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Abstract
Introduction: Community-acquired pneumonia (CAP) account for a high proportion of ICU admissions, with
Streptococcus pneumoniae being the main pathogen responsible for these infections. However, little is known on
the clinical features and outcomes of ICU patients with pneumococcal pneumonia. The aims of this study were to
provide epidemiological data and to determine risk factors of mortality in patients admitted to ICU for severe
S. pneumoniae CAP.
Methods: We performed a retrospective review of two prospectively-acquired multicentre ICU databases (20012008). Patients admitted for management of severe pneumococcal CAP were enrolled if they met the 2001
American Thoracic Society criteria for severe pneumonia, had life-threatening organ failure and had a positive
microbiological sample for S. pneumoniae. Patients with bronchitis, aspiration pneumonia or with non-pulmonary
pneumococcal infections were excluded.
Results: Two hundred and twenty two patients were included, with a median SAPS II score reaching 47 [36-64].
Acute respiratory failure (n = 154) and septic shock (n = 54) were their most frequent causes of ICU admission.
Septic shock occurred in 170 patients (77%) and mechanical ventilation was required in 186 patients (84%); renal
replacement therapy was initiated in 70 patients (32%). Bacteraemia was diagnosed in 101 patients. The prevalence
of S. pneumoniae strains with decreased susceptibility to penicillin was 39.7%. Although antibiotherapy was
adequate in 92.3% of cases, hospital mortality reached 28.8%. In multivariate analysis, independent risk factors for
mortality were age (OR 1.05 (95% CI: 1.02-1.08)), male sex (OR 2.83 (95% CI: 1.16-6.91)) and renal replacement
therapy (OR 3.78 (95% CI: 1.71-8.36)). Co-morbidities, macrolide administration, concomitant bacteremia or penicillin
susceptibility did not influence outcome.
Conclusions: In ICU, mortality of pneumococcal CAP remains high despite adequate antimicrobial treatment.
Baseline demographic data and renal replacement therapy have a major impact on adverse outcome.

Introduction
Community-acquired pneumonia (CAP) is a frequent
and severe infection, and is considered the primary
cause of death from infection, and the sixth most common cause of overall mortality in Western countries
[1,2]. Consequently, CAP represents one of the leading
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causes of infectious admissions to the intensive care
unit (ICU) [3]. Indeed, the latest studies have reported
that up to 10 % of all patients hospitalised with CAP
require ICU management [4]. In this specific subgroup
of severely ill patients, the overall mortality rate remains
unacceptably high despite improvement in critical care
management [5]. Furthermore, the medical burden of
CAP is very high in terms of direct costs, associated
morbidity and long-term disability [6,7].
Streptococcus pneumoniae (S. pneumoniae) is the principal causative agent of CAP requiring hospital or ICU
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admission [8]. Paediatric and adult literature about nonsevere pneumococcal pneumonia is abundant, but specific data on patients requiring ICU admission are scarce.
In the two studies focusing on the epidemiology of
pneumococcal pneumonia among patients admitted to
ICU, co-morbidities negatively influenced patient outcomes, but were over-weighted by the severity of the
clinical features [9,10]. Recent therapeutic researchers
have pointed out that early and adequate antibiotherapy
is of greatest importance during sepsis, whereas adjuvant
therapies like steroids or activated protein C may reduce
the fatality rate [11]. However, the roles of these antiinflammatory agents, as well as the association with
macrolides during severe pneumococcal pneumonia are
a matter of debate [12]. Thus, increased knowledge of
severe S. pneumoniae pneumonia that may improve
early detection and treatment of this particular subgroup
carries high interest for ICU physicians.
The aim of this present study was to provide recent
epidemiological data through a large cohort of adult
patients admitted to ICU for severe pneumococcal CAP.
In addition to analysis of microbiological features, we
assessed the respective influence of co-morbidity and
organ failure on mortality. We also investigated the
potential impact of adjuvant therapies on outcome.

Methods and materials
Study design

After approval from the local Cochin Hospital institutional review board, patients were retrospectively selected
from two prospective cohorts including ICU patients
admitted with infection (one multicentre cohort and one
from the Cochin medical ICU) between January 2001
and June 2008. Informed consent was waived and
informed assessment was obtained from all patients or
next of kin before inclusion.
Inclusion and exclusion criteria

Inclusion criteria were 1) age over 18 years; 2) severe CAP
diagnosed according to the adapted American Thoracic
Society definition [13,14], which includes features consistent with pneumonia (new or increased cough with or
without sputum production, tachypnoea, chest pain,
abnormal temperature (> 38°C or < 36°C) or lung consolidation on physical examination), with either one of two
major criteria (need for mechanical non-invasive or invasive ventilation or septic shock) or any two of three minor
criteria (involvement of more than two lobes on a chest
radiograph, systolic blood pressure < 90 mmHg or PaO2/
FIO2 ratio < 250 mmHg); 3) ICU hospitalisation required
for haemodynamic, respiratory or neurologic failure or
severe co-morbidities and 4) a microbiological sample
positive for S. pneumonia, that is, sputum examination
with a bacterial count ≥ 10 7 colony forming unit/mL
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(CFU/mL) (fulfilling the usual quality criteria of > 25 polymorphonuclear leukocytes and < 10 epithelial cells per
low-power field, magnification × 100), or a microbiological
sample positive for S. pneumoniae in a normally sterile site
(a positive quantitative culture of endotracheal aspirate,
with a bacterial count ≥ 106 CFU/mL, a positive quantitative culture of broncho-alveolar lavage with a bacterial
count ≥ 104 CFU/mL, or a protected specimen brush with
a bacterial count ≥ 103 CFU/mL, or a positive blood culture, or a positive pleural culture or a positive urinary
antigen).
Healthcare-associated pneumonia was not included.
Patients with bronchitis or aspiration pneumonia due to
S. pneumoniae and patients with concomitant pneumococcal meningitis or endocarditis were excluded from
the study.
Study variables and outcomes

Data were prospectively collected, including demographic
characteristics, initial clinical presentation, usual biological values, antibiotherapy management, organ failures
and outcomes were investigated. Septic shock was
defined as the requirement for vasopressor for more than
4 hours or hypotension (systolic blood pressure < 90
mmHg) for more than one hour despite adequate fluid
challenge plus either a change in mental status, oliguria,
organ dysfunction, or lactate > 2 mmol/L [15]. Acute
respiratory distress syndrome (ARDS) and multi-organ
failure were defined according to the usual criteria
[15,16]. Acute kidney injury was considered present if the
patient was considered to be in the Injury stage of the
Risk, Injury, Failure, Loss and End-stage disease (RIFLE)
criteria [17]. The Logistic Organ Dysfunction System
(LODS) score [18] and the Simplified Acute Physiology
Score II (SAPS II) [19] were also calculated. The following therapeutic data were recorded: vasoactive drugs,
renal replacement therapy, activated protein C and low
doses of systemic corticosteroids.
All patients were followed up until death or hospital
discharge. Two independent investigators (NM and AM)
reviewed all files.
Susceptibility of the bacterial strains to penicillin G was
recorded according to the recommendations from the
Antibiogram Committee of the French Society for Microbiology (CA-SFM) [20] for antimicrobial susceptibility
testing and breakpoints and defined as susceptible: penicillin minimal inhibitory concentration (MIC) ≤ 0.06 mg/L,
or intermediate: 0.06 mg/L < MIC ≤ 1 mg/L; resistant:
MIC > 1 mg/L.
Antibiotherapy was considered appropriate if the
initial empiric therapy had in vitro activity against the
isolated strain of S. pneumoniae. Pneumococcal vaccine
status was documented for less than 5% of the records
and thus was not included in the analysis.
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Statistical analysis

Continuous variables were expressed as median and
interquartile range, and categorical variables as number
and percentage. Continuous variables were compared
using the Mann-Whitney U-test and categorical variables were compared using the chi-square test. Independent predictors of outcome were assessed using a
multivariate logistic regression model through a stepwise
forward procedure, where the variable of interest was
hospital mortality. Results were expressed as odds ratio
(OR) and 95% confidence interval (CI). For continuous
variables, the OR was indexed to an increment of one
unit. Categorical variables were expressed as absence or
presence. Goodness-of-fit of the final model was
assessed by the Hosmer-Lemeshow test. Statistical significance was defined as P < 0.05. Analyses were performed using PASW software (SPSS Inc., Chicago, ILL,
USA).

Results
Of the 3,658 patients enrolled in the two cohorts, 423
had positive microbiological samples for S. pneumoniae.
Among them, 133 had evidence of aspiration or bronchitis and 290 were subsequently screened. After the
exclusion of 68 patients with concomitant meningitis,
222 patients were finally included in this study.
Patients’ characteristics

Demographic characteristics and the main clinical features of patients are reported in Table 1. Median
(range) SAPS II and LODS scores were respectively 47
(36 to 64) and 8 (5 to 10), thereby reflecting severe critical illness. Eighty-four patients had no tobacco or alcohol intoxication, and no coexisting illness. Twenty-three
patients had already experienced an invasive pneumococcal infection in the past. Repartition of the disease
onset according to the season is represented in Figure 1,
with an incidence peak during autumn and winter.
Clinical features

Reasons for ICU admission were mainly acute respiratory
failure (n = 154), septic shock (n = 54), coma (n = 6) or
others (n = 8). Twenty-eight patients were admitted after
worsening of their clinical status in the ward. On admission, most patients had several organ dysfunctions with a
median organ failure score of 3 (range 2 to 4). During the
ICU stay, 157 patients (70.7%) had multi-organ failure.
Respiratory function was severely impaired with a median
PaO2/FiO2 ratio of 98 (73 to 149) at admission, and multilobar pneumonia was present in 68 patients (30.6%).
Non-invasive ventilation was initiated in 70 patients but
52 patients required secondary endotracheal intubation.
Overall, invasive ventilation was required for 186
patients, of whom 100 (45%) exhibited ARDS criteria.
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In survivors, ventilator weaning was achieved after a
median of 8 (4 to 20) days.
In addition to severe hypoxemia, more than 50% of
the patients had elevated plasma lactate concentrations
and one fourth of the patients presented other biological
severity signs such as leucopoenia or disseminated intravascular coagulation criteria (Table 1).
During the course of pneumonia, 170 patients (76.6%)
developed septic shock, catecholamine infusion was
required for a median of 3 (0 to 7) days. At admission,
acute kidney injury was present in 87 patients and renal
replacement therapy was initiated in 70 patients (31.5%).
Median mechanical ventilation-free, catecholamine-free
and renal replacement therapy-free days were respectively 3 (1 to 6), 7.5 (3 to 16) and 12 (4 to 19) days. Adjuvant therapies, including low dose steroids or activated
protein C, had been initiated in 69 (31%) and 44 (20%)
patients respectively.
Microbiological data and antibiotherapy

S. pneumoniae CAP was documented by direct pulmonary microbiological sampling in 150 (68%) cases (tracheobronchial aspirates, n = 76; blind protected telescoping
catheter, n = 40; sputum examination, n = 24; bronchoalveolar lavage, n = 10). Pleural effusion was also positive
in 12 patients and urinary antigen in 58 patients. In 28
patients, the latter examination was the only diagnostic
method with a positive result. As commonly reported in
pneumococcal pneumonia, positive blood culture was
found in 101 patients (45.5%), and was the single microbiological proof in 33 patients. It is noteworthy that
patients with or without bacteraemia had similar organ
failure features (Table 2). Co-infection with other bacteria was demonstrated in just 12 patients. Nosocomial
infections occurred in 69 patients during the ICU stay.
The prevalence of S. pneumoniae strains with
decreased susceptibility to penicillin was 39.7% (n = 77),
and resistance rates for macrolides and fluoroquinolones
were 54% and 1% respectively. Initial antibiotherapy was
adequate against S. pneumoniae in 92.3% (179 patients
out of 194, after exclusion of patients with pneumococcal
CAP diagnosed simply with positive urinary antigen). As
recommended by international guidelines for severe CAP
treatment, antimicrobial therapy including macrolides
was initiated in a large proportion of the population (163
patients, 73.4%).
Outcome and prognostic factors

The median ICU length of stay was 13 (6 to 25) days. The
ICU mortality rate was 26.6% (n = 59 patients), including
15 patients who died within the first five days. The overall
hospital mortality rate was 28.8% (n = 64 patients). Causes
of ICU mortality were multi-organ failure (n = 38), refractory hypoxemia (n = 10), withdrawal or withholding of life
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Table 1 Baseline demographics and clinical characteristics of patients
All patients
n = 222

Survivors
n = 158

Non-survivors
n = 64

P

60 (49-75)
146 (66)

59 (48-70)
96 (57)

67 (54-80)
50 (78)

0.003
0.014

Demographic
Age
Male gender, n (%)
Underlying conditions
Tobacco use, n (%)

89 (40)

62 (37)

27 (42)

0.5

Alcohol abuse, n (%)

65 (29)

44 (26)

21 (33)

0.34

COPD, n (%)

57 (26)

36 (21)

21 (33)

0.08

Immunosuppressive treatment, n (%)

49 (22)

32 (19)

17 (26)

0.36

Cirrhosis, n (%)
Diabetes mellitus, n (%)

14 (6)
32 (14)

5 (3)
21 (12)

9 (14)
11 (17)

0.002
0.43

Chronic heart failure, n (%)

23 (10)

10 (6)

13 (20)

0.002

Chronic renal insufficiency, n (%)

12 (5)

6 (3)

6 (9)

0.1

Asplenia, n (%)

3 (1)

2 (1)

1 (2)

0.86

Systemic disease, n (%)

11 (5)

7 (4)

4 (6)

0.56

Cancer, n (%)

23 (10)

12 (7)

11 (17)

0.03

Long-term steroid therapy, n (%)

29 (13)

20 (12)

9 (14)

0.68

Clinical feature
SAPS II

47 (36-64)

43 (34-56)

63 (49 75)

< 0.001

Septic shock, n (%)

170 (76)

107 (64)

63 (98)

< 0.001

ARDS, n (%)

100 (45)

57 (34)

43 (67)

< 0.001

Ventilator-acquired pneumonia, n(%)

69 (31)

50 (32)

19 (30)

0.87

Bacteraemia, n (%)

101 (45)

73 (43)

28 (31)

0.71

Penicillin-susceptible S. pneumoniae strain, n (%) (over 194 patients)

117 (60)

83 (53)

34 (53)

0.99

98 (73-149)
2.9 (1.6-5.9)

100 (75-156)
2.2 (1.3-5.6)

91 (61-128)
5.16 (2.6-9.1)

0.12
0.02

8.3 (5-13)

8.3 (4.9-12.6)

7.3 (4.9-11.2)

0.7

10.7 (6.8-16.7)

9.3 (6.3-14.5)

12 (9.3-20.3)

0.13

Main laboratory findings on admission
PaO2/FiO2 ratio
Lactate (mmol/L)
Glycaemia (mmol/L)
Urea (mmol/L)
Platelet count < 10,0000/mm3, n (%)

52 (23)

32 (19)

20 (31)

0.05

Leukocytes < 1000/mm3, n (%)

56 (25)

32 (19)

22 (34)

0.05

Prothrombin time < 50%, n (%)

55 (25)

30 (18)

25 (39)

< 0.001

Bilirubin > 25 mmol/L, n (%)

59 (27)

26 (15)

23 (36)

0.001

Treatments
Mechanical ventilation, n (%)

186 (84)

123 (73)

63 (98)

< 0.001

Renal replacement therapy, n (%)

70 (32)

30 (18)

40 (62)

< 0.001

Antibiotherapy combination including macrolides, n (%)

163 (73)

110 (65)

53 (83)

0.04

Low-dose steroids, n (%)

69 (31)

41 (24)

28 (31)

0.001

Activated protein C, n (%)

44 (20)

32 (19)

12 (19)

0.78

Data are expressed as median and interquartile range. COPD: chronic obstructive pulmonary disease; SAPS: Simplified Acute Physiology Score; ARDS: acute
respiratory distress syndrome; S.pneumoniae: Streptococcus pneumonia.

support (n = 7) and persistent neurological failure (n = 4).
ICU mortality was not significantly lower in early ICU
admissions (22.6% of ICU referrals within 12 hours of onset
of infectious or respiratory symptoms vs. 27.5% of admissions after a delay of more than 12 hours, P = 0.41). Interestingly, ICU mortality was 31.1% when at least one of the
two major criteria of the American Thoracic Society was
present (n = 190), whereas all patients with at least two of
the three minor ATS/IDSA criteria survived (n = 32).

In univariate analysis, clinical variables associated with
increased mortality included age; male gender; co-morbidities, such as cirrhosis, chronic heart failure and cancer; the SAPS II; organ dysfunctions such as ARDS and
septic shock; organ support, such as mechanical ventilation and renal replacement therapy; biological disorders
(lactate, coagulation disorders) and adjunctive therapies
(low dose corticosteroids and association of antibiotics)
(Table 1). In order to identify independent prognostic
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Figure 1 Seasonal variation in ICU admission for severe pneumococcal community-acquired pneumonia.

factors, we performed a multivariate analysis that
included significant variables from the univariate analysis. Because of its co-linearity with several variables, the
SAPS II was not included in the final model. Age, male
sex and renal replacement therapy were identified as
independent predictors of hospital mortality (Table 3).
In contrast, shock (OR 12.1, 95% CI 0.78, 187.19), acute
kidney injury (OR 1.01, 95% CI 0.48, 2.17), thrombocytopenia (OR 1.74, 95% CI 0.54, 5.66), leukopenia (OR
1.03, 95% CI 0.39, 2.69) and low-dose steroids use (OR
1.34, 95% CI 0.61, 2.96]) were not significantly associated with hospital mortality.

Discussion
We report here the most important cohort of pneumococcal pneumonia requiring ICU management. The
strength of our study is that we studied a homogenous
population, including patients with only microbiologically documented S. pneumoniae CAP, with exclusive
pulmonary infection and reviewing of the patients’ files
by two independent investigators. Moreover, we chose

to eliminate aspiration pneumonia or chronic obstructive pulmonary disease (COPD) exacerbated by S. pneumoniae colonisation. We used a multicentre cohort,
reflecting both university (tertiary referral) and non-university hospitals with a wide scope of hospital sizes,
locations and practice environments.
It is striking that underlying co-morbidities have no
impact on outcome, even if some of them have been
demonstrated to increase the incidence of invasive pneumococcal disease [21]. If tobacco and alcohol abuse were
more frequent in the pneumococcal CAP than in the
general population, they did not influence the course of
the infection. Similarly, respiratory failure and septic
shock were the main admission motives, but they were
not independent prognostic variables. In contrast, male
gender, age and need for renal replacement therapy were
overwhelmingly independent risk factors for mortality. In
a set of 43 patients with severe pneumococcal pneumonia, death was driven by organ failure rather than comorbidity [10]. In another group of 137 ICU patients,
Georges et al. showed similar results, except for renal

Table 2 Comparison of patients with or without pneumococcal bacteraemia
Patient with bacteraemia
n = 101

Patient without bacteraemia
n = 121

P

Septic shock

76 (76)

94 (78)

0.69

Mechanical ventilation

83 (83)

103 (85)

0.46

ARDS

51 (51)

49 (40)

0.17

Acute kidney injury

36 (36)

51 (42)

0.33

Need for renal replacement therapy

35 (35)
72 (72)

35 (29)
85 (70)

0.46
0.83

Multi-organ failure

26 (26)

33 (28)

0.77

ICU mortality
Hospital mortality

28 (28)

36(28)

0.71

Data are expressed as n (%). ARDS: acute respiratory distress syndrome.
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Table 3 Multivariate analysis of factors associated with
hospital mortality
Odds ratio (95% CI)

P

Male sex

2.83 (1.16, 6.91)

0.01

Age

1.05 (1.02, 1.08)

0.026

Renal replacement therapy

3.78 (1.71, 8.36)

0.001

replacement therapy [9]. These authors reported that leucopenia, nosocomial infections and inadequacy of initial
antimicrobial therapy were other risk factors for death. In
our study, none of these factors were associated with
adverse outcomes. Astonishingly, male gender had a
major impact on outcome. This is in line with the higher
mortality rate of sepsis in male patients despite lower
incidence than in female patients [22]. Underlying hormonal-, social- or disease-associated mechanisms remain
to be explored to explain these findings [23].
Pneumococcal pneumonia requiring ICU admission is
associated with a high rate of fatality, with more than one
fourth of the patients dying in hospital. The highest proportion of death occurs early in the course of the disease,
despite an excellent proportion of initial adequate antibiotherapy [24]. This is considered to be related to the
early inflammatory process, which is overwhelming host
defences. In a recent study, Garcia-Vidal et al. investigated independent factors associated with early deaths in
CAP and demonstrated that age, altered mental status,
multilobar pneumonia, shock, bacteraemia and inadequate empiric antibiotic therapy were predictors of death
within 48 hours [25]. The small number of patient dying
in the first two days in our cohort did not allow us to
perform similar analysis.
The present study confirmed that S. pneumoniae pneumonia-related bacteraemia is not associated with a worse
outcome. Clinical features and organ failures prevent
identification of bacteraemic and non-bacteraemic
patients (Table 2). This observation is similar to previous
reports [26,27] including the study from Bordon et al.
who investigated a cohort of 1,847 patients, including
125 patients with bacteraemia, and found that prognosis
was not influenced by S. pneumoniae bloodstream infection [27]. Our findings are in line with prior investigations, suggesting that presence of pneumococcal
bacteraemia might not be a contraindication for de-escalation and short duration of antibiotherapy in clinically
stable patients.
As recommended by international guidelines [28],
initial antibiotherapy in the setting of severe CAP must
include a b-lactamin active against S. pneumoniae. As a
result, the rate of adequate antibiotherapy is usually high,
as reported in our study. Consequently, improvement of
antibiotherapy delivery is unlikely to improve the outcome of pneumococcal pneumonia. Thus, adjuvant

therapies might have a determinant role to reduce mortality rate [9,24,29]. In our study, we failed to demonstrate that use of activated protein C was associated with
a better outcome, despite the suggestion by Laterre et al.
that its use was of particular interest during S. pneumoniae pneumonia in the Prowess study [30]. However, the
recent Prowess Shock study did not replicate these
results and led to drug retrieval [31]. Similarly, the Captivate study was the largest clinical trial conducted on
severe CAP and examined the recombinant tissue factor
pathway inhibitor. With 694 proven cases of pneumococcal pneumonia, the study failed to demonstrate any benefit on survival in either the whole population or the
pneumococcal subgroup [32].
Low-dose steroids represent another controversial
therapy in severe sepsis. Some studies suggest this treatment improves survival in critically ill patients with
severe CAP [33]. In contrast, others, such as Snijders
et al., who compared the administration of corticosteroids plus antibiotics, vs. antibiotics alone in severe sepsis, reported no benefit with steroids [34]. The low
number of treated patients, the observational characteristics of our study and the variability of steroid use
between the participating centres preclude drawing any
conclusions. However, in the present study, low doses of
steroids were associated with increased mortality in univariate analysis. With the findings of the Corticus study,
low-dose steroids should be restricted to patients with
refractory septic shock [35].
Association of b-lactamin and either a macrolide or a
fluoroquinolone has been linked with a lower mortality
in severe CAP [8,36]. However, the clinical impact of
such a combination is seriously debated, and may vary
among pathogens. For S. pneumoniae, combined antibiotic therapy might be beneficial to treat undiagnosed coinfections, or through anti-inflammatory properties of
macrolides. However, these data emerged essentially
from retrospective or small prospective studies [8,36-42],
and are challenged by several other reports [43-48] as
with our study, and will have to be confirmed in a multicentre randomized study. To date, the recommendation
of dual antibiotherapy for S. pneumoniae CAP has not
been endorsed by scientific societies.
Pneumococcal pneumonia occurred preferentially during autumn or winter. This phenomenon has already
been described in non-critically ill patients, with a clear
link to external temperature [49] and concomitant
respiratory viral infections [50]. Here we report for the
first time this seasonality in ICU pneumococcal CAP.
Interestingly, the severity of pneumonia assessed by the
mortality rate was not influenced by season.
We found that S. pneumoniae strains with diminished
susceptibility to penicillin were involved in almost 40% of
cases. This is consistent with the recent report from the
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French national reference centre for S. pneumoniae,
which collects isolates from invasive pneumococcal diseases [51]: the overall proportion of strains that are nonsusceptible to penicillin decreased from 45% to 35% in
adults between 2001 and 2006. Interestingly, we confirmed in this severe ICU population that penicillin resistance did not influence outcome, as previously described
in less severe populations [52,53].
A few limitations deserve careful consideration. First,
despite prospective data acquisition, there were some
missing data, as illustrated by the lack of information
about influenza or pneumococcal vaccination or HIV status. Moreover, we did not have access to the time lag
between symptom onset and antibiotherapy initiation,
which has been proposed as a major outcome determinant
[54]. Second, due to the multicentre design, therapeutic
strategies (that is, antimicrobial therapy, ventilation protocols and adjunctive therapies) were not standardised.
Third, we used the 2001 American Thoracic Society
guidelines for severe CAP definition, which included three
minor criteria, rather than the 2007 ATS/IDSA definition
that includes nine minor criteria [28]. Phua et al. investigated the prognostic value of minor criteria for ICU
admission, according to the 2007 guidelines, and found
that mortality rose from 0.9% with no risk factors to 35.2%
for patients with at least three minor criteria [55]. This
underlines the large improvement of determination of
prognosis provided with the 2007 criteria, as compared
with the initial one that we used. Unfortunately, several of
the new minor criteria were not present in our databases.
Fourth, we could not study the serotypes of S. pneumoniae
in our analysis, and strain specificities seem to be a major
element of severity [56]. This requires specific investigations, which were not routinely performed. Similarly, biomarkers such as C-reactive protein or procalcitonin were
not available in the databases, whereas routine use of these
biomarkers has been shown to improve the triage score for
CAP patients in the emergency department [57]. As all
our patients were hospitalised in the ICU, the interest of
such predictor tools remains to be demonstrated in this
population.

Conclusions
In summary, we conducted a multicentre observational
study of the epidemiology and outcome of pneumococcal CAP in a large homogeneous cohort of critically ill
patients. We highlighted that S. pneumoniae pneumonia
was still associated with a poor outcome, with high early
mortality, despite adequate antimicrobial therapy. In the
future, determination of factors related to the host, that
is, genetic susceptibility, and to the bacteria, that is,
virulence, is likely to be crucial for a better understanding of the pathophysiology of invasive pneumococcal
pneumonia [58].

Page 7 of 9

Key messages
• Despite a high proportion of adequate antibiotherapy, mortality in patients with severe pneumococcal
CAP admitted to the ICU reaches 29 %.
• Microbiological specificities (penicillin susceptibility and concomitant bacteraemia) have no significant
impact on organ failure and mortality.
• Underlying co-morbidities do not impair survival
in the ICU, whereas age, male sex and need for
renal replacement therapy are associated with an
unfavourable outcome.
• Adjunctive therapies do not seem to influence the
impact of severe pneumococcal pneumonia.
Abbreviations
ARDS: acute respiratory distress syndrome; CFU: colony forming unit; COPD:
chronic obstructive pulmonary disease; HIV: human immunodeficiency virus;
ICU: Intensive Care Unit; LODS: Logistic Organ Dysfunction System; MIC:
minimal inhibitory concentration; NYHA: New York Heart Association; SAPS:
Simplified Acute Physiology Score; S.pneumoniae: Streptococcus pneumonia.
Acknowledgements
Financial support was provided from the departmental association CARISMA
(Cochin Association of Research on Inflammation Sepsis and Molecular
Advances).
Author details
Medical Intensive Care Unit, Cochin Hospital, Groupe Hospitalier
Universitaire Cochin-Broca-Hôtel-Dieu, Assistance Publique des Hôpitaux de
Paris, 27 rue du Faubourg Saint Jacques, 75014 Paris, France. 2Université Paris
Descartes, Sorbonne Paris Cité, Faculté de médecine, 15 rue de l’Ecole de
Médecine, 75006 Paris, France. 3Cochin Institute, INSERM U1016/CNRS
UMR8104, 22 rue Méchain, 75014 Paris, France. 4Intensive Care Unit,
Versailles Hospital, 177 rue de Versailles, 78150 Le Chesnay, France.
1

Authors’ contributions
NM, AM, JPB and JPM designed the study. NM, AM and AB extracted the
data. FP performed the statistical analysis. NM, AM, AB, FP, VL, JC, AC, JDC,
JPB and JPM contributed to the conduct of study and data analysis. NM and
JPM wrote the manuscript. All the authors read and approved the final
version of the manuscript.
Competing interests
JC, AC and JPM are consultants for Lilly. The authors declare that they have
no other competing interests relevant to the field of the manuscript.
Received: 22 May 2012 Revised: 25 July 2012
Accepted: 15 August 2012 Published: 15 August 2012
References
1. Shah SS, Ratner AJ: Trends in invasive pneumococcal disease-associated
hospitalizations. Clin Infect Dis 2006, 42:e1-5.
2. Robinson KA, Baughman W, Rothrock G, Barrett NL, Pass M, Lexau C,
Damaske B, Stefonek K, Barnes B, Patterson J, Zell ER, Schuchat A,
Whitney CG: Epidemiology of invasive Streptococcus pneumoniae
infections in the United States, 1995-1998: Opportunities for prevention
in the conjugate vaccine era. JAMA 2001, 285:1729-1735.
3. Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G, Carcillo J, Pinsky MR:
Epidemiology of severe sepsis in the United States: analysis of
incidence, outcome, and associated costs of care. Crit Care Med 2001,
29:1303-1310.
4. Marrie TJ, Shariatzadeh MR: Community-acquired pneumonia requiring
admission to an intensive care unit: a descriptive study. Medicine
(Baltimore) 2007, 86:103-111.

Mongardon et al. Critical Care 2012, 16:R155
http://ccforum.com/content/16/4/R155

5.

6.

7.
8.

9.

10.

11.
12.
13.

14.

15.

16.

17.

18.

19.

20.
21.

22.
23.
24.

25.

Levy MM, Dellinger RP, Townsend SR, Linde-Zwirble WT, Marshall JC, Bion J,
Schorr C, Artigas A, Ramsay G, Beale R, Parker MM, Gerlach H, Reinhart K,
Silva E, Harvey M, Regan S, Angus DC: The Surviving Sepsis Campaign:
results of an international guideline-based performance improvement
program targeting severe sepsis. Intensive Care Med 2010, 36:222-231.
Bordon J, Wiemken T, Peyrani P, Paz ML, Gnoni M, Cabral P, Venero Mdel C,
Ramirez J: Decrease in long-term survival for hospitalized patients with
community-acquired pneumonia. Chest 2010, 138:279-283.
File TM, Marrie TJ: Burden of community-acquired pneumonia in North
American adults. Postgrad Med 2010, 122:130-141.
Martin-Loeches I, Lisboa T, Rodriguez A, Putensen C, Annane D, GarnachoMontero J, Restrepo MI, Rello J: Combination antibiotic therapy with
macrolides improves survival in intubated patients with communityacquired pneumonia. Intensive Care Med 2010, 36:612-620.
Georges H, Leroy O, Vandenbussche C, Guery B, Alfandari S, Tronchon L,
Beaucaire G: Epidemiological features and prognosis of severe
community-acquired pneumococcal pneumonia. Intensive Care Med 1999,
25:198-206.
Moine P, Vercken JB, Chevret S, Gajdos P: Severe community-acquired
pneumococcal pneumonia. The French Study Group of CommunityAcquired Pneumonia in ICU. Scand J Infect Dis 1995, 27:201-206.
Wunderink RG: Adjunctive therapy in community-acquired pneumonia.
Semin Respir Crit Care Med 2009, 30:146-153.
Van der Poll T, Opal SM: Pathogenesis, treatment, and prevention of
pneumococcal pneumonia. Lancet 2009, 374:1543-1556.
Niederman MS, Mandell LA, Anzueto A, Bass JB, Broughton WA,
Campbell GD, Dean N, File T, Fine MJ, Gross PA, Martinez F, Marrie TJ,
Plouffe JF, Ramirez J, Sarosi GA, Torres A, Wilson R, Yu VL: Guidelines for
the management of adults with community-acquired pneumonia.
Diagnosis, assessment of severity, antimicrobial therapy, and prevention.
Am J Respir Crit Care Med 2001, 163:1730-1754.
Ewig S, Ruiz M, Mensa J, Marcos MA, Martinez JA, Arancibia F,
Niederman MS, Torres A: Severe community-acquired pneumonia.
Assessment of severity criteria. Am J Respir Crit Care Med 1998,
158:1102-1108.
Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA, Schein RM,
Sibbald WJ: Definitions for sepsis and organ failure and guidelines for
the use of innovative therapies in sepsis. The ACCP/SCCM Consensus
Conference Committee. American College of Chest Physicians/Society of
Critical Care Medicine. 1992. Chest 2009, 136:e28.
Bernard GR, Artigas A, Brigham KL, Carlet J, Falke K, Hudson L, Lamy M,
Legall JR, Morris A, Spragg R: The American-European Consensus
Conference on ARDS. Definitions, mechanisms, relevant outcomes, and
clinical trial coordination. Am J Respir Crit Care Med 1994, 149:818-824.
Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P: Acute renal failure definition, outcome measures, animal models, fluid therapy and
information technology needs: the Second International Consensus
Conference of the Acute Dialysis Quality Initiative (ADQI) Group. Crit Care
2004, 8:R204-212.
Le Gall JR, Klar J, Lemeshow S, Saulnier F, Alberti C, Artigas A, Teres D: The
Logistic Organ Dysfunction system. A new way to assess organ dysfunction
in the intensive care unit. ICU Scoring Group. JAMA 1996, 276:802-810.
Le Gall JR, Lemeshow S, Saulnier F: A new Simplified Acute Physiology
Score (SAPS II) based on a European/North American multicenter study.
JAMA 1993, 270:2957-2963.
Antibiogram Committee of the French Society for Microbiology. [http://
www.sfm.asso.fr/].
Nuorti JP, Butler JC, Farley MM, Harrison LH, McGeer A, Kolczak MS,
Breiman RF: Cigarette smoking and invasive pneumococcal disease.
Active Bacterial Core Surveillance Team. N Engl J Med 2000, 342:681-689.
Mahmood K, Eldeirawi K, Wahidi MM: Association of gender with
outcomes in critically ill patients. Crit Care 2012, 16:R92.
Angele MK, Pratschke S, Chaudry IH: Does gender influence outcomes in
critically ill patients? Crit Care 2012, 16:129.
Rodriguez A, Lisboa T, Blot S, Martin-Loeches I, Sole-Violan J, De
Mendoza D, Rello J: Mortality in ICU patients with bacterial communityacquired pneumonia: when antibiotics are not enough. Intensive Care
Med 2009, 35:430-438.
Garcia-Vidal C, Fernandez-Sabe N, Carratala J, Diaz V, Verdaguer R, Dorca J,
Manresa F, Gudiol F: Early mortality in patients with community-acquired
pneumonia: causes and risk factors. Eur Respir J 2008, 32:733-739.

Page 8 of 9

26. Marrie TJ, Low DE, De Carolis E: A comparison of bacteremic
pneumococcal pneumonia with nonbacteremic community-acquired
pneumonia of any etiology–results from a Canadian multicentre study.
Can Respir J 2003, 10:368-374.
27. Bordon J, Peyrani P, Brock GN, Blasi F, Rello J, File T, Ramirez J: The
presence of pneumococcal bacteremia does not influence clinical
outcomes in patients with community-acquired pneumonia: results from
the Community-Acquired Pneumonia Organization (CAPO) International
Cohort study. Chest 2008, 133:618-624.
28. Mandell LA, Wunderink RG, Anzueto A, Bartlett JG, Campbell GD, Dean NC,
Dowell SF, File TM, Musher DM, Niederman MS, Torres A, Whitney CG:
Infectious Diseases Society of America/American Thoracic Society
consensus guidelines on the management of community-acquired
pneumonia in adults. Clin Infect Dis 2007, 44(Suppl 2):S27-72.
29. Garcia-Vidal C, Ardanuy C, Tubau F, Viasus D, Dorca J, Linares J, Gudiol F,
Carratala J: Pneumococcal pneumonia presenting with septic shock:
host- and pathogen-related factors and outcomes. Thorax 2010, 65:77-81.
30. Laterre PF, Garber G, Levy H, Wunderink R, Kinasewitz GT, Sollet JP,
Maki DG, Bates B, Yan SC, Dhainaut JF: Severe community-acquired
pneumonia as a cause of severe sepsis: data from the PROWESS study.
Crit Care Med 2005, 33:952-961.
31. Angus DC: Drotrecogin alfa (activated) ... a sad final fizzle to a rollercoaster party. Crit Care 2012, 16:107.
32. Wunderink RG, Laterre PF, Francois B, Perrotin D, Artigas A, Vidal LO,
Lobo SM, Juan JS, Hwang SC, Dugernier T, LaRosa S, Wittebole X,
Dhainaut JF, Doig C, Mendelson MH, Zwingelstein C, Su G, Opal S:
Recombinant tissue factor pathway inhibitor in severe communityacquired pneumonia: a randomized trial. Am J Respir Crit Care Med 2011,
183:1561-1568.
33. Confalonieri M, Urbino R, Potena A, Piattella M, Parigi P, Puccio G, Della
Porta R, Giorgio C, Blasi F, Umberger R, Meduri GU: Hydrocortisone
infusion for severe community-acquired pneumonia: a preliminary
randomized study. Am J Respir Crit Care Med 2005, 171:242-248.
34. Snijders D, Daniels JM, de Graaff CS, van der Werf TS, Boersma WG: Efficacy
of corticosteroids in community-acquired pneumonia: a randomized
double-blinded clinical trial. Am J Respir Crit Care Med 2010, 181:975-982.
35. Sprung CL, Annane D, Keh D, Moreno R, Singer M, Freivogel K, Weiss YG,
Benbenishty J, Kalenka A, Forst H, Laterre PF, Reinhart K, Cuthbertson BH,
Payen D, Briegel J: Hydrocortisone therapy for patients with septic shock.
N Engl J Med 2008, 358:111-124.
36. Tessmer A, Welte T, Martus P, Schnoor M, Marre R, Suttorp N: Impact of
intravenous {beta}-lactam/macrolide versus {beta}-lactam monotherapy
on mortality in hospitalized patients with community-acquired
pneumonia. J Antimicrob Chemother 2009, 63:1025-1033.
37. Martinez JA, Horcajada JP, Almela M, Marco F, Soriano A, Garcia E,
Marco MA, Torres A, Mensa J: Addition of a macrolide to a beta-lactambased empirical antibiotic regimen is associated with lower in-hospital
mortality for patients with bacteremic pneumococcal pneumonia. Clin
Infect Dis 2003, 36:389-395.
38. Waterer GW, Somes GW, Wunderink RG: Monotherapy may be suboptimal
for severe bacteremic pneumococcal pneumonia. Arch Intern Med 2001,
161:1837-1842.
39. Weiss K, Low DE, Cortes L, Beaupre A, Gauthier R, Gregoire P, Legare M,
Nepveu F, Thibert D, Tremblay C, Tremblay J: Clinical characteristics at
initial presentation and impact of dual therapy on the outcome of
bacteremic Streptococcus pneumoniae pneumonia in adults. Can Respir J
2004, 11:589-593.
40. Baddour LM, Yu VL, Klugman KP, Feldman C, Ortqvist A, Rello J, Morris AJ,
Luna CM, Snydman DR, Ko WC, Chedid MB, Hui DS, Andremont A,
Chiou CC: Combination antibiotic therapy lowers mortality among
severely ill patients with pneumococcal bacteremia. Am J Respir Crit Care
Med 2004, 170:440-444.
41. Rodriguez A, Mendia A, Sirvent JM, Barcenilla F, de la Torre-Prados MV,
Sole-Violan J, Rello J: Combination antibiotic therapy improves survival in
patients with community-acquired pneumonia and shock. Crit Care Med
2007, 35:1493-1498.
42. Restrepo MI, Mortensen EM, Waterer GW, Wunderink RG, Coalson JJ,
Anzueto A: Impact of macrolide therapy on mortality for patients with
severe sepsis due to pneumonia. Eur Respir J 2009, 33:153-159.
43. Chokshi R, Restrepo MI, Weeratunge N, Frei CR, Anzueto A, Mortensen EM:
Monotherapy versus combination antibiotic therapy for patients with

Mongardon et al. Critical Care 2012, 16:R155
http://ccforum.com/content/16/4/R155

44.

45.

46.

47.

48.

49.
50.

51.

52.

53.

54.

55.

56.

57.

58.

Page 9 of 9

bacteremic Streptococcus pneumoniae community-acquired pneumonia.
Eur J Clin Microbiol Infect Dis 2007, 26:447-451.
Dwyer R, Ortqvist A, Aufwerber E, Henriques Normark B, Marrie TJ,
Mufson MA, Torres A, Woodhead MA, Alenius M, Kalin M: Addition of a
macrolide to a ss-lactam in bacteremic pneumococcal pneumonia. Eur J
Clin Microbiol Infect Dis 2006, 25:518-521.
Aspa J, Rajas O, Rodriguez de Castro F, Huertas MC, Borderias L, Cabello FJ,
Tabara J, Hernandez-Flix S, Martinez-Sanchis A, Torres A: Impact of initial
antibiotic choice on mortality from pneumococcal pneumonia. Eur Respir
J 2006, 27:1010-1019.
Burgess DS, Lewis JS: Effect of macrolides as part of initial empiric
therapy on medical outcomes for hospitalized patients with communityacquired pneumonia. Clin Ther 2000, 22:872-878.
Paul M, Nielsen AD, Gafter-Gvili A, Tacconelli E, Andreassen S,
Almanasreh N, Goldberg E, Cauda R, Frank U, Leibovici L: The need for
macrolides in hospitalised community-acquired pneumonia: propensity
analysis. Eur Respir J 2007, 30:525-531.
Harbarth S, Garbino J, Pugin J, Romand JA, Pittet D: Lack of effect of
combination antibiotic therapy on mortality in patients with
pneumococcal sepsis. Eur J Clin Microbiol Infect Dis 2005, 24:688-690.
Dowell SF, Whitney CG, Wright C, Rose CE, Schuchat A: Seasonal patterns
of invasive pneumococcal disease. Emerg Infect Dis 2003, 9:573-579.
Talbot TR, Poehling KA, Hartert TV, Arbogast PG, Halasa NB, Edwards KM,
Schaffner W, Craig AS, Griffin MR: Seasonality of invasive pneumococcal
disease: temporal relation to documented influenza and respiratory
syncytial viral circulation. Am J Med 2005, 118:285-291.
Recent trends in antimicrobial resistance among Streptococcus
pneumoniae and Staphylococcus aureus isolates: the French experience.
Euro Surveill 2008, pii: 19035.
Pallares R, Linares J, Vadillo M, Cabellos C, Manresa F, Viladrich PF, Martin R,
Gudiol F: Resistance to penicillin and cephalosporin and mortality from
severe pneumococcal pneumonia in Barcelona, Spain. N Engl J Med 1995,
333:474-480.
Aspa J, Rajas O, Rodriguez de Castro F, Blanquer J, Zalacain R, Fenoll A, de
Celis R, Vargas A, Rodriguez Salvanes F, Espana PP, Rello J, Torres A: Drugresistant pneumococcal pneumonia: clinical relevance and related
factors. Clin Infect Dis 2004, 38:787-798.
Kumar A, Roberts D, Wood KE, Light B, Parrillo JE, Sharma S, Suppes R,
Feinstein D, Zanotti S, Taiberg L, Gurka D, Cheang M: Duration of
hypotension before initiation of effective antimicrobial therapy is the
critical determinant of survival in human septic shock. Crit Care Med
2006, 34:1589-1596.
Phua J, See KC, Chan YH, Widjaja LS, Aung NW, Ngerng WJ, Lim TK:
Validation and clinical implications of the IDSA/ATS minor criteria for
severe community-acquired pneumonia. Thorax 2009, 64:598-603.
Lujan M, Gallego M, Belmonte Y, Fontanals D, Valles J, Lisboa T, Rello J:
Influence of pneumococcal serotype group on outcome in adults with
bacteraemic pneumonia. Eur Respir J 2010, 36:1073-1079.
Mira JP, Max A, Burgel PR: The role of biomarkers in community-acquired
pneumonia: predicting mortality and response to adjunctive therapy.
Crit Care 2008, 12(Suppl 6):S5.
Brouwer MC, de Gans J, Heckenberg SG, Zwinderman AH, van der Poll T,
van de Beek D: Host genetic susceptibility to pneumococcal and
meningococcal disease: a systematic review and meta-analysis. Lancet
Infect Dis 2009, 9:31-44.

doi:10.1186/cc11471
Cite this article as: Mongardon et al.: Epidemiology and outcome of
severe pneumococcal pneumonia admitted to intensive care unit: a
multicenter study. Critical Care 2012 16:R155.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

