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Objectives: To analyze the differences in short- and long-term prognosis and the predictors of survival be-
tween patients with community-acquired Legionella and Streptococcus pneumoniae pneumonia, diagnosed
early by urinary antigen testing (UAT).
Methods: Prospective multicenter study conducted in immunocompetent patients hospitalized with
community-acquired Legionella or pneumococcal pneumonia (L-CAP or P-CAP) between 2002-2020. All
cases were diagnosed based on positive UAT.
Results: We included 1452 patients, 260 with community-acquired Legionella pneumonia (L-CAP) and
1192 with community-acquired pneumococcal pneumonia (P-CAP). The 30-day mortality was higher for
L-CAP (6.2%) than for P-CAP (5%). After discharge and during the median follow-up durations of 11.4 and
8.43 years, 32.4% and 47.9% of patients with L-CAP and P-CAP died, and 82.3% and 97.4% died earlier
than expected, respectively. The independent risk factors for shorter long-term survival were age >65
years, chronic obstructive pulmonary disease, cardiac arrhythmia, and congestive heart failure in L-CAP
and the same first three factors plus nursing home residence, cancer, diabetes mellitus, cerebrovascular
disease, altered mental status, blood urea nitrogen >30 mg/dl, and congestive heart failure as a cardiac
complication during hospitalization in P-CAP.
Conclusion: In patients diagnosed early by UAT, the long-term survival after L-CAP or P-CAP was shorter
(particularly after P-CAP) than expected, and this shorter survival was mainly associated with age and
comorbidities.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Community-acquired pneumonia (CAP) is a major cause of mor-
bidity and mortality worldwide [1]. Traditionally, CAP has been
considered an acute illness in which once the initial process has

* Corresponding author: Tel.: +34-94-6006510, fax: +34-94-6006541.
E-mail address: leyre.serranofernandez@osakidetza.eus (L. Serrano).
# These authors have contributed equally to this work.

https://doi.org/10.1016/j.ijid.2023.05.065

been passed, the patient fully recovers with no implications for
long-term survival. In contrast, some recent studies have observed
a higher risk of death after recovery from the acute episode than
that in the general population [2-4].

Early identification of the CAP etiological agent allows the
timely administration of an adequate antibiotic treatment and lim-
its the development of antibiotic resistance. Urinary antigen test-
ing (UAT) is a noninvasive, quick, low-cost method with moder-
ate sensitivity (Sn) and high specificity (Sp) for Streptococcus pneu-
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moniae (Sn: 50-70% and Sp: 90-99%) [5,6] and Legionella pneu-
mophila serogroup 1 (Sn: 71-85% and Sp: 99-100%) [7] and the
results are obtained in less than 1 hour, enabling an early diag-
nosis of CAP. According to a 2019 European Centre for Disease
Prevention and Control report, most human L. pneumophila cases
(>80%) are caused solely by serogroup 1 [8]. Despite UAT being
simple to perform and providing rapid results, there are some
differences between countries in the criteria for using this diag-
nostic tool. Specifically, the guidelines from the American Tho-
racic Society/Infectious Diseases Society of America only recom-
mend UAT in patients with severe CAP [9]; in contrast, the Span-
ish guidelines recommend UAT for all patients admitted with
CAP [10].

S. pneumoniae is the most commonly identified bacterial etiol-
ogy and the leading cause of hospitalization in patients with CAP
[11]. Furthermore, the previous research from our group observed
a reduced long-term survival after hospitalization for community-
acquired pneumococcal pneumonia (P-CAP) [12]. L. pneumophila is
also an important cause of CAP, accounting for 2-15% of patients
with severe CAP requiring hospitalization [13,14]. There are few
previous studies on community-acquired Legionella pneumonia (L-
CAP); most of them include few patients and have focused on the
diagnostic test [7] or the acute process during hospitalization and
short-term prognosis [15-17], whereas there is a lack of data on
the long-term prognosis.

The objectives of this study were to describe the clinical course
and survival rate during and after hospitalization in two of the
most important bacterial causes of CAP (Legionella and S. pneu-
moniae), both diagnosed early and easily by UAT, to analyze the
between-group differences and similarities in the short- and long-
term prognosis and identify the predictors of survival in each
group. Our analysis of risk factors associated with long-term mor-
tality in each type of pneumonia could guide future strategies for
improving the long-term survival of these patients.

Methods
Study design and population

This is a multicenter observational study based on the analysis
of prospective registries of consecutive immunocompetent adults
(aged >18 years) hospitalized for L-CAP or P-CAP between January
2002 and December 2020 to one of the two tertiary medical
centers (Cruces University Hospital or Galdakao-Usansolo Hospital)
serving populations of over 400,000 and part of the Spanish
national health system. This study was approved by the corre-
sponding ethics committee (code EPA2019043) and conducted in
accordance with the principles of the Declaration of Helsinki on
research in humans.

The bacteriological diagnoses of L-CAP and P-CAP were based
on the results of L. pneumophila serogroup 1 and S. pneumo-
niae UAT performed within 24 hours of presentation to hospi-
tal. The tests were performed by analyzing urine samples with an
immunochromatographic membrane assay (BinaxInc; Scarborough,
ME). For the purpose of the study, for P-CAP, we limited the anal-
ysis to consecutive patients who had blood cultures performed.

Patients were excluded if they had a polymicrobial infection
(Legionella or S. pneumoniae and > 1 other pathogen), had been
hospitalized at any point in the 14 days before the diagnosis of
pneumonia, had previously received a diagnosis of pneumonia in
the last 3 months, or were immunocompromised.

The participants were stratified into two groups by survival sta-
tus during hospitalization and long-term follow-up: (i) survivors
and (ii) nonsurvivors.
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Study variables

We recorded the patients’ clinical and demographic character-
istics and physical examination, laboratory, and radiologic find-
ings on admission. To assess the severity of pneumonia, we used
the Pneumonia Severity Index (PSI) [18]. The measures of in-
hospital clinical course and outcome included admission to the
intensive care unit (ICU); use of invasive mechanical ventilation;
septic shock; cardiovascular, renal, neurological, and hematologic
complications during hospitalization; and in-hospital mortality. In-
hospital and medical care after discharge were determined by the
patients’ health care providers. No interventions were instigated as
part of this study.

Definitions

Pneumonia was defined as the presence of new pulmonary in-
filtrate on chest X-ray, together with acute signs and symptoms,
suggestive of lower respiratory tract infection.

Septic shock was defined as a systolic blood pressure <90 mm
Hg and the need for vasopressors for >4 hours after fluid replace-
ment therapy on admission [19]. Lymphopenia was defined as a
peripheral blood lymphocyte count of <500/ul, corresponding to
grade III lymphopenia, according to the Common Terminology Cri-
teria for Adverse Events [20].

We considered a patient immunocompromised if she/he has the
presence of >1 of the following risk factors: (i) AIDS, defined ei-
ther as human immunodeficiency virus infection with clusters of
differentiation 4+ lymphocyte count <200/ul, or by the occurrence
of AIDS-defining conditions; (ii) aplastic anemia; (iii) asplenia;
(iv) hematologic cancer, defined as lymphoma, acute or chronic
leukemia, or multiple myeloma; (v) chemotherapy during the last
3 months; (vi) neutropenia, defined as a neutrophil count <500/dl
at complete blood cell count; (vii) biological drug use, prescribed
during >6 months before hospital admission; (viii) lung transplant;
(ix) chronic steroid use (>10 mg/d of prednisone or equivalent
>3 months before hospital admission); (x) lung cancer with either
neutropenia or chemotherapy; (xi) other solid tumor with either
neutropenia or chemotherapy; (xii) other immunocompromise (any
immunocompromised state, including congenital/genetic immuno-
compromise and immunosuppressive therapy due to hematologic
cancer/solid organ transplant other than the lung) [21].

Outcome

The main outcome was the survival rate at 30 days and after
hospital discharge during the follow-up period assessed on Decem-
ber 31, 2022. Survival status was assessed based on the data from
the database of the Basque Health Service (Osakidetza), using the
same methodology as a previous study of our group. To avoid bias
due to the short-term deaths attributable to the acute episode, pa-
tients who died within 30 days after hospital discharge were ex-
cluded from the long-term mortality analysis. We compared ob-
served and expected survival according to the life expectancy of
each patient. Life expectancy was estimated using life expectancy
tables for the Spanish population (2002-2022) according to sex,
age, and date of discharge [22].

Statistical analysis

Bivariate tables were constructed for each group of patients.
Categorical variables were expressed as frequency and percentage
and continuous variables as mean (standard deviation) or median
(interquartile range), depending on whether the data were nor-
mally distributed. For continuous variables, the comparisons were
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performed with Student’s t-test if the data followed a normal dis-
tribution, and the Mann-Whitney U test if otherwise. The chi-
square or Fisher’s exact tests were performed for comparing qual-
itative variables. Logistic regression models were constructed to
compare the 30-day mortality in L-CAP and P-CAP. The long-term
survival was analyzed using Kaplan-Meier curves and the signifi-
cance of differences was tested using the log-rank test. A univariate
Cox regression analysis was performed to identify factors related
to patient characteristics and survival. All variables with a P <0.05
were included in a multivariate Cox regression model. The vari-
ables with the highest P-value were excluded one by one until all
variables had a P-value <0.05. Hazard ratios (HRs) and 95% confi-
dence intervals (95% Cls) were calculated. The proportional hazard
assumption was tested. All analyses were performed with the sta-
tistical software R (version 4.1.1; R Foundation for Statistical Com-
puting, Vienna, Austria).

Results

During the study period, 6837 immunocompetent patients were
admitted to one of our two hospitals for CAP, and UAT was per-
formed at hospital admission in 99.4% of the cases. We assessed
1452 patients with positive UAT results (21.2%): 260 patients with
L-CAP (3.8%) and 1192 with P-CAP (17.4%). After applying the ex-
clusion criteria, 244 patients with L-CAP and 1127 with P-CAP were
considered eligible for the long-term survival analysis. The flow of
patients through the study is illustrated in Figure 1.

Supplementary Table 1 compares the general characteristics and
in-hospital course of our patients with L-CAP or P-CAP, stratified by
their survival status during hospitalization. Supplementary Table 2
reports the results of the multivariate Cox regression analyses of
factors associated with in-hospital mortality for each type of pneu-
monia.

Supplementary Table 3 presents the results of the logistic re-
gression models comparing the 30-day mortality between groups.
The 30-day mortality was higher for L-CAP (6.2% vs 5% for P-
CAP; not statistically significant). Stratifying patients with P-CAP by
blood culture result, the 30-day mortality was significantly higher
for L-CAP (P = 0.034) and for bacteremic P-CAP (7.8%) (P <0.001)
than for nonbacteremic P-CAP (3.5%).

Table 1 compares the general characteristics and in-hospital
course of our patients with L-CAP who survived 30 days after hos-
pitalization, stratified by their long-term survival status. The mean
age of the entire cohort was 56.72 years. The patients who did
not survive were older, had more comorbidities, and were classi-
fied in the higher risk classes according to PSI score (P <0.001).
There were no differences in the complications during hospitaliza-
tion or in-hospital course between the survivors and nonsurvivors.

Table 2 summarizes the demographic and clinical data, as well
as the in-hospital course of our patients with P-CAP stratified by
their long-term survival status. The mean age of the cohort was
64.04 years. The patients who did not survive were older, more
likely to be male and live in a nursing home, had more comorbidi-
ties, and were classified in the higher PSI risk classes (P <0.001);
although, the bacteriemia rate was similar in those who survived
and those who died.

Figure 2 shows the Kaplan-Meier curves for long-term survival,
stratified by CAP etiological agent. The long-term mortality was
higher for patients with P-CAP (47.9%) than for patients with L-
CAP (32.3%), P <0.001 (Figure 2a). In both types of pneumonia,
the survival was lower than expected based on sex, age, and date
of discharge. Stratifying patients with P-CAP by blood culture re-
sults (bacteremic vs no-bacteremic) (Figure 2b), the mortality rate
was significantly lower for L-CAP than for either nonbacteremic
(342/739 patients, 46.3%) or bacteremic (198/388 patients, 51.0%)
patients with P-CAP (P <0001). Figure 2c shows the Kaplan-Meier
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long-term survival curves for our patients with L-CAP stratified by
PSI risk class. The survival rates were 100%, 95.7%, 83.8%, 64.1%,
and 50.9% for the patients in the PSI risk classes I to V, respectively
(log-rank P <0.001). Figure 2d compares the Kaplan-Meier survival
curves for L-CAP stratified by comorbidities compared with those
expected based on sex, age, and date of discharge (P <0.001; log-
rank test).

The multivariate Cox regression analysis of factors associated
with long-term mortality after hospitalization for L-CAP or P-CAP is
reported in Table 3. In an adjusted multivariate model, the follow-
ing were identified as the predictors of long-term mortality in L-
CAP: age >65 years (HR 3.89; 95% Cl: 2.36-6.42; P <0.001), chronic
obstructive pulmonary disease (COPD) (HR 2.58; 95% CI: 1.39-4.79;
P = 0.003), congestive heart failure (HR 3.71; 95% Cl: 2.22-6.21;
P <0.001), and cardiac arrhythmia (HR 1.98; 95% CI: 1.05-3.72;
P = 0.035). On the other hand, in patients with P-CAP, the pre-
dictors of long-term mortality were age >65 years (HR 4.68; 95%
Cl: 3.71-5.91; P <0.001), nursing home residence (HR 2.73; 95% CI:
1.76-4.23; P <0.001), cancer (HR 2.11; 95% CI: 1.49-3.00; P <0.001),
COPD (HR 1.62; 95% CI: 1.34-1.97; P <0.001), diabetes mellitus (HR
1.34; 95% CI: 1.09-1.63; P = 0.005), cerebrovascular disease (HR
1.50; 95% CI: 1.09-2.05; P = 0.012), cardiac arrhythmia (HR 1.45;
95% CI: 1.16-1.80; P = 0.001), altered mental status (HR 1.57; 95%
Cl: 1.20-2.06; P <0.001), blood urea nitrogen >30 mg/dl (HR 1.29;
95% CI: 1.08-1.54; P = 0.006), and congestive heart failure as a
cardiac complication during hospitalization (HR 1.52; 95% CI: 1.20-
1.93; P < 0.001).

Supplementary Table 4 shows the observed and expected cu-
mulative 1-, 3-, and 5-year survival rates for patients with L-CAP
and bacteremic and nonbacteremic patients with P-CAP, stratified
by the presence of comorbidities.

Discussion

In this study, we analyzed the 30-day and long-term survival in
a prospective cohort of patients hospitalized for the most frequent
and easily diagnosed types of bacterial CAP: L-CAP and P-CAP. The
main findings were as follows: (i) although the 30-day mortality
was slightly higher for L-CAP than for P-CAP with no statistically
significant differences, the long-term mortality was significantly
higher for patients with P-CAP. (ii) The long-term survival for pa-
tients with L-CAP or P-CAP was significantly shorter than their life
expectancy based on sex, age, and year of discharge from hospital.
(iii) In both types of pneumonia, the most important risk factors
for long-term mortality in the multivariate analysis were advanced
age and comorbidities.

The interest of this study lies in the nature of the study popu-
lation; we only included patients with an etiological diagnosis ob-
tained by noninvasive UAT performed upon admission, which gives
us the Legionella and pneumococcal diagnoses in less than an hour.
To the best of our knowledge, this is among the largest series on
this topic, including data for well-defined cases of L-CAP and P-
CAP collected prospectively and followed up for a mean time of
more than 8 years. We consider that all these factors strengthen
the clinical applicability and reproducibility of our results.

Interestingly, to the best of our knowledge, this is the first study
to compare the 30-day and long-term mortality in patients with L-
CAP or P-CAP diagnosed by UAT. Previous research from our group
[23] demonstrated a poorer in-hospital course and prognosis for
bacteremic than nonbacteremic P-CAP but no previous studies with
a relatively large sample size have compared these outcomes with
those in L-CAP. Hung et al. [24] analyzed the in-hospital course of
both types of pneumonia in a small cohort of 55 patients, show-
ing a higher in-hospital mortality for P-CAP (9.5%) than for L-CAP
(7.7%).



L. Serrano, LA. Ruiz, S. Perez-Fernandez et al.

International Journal of Infectious Diseases 134 (2023) 106-113

6837 patients
admitted for
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Figure 1. Flow of patients admitted with pneumonia diagnosed by positive UAT through the study. L-CAP, Legionella pneumonia; P-CAP, pneumococcal pneumonia; UAT,

urinary antigen testing.

Regarding the long-term mortality, in our cohort, only 17.7%
of the nonsurvivors after L-CAP and 2.6% of the nonsurvivors af-
ter P-CAP reached their life expectancy. Several previous studies
have demonstrated a long-term negative impact of CAP on patient
mortality, especially in older patients with major chronic diseases
[2,25,26]. Despite several studies having analyzed the long-term
mortality after pneumonia, few have taken into account the eti-
ological agent, as we have done. In a previous study, our group
found that the long-term mortality after P-CAP was higher than es-
timated, and compared with nonbacteremic disease, bacteremic P-
CAP was associated with a shorter long-term survival [12]. On the
other hand, there are few data on survival after L-CAP and none
comparing it with P-CAP. Among the few studies that demonstrate
a poorer quality of life after L-CAP, Lettinga et al. [27], analyzing
122 individuals with L-CAP, found that 64% had not attained their
pre-illness quality of life 2 years after L-CAP, whereas Gamage et al.
[28], in a 5-year follow-up of 292 patients, observed that L-CAP re-
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quiring ICU admission was associated with more subsequent hos-
pitalizations and poorer future health.

Our findings demonstrate that patients with P-CAP (including
bacteremic and nonbacteremic cases) had a shorter long-term sur-
vival than patients with L-CAP, contrasting with the pattern in the
30-day mortality. In our sample, the patients with P-CAP were
older and had more comorbidities, which is very relevant for the
long-term mortality, as previous studies have reported [2,26]. In
L-CAP, the acute illness may often be severe, but because the pa-
tients tend to be younger and have few comorbidities, they achieve
better recovery with fewer long-term adverse events. In contrast to
our results, in the study published by Holter et al. [25], no signif-
icant differences were observed by microbial etiology between the
long-term survivors and nonsurvivors, but the sample was smaller
(259 patients), the etiology was unknown in 37.5% of the cases and
the cases with an identified etiological cause did not include any
patients with Legionella. The contribution of etiological factors to
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General characteristics and in-hospital course of patients with community-acquired Legionella pneumonia, surviving more than 30 days after discharge, overall and by survival

during follow-up.

Characteristics All Survivors Nonsurvivors P-value
N =244 N =165 N=79
Demographic characteristics
Male sex 202 (82.8%) 132 (80%) 70 (88.6%) 0.137
Age >65 years 69 (28.3%) 26 (15.8%) 43 (54.4%) <0.001
Nursing home resident 1 (0.41%) 0 (0%) 1(1.27%) 0.315
Underlying conditions
Comorbidities (yes) 106 (43.4%) 54 (32.7%) 52 (65.8%) <0.001
Cancer 5 (2.05%) 2 (1.21%) 3 (3.80%) 0.344
Liver disease 10 (4.10%) 6 (3.64%) 4 (5.06%) 0.755
Renal disease 6 (2.46%) 2 (1.21%) 4 (5.06%) 0.094
Chronic obstructive pulmonary disease 18 (7.38%) 4 (2.42%) 14 (17.7%) <0.001
Diabetes mellitus 39 (16.0%) 22 (13.3%) 7 (21.5%) 0.148
Cerebrovascular disease 14 (5.74%) 1 (0.61%) 13 (16.5%) <0.001
Congestive heart disease 37 (15.2%) 9 (5.45%) 28 (35.4%) <0.001
Cardiac arrhythmia 17 (7.17%) 3 (1.88%) 14 (18.2%) <0.001
Coronary disease 18 (7.59%) 7 (4.38%) 11 (14.3%) 0.015
Hypertension 91 (38.4%) 55 (34.4%) 36 (46.8%) 0.091
Vaccination status
Influenza vaccine (1.64%) 2 (1.21%) 2 (2.53%) 0.572
Pneumococcal vaccine 34 (13.9%) 13 (7.88%) 21 (26.6%) <0.001
Current smoker 167 (68.4%) 122 (73.9%) 45 (57.0%) 0.012
Heavy alcohol drinker 67 (27.5%) 42 (25.5%) 25 (31.6%) 0.389
Clinical characteristics at admission
Previous antibiotic treatment 54 (22.1%) 37 (22.4%) 17 (21.5%) 1.000
Days of symptoms <3 76 (31.1%) 7 (28.5%) 29 (36.7%) 0.250
Temperature <35 or >40°C 4 (1.64%) 2 (1.21%) 2 (2.53%) 0.600
Respiratory rate >30 breaths/min 29 (12.2%) 19 (11.7%) 10 (13.3%) 0.878
Heart rate >125 beats/min 21(8.68%) 10 (6.10%) 11 (14.1%) 0.068
Altered mental status 25 (10.3%) 16 (9.70%) 9 (11.5%) 0.830
Systolic blood pressure <90 mm Hg 8 (3.42%) 6 (3.77%) 2 (2.67%) 0.718
Laboratory and radiological findings
Blood urea nitrogen >30 mg/dl 48 (19.7%) 7 (16.4%) 1 (26.6%) 0.088
Pa0, <60 mm Hg 72 (36.7%) 9 (38.3%) 3 (33.8%) 0.645
Glucose >250 mg/dl 23 (9.43%) 13 (7.88%) 10 (12.7%) 0.336
Hematocrit <30% 4 (1.64%) 0 (0.00%) 4 (5.06%) 0.007
Sodium <130 mmol/l 60 (24.5%) 43 (26.1%) 17 (21.5%) 0.635
Red blood cell distribution width >15% 45 (18.4%) 24 (14.5%) 21 (26.6%) 0.036
Leukocyte count <4000/ul 4 (1.64%) 3 (1.82%) 1(1.27%) 1.000
Lymphocyte count <500/pl 42 (17.9%) 27 (17.3%) 15 (19.2%) 0.857
C-reactive protein >15 mg/dl 135 (91.2%) 107 (95.5%) 28 (77.8%) 0.003
Multilobar pneumonia 75 (30.7%) 51 (30.9%) 24 (30.4%) 1.000
Pleural effusion 8 (3.28%) 6 (3.64%) 2 (2.53%) 0.733
Severity of illness at admission
Pneumonia Severity Index risk class IV-V 181 (74.2%) 109 (66.1%) 72 (91.1%) <0.001
In-hospital course/Outcomes
Intensive care admission 59 (24.2%) 45 (27.3%) 14 (17.7%) 0.141
Invasive mechanical ventilation 23 (9.43%) 17 (10.3%) 6 (7.59%) 0.658
Septic shock 17 (7.20%) 13 (8.18%) 4 (5.19%) 0.574
New cardiac arrhythmia 12 (4.92%) 8 (4.85%) 4 (5.06%) 1.000
Congestive heart failure 5(2.11%) 2 (1.25%) 3 (3.90%) 0.348
Pulmonary embolism 1(0.42%) 1 (0.62%) 0 (0.00%) 1.000
Neurological complications 13 (5.42%) 12 (7.36%) 1 (1.30%) 0.067
Renal complications 28 (11.7%) 20 (12.3%) 8 (10.4%) 0.835
Hematologic complications 8 (3.33%) 5 (3.07%) 3 (3.90%) 1.000

Data are given as frequency (percentage) unless otherwise stated. Percentages exclude patients with missing data.

the long-term outcomes is controversial. It has been demonstrated
previously that survival is lower after discharge after admission for
pneumonia, independent of the pathogen. In contrast, it is diffi-
cult to distinguish the real contribution of each pathogen because
pneumococcus is the microorganism most frequently isolated in
most series.

This study identified age >65 years, COPD, congestive heart dis-
ease, and cardiac arrhythmia as the predictive factors for long-term
mortality in L-CAP. The finding that both cardiovascular diseases
and age increase the subsequent rate of mortality is not surprising
and is in line with findings in previous studies [2,26]. Blanc et al.
[3], analyzing data extracted from the medicalization program of
the French information systems, showed that the short- and long-
term mortality increased with age and number of comorbidities in

110

patients with CAP. In contrast to previous studies predicting the
long-term survival after CAP [25,26], in our patients with L-CAP,
only age and cardiorespiratory comorbidities predict long mortal-
ity, and no biomarkers were found to be significant in the multi-
variate analysis, but there are no previous data on the long-term
survival considering only patients with an etiological diagnosis of
L-CAP.

In this study, we found that the long-term cumulative sur-
vival for our patients with L-CAP decreases with increasing sever-
ity of the disease, as measured by PSI risk class. Several previous
studies have found this score to have a good accuracy for pre-
dicting the long-term survival after CAP. Specifically, Alan et al.
[29] demonstrated PSI's excellent accuracy for predicting 6-year
mortality, whereas Johnstone et al. [26] showed that long-term
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Table 2
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General characteristics and in-hospital course of patients with community-acquired pneumococcal pneumonia surviving more than 30 days after discharge, overall and by

survival during follow-up.

Characteristics All Survivors Nonsurvivors P-value
N = 1127 N = 587 N = 540
Demographic characteristics
Male sex 663 (58.8%) 321 (54.7%) 342 (63.3%) 0.004
Age >65 years 589 (52.3%) 153 (26.1%) 436 (80.7%) <0.001
Nursing home resident 24 (2.13%) 4 (0.68%) 20 (3.70%) 0.001
Underlying conditions
Comorbidities (yes) 780 (69.2%) 310 (52.8%) 470 (87.0%) <0.001
Cancer 48 (4.26%) 3(2.21%) 35 (6.48%) 0.001
Liver disease 44 (3.91%) 9 (3.24%) 25 (4.64%) 0.290
Renal disease 54 (4.79%) 10 (1.70%) 44 (8.15%) <0.001
Chronic obstructive pulmonary disease 220 (19.5%) 2 (10.6%) 158 (29.3%) <0.001
Diabetes mellitus 191 (17.0%) 9 (10.1%) 132 (24.5%) <0.001
Cerebrovascular disease 63 (5.59%) 6 (2.73%) 47 (8.70%) <0.001
Congestive heart disease 109 (9.67%) 6 (2.73%) 93 (17.2%) <0.001
Cardiac arrhythmia 170 (15.2%) 3 (5.70%) 137 (25.4%) <0.001
Coronary disease 67 (5.99%) 4 (4.15%) 43 (7.98%) 0.010
Hypertension 450 (40.2%) 162 (28.0%) 288 (53.3%) <0.001
Vaccination status
Influenza vaccine 315 (29.1%) 104 (18.3%) 211 (41.1%) <0.001
Pneumococcal vaccine 141 (13.0%) 38 (6.68%) 103 (20.0%) <0.001
Current smoker 293 (26.1%) 207 (35.3%) 86 (16.0%) <0.001
Heavy alcohol drinker 135 (12.4%) 7 (13.3%) 58 (11.2%) 0.335
Clinical characteristics at admission
Previous antibiotic treatment 102 (9.24%) 59 (10.4%) 43 (8.02%) 0.210
Days of symptoms <3 595 (52.9%) 293 (50.0%) 302 (56.1%) 0.046
Temperature <35 or >40°C 5 (0.44%) 4 (0.68%) (O 19%) 0.298
Respiratory rate >30 breaths/min 165 (14.8%) 79 (13.6%) 6 (16.0%) 0.292
Heart rate >125 beats/min 162 (14.4%) 101 (17.2%) 1(11.3%) 0.006
Altered mental status 98 (8.70%) 32 (5.45%) 6 (12.2%) <0.001
Systolic blood pressure <90 mm Hg 98 (8.70%) 65 (11.1%) 3 (6.11%) 0.004
Laboratory and radiological findings
Blood urea nitrogen >30 mg/dl 407 (36.1%) 157 (26.7%) 250 (46.3%) <0.001
Pa0, <60 mm Hg 481 (50.6%) 209 (44.8%) 272 (56.3%) <0.001
Glucose >250 mg/dl 89 (7.90%) 28 (4.77%) 61 (11.3%) <0.001
Hematocrit <30% 39 (3.46%) 15 (2.56%) 24 (4.44%) 0.116
Sodium <130 mmol/l 94 (8.3%) 50 8.5%) 44 (8.1%) 0.134
Red blood cell distribution width >15% 228 (23.7%) 61 (13.0%) 167 (33.7%) <0.001
Leukocyte count <4000/ul 52 (4.61%) 36 (6.13%) 16 (2.96%) 0.017
Lymphocyte count <500/pl 253 (22.8%) 141 (24.6%) 112 (21.0%) 0.177
C-reactive protein >15 mg/dl 586 (70.4%) 364 (73.7%) 222 (65.7%) 0.016
Multilobar pneumonia 334 (29.7%) 195 (33.3%) 139 (25.7%) 0.007
Pleural effusion 123 (10.9%) 69 (11.8%) 54 (10.0%) 0.396
Positive blood culture 388 (34.4%) 190 (32.4%) 198 (36.7%) 0.146
Severity of illness at admission
Pneumonia Severity Index risk class V-V 538 (47.7%) 163 (27.8%) 375 (69.4%) <0.001
In-hospital course/Outcomes
Intensive care admission 273 (24.2%) 172 (29.3%) 101 (18.7%) <0.001
Invasive mechanical ventilation 63 (5.59%) 2 (7.16%) 1 (3.89%) 0.024
Septic shock 121 (10.7%) 1(12.1%) 50 (9.26%) 0.150
New cardiac arrhythmia 85 (7.60%) 5 (7.77%) 40 (7.41%) 0.907
Congestive heart failure 141 (12.6%) 5 (4.32%) 116 (21.5%) <0.001
Pulmonary embolism 10 (0.89%) (1.21/) 3 (0.56%) 0.343
Neurologic complications 65 (5.77%) 21 (3.58%) 44 (8.15%) 0.002
Renal complications 169 (15.0%) 5 (14.5%) 84 (15.6%) 0.673
Hematologic complications 57 (5.13%) 4 (7.67%) 13 (2.42%) <0.001

Data are given as frequency (percentage) unless otherwise stated. Percentages exclude patients with missing data.

morbidity and mortality were strongly correlated with the initial
PSI class. This probably reflects the weight in the PSI of age and
comorbidities, both of which our study has shown to be important
risk factors for long-term mortality.

Our results demonstrate the usefulness of the UAT in patients
hospitalized for CAP; this type of test allows an early etiological
diagnosis to be obtained simply and rapidly and, in turn, a close
follow-up of patients with P-CAP or L-CAP with surveillance of co-
morbidities in the short- and long-term due to their higher risk
of mortality. The current American Thoracic Society/Infectious Dis-
eases Society of America guidelines do not recommend routine
UAT in patients hospitalized for CAP [9], limiting their use to pa-
tients with severe disease, but based on an analysis of 166,689 pa-

m

tients with CAP, Allgaier et al. [17] demonstrated that L-CAP was
not more common among patients presenting with severe disease.
Their results also showed that almost a quarter of patients with
L-CAP did not receive adequate empirical coverage, and a positive
result can guide or narrow antibiotic treatment, which makes UAT
cost-effective. In contrast, a recent study published by Ito et al.
[30] reported that the sensitivity of S. pneumoniae UAT had de-
creased gradually from 2001 (81.3%) to 2015 (48.7%), which should
be considered to evaluate its usefulness for future research.

This study has several limitations. First, it was conducted in
two hospitals in the same country and health system; therefore, it
may not be appropriate to extrapolate the results to other coun-
tries. Second, this was an observational study, and the population
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Figure 2. Kaplan-Meier curves for long-term survival stratified by etiological agent of community-acquired pneumonia (2a and 2b). Kaplan-Meier plots of long-term sur-
vival for patients with community-acquired Legionella pneumonia stratified b PSI risk class (2c) and comorbidities (2d). L-CAP, Legionella pneumonia; P-CAP, pneumococcal

pneumonia; PSI, Pneumonia Severity Index.

Table 3

Multivariate Cox regression analysis of factors associated with long-term mortality after hospitalization for community-acquired Legionella or pneumococcal pneumonia

(L-CAP or P-CAP, respectively).

L-CAP P-CAP
HR 95% CI P-value HR 95% CI P-value
Age >65 years 3.89 (2.36-6.42) <0.001 Age >65 years 4,68 (3.71-5.91) <0.001
Chronic obstructive pulmonary disease 2.58 (1.39-4.79) 0.003 Nursing home 2.73 (1.76-4.23) <0.001
Congestive heart disease 3.71 (2.22-6.21) <0.001 Cancer 2.11 (1.49-3.00) <0.001
Cardiac arrhythmia 1.98 (1.05-3.72) 0.035 Chronic obstructive pulmonary disease 1.62 (1.34-1.97) <0.001
Diabetes mellitus 1.34 (1.09-1.63) 0.005
Cerebrovascular disease 1.50 (1.09-2.05) 0.012
Cardiac arrhythmia 1.45 (1.16-1.80) 0.001
Altered mental status 1.57 (1.20-2.06) <0.001
Blood urea nitrogen >30 mg/dl 1.29 (1.08-1.54) 0.006
Cardiac complication: Congestive heart failure 1.52 (1.20-1.93) <0.001

CI, confidence interval; HR, hazard ratio; L-CAP, Legionella pneumonia; P-CAP, pneumococcal pneumonia.

was restricted to patients in whom UAT was performed on ad-
mission with a positive result for Legionella or S. pneumoniae and
in the case of patients with P-CAP, those who had blood culture
performed. On the other hand, the exclusion of patients with a
positive UAT but no blood culture performed could be consid-
ered a strength because these restrictions allowed us to obtain
a relatively homogeneous cohort and to better characterize the

presence of bacteremia in the subgroup of patients with P-CAP.
Third, we also excluded patients with polymicrobial pneumonia
to focus the analysis on the patients with only L-CAP or P-CAP.
Nevertheless, our rate of polymicrobial CAP is very low (<3%;
data not published). Fourth, we were unable to obtain data on
the causes of death, which might have added other factors of
interest. Despite these limitations, our findings have important

112



L. Serrano, LA. Ruiz, S. Perez-Fernandez et al.

implications. Clinicians should be aware of the potential impact of
these CAP etiologies on the short- and long-term prognosis.

Conclusion

Our findings demonstrate a higher 30-day mortality for L-CAP
than for P-CAP and a significantly shorter-than-expected long-term
survival after hospitalization for L-CAP or P-CAP (most marked af-
ter P-CAP) in a large population of patients diagnosed early by
positive UAT, the shorter survival principally being associated with
host-related factors, particularly age and comorbidities. Our results
argue in favor of the use of the UAT upon admission to obtain
a rapid etiological diagnosis of both types of pneumonia, as well
as underlining the need for closer monitoring after hospital dis-
charge (especially of those with comorbid conditions) and pneu-
mococcal vaccination as major strategies for improving survival af-
ter discharge after admission to the hospital for L-CAP or P-CAP.

Declarations of competing interests
The authors have no competing interests to declare.
Funding

This research did not receive any specific grant form funding
agencies in the public, commercial, or not-for-profit sectors.

Ethical approval

This study was approved by the corresponding ethics commit-
tee (code EPA2019043) and conducted in accordance with the prin-
ciples of the Declaration of Helsinki on research in humans.

Author contributions

LSF and LAR take the responsibility of the manuscript as a
whole. LSF, LAR, RZ], AGB, and PPE conceived and designed the
study. AUE, BGQ, MIP, SCQ, LSF, and LAR enrolled patients and col-
lected and compiled data. SPF performed the statistical analysis.
LSF, RZJ, LAR, AGB, PPE, and MIP analyzed and interpreted the data.
LSF, RZJ, and LAR wrote the manuscript. AUE, BGQ, MIP, SCQ, PPE,
and AGB commented and revised the report. All authors read and
approved the final manuscript.

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.ijid.2023.05.065.

References

[1] World Health Organization. The top 10 causes of death, https://www.who.int/
news-room/fact-sheets/detail/the-top- 10-causes-of-death; 2020 [accessed 26
November 2022].

Eurich DT, Marrie TJ, Minhas-Sandhu JK, Majumdar SR. Ten-year mortality after

community-acquired pneumonia. A prospective cohort. Am J Respir Crit Care

Med 2015;192:597-604. doi:10.1164/rccm.201501-01400C.

Blanc E, Chaize G, Fievez S, Féger C, Herquelot E, Vainchtock A, et al. The

impact of comorbidities and their stacking on short- and long-term progno-

sis of patients over 50 with community-acquired pneumonia. BMC Infect Dis

2021;21:949. doi:10.1186/s12879-021-06669-5.

Sandvall B, Rueda AM, Musher DM. Long-term survival following pneumococ-

cal pneumonia. Clin Infect Dis 2013;56:1145-6. doi:10.1093/cid/cis1207.

Molinos L, Zalacain R, Menéndez R, Reyes S, Capelastegui A, Cilléniz C,

et al. Sensitivity, specificity, and positivity predictors of the pneumococcal

urinary antigen test in community-acquired pneumonia. Ann Am Thorac Soc
2015;12:1482-9. doi:10.1513/AnnalsATS.201505-3040C.

[6] Yasuo S, Murata M, Nakagawa N, Kawasaki T, Yoshida T, Ando K, et al.
Diagnostic accuracy of urinary antigen tests for pneumococcal pneumonia
among patients with acute respiratory failure suspected pneumonia: a sys-
tematic review and meta-analysis. BMJ Open 2022;12:e057216. doi:10.1136/
bmjopen-2021-057216.

2

3]

[4

(5

113

International Journal of Infectious Diseases 134 (2023) 106-113

[7] Kawasaki T, Nakagawa N, Murata M, Yasuo S, Yoshida T, Ando K, et al. Diagnos-
tic accuracy of urinary antigen tests for legionellosis: a systematic review and
meta-analysis. Respir Investig 2022;60:205-14. doi:10.1016/j.resinv.2021.11.011.

[8] Viasus D, Gaia V, Manzur-Barbur C, Carratala J. Legionnaires’ disease: up-

date on diagnosis and treatment. Infect Dis Ther 2022;11:973-86. doi:10.1007/

s40121-022-00635-7.

Metlay JP, Waterer GW, Long AC, et al. Diagnosis and treatment of adults

with community-acquired pneumonia. An official clinical practice guideline

of the American Thoracic Society and Infectious Diseases Society of Amer-
ica. Am | Respir Crit Care Med 2019;200:e45-67. doi:10.1164/rccm.201908-
1581ST.

Menéndez R, Cilloniz C, Espafia PP, Almirall ]J, Uranga A, Méndez R, et al.

Neumonia adquirida en la comunidad. Normativa de la Sociedad Espaifiola de

Neumologia y Cirugia Toracica (SEPAR). Actualizacién 2020. Arch Bronconeumol

2020;56:1-10. doi:10.1016/j.arbres.2020.01.014.

Shoar S, Musher DM. Etiology of community-acquired pneumonia in

adults: a systematic review. Pneumonia (Nathan) 2020;12:11. doi:10.1186/

s41479-020-00074-3.

Ruiz LA, Serrano L, Espaiia PP, Martinez-Indart L, Gémez A, Uranga A, et al.

Factors influencing long-term survival after hospitalization with pneumococcal

pneumonia. J Infect 2019;79:542-9. doi:10.1016/.jinf.2019.10.024.

Graham FF, Finn N, White P, Hales S, Baker MG. Global perspective of Le-

gionella infection in community-acquired pneumonia: a systematic review

and meta-analysis of observational studies. Int J Environ Res Public Health

2022;19:1907. doi:10.3390/ijerph19031907.

[14] Barimani M]. Legionella: an uncommon cause of community-acquired pneu-
monia. JAAPA 2022;35:38-42. doi:10.1097/01.JAA.0000873792.00538.78.

[15] Miyashita N, Horita N, Higa F, Aoki Y, Kikuchi T, Seki M, et al. Validation of a

diagnostic score model for the prediction of Legionella pneumophila pneumo-

nia. J Infect Chemother 2019;25:407-12. doi:10.1016/j.jiac.2019.03.009.

Huh JY, Choi SH, Jo KW, Huh JW, Hong SB, Shim TS, et al. Incidence and risk

factors associated with progression to severe pneumonia among adults with

non-severe Legionella pneumonia. Acute Crit Care 2022;37:543-9. doi:10.4266/
acc.2022.00521.

Allgaier ], Lagu T, Haessler S, Imrey PB, Deshpande A, Guo N, et al. Risk factors,

management, and outcomes of legionella pneumonia in a large, nationally rep-

resentative sample. Chest 2021;159:1782-92. doi:10.1016/j.chest.2020.12.013.

Fine M]J, Stone RA, Singer DE, Coley CM, Marrie TJ, Lave ]R, et al. Processes and

outcomes of care for patients with community-acquired pneumonia: results

from the Pneumonia Patient Outcomes Research Team (PORT) cohort study.

Arch Intern Med 1999;159:970-80. doi:10.1001/archinte.159.9.970.

Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, Cook D, et al.

SCCM/ESICM/ACCP/ATS/SIS: SCCM/ESICM/ATS/SIS international sepsis defini-

tions conference. Intensive Care Med 2003;29:530-8. doi:10.1007/s00134-003-

1662-x.

U.S. National Cancer Institute common terminology criteria for adverse events

(CTCAE). Version 5.0, https://ctep.cancer.gov/protocoldevelopment/electronic_

applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf; 2017 [accessed 01 April

2022].

Di Pasquale MF, Sotgiu G, Gramegna A, Radovanovic D, Terraneo S, Reyes LF,

et al. Prevalence and etiology of community-acquired pneumonia in immuno-

compromised patients. Clin Infect Dis 2019;68:1482-93. doi: 10.1093/cid/ciy723.

[22] Spanish statistic Insititute (INE). Tablas de Mortalidad de la poblacién espafiola
por afio, sexo, edad y funciones (afios 1991-2022). 2022. http://www.ine.es/
jaxiT3/Tabla.htm?t=27153; [accessed 22 December 2022].

[23] Capelastegui A, Zalacain R, Bilbao A, Egurrola M, Iturriaga LA, Quintana JM,
et al. Pneumococcal pneumonia: differences according to blood culture results.
BMC Pulm Med 2014;14:128. doi:10.1186/1471-2466-14-128.

[24] Hung YP, Wu (J, Chen CZ, Lee HC, Chang CM, Lee NY, et al. Comparisons of
clinical characters in patients with pneumococcal and Legionella pneumonia. J
Microbiol Immunol Infect 2010;43:215-21. doi:10.1016/S1684-1182(10)60034-5.

[25] Holter JC, Ueland T, Jenum PA, Miiller F, Brunborg C, Freland SS, et al. Risk
factors for long-term mortality after hospitalization for community-acquired
pneumonia: a 5-year prospective follow-up study. PLoS One 2016;11:e0148741.
doi:10.1371/journal.pone.0148741.

[26] Johnstone ], Eurich DT, Majumdar SR, Jin Y, Marrie TJ]. Long-term morbidity

and mortality after hospitalization with community-acquired pneumonia: a

population-based cohort study. Med (Baltim) 2008;87:329-34. doi:10.1097/MD.

0b013e318190f444.

Lettinga KD, Verbon A, Nieuwkerk PT, Jonkers RE, Gersons BP, Prins JM, et al.

Health-related quality of life and posttraumatic stress disorder among sur-

vivors of an outbreak of legionnaires disease. Clin Infect Dis 2002;35:11-17.

doi:10.1086/340738.

Gamage SD, Ross N, Kralovic SM, Simbartl LA, Roselle GA, Berkelman RL, et al.

Health after Legionnaires’ disease: a description of hospitalizations up to 5

years after Legionella pneumonia. PLoS One 2021;16:e0245262. doi:10.1371/

journal.pone.0245262.

Alan M, Grolimund E, Kutz A, Christ-Crain M, Thomann R, Falconnier C, et al.

Clinical risk scores and blood biomarkers as predictors of long-term outcome

in patients with community-acquired pneumonia: a 6-year prospective follow-

up study. J Intern Med 2015;278:174-84. doi:10.1111/joim.12341.

Ito A, Ishida T, Tachibana H, Nakanishi Y, Yamazaki A, Washio Y. Time

trend of the sensitivity of the pneumococcal urinary antigen test for di-

agnosing pneumococcal community-acquired pneumonia: an analysis of 15-

year, prospective cohort data. Infect Dis Ther 2021;10:2309-22. doi:10.1007/

s40121-021-00508-5.

[9

[10]

(1]

[12]

[13]

[16]

[17]

(18]

(19]

[20]

[21]

(27]

(28]

[29]

(30]


https://doi.org/10.1016/j.ijid.2023.05.065
https://www.who.int/news-room/fact-sheets/detail/the-top-
https://doi.org/10.1164/rccm.201501-0140OC
https://doi.org/10.1186/s12879-021-06669-5
https://doi.org/10.1093/cid/cis1207
https://doi.org/10.1513/AnnalsATS.201505-304OC
https://doi.org/10.1136/bmjopen-2021-057216
https://doi.org/10.1016/j.resinv.2021.11.011
https://doi.org/10.1007/s40121-022-00635-7
https://doi.org/10.1164/rccm.201908-penalty -@M 1581ST
https://doi.org/10.1016/j.arbres.2020.01.014
https://doi.org/10.1186/s41479-020-00074-3
https://doi.org/10.1016/j.jinf.2019.10.024
https://doi.org/10.3390/ijerph19031907
https://doi.org/10.1097/01.JAA.0000873792.00538.78
https://doi.org/10.1016/j.jiac.2019.03.009
https://doi.org/10.4266/acc.2022.00521
https://doi.org/10.1016/j.chest.2020.12.013
https://doi.org/10.1001/archinte.159.9.970
https://doi.org/10.1007/s00134-003-penalty -@M 1662-x
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf
https://doi.org/10.1093/cid/ciy723
http://www.ine.es/jaxiT3/Tabla.htm?t=27153
https://doi.org/10.1186/1471-2466-14-128
https://doi.org/10.1016/S1684-1182(10)60034-5
https://doi.org/10.1371/journal.pone.0148741
https://doi.org/10.1097/MD.0b013e318190f444
https://doi.org/10.1086/340738
https://doi.org/10.1371/journal.pone.0245262
https://doi.org/10.1111/joim.12341
https://doi.org/10.1007/s40121-021-00508-5

	Short- and long-term prognosis of patients with community-acquired Legionella or pneumococcal pneumonia diagnosed by urinary antigen testing
	Introduction
	Methods
	Study design and population
	Study variables
	Definitions
	Outcome
	Statistical analysis

	Results
	Discussion
	Conclusion
	Declarations of competing interests
	Funding
	Ethical approval
	Author contributions
	Supplementary materials
	References


