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Objective: To assess survival and identify predictors of survival more than 30-days after discharge in a 

cohort of consecutive patients diagnosed with pneumococcal pneumonia. 

Methods: Observational study including all consecutive immunocompetent adult patients surviving more 

than 30-days after hospitalization. The bacteriological diagnosis was based on the results of urinary anti- 

gen testing and/or blood culture. Life expectancy was calculated for each patient considering their sex, 

age and date of discharge. 

Results: We included 1114 patients that survived more than 30- days after discharge. Of them, 431 (38.6%) 

died during follow-up (median follow-up of 6.7 years). Age, history of cancer, liver disease, chronic renal 

disease, chronic obstructive pulmonary disease, cerebrovascular disease, atrial arrhythmia and coronary 

disease, red cell distribution width (RDW) > 15%, positive blood culture, hematocrit < 30% and living 

in a nursing home were independent risk factors for reduced long-term survival after hospital discharge. 

Cumulative 1-, 3- and 5-year survival rates were 93.9%, 85.3% and 76%, respectively. Among non-survivors, 

361 (83.8%) died earlier than expected given their life expectancy. 

Conclusions: Survival after hospital discharge is mainly associated with age and comorbidities. The find- 

ings of bacteremia and elevated RDW on admission could help identify patients at high risk of long-term 

mortality. 

© 2019 The British Infection Association. Published by Elsevier Ltd. All rights reserved. 
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Introduction 

Pneumonia remains a common cause of morbidity and mor-

tality around the world. In fact, this entity represents the lead-

ing cause of infection-related death. 1 Traditionally, pneumonia has

been considered an acute process that, once resolved, has no im-

pact on patient survival. There is growing evidence, however, of

a higher risk of death after recovery from the acute episode than

that the general population. 2–4 The excess mortality observed in

these patients may be as high as 50% within 5 years after hospital

discharge. 5 

Streptococcus pneumoniae is the most commonly identified

pathogen in pneumonia, being responsible for the highest rates of

hospital admission and mortality. Approximately 20% of patients

diagnosed with pneumococcal pneumonia develop bloodstream in-
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ections, and this type of pneumonia has traditionally been associ-

ted with poorer outcomes during hospitalization. 6 , 7 By contrast,

or both bacteremic and non-bacteremic pneumococcal pneumo-

ia, there is limited information in the literature on mortality af-

er hospitalization. 8 , 9 At this point, it could be speculated that the

cute infectious episode acts as a trigger to create a persistent in-

ammatory state which, in turn, has a negative effect on host-

elated factors such as age or comorbidities. 2 This could be even

ore relevant in patients with bacteremia due to their elevated cy-

okine production. 10 Considering the higher incidence of invasive

neumococcal disease in older people and those with underlying

onditions, together with the results of recent animal studies re-

orting a possible association between “cardiotoxicity” and inva-

ive pneumococcal infection, we hypothesized that invasive pneu-

ococcal disease, among other factors, is a marker of impaired

ong-term survival in these patients. 11 , 12 

Given this, the objectives of our study were to assess the sur-

ival rate after hospitalization in a prospective cohort of patients

ith pneumococcal pneumonia requiring hospital admission as

ell as to identify risk factors associated with outcome, to guide
eserved. 

https://doi.org/10.1016/j.jinf.2019.10.024
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jinf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2019.10.024&domain=pdf
mailto:luisalberto.ruiziturriaga@osakidetza.eus
https://doi.org/10.1016/j.jinf.2019.10.024
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C  
he design and implementation of future strategies for improving

he long-term survival of these patients. 

ethods 

tudy design and population 

This is an observational study based on the analysis of a

rospective registry of consecutive immunocompetent adults (age

8 years or more) hospitalized for pneumococcal pneumonia in

wo tertiary medical centers (Cruces and Galdakao Hospitals). The

tudy was conducted between January 2002 and January 2017. The

acteriological diagnosis of pneumococcal pneumonia was based

n the results of urinary antigen testing and/or blood culture

ithin 24 h after hospital admission. For the purpose of the study,

e limited the analysis to consecutive patients who had blood cul-

ure performed. Patients were excluded if they died during hospi-

alization or within 30- days after hospital discharge. Participants

ere stratified into two groups according to their survival status

uring follow-up: (1) survivors and (2) non-survivors. 

The severity of patients’ clinical condition was assessed on ad-

ission using the Pneumonia Severity Index ( PSI ) score . 13 A local

thic committee approved the analysis of data for this study. 

ata collection 

Since 2002, there has been an ongoing standardized prospec-

ive registry of all patients hospitalized for pneumonia in our two

ospitals. This registry includes numerous variables characterizing

atients and their pneumonia. For eligible patients, we assessed

ata on socio-demographic characteristics, medical comorbidities,

nfluenza and pneumococcal vaccination status, vital signs, results

f routine laboratory tests, including the pneumococcal urinary

ntigen test and blood cultures, and radiological findings on admis-

ion. Measures of in-hospital clinical course and outcome included:

1) admission to the intensive care unit; (2) use of invasive me-

hanical ventilation; (3) septic shock; and (4) in-hospital mortality.

atients were empirically treated in accordance with the National

uidelines of the Spanish Society of Pulmonology [SEPAR] at the

iscretion of the attending doctor. 14 

Comorbidities considered were the following diagnosed prior to

ospital admission: chronic respiratory disease, diabetes mellitus,

erebrovascular disease, chronic liver disease, chronic renal dis-

ase, cancer, arterial hypertension, dyslipidemia, heart arrhythmias

atrial fibrillation or flutter), congestive heart failure and coronary

isease. In addition, incident in-hospital heart complications were

onsidered. 

utcome 

The main outcome was all-cause mortality after hospital dis-

harge during the follow-up period. Survival status was assessed

sing data from the database of the Basque Health Service (Os-

kidetza) on 31st December 2017. In order avoid bias due to short-

erm deaths attributable to the acute onset, patients who died

ithin 30- days after hospital discharge were excluded. We com-

ared observed and expected survival according to life expectancy

or each patient. Life expectancy was estimated using life ex-

ectancy tables for the Spanish population (years 20 0 0–2017) ac-

ording to sex, age and date of discharge. 15 

efinitions 

Pneumonia was defined as the presence of new pulmonary in-

ltrate on the chest X-ray together with signs and symptoms sug-

estive of lower respiratory tract infection. Septic shock was de-

ned as a systolic blood pressure of less than 90 mm Hg and a
eed for vasopressor drugs for at least 4 h, after fluid therapy. 16 

he diagnosis of altered mental status was based on observation

hat the patient’s mental state was not normal and that this was a

ew phenomenon. 13 

For the purposes of this study, cancer was defined as any solid

umor not requiring chemotherapy or radiotherapy treatment in

he year prior to the onset of pneumonia. The onset of conges-

ive heart failure and/or atrial arrhythmia (atrial fibrillation or flut-

er) and/or coronary disease during hospitalization in patients with

o previous diagnosis of these conditions was considered an inci-

ent heart complication. New hyperglycemia was defined as hyper-

lycemia ( > 200 mg/dL) at admission in a patient without a medi-

al diagnosis of diabetes. 17 

tatistical analysis 

Descriptive analysis was undertaken, using frequencies and per-

entages, means and standard deviations (SDs) or medians and in-

erquartile ranges (IQRs) depending on the distribution of the data.

omparisons were performed with chi-square or Fisher’s exact

ests for qualitative variables and with t tests or non-parametric

ilcoxon tests for quantitative variables. Patient survival was ana-

yzed using the Kaplan–Meier method. The log-rank test was used

o compare survival with different variables. A univariate Cox re-

ression analysis was performed to identify factors related to pa-

ient characteristics and survival. All variables with a p < 0.20 were

ncluded in a multivariate Cox regression model. Variables with

he highest p value were excluded one by one until all variables

ad a p value < 0.05. Hazard ratios (HRs) and 95% confidence in-

ervals (95% CIs) were calculated from univariate and multivariate

odels. The proportional hazard assumption was tested. Statisti-

al analysis was performed using IBM SPSS Statistics for Windows

ersion 23.0 (Armonk, NY). 

esults 

The flow of patients through the study is illustrated in Fig. 1 .

uring the study period, 1525 patients were admitted to our two

ospitals with pneumococcal pneumonia. Of whom, we assessed

190 consecutive patients who had blood cultures obtained at hos-

ital admission. After applying the exclusion criteria, 1114 patients

ere considered eligible for this study. 

Table 1 summarizes the demographic and clinical data of

atients. The mean age of the entire cohort was 63.6 ( ±17.5) years,

ith 608 (54.6%) being ≥ 65 years. Bacteremia was identified in

79 patients. In 635 (57%) cases diagnosis was made by positive

neumococcal urinary antigen (all of them with negative blood

ulture). Patients who did not survive were older and had more

omorbidities but were less likely to be active smokers. They were

lso more likely to have hypoxemia, high blood urea nitrogen,

ltered mental status, low hematocrit, increased red blood cell

istribution width (RDW), and newly discovered hyperglycemia

t hospital admission. In contrast, survivors more frequently had

ultilobar pneumonia and were more likely to be admitted to the

ntensive care unit or require invasive mechanical ventilation. They

ere also more likely to have positive results in pneumococcal

rinary antigen testing and less likely to have bacteremia. A

reater proportion of non-survivors than survivors were classified

n the higher risk classes according to PSI score (p < 0.001). 

Fig. 2 compares the Kaplan–Meier survival curves observed and

tratified by the presence or absence of comorbidities with those

xpected based on sex, age and date of discharge ( p < 0.001; log-

ank test). Of the 1114 patients surviving their index hospitaliza-

ion, 431 (38.6%) died during a median follow-up of 6.70 years.

umulative 1-, 3- and 5-year survival rates were 93.9%, 85.3%, and
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1525 patients admitted with 
pneumococcal pneumonia

1190 assessed for eligibility*

1114 patients elegible for the 
study**

683 (61.31%)

survivors

431 (38.68%)

non-survivors

76 excluded

-63 died in-hospital

-4 died 30 days after discharge

-9 missing

* Consecutive patients who had blood drawn for culture within 24 hours after admission

** Survived more than 30- days after discharge

Fig. 1. Flow of patients admitted with pneumococcal pneumonia through the study. 
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76%, respectively. Of the 431 non-survivors, 361 (83.8%) died earlier

than expected, given their life expectancy. 

Fig. 3 shows Kaplan–Meier survival curves by PSI risk class. The

survival rates were 99.3%, 94%, 81.1%, 65% and 47.6% for patients in

PSI risk classes I to V, respectively (log rank p < 0.001). 

The univariate and multivariate analyses of factors associated

with long-term mortality after hospitalization for pneumococcal

pneumonia are reported in Table 2 . In an adjusted multivariate

model, the following were identified as predictors of long-term

mortality: age (HR 1.05; 95% CI 1.045–1.06), solid cancer (HR 2.60;

95% CI 1.81–3.73), liver disease (HR 2.02; 95% CI 1.27–3.20), chronic

renal disease (HR 2.01; 95% CI 1.43–2.82), COPD (HR 1.73; 95%

CI 1.38–2,14), cerebrovascular disease (HR 2.38; 95% CI 1.71–3,32),

atrial arrhythmia (HR 1.42; 95% CI 1.12–1.79), coronary disease (HR
.55; 95% CI 1.14–2.11), RDW > 15% (HR 1.89; 95% CI 1.52–2.34),

acteremia (HR 1.47; 95% CI 1.23–1.80) and living in a nursing

ome (HR 1.91; 95% CI 1.18–3.10). To simplify the interpretation of

he results, we performed a new analysis (model 2) considering

he presence of comorbidities (categorized as 0, 1 or > 1). In this

odel, hematocrit < 30% on admission (HR 1.62; 95% CI 1.04–2.52)

as independently predictive of long-term mortality, no other sig-

ificant differences being found compared to model 1. 

Fig. 4 shows survival curves plotted as a function of bacteremia

nd RDW (dichotomized to ≤15% vs. > 15%) and stratified by age

r the presence of one or more comorbidities. Patients with both

ositive blood cultures and RDW > 15% at admission had shorter

ong-term survival than other groups, the shortest survival being

een in those with comorbidities or ≥ 65 years old. 
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Table 1 

Demographic and clinical characteristics of patients with pneumococcal pneumonia surviving more than 30-days after discharge. 

Characteristics All Survived (n = 683) Non-survived (n = 431) p 

Demographics 

Male sex 670 (60.1) 386 (56.5) 284 (65.9) 0 .002 

Age in years, mean (SD) 63.6 (17.5) 57.1 (17.3) 73.7 (12.3) < 0 .001 

Nursing home resident 27 (2.4) 7 (1) 20 (4.6) < 0 .001 

Underlying conditions 

Cancer 50 (4.5) 15 (2.2) 35 (8.1) < 0 .001 

Liver disease 39 (3.5) 16 (2.3) 23 (5.3) 0 .008 

Renal disease 58 (5.2) 16 (2.3) 42 (9.7) < 0 .001 

Chronic obstructive pulmonary disease 216 (19.4) 86 (12.6) 130 (30.2) < 0 .001 

Diabetes mellitus 194 (17.4) 79 (11.6) 115 (26.8) < 0 .001 

Cerebrovascular disease 63 (5.7) 20 (2.9) 43 (10.0) < 0 .001 

Congestive heart disease 112 (10.1) 37 (5.4) 75 (17.4) < 0 .001 

Cardiac arrhythmia 186 (16.7) 64 (9.4) 122 (28.3) < 0 .001 

Coronary disease 74 (6.6) 27 (4) 47 (10.9) < 0 .001 

Hypertension and/or dyslipidemia 564 (50.6) 297 (43.5) 267 (61.9) < 0 .001 

Incident heart complication 100 (9) 59 (8.7) 41 (9.5) ns 

Number underlying diseases < 0 .001 

0 539 (48.4) 445 (65.2) 94 (21.8) 

1 304 (27.3) 149 (21.8) 155 (36) 

> 1 271 (24.3) 89 (13) 182 (42.2) 

Vaccination status 

Influenza vaccine 303 (27.2) 146 (22) 157 (38.9) < 0 .001 

Pneumococcal vaccination 141 (12.7) 69 (10.4) 72 (17.4) 0 .001 

Current tobacco use 306 (27.5) 227 (33.2) 79 (18.5) < 0 .001 

Heavy drinker ( > 80 mg alcohol/day) 132 (11.8) 89 (13.4) 43 (10.5) ns 

Clinical characteristics at admission 

Body temperature < 35 or > 40 °C, mean (SD) 15 (1.3) 12 (1.8) 3 (0.7) ns 

Respiratory rate, mean (SD) 22.7 (6.9) 21.8 (6.5) 24 (7.4) < 0 .001 

Heart rate, mean (SD) 102.5 (20.5) 104.3 (20.1) 99.7 (20.8) < 0 .001 

Altered mental status 91 (8.2) 43 (6.3) 48 (11.1) 0 .003 

Systolic blood pressure < 90 mm Hg 96 (8.6) 76 (11.1) 20 (4.6) < 0 .001 

Laboratory and radiological findings 

Blood urea nitrogen > 30 mg/dL 431 (38.7) 214 (31.3) 217 (50.3) < 0 .001 

PaO 2 < 60 mm Hg 475 (42.6) 249 (45.3) 226 (56.9) < 0 .001 

Glucose > 200 mg/dL and no diagnosis of DM 56 (5) 26 (3.8) 30 (7.0) 0 .019 

Hematocrit < 30% 391 (3.5) 16 (2.3) 23 (5.3) 0 .002 

RDW > 15 a 256 (23) 97 (14.5) 159 (38.4) < 0 .001 

Leucocyte count < 4000 ( ×10 9 /L) 40 (3.6) 29 (4.3) 11 (2.6) ns 

Multilobar pneumonia 322 (28.9) 214 (31.3) 108 (25.1) 0 .026 

Pleural effusion 132 (11.8) 87 (12.7) 45 (10.4) ns 

Urinary antigen positive 959 (86) 607 (88.8) 352 (81.6) < 0 .001 

Positive blood culture 479 (43) 265 (38.8) 214 (49.7) < 0 .001 

Severity of illness at admission 

PSI risk class > 3 530 (47.6) 229 (33.5) 301 (69.8) < 0 .001 

Outcomes 

Intensive care admission 255 (22.9) 182 (26.7) 73 (16.9) < 0 .001 

Invasive mechanical ventilation 57 (5.1) 42 (6.1) 15 (3.5) 0 .049 

Septic shock 119 (10.7) 88 (12.9) 31 (7.2) 0 .003 

Data are given as frequency (percentage) unless otherwise stated. Percentages exclude patients with missing data. SD: Standard deviation. RDW: 

red blood cell distribution width. PSI: Pneumonia severity index. 
a Reference range for RDW in our laboratory is 11% to 15%. 
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iscussion 

In this large prospective study, we documented a significantly

horter long-term survival in patients with pneumococcal pneu-

onia than their life expectancy based on sex, age and year of dis-

harge from hospital. To our knowledge, this is one of the largest

eries focusing on this topic including both bacteremic and non-

acteremic patients with this entity. The interest of this study lies

ot only in the number of patients included but also in the re-

roducibility of the observational design itself, which is based on

he current clinical management of these patients in real life and

iffers from approaches based on complex biomarkers or microbio-

ogical analysis, most only available for research purposes. 18 , 19 We

onsider that these factors strengthen the clinical applicability of

ur results. 

We have reported 1-, 3- and 5-year survival rates of 93.9%,

5.3% and 76%, respectively. At this point, beyond overall survival

ates, it is interesting to consider how long these patients might

ive and how long they actually live. In our cohort, only 16.2%
f non-survivors reached their life expectancy. Other authors have

lso reported this negative association between pneumonia and

ong-term outcome, reporting survival rates ranging from 25% to

3% at 5 years. 5 , 20–23 This variability is mainly attributable to

he type of population included, differences in control groups and

ollow-up intervals. 

Similar to other studies, we have found that the presence of

omorbidity and the number of comorbid conditions are both in-

ependently associated with shorter long-term survival. 23–25 This

ould simply be a consequence of the natural history of the un-

erlying conditions themselves. Another factor that might be re-

ponsible for this finding, however, is a persistent inflammatory

tate impairing underlying conditions or even favoring the devel-

pment of other health problems. 2 , 26 , 27 On the other hand, it is

lso possible that pneumonia itself is a surrogate marker of un-

nown poor health status that increases the risk of subsequent

eath. If so, close follow-up and optimal and more intensive man-

gement of underlying conditions might be crucial for improving

he prognosis. In our series and unlike in others, neither diabetes
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Survival Comorbidities No comorbidities Estimated * 

1 year 90.1% 97.2% 100% 

3 year 75.3% 95.1% 99.9% 

5 year 60.4% 89,3% 96.3% 

No comorbidities 

Comorbidities 

Estimated survival

Fig. 2. Observed and estimated ∗survival curves for patients with pneumococcal 

pneumonia stratified by the presence or absence of comorbidities and surviving 

more than 30 days after discharge. 
∗Estimated survival according to Spanish survival tables based on age, sex and date 

of hospital discharge. 
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nor new hyperglycemia was associated with this poor outcome. 17 

The reason for this is not clear. It is possible that diabetes and its

effects on the immune system only influence the early prognosis. It

might also be the case that in our study its long-term effects were

masked by the statistical procedures applied to control for other

comorbidities such as ischemic heart disease or renal failure. 
Fig. 3. Kaplan–Meier plot of long-te
The contribution of etiological factors to long-term outcomes is

ontroversial. In our series, cumulative survival rates were simi-

ar to those in other series including patients with different mi-

robiological etiologies. 22 These results would seem, at first sight,

o corroborate previous reports showing that survival after dis-

harge is independent of the pathogen. It is difficult, however, to

iscriminate the real contribution of each of pathogen in these se-

ies due to pneumococcus being the most frequently isolated and

he limitation of current procedures for identifying the causal bac-

eria in real-world settings. More studies are needed to clarify this

ssue. 

Several studies have documented an association between living

n a nursing home and mortality, reflecting the age, functional sta-

us and severe and multiple comorbid conditions of this popula-

ion. 21 , 28 In our study, despite the relatively small number of pa-

ients (2.6%) who lived in a nursing home, this association was ob-

erved after adjusting for age and comorbidities. This finding could

eflect a low physiological reserve or frailty in this subgroup of

atients. 

No classic clinical or laboratory markers for severity on admis-

ion predicted survival in this study. Similar to previous observa-

ions, severity was found to be correlated with long-term prognosis

ut not to be an independent risk factor for long-term mortality in

he multivariate analysis. 21 , 23 , 25 , 29 This probably indicates that the

ole of severity as measured by the PSI may be confounded by the

ontribution of age or comorbidities. Notably, our findings contrast

ith those of another study showing severity alone or in combina-

ion with blood markers to be a predictor of long-term outcome. 19 

evertheless, that study had some weakness regarding multivariate

nalysis, limiting the generalizability of the results. Further, unlike

ther authors, we have not found an increased risk of long-term

ortality in patients requiring ICU admission and/or under IMV af-

er adjusting for confounders. Differences in our study population,

elective ICU admission criteria including the role of age as limiting

actor for ICU admission, may explain these discordant results. 30–32 

In this study, we found that patients with bacteremic pneu-

onia have poorer long-term prognosis than those with non-
rm survival by PSI risk class. 
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Table 2 

Multivariate analysis of factors associated with long-term survival more than 30 days after hospitalization. 

Unadjusted HR 

(95% CI) 

Model 1 Adjusted HR 

(95% CI) P 

Model 2 Adjusted HR 

(95% CI) p 

Sex male 1.35 (1.11–1.65) 

Age, years 1.06 (1.05–1.06) 1.05 (1.04–1.06) < 0 .0001 1.04 (1.03–1.05) < 0 .0001 

Age ≥65 years 6.03 (4.68–7.78) 

Nursing home resident 2,92 (1.86–4.58) 1.91 (1.18–3.10) 0 .008 1.94 (1.21–3.08) 0 .005 

Solid cancer 2.94 (2.08–4.17) 2.60 (1.81–3.73) < 0 .0001 

Liver disease 2.42 (1.58–3.69) 2.02 (1.27–3.20) 0 .003 

Renal disease 2.91 (2.11–4.01) 2.01 (1.43–2.82) < 0 .0001 

Chronic obstructive pulmonary disease 2.21 (1.80–2.72) 1.72 (1.38–2.14) < 0 .0001 

Diabetes mellitus 2.09 (1.68–2.59) 

Cerebrovascular disease 2,99 (2.17–4.10) 2.38 (1.71–3.32) < 0 .0001 

Congestive heart disease 2.88 (2.24–3.70) 

Atrial arrhythmia 3.12 (2.52–3.86) 1.42 (1.12–1.79) 0 .003 

Coronary disease 2.48 (1.83–3.37) 1.55 (1.14–2.11) 0 .005 

Arterial hypertension and/or dyslipidemia 1.96 (1.61–2.38) 

Incident heart complication 1.37 (0.93–1.89) 

Number underlying diseases 

1 3.95 (3.06–5.11) 2.24 (1.71–2.94) < 0 .0001 

> 1 6.89 (5.35–8.87) 3.12 (2.37–4.10) < 0 .0001 

Influenza vaccine 2.13 (1.74–2.61) 

Pneumococcal vaccination 1.49 (1.15–1.93) 

Current tobacco use 0.50 (0.39–0.64) 

Heavy drinker 0.81 (0.59–1.11) 

Body temperature ≤35 or ≥40 °C 0.45 (0.14–1.42) 

Respiratory rate 1.03 (1.02–1.04) 

Heart rate 0.99 (0.98–0.99) 

Altered mental status 1.75 (1.29–2.36) 

Systolic blood pressure < 90 mm Hg 0.51 (0.32–0.79) 

Blood urea nitrogen ≥ 30 mg/dL 2.02 (1.68–2.45) 

PaO 2 < 60 mm Hg 1.58 (1.30–1.93) 

Glucose > 200 mg/dL and no diagnosis of diabetes 1.58 (1.09–2.29) 

Hematocrit < 30% 2.18 (1.43–3.33) 1.62 (1.04–2.52) 0 .030 

RDW > 15% 2.92 (2.39–3.57) 1.89 (1.52–2.34) < 0 .0001 1.98 (1.61–2.43) < 0 .0001 

Leucocyte count < 4000 ( ×10 9 /L) 1.27 (0.70–2.32) 

Multilobar pneumonia 0.83 (0.67–1.04) 

Pleural effusion 0.73 (0.54–1) 

Urinary antigen positive 0.73 (0.57–0.98) 

Positive blood culture 1.25 (1.04–1.52) 1.47 (1.21–1.80) < 0 .0001 1.45 (1.19–1.76) < 0 .0001 

PSI risk class > 3 3.82 (3.10–4.70) 

Intensive care admission 0.72 (0.56–0.92) 

Invasive mechanical ventilation 0.66 (0.39–1.05) 

Septic shock 0.73 (0.51–1.06) 

RDW: red blood cell distribution width. PSI: Pneumonia severity index. HR: Hazard ratios. CI: confidence interval. 
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t  
acteremic pneumonia with positive urinary antigen test results.

t is probable that the higher inflammatory state worsens underly-

ng conditions or acts as a trigger of other subclinical conditions.

ther authors have not reported any differences between these

wo groups. 9 This could be largely explained by the type of pop-

lation included, as reflected in the high 30-day mortality rates

similar in both groups), and the methodology of the study itself

blood cultures being obtained depending on the severity of the

nfection). 

Recent observations suggesting a potential cardiotoxicity of

neumococcus infection raise some concerns about its possible

ole in the prognosis of these patients. 11 , 12 The presence of cardiac

esions during the acute pneumococcal infection together with pro-

uction of pneumolysin seems to play a role, with other factors,

n the genesis of cardiac complications. 33 Nevertheless, the long-

erm impact of this effect has yet to be studied. In this study, we

ave not found an association between in-hospital development

f an incident cardiac complication and shorter survival, though

his could be due to the small number of events. Studies involv-

ng more patients are needed to test this hypothesis. 

Red blood cell distribution width is a laboratory parameter used

or the differential diagnosis of microcytic anemia. Significantly, in

his study, we have found that RDW > 15% is an independent fac-

or in long-term mortality after controlling for confounding factor

uch as hematocrit and comorbidities. Several studies have previ-
usly reported an association between this parameter and com-

licated hospitalization or mortality in community-acquired pneu-

onia and other conditions. 34–36 To our knowledge, however, this

s the first time that this association with long-term mortality

s shown in patients with pneumococcal pneumonia. The reason

or this poorer outcome is not clear. It is possible that RDW is a

arker of low-grade inflammation and oxidative stress. 36 Further

tudies are needed to evaluate this hypothesis. From a practical

erspective, the interest of this finding is that RDW is routinely

alculated by all hematology analyzers, and hence, its determina-

ion does not imply additional costs. 

Anemia is a common complication of chronic underlying con-

itions with prognostic implications. A hematocrit level of < 30%

n admission is a classical component of the PSI . In this study, we

ave observed that anemia is also a predictor of survival indepen-

ent of age and other comorbid conditions. This observation also

ocumented by other authors is not easy to explain. 23 It is pos-

ible that it could reflect an exaggerated effect of inflammatory

ytokines on subclinical not well-functioning red cell progenitors

uring acute onset of the disease. 

The main strength of our study lies in the study population

tself. Specifically, we only included patients with pneumococcal

neumonia, all of them with blood culture and urinary antigen test

esults. Further, the strict data collection process has allowed us

o control for confounding effects in the multivariate analysis. We
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Fig. 4. Kaplan–Meier curves showing the survival probability stratified by age and presence of comorbidities. 
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recognize, however, that our study also has some limitations. (1)

It was conducted in two hospitals in the same geographical area

and health system, and hence, it may not be possible to extrapo-

late the results to other areas. (2) The low rate of pneumococcal

immunization in our area could limit its potential beneficial effect

on survival. (3) We were unable to obtain data on the causes of

death, which could have added important additional information.

(4) Finally, we did not evaluate the role of inflammatory mark-

ers such us C-reactive protein, because that was not routinely re-

quested during the first years of this study. 

To summarize, this study demonstrates a significant decrease in

long-term survival compared with individuals’ life expectancy in a

large population of patients diagnosed with pneumococcal pneu-

monia. This is mainly associated with host-related factors such as

age and presence of comorbidities. Interestingly, the finding of bac-
 a
eremia and elevated RDW on admission also could help identify a

roup of patients at high risk of long-term mortality. Future mul-

icenter studies are required to confirm these results. Our results

ould argue in favor of strengthening effort s to widen pneumococ-

al vaccination coverage especially in aged patients and/or those

ith chronic comorbid conditions, as well as improving the clini-

al control of underlying disease, as main strategies for improving

urvival after hospital discharge. 
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