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ABSTRACT 
 
 

Bacteremic pneumococcal pneumonia (BPP) is a severe form of invasive pneumonia that 

continues to cause significant morbidity and mortality worldwide, yet large-scale studies 

identifying prognostic factors for adverse outcomes in patients with BPP is significantly 

lacking. Furthermore, considerable knowledge gaps and conflicting results exist for even 

widely known prognostic factors for mortality such as smoking.  

 

Therefore, the first objective of this program of research was to identify prognostic 

factors associated with mortality and in-hospital complications in adult patients with 

BPP. This objective was achieved using a population-based cohort study composed of 

1636 adults (≥18 years) with BPP hospitalized between 2000-2010 in Northern Alberta, 

Canada. The results indicated that both acid-suppressing drugs and guideline discordant 

antibiotic treatments are potentially modifiable prognostic factors. Furthermore, frailty 

(i.e. elderly, nursing home residents, or dementia patients), pneumonia severity, and high 

case fatality rate (CFR) serotypes were associated with an increased risk of morbidity and 

mortality, while prior pneumococcal vaccination was associated with a reduced risk. 

Paradoxically, current smoking was associated with reduce mortality in patients with 

BPP.  

 

Building on this result, the second objective of this research program was to examine 

whether differential acquisition of pneumococcal serotypes in smokers could potentially 

explain the influence on mortality. The results indicated that current smokers were more 
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likely to be infected with low CFR pneumococcal serotypes compared to non-smokers, 

which may fully, or partially, explain the reduced mortality previously reported in studies 

involving patients with CAP.  

 

Collectively this research suggests that several modifiable prognostic factors exist in 

patients with BPP. Moreover, additional follow-up in patients who are frail following 

BPP may also be warranted. As this research is the first to suggest that differential 

acquisition of low CFR serotypes may explain the reduced mortality in smokers with 

pneumonia, further research is needed to confirm these findings and determine the 

usefulness of providing CFR data rapidly at the point of care.  
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CHAPTER 1: INTRODUCTION 

 

1.1 Statement of the Problem 

 

Pneumonia is the seventh leading cause of death in the United States. It accounts for an 

estimated $9 billion in direct health care costs and 600,000 admissions to hospital each 

year.1-3 Similarly, in Canada, pneumonia accounts for over one million doctor visits and 

60,000 hospitalizations annually.4 At least 30-50% of all cases of community-acquired 

pneumonia (CAP) are believed to be caused by Streptococcus pneumoniae 

(pneumococcus).5,6  

 

Pneumococcal infections can be broadly divided into invasive and non-invasive disease. 

Non-invasive pneumococcal disease includes otitis media, sinusitis, and pneumonia, 

while invasive pneumococcal disease (IPD), defined as the isolation of S. pneumoniae 

from a normally sterile site, typically manifests as bacteremia alone, meningitis, or most 

commonly as bacteremic pneumonia.7 The clinical and economic impact of 

pneumococcal pneumonia (with or without bacteremia) is substantial. In 2004 alone, 

pneumococcal pneumonia caused 866,000 illness episodes, and 19,000 deaths in the 

United States.1 Additionally, direct medical costs for all pneumococcal diseases totalled 

$3.5 billion, and pneumococcal pneumonia in particular was responsible for 72% of the 

total cost.1    

 

Bacteremia accompanies pneumonia in 25% of adults with pneumonia.8,9Although 

relatively uncommon, bacteremic pneumococcal pneumonia (BPP) is often a severe life 
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threatening infection that can result in major adverse outcomes including septic shock, 

cardiac failure, mechanical ventilation, acute respiratory distress syndrome (ARDS), and 

death.10 The case fatality rate of patients with BPP in the pre-antibiotic era was as high as 

80%; today approximately 20% of hospitalised patients still die despite appropriate early 

antibiotic therapy, adjunctive treatments, and intensive supportive care.11-13 This indicates 

that other non-therapy related factors are responsible for influencing adverse patient 

outcomes. Identifying important and potentially modifiable prognostic factors for adverse 

outcomes would lead to a greater understanding of the natural history of the disease and 

could potentially alter therapeutic approaches and guide targeted intervention strategies.  

 

1.2 Bacteremic Pneumococcal Pneumonia  

 

1.2.1 Epidemiology 

 

S. pneumoniae is a gram-positive bacterium that normally colonizes the human 

nasopharynx.14 Humans are the only natural reservoir for pneumococcus and transmission 

from person to person is thought to mainly occur through droplets or aerosols.14 The 

asymptomatic carriage of pneumococcus begins during infancy with a prevalence rate of 

30-60% in infants.14 As a person ages, the prevalence of pneumococcal carriage 

decreases where approximately only 1-10% of adults carry pneumococcus.14 In some 

instances, S. pneumoniae is able to spread past the nasopharynx to cause either non-

invasive disease or IPD.  
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In order to track the global or local spread of pneumococci, it is common to serotype the 

capsular polysaccharide.15 The polysaccharide capsule is the main virulence factor for S. 

pneumoniae, primarily by protecting the bacteria from opsonization and phagocytosis.15 

There are currently 93 unique pneumococcal serotypes that have been characterized.16,17 

Most, if not all of these serotypes are capable of causing serious disease in humans, 

however certain serotypes have been found to be much more likely than others to cause 

invasive disease.18 One study by Robbins and colleagues used a total of 13,616 different 

pneumococcal strains isolated from patients with invasive infections in several countries, 

to demonstrate that the prevalence of pneumococcal serotypes is uneven.19 For instance 

they found that only 30 of the most prevalent types of pneumococcal serotypes accounted 

for 91.5% of all cases of IPD.19 Therefore, pneumococcal serotypes vary in their potential 

to cause invasive disease. Moreover, in a meta-analysis by Bruggemann et al. composed 

of invasive and carriage pneumococcal isolates from children in different countries 

showed that the invasive disease potential for each serotype did not vary appreciably 

temporally or geographically.20 Multiple studies have also noted that there is an inverse 

relationship between the invasiveness of a serotype and its carriage prevalence.20,21 

 

BPP is estimated to account for 9–18 cases per 100,000 adults per year.22,23 In 2012, the 

United States reported 2,101 cases of BPP in a surveillance area representing 30,356,544 

persons including children and adults.24 Incidence rates also depend on age. This was 

well demonstrated in one American study conducted between 1993-1997 where the 

annual incidence in the age group 20-29 was 3.4 per 100,000 persons, for those aged 70-

79 it was 38.5 per 100,000 persons, and for ages 80 and above it was 76.2 per 100,000 
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persons.25 Other factors such as smoking have also been shown to affect incidence rates 

of BPP.  The incidence of BPP for smokers has been shown to be 16.3 (95% CI, 

14.6−18.1) cases per 100,000 person-years compared to 5.1 (95% CI, 4.2−6.2) cases per 

100,000 person-years for nonsmokers.26 From a Canadian perspective, one study from 

Edmonton, Alberta, reported an incidence rate of 9.7/100,000 person years in adults over 

the age of 17 with BPP.27  

 

The case fatality rates among patients with BPP vary widely across studies and region. 

Case fatality rates have been highest in studies from Chile (33%),28 Canada (21%),27and 

the US (20.3%),25 compared with lower rates in Spain (11%) and Sweden (9.3%).29 

Furthermore, the study from the United States reported that the majority of deaths 

occurred among adults over the age of 50 years.25 Although the exact reason for the 

different case fatality rates between countries remains unclear, potential explanations 

include differences in serotypes, treatment and supportive care, or severity of illness. 

 

1.2.2 Risk Factors 

Since BPP is a subgroup of IPD, the majority of studies investigating risk factors for IPD 

tend to include BPP patients. The main risk factors identified for IPD include extremes of 

age (<2 years or > 65 years), comorbidities or immunodeficiencies, and certain lifestyle 

factors (e.g. drug abuse, smoking, and excessive alcohol consumption).30 According to 

the Public Health Agency of Canada (PHAC) conditions associated with an increased risk 

of IPD include: chronic cerebral spinal fluid (CSF) leak, chronic neurologic condition 

that may impair clearance of oral secretions, cochlear implants, chronic cardiac or 
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pulmonary disease, diabetes mellitus, chronic kidney disease, chronic liver disease, 

asthma, sickle cell disease, congenital immunodeficiencies, asplenia, 

immunocompromising therapy, HIV infection, hematopoietic stem cell transplant, 

malignant neoplasms including leukemia and lymphoma, nephrotic syndrome, and solid 

organ or islet transplant.31 Others have also found that increasing age,32,33 male sex,33,34 

alcohol abuse,35,36 cigarette smoking,36,37 and crowding,38 are major risk factors for IPD.  

 

Two studies have investigated whether there are risk factors for developing bacteremia in 

patients with pneumonia. Among 3116 patients hospitalized with CAP, Falguera et al 

found that the presence of chronic liver disease, pleuritic pain, tachycardia, tachypnea, 

systolic hypotension, and the absence of prior antibiotic therapy were risk factors for 

bacteremia in patients with CAP.39 However, several of these may be manifestations of 

subclinical disease or markers of the host response to the infection. In the second study, 

Kang and colleagues found that the use of immunosuppressant drugs, diabetes mellitus, 

and younger age (<65 years), were independent risk factors associated with the 

development of bacteremic pneumonia in 981 patients with pneumococcal CAP.40  

 

1.2.3 Diagnosis and Treatment 

The diagnosis of pneumonia is largely empirical and is initially based on a patient’s 

history, comorbidities, select clinical features (e.g., cough, fever, sputum production, and 

pleuritic chest pain) and potential radiographic findings.22 Once a clinician has made a 

tentative diagnosis of pneumonia, the next step is to assess the severity of illness. This is 

a crucial step since all major decisions regarding the management of CAP, including 
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further diagnostic testing and treatment issues, revolve around the initial assessment of 

severity.22 Currently, the decision to hospitalize patients with CAP is based on the risk of 

death, the stability of the patient’s clinical condition, and complications.22 Several 

severity of illness scoring systems have been developed in order to aid clinicians in 

assessing the severity of infection and to predict the risk of death. These include the 

Pneumonia Severity Index (PSI),41 the CURB-65 scoring system,42 the CRB-65 scoring 

system (without the uraemia),43 the modified-American Thoracic Society (ATS) scoring 

system,44 the Infectious Disease Society of America (IDSA)/ATS guidelines,45 and the 

Pitt Bacteremia Score (PBS)46 (Tables 1-1 and 1-2). In a study by Feldman et al., the 

accuracy of each of these severity of illness scores to predict 14-day mortality were 

evaluated in 844 patients with BPP.47 The PBS and modified-ATS scoring systems were 

found to be the most specific in predicting mortality, whereas the PSI and the IDSA/ATS 

guidelines were the most sensitive.47 These results were similar to a study by Spindler et 

al., which found high sensitivity for the PSI (score ≥ 4), CURB-65 (score ≥ 2), and ATS 

(1 major or > 1 minor criteria), but lower specificity for predicting death in patients with 

BPP.48  

 

Once a clinician has determined that a patient with CAP should be hospitalized, current 

guidelines on the management of CAP in adults recommend that antibiotic therapy be 

commenced as soon as possible after the diagnosis of CAP is considered.22 Therefore, 

current Canadian guidelines recommend that all patients hospitalized with CAP be 

initially treated with antibiotics that cover the most common typical (e.g., pneumococcus, 

haemophilus influenzae) and atypical organisms (e.g., mycoplasma, chlamydia), namely, 
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the combination of a macrolide with a beta-lactam, or monotherapy with a respiratory 

fluoroquinolone.9 Importantly, these guidelines are aimed at CAP in general and 

whether dual therapy is associated with reduced mortality in BPP is uncertain.25,43,44   

 

A definitive diagnosis of pneumococcal pneumonia with bacteremia requires that S. 

pneumoniae be isolated from the blood. Blood cultures are recommended in all 

hospitalized patients in Canada, preferably before antibiotic treatment.45 However, blood 

cultures have been estimated to yield positive results for S. pneumoniae in less than 10% 

of patients who have pneumococcal pneumonia.46 This low rate may be due to the rarity 

of bacteremia in pneumococcal pneumonia (25%), autolysis of S. pneumoniae, pre-

antibiotic treatment, or inadequate samples.46 Therefore, the conventional tests have been 

questioned for their clinical usefulness, and the number of cases of BPP may be 

significantly underestimated due to the insufficiency of these standard diagnostic tests.47 

However, new diagnostic techniques such as the serotype-specific urinary antigen test, 

and polymerase chain reaction (PCR) have been shown to be more promising options for 

the diagnosis of BPP in the future.48,49
  

 

1.2.4 Prevention 

 As important as diagnosis and treatment are, from a public health perspective, prevention 

through various vaccination strategies is of the utmost import.  The current 

polysaccharide vaccine in Canada called Pneumovax® 23 (PPV23) is manufactured by 

Merck Frost Canada Ltd. and has been authorized for use in Canada since 1983.50 The 

Pneumovax® 23 is composed of 23 pneumococcal strains (1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 
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10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20 22F, 23F and 33F) which provides 

protection against approximately 87% of strains causing IPD.50 Current Canadian 

guidelines suggest that all adults over the age of 65 or for persons with known risk factors 

for IPD are vaccinated with the PPV23.50 The evidence of the effectiveness of PPV23 

however remains inconsistent. For instance, the 2 most recently published meta-analyses 

(a Cochrane Collaboration and a World Health Organization–commissioned meta-

analysis) concluded in favour and against vaccine effectiveness, respectively.51,52 The 

Cochrane meta-analysis determined a vaccine efficacy of 74% (95% CI, 54%–85%) 

against IPD (basically bacteremic pneumococcal pneumonia). Moreover, the pooled 

estimate of vaccine efficacy for all-cause CAP was 28% (95% CI, 7%-44%). Because 

there were high degrees of heterogeneity (I2 = 85%, P < 0.0001), the authors would not 

definitively conclude that the PPV prevents all-cause pneumonia in adults.51Moreover, 

their meta-analysis failed to demonstrate any significant evidence for PPV23 

effectiveness against mortality (all-cause or pneumococcal-related).51  

 

The World Health Organization–commissioned meta-analysis however, reported only a 

small protective effect against all-cause pneumonia (RR, 0.73; 95% CI, 0.56–0.94) or 

bacteremic pneumonia (RR, 0.90; 95% CI, 0.46–1.77), and no significant effectiveness 

against all-cause mortality (RR, 0.97 95% CI 0.87–1.09).52 In contrast to these analyses 

however, in a study by Johnstone et al. involving a large population-based cohort of 

patients hospitalized with pneumonia, previous pneumococcal vaccination was associated 

with a significant 40% relative reduction in hospital mortality or need for ICU 

admission.53 This finding is also consistent with other studies focused on hospitalized 
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patients with pneumonia.54,55 As for the effectiveness of the PPV23 against BPP specific 

mortality little is currently known. A recent 3-year prospective cohort study involving 27 

204 hospitalized patients aged ≥ 60 years, attempted to investigate the effectiveness of 

the PPV23 against mortality in patients with bacteremic pneumococcal CAP. However, 

the study was underpowered to draw any specific conclusions.56 

 

 

Beyond the PPV23, the seven-valent pneumococcal conjugate vaccine (PCV7), Prevnar, 

Pfizer Canada Inc, Canada) is also available and was licensed in Canada in 2002, and is 

indicated for infants and high-risk children.57 Studies have shown that the vaccination of 

young children with the PCV7 resulted in a decrease in the incidence of pneumococcal 

disease in older children and adults, particularly in high-risk and elderly adults.57 

Following the introduction of the PCV7, there was an increase in non-vaccine serotypes 

colonization and a reduction in colonization of vaccine serotypes in vaccinated 

populations.58 However, a review of the evidence suggests that there is a net decline in 

IPD in young children, even with an increase in non-vaccine serotypes.58  

 

The PCV13 (Prevnar 13, Pfizer Canada Inc) was approved in Canada in 2010 and has 

replaced the PCV7.59 Recently the Centre for Disease Control and Prevention (CDC) has 

authorized the use of the new PCV13 containing serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 

18C, 19A, 19F, and 23F among adults over the age of 65 in the United States.60 Two 

randomized studies conducted in the United States and Europe have investigated the 

immunogenicity of the PCV13 in adults.  In the first study, the PCV13 elicited 

statistically significant higher anti-pneumococcal opsonophagocytic activity (OPA) 
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geometric mean antibody titers (GMTs) than in the PPV23 for 8 of the 12 serotypes 

common to both vaccines in adults aged 60–64 years with no prior pneumococcal 

vaccination.61 However, in the second study, OPA GMTs from the PCV13 were 

comparable with those elicited by PPV23 for two serotypes and higher for 10 serotypes 

among adults aged ≥70 years who previously had been immunized with a single dose of 

PPV23 ≥5 years before enrolment.62 Furthermore, a more recent study involving the 

Community-Acquired Pneumonia Immunization Trial in Adults (CAPiTA) composed of 

84,496 adults 65 years of age or older, has investigated the efficacy of the PCV13 in 

adults. The study determined the efficacy of the PCV13 against IPD to be 52% (95% CI, 

22%-71%), and against confirmed pneumococcal pneumonia to be 31% (95% CI, 10%-

47%).  

 

1.3 Prognostic Factors for Mortality in Adults with BPP 

Prognostic factors play a crucial role in risk stratification, patient management and 

treatment strategies. In general, a prognostic factor is a clinical characteristic that 

provides information on the likely outcome of an individual with a diagnosed condition in 

the absence of therapy.61 Clinicians are often able to use prognostic factors in order to 

separate patients into risk groups whereby the outcomes can be predicted more readily. In 

theory, this allows therapy to be more efficiently delivered to patients who would benefit 

the most, while ensuing that other patients do not undergo unnecessary treatments or 

procedures.62   
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In patients with BPP, several studies have investigated potential prognostic factors for 

mortality.23,28,29,44,63-71 Of these studies (summarized in Table 1-2), the vast majority have 

small sample sizes (n=60 to 300) and have been relatively inconsistent in factors 

identified. A major limitation of the majority of studies is that these studies may not have 

sufficient power to identify all important prognostic factors, or the associations may have 

been due to chance as a result of multiple hypothesis testing. Moreover, adjustments for 

different variables in the analyses between studies or uncontrolled confounding factors 

are also a concern.72 These limitations raise uncertainties about the study conclusions and 

require replication and confirmatory re-examination of the prognostic value of several 

factors. Despite these limitations, the following is a summary of the main prognostic 

factors for mortality in adult CAP patients with and without BPP.  

 

1.3.1 Age 

The importance of age as a clinical decision-making factor in the management of patients 

hospitalized with CAP has been highly debated. Some studies suggest that the higher 

rates of mortality reflect the higher rates of comorbid conditions, poor functional status, 

and disability in the elderly. However, other studies have demonstrated that age 

independently predicts mortality in patients hospitalized with CAP, which suggests that 

age is an important prognostic factor for mortality.2,73 In adult patients with BPP, several 

studies have identified that increasing age is associated with higher mortality.23,28,29,44,74,75 

One study by Naucler et al. also found age to be associated with mortality in patients 

without recorded comorbidities suggesting that age is important beyond its associations 

with comorbidities.29 Additionally, age was also identified to be a significant predictor of 
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mortality in patients with BPP over the age of 65.63 Therefore, age appears to be an 

independent predictor for mortality in patients with BPP. 

 

1.3.2 Sex 

Several studies including one meta-analysis have identified males hospitalized with CAP 

to be at an increased risk of mortality.6,76-78 Additionally, males are weighted more 

heavily in the PSI index score for severity based on initial validation work which also 

indicated males were at higher risk of adverse outcomes.41 Yet, only one study has 

identified being male as an important prognostic factor associated with an increased risk 

of in-hospital BPP mortality.29 Two studies have found no association between sex and 

mortality from BPP, while other studies failed to include sex in their multivariate 

analysis.28,63 Though BPP is diagnosed more often in men then women, whether sex 

differences exist in prognosis remains uncertain. 

 

1.3.3 Lifestyle Factors 

Multiple studies have shown that smoking is a significant risk factor for acquiring 

pneumonia including BPP.26,36,79 Yet, little attention has been given to determining 

whether smoking is a prognostic factor for mortality, particularly in patients with BPP. In 

a review study on smoking and the outcomes of infection, Huttunen and colleagues found 

inconsistent evidence on the relationship between smoking and CAP related mortality.80 

This included two meta-analyses,6,81 one case-control,82 and five cohort studies,83-87 

which found either no significant association or a negative association between smoking 

and pneumonia related death.  However, one case-control,88 three longitudinal cohort 
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studies,89-91 and two cohort studies,92,93 found that smoking increased mortality in patients 

with pneumonia. Only two studies have investigated smoking specifically in patients with 

BPP.29,94 Both studies concluded that tobacco smoke increased the risk of mortality in 

patients with BPP.29,94 However, in the study by Naucler et al. smoking status was 

acquired through the use of a survey, and 20% of respondents failed to indicate their 

smoking status.29 Furthermore, in the study by Bello involving adults with pneumococcal 

CAP where smoking was found to have an increased risk of 30-day mortality was limited 

by sample size (only 10 of 35 deaths were in current smokers) and was not restricted to 

BPP.94 Therefore, much uncertainty remains on whether smoking can influence mortality 

in patients with BPP.   

 

Alcohol abuse is a known risk factor for CAP, and has recently been accepted as a risk 

factor for IPD and BPP.36,79,95 However, there has been little evidence to suggest that 

alcohol abuse increases the risk of mortality in patients with CAP.96,97  

Two recent studies have found that alcohol abuse significantly increases the risk of 

mortality in adults with BPP.23,29 One study found no association between alcohol abuse 

and mortality.65 However, this study included heath care associated pneumonia as a 

prognostic factor for mortality, which may account for the discrepancy from the previous 

studies. 65  

 

1.3.4 Chronic Comorbid Conditions 

Comorbid conditions most known to be associated with an increased risk of mortality in 

patients with CAP are those listed in the PSI index including neoplastic disease, liver 
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disease, congestive heart failure, cerebrovascular disease, and renal disease.41 In a meta-

analysis by Fine et al., coronary artery disease and a neurological disease were also 

associated with an increased risk of mortality in patients with CAP.6 Several comorbid 

conditions including: liver disease,29 renal disease,29 solid tumor,29 coronary artery 

disease67, chronic obstructive pulmonary disease (COPD)70, and immunocompromising 

disorders67, have been shown to be associated with mortality in patients with BPP.  The 

impact of comorbidities was also evaluated by the Charlson comorbidity index in three 

studies. 23,29,64 One study found that the Charlson comorbidity score was associated with 

increased mortality23, while another found that only patients with a score greater than 4 

were associated with increased mortality.29 The last study found no significant 

association between the Charlson index score and mortality in patients with BPP.65 

 

1.3.5 Antibiotic Therapy 

For CAP patients admitted to the hospital, guidelines recommend first-line treatment with 

either a respiratory fluoroquinolone or the combination of a beta-lactam and a 

macrolide.22 These recommendations are based primarily on large observational studies 

using inpatient administrative databases that have demonstrated reduced mortality with 

recommended antibiotics as compared with other antibiotics or combinations.98-100 Other 

studies have also shown that mortality has decreased as adherence to these antibiotic 

recommendations has increased.101,102 Increased mortality rates have been reported when 

initial therapy for pneumococcal bacteremic pneumonia was discordant.64,70 Moreover, 

two reports suggest that dual therapy (macrolide and a beta-lactam) within the first 48–72 

h decreases the risk of mortality in adult patients with BPP.69,70 However, in the largest 
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study by Naucler et al., no significant difference in mortality was seen in the macrolide 

and a beta-lactam group vs the beta-lactam only group - although this conclusion was 

based on only 26 patients receiving dual therapy.  Another smaller study also noted no 

significant change in mortality with the addition of a macrolide.68 Therefore, further 

studies are needed to determine the impact of guideline concordant antibiotic treatment in 

patients with BPP.  

 

1.3.6 Pneumococcal Serotypes  

Certain serotypes have been found to be more likely than other serotypes to be associated 

with fatal BPP cases.  Multiple studies including one meta-analysis by Weinberger et al., 

have demonstrated that certain pneumococcal serotypes are associated with an increased 

risk of mortality in BPP patients even after adjustment for confounding factors such as 

age and comorbidities.16,23,103 Furthermore, in the same study, the serotypes with the 

highest case fatality rates (CFR) (i.e. serotypes 1, 4, 5, 7F, 8) were found to have the 

lowest invasive disease potential, and vice versa for the low CFR serotypes (i.e. 3, 6A, 

6B, 9N, 19A, 19F, 23F).21 One theory for this “paradox” is that serotypes with high CFR 

are believed to be “opportunistic” pathogens that primarily infect the most vulnerable of 

individuals including persons with underlying conditions. Low CFR serotypes on the 

other hand are deemed “primary pathogens” that typically infect non-

immunocompromised individuals.16 However, whether high CFR serotypes are more 

significant in the prognosis of mortality in patients with BPP than host factors remains up 

for debate. The study by Naucler et al. found that the effect of serotypes grouped by CFR 

on mortality in patients with BPP was mitigated after adjusting for host factors.29 Another 
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study by Lugan and colleagues, found low invasive disease potential serotypes (i.e. high 

CFR serotypes) an independent risk factor for 30-day mortality in BPP patients.23 

Therefore, certain serotypes do appear to be associated with increased mortality, however 

it remains unclear as to whether serotypes with high CFR are more important than host 

patient factors such as underlying co-morbid conditions or disease severity. 

 

1.4 Prognostic Factors for In-Hospital Complications  

A meta-analysis by Fine et al. reported that most complications suffered by patients with 

CAP could be categorized into four categories including: infection related, pulmonary, 

cardiovascular, and gastrointestinal (including hepatic).6 The most commonly reported 

complications were found to be hepatic abnormalities (12.3% of 463 patients), pleural 

effusion (10.6% of 3049 patients) renal failure (10.4% of 355 patients), heart failure 

(8.6% in 232 patients) and respiratory failure (7.8% in 232 patients).6 However, none of 

the studies reported in the meta-analysis focused specifically on in-hospital 

complications. Therefore, very limited research exists on the number of in-hospital 

complications that occur in patients with CAP. With respect to BPP, a recent study by 

Blot and colleagues, identified ARDS, cardiac failure, and mechanical ventilation [6% 

(9/151), 17% (26/151), and 11% (17/151) respectively] as common complications among 

survivors with BPP.10 To the best of my knowledge no previous study has investigated 

the prognostic factors associated with nonfatal complications in patients with BPP.  
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1.5 Summary 

Mortality rates among adults with BPP remain high despite significant advances in 

antibiotic therapy and supportive therapies. Identifying important prognostic factors for 

adverse outcomes in patients with BPP is crucial in order to identify patients who might 

benefit the most from aggressive therapeutic or adjunctive treatments or who might 

benefit from a higher level of care such as that provided in the intensive care unit. Only a 

few studies have investigated prognostic factors for mortality in patients with BPP, and 

the results from these studies are inconsistent. Reasons for the discrepancies between 

these studies include small sample size, 23,28,44,63-71 missing data, 29 different subgroups 

within the population, 65 retrospective design, 28,44 and uncontrolled confounders,68,90,91,93. 

Additionally, there have been no studies that have investigated potential prognostic 

factors for in-hospital complications in BPP patients. Therefore, larger prospective 

population based studies are needed to investigate and validate prognostic factors for 

morbidity and mortality in patients with BPP in the real world. Moreover, smoking has 

been investigated as a potential prognostic factor for mortality in patients with BPP. Yet, 

certain studies have found that smoking is associated with a reduced risk of death.2,87,104 

Thus, studies are needed to confirm the association between smoking and mortality in 

BPP patients, and to find a potential explanation for a reduction in mortality among 

smokers compared to non-smokers with BPP.  

 

1.6 Objectives 

The three objectives of this program of research were:  
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1) To identify prognostic factors associated with in-hospital mortality and nonfatal 

complications in patients with BPP. 

 

2) To determine the independent association between current smoking and in-

hospital mortality in patients with BPP. 

 

3) To evaluate the potential role of pneumococcal serotypes on the associations 

between current smoking and in-hospital mortality in patients with BPP. 

 

Two pre-specified and inter-linked studies were undertaken to achieve the three stated 

objectives of this research program. The first objective was addressed in a population-

based cohort study (Chapter 2) derived from a large clinical dataset of BPP patients from 

northern Alberta, Canada that was designed to identify prognostic factors for mortality 

and in-hospital complications. This study, when completed, will be one of the largest and 

most comprehensive studies completed to date to identify independent prognostic factors 

for mortality in patients with confirmed BPP and perhaps the first study to assess 

prognostic factors for in-hospital complications.  

 

The second and third objectives were addressed through a population-based cohort study 

(Chapter 3) that also utilized the aforementioned population-based clinical dataset 

populated with detailed information regarding smoking status and pneumococcal 

serotypes. This study, when completed, will determine the potential impacts of smoking 

status and the role of serotypes in the outcomes of patients with BPP.  
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Table 1-1: The PSI algorithm and criteria  

Demographic Factor  

 Age  

    If Male         Age (yr)  

     If Female  Age (yr) - 10 

 Nursing home resident + 10 

Comorbidity  

 Neoplastic disease + 30 

 Liver disease + 20 

 Congestive heart failure + 10 

 Cerebrovascular disease + 10 

 Renal disease + 10 

Physical Exam Findings 

 Altered mental status + 20 

 Pulse ≥125/minute + 10 

 Respiratory rate >30/minute + 20 

 Systolic blood pressure <90 mm Hg + 20 

 Temperature <35°C or ≥40°C + 15 

Lab and Radiographic Findings 

 Arterial pH <7.35  + 30 

 Blood urea nitrogen ≥30 mg/dl 
(11 mmol/liter) 

+ 20 

 Sodium <130 mmol/liter + 20 

 Glucose ≥250 mg/dl 
(14 mmol/liter) 

+ 10 

 Hematocrit <30% + 10 

 Partial pressure of arterial O2 
<60mmHg 

+ 10 

 Pleural effusion + 10 

 
*No points = Risk Class I, Σ < 70 = Risk Class II, Σ 71-90 Risk Class III, 
Σ 91-130 = Risk Class IV, Σ > 130 = Risk Class V 
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Table 1-2: Parameters and criteria for the severity of illness scores: PBS, modified-ATS, CURB-65, and CRB-65 

 

Scoring System                PBS Modified-ATS       IDSA/ATS   CURB-65   CRB-65 

Parameters - Fever (oral temperature)  
≤35°C or ≥40°C  
 (2 points) 
35.1–36.0°C or 39.0–
39.9°C (1 point) 
- Hypotension (2 points) 
 (Acute hypotensive event 
with drop in systolic 
blood pressure >30 
mmHg and diastolic 
blood pressure >20 
mmHg or requirement 
for intravenous 
vasopressor 
agents or Systolic blood 
pressure 
<90 mmHg)  
- Mechanical ventilation  
(2 points)  
- Cardiac arrest (4 points) 
- Mental status 
     Disoriented (1 point) 
     Stuporous (2 points) 
     Comatose (4 points) 

Minor criteria 
- Systolic BP <90 
mmHga 
- Multilobar 
involvement (>2 
lobes) 
- Pa02/Fi02 ratio 
(<250) 
Major criteria 
- Requirement for 
mechanical 
ventilation 
- Septic shock 

Minor criteria 
- Resp rate ≥30/min 
- Pa02/Fi02 ratio ≤250 
- Multilobar infiltrate 
- Confusion and/or 
disorientation 
- Uraemia (BUN≥20 
mg/dL) 
- Leucopenia (WBC 
<4000 cells/ 
mm3) 
- Thrombocytopenia 
(platelet< 
100 000cells/mm) 
- Hypothermia (≤36°C) 
- Hypotension 
Major criteria 
- Requirement for 
mechanical ventilation 
- Septic shock 

- Confusion 
- Urea (>7 mmol/L), 
- Respiratory rate 
(≥30/min), 
- Blood pressure 
(systolic <90 or 
diastolic ≤60 
mmHg), and 
- Age ≥65 years 

- Confusion 
- Respiratory rate 
(≥30/min) 
- Blood pressure 
(systolic <90 or 
diastolic ≤60 
mmHg), and  
- Age ≥65 years 

Criteria for 

severe illness 

>4 points 2 minor or 1 
major criteria 

Any major or 3 minor 
criteria 

≥3 parameters ≥3 parameters 
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Table 1-3: Studies focused on in-hospital mortality in patients with bacteremic pneumococcal pneumonia  

 

Author (Year) N Study Focus Study Design Outcome 

Measure 

Type of 

analysis 

Mortality prognostic 

Factors 

OR and 95% 

CI 

Fica et al.28 
2014 

60 Bacteremic 
pneumococcal 

pneumonia patients ≥18 

years 

 

Single center 
(Chile) 

In-hospital 
mortality 

 

Multiple 
logistic 

regression 

CAP PIRO score > 3 29.7 (4.7–187.0) 

Age ≥ 65 years 42.1 (2.2–796.0) 

Blood 
platelets < 100,000/μL 

10.9 (1.2–96.0) 

Naucler et al.29 
2013 

1580 Bacteremic 
pneumococcal 

pneumonia patients ≥18 

years 

Multicenter 
(Sweden) 

30-day 
mortality 

Multiple 
logistic 

regression 

Age ≥ 65 4.3 (2.8-6.5) 

Male 1.6 (1.1-2.2) 

Smoking 1.8 (1.0-3.1) 

Alcohol abuse 3.8 (1.9-7.9) 

Liver Disease 2.3 (1.0-4.9) 

Renal disease 1.8 (1.0-3.3) 

Solid tumor 2.6 (1.5-4.5) 

Charlson Index  ≥ 4 3.2 (1.8-5.9) 

Ruiz et al. 63 
2013 

 

399 Bacteremic 
pneumococcal 

pneumonia patients 
 

Two hospitals 
(Spain) 

30-day 
mortality 
in patients 
≥ 65 years 

Multiple 
logistic 

regression 

Age (continuous) 1.2 (1.1–1.3) 

Altered mental status 13.2 (3.7–47.2) 

Respiratory rate 
≥30/min 

5.8 (1.8–18.6) 

Systolic blood pressure 
 < 90 mmHg 

10.9 (1.5–81.9) 

Blood urea nitrogen  
> 30mg/dL 

5.4 (1.0–28.4) 

Bilateral or multilobar 
involvement 

5.2 (1.6–17.8) 
 

Lujan et al.23 
2010 

299 Bacteremic 
pneumococcal 

Single center 
(Spain) 

30-day 
mortality 

Multiple 
logistic 

Serotype L 7.0 (1.7-28.6) 

ATS/IDSA criteria 4.8 (1.9-12.1) 
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pneumonia patients ≥18 

years 
 

regression 
with 

ATS/IDSA 
criteria 

Alcohol 4.0 (11.4) 

Charlson score 1.3 (1.1-1.6) 

Age 1.0 (1.0-1.1) 

Multiple 
logistic 

regression 
with PSI 

Serotype L 5.3 (1.3-21.6) 

PSI class V 9.5 (3.1-29.5) 

Alcohol 3.2 (1.2-8.4) 

Charlson score 1.2 (1.0-1.5) 

Garnacho-
Montero et al.64 

2010 

125 Bacteremic 
pneumococcal 

pneumonia patients ≥18 

years 
 

Single center 
(Spain) 

In-hospital 
mortality 

 

Cox 
proportional 
regression 
analysis. 

 

Sepsis severe or septic 
shock at admission 

5.1 (1.6-15.7) 

1st adequate antibiotic 
dose ≥4 h 

2.6 (1.1–6.5) 

Age ≥65 4.0 (1.9-8.6) 

Rello et al.65  
2010 

228 Bacteremic 
pneumococcal 

pneumonia patients ≥18 

years 
 

Single centre 
(US) 

30-day 
mortality 

 

Multiple 
logistic 

regression 
 

HCAP 5.6 (1.9-16.6) 

Need for vasopressors 4.2 (1.4-13.0) 

PaO2//FIO2 < 250 3.9 (1.4-10.7) 
0.47 (0.2-1.0) 

Berjohn  et al.66 
2008 

363 Bacteremic 
pneumococcal 

pneumonia patients ≥18 

years 

Multicenter  
(US) 

In-hospital 
mortality 

Multiple 
logistic 

regression 

At least one active 
antibiotic in < 4 hours 

0.47 (0.2-1.0) 

Chi et al.67 
2006 

200 Bacteremic 
pneumococcal 

pneumonia patients ≥ 
65 years 

 

Single center 
(US) 

All-cause 
mortality 
within 30 

days 

Multiple 
logistic 

regression 

Age ≥ 85 6.6 (1.0-43.1) 

Coronary artery disease 4.6 (1.4-14.5) 

Immunocompromosing 
conditions 

5.0 (1.6-15.7) 

Dwyer et al.68 
2006 

340 Bacteremic 
pneumococcal 

pneumonia patients 

Multicenter 
(Sweden, 

Canada,  Spain, 

In-hospital 
mortality 

 

Multiple 
logistic 

regression 

Age >65 2.6 (1.2-5.9) 

> 2 lung lobes affected 2.2 (1.0-4.7) 

APS 8-14 8.3 (2.1-54.9) 
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US, UK) APS 14-17 23.8 (4.8-180.3) 

APS ≥ 18 53.8 (11.8-
395.0) 

Weiss et al.69 
2004 

95 Bacteremic 
pneumococcal 

pneumonia patients ≥18 

years 
 

Single centre 
(Canada) 

In-hospital 
mortality 

 

Miettinen's 
formula 

Septic Shock 6.2 (1.8-21.4) 

Beta-lactam and 
macrolide treatment 

within 48 hours 

0.2 (0.07-0.7) 

Septic Shock 6.2 (1.8-21.4) 

Lujan et al. 70 
2004 

100 Patients aged >=18 yrs 
with diagnosis of CAP 
where S. pneumonia 
was documented in 

blood cultures 

Single centre 
(Spain) 

28-day 
mortality 

 

Multiple 
logistic 

regression 
NCCLS 

1999 

Previous hospitalization 8.9 (2.0-38.7) 

COPD 6.7 (1.5-29.5) 

Multilobar involvement 8.1 (1.9-35.5) 

Discordant therapy 5.7 (0.72-45.3) 

Multiple 
logistic 

regression 
NCCLS 

2002 

Previous hospitalization 8.0 (1.5-42.7) 

COPD 9.2 (1.7-49.8) 

Multilobar involvement 14.3 (2.4-85.0) 

Martinez et al.44 
2003 

409 Bacteremic 
pneumococcal 

pneumonia patients 

Single center 
(Spain) 

In-hospital 
mortality 

Multiple 
logistic 

regression 

Age ≥ 65 2.5 (1.1-5.7) 

Shock 18.3 (7.5-45.0) 

Macrolide therapy 0.4 (0.2-0.9) 

Macrolide + penicillin 
resistance 

3.1 (1.1-9.2) 

Mufson et al. 71 
1999 

308 Adults (15 years of age 
and older) and children 

(14 years of age and 
younger) with 

bacteremic 
pneumococcal 

pneumonia 

Multicenter 
(US) 

In-hospital 
mortality 

Univariate 
analysis 

Chronic renal disease 5.0 (1.9–12.7) 

Arteriosclerotic heart 
disease 

2.4 (1.1–5.2) 

Cancer 2.2 (1.0–5.1) 

≥ 1 of 6 underlying 
diseases 

2.0 (1.0–4.1) 
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CHAPTER 2: PROGNOSTIC FACTORS ASSOCIATED WITH ADVERSE 

OUTCOMES IN PAITENTS WITH BACTEREMIC PNEUMOCOCCAL 

PNEUMONIA 

 

2.1 Introduction 

Community-acquired pneumonia (CAP) is a significant cause of morbidity and mortality 

worldwide 1. Streptococcus pneumoniae (hereafter, “pneumococcus”) remains the most 

commonly identified pathogen in CAP, and is responsible for 30-40% of all 

diagnostically confirmed cases 2. It has been estimated that 25% of cases of 

pneumococcal pneumonia are associated with bacteremia.3 Complications of bacteremic 

pneumococcal pneumonia (BPP) are diverse and range from adult respiratory distress 

syndrome to septic shock and death 4. Case fatality rates in adults with BPP are 15 to 

36% despite continued advances in antibiotic therapy and supportive care.5-7 

Furthermore, major complications (e.g., need for mechanical ventilation, heart failure, 

acute kidney injury) occur in a large proportion of patients who survive pneumococcal 

bacteremia.8 Thus, there is interest in identifying novel prognostic markers to identify 

those at highest risk of adverse events associated with BPP before they occur.   

 

Several studies have reported prognostic factors associated with mortality in patients with 

BPP including extremes of age, alcohol abuse, certain comorbidities, severity of 

presenting illness, late antibiotic treatment, and CAP guideline-discordant therapy.9-12 
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However, the findings from these studies are often contradictory, and the generalizability 

of 3 of these studies is limited due to small study sample sizes (all less than 150 patients), 

9-11 missing data, 12 or uncontrolled confounding. Furthermore, studies examining in-

hospital complications in BPP patients are even more limited, 8,13 and to our knowledge 

prognostic factors associated with in-hospital complications in patients with BPP have yet 

to be examined in detail.  

 

Therefore, we used a large clinically rich prospective population-based cohort to evaluate 

potential prognostic factors associated with mortality and major in-hospital complications 

in adults with BPP.  

 

2.2 Methods 

Setting and Subjects 

Since 1998, all cases of IPD in the province of Alberta are classified as notifiable 

diseases and therefore are reported to the Provincial Health Office. As a result of this 

reporting requirement, identified S. pneumoniae isolates from IPD cases in Alberta are 

forwarded to the Provincial Laboratory for Public Health in Edmonton, Alberta, for 

serotyping and antimicrobial susceptibility trend analysis.14,15 The definition of IPD 

followed the Canadian national case definition: isolation of S. pneumoniae from a 

nonsterile site such as blood, cerebrospinal fluid, pleural fluid, biopsy tissue, joint 

aspiration, pericardial fluid or peritoneal fluid.16 The database used for this survey 

encompassed IPD cases that occurred in Northern Alberta, Canada (population: 

2,060,03917)  between January 1, 2000 and December 31, 2010. From this population, we 
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restricted our study to adult patients (≥18 years) with clinically diagnosed pneumonia 

who had pneumococcal bacteremia (Figure 1).  

 

Data collection  

All identified cases of bacteremic pneumococcal pneumonia (BPP) were reviewed in 

detail by trained research nurses who have had much prior experience in this field using a 

data collection tool previously described.18,19 Information collected included 

sociodemographic data, pre-existing comorbid conditions, and prescription drug history, 

lifestyle factors (e.g., smoking status, alcohol intake, illicit drug use), and clinical data 

(e.g., chest radiograph findings, antibiotic treatments). We classified antibiotic treatments 

according to whether or not they were concordant or discordant with clinical practice 

guidelines for the empiric treatment of CAP.20,21  

 

S. pneumoniae Characterization 

Optochin susceptibility and bile solubility assays were used to confirm that isolates were 

S. pneumoniae.14,15 Serotyping of all isolates was performed using the Quellung 

reaction22 and grouped according to previous literature into: low case fatality rates (CFR) 

serotypes (1, 4, 5, 7F,  8) vs high CFR serotypes (3, 6A, 6B, 9N, 9V, 12F, 14, 19A, 19F, 

22F, 23F).12,23 All “other” serotypes identified from cases in our survey (2, 7C, 9L, 10A, 

10F, 11A, 11B, 11F, 13, 15A, 15B, 15C, 16F, 17F, 18A, 18B, 18C, 18F, 20, 22A, 23A, 

23B, 28A, 29, 31, 33A, 33F, 34, 35A, 35B, 35C, 35F, 37, 38, 40, 42) were subsequently 

classified as high CRF category because there were similar patient characteristics and 
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nearly identical CFRs as observed with the high CFR serotypes (22% in high CRF 

serotypes vs 17% in low CRF serotypes). 

 

Outcomes 

Our primary outcome of interest was in-hospital mortality. The secondary end-point of 

interest was any major in-hospital complication, defined as the presence of one or more 

of: need for mechanical ventilation, adult respiratory distress syndrome (ARDS) not 

needing mechanical ventilation, major adverse cardiovascular events (MACE, including 

unstable angina, myocardial infarction, heart failure, or cardiac arrest), liver failure, acute 

kidney injury, stroke, seizure, or acute aspiration associated with the presenting illness. 

All outcomes were obtained by detailed chart review and adjudicated by medical experts 

as previously described. 

 

Statistical Analysis  

Descriptive data using appropriate statistical tests were undertaken.  Adjusted odd ratios 

were estimated using multivariable logistic regression. All potential prognostic variables 

listed in Table 2-1 were adjusted for in our analysis.  The c-statistic (area under the 

receiver-operating characteristic [ROC]) was used to describe overall predictive model 

accuracy and the Hosmer-Lemeshow test statistic was used to assess the model’s 

goodness-of-fit. All analyses were performed with Stata SE, version 12.1 (Stata, College 

Station, Tex).   

 

Sensitivity Analyses 
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We conducted several sensitivity analyses to evaluate the robustness of our study results. 

First, we restricted analyses to those 65-years and older because these patients are at a 

substantially increased risk of mortality.24 Second, we stratified by sex, because females 

with IPD have a much higher risk of mortality than males.25 Third, we stratified our 

analysis based on low vs high CFR serotypes.23  Fourth, we reclassified our CFR 

serotypes as low vs high vs “other” rather than collapsing the latter two categories. 

 

2.3 Results 

Our cohort consisted of 1636 adults with BPP; mean age was 54 (SD 18) years, 434 

(27%) were over the age of 65 years, and 931 (57%) were male. COPD, mental health 

disorders, and cardiac disease were the most frequent comorbidities, and in terms of 

lifestyle factors, 51% of patients were non-smokers and 25% abused alcohol (Table 2-1).  

Overall, 41% had low CFR serotypes and only 4% had been vaccinated with the 

polysaccharide pneumococcal vaccine prior to presentation.  

 

In-Hospital Mortality 

Overall, 226 (14%) patients died in hospital. Compared with those who survived, patients 

who died were older, more likely to reside in a nursing home, and sicker (e.g., more 

comorbidities and medications) and they had more severe BPP (e.g., multilobe 

pneumonia, high CFR serotypes, see Table 2-1). Moreover, patients who died were also 

more likely to have suffered 2 or more major complications than those who survived 

(41% vs 8%, P < 0.001 for difference).  
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In the multivariable analysis, the most important independent prognostic factors for death 

were older age, nursing home residence, community-dwelling dementia, alcohol abuse, 

and the use of acid-suppressing drugs as well as some characteristics of BPP itself and its 

treatment such as multi-lobe pneumonia and use of CAP guideline-discordant antibiotics 

(Table 2-4). Of note, even though less than 5% of patients were vaccinated, 

pneumococcal vaccination was independently associated with lower mortality (adjusted 

odds ratio [aOR], 0.2; 95% CI, 0.05-0.9; P = 0.03). 

 

Major In-Hospital Complications 

Among the 1410 BPP survivors, most patient-level characteristics were similar to those 

we noted for mortality (Table 2-2).  The most common in-hospital complications were 

need for mechanical ventilation (16%), acute aspiration (6%), and MACE (5%) (Table 2-

3). In the multivariable analysis, the most important prognostic factors independently 

associated with in-hospital complications were stroke, alcohol abuse, multilobe 

pneumonia, and having a high CFR serotype (Table 2-5). 

 

Sensitivity analyses with respect to mortality 

Restricting analyses to persons 65 years and older, stratifying by sex, categorizing 

according to high CFR serotypes, or reclassifying CFR as low vs high vs other did not 

materially alter the strength of association or statistical significance of any of the 

prognostic factors described in the main analysis for in-hospital mortality or 

complications (Figures 2-2, 2-3, & 2-4).  
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2.4 Discussion 

Using a large clinically rich population based cohort we found that in-hospital mortality 

and major in-hospital complications associated with BPP are still common (14% and 

22%, respectively). Older age and other markers of frailty along with acid suppressing 

drugs were independently associated with in-hospital mortality while alcohol abuse, 

pneumonia severity, and guideline-discordant antibiotic treatments were independently 

associated with both in-hospital mortality and complications. Of note, high CFR 

serotypes were independently associated with both increased mortality and increased 

complications. Though fewer than 1-in-20 patients were documented to have received 

polysaccharide pneumococcal vaccine, it was associated with reduced mortality although 

it did not affect rates of in-hospital complications. 

 

Previous studies have identified older age,10 guideline-discordant antibiotic therapy,9,11 

and multilobe pneumonia,11 as independent factors associated with increased BPP 

mortality. Our work confirms this and extends these findings to other markers of frailty 

beyond older age such as nursing home residence and community-dwelling dementia. 

Though acid-suppressing drugs are associated with an increased risk of pneumonia and 

an increased risk of recurrent pneumonia,19 our findings that acid-suppressing drugs are 

associated with increased mortality was somewhat unexpected. It has been suggested that 

these medications may intensify the severity of an infection by promoting acid-

suppression and bacterial overgrowth, which would increase the risk for mortality 

particularly among elderly patients.19  
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Our study also highlights the potential role of serotypes on adverse outcomes, which has 

been a controversial topic.23,26 Although we found an association between high CFR 

serotypes and adverse in-hospital events, a recent comparable study involving 1580 adult 

patients with BPP by Naucler et al. found that the effect of serotypes on mortality was 

mitigated after adjusting for age, sex and Charlson Index.12 Conversely, a study by 

Harboe et al. composed of 18,858 patients with IPD found that specific pneumococcal 

serotypes increased the risk of IPD associated mortality after adjusting for age and 

comorbidity.27 Our study is consistent with the larger study of Harboe et al.27 and 

supports the idea that pneumococcal serotypes are an important prognostic factor for in-

hospital adverse events in BPP patients. Although knowing the pneumococcal serotype 

may not necessarily change the antibiotic therapy for a patient, these patients may be 

worthy of closer and more intensive monitoring and follow-up, and suggests to us that it 

may be worthwhile to provide serotype information as quickly as possible at the point-of-

care.  

 

Despite its strengths, our study is not without limitations. First, we do not have cause-

specific mortality.  Second, we had little information on the severity of in-hospital 

 complications, only whether they occurred or not. Third, our findings may not be 

generalizable to patients with pneumococcal bacteremia without pneumonia or cases of 

non-pneumonia IPD such as meningitis. Fourth, our data represent adults with BPP prior 

to the era of recommendations to use conjugated vaccines in addition to just 

pneumococcal polysaccharide vaccine in this patient population.28,29 Lastly, our serotypes 

were grouped based on serotype specific CFRs reported by previous meta-analysis and it 
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is possible that certain serotypes were misclassified.23 If this were the case, however, it 

would tend to bias to the null and suggests that, if anything, the associations between 

serotypes and outcomes are stronger than we reported. 

 

The impact of BPP on mortality and in-hospital complications is substantial. Although we 

discovered only two potentially modifiable factors (current use of acid-suppressing drugs 

and treatment with CAP guideline-discordant antibiotics), we have established the 

importance of recognizing frailty and lifestyle factors and our results suggest that more 

rapid availability of pneumococcal serotypes might aid frontline clinicians by helping 

them select out a subgroup of patients destined to have poor outcomes who might benefit 

from more intense monitoring and more rapid intensification of supportive care and 

treatments for their pneumonia. 
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 Table 2-1: Characteristics of 1636 adult patients with bacteremic pneumococcal 

pneumonia, stratified by mortality  

      Mortality   
                No Yes  

Characteristic           (n=1410) (n=226) P-value 

      N (%) or Mean (SD) 

Age, mean (SD) 52 (17) 65 (18) <0.001 
Sex, male 801 (56.8) 130 (57.5) 0.8 
Aboriginal 186 (13.2) 26 (11.5) 0.5 
Nursing home 22 (1.6) 26 (11.5) <0.001 
Non-smoker 663 (47.0) 164 (72.6) <0.001 
Underlying condition   

Dementia 16 (1.1) 15 (6.6) <0.001 
Mental health disorder  241 (17.1) 40 (17.7) 0.8 
Stroke 48 (3.4) 17 (7.6) 0.003 
Cardiac disease 205 (14.5) 65 (28.8) <0.001 
Anemia 93 (6.6) 27 (11.9) 0.004 
Diabetes 180 (12.8) 38 (16.8) 0.096 
Asplenia 11 (0.8) 1 (0.4) 0.6 
Auto-immune disorder 147 (10.4) 27 (11.9) 0.6 
AIDS 76 (5.4) 9 (4.0) 0.4 
Cancer 161 (11.4) 52 (23.0) <0.001 
Immunosuppressive 
therapy 

96 (6.8) 30 (13.3) 0.001 

Musculoskeletal disorder 211 (15.0) 51 (22.6) 0.004 
Asthma 174 (12.3) 21 (9.3) 0.2 
COPD 282 (20.0) 64 (28.3) 0.004 
Hepatic cirrhosis 58 (4.1) 19 (8.4) 0.005 
GI Bleed 33 (2.3) 12 (5.3) 0.011 
Renal disorder 56 (4.0) 25 (11.1) <0.001 

≥ 3 other comorbidities 203 (14.4) 58 (25.7) <0.001 
Alcoholism 346 (24.5) 67 (29.6) 0.1 
Illicit drug use 315 (22.3) 35 (15.5) 0.021 
Multilobe pneumonia 309 (21.9) 91 (40.3) <0.001 
Guideline-discordant 
antibiotics 

242 (17.2) 91 (40.3) <0.001 

≥ 3 non-antibiotic 
medications 

549 (38.9) 139 (61.5) <0.001 

Acid suppressing drugs 223 (15.8) 72 (31.9) <0.001 
Bronchodilators 270 (19.1) 60 (26.5) 0.01 
Bronchioanti-inflammatories 65 (4.6) 15 (6.6) 0.2 
Pneumococcal vaccine 69 (4.9) 2 (0.9) 0.006 
Serotypes by case fatality rates   
Low 624 (44.3) 44 (19.5) Ref 
High 786 (55.7) 182 (80.5) <0.001 
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Table 2-2: Characteristics of 1410 surviving adult patients with bacteremic 

pneumococcal pneumonia, stratified by in-hospital complications 

                    In-hospital complications 
                 No Yes  

Characteristic           (n=1095) (n=315) P-value 

 N (%) or Mean (SD) 

Age, mean (SD) 51 (17) 55 (16) <0.001 
Sex, male 614 (56.1) 187 (59.4) 0.3  
Aboriginal 137 (12.2) 49 (15.6) 0.2 
Nursing home 13 (1.2) 9 (2.9) 0.035 
Non-smoker 582 (53.2) 165 (52.4) 0.8 
Underlying condition    

Dementia 11 (1.0) 5 (1.6) 0.4 
Mental health disorder  174 (15.9) 67 (21.3) 0.025 
Stroke 27 (2.5) 21 (6.7) <0.001 
Cardiac disease 128 (11.7) 59 (18.7) 0.001 
Anemia 65 (5.9) 28 (8.9) 0.063 
Diabetes 129 (11.8) 51 (16.2) 0.039 
Asplenia 6 (0.5) 5 (1.6) 0.065 
Auto-immune disorder 115 (10.5) 32 (10.2) 0.9 
AIDS 61 (5.6) 15 (4.8) 0.6 
Cancer 141 (12.9) 20 (6.3) 0.001 
Immunosuppressive therapy 70 (6.4) 26 (8.3) 0.248 
Musculoskeletal disorder 93 (8.5) 40 (12.7) 0.024 
Asthma 142 (13.0) 32 (10.2) 0.182 
COPD 187 (17.1) 95 (30.2) <0.001 
Hepatic cirrhosis 38 (3.5) 20 (6.3) 0.023 
GI Bleed 23 (2.1) 10 (3.2) 0.266 
Renal disorder 38 (3.5) 18 (5.7) 0.072 

≥ 3 other comorbidities 134 (12.2) 69 (21.9) <0.001 
Alcoholism 221 (20.2) 125 (39.7) <0.001 
Illicit drug use 244 (22.3) 71 (22.5) 0.9 
Multilobe pneumonia 183 (16.7) 126 (40.0) <0.001 
Guideline-discordant 
antibiotics 

174 (15.9) 68 (21.6) 0.018 

≥ 3 non-antibiotic medications 391 (35.7) 158 (50.2) <0.001 
Acid suppressing drugs 157 (14.3) 66 (21.0) 0.005 
Bronchodilators 207 (18.9) 63 (20.0) 0.7 
Bronchioanti-inflammatories 49 (4.5) 16 (5.1) 0.7 
Pneumococcal vaccine 55 (5.0) 14 (4.4) 0.7 
Serotypes by case fatality rates    
Low  534 (48.8) 90 (28.6) Ref 
High 561 (51.2) 225 (71.4) <0.001 
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Table 2-3: Major in-hospital complications from bacteremic pneumococcal 

pneumonia according to mortality 

     Mortality  

 No Yes P-value 

Complication n=1410 n=226  

 N (%) or Mean (SD)  

Mechanical ventilation 229 (16.2) 116 (51.3) <0.001 

Acute aspiration 81 (5.7) 46 (20.4) <0.001 

MACE 71 (5.0) 63 (27.9) <0.001 

Acute kidney injury 38 (2.7) 28 (12.4) <0.001 

Seizure 24 (1.7) 14 (6.2) <0.001 

Liver failure 17 (1.2) 15 (6.6) <0.001 

Stroke 4 (0.3) 6 (2.7) 0.001 

ARDS without ventilation 3 (0.2) 5 (2.2) <0.001 

Any major complication 315 (22.3) 158 (70.0) <0.001 

≥ 2 complications 111 (7.9) 92 (40.7) <0.001 
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Table 2-4: Characteristics independently associated with in-hospital mortality: 

multivariable logistic regression  

Characteristic Adjusted OR 

(95% CI) 

P-value 

Age (per decade) 1.5 (1.3-1.7) <0.001 

Nursing home 3.7 (1.8-7.4) <0.001 

Non-smoker 1.9 (1.3-2.7) 0.002 

Alcoholism 2.2 (1.4-3.4) <0.001 

Underlying condition   

Dementia 3.7 (1.6-8.6) 0.003 

Cancer 1.5 (1.0-2.3) 0.076 

Guideline-discordant 
antibiotics 

3.4 (2.4-4.8) <0.001 

Acid suppressing drugs 1.5 (1.0-2.3) 0.036 

Multilobe pneumonia 2.6 (1.8-3.6) <0.001 

High CFR serotype 1.8 (1.2-2.8) 0.003 

Pneumococcal vaccine 0.2 (0.05-0.9) 0.033 

*Adjusted for all other variables presented in Table 2-1; Only those variables with P < 
0.1 included in Table; Hosmer Lemeshow goodness-of-fit test P = 0.6 and c-statistic = 
0.83 
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Table 2-5: Characteristics independently associated with suffering any in-hospital 

complication 

Complication Adjusted OR 

(95% CI) 

P-value 

Alcoholism 3.2 (2.3-4.6) <0.001 

Underlying condition   

Stroke  2.3 (1.1-4.6) 0.020 

AIDS 0.5 (0.3-1.0) 0.050 

Cancer 0.3 (0.2-0.5) <0.001 

COPD 2.0 (1.3-2.9) 0.001 

Guideline-discordant 
antibiotics 

1.7 (1.2-2.4) 0.005 

≥ 3 other non-antibiotic 
medications 

1.7 (1.2-2.4) 0.006 

Multilobe pneumonia 3.9 (2.9-5.4) <0.001 

High CFR serotype 2.8 (2.0-2.9) <0.001 

*Adjusted for all other variables presented in Table 2-1; Only those variables with P < 
0.1 included in Table; Hosmer Lemeshow goodness-of-fit test P = 0.3 and c-statistic = 
0.78 
 

  



 46 

Figure 2-1: Selection of adult patients admitted to northern Alberta hospitals with 

Bacteremic Pneumococcal Pneumonia (BPP)  

 

 

 

 

 

 

 

 

  

2656 cases of IPD 
reported to the Provincial 

Health Office 

1020 Excluded 
  
 680 No pneumonia diagnosis 
 133 Were not admitted between 2000-2010 
 199 Are <18 years of age 
    7  Duplicate entries 
    1  Missing sex  

1636 BPP cases for study 
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Figure 2-2: Stratified analysis on associations of significant host factors and in-

hospital mortality 
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Figure 2-3: Stratified analysis on associations of significant host factors and in-

hospital complication
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Figure 2-4: Adjusted association between in-hospital mortality or in-hospital 

complications and pneumococcal serotypes by case fatality rate – using low case 

fatality rate as the reference category 
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CHAPTER 3:  SMOKING AND REDUCED MORTALITY IN BACTEREMIC 

PNEUMOCOCCAL PNEUMONIA 

 

3.1 Introduction 

Streptococcus pneumoniae is the most common cause of community-acquired pneumonia 

(CAP) and it remains an important cause of morbidity and mortality among adults 

worldwide.1 For example, at least one-fifth of all CAP is a result of S. pneumoniae, and in 

2013, more than 2200 cases of bacteremic pneumococcal pneumonia (BPP) occurred in 

the United States.2 The case fatality rate for pneumococcal pneumonia is approximately 

5-7% 3 while the case fatality rate for BPP is reportedly as high as 33%.4 Risk factors for 

developing CAP in general, and pneumococcal pneumonia (with or without bacteremia) 

more specifically include older age, immune-compromised status, alcoholism, chronic 

lung diseases, and current smoking.1,5   

 

While it may not be surprising that current smoking is a risk factor for developing CAP 

(and specifically pneumococcal pneumonia), three large (~ 70,000 total patients) cohorts 

studies have also suggested that current smoking is independently associated with a lower 

risk of mortality among those with pneumonia.6-8 Although not all studies demonstrate 

this finding,9-13 the fact that current smoking is not always consistently a robust risk 

factor for increased mortality in patients with CAP is intriguing and warrants further 

explanation. We hypothesized that one potential mechanism might be related to 

differential acquisition of low vs high case fatality rate [CFR] pneumococcal serotypes 

according to whether or not one smokes.  This is not implausible – for instance, it is 
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known that current smokers with invasive pneumococcal disease are more likely to be 

infected with low CFR serotypes than are non-smokers, although to our knowledge this 

has not been examined in the setting of (pneumococcal) pneumonia.14   

 

To carefully test our hypothesis would require a large population of patients with 

pneumococcal pneumonia who all had documented smoking data and known 

pneumococcal serotypes. To achieve this, we examined a clinically-rich prospective 

population-based cohort of patients with BPP thus ensuring we knew patients had 

pneumonia and knew which serotypes they were infected with.  We had two major 

objectives.  First, we had to demonstrate that current smoking was independently 

associated with reduced mortality in BPP.  Second, we had to undertake stratified and 

adjusted analyses to explore the relationships between smoking status and the CFR of the 

serotypes acquired by these patients to test our hypotheses.   

 

3.2 Methods 

 

 

Subjects and Setting 

 Since 1998, all cases of IPD (and thus, all cases of BPP) identified in Alberta are 

classified as a notifiable disease and therefore must be reported to the Provincial Health 

Office.  Subsequently all pneumococcal isolates from cases of IPD are forwarded to the 

Provincial Laboratory for Public Health in Edmonton Alberta, for serotyping and 

antimicrobial susceptibility trend analysis.15,16 The definition of IPD follows the 

Canadian national case definition: isolation of S. pneumoniae from a normally sterile site 

such as blood, cerebrospinal fluid, pleural fluid, biopsy tissue, joint aspirate, pericardial 
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fluid or peritoneal fluid.15 All cases of IPD identified in Northern Alberta between 

January 1st 2000 to December 31st 2010 (approximate population 2,060,03917) were first 

identified.18 From this population, we restricted our study to all adults (≥18 years) 

hospitalized with pneumonia who had documented pneumococcal bacteremia (i.e 

bacteremic pneumococcal pneumonia)  (Figure 3-1). This study was approved by each 

institutional research ethics committee in the province and received a waiver for the need 

for written informed consent. 

 

Data collection  

Upon reporting of S. pneumoniae isolates, an extensive chart review of all identified 

cases was conducted by trained research nurses.19,20 Optochin susceptibility and bile 

solubility assays were used to confirm that isolates were S. pneumoniae.15,16 Serotyping 

of all isolates was performed by the Quellung reaction using serotype-specific antisera 

from Statens Serum Institute (Denmark) as previously described 21. Additional 

information collected included demographics, pre-existing comorbid conditions, 

prescription drug history, lifestyle factors, and antibiotic treatments. We classified 

empiric antibiotic treatments according to whether or not they were concordant or 

discordant with current clinical practice guidelines for the empiric treatment of 

hospitalized patients with CAP.22,23 

 

Exposures and Outcomes 

Our exposure of interest was current smoking. Smoking status was classified as follows: 

current (i.e. active) smokers, former smokers, and those who never smoked. For analysis 
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purposes, as others have done,5,14 those who never smoked as well as those who were 

former smokers were collectively considered “non-smokers”. We did not collect the 

number of cigarettes per day or pack-years of exposure, and only definitely know that 

patients were current smokers or not. Our primary outcome of interest was all-cause in-

hospital mortality. 

 

Classification of Serotypes According to Case Fatality Rates 

Pneumococcal serotypes were grouped according to published literature reviews and 

classified as low CFR (serotypes 1, 4, 5, 7F, and 8) vs high CFR (serotypes 3, 6A, 6B, 

9N, 19A, 19F, 23F).24,25 The remaining “other” serotypes identified in the study, (2, 7C, 

9L, 9V, 10A, 10F, 11A, 11B, 11F, 12F, 13, 14, 15A, 15B, 15C, 16F, 17F, 18A, 18B, 

18C, 18F, 20, 22A, 22F, 23A, 23B, 28A, 29, 31, 33A, 33F, 34, 35A, 35B, 35C, 35F, 37, 

38, 40, 42) were classified as high CFR because preliminary analyses indicated these 

serotypes had similar patient characteristics and in-hospital mortality rates as observed 

with the high CFR serotypes (22% (78/358) in high CRF compared with 17% (104/610) 

in the other non-low non-high serotypes).  

 

Statistical analysis 

We undertook descriptive statistics using tests appropriate to the data (e.g. chi-squared 

and Student’s t-test).  To evaluate the independent association between current smoking 

and in-hospital mortality we used multivariable logistic regression analyses and adjusted 

for all of the demographic, clinical, and pneumonia-related variables presented in Table 

3-1.  Then we evaluated the interplay between current smoking (vs not) and low CFR 
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serotypes (vs not) by directly testing this interaction term. The c-statistic (area under the 

receiver-operating characteristic [ROC]) was used to describe overall predictive model 

accuracy and the Hosmer-Lemeshow test statistic was used to assess the model’s 

goodness-of-fit.  

 

Sensitivity analysis 

To assess the robustness of our results, first we repeated the entire analysis after 

excluding patients under the age of 65-years, since older patients are already at increased 

risk of mortality.26 Second, we restricted our analysis to males, because they are known to 

have a lower risk of mortality than females.25 Third, we excluded former smokers rather 

than group them with never-smokers, and re-ran all analyses. Fourth, we excluded all of 

the “other” CFR (that is, non-high non-low) serotypes rather than group them with high 

CFR and re-ran all analyses.  Fifth, in Alberta, outbreaks of low CFR serotype 8 (2005) 

and low CFR serotype 5 (2006) were known to have occurred.27 Therefore, to ensure that 

these two outbreaks did not affect our analysis we excluded all patients with serotypes 5 

and 8, and re-ran all analyses. Sixth, we repeated our analysis including the variable of 

any major in-hospital complication to determine its affect on the association between 

smoking and in-hospital mortality. Seventh, a recent study has demonstrated an 

association between high CFR serotypes and individuals who are immunocompromised,28 

and therefore we excluded patients with immunocompromising conditions according to 

the recent Advisory Committee on Immunization Practices (ACIP) guidelines for adult 

pneumococcal vaccination and re-ran our analysis.29 Lastly, to ensure differences in 

comorbidities were not driving our results, we further adjusted our analyses for the 
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Charlson index score.30 All analyses were performed with Stata SE, version 12.1 (Stata, 

College Station, TX). 

 

3.3 Results 

The final study cohort consisted of 1636 adults hospitalized with BPP.  Average age was 

54 (SD 18) years, 434 (27%) patients were over the age of 65 years, 931 (57%) patients 

were male, and almost half (n=809, 49%) the cohort were current smokers.  Relative to 

non-smokers, current smokers tended to be younger, more likely male, and to be 

homeless (Table 3-1).  Of note, although current smokers were more likely to abuse 

alcohol or illicit drugs, they also had fewer comorbidities and used fewer medications 

than non-smokers (Table 3-1).  Overall, 226 (14%) patients with BPP died in hospital.   

  

3.3.1 Smoking and Mortality 

Overall, 62 current smokers died compared with 164 non-smokers (8% vs 20% mortality 

for non-smokers, P<0.001). After adjusting for all the variables presented in Table 3-1, 

current smoking was independently associated with reduced in-hospital mortality 

(adjusted odds ratio (aOR), 0.52; 95% CI, 0.36-0.77; P = 0.001 and see Table 3-2).  

 

Serotypes and Mortality 

Overall, 668 (41%) patients were infected with low CFR serotypes while 968 (59%) were 

infected with high CFR serotypes (Table 3-3). After adjustment for all the variables in 

Table 3-1, the low CFR serotype group was independently associated with decreased 
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mortality relative to the high CFR group (7% vs 19% mortality for high CFR, aOR. 0.54; 

95% CI, 0.36-0.82; P = 0.003) (Table 3-4).  

 

Interplay of Smoking, Serotypes, and Mortality 

Current smokers were more likely to be infected with low CFR serotypes than were non-

smokers (429 (53%) current smokers vs 239 (29%) non-smokers, aOR, 1.67; 95%CI, 

1.31-2.12, P<0.001 and Figure 3-2).  In particular, current smokers were more likely to 

be infected with low CFR serotypes 5 and 8, while non-smokers were more likely to be 

infected with high CFR serotypes 6A, 6B, 14, 19A, 19F, 22F, and 23F (Figure 3-2, 

Table 3-5).  In the same mortality models that were presented earlier, adjustment for 

CFR serotype did not eliminate the independent association between current smoking and 

mortality (aOR, 0.52; 95% CI, 0.36-0.77; P = 0.001 ) (Table 3-4) and the interaction term 

testing current smoking (vs not) X low CFR (vs not) was not statistically significant 

(adjusted P-value = 0.12).    

 

Sensitivity analysis 

The results of sensitivity analyses are displayed in Figure 3-3.  Restricting analyses to 

patients 65-years and older or to males did not substantially change the adjusted odds 

ratio for current smoking and in-hospital mortality, although the findings were no longer 

statistically significant for the former.  Similarly, excluding former smokers and “other” 

CFR serotypes did not materially change our findings. Excluding ‘other’ CFR serotypes 

altogether or the low CFR serotypes associated with outbreaks did not change our 

findings. Addition of major in-hospital complication to our model did not significantly 
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change our findings. Moreover, exclusion of immunocompromised individuals further 

decreased the risk of in-hospital mortality in current smokers with BPP. Lastly, adding 

the Charlson Comorbidity Index as a covariate in the model did not materially change our 

results (Figure 3-3).23,31 

 

3.4 Discussion 

In this population-based cohort study of 1636 patients hospitalized with BPP, we found 

that current smoking was independently associated with a nearly 50% reduction of in-

hospital mortality. Similar to other studies, we found that current smokers tended to be 

younger with fewer comorbid conditions, but that they were also more likely to abuse 

alcohol or illicit drugs when compared to non-smokers.9,14 However, these differences in 

patient-level characteristics could not explain the mortality reduction in BPP that we 

observed.  Moreover, while our data showed differential infection with low vs high CFR 

pneumococcal serotypes by smoking status, serotype differences alone could also not 

explain the association between current smoking and lower mortality in BPP that we 

observed.   

 

The results of this study are broadly consistent with three previous studies that have 

suggested that mortality is decreased in current smokers with pneumonia.6-8 One large 

study, involving 62,918 adults hospitalized with CAP found that smoking was 

significantly associated with a reduced risk of in-hospital mortality (adjusted hazard ratio 

0.90 overall, 95% CI 0.68-0.91 and 0.79 in those who were vaccinated against 

pneumococcus, 95% CI 0.82-0.99)7 while another study (n=3233) similarly found a 
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significant reduction in mortality among current smokers with CAP (adjusted OR 0.5; P 

< 0.05).8  

 

Conversely, in a prospective cohort study by Bello et al. composed of adults with 

pneumococcal CAP, smokers were found to have an increased risk of 30-day mortality 

(aOR, 5.0; 95% CI, 1.8-13.5; P = .001).9 However, this study was limited by sample size 

(only 10 of 35 deaths were in current smokers) and was not restricted to BPP. Similarly, 

Naucler et al. evaluated 1580 adult patients with BPP and found that smokers had an 

increased risk of 30-day mortality (aOR, 1.79, 95% CI, 1.02-3.14).25 This study, however 

is difficult to interpret as 1 in 5 patients had missing data for smoking status – and it is 

more than likely that missingness for smoking status would be associated with adverse 

events.  By examining a clinically rich and complete population based cohort of patients 

with BPP, we think we have overcome some of the limitations of these prior studies. 

 

Why should current smoking be associated with lower mortality in BPP?  We have 

demonstrated that a potentially likely explanation is a predilection for infection with low 

CFR serotypes.  Indeed, we found that low CFR serotypes (especially serotypes 5 and 8) 

were more common in current smokers than non-smokers.  One previous study also 

supports the idea that smokers may be predisposed to serotype 8 and other low CFR 

serotypes.14 The biological mechanism for this is unknown, although it has been 

hypothesized that current smokers may have a different environmental niche in their 

nasopharynx, allowing for increased adhesion by certain specific pneumococcal 

serotypes.32 This could also partially explain why current smokers are at an increased risk 
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for developing IPD on the one hand but at lower risk of IPD-related mortality on the 

other.33 Alternately, our results may be related to residual confounding, particularly since 

CFR of serotypes did not explain the entire mortality advantage with current smoking that 

we observed. 

 

Our study has important limitations. It is important to note that a seven valent 

pneumococcal conjugated vaccination (PCV7) program was begun in Alberta in 2002. 

The PCV7 includes serotypes 4, 6B, 9V, 14, 18C, 19F and 23F, but not serotypes 5 and 

8.15 Some studies have shown that the prevalence of certain pneumococcal serotypes in 

adults decreased over time after the introduction of the PCV7.34,35 Furthermore, providers 

may have been more likely to vaccinate children at the start of the program if they knew 

they had second-hand smoke exposure (i.e. another adult current smoker in the 

household), which may have affected heard immunity. Whether this pediatric vaccination 

program resulted in a shift in IPD in adults in Alberta or could have potentially affected 

our study results is unknown but it is difficult to explain why such shifts would only 

affect current smokers. Ideally, although we could not do this, we would attempt to 

compare our results to patients hospitalized with non-pneumococcal bacteremic 

pneumonia and demonstrate that current smokers do not have a mortality advantage in 

that setting – fulfilling “specificity” in the Bradford-Hill criteria.   

 

Second, we had little information about the current amount or total duration of current 

smoking, and therefore we could not investigate a dose-response relationship. Third, and 

a priori, we relied on previous literature to classify our pneumococcal serotypes and then 
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collapsed 56 different types into two categories. Therefore, it is possible certain serotypes 

may have been classified incorrectly, although this would tend to bias to the null. Fourth, 

our study may have been influenced by collider-stratification bias.36-38 Collider bias is a 

type of selection bias that can be inadvertently introduced into observational studies by 

adjusting, restricting, or stratifying on a common “effect” related to both the exposure 

and outcome.36,38 For example, studies have shown an inverse association between low 

birth weight and neonatal mortality in women who smoke.38 Birth weight was found to be 

a collider, which created associations between factors affecting birth weight that are 

normally independent (e.g. maternal smoking, 39 or multiple pregnancies, 40) but appeared 

correlated within the different strata of birth weight.38 The result of the collider-

stratification was a potentially biased estimate of neonatal mortality in low birthweight 

babies of mothers who smoked.38 The consequence of collider bias in our study, if it 

existed, might lead to a spurious association between smoking and mortality although we 

could not even predict the direction of bias.  Last, although our data was collected from a 

large geographical region in Canada, some may be concerned that our results cannot be 

generalized to other settings.   

   

In summary, our findings suggest that current smokers with (bacteremic) pneumococcal 

pneumonia have a decreased risk of in-hospital mortality when compared with non-

smokers, and we believe that this finding may be partly explained by the observation that 

current smokers are more likely to be infected with low CFR serotypes. Elucidating the 

mechanisms for this differential acquisition of pneumococcal serotypes would be 

important from both a research and public health perspective.   
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Table 3-1: Characteristics of 1636 adult patients with bacteremic pneumococcal 

pneumonia (BPP) by smoking status 

 Current smoker  

 No Yes P-value 

Characteristic (n=827) (n=809)   

Age (years) 59.4 ± 19.2 48.3 ± 14.5 <0.001 

Male sex 444 (53.7) 487 (60.2) 0.008 

Aboriginal 84 (10.2) 128 (15.8) 0.001 

Nursing home 44 (5.3) 4 (0.49) <0.001 

Homeless 45  (5.4) 117 (14.5) <0.001 

Underlying condition   

      Dementia 25 (3.0) 6 (0.7) <0.001 

      Stroke 42 (5.1) 23 (2.8) 0.021 

      Cardiac disease 161 (19.5) 58 (7.2) <0.001 

      Diabetes 129 (15.6) 89 (11.0) 0.006 

      AIDS 28 (3.4) 57 (7.0) 0.001 

      Asplenia 7 (0.85) 5 (0.62) 0.6 

      Auto-immune    
      disorder 

107 (12.9) 67 (8.3) 0.002 

      Immunosuppressed 91 (11.0) 35 (4.3) <0.001 

      Cancer 141 (17.0) 72 (8.9) <0.001 

      Asthma 92 (11.1) 103 (12.7) 0.3 

      COPD 172 (20.8) 174 (21.5) 0.7 

      Hepatic cirrhosis 38 (4.6) 39 (4.8) 0.8 

Alcoholism 128 (15.5) 285 (35.2) <0.001 

Illicit drug use 89 (10.8) 261 (32.3) <0.001 

≥ 3 other comorbidities 257 (31.1) 173 (21.4) <0.001 

≥ 3 medications 490 (59.3) 272 (33.6) <0.001 

Pneumococcal vaccine 33 (4.0) 38 (4.7) 0.5 

Multilobe pneumonia 197 (23.8) 203 (25.1) 0.6 

Guideline-discordant 
antibiotics 

202 (24.4) 131 (16.2) <0.001 
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Table 3-2:  Characteristics of 1636 adult patients with bacteremic pneumococcal 

pneumonia (BPP) by serotype-specific case fatality rate group 

 CFR group  

 Low High P-value 

Characteristic (n=668) (n=968)  

Age (years) 48.4 ± 15.2 59.0 ± 17.8 <0.001 

Male sex 431 (64.5) 500 (51.6) <0.001 

Aboriginal 115 (17.2) 97 (10.0) <0.001 

Nursing home 4 (0.60) 44 (4.5) <0.001 

Homeless 109 (16.3) 53 (5.5) <0.001 

Underlying condition   

      Dementia 7 (1.0) 24 (2.5) <0.001 

      Stroke 9 (1.3) 47 (4.9) <0.001 

      Cardiac disease 38 (5.7) 181 (18.7) <0.001 

      Diabetes 52 (7.8) 166 (17.1) <0.001 

      AIDS 33 (4.9) 52 (5.4) 0.7 

      Asplenia 1 (0.15) 11 (1.1) 0.022 

      Auto-immune  
      disorder 

37 (5.5) 137 (14.2) <0.001 

      Immunosuppressed 18 (2.7) 108 (11.2) <0.001 

      Cancer 42 (6.3) 171 (17.7) <0.001 

      Asthma 81 (12.1) 114 (11.8) 0.8 

      COPD 106 (15.9) 240 (24.8) <0.001 

      Hepatic cirrhosis 18 (2.7) 59 (6.1) 0.001 

Alcoholism 206 (30.8) 207 (21.4) <0.001 

Illicit drug use 207 (31.0) 143 (14.8) <0.001 

≥ 3 other comorbidities 101 (15.1) 329 (34.0) <0.001 

≥ 3 medications 199 (29.8) 563 (58.2) <0.001 

Pneumococcal vaccine 24 (3.6) 47 (4.9) 0.2 

Multilobe pneumonia 158 (23.7) 242 (25.0) 0.5 

Guideline-discordant 
antibiotics 

112 (16.8) 221 (22.8) 0.003 
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Table 3-3: In-hospital mortality model without CFR serotypes  

 

Characteristic Adjusted OR 

(95% CI) 

P-value 

Current smoker 0.51 (0.35-0.75) 0.001 

Age (per decade) 1.47 (1.29-1.67) <0.001 

Nursing home 3.40 (1.72-6.70) 0.001 

Underlying 
conditions 

  

Dementia 3.19 (1.38-7.35) 0.007 

Cancer 1.51 (0.99-2.31) 0.056 

Hepatic cirrhosis 1.99 (1.07-3.72) 0.031 

Alcoholism 2.30 (1.50-3.72) <0.001 

Pneumococcal 
vaccine 

0.19 (0.04-0.80) 0.028 

Multilobe 
pneumonia 

2.53 (1.80-3.54) <0.001 

Guideline-
discordant 
antibiotics 

3.29 (2.33-4.64) <0.001 

*Adjusted for all variables presented in Table 3-1; Only those variables with p<0.1 
included in Table; Hosmer Lemeshow goodness-of-fit test p= 0.98 and c-statistic = 0.82 
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Table 3-4: In-hospital mortality model including low and high CFR serotypes  

 

Characteristic Adjusted OR 

(95% CI) 

P-value 

Current smoker 0.52 (0.36-0.77) 0.001 

Age (per decade) 1.42 (1.24-1.62) <0.001 

Nursing home 3.34 (1.69-6.60) 0.001 

Underlying 
conditions 

  

Dementia 3.27 (1.42-7.53) 0.005 

Cancer 1.47 (0.96-2.24) 0.076 

Hepatic cirrhosis 1.79 (0.95-3.34) 0.070 

Alcoholism 2.32 (1.51-3.56) <0.001 

Pneumococcal 
vaccine 

0.19 (0.04-0.80) 0.024 

Multilobe 
pneumonia 

2.53 (2.29-4.57) <0.001 

Guideline-
discordant 
antibiotics 

3.24 (2.29-4.57) <0.001 

Low CFR serotype 0.54 (0.36-0.82) 0.003 

*Adjusted for all variables presented in Table 3-1; Only those variables with p<0.1 
included in Table; Hosmer Lemeshow goodness-of-fit test p= 0.81 and c-statistic = 0.82 
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Table 3-5: Comparison of pneumococcal serotypes acquired by smokers and non-

smokers 

  All patients  Deaths only  
  Non-

smokers 

Smokers P-value Non-

Smokers 

Smokers P-value 

 Serotype (n=809) (n=827)  (n=164) (n=62)  

 
Low 
CFR 

serotypes 

1 11 (1.3) 17 (2.1) 0.2 1 (0.6) 0 1.00 

4 72 (8.7) 92 (11.4) 0.073 8 (4.9) 9 (14.5) 0.022 

5 68 (8.2) 179 (22.1) <0.001 7 (4.3) 1 (1.6) 0.451 

7F 36 (4.4) 41 (5.1) 0.5 7 (4.3) 0 0.19 

8 52 (6.3) 100 (12.4) <0.001 7 (4.3) 4 (6.5) 0.5 

 
 
 

High 
CFR 

serotypes 

3 62 (7.5) 54 (6.7) 0.5 19 (11.6) 13 (21.0) 0.087 

6A 25 (3.0) 10 (1.2) 0.013 10 (6.1) 2 (3.2) 0.5 

6B 25(3.0) 7 (0.9) <0.001 6 (3.7) 1 (1.6) 0.7 

9N 22 (2.7) 18 (2.2) 0.6 4 (2.4) 0 0.6 

9V 57 (4.2) 42 (3.0) 0.1 4 (2.4) 0 0.6 

12F 17 (2.1) 34 (4.2) 0.012 2 (1.2) 3 (4.8) 0.13 

14 63 (7.6) 22 (2.7) <0.001 6 (3.7) 2 (3.2) 1.00 

19A 65 (5.2) 38 (3.5) 0.008 6 (3.7) 3 (4.8) 0.7 

19F 22 (2.7) 10 (1.2) 0.038 5 (3.0) 1 (1.6) 1.00 

22F 58 (7.0) 34 (4.2) 0.014 11 (6.7) 5  (8.1) 0.7 

23F 22 (2.7) 10 (1.2) 0.038 7 (4.3) 1 (1.6) 0.5 

 *Other 194 (23.5) 129 (16.0) <0.001 54 (32.9) 17 (26.6) 0.5 
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Figure 3-1: Selection of adult patients admitted to northern Alberta hospitals with 

bacteremic pneumococcal pneumonia (BPP)  

 

 

 

 

 

 

 

 

 

  

2656 cases of IPD 
reported to the 

Provincial Health Office 

1020 Excluded 
  
 680 No pneumonia diagnosis 
 133 Were not admitted between 2000-2010 
 199 Are <18 years of age 
    7  Duplicate entries 
    1  Missing sex  

1636 BPP cases for study 
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Figure 3-2: Distribution of pneumococcal serotypes according to low and high case 

fatality rates stratified by smoking status 

 
 

 
 
* P<0.05; ** P<0.001 
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Figure 3-3: Adjusted ORs and 95% CIs for smoking exposure and in-hospital 

mortality for the main model and sensitivity analyses 
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CHAPTER 4: SUMMARY 

 

4.1 Overview of Research 

 
 
One of the most common infections necessitating hospitalization is community-acquired 

pneumonia (CAP).1 Approximately 1 million episodes of CAP occur annually in Canada 

with over 60,000 hospitalizations directly attributed to CAP.2 The highest incidence 

(4200 per 100,000 population) occurs among adults 65 years and older.1 However, 

morbidity and mortality from CAP are appreciably higher irrespective of age compared to 

the general population.  Although CAP is still considered ‘the old man’s friend, the 

relative impact in younger CAP patients (17-25 years) is also substantial with a 2 fold 

increase in absolute risk of death and the highest relative risk of death compared to the 

general population among all age groups.3 Not surprisingly, the economic impact of CAP 

is substantial with an estimated $9 billion US in direct health care costs consumed each 

year.4-6  

 

Although CAP can be caused by numerous pathogens, S. pneumoniae (pneumococcus) is 

the most commonly identified pathogen, and is responsible for at least 30-50% of all 

hospitalized cases.7 Typically, pneumococcal CAP presents as a non-invasive disease, 

and thus 75% of cases represent non-bacteraemic pneumonia.8 Invasive pneumococcal 

disease (IPD) is defined as the isolation of S. pneumoniae from a normally sterile body 

site, where typical presentations include meningitis, bacteremia (source not identified), 

and bacteremic pneumonia.9 In the USA, approximately 40,000 cases of IPD occur 

annually, of which 13,500 occur in adults 65 years of age.10 Furthermore, the most 
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common manifestation of IPD is bacteremic pneumonia, which is responsible for 70% of 

all episodes of IPD in adults.8 The case-fatality rate in BPP has been shown to differ 

significantly (9-33%) between different countries, which may in part be explained by 

differences of disease severity and underlying conditions in the studied population.11-14 

Moreover, mortality rates for adults with BPP have not declined significantly over the 

past few decades.15  

 

The prognosis of patients with BPP ranges from rapid recovery of symptoms without 

functional impairments to serious complications and death. The case-fatality rate in BPP 

has been shown to range between 9-33% depending on the population and origin of 

study.11-14 Moreover, mortality rates for adults with BPP have not declined significantly 

over the past few decades.15 With respect to overall complications of BPP,  in one study 

by Brandenburg et al., 63.3% (n=100/158) of patients with pneumococcal pneumonia 

developed a complication within 30 days of presentation.16 Complications associated 

with pneumococcal pneumonia included respiratory failure, heart failure, renal failure, 

and shock.16 In patients specifically with BPP, Berjohn and colleagues found that 25% of 

patients developed at least one major in-hospital complication.15 However, very few 

studies have evaluated the number of complications among patients who survive their 

initial hospitalization. In a recent study by Blot and colleagues, ARDS, heart failure, and 

mechanical ventilation [6% (9/151), 17% (26/151), and 11% (17/151) respectively] were 

found to be common complications among survivors with BPP.17 Yet, no study has 

examined prognostic factors for in-hospital complications among patients with BPP. 
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4.1.1 Previous Literature on Prognostic Factors for Poor Outcomes in Patients with 

BPP 

 

As discussed in detail in Chapter 1, there are 13 papers that have examined factors 

associated with mortality in patients with BPP.11,13-15,18-27 These studies have reported that 

mortality in patients with BPP is dependent on multiple factors including host factors 

such as age, sex and comorbidities; lifestyle factors such as tobacco smoking, and 

alcohol; bacterial factors such as serotype; and management factors such as antibiotic 

treatment.  

 

In terms of host, 6 articles demonstrated a positive correlation between increasing age 

and mortality.11,14,19,26,28,29 Yet, inconclusive results were reported by three studies when 

investigating the predictive value of sex and mortality.11,14,18  Several comorbid 

conditions including: liver disease,14 renal disease,14 solid tumor,14 coronary artery 

disease,22 chronic obstructive pulmonary disease (COPD),25 and immunocompromising 

disorders,22 have also been shown to be associated with mortality in patients with BPP. 

Inconclusive results have been reported on the association of multimorbidity and 

mortality in patients with BPP.19,30  

 

In terms of lifestyle, 7 studies focused on the association of tobacco smoking and 

alcohols on mortality in patients with CAP have yielded contradictory results.31-38 For 

instance, one case-control,39 and three longitudinal cohort studies,36-38 found that smoking 

reduced the risk of mortality in patients with CAP, while 4 other studies have found an 
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increased risk or no association between smoking and mortality.31-35 Furthermore, only 

one study by Naucler et al. examined the effect of smoking on mortality in patients with 

BPP, in which smoking was found to increase the risk of mortality.14 In two separate 

studies, alcohol abuse was shown to be associated with mortality in patients with BPP.40  

 

In terms of bacterial factors, a meta-analysis by Weinberger et al. found that high CFR 

serotypes are associated with an increased risk of mortality in BPP patients even after 

adjustment for confounding factors such as age and comorbidities.41 Yet, the findings by 

the recent study by Naucler et al. contradicted the study by Weinberger and 

colleagues.14,41  

 

Lastly, increased mortality rates have been reported when initial therapy for BPP was 

discordant.20,25 Yet, whether guideline-concordant antibiotic therapy reduces mortality in 

patients with BPP remains uncertain.  

 

4.1.2 Limitations of Prior Literature Regarding Prognosis of BPP 

 

As detailed in Chapter 1 (Table 1), the majority of the 13 studies that have investigated 

prognostic factors for mortality in patients with BPP have had insufficient sample sizes 

(all <500 patients, ranging from 60-409), which would limit their ability to produce 

reliable findings.11,15,18-27 Further limitations of these studies include missing data, 14 

different subgroups within the population, 21 retrospective design, 11,26 and uncontrolled 

or poorly controlled confounding.22-24 Therefore, research into which factors influence 

mortality in patients with BPP is currently needed. 
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4.2 Objectives 

 

To overcome some of the previous limitations, we aimed to gather further information on 

a wider range of prognostic factors in patients with BPP. To that end, we evaluated 1636 

patients with BPP in Northern Alberta to identify prognostic factors associated with in-

hospital mortality and nonfatal complications in adult patients with BPP using a clinically 

rich population based cohort.  Furthermore, building on the results of the first study, we 

further explored the paradoxical relationship between current smoking and reduced 

mortality in patients with BPP that we uncovered and that has been reported in some5,35,42 

but not all studies31,38,43-45. We paid particular attention to the potential role of 

pneumococcal serotypes because these data have not been available to others looking at 

this topic. These objectives were accomplished using two different, but inter-related, 

studies.  

 

4.3 Summary of Findings  

 

4.3.1 Prognostic Factors for Mortality    

 

Our first study (Chapter 2) shows that in-hospital nonfatal complications and mortality 

are still very high in patients with BPP (14% and 22%, respectively). In our first study, 

we noted three independent prognostic factors, older age, nursing home resident, and 

community-dwelling dementia (which are often associated with ‘frailty’), which 

increased in-hospital mortality among adults with BPP. The finding that increasing age is 
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a significant prognostic factor for mortality is in line with previous literature.11,14,19,26,28,29 

Nursing home resident however, has only been examined in one previous study by Dwyer 

et al. 23, which found no significant association between nursing home resident and 

mortality in patients with BPP.23 However, this study only included 26 nursing home 

patients (vs 48 in our study) and was not powered sufficiently to look at this subgroup 

perhaps accounting for the discrepant findings from ours.23 No other prognostic study 

investigating mortality in patients with BPP has included community-dwelling dementia 

although this finding is consistent with CAP patients overall where community-dwelling 

dementia has been associated with increased mortality.46,47   

 

With respect to modifiable prognostic factors, our results suggested two factors for in-

hospital mortality in patients with BPP. First, as previously stated in Chapter 2, acid-

suppressing medication was an unexpected predictive factor for mortality, as it has only 

been demonstrated to be associated with the reoccurrence of CAP.48 The reason behind 

this observed relationship is not known but acid suppressing drugs may serve as a marker 

for additional comorbidity or frailty or, as it has been speculated in CAP, may increase 

gastric bacteria colonization potentially resulting in more severe infections.48 Further 

studies are needed to confirm the association of acid-suppressing medications on 

mortality in patients with BPP and to further elucidate the potential mechanism to this 

relationship.  Second, we found that guideline-discordant antibiotic therapy is a 

significant predictor of in-hospital mortality in BPP patients. This result is supported by a 

previous study by Martinez et al, which found discordant therapy to be independently 

associated with an increased risk of 28-day mortality in adult patients with BPP.15 Further 
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support for our finding comes from two additional studies that reported a decreased risk 

of mortality in BPP patients receiving adequate antibiotic treatment in less than 4 hours 

after admission.15,24 However, two studies by Naucler et al. and Lugan et al. found no 

significant association between discordant antibiotic therapy and mortality.14,26 Although, 

both studies had very small numbers of deaths in the concordant antibiotic treatment 

groups (n=1 and 5 respectively).  

 

We also confirmed a number of previously documented non-modifiable risk factors for 

mortality.  Of particular note, we determined that high CFR serotypes are independently 

associated with in-hospital mortality. This finding contradicts the results of a recent study 

by Naucler et al., which found that the effect of serotype on mortality was mitigated after 

adjustment for host factors.14 However, Naucler et al. categorized serotypes into three 

categories according to low, medium and high CFR, instead of in two categories, which 

may account for the discrepancy from our results; however reclassifying CFR as low vs 

high vs other did not materially alter the strength of association of any of our prognostic 

factors for in-hospital mortality.  In a study by Lugan et al., low invasive disease potential 

serotypes (3, 6A, 6B, 8, 19F, and 23F) were found to have a seven-fold increase in 

mortality compared with high invasive serotypes (e.g. 1, 5 and 7F) and a four-fold 

increase compared with other serotypes in patients with BPP.14 Since as discussed in 

Chapter 1, pneumococcal serotypes with a low invasive potential are known to be 

associated with a high case fatality rate, the results of the Lugan et al. study are similar to 

ours. Furthermore, our results are in line with a study by Harboe et al. composed of 
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18,858 patients with IPD, which found that high CFR serotypes (e.g. 3, 10A, 11A, 15B, 

16F, 17F, 19F, 31, 35F) were associated with increased mortality (aOR ≥ 3, P < 0.001).49 

 

4.3.2 Prognostic Factors for In-Hospital Complications 

 

In our first study we also noted that the most common in-hospital complications among 

surviving patients with BPP were need for mechanical ventilation (16%), acute aspiration 

(6%), and MACE (5%). In a recent study by Blot and colleagues, cardiac failure and 

mechanical ventilation [17% (26/151), and 11% (17/151) respectively] were also found to 

be two most common complications among survivors with BPP.17   We also determined 

that similar prognostic factors associated with in-hospital mortality were related to in-

hospital complications, although only the use of guideline discordant antibiotics was 

modifiable (OR, 1.7; 95% CI, 1.2-2.4).  Just as with mortality, high CFR serotypes were 

also associated with increased risk of in-hospital complications (OR, 2.8; 95% CI, 2.0-

2.9).  

 

4.3.3 Smoking, Mortality and Role of Serotypes 

 

An unexpected finding from our research related to smoking and mortality. Although 

smoking is known to be a risk factor for CAP in general, its impact on mortality has been 

more controversial.45 For instance, several studies involving patients with CAP have 

shown either no significant association or a negative association between smoking and 

pneumonia related death.31-35,40,44,50 In BPP specifically, one recent study found an 

increased risk between smoking and mortality14, although our results (Chapter 2) do not 
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support this. Indeed, we found a reduced risk of mortality for current smokers. It should 

be noted that the previous study by Naucler et al., had a significant limitation relating to 

missing data (1 in 5 patients had missing data for smoking status).14 Furthermore, our 

results are also not consistent with the study by Bello et al. involving adults with 

pneumococcal CAP where smoking was found to have an increased risk of 30-day 

mortality. This study was limited by sample size (only 10 of 35 deaths were in current 

smokers) and was not specifically restricted to BPP.43 However, our result is consistent 

with three previous studies involving patients with CAP including one large study, 

composed of 62,918 hospitalized adult patients where smoking was significantly 

associated with a reduced risk of in-hospital mortality while the other two studies 

(n=3233 and n=3043 respectively) similarly found a significant reduction in mortality 

among current smokers with CAP.5,35,42   

 

To the best of our knowledge, no study has provided evidence as to why current smokers 

may have a reduced risk of mortality. In our second study (Chapter 3), we found that 

serotypes 5 and 8 were significantly more common in smokers than non-smokers with 

BPP. Furthermore, the low CFR serotype group was independently associated with 

decreased mortality relative to the high CFR group (7% vs 19%, respectively). In a 

similar study by Grau et al., serotype 8 was found to be significantly more prevalent 

among smokers compared to non-smokers with IPD51  and our study is the first to show 

that current smokers with BPP are more likely to have low CFR isolates which may 

partially, or fully, explain the results.  It should be acknowledge however that these 
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results could also be due to selection bias (collider bias), which if present, might lead to a 

spurious association between smoking and mortality. 

 
The exact biological mechanism for why smokers would have an increased likelihood of 

acquiring a low CFR isolate is currently unknown. However, serotypes with a high CFR 

are known to have a thicker polysaccharide capsule compared to serotypes with low 

CFR.41 Thus, one could speculate that exposure to tobacco smoke may decrease the 

ability of respiratory phagocytic cells to detect and subsequently destroy low CFR 

serotypes compared to high CFR serotypes.52 Or perhaps exposure to tobacco smoke 

changes the environmental niche in the nasopharynx, allowing for increased adhesion by 

certain specific pneumococcal serotypes.52 It may also be possible that smokers, 

particularly homeless smokers, often share cigarettes or smoke previously used discarded 

cigarettes, which could lead to increased transmission of specific serotypes among the 

smoking population.53 Indeed, homeless people are 5 times more likely to be infected 

with pneumococcal disease.54 

 

 

4.4 Implications for Practice  
 

 

Accurate prognostication of patients with CAP can allow physicians to make informed 

decision on the most appropriate site of treatment, the extent of diagnostic testing, the 

intensity of management (outpatient vs. medical floor vs. ICU) and the type and intensity 

of antibiotic treatment.55 Current clinical guidelines recommend that clinicians’ use 

validated clinical prediction indices such as the PSI or CURB-65 for determining the 

initial prognosis of patients with CAP.55 Current clinical guidelines recommend that 
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clinicians’ use validated clinical prediction indices such as the PSI, CURB-65, CRB-65, 

modified ATS scoring system, IDSA/ATS guidelines, or the PBS for determining the 

initial prognosis of patients with CAP. Each of these severity of illness scores have also 

been validated in patients with BPP.56,57 

 

Our results have shown, markers of frailty such as age, nursing home resident, and 

community dwelling-dementia are significant predictors of in-hospital mortality in 

patients with BPP. Since only age and nursing home resident are predictors included in 

the PSI, our results suggest that the addition of other markers of frailty including 

community dwelling dementia may be beneficial in predicting in-hospital mortality in 

patients with CAP or BPP. Furthermore, we identified alcohol abuse, and previous 

pneumococcal vaccination as important predictors of in-hospital mortality, yet neither of 

these are included in any severity of illness scores. Thus, these factors should be taken 

into account by physicians alongside the results of severity scores in order to more 

accurately predict in-hospital mortality in patients with BPP.  An awareness of the factors 

identified in our study in patients with BPP may enable a greater discussion between 

patients and families about the risks and benefits of complex interventions, or the 

possibility of death. More practically, identification of these prognostic factors may help 

frontline clinicians make informed decisions on the management of BPP patients 

including the intensity of management and follow-up. 

 

The results of this study may also provide some insight into the potential benefits of 

pneumococcal vaccination. Our research has demonstrated that pneumococcal 
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vaccination reduces in-hospital mortality among patients with BPP. This finding 

therefore supports the application of pneumococcal vaccination in adults. Current 

guidelines recommend vaccinating adults with the PPV23, however support for this 

recommendation has largely come from studies examining the effectiveness of the 

vaccination in reducing the incidence of disease, as opposed to the outcome of 

disease.57,58 Therefore, compliance with existing recommendations for vaccination may 

result in a marked decrease in death from BPP. Furthermore, the US Advisory Committee 

on Immunization Practices (ACIP) updated the 2014/2015 adult pneumococcal 

vaccination guidelines to recommend routine use of PCV13 alongside the PPV23 in all 

adults 65 years and older.59 Therefore the effectiveness of the PCV13 on reducing the 

incidence of BPP in adults and its effects on poor outcomes has yet to be established. 

However, one could speculate that if the PCV13 is more effective against BPP in adults 

than the PPV23, mortality rates in patients with BPP should begin to decrease.    

 

Furthermore, recent changes to the guidelines of pneumococcal vaccination in Canada 

now call for all tobacco smokers to be vaccinated with the PPV23.57 Our findings 

indicated that smokers with BPP are more likely to have low CFR isolates (1, 4, 5, 7F, 

and 8), which are all included in the PPV23.60 Therefore, our results provide further 

support to promote pneumococcal vaccination in smokers. Additionally, the new PCV13 

does not contain serotype 8, which we found to be statistically more prevalent in smokers 

with BPP compared to nonsmokers.59 This finding suggests that future conjugate 

vaccines aimed towards adults should consider the addition of serotype 8.  
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4.5 Limitations 

 

This research represents one the largest, clinically rich, population based studies of 

patients with BPP conducted to date. The results of our studies are not without limitations 

and highlight some of the knowledge gaps currently surrounding prognostication for 

patients with BPP. First, since our study was conducted in only one region, our study 

requires external validation in order for our results to be generalizable. Therefore, further 

large prognostic studies in a hospitalized setting using the same clinical factors in this 

study are needed in replicating and validating our results for in-hospital mortality and 

complications. Once key prognostic factors are validated through further prognostic 

research, an outcome prediction study would be helpful in identifying the combination of 

factors most strongly associated with in-hospital mortality and complications in patients 

with BPP.  

 

Secondly, we lacked detailed information on smoking intensity and duration. Due to this 

limitation we were unable to potentially examine a dose-response relationship (e.g. packs 

per day) between smoking and in-hospital mortality in patients with BPP.  Therefore, in 

order to further refine the relationship between smoking and in-hospital mortality in 

patients with BPP, future studies should include detailed smoking information including 

thee number of cigarettes per day, years of smoking, and/or pack-years of smoking. 

 

 

Thirdly, we did not have access to any information pertaining to previous treatments 

received prior to hospital admission. Several studies have suggested that outpatient 

antibacterial therapy for CAP may be associated with hospital complications and 
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increased disease severity.61,62 Although, in a study by van de Garde, prior antibiotic 

therapy was determined not to be a significant prognostic factor for mortality in 

hospitalized patients with CAP.62 Moreover, we did not have enough data to produce a 

severity of illness index. Nor did we know the duration of illness before a patient was 

hospitalized which may have influenced our results.  

 

 

Lastly, the results of our study may have been influenced by a change in the prevalence 

of certain serotypes caused by the introduction of the PCV7. Following the introduction 

of the PCV7 there was a decrease in the incidence of IPD caused by vaccine serotypes.63 

However, several groups reported an increase in the incidence of infections caused by 

non-PCV7 serotypes, mainly serotypes 19A, 7F, and 6A.63 To overcome this problem, 

the new PCV13 was introduced to cover the serotypes included in the PCV7 and six 

additional serotypes 1, 3, 5, 6A, 7F, and 19A.63 Although no evidence of replacement 

serotypes due to the PCV13 has been observed to date, it remains a possible concern. 

Thus, continuous monitoring of S. pneumoniae serotypes is essential since it has been 

shown that the incidence of types responsible for invasive disease can change over time.63 

Furthermore, more studies such as the meta-analysis by Weinberger et al., are needed to 

determine whether other serotypes not currently included in the PPV23 can increase or 

decrease mortality in patients with BPP.41 

 

4.6 Implications for Future Research 
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 Current guidelines for the treatment and diagnosis of patients with CAP do not currently 

recommend serotyping as a diagnostic tool in patients with BPP. Based on our findings, 

knowing the infecting pneumococcal serotype could provide useful information for 

predicting in-hospital mortality in patients with BPP. Therefore, future efforts should be 

put into the development of new techniques such as serotype-specific antigen tests, which 

could accurately and reliably detect and serotype S. pneumonia in a timely manner for 

frontline clinicians.64    

Additionally, our study suggests that taking acid-suppressing drugs at the time of BPP 

can increase the risk of mortality in patients. Thus, additional studies in other populations 

of patients with BPP are needed to validate this finding. Moreover, randomized control 

trials could also be conducted. This could involve comparing mortality rates of 

hospitalized adult patients with BPP that continue to receive acid-suppressing drugs to 

patients that would discontinue the usage of any acid-suppressing drugs. If mortality rates 

decrease in the group that discontinued acid-suppressing drugs compared to the group 

that continued to use acid-suppressing drugs, this would provide strong evidence to 

decision makers to reduce the usage of acid-suppressing drugs in hospitalized patients 

with BPP. Furthermore, longer-term effects of stopping acid-suppressing drugs compared 

to not stopping acid-suppressing drugs on future rates of recurrent CAP and BPP could 

also be assessed and would add to the evidence base. 

 

4.7 Conclusions 

 
BPP morbidity and mortality remain very high. In this program of research we 

investigated potential prognostic factors for in-hospital mortality and complications in 
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patients with BPP. We identified two potentially modifiable factors (current use of acid-

suppressing drug and treatment with CAP guideline-discordant antibiotics), and we also 

established the importance of recognizing frailty in predicting in-hospital mortality and 

compilations in patients with BPP. Furthermore, we have shown that current smokers 

with BPP have a decreased risk of in-hospital mortality and we believe that this finding is 

partly explained by the observation that current smokers are more likely to be infected 

with low CFR serotypes. Therefore, our work has highlighted important prognostic 

factors in predicting poor outcomes in patients with BPP and in elucidating a mechanism 

for differential acquisition of pneumococcal serotypes in smokers compared with 

nonsmokers. This research could enhance clinician decision-making on the management 

of patients hospitalized with BPP, which we hope in turn will improve outcomes in these 

patients. 
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