerbation was 93(50-178) days. 


Seventy five per cent of the subsequent exacerbations were treated exacerbations. 


There was a significant relationship between the level of serum CRP at day 14 and 


the time to the next exacerbation, (rho= -0.47 and p<0.01) such as a higher CRP 


fourteen days after the index exacerbation was associated with a shorter time to the 


next exacerbation. This relationship is illustrated in Figure 18. 
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Figure 18:  Relationship between serum CRP at day 14 and time to the next  


  exacerbation. 


 


 


 


 


3.4.10 Exacerbations requiring hospital admission 


Nine out of the seventy three sampled patients were admitted to hospital within the 


35 days following the onset of their exacerbations. One patient required admission to 


intensive care and invasive mechanical ventilation. No patients died during the study 


period. 


The nine patients had a significantly higher median (IQR) change in FEV1 at 


exacerbation onset compared to the 64 patients treated in the community, -16(-11 to -


34) ml versus -4(-14 to +7) ml change in FEV1, p=0.02. Hospitalised patients also 


had a significantly higher level of serum IL-6 at the exacerbation visit compared to 


patients treated in the community, mean(SD) serum IL-6 was 1.45(0.59) log10 ng/ml 


versus 0.99(0.46) log10 ng/ml, p=0.01. There was no significant difference in the 


number of people living alone between the two groups. There was no significant 


difference in the baseline FEV1, sputum and serum IL-6 level, and the baseline and 


exacerbation sputum IL-8 levels between the 2 groups.  
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3.5 Discussion 
This is the first study to evaluate prospectively the time course of symptoms, airway 


and systemic inflammatory markers in the stable state, at exacerbation and during the 


recovery in a cohort of well characterised patients with COPD. We studied the 


differences at exacerbation in total symptom score, airway inflammation and airway 


bacterial load in patients with mild to moderate COPD compared to patients with 


severe to very severe COPD. We assessed the relationship between severity of 


COPD and symptom and PEFR recovery time, and the need for antibiotics and oral 


steroids. We determined the relationship between the presence of a common cold at 


exacerbation onset and the persistence of heightened airway inflammation after 7 


days. We also investigated the relationships between airway and systemic 


inflammatory markers, and lower airway bacterial load at exacerbations of COPD 


and the symptom recovery time. We assessed the differences in the inflammatory 


changes and bacterial load changes at exacerbation in patients who are frequent or 


infrequent exacerbators. 


 


We describe, for the first time, a relationship between the level of CRP 14 days after 


an exacerbation and the time to the next exacerbation. We also demonstrate a way to 


identify patients at increased risk of a recurrent exacerbation within 50 days of the 


index exacerbation. 


 


All patients recruited into this study completed daily diary cards for changes in 


exacerbation symptoms and reported exacerbations to the study team as soon as 


possible after the onset. A unique feature of using daily diary cards in our cohort 


study is that we can collect objective data on the start and end of an exacerbation and 


accurately determine non-recovery of symptoms and PEFR. In addition, the study 


design allowed sampling early in the time course of the exacerbation when the 


inflammatory markers probably reached their initial peak. Most of the baseline 


samples were obtained prior to the index exacerbation and at least six weeks away 


from the last exacerbation. All the exacerbation samples were taken before starting 


treatment with antibiotics and/or oral corticosteroids. 
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In the stable state 


COPD is associated with increases in airway inflammation, and IL-8 is one of the 


markers of the neutrophilic inflammation found in this condition. IL-8 levels are 


related to the degree of airflow obstruction (Yamamoto et al 1997), smoking status 


(Hill et al 2000 b) and bacterial colonization (Soler et al 1999, Hill et al 2000 a). In 


agreement with previous studies, the present data showed the level of sputum IL-8 in 


the stable state is related to the severity of the airway obstruction and the lower 


airway bacterial load. 


 


Epidemiological studies showed a direct relationship between systemic inflammation 


and the severity of the airway obstruction. The present data showed higher levels of 


serum CRP in patients with severe to very severe COPD compared to patients with 


mild to moderate COPD.  


 


At exacerbation 


This is the first study to describe prospectively the time course of airway and 


systemic inflammatory markers in the stable state, at exacerbation and during the 


recovery. As our patients were followed up with daily diary cards, we could establish 


precisely the time between onset of symptoms and sampling. This is a unique feature 


of our study. The previous time course studies started from the day the patient 


presented to the GP/hospital, the interval between onset of symptoms and sampling 


was variable. In most studies the stable state samples were taken after the 


exacerbation, there were no prospective baseline, as in our study. The changes in 


airway and systemic inflammation we describe are in agreement with the previous 


time course studies. From our data it appears that systemic inflammatory markers 


give a more accurate picture and more information regarding the exacerbation than 


airway inflammatory markers.  


 


During recovery 


We have previously described that the recovery time of an exacerbation is related to 


the severity of the exacerbation as measured by symptom scores and peak flow 


changes (Seemungal  et al 2000), and that patients with a longer exacerbation 


recovery times are more likely to have had a delay between exacerbation onset and 


114 
 







Chapter 3 
 


treatment initiation (Wilkinson et al 2004). Our previous work also described that a 


significant number of COPD exacerbations do not recover to baseline after six weeks 


(Seemungal et al 2000).  


An important finding from the present study is that the intensity of the change in 


sputum IL-8 at exacerbation was directly related to the symptom recovery time. We 


describe for the first time a direct relationship between the severity of the airway 


inflammation at exacerbation and symptom recovery time. We also show that those 


patients who, despite treatment with antibiotics and steroids, have persistently high 


levels of sputum IL-6 and IL-8 at day seven compared to baseline have a prolonged 


symptom recovery time. Our group had previously described that exacerbations with 


symptoms of a common cold at onset were associated with a longer recovery time 


and higher levels of sputum IL-6 at onset (Seemungal  et al 2000, Bhowmik et al 


2000). In the present study we demonstrate that the longer symptom recovery time is 


due to persistence of increased airway inflammation after 7 days.  


 


For the first time, we have identified a direct relationship between non-recovery of 


symptoms 35 days after an exacerbation and persistently of high levels of serum CRP 


during the recovery period. Our results thus suggest that the systemic inflammatory 


response is an important marker of the recovery time and outcome of the 


exacerbation.  


 


Exacerbation frequency 


It is now recognised that exacerbation frequency is an important outcome in COPD, 


as patients prone to frequent exacerbations have impaired health status (Seemungal et 


al 1998), reduced physical activity status (Donaldson et al 2005 a), increased lower 


airway bacterial colonisation (Patel et al 2002) and a faster lung function decline 


(Kanner et al 2001, Donaldson et al 2002, Dowson et al 2001, Donaldson et al 2005 


b). These frequent exacerbators also have increased airway inflammatory markers in 


the stable state (Bhowmik et al 2000) and we have previously reported that frequent 


exacerbators have a faster rise in systemic inflammation over time compared to 


infrequent exacerbators (Donaldson 2005 b). In the present study we establish that 


patients who are frequent exacerbators have significantly higher levels of serum IL-6 


and CRP during the recovery period, and this may account for the increased 
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morbidity and mortality seen in this patient group at exacerbation, as they are also 


the patients prone to more frequent hospital admissions (Garcia-Aymerich et al 2003, 


Soler-Cataluna et al 2005).  


 


We have previously described that the increase in airway and systemic inflammation 


in stable COPD patients, over time, is, directly linked to disease progression 


(Donaldson et al 2005 b) and thus it can be extrapolated that this delayed recovery in 


inflammatory markers in the frequent exacerbators may be one of the mechanisms 


for the faster FEV1 decline and disease progression observed in this group (Kanner et 


al 2001, Donaldson et al 2002, Donaldson et al 2005 b).   The slower resolution of 


inflammatory markers at exacerbation in the frequent exacerbator group may also 


lead to the increased airway inflammation observed in the stable state (Bhowmik et 


al 2000). In this study we did not see a difference in recovery time between frequent 


and infrequent exacerbators, and this is consistent with previous findings from our 


group (Seemungal et al 2000). 


 


Exacerbations impose a considerable burden on health care services. Although most 


COPD exacerbations are treated in the community, they are an important cause of 


hospitalization; and are responsible for around 10% of all acute medical admissions 


(Donaldson et al 2006). Within the year after admission to hospital with an 


exacerbation, 63% of the patients are readmitted at least once (Roberts et al 2002), 


and this figure increased to 79% in patients admitted with acute hypercapnic 


respiratory failure during the first admission (Chu et al 2004). These repeat 


admissions were mainly due to recurrent exacerbations and known risk factors for 


readmission included being a frequent exacerbator and having more severe COPD 


(Garcia-Aymerish et al 2003). Another study described how frequent severe COPD 


exacerbations requiring repeated hospital admissions (3 or more) in the year 


following a index admission were associated with a greater mortality compared to 


patients without readmissions (Soler-Cataluna et al 2005). The authors also found 


that those recurrent hospital admissions with exacerbations constituted an 


independent risk factor for mortality.  Identification of patients likely to have a 


recurrent exacerbation early in the course of their index exacerbation may allow 


implementation of appropriate preventive strategies. 
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Recurrent exacerbations and time to the next exacerbation 


A further unique finding of this study is the important association between the raised 


serum CRP during the recovery period and recurrent exacerbations. COPD patients 


with an elevated (above 8.8 mg/l) level of CRP 14 days after the index exacerbation 


are more likely to have a recurrent exacerbation within 50 days. These finding needs 


to be explored further with interventional studies of therapies such as oral anti-


inflammatory agents targeted at those patients with a high CRP after exacerbation. 


Interventions used in this manner may be specifically capable of preventing recurrent 


exacerbations. Reducing recurrent exacerbations would lead to substantial reductions 


in morbidity, mortality and health care costs associated with COPD.  


 


We have also previously described that early presentation to health care professionals 


can affect the outcome of the exacerbation and reduce hospitalization (Wilkinson et 


al 2004). The present study emphasises further the importance of following up 


COPD exacerbations and this issue could be incorporated into COPD management 


guidelines, especially routine follow up at 14 days after the index exacerbation. CRP 


can be easily and rapidly measured in many health care settings and can therefore be 


integrated into the routine follow-up of patients with COPD exacerbations without 


major additional costs. 


 


A high CRP level despite treatment with antibiotics and steroids could be related to 


several factors such as failure to eradicate the causative agent or resistance of the 


responsible organism to the treatment prescribed. It may also be possible that the 


heightened inflammatory status, and/or the modification of the bacterial flora 


colonizing the lower airways after the initial index exacerbation, facilitate infection 


by a different organism (Sethi et al 2004). Changes in the strains of bacteria 


colonizing the lower airways have also been implicated in COPD exacerbations and 


strain changes may be involved in exacerbation recurrence (Sethi et al 2002).  


 


Comparing the nature of the index and recurrent exacerbation, we found that only 


cold symptoms were significantly associated with both events. This suggest that 


patients who develop recurrent exacerbations may be more susceptible to respiratory 


viral infections and this is consistent with another study from our group where 
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frequent exacerbators were more likely to acquire colds than infrequent exacerbators 


(Hurst et al 2005). Further studies are required to evaluate the origin of the 


inflammatory response at a recurrent exacerbation. 
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3.6 Summary 
In conclusion we have demonstrated that:  


 The intensity of rise in sputum IL-8 at exacerbation onset is related to the 


recovery time. 


 


 The total symptom score is related to the levels of serum IL-6 during the 


recovery at day 7, 14 and 35.  


 


 The response to treatment is related to recovery time as persistently high 


airway inflammation at day 7 is related to a prolongd recovery time. 


 
 Non recovery is associated with persistently heightened systemic 


inflammation. 


 


 Patients with a cold at exacerbation have a prolonged recovery due to 


persistently high airway inflammation. 


 


 22% of the patients had a recurrent exacerbation within 50 days of the index 


exacerbation. 


 


 Patients who had a recurrent exacerbation had a higher level of serum CRP at 


day 14 than those who did not. 


 


 The level of serum CRP measured 14 days after the index exacerbation was 


directly related to the time to the next exacerbation. 


 


 Frequent exacerbators have a reduced response to therapy, which results in 


persistently higher systemic inflammatory markers and which may explain 


the greater decline in lung function observed in these patients. 


 
 Serum inflammatory markers were better predictors of non-recovery and 


recurrent exacerbations than sputum inflammatory markers. 
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 Hospital admissions were associated with more severe exacerbations in terms 


of FEV1 drop and serum IL-6 rise. 
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6 
 


 


 


Conclusion and 
Future Studies 


 


 


This chapter summarises the main findings of this thesis. The findings for each 


project will be examined with reference to the stated Hypothesis and Aims presented 


in Chapter 2. Finally suggestions for future projects based on the current results will 


be presented. 


 


6.1 Conclusion 


Time Course Study 


The key findings of this study can be summarized as follows:  


Patients with GOLD stage III-IV disease have higher levels of airway and systemic 


inflammation in the stable state compared to patients with GOLD stage I-II disease. 
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When all patients were analysed together, the baseline airway inflammation as 


measured by the sputum IL-8 level was related to the baseline sputum bacterial load. 


At exacerbation onset, there was no significant difference in symptom scores or 


FEV1 drop between patients with GOLD stage III-IV and stage I-II disease. 


However, during the recovery period, patients with GOLD stage III-IV disease 


showed a trend towards a higher symptom score. 


Patients with severe and very severe COPD had smaller changes in sputum IL-8 at 


exacerbation onset than patients with mild or moderate disease. There were no 


significant differences in the intensity of change in systemic inflammation and 


bacterial load between patients with severe to very severe COPD and those with mild 


to moderate disease. 


At exacerbation onset there was a significant increase in systemic inflammation, 


which was brief as by day seven the systemic inflammatory markers had returned 


below the baseline levels. This is likely to be in response to the exacerbation 


treatment. The changes in airway inflammation between baseline and exacerbation 


onset were more heterogeneous and significant changes were only observed for 


sputum IL-6. There was no significant change in airway bacterial load between 


baseline and exacerbation onset.  


Patients with more severe disease and those with higher drops in FEV1 were more 


often treated with oral steroids at exacerbation onset. There were no differences in 


total symptom scores, airway and systemic inflammation between those treated with 


and without oral steroids at exacerbation onset. However, patients treated with a 


second course of oral steroids at day 14 had higher symptom scores and higher levels 


of sputum and serum IL-6 at day 14 than those not treated with a second course of 


oral steroids. 


The intensity of the change in sputum IL-8 at exacerbation onset was related to 


symptom recovery time, this relationship was independent of COPD severity and 


exacerbation frequency. There was a significant relationship between the resolution 


of airway inflammation by day 7 and symptom recovery time. 
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In a mixed linear model analysis, patients with non-recovered exacerbations by day 


35 had a persistently higher serum CRP (but not IL-6) concentrations during the 


recovery period, compared with patients who had recovered. 


Patients presenting with symptoms of a common cold at exacerbation onset had 


significantly higher levels of sputum IL-6 at exacerbation onset and 7 seven days co 


pared to those without a cold.  


There was no significant difference in the changes in airway and systemic 


inflammation between baseline and exacerbation in those who were frequent or 


infrequent exacerbators. Frequent exacerbators had a smaller reduction in systemic 


inflammation (as measured by serum CRP and IL-6) between exacerbation and day 


35, despite treatment, compared to infrequent exacerbators.  


Twenty two per cent of patients had a recurrent exacerbation within 50 days of the 


index exacerbation. These patients had higher concentrations of serum CRP at day 14 


compared to those without a recurrent exacerbation. A higher serum CRP fourteen 


days after the index exacerbation was associated with a shorter time to the next 


exacerbation. 


In our study, serum inflammatory markers were better predictors of non-recovery 


and recurrent exacerbations than sputum inflammatory markers. 


Patients requiring hospital admission had significantly higher drops in FEV1 and 


higher levels of serum IL-6 at exacerbation onset compared to those treated in the 


community. 


 


Therefore with regards to the specific questions raised in Chapter 2: 


1) What is the relationship between the intensity of change in airway 


inflammation at exacerbation and symptom recovery time? 


Our data demonstrated that the intensity of change in sputum IL-8 between baseline 


and exacerbation onset was directly related to symptom recovery time and that this 


relationship was independent of disease severity and exacerbation frequency. No 


similar relationship was demonstrated for the changes in sputum IL-6 levels or 
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sputum bacterial load. We have also demonstrated that the resolution of the airway 


inflammation by day 7 was related to the symptom recovery time. The relationship 


was valid for both sputum IL-6 and sputum IL-8. 


 


2) What is the relationship between the time course of airway and systemic 


inflammation after a COPD exacerbation and non-recovery?     


Patients with non-recovered exacerbations by day 35 had higher levels of serum CRP 


during the recovery period than those who had recovered. No such relationship could 


be demonstrated with the airway markers.             


                            


3)  Can the time course of airway and systemic inflammation predict who 


has a recurrent exacerbation? 


We demonstrate for the first time a relationship between the level of serum CRP 14 


days after the onset of an exacerbation and the occurrence of another or recurrent 


exacerbation. No such relationship was demonstrated with serum IL-6. We did not 


find any relationships between airway inflammatory markers and recurrent 


exacerbations. 


 


4) Is treatment with oral steroids related to airway and systemic 


inflammation? 


We did not find any significant differences in airway or systemic inflammatory 


markers between patients treated with and without oral steroids at onset of the 


exacerbation. However, patients treated with a second course of oral steroids at day 


14 exhibited higher levels of airway and serum IL-6 at day 14 than those not treated 


with a second course. 


 


5) How does the presence of a common cold at onset of exacerbation affect 


the time course of airway and systemic inflammation? 


The presence of a common cold at onset of the exacerbation is associated with 


persistently high levels of sputum IL-6 till day 7.  


 


6) Are there differences in the time course of inflammatory changes 


between patients who are frequent or infrequent exacerbators? 
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When we compared frequent and infrequent exacerbators, we did not find any 


significant difference in the intensity of the change in airway and systemic 


inflammation between baseline and exacerbation onset. However, frequent 


exacerbators had a smaller reduction in systemic inflammation (as measured by 


serum CRP and IL-6) between exacerbation onset and day 35, despite treatment, 


compared to infrequent exacerbators. 


 


 


 


Circulating leucocytes and COPD  


The key findings of this study can be summarized as follows:  


 


In patients with stable COPD, the percentage predicted FEV1 was related to the 


number of circulating B cells and inversely related to the number of circulating 


neutrophils. The FEV1/FVC ratio was inversely related to the number of circulating 


white cells, neutrophils and monocytes. There was no relationship between lung 


function indices and the number of circulating T cells or the CD4/CD8 ratio. 


Patients with COPD who were active smokers had a lower number of circulating 


monocytes than patients who had quit smoking. 


 


In patients with stable COPD, the sputum bacterial load was inversely related to the 


number of circulating leucocytes, neutrophils, total lymphocytes and total T cells. 


The percentage of circulating B cells was directly related to the sputum bacterial load 


in patients with stable disease. We found no relationship between the blood 


CD4/CD8 ratio and the sputum bacterial load. 


 


At exacerbation, there was a significant increase in the number of circulating 


leucocytes, neutrophils and monocytes. There was also a decrease in the number of 


circulating total lymphocytes, T cells, CD4 cells and CD8 cells. No other significant 


changes in circulating leucocyte subsets were observed at exacerbation.   


The drop in circulating total lymphocytes, T cells and CD8 cells at exacerbation was 


directly related to the baseline sputum bacterial load.  
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Therefore with regards to the specific questions raised in Chapter 2: 


1) What is the relationship between the severity of COPD and circulating 


leucocytes? 


The severity of COPD is directly related to the number of circulating B cells and 


inversely related to the number of circulating neutrophils. We did not find any 


significant relationship between the severity of COPD and the number of circulating 


T, thier subsets or the CD4/CD8 ratio. 


 


2) Is there a relationship between the circulating leucocytes and the lower 


airway bacterial load in patients with COPD? 


There was an inverse relationship between the number of circulating leucocytes, 


neutrophils, total lymphocytes, total T cells and the sputum bacterial load, in patients 


with stable COPD. No such relationship was found between the circulating leucocyte 


subsets at exacerbation and the exacerbation sputum bacterial load.   


 
3) Are there changes in circulating leucocytes at exacerbation and are they 


related to lower airway bacteria? 


The intensity of the change in circulating total lymphocytes,  total T cells and CD8 


cells between baseline and exacerbation was related to the baseline sputum bacterial 


load. No such relationship was observed with the sputum bacterial load at 


exacerbation 


 


 


Detection of H influenzae, S pneumoniae and M catarrhalis 


by real time quantitative PCR 


The key findings of this study can be summarized as follows:  


 


The detection rate of any organism was significantly higher by qr-PCR than by 


conventional cultures. The detection of S pneumonia was significantly higher by qr-


PCR than by cultures. No similar relationship was found for the two other organisms.  
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The detection of multiple pathogens was also significantly higher by qr-PCR than by 


conventional cultures. 


We did not observe any significant changes in the sputum bacterial load between 


baseline and exacerbation by either of the two detection methods. 


The absolute bacterial loads detected by qr-pcr were lower than by conventional 


cultures, raising the possibility of PCR inhibitors in our assay. 


Patients with H influenza or S pneumonia detected by qr-PCR in the stable state had 


significantly higher sputum IL-6 levels than those who patients who did not have 


these bacteria detected by qr-PCR. At exacerbation, the detection of any of the three 


pathogens by qr-PCR was associated with higher levels of sputum IL-8. No similar 


relationships were observed between detection of the organisms by conventional 


cultures and airway inflammation at baseline or at exacerbation. 


Patients with a PPM detected by qr-PCR at exacerbation and then cleared by day 7 


showed a trend towards a lower level of sputum IL-8 at day 7 compared to patients 


who had not eradicated the PPM. 


 


Therefore with regards to the specific questions raised in Chapter 2: 


1) What are the differences in the detection rates of bacteria by the 


quantitative real time PCR assay and conventional microbiological 


cultures?  


Our results demonstrate that the detection of any organism is significantly higher by 


qr-PCR than by conventional cultures. We also observed higher detection rates of 


multiple pathogens by qr-PCR when compared with cultures.  


 


2) Is there a relationship between the detection of micro-organisms by PCR 


and the degree of airway inflammation in patients with COPD? 


We found a significant relationship between the detection of H influenza and S 


pneumonia by qr-PCR and the sputum IL-6 levels in the stable state. At exacerbation, 


we found a significant relationship between the detection of either of the three PPMs 


and the sputum IL-8 level.  
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3) Is there a relationship between bacterial eradication by PCR and airway 


inflammation? 


Our data shows a trend between bacterial eradication detected by qr-PCR and the 


levels of sputum IL-8. 
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6.2 Suggestions for future studies 
A number of novel findings that have important implications for the clinical 


management of patients with COPD have been reported in this thesis. The possible 


ways in which these findings could be explored further are discussed in the next 


section. 


 


 


6.2.1  Persistently high CRP and non-recovery 


In the present study exacerbation symptoms had not recovered by day 35 in 23% of 


the patients. These patients had higher serum CRP levels during the recovery.  


Exacerbations have a high impact on patients’ quality of life, therefore a in depth 


examination  of COPD  related patient outcomes with new tools such as the COPD 


Assessment Tool (Jones et al 2009) or the Exacerbations of Chronic Pulmonary 


Disease tool (Leidy et al 2011) would give important information in patients with 


non-recovered exacerbations. A study into the mechanisms leading to non-recovery 


and persistently high CRP would be important. We could assess if these changes are 


due to the presence of viruses, bacteria or both during the recovery. Or is it related to 


the patients underlying immune status? 


   


 


6.2.2  High CRP at day 14 and recurrent exacerbations 


This finding should first be confirmed in a larger study, then the effect of a 


therapeutic intervention in patients with raised CRP at 14 should be tested with a 


randomized-controlled study. The therapeutic intervention could consist of a course 


of oral steroids or other anti-inflammatory drug. The reasons for the increase in 


serum CRP at day 14 should also be assessed. 
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6.2.3  Frequent exacerbators have persistently high 


systemic inflammation during the recovery  


There is more and more evidence that patients with frequent exacerbations have a 


distinct phenotype, is this related to a distinct genotype as well? Or is it related to 


lung environmental factors such as lower airway bacterial colonization or the 


inflammatory milieu? 


 


 


 6.2.4  Refining the qr-PCR assay for the detection of  


H Influenzae, S Pneumoniae and M Catarrhalis  


in sputum samples 


Bacteria play an important role in COPD. Therefore more sensitive, specific and 


rapid methods for their detection such as qr-PCR are needed. Our pilot results were 


encouraging but the lower bacterial loads detected by PCR were a major issue. The 


assay needs to be refined to increase the sensitivity and specificity for the detection 


of the common PPM from sputum samples. A method to distinguish between live 


and dead bacteria in the sputum sample is also needed. When such a new assay is 


optimized, the relationship between lower airway bacteria and inflammation, both 


airway and systemic could be explored more in depth. PCR also offers the possibility 


to detect difficult to grow or as yet unidentified micro-organism using conventional 


cultures.  


 


 


 


 


 


 


 


 


 


 


  








Inflammatory changes, recovery and


recurrence at COPD exacerbation
W.R. Perera*, J.R. Hurst*, T.M.A. Wilkinson*, R.J. Sapsford*, H. Müllerova#,
G.C. Donaldson* and J.A. Wedzicha*


ABSTRACT: Chronic obstructive pulmonary disease (COPD) exacerbations are associated with


increased airway and systemic inflammation, though relationships between exacerbation


recovery, recurrent exacerbation and inflammation have not been previously reported. In the


present study, inflammatory changes at COPD exacerbations were related to clinical nonrecovery


and recurrent exacerbations within 50 days.


Serum interleukin (IL)-6, C-reactive protein (CRP), sputum IL-6 and IL-8 were measured in 73


COPD patients when stable, at exacerbation and at 7, 14 and 35 days post-exacerbation.


In 23% of patients, symptoms did not recover to baseline by day 35. These patients had


persistently higher levels of serum CRP during the recovery period. A total of 22% of the patients


who had recurrent exacerbations within 50 days had significantly higher levels of serum CRP at


day 14, compared with those without recurrences: 8.8 mg?L-1 versus 3.4 mg?L-1. Frequent


exacerbators had a smaller reduction in systemic inflammation between exacerbation onset and


day 35 compared with infrequent exacerbators.


Nonrecovery of symptoms at chronic obstructive pulmonary disease exacerbation is associated


with persistently heightened systemic inflammation. The time course of systemic inflammation


following exacerbation is different between frequent and infrequent exacerbators. A high serum


C-reactive protein concentration 14 days after an index exacerbation may be used as a predictor


of recurrent exacerbations within 50 days.


KEYWORDS: Chronic obstructive pulmonary disease, exacerbation, inflammation


C
hronic obstructive pulmonary disease
(COPD) is characterised by episodic
increases in respiratory symptoms, which


are called exacerbations. These episodes contrib-
ute considerably to the increased morbidity, mor-
tality and healthcare costs associated with this
condition. Some patients are prone to frequent
exacerbations and these patients have worse
health status [1], greater limitation of their daily
activities [2] and faster disease progression [3, 4].


COPD exacerbations are associated with
increases in airway and systemic inflammation
[5–11] that are heterogeneous and probably
related to the aetiology of the exacerbation [5,
12]. However, no detailed information is avail-
able on the time course of airway and systemic
inflammation during exacerbations, and how
these changes relate to clinical indices of exacer-
bation severity, including the length of recovery.
The current authors have previously shown
that patients with frequent exacerbations have
increased airway inflammation in the stable
state [5]. It has also been demonstrated that


nonrecovery of symptoms and peak flow at
35 days after the onset of the exacerbation occurs
in f25% of patients [13].


Exacerbations have a tendency to cluster in an
individual as demonstrated by studies of patients
hospitalised with severe COPD exacerbations.
Such studies have shown that after the index
exacerbation, patients are at increased risk of
readmission and one study showed that 34% of
patients were readmitted with a recurrent exacer-
bation in the 3 months following their discharge
[14–17]. Frequent readmissions with COPD
exacerbations have been highlighted as an inde-
pendent risk factor for increased mortality [15].
It is currently unknown whether these recur-
rent exacerbations are associated with persistence
of a heightened inflammatory status or are
perhaps related to nonrecovery of the index
exacerbation.


The present authors hypothesised that persistent
exacerbation symptoms may be related to a
heightened inflammatory status, and that clinical
nonrecovery and recurrence of exacerbations
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would relate to nonrecovery of the inflammatory response.
Therefore, a prospective study in a well-characterised cohort
was performed, in which airway and systemic inflammation
were assessed in the stable state, at exacerbation onset prior to
treatment and throughout the recovery period at days 7, 14
and 35. Furthermore, the relationship between these airway
and systemic markers was assessed at exacerbation, with
recurrent exacerbations occurring within 50 days of the index
event. Finally, the evolution of airway and systemic inflam-
matory markers in patients stratified according to their
exacerbation frequency was studied.


METHOD


Patient recruitment
In total, 73 patients were recruited from the London COPD
study. This is a rolling cohort of patients used to prospectively
investigate the mechanisms of COPD exacerbations [1, 2, 4–6,
10–13]. COPD was defined as a post-bronchodilator forced
expiratory volume in one second (FEV1) to forced vital
capacity ratio ,70% and a b2-agonist reversibility on predicted
FEV1 of ,15% or 200 mL. Patients with a history of other
significant respiratory diseases were excluded, as were those
unable to complete daily diary cards. Patients were recruited
when stable, o6 weeks from their last exacerbation. At
recruitment, patients’ daily respiratory symptoms, smoking
history, COPD exacerbation history and drug history were
recorded. Height and weight were measured, in addition to
baseline lung function using a rolling seal spirometer (Sensor
Medic Corp, Yorba Linda, CA, USA). Reversibility to b2-
agonists was measured after inhaling 400 mg salbutamol from a
metered-dose inhaler via spacer. Partial pressures of arterial
oxygen and carbon dioxide were measured on arterialised ear
lobe blood gases (Model 278 Blood Gas Analyser; Ciba-
Corning, Medfield, MA, USA). Patients also completed the
St. George’s Respiratory Questionnaire, which is a disease-
specific measure of health status [18].


The study was approved by the ethics committee of the East
London and City Health Authority and all patients gave
written informed consent. A group of 12 samples had been
previously used for an analysis of the upper and lower airway
at exacerbation, though time course and exacerbation recur-
rence was not addressed in the previous study [10] and all the
current analyses are original.


Patient follow-up and exacerbation
All patients were asked to keep daily diary cards on which
they recorded their morning post-medication peak expiratory
flow rate (PEFR) with a mini-Wright peak-flow meter
(Clement-Clarke International Ltd, Harlow, UK) and any
increase in their daily respiratory symptoms. Patients were
routinely followed up every 3 months in the research clinic,
their diary cards were reviewed and spirometry was recorded.
Patients were asked to contact the study team when they
experienced any increase in their daily respiratory symptoms.
They were generally seen within 48 h by a study physician,
their symptoms were reviewed and the exacerbation was
confirmed according to the symptomatic definition described
later. Patients were sampled before starting any additional
treatment for the exacerbation.


Definition of baseline
Baseline was defined as the median symptom score recorded
on days 14 to 8, prior to the onset of the exacerbation.


Definition of exacerbation
The diagnosis of an exacerbation was based on symptomatic
criteria previously validated by the present authors’ group
against important outcome measures in COPD, including
sputum inflammatory markers [5], rate of decline in lung
function [4] and quality of life [1]. Increased dyspnoea,
increased sputum volume and increased sputum purulence
were called major symptoms; nasal congestion or discharge,
sore throat and increased chest tightness, wheeze or cough
were termed minor symptoms. An exacerbation was defined as
any two major symptoms or one major and one minor
symptom, present for at least 2 consecutive days, the first of
which was called the day of onset of the exacerbation.


Exacerbation severity
Each symptom, major and minor, was binary coded as one
(present or increased over baseline) or zero (absent or not
increased) and then summed. This symptom score was
calculated daily throughout the exacerbation. Exacerbation
severity was assessed by using the increase in the total
symptom score at onset of exacerbation and the percentage
reduction in FEV1 compared with baseline.


Recovery time
The recovery time for symptoms was defined as the time from
onset of the exacerbation to the day on which a 3-day moving
average of the symptom score had returned to baseline. In 12
exacerbations the diary card data was incomplete and a
recovery date could not be ascertained.


Nonrecovered exacerbation
A nonrecovered exacerbation occurs when the total symptom
score had not returned towards baseline by day 35 after
exacerbation onset.


Recurrent exacerbation
A recurrent exacerbation was defined in the present study as a
second exacerbation, fulfilling the present criteria, occurring
within 50 days of the index exacerbation. Symptoms from the
first exacerbation must have recovered, as previously defined.


Time to next exacerbation
Time to next exacerbation was defined as the time between the
onset of the index exacerbation and the onset of the next
exacerbation. These data were collected from clinic visits and
the daily diary cards. Data were available for f10 months
after the last sampled exacerbation.


Exacerbation frequency
The number of exacerbations experienced by each patient was
determined and the median exacerbation frequency was
calculated. The patients were then divided into two groups
around the median exacerbation frequency: those above the
median were called frequent exacerbators and those with an
exacerbation frequency below the median were called infre-
quent exacerbators.
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Patient sampling
Patients were seen and sampled in the stable state, at
exacerbation prior to treatment, and at 7, 14 and 35 days later.
Pre-exacerbation baseline samples were not available in 12
patients and post-exacerbation samples were therefore
employed; these were obtained a minimum of 42 days after
the preceding exacerbation. At each visit, the patients’
symptoms were documented, lung function was recorded,
and sputum and serum were collected. Spontaneous sputum
was used; when no spontaneous sputum was available,
patients were induced according to the present authors’
previously described methodology [19]. Of the sputum
samples taken, 97% were spontaneous. The present authors
have previously reported on the equivalence of induced and
spontaneous samples for the assessment of airway inflamma-
tory markers [19]. Sputum and blood samples were processed
within 2 h of collection. Sputum was processed according to a
previously described protocol [19], in the absence of dithio-
threitol, and the supernatants were stored at -80uC. Peripheral
venous blood (7 mL) was collected into a vacutainer tube
and centrifuged at 6716g for 10 min at 4uC. The serum was
separated and stored at -80uC until later analysis. All
exacerbations were treated with bronchodilators, antibiotics
and/or oral steroids depending on the clinical severity of the
episode, as judged by the attending physician.


Measurement of inflammatory markers
Sputum and serum interleukin (IL)-6 and sputum IL-8 were
quantified using commercial sandwich ELISA kits (R&D
Systems, Abingdon, UK). Serum C-reactive protein (CRP) was
measured using an Olympus luminometric analyser (Olympus
Life and Material Science Europa GmbH, Hamburg, Germany).
All the samples from each patient were measured in the same
assay to reduce inter-assay variability. The limit of detection for
serum and sputum IL-6 was 0.7 pg?mL-1, for sputum IL-8 it was
10 pg?mL-1, and for serum CRP it was 0.3 mg?L-1. The reported
levels of all the sputum mediators are 10-fold dilutions by
weight of the original sputum sample.


Statistical analysis
The Kolmogorov–Smirnov test of normality was applied.
Normally distributed data were expressed as mean¡SD and
skewed data as median (interquartile range (IQR)). Skewed data
were log-transformed to obtain a normal distribution. Compa-
risons between baseline and exacerbation data, and between the
different exacerbation visits for symptoms, lung function
parameters, and airway and systemic inflammatory markers,
were analysed using a paired t-test, an unpaired t-test and
Mann–Whitney U-tests as appropriate. Spearman’s correlation
was used to assess the relationships between changes in airway
inflammation and recovery time, and between serum CRP at day
14 and time to next exacerbation. A Chi-squared test was used to
compare exacerbation symptoms at the index and recurrent
exacerbation. The percentage changes between baseline and the
different exacerbation visits for each parameter were calculated.


A mixed linear regression model was used to study the
changes in the time series of cytokine data, as this technique
gives more flexibility to analyse within-patient changes, it
accounts for a good level of correlation among the variables
modelled, accommodates for missing data and restricts the


bias towards zero. The mixed linear models with random
effects compared the evolution of the time curve during the
recovery phase of the exacerbation in two groups of patients
separated by a binary trait (i.e. frequent versus infrequent
exacerbators and recovered versus nonrecovered). First, the
best fitting curve shape was determined individually for the
different cytokines separated by a time variable. Then the best
fitting curve model (using time, time-squared or time-cubed)
was placed in the final model, in interaction with the binary
trait to explain the response of the log-transformed cytokine.
Finally, a visual output was produced from this modelling,
using predicted values for each time point, expressed as a
percentage of the value at exacerbation onset, accompanied by
one SE. A probability of error of f5% was considered
statistically significant.


RESULTS


Patient characteristics
In total, 73 exacerbation time courses were collected from 73
different patients; their baseline characteristics are reported in
table 1, which demonstrates that the cohort have moderately
severe disease with a mean FEV1 of 1.08 L or 45% predicted.
The median (IQR) exacerbation frequency was 3.1 (2.0-4.2) per
yr. There were no significant differences in the baseline
characteristics between frequent and infrequent exacerbators,
except for the exacerbation frequency itself. Median¡SD FEV1


in frequent exacerbators was 1.10¡0.53 versus 1.05¡0.41 L in
infrequent exacerbators (p50.62).


Exacerbation characteristics
At exacerbation, patients were seen and sampled a median
(IQR) of 2 (1–3) days after the onset of the exacerbation and
before they started treatment. The total symptom score at
exacerbation onset was 5 (4–6). The percentage change in FEV1


at exacerbation compared with baseline was -5.05% (-15.02–
6.18%). All exacerbations were treated exacerbations: 63% were
treated with antibiotics and oral corticosteroids, 4% with
steroids alone and 32% with antibiotics alone.


TABLE 1 Baseline characteristics of the 73 chronic
obstructive pulmonary disease patients (39
males, 20 active smokers)


Mean¡SD


Age yrs 69.3¡7.8


FEV1 L 1.08¡0.47


FEV1 % pred 45¡18


FVC L 2.36¡0.87


BMI kg?m-2 26.2¡6.3


Pa,O2 kPa 8.86¡1.08


Pa,CO2 kPa 5.74¡0.95


Smoking pack-yrs 48.1¡34.9


SGRQ total score 59.0¡18.3


FEV1: forced expiratory volume in one second; % pred: % predicted; FVC:


forced vital capacity; BMI: body mass index; Pa,O2: arterial oxygen tension;


Pa,CO2: carbon dioxide arterial tension; SGRQ: St. George’s Respiratory


Questionnaire.
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Time course of airway and systemic inflammation at
exacerbation of COPD
The time course data for the inflammatory markers at
exacerbation are reported in table 2. There was a significant
rise in serum IL-6, serum CRP and sputum IL-6 between
baseline and onset of the exacerbation. The concentration of
serum IL-6 measured at day 7 was significantly lower than that
at baseline, reflecting the response to exacerbation therapy. By
day 14, both airway and systemic inflammatory markers had
returned to concentrations not significantly different from
those present at baseline.


Exacerbation recovery
The median (IQR) symptom recovery time was 9 (4–18) days.
In 23% of exacerbations, symptoms had not recovered to
baseline by day 35. There were no significant differences in
clinical indices of nonrecovery between the frequent and
infrequent exacerbators: e.g. nonrecovery of symptoms was
31% in frequent exacerbators versus 25% in infrequent
exacerbators (Chi-squared50.28, p50.60). There was no
significant difference in treatment with oral steroids at onset
of the exacerbation between patients with recovered and
nonrecovered exacerbations (Chi-squared51.02, p50.31).


In a mixed linear model analysis, patients with nonrecovered
exacerbations at day 35 had a persistently higher serum CRP
(but not IL-6) concentration during the recovery period,
compared with those patients who had recovered (p50.03).
This is illustrated in figure 1.


Although there was no significant rise in sputum IL-8 at
exacerbation onset, when each subject’s exacerbation value is
corrected for their own baseline, the magnitude of rise in IL-8
was correlated with the symptom recovery time (rs50.41,
p50.01). Similarly, there were significant relationships
between symptom recovery time and changes in sputum IL-6
and -8 between baseline and day 7, probably reflecting the
completeness of response to therapy. The greater the reduction
in inflammatory marker, the shorter the recovery time, as
illustrated in figure 2 (sputum IL-6: rs50.57, p50.004; sputum
IL-8: rs50.48, p50.01). The symptom recovery time was not


related to the changes in sputum IL-6 or serum IL-6 and CRP
between baseline and exacerbation onset, or at any other time-
points during the recovery.


Exacerbation frequency
The time trends at exacerbation in serum IL-6 and CRP,
between frequent and infrequent exacerbators, are illustrated
in figures 3a and b. Frequent exacerbators had a smaller
reduction in systemic inflammation between exacerbation and
day 35, despite treatment, compared with infrequent exacer-
bators. The evolution of serum IL-6 and CRP was significantly
different between these groups (both p,0.05). However,
analysis of the baseline and exacerbation onset samples
showed no significant difference in the percentage rise in
serum CRP (480% versus 443%, p50.42) or serum IL-6 (245%
versus 301%, p50.75) between patients with frequent and
infrequent exacerbations. There was a trend towards frequent


TABLE 2 Time course of inflammatory markers at exacerbation of chronic obstructive pulmonary disease


Marker Baseline Exacerbation onset p-value


baseline–


onset


Day 7 p-value


baseline–day


7


Day 14 p-value


baseline–day


14


Day 35 p-value


baseline–day


35


Sputum


IL-6 pg?mL-1 112


(40–219)


161


(86–308)


0.03 144


(64–226)


0.31 124


(83–236)


0.95 216


(76–319)


0.63


IL-8 pg?mL-1 2941


(1913–3808)


3276


(2285–4129)


0.13 2653


(1630–3912)


0.09 2296


(1667–3424)


0.12 3305


(2400–4118)


0.67


Serum


IL-6 pg?mL-1 5.6


(3.1–8.4)


12.1


(4.0–19.9)


,0.01 3.9


(1.6–6.4)


,0.01 4.9


(2.6–8.7)


0.16 5.8


(3.2–9.0)


0.38


CRP mg?L-1 6.5


(3.8–11.8)


10.9


(5.5–34.2)


,0.01 5.3


(3.5–9.4)


0.95 4.0


(2.3–9.6)


0.10 6.8


(3.6–11.6)


0.42


Data are presented as median (interquartile range), unless otherwise stated. IL: interleukin; CRP: C-reactive protein.


FIGURE 1. Time trend of serum C-reactive protein (CRP) in patients whose


symptoms had recovered (&) and those whose symptoms had not recovered ($)


at day 35 (p50.03). Estimates from the mixed linear model analysis on log-


transformed data were anti-logged. Data are presented as mean¡SEM expressed


as a percentage of the value of the exacerbation onset sample (time50).
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exacerbators being treated with oral steroids more often than
infrequent exacerbators (Chi-squared52.86, p50.07).


Recurrent exacerbations
In total, 22% of patients had a recurrent exacerbation within
50 days of the index exacerbation. These recurrent exacerba-
tions were all treated exacerbations. Patients who presented
with symptoms of a common cold at the first exacerbation
were likely to present with a cold at the recurrent exacerbation
(Chi-squared56.11 and p50.01). This relationship was not
statistically significant for any of the other exacerbation
symptoms. Patients who had a recurrent exacerbation had a
significantly higher serum CRP concentration 14 days after the
index exacerbation, compared with those who did not have
a recurrent exacerbation: 8.8 (4.4–15.9) mg?L-1 versus 3.4
(2.1-5.5) mg?L-1 (p50.007; fig. 4). In a multivariate analysis,
CRP at day 14 was related to a recurrent exacerbation within
50 days independent of the disease severity, the exacerbation
frequency and the treatment of the index exacerbation with
oral steroids (p50.004). No such relationships were demon-
strated for the other markers and time-points.


There were no significant relationships between recurrent
exacerbations and the concentration of airway or systemic
inflammatory markers in the stable state prior to the index
exacerbation. The severity of the index exacerbation was also
not related to the occurrence of recurrent exacerbations (total
symptom score for nonrecurrent versus recurrent exacerbations
was 3 (2.0–3.7) versus 3 (2–4), respectively (p50.99), and
percentage change FEV1 was -4.8% (-11.6– -1.2%) versus -12.9%
(-14.1– -6.6%), p50.20).


Time to next exacerbation
The median (IQR) time to the next exacerbation was 93 (50–
178) days. Of the subsequent exacerbations, 75% were treated
exacerbations. A higher CRP concentration 14 days after the
index exacerbation was associated with a shorter time to the next
exacerbation. This is illustrated in figure 5 (rs5 -0.47, p,0.01).
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FIGURE 2. Relationship between exacerbation symptom recovery time and changes in a) sputum interleukin (IL)-6 (rs50.57, p50.004) and b) sputum IL-8 (rs50.48,


p50.01) between baseline and day 7, probably reflecting the completeness of response to therapy.


FIGURE 3. Time trend of a) serum interleukin (IL)-6 and b) serum C-reactive


protein (CRP) at exacerbation of chronic obstructive pulmonary disease and during


recovery, in frequent (&) and infrequent ($) exacerbators (p,0.05). Estimates from


the mixed linear model analysis on log-transformed data were anti-logged. The


mean¡SEM are expressed as a percentage of the value of the exacerbation onset


sample (time50).


W.R. PERERA ET AL. INFLAMMATION AND EXACERBATION RECOVERY IN COPD


c
EUROPEAN RESPIRATORY JOURNAL VOLUME 29 NUMBER 3 531







DISCUSSION
The present study is the first to evaluate the time course of
recovery in airway and systemic inflammatory markers at
exacerbation of COPD, in a cohort of patients with well-
characterised disease. The new and principal findings of the
present study may be summarised as follows. 1) Assessment of
serum CRP concentration 14 days after an exacerbation of
COPD may be clinically important, as a relationship has been
established between nonresolution of systemic inflammation
and recurrent exacerbations within 50 days. 2) A direct
relationship has been identified between symptom recovery
time and the response of airway inflammation to exacerbation
therapy. 3) It has been demonstrated, for the first time, that
frequent exacerbators have a reduced response to therapy,
which results in persistently higher systemic inflammatory
markers and which may explain the greater decline in lung
function observed in these patients. 4) Serum inflammatory
markers were better predictors of nonrecovery and recurrent
exacerbations than sputum inflammatory markers.


The present authors have studied the relationships between
airway and systemic inflammatory markers, symptom recov-
ery time, recurrent exacerbations and time to the next
exacerbation in a prospectively followed cohort. All the
patients recruited into the present study completed daily diary
cards for changes in exacerbation symptoms and reported
exacerbations to the study team as soon as possible after
exacerbation onset. A unique feature of using daily diary cards
is that precise data can be collected on the start and end of an
exacerbation to accurately determine nonrecovery of symp-
toms and PEFR. In addition, the study design allowed
sampling early in the time course of the exacerbation when
the inflammatory markers reached their initial peak. All the
initial exacerbation samples were taken before starting addi-
tional exacerbation treatment.


The present authors have previously shown that the recovery
time of an exacerbation is an index of exacerbation severity [13]
and that patients with a longer exacerbation recovery are more
likely to have had a delay between exacerbation onset and


treatment initiation [20]. The present authors’ previous study
[13] has also shown that a significant number of COPD
exacerbations do not recover to baseline. In the present study,
it was established, for the first time, that patients who do not
recover to baseline have persistently higher serum CRP levels
during the recovery period, thus suggesting that the systemic
inflammatory response is an important marker of the recovery
time and outcome of the exacerbation.


It is now recognised that exacerbation frequency is an
important outcome in COPD, as patients prone to frequent
exacerbations have impaired health status [1], reduced
physical activity [2], increased lower airway bacterial colonisa-
tion [21] and a faster decline in lung function [3, 4, 22]. These
frequent exacerbators also have increased airway inflamma-
tion in the stable state [5] and the present authors have recently
reported that frequent exacerbators have a faster rise in
systemic inflammation over time compared with infrequent
exacerbators [23]. The present study established that patients
who are frequent exacerbators have significantly higher levels
of serum IL-6 and CRP during the recovery period of an
exacerbation, and this may account for the increased morbidity
and mortality seen in this group. The current authors have
recently described that the increase in airway and systemic
inflammation in stable COPD patients over time is directly
linked to disease progression [23] and thus it can be
extrapolated that this delayed recovery in inflammatory
markers in frequent exacerbators may be one of the mecha-
nisms underlying a faster FEV1 decline in this group [3, 4, 22].
The slower resolution of exacerbation inflammatory markers in
the frequent exacerbator group may also explain the increased
airway inflammation that was previously observed in the
stable state [5]. In the present study a difference in recovery
time between frequent and infrequent exacerbators was not
seen, consistent with previous findings [13].


Although most COPD exacerbations are treated in the
community, they are an important cause of hospitalisation
and are responsible for ,2.4% of all acute medical admissions
[24]. Within the year after admission to hospital with an
exacerbation, 63% of patients are readmitted at least once [14],


FIGURE 4. Differences in median¡interquartile range serum C-reactive


protein (CRP) concentration at day 14 between patients with and without a


recurrent exacerbation within 50 days: 8.8 mg?L-1 versus 3.4 mg?L-1 (p50.007).


FIGURE 5. Relationship between serum C-reactive protein (CRP) concentra-


tion at day 14 of the index exacerbation and time to the next exacerbation –––:


rs5 -0.47, p,0.01.
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and this figure increased to 79% in patients admitted with
acute hypercapnic respiratory failure [17]. These repeat
admissions were mainly due to recurrent exacerbations and
known risk factors for readmission include being a frequent
exacerbator and having more severe COPD [14]. A recent
study has reported that recurrent hospital admissions with
COPD exacerbations are an independent risk factor for
increased mortality [15]. Identification of patients likely to
have a recurrent exacerbation early in the course of their index
exacerbation may allow early implementation of appropriate
preventive strategies and would be an important new
approach in the management of this disease.


A further unique finding of the current study is the important
association between raised serum CRP during the recovery
period and recurrent exacerbations. These findings need to be
explored further with interventional studies of therapies such
as oral anti-inflammatory agents targeted at those patients
with a high CRP concentration after exacerbation. Interven-
tions used in this manner may be capable of preventing recur-
rent exacerbations. Reducing recurrent exacerbations would
lead to substantial reductions in morbidity, mortality and
healthcare costs.


The current authors have previously described that early
presentation to healthcare professionals can affect the outcome
of the exacerbation and reduce hospitalisation [20]. The present
study emphasises the importance of following-up COPD
exacerbations and this issue could be incorporated into
COPD management guidelines. This might comprise, for
example, routine follow-up at 14 days after the index exacer-
bation. Serum CRP can be easily and rapidly measured in
many healthcare settings and can therefore be integrated into
the routine follow-up of patients with COPD exacerbations
without major additional cost.


A high CRP level despite treatment with antibiotics and
steroids could be related to several factors, such as failure of
the therapy prescribed at exacerbation to eradicate the
causative agent or resistance of the responsible organism to
the treatment prescribed. It may also be possible that
heightened inflammatory status or modification of bacterial
flora after the index exacerbation could facilitate infection by a
different organism [25]. Change in the strain of bacteria
colonising the lower airways has also been implicated in
COPD exacerbations and strain changes may therefore be
involved in exacerbation recurrence [26]. Comparing the
nature of the index and recurrent exacerbation, only coryzal
symptoms were found to be significantly associated with both
events. This suggests that patients who develop recurrent
exacerbations may be more susceptible to viral respiratory
infections, consistent with a recent study from the present
authors’ group in which frequent exacerbators were more
likely to acquire colds than infrequent exacerbators [27].
Further studies are required to evaluate the origin of the
inflammatory response at a recurrent exacerbation.


COPD exacerbations are associated with increases in airway
inflammation and IL-8 is one of the markers of the neutrophilic
inflammation found in this condition. Airway IL-8 concentra-
tion has been related to the degree of airflow obstruction [28],
smoking status [29] and bacterial colonisation [30, 31]. An


important finding from the present data was that the
magnitude of the increase in sputum IL-8 at exacerbation
was directly related to the symptom recovery time. A
prolonged recovery time was also demonstrated in those
patients who, despite treatment with antibiotics and steroids,
had persistently high levels of sputum IL-6 and IL-8 at day 7
compared with baseline. This is likely to reflect the failure to
respond to the treatment prescribed at exacerbation. Therefore,
relationships between the nonrecovery of airway inflammation
and symptoms at exacerbation of COPD have been established
here for the first time.


In conclusion, persistence of increased airway inflammation at
exacerbation of chronic obstructive pulmonary disease is
associated with a prolonged symptom recovery time. Heigh-
tened systemic inflammation is associated with recurrent
exacerbations within 50 days. These results could form the
basis for new therapeutic strategies to prevent recurrent
exacerbations and delayed recovery. The present authors
suggest that it is now important to incorporate into integrated
chronic obstructive pulmonary disease care pathways both early
presentation that improves the outcome of the exacerbation and
adequate follow-up after the index event to reduce recurrent
exacerbations. With these novel approaches the health burden of
this important condition may be considerably reduced.
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CHAPTER 2 
 


2 
 
 


HYPOTHESIS 
AND AIMS 


 
 
This thesis includes 3 separate projects that examine more in detail the relationship 


between inflammatory changes at exacerbation and non-recovery of exacerbations, 


the role of circulating leucocytes in COPD and the role of the detection of bacteria by 


standard cultures and by polymerase chain reaction in a group of patients with well 


characterized COPD. 


 


 
 
This thesis examined the following hypotheses: 


1. 
 
 


The course of COPD is characterized by exacerbations that are major 


cause for health care utilisation. Exacerbations may require recurrent 


hospital admission and are often recurrent.  They are associated with 


rapid deterioration in the patients’ symptoms and heightened airway and systemic 
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inflammation. Our group has previously demonstrated that in up to 25% of 


exacerbations symptoms and lung function do not return to baseline after 35 days. 


We also showed that the length of the exacerbation was related to symptom and 


physiological changes at onset. Patients with more severe disease experience more 


frequent and severe exacerbations with prolonged recovery time.  Patients with 


frequent exacerbations are known to have higher levels of airway inflammation and 


more frequent lower airway bacterial colonisation whilst in the stable state. A faster 


decline in lung function has also been observed in patients with frequent 


exacerbations. However, it is not known whether this is related to non-recovery of 


the exacerbation or to the associated airway inflammation. 


 


We hypothesized that the change in airway and systemic inflammation during an 


exacerbation was directly related to exacerbation recovery and recurrences. Our 


study will address the following questions: 


 What is the relationship between the intensity of change in airway 


inflammation at exacerbation and symptom recovery time? 


 


 What is the relationship between the time course of airway and systemic 


inflammation at exacerbation of COPD and non-recovery? 


 


 Can the time course of airway and systemic inflammation predict who has a 


recurrent exacerbation? 


 
 Is treatment with oral steroids related to airway and systemic inflammation? 


 


 How does the presence of a common cold at onset of exacerbation affect the 


time course of airway and systemic inflammation? 


 


 Are there differences in the time course of inflammatory changes between 


patients who are frequent or infrequent exacerbators? 
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Patients with COPD have increased numbers of neutrophils and T 


lymphocytes in the airways and lung parenchyma. These cells have been 


linked to the pathogenesis and progression of COPD. The number of lung 


neutrophils and T lymphocytes is linked to severity of the airway obstruction. 


Neutrophils and T cells play an essential role in the host defences against infection.  


They are both produced by the bone marrow and circulate in the systemic circulation 


before homing into the lungs.  Bacterial toxins and presentation of bacterial antigens 


on the surface antigen presenting cells are major stimuli for increases in the number 


of leucocytes. Airway inflammatory cells and epithelial cells produce cytokines such 


as IL-6, IL-8, neutrophil elastase and LTB-4 that attract these cells into the lungs. We 


also know that the lower airways of patients with COPD are frequently colonized by 


bacteria. The severity of the airway disease is a major risk factor for bacterial 


colonisation. There is a direct relationship between lower airway colonization and 


lower airway inflammation.  


2. 


 


We hypothesized that there was a relationship between the circulating leucocytes 


(neutrophils and T cells) and lower airway bacterial colonization in patients with 


COPD.  We addressed the following questions: 


 


 What is the relationship between the severity of COPD and circulating 


leucocytes? 


 


 Is there a relationship between the circulating leucocytes and the lower 


airway bacterial load in patients with COPD? 


 
 Are there changes in circulating leucocytes at exacerbation and are they 


related to lower airway bacteria? 


 
 


 


 


Between 25% and 50% of COPD patients have lower airways bacterial 


colonization in the stable state. The presence of bacteria in the lower 


airways implies a breach of host defence mechanism. This breach leads to 3. 
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a vicious cycle of epithelial cell damage, impaired mucociliary clearance, mucus 


hypersecretion, increased sub-mucosal vascular leakage and inflammatory cell 


infiltration of the lungs. This colonization is also associated with heightened 


neutrophilic airway inflammation in the stable state and is known to modulate the 


character and severity of exacerbations. The most frequently isolated organism in 


COPD are Haemophilus influenzae, Streptococcus pneumonieae and Moraxella 


catarrhalis.  Routine microbiological cultures are currently the gold standard for the 


detection of these bacteria from the sputum samples of patients with COPD. 


However cultures have multiple pitfalls. More sensitive, specific and rapid diagnostic 


methods are necessary for a better understanding of the complex relationship present 


between bacteria and the COPD lung.  


 


We set out to establish a multiplex quantitative real time polymerase chain reaction 


assay for the simultaneous detection of Haemophilus influenzae, Streptococcus 


pneumonia and Moraxella cattarhalis from sputum samples. This allowed us to 


address the following questions: 


 


 What are the differences in the detection rates of bacteria by the quantitative 


real time PCR assay and conventional microbiological cultures?  


 


 Is there a relationship between the detection of micro-organisms by PCR and 


the degree of airway inflammation in patients with COPD? 


 


 Is there a relationship between bacterial eradication by PCR and airway 


inflammation? 
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Abstract 
Chronic obstructive pulmonary disease (COPD) is associated with recurrent episodes 


of exacerbations that lead to increased morbidity and mortality. Exacerbations are 


associated with increased airway and systemic inflammation. This thesis examines 


the relationship between the infective and inflammatory changes at exacerbation of 


COPD and clinical non-recovery and recurrence of exacerbations.  
 


Patients were recruited from the London COPD cohort and sampled prospectively in 


the stable state, at exacerbation and after 7, 14 and 35 days. Clinical indices, airway 


and systemic inflammation and lower airway bacteria were analysed at each visit.  


Airway inflammation was assessed by sputum interleukin (IL)-6 and IL-8 levels, 


systemic inflammation was assessed by circulating leucocytes, serum C-reactive 


protein (CRP) and IL-6. Sputum bacteria were assessed by standard cultures and 


quantitative real time polymerase chain reaction (qr-PCR). 


 


The key findings were: 1) the persistence of heightened airway and systemic 


inflammation was associated with clinical non-recovery at exacerbation, 2) a higher 


level of serum CRP 14 days after an exacerbation was associated with a recurrent 


exacerbation within 50 days, 3) frequent exacerbators have reduced response to 


therapy and persistently high systemic inflammation compared to infrequent 


exacerbators, 4) the presence of a significant relationship between the lower airway 


bacterial load and circulating leucocytes in stable COPD and 6) the detection of a 


potentially pathogenic micro-organism from sputum samples is higher by qr-PCR 


than by standard cultures. 


 


These new findings could form the basis of future therapeutic interventions and 


strategies for prevention of recurrent exacerbations. Further studies into the 


mechanisms explaining the differences observed between frequent and infrequent 


exacerbators may help reduce the high burden due to the disease. Finally refining the 


qr-PCR assay may help elucidate the complex links between lower airway bacteria 


and inflammation in COPD.     
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