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STRUCTURED ABSTRACT

OBJECTIVE: To compare antibiotic prescribing practices and survival in the intensive
care unit (ICU) in pneumococcal severe community-acquired pneumonia (SCAP)
between 2000 and 2013.

MATERIALS AND METHODS: Matched case-control study of two prospectively
recorded cohorts in Europe. Eighty patients from CAPUCI Il (cases) were matched with
80 patients from CAPUCI | (controls) based on: shock at admission, need of mechanical
ventilation, COPD, immunosuppression and age.

RESULTS: Demographic data were comparable in the two groups. Combined antibiotic
therapy increased from 66.2% to 87.5% (p <0.01) and first dose of antibiotic was given
within 3 hours from 27.5% to 70% (p <0.01). ICU mortality was significantly lower (OR
0.82, 95%Cl 0.68-0.98) in cases, both in the whole population and in the subgroups of
patients with shock (OR 0.67, 95%Cl 0.50-0.89) or under mechanical ventilation (OR
0.73, 95%Cl 0.55-0.96). In the multivariate analysis, ICU mortality increased in patients
requiring mechanical ventilation (OR 5.23, 95%Cl 1.60-17.17), and decreased in
patients receiving early antibiotic treatment (OR 0.36, 95%CI 0.15-0.87) and combined
therapy (OR 0.19, 95%CI 0.07-0.51).

CONCLUSIONS: In pneumococcal SCAP, early antibiotic prescription and use of

combination therapy increased; both were associated with improved survival.

Abbreviation: ICU, Intensive Care Unit; CAP, Community-Acquired Pneumonia; SCAP,
Severe Community-Acquired Pneumonia; IDSA/ATS, Infectious Disease Society of
America, American Thoracic Society; COPD, Chronic Obstructive Pulmonary Disease;

IQR, Interquartile Range.
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INTRODUCTION

Community-acquired pneumonia (CAP) is a major health problem associated with high
morbidity and mortality (1,2). Despite geographical differences, Streptococcus
pneumoniae is the most common cause of pneumonia worldwide (1).

Over the years, CAP’s studies have focused on risk factors (3), microbiology (4,5),
biomarkers (6,7) and mortality (8); recently, they have been addressed to the
introduction of new antibiotic policies and availability of new drugs (9,10).

Despite improved survival due to changes in antibiotic policies (11,12,13), in Western
countries poor prognosis is seen in older people with more comorbidities and chronic
illness, in whom life expectancy has been prolonged (14,15,16,17). On the other side, it
has been shown that septic shock mortality decreased (18,19,20). The aggregate
impact of these demographic and clinical trends on the survival of CAP is of great
importance to clinicians, but no recent data are available in the literature, especially in
critical patients with severe community-acquired pneumonia (SCAP).

Our hypothesis was that improvement in antibiotic policies contributed to reduce
mortality due to SCAP in the ICU setting. For this reason, the primary objective of the
present study was to compare ICU mortality due to SCAP caused by Streptococcus
pneumoniae in two different periods (2000-2002 and 2008-2013). The secondary

objective was to identify changes in antibiotic strategies in pneumococcal SCAP.
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MATERIALS AND METHODS

Matched case-control study of two cohorts of patients prospectively recorded in
Europe (CAPUCI studies). CAPUCI | and Il are two European prospective multicenter
studies conducted in patients admitted to the ICU for CAP. The CAPUCI | study
recorded data from 33 hospitals from 2000 to 2002. Data from this cohort have been
reported elsewhere (11). The CAPUCI Il study was a follow-up project endorsed by the
European Critical Care Research Network (ECCRN). Data were recorded from patients
admitted for SCAP, between 2008 to 2013, in 29 European ICUs. Demographic data,
clinical presentation, outcomes and data on antibiotic therapy were registered;
antibiotic prescription was left to the discretion of the attending physician. Patients
were admitted to the ICU either to undergo mechanical ventilation or because they
were critically ill (21), in accordance to IDSA/ATS guidelines (1). People with severe
chronic illness in whom pneumonia was an expected terminal event were not
included; patients were observed until ICU discharge or death. The study was
approved by the Ethics Board of coordinating center (REF 2005/NA), in accordance
with national regulations, and informed consent was waived due to the observational
nature of the studies. Definitions have been reported as Electronic Supplementary
Material.

Eighty patients (CASE GROUP, n = 80) diagnosed with SCAP caused by Streptococcus
pneumoniae from the CAPUCI Il database were matched with 80 patients from the
CAPUCI | (CONTROL GROUP, n = 80), with similar clinical characteristics. For each
patient in the case group, one patient with identical clinical features was selected from
the control group. Matching variables were: presence of shock at ICU admission, need
for mechanical ventilation, immunosuppression and age (age cut-off: 65 years) (22), as
these are main determinants for mortality in CAP (23,24), and COPD, given its high
prevalence in Western populations and its controversial role in the increase in
mortality in SCAP (25,26).

Continuous variables were compared with Student t test for normally distributed
variables, or the Mann-Whitney U test for non-normally distributed variables.
Categorical variables were evaluated with the chi-square or two-tailed Fisher exact
test. Results are expressed as median and interquartile range (IQR) for continuous

variables, or as percentages of the group from which they were derived for categorical
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variables. Two-tailed tests were used to determine statistical significance; a p value <
0.05 was considered significant.

The Kaplan-Meier product limit method was used to construct survival curves for
patients receiving combination and monotherapy regimens and early versus late
antibiotic administration. All data management and statistical analysis were performed

using the SPSS 15 processor (SPSS Inc., Chicago, IL, USA).
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RESULTS

One hundred and sixty patients were enrolled: 80 patients from the 2008-13 cohort
(cases) paired with 80 from the 2000-02 cohort (controls). Figure 1 shows the
algorithm for the selection of the patients and the ICU mortality for each subgroup;
incidence of severe pneumococcal pneumonia increased significantly (43.9% versus
27.0%; OR 1.30, 95%Cl 1.15-1.48). Table 1 shows the variables used to match patients.
The groups presented identical prevalence of the items evaluated: shock at ICU
admission was present in 60.0% of patients, while 65.0% had undergone mechanical
ventilation. Thirty-three per cent of patients were aged over 65; 32.2% were diagnosed
with COPD and 7.5% presented immunosuppression. The cause of immunosuppression
was infection due to Human Immunodeficiency Virus in 7 of 12 patients.

Medical history and clinical presentation were comparable in the two cohorts (table 2).
Estimated probability of death was 31.0% in cases and 24.0% in controls (p 0.35); ICU
length of stay was similar: median and interquartile range (IQR) were 10.0 (4-19)
versus 10.0 (4-17.8) days (p 0.97). Blood cultures were positive in 36.2% of cases and
40.0% of control (p 0.75). As shown in table 3, bacteremia was significantly associated
with presence of septic shock (p 0.05). Acute kidney injury was observed in 44 (55.0%)
patients in the case group versus 31 (39.2%) in controls (p 0.06), while rapid
radiographic spread was recorded in 48.8% and 51.2% respectively (p 0.87).

ICU mortality was significantly different between the groups: 14 (17.5%) patients from
the case group died compared with 27 (32.5%) controls, with a OR of ICU mortality of
0.82 (95%Cl 0.68 - 0.98), p 0.04. Most deaths were late and due to multiorgan
dysfunction syndrome. Figure 1 shows ICU mortality of the different subgroups:
mortality was comparable between matched and non-matched patients in CAPUCI |
(22.6% versus 33.8%; p 0.26) and in CAPUCI 11 (17.5% vs. 14.2%, p 1.00).

Figure 2 shows changes in ICU mortality between the two time periods in the whole
population and in the subgroups of patients with shock: OR 0.67 (95%CI 0.50-0.89),
and under mechanical ventilation: OR 0.73 (95%Cl 0.55-0.96).

Kaplan-Meier survival analysis was performed in the global cohort and in the subgroup
of patients with shock and under mechanical ventilation, stratifying by monotherapy

versus combined therapy (figure 3; log rank p value respectively <0.01, 0.02 and 0.01)
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and early versus non-early antibiotic treatment (figure 4; log rank p value <0.01, 0.01
and 0.02).

Combined therapy differed significantly between the groups: 70 (87.5%) patients from
the case group received combined therapy versus 53 (66.2%) from the control group (p
<0.01) (table 4). The first dose of antibiotic was administered within three hours of
admission to the emergency room in 70% of cases but in only 27.5% of controls (p
<0.01). Compliance with 2007 ATS/IDSA guidelines was obtained in 64 cases (80.0%)
and in 38 controls (47.5%) (p <0.01).

The most frequent pattern of antibiotic use was a combination of a cephalosporin with
a macrolide (table 5), which was administered in 65 (40.6%) patients: 38 (47.5%) in the
case group and 27 (33.8%) in the control group (p 0.11).

The most frequent combination in the case group was ceftriaxone and azithromycin
(26 patients, 32.5%), while in the control group it was ceftriaxone and clarithromycin
(20 patients, 25.0%). The second most frequently administered antibiotic pattern was
an association of a cephalosporin and a quinolone, being cefotaxime/ceftriaxone plus
levofloxacin the most used combination (case group: 24 patients, 30.0%; control
group: 9 patients, 11.3%).

Table 6 shows the univariate analysis for determining variables associated with ICU
mortality: COPD (p 0.05), estimated probability of death (p <0.01), shock at ICU
admission (p <0.01), invasive mechanical ventilation (p <0.01), acute kidney injury
(0.02), rapid radiographic spread (p 0.02), combined therapy (p 0.02) and early
antibiotic administration (p 0.02) differed significantly between survivors and non-
survivors.

Multivariate analysis was performed to identify risk factors for mortality (table 7).
Variables with significant differences from the univariate model (table 6) were
introduced in this model: the need for invasive mechanical ventilation was associated
with a higher risk of ICU mortality (OR 5.23, 95%Cl 1.60 - 17.17); in contrast, first dose
of antibiotic within three hours (OR 0.36, 95%Cl 0.15 - 0.87) and combined therapy (OR
0.19, 95%CI 0.07 - 0.51) were associated with a lower risk of ICU mortality in
pneumococcal SCAP. The model remained similar when the variable “Macrolide Use”
was added as dependent variable in the multivariate analysis (Macrolide Use OR for

death: 1.52, 95%Cl 0.56-4.16).
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DISCUSSION

The main finding of this study was a 15% decrease in ICU mortality due to SCAP caused
by Streptococcus pneumoniae during the study period. Several changes in antibiotic
prescription practices were detected and an association between improved survival
and both earlier antibiotic administration and increased combined antibiotic therapy
were identified.

The WHO’s Annual Reports stress the minimal decrease in worldwide mortality
secondary to lower respiratory infection: from 4.1 million (1993) to 3.9 million (2002)
(27,28). Mortality due to all-source infectious diseases has increased in recent decades
(29), up to a 58% in USA (30). However, its translation to clinical practice is difficult
because no differentiation has been made between mild/severe infection or
local/sepsis/septic shock, considering that complicated infection with systemic
inflammatory response syndrome bears higher mortality than local infection (31).

In accordance with our results, there’s evidence supporting that severe sepsis/septic
shock mortality decreased in the last years (32): overall mortality of any-source severe
sepsis had decreased in the last decade up to 12% (19,20). Explanations for this trend
include higher compliance with international guidelines (33,34), better hemodynamic
management (35), improved ventilator setting in mechanical ventilation (36,37),
decreased ICU admissions of patients with extremely poor prognosis (19), and changes
in medical treatment (35,38,39,40).

Studies showing that early antibiotic administration seems to be unrelated with better
outcomes excluded critically ill patients (41,42). It has consistently been demonstrated
that early antibiotic administration is a determinant of the outcome in severe sepsis
and shock, regardless the source of infection (38,39,40), supporting 2012 Surviving
Sepsis Campaign’s recommendation on initiation of antibiotic within the first hour of
the diagnosis of severe sepsis (35).

Our results show that combined antibiotic therapy is associated with lower ICU
mortality, which is supported by other studies (43,44,45,46); however, most of these
enrolled patients with pneumonia and shock. Our data shows improved survival in
patients receiving combined therapy, both general population and in patients with
shock or under mechanical ventilation (figure 3), suggesting that the benefit of

combined therapy is not limited to patients with shock.
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Still, it is unclear why combined therapy is superior to monotherapy; possible reasons
include coverage of atypical pathogens, greater probability of covering multi-resistant
microorganisms, synergies and anti-inflammatory/immunomodulatory effects of some
antimicrobials. In the present study, as all cases were caused by Streptococcus
pneumoniae, it is reasonable to assume that factors others than covering atypical
pathogens or covering multi-resistant microorganisms were related to decreased
mortality.

Interestingly, epidemiology of invasive pneumococcal disease changed significantly in
Spain after the introduction of PCV7, where a shift in pneumococcal serotypes have
been documented (serotypes not covered by the vaccine). This has been associated
with more empyema and different rates of shock or respiratory failure (47,48,49).
Substantial reduction in hospitalization for pneumonia among adults has been
reported after introduction of the 7-valent pneumococcal conjugate vaccine (50).

As a conclusion, a significant decrease in mortality was observed in the whole
population as well as in the subgroups of patients with shock and under mechanical
ventilation (figure 2), even when stratified according to combined antibiotic therapy
versus monotherapy (figure3), and early antibiotic treatment versus non-early
antibiotic administration (figure 4). This observation is not only of academic interest: in
view of these results all patients with pneumococcal SCAP requiring ICU admission
should receive early treatment and combined antibiotic therapy.

Significant differences in antibiotic regimens administered to the study groups is seen
(table 5), the most important being that azithromycin was not administered to the
control group, because it was not available in intravenous formulation in Spain at the
time of the CAPUCI | study. Also, broader spectrum antibiotic combinations was
administered in controls than in cases; in the case group nearly 80% of patients
received a combination of cephalosporin plus a macrolide or fluoroquinolone, whereas
barely in 50% of controls, suggesting a higher compliance to guidelines in the case
group. No differences in mortality were found between different antibiotic regimens.
Interestingly, our study population comes from a large prospective multicenter
database and is homogeneous since all the patients were admitted to the ICU; to our
knowledge, this is the first study to compare the clinical characteristics of the subset of

critically ill patients with ICU pneumococcal CAP. Moreover, whereas most prior
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studies evaluating antibiotic treatment in SCAP have been limited to subgroups with
shock, our results showed a lower mortality rate in different populations, stressing the
clinical implications of our findings.

The major limitation of the present study is its design, where prescription of antibiotics
and hemodynamic resuscitation were not standardized; on the other hand, there were
no significant differences between the two cohorts (Tables 1, 2).

Another important limitation is that recently several improvements have been
introduced in the management of critical patients, including management of septic
shock and mechanical ventilation. Even though major determinants of mortality for
SCAP were included in our analysis, it was not possible to record all of these changes.
Severity-of-illness was recorded with different scores; therefore, univariate and
multivariate analysis adjusted severity for the “estimated risk of death” rather than a
score. We acknowledge that the use of matching criteria for respiratory failure other
than mechanical ventilation, such as PaO2/Fi02, may be associated with different
outcomes, but this may also be influenced by other supporting measures like PEEP
level or other ventilator settings. Bacteremia alone is not a good tool to predict
outcome in pneumococcal pneumonia (51), for this reason this variable was not used
to match cohorts. Although recent reports (47,48,49) correlated variation in serotypes
with outcomes and complications, data regarding vaccination or serotypes were not

recorded in our study. Finally, a selection bias may limit the generalization of findings.
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CONCLUSIONS

In summary, incidence, mortality and management of severe pneumococcal
pneumonia had significantly changed in the last decade: improved ICU survival was
associated with earlier antibiotic prescription and increased use of combined antibiotic

therapy.
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TABLES AND FIGURES

Table 1: description of matched variables.

Case Group (n: 80)

Control Group (n: 80)

Age over 65 27 (33.8) 27 (33.8)
COPD 25(32.2) 25 (32.2)
Immunosuppression 6 (7.5) 6(7.5)

Shock at ICU admission 48 (60.0) 48 (60.0)
Invasive mechanical ventilation 52 (65.0) 52 (65.0)

Results are shown as absolute and percentage counts: n (%); COPD: Chronic
Obstructive Pulmonary Disease; ICU: Intensive Care Unit.
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Table 2: other demographics data and clinical presentations.

Case Group Control Group |p value
(n: 80) (n: 80)
Age* 58.0 (46.0-69.8) | 57.0(48.0-70.8) | 0.99
Age under 50 30(37.5) 23 (28.7) 0.31
Age 50/64 23 (28.7) 28 (35.0) 0.50
Age 65/74 15 (18.8) 15 (18.8) 1.00
Age over 75 12 (15.0) 14 (17.5) 0.42
Gender male 50 (62.5) 59 (73.8) 0.17
Active smoker 39 (48.8) 38 (48.7) 1.00
Alcohol use 20 (25.0) 26 (33.3) 0.30
Overweight 8(10.7) 7 (8.8) 0.79
Diabetes mellitus 9 (16.4) 18 (22.5) 0.51
Cardiac failure 16 (20.0) 16 (20.0) 1.00
Cerebral vascular disease 6(7.5) 8(14.0) 0.26
Malignancy 3(3.8) 3(3.8) 1.00
Estimated probability of death * 31.0 (17.0-52.0) | 24.0(24.0-40.0) | 0.35
ICU length of stay * 10.0 (4.0-19.0) | 10.0(4.0-17.8) | 0.97
Days of mechanical ventilation * 7.0(2.8-18.8) 7.5(3.0-17.8) 0.99
Bacteremia 29 (36.2) 32 (40.0) 0.75
Acute kidney injury 44 (55.0) 31(39.2) 0.06
Rapid radiographic spread 39 (48.8) 541 (51.2) 0.87
ICU mortality 14 (17.5) 26 (32.5) 0.04

If not otherwise specified results are shown as absolute and percentage counts: n (%);
* median (IQR 25/75); ICU: Intensive Care Unit.
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Table 3: comparison between bacteremic and non-bacteremic patients.

Bacteremia No Bacteremia |p value
(n:61) (n:99)
Age* 55.0 (46.5-64.5) | 57.0(46.3-70.0) | 0.18
Non immunocompromised 54 (88.5) 94 (94.9) 0.22
Immunocompromised: HIV 5(8.2) 4 (4.0) 1.00
Immunocompromised: non-HIV 2(3.3) 1(1.0) 1.00
Shock at ICU admission 43 (70.5) 53 (53.5) 0.05
Invasive mechanical ventilation 42 (68.9) 62 (62.6) 0.50
Acute kidney injury 31 (50.8) 44 (44.4) 0.42
Rapid radiographic spread 33 (54.1) 47 (47.5) 0.52
Combined therapy 47 (77.1) 76 (76.8) 1.00
AB initiated 0 to 3 hours 29 (47.5) 49 (49.5) 0.87
ICU mortality 15 (24.6) 25(25.3) 1.00

If not otherwise specified results are shown as absolute and percentage counts: n (%);
* median (IQR 25/75); HIV: Human Immunodeficiency Virus; ICU: Intensive Care Unit;
AB: Antibiotic.
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Table 4: characteristics of antibiotic treatment.

Case Group |Control Group| p value
(n: 80) (n: 80)

Previous antibiotic 10 (12.5) 7 (8.8) 0.61
Monotherapy 10 (12.5) 27 (33.8) <0.01
Combined therapy 70 (87.5) 53 (66.2) <0.01
AB initiated 0 to 3 hours 56 (70.0) 22 (27.5) <0.01
AB initiated 4 to 6 hours 16 (20.0) 26 (32.5) 0.11
AB initiated more than 6 hours 8(10.0) 32 (40.0) <0.01
Adequate according to 2007 IDSA/ATS guidelines | 64 (80.0) 38 (47.5) <0.01

Results are shown as absolute and percentage counts: n (%); AB: Antibiotic; IDSA/ATS:
Infectious Diseases Society of America/American Thoracic Society.
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Table 5: most frequent patterns of antibiotic treatment.

All Case Control p
patients | Group Group
(n:160) | (n:80) | (n:80) | value
Cephalosporin and macrolide 65 (40.6) 38 (47.5) 27 (33.8) | 0.11

Ceftriaxone/cefotaxime and azithromycin| 26 (16.2)| 26 (32.5) 0 (0)| <0.01
Ceftriaxone/cefotaxime and clarithromycin| 30 (18.8) 10 (12.5)| 20 (25.0) 0.07
Other cephalosporin and macrolide] 9(5.6)] 2(2.5) 7(8.8) 0.17
Cephalosporin and quinolone 37 (23.1) 26(32.5) 11 (13.8) | <0.01
Cefotaxime/ceftriaxone and levofloxacin| 33 (20.6)| 24 (30.0) 9(11.3) <0.01
Other cephalosporin and quinolone] 4 (2.5)) 2(2.5) 2(2.5) 1.00

Ceftriaxone/cefotaxime 15(9.4) #4(5.0) 11(13.8) | 0.10
Levofloxacin 11 (6.9) [5(6,2) 6 (7.5) 1.00
Miscellaneous combined therapy 21(13.1) |6(7.5) 15 (18.8) | 0.06
Miscellaneous monotherapy 11(6.9) [1(1.3) 10 (12.4) | <0.01
Overall 160 (100) [80 (100) 80 (100)

Results are shown as absolute and percentage counts: n (%); p value calculated
between case group and control group.
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Table 6: univariate analysis to assess risk factors for ICU mortality due to

pneumococcal SCAP.

Survival No survival OR (95% Cl) p

(n: 120) (n: 40) Value
Age over 65 years 37 (30.8) 17 (42.5) 1.20(0.90-1.61) | 0.18
Overweight 11 (9.4) 4(10.5) | 1.01(0.90-1.15) | 0.76
Alcohol use 31(26.3) | 15(37.5) | 1.18(0.91-1.54) | 0.23
Active smoker 53(44.9) | 24(60.0) | 1.38(0.91-2.1) |0.10
Diabetes mellitus 19 (19.6) 8(21.1) 1.02 (0.84-1.23) | 0.82
Cardiomyopathy 23 (19.2) 9(22.5) 1.04 (0.86-1.26) | 0.65
COPD 32(26.7) | 18(45.0) | 1.33(1.00-4.73) | 0.05
Immunosuppression 7 (5.8) 5(12.5) 1.08 (0.95-1.22) | 0.18
Estimated probability of death * 24 (14-40) | 40 (24-52) <0.01
Shock at ICU admission 65 (54.2) 31(77.5) | 2.04(1.11-3.74) (<0.01
Invasive mechanical ventilation 69 (57.5) 35 (87.5) 3.4(1.46-7.92) |(<0.01
Acute kidney injury 50 (41.7) 25(64.1) | 1.63(1.04-2.54) | 0.02
Rapid radiographic spread 53 (44.2) 27 (67.5) | 1.72(1.07-2.76) | 0.02
Combined therapy 98 (81.7) 25 (62.5) | 0.49(0.28-0.85) | 0.02
AB initiated O to 3 hours 65 (54.2) 13 (32.5) 0.41 (0.19-0.87) | 0.02

If not otherwise specified results are shown as absolute and percentage counts: n (%);
* median (IQR 25/75); COPD: Chronic Obstructive Pulmonary Disease; ICU: Intensive

Care Unit; AB: Antibiotic.
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Table 7: multivariate analysis to assess risk factors for ICU mortality due to SCAP.

Variable OR (95% Cl) p value
Invasive mechanical ventilation 5.23(1.60-17.17) <0.01
Rapid radiographic spread 2.22 (0.91-5.43) 0.81
Acute kidney injury 2.09 (0.76-5.79) 0.15
COPD 1.78 (0.72-4.36) 0.21
Shock at ICU admission 1.52 (0.52-4.49) 0.45
Estimated probability of death 1.00 (0.98-1.03) 0.81
ATB initiated within 3 hours 0.36 (0.15-0.87) 0.02
Combined therapy 0.19 (0.07-0.51) <0.01
COPD: Chronic Obstructive Pulmonary Disease; ICU: Intensive Care Unit; ATB:

Antibiotic.

25

Downloaded From: http://journal.publications.chestnet.or g/ by Mustafa Ozhan on 12/27/2013



Page 27 of 35

FIGURE LEGENDS:

Figure 1: flow diagram of patient selection and mortality in the different subgroups.
Figure 2: ICU mortality in the whole population and in different subgroups of patients
(IMV: Invasive Mechanical Ventilation).

Figure 3: Kaplan-Meier survival curve stratified for monotherapy versus combined
therapy: A) the whole population; B) patients with shock; C) patients under mechanical
ventilation.

Figure 4: Kaplan-Meier survival curve stratified for early versus non-early antibiotic
treatment: A) the whole population; B) patients with shock; C) patients under

mechanical ventilation.
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A) All population (Log Rank p <0.01)
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DEFINITION:

Pneumococcal pneumonia was diagnosed when a patient had consistent clinical findings plus a
new pulmonary infiltrate on chest radiography and isolation of Streptococcus pneumoniae in
blood, pleural fluid or lower respiratory sample cultures (definite) or a positive urinary antigen test
(probable). CAP was defined as an acute lower respiratory tract infection characterized by: 1) an
acute pulmonary infiltrate on chest x-ray, 2) confirmatory findings of a clinical examination, and 3)
acquisition of the infection outside a hospital or a long-term care facility. Severe CAP (SCAP) was
defined as pneumonia that required ICU admission, with single or multi-organ failure. Probability
of death was predicted according to the “estimated risk of mortality” using the APACHE Il score in
CAPUCI | and SAPS3 in CAPUCI Il cohort, within 24 hours of ICU admission (1e,2e).

Risk factors and comorbidities were diagnosed using appropriate criteria (3e,4e,5e).
Immunocompromise was defined as primary immunodeficiency or immunodeficiency secondary
to radiation treatment, use of cytotoxic drugs or steroids (daily doses of >20 mg of prednisolone or
equivalent for >2 weeks) (6e), transplantation or AIDS. Shock was defined as the need for a
vasopressor during > 4 hours after fluid replacement; rapid radiographic spread was defined as an
increase in the size of opacities on chest radiograph of >50% at 48 hours. Monotherapy was
defined as administration of the same antibiotic during the first two days of ICU admission.
Combination therapy was defined as administration of the same two antibiotics or more within
the first two days of ICU admission. Early antibiotic administration was defined as administration

of the first dose of antibiotic within three hours.
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