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ABSTRACT: The study compares the ability of the PSI (pneumonia severity index), CURB-65

(confusion, urea .7 mol?L-1, respiratory rateo30 breaths?min-1, blood pressure ,90 mmHg systolic

or f60 mmHg diastolic, and age o65 yrs), CURB and CRB-65 scales and the Severe Community-

Acquired Pneumonia (SCAP) score to predict 30-day mortality in healthcare-associated pneumonia

(HCAP) patients, and analyses differences in the demographics, aetiology and outcomes of

community-acquired pneumonia (CAP), HCAP and pneumonia in immunocompromised patients.

629 consecutive patients admitted to a tertiary care university hospital were prospectively

categorised as having CAP (n5322) or HCAP (n5307), and the HCAP patients were further sub-

divided into those who were immunocompromised (n5219) or immunocompetent (n588).

The 30-day mortality rate was 9.0% in the CAP group and 24.1% in the HCAP group. In the HCAP

group, the PSI and SCAP scores had similar prognostic power (area under the curve (AUC) of 0.68

and 0.67, respectively) and performed better than the CURB-65 score (AUC f0.62). Among the

immunocompetent HCAP patients, the PSI and CURB-65 scores were more sensitive than

the others at every threshold, whereas SCAP was more specific than both of these. In the

immunocompromised group, the PSI was highly sensitive but poorly specific at all thresholds.

Our results suggest that prognostic tools should be designed for subsets of HCAP patients.

KEYWORDS: Community-acquired pneumonia, immunocompromised patients, severity scores

I
n 2005, the term ‘‘healthcare-associated pneu-
monia’’ (HCAP) was introduced by the guide-
lines of the American Thoracic Society (ATS)

and the Infectious Diseases Society of America
(IDSA) concerning nosocomial pneumonia [1].
This new category was based on data showing
that multidrug-resistant (MDR) pathogens, preva-
lent in nosocomial infections, could be found in
subjects who had ongoing interactions with the
healthcare system, despite their status as out-
patients [2, 3]; the guidelines recommended
intensively treating HCAP patients with a combi-
nation of broad-spectrum antimicrobial drugs
active against MDR pathogens [1].

The 2005 ATS/IDSA guidelines also considered
the increasing number of elderly and/or severely
disabled patients resident in nursing homes, and
patients who were significantly immunocompro-
mised because of the disease and/or therapy and
were more likely to experience MDR infections.

Recent observational studies have shown that
between 17 and 38% of patients hospitalised for
pneumonia have HCAP [4–7]. Despite the latest

advances in antimicrobial therapy and improved
supportive care, HCAP is a major cause of
morbidity, and leads to mortality rates of about
20%, which is twice as high as those observed in
patients with community-acquired pneumonia
(CAP) [3–9]. HCAP patients are generally older,
have more comorbidities and disabilities, and more
closely resemble patients with hospital-acquired
pneumonia (HAP) or ventilator-associated pneu-
monia (VAP) than CAP patients [3, 8, 10]. They
therefore require adequate in-patient care and
the appropriate allocation of resources to intensive
care units (ICUs) in order to minimise morbidity
and mortality.

A number of scoring systems have been developed
to improve the clinical management of CAP patients
and assure better resource allocation [11–13]. The
two most widely studied are the 20-variable
Pneumonia Severity Index (PSI) [14] and the five-
variable CURB-65 (confusion, urea .7 mol?L-1,
respiratory rate o30 breaths?min-1, blood pressure
,90 mmHg systolic or f60 mmHg diastolic, and
age o65 yrs) score [15]. The eight-variable Severe
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Community-Acquired Pneumonia (SCAP) score has recently been
developed for patients with severe CAP [16, 17], and seems to be
accurate for ICU admission.

There are no specific rules for assessing the severity and the
prognosis of HCAP patients, and the performance of the CAP
prognostic tools has only been evaluated in a few, mainly
retrospective, studies [7, 18–20]. Furthermore, most of the
prospective studies have investigated cohorts of HCAP patients
residing in nursing homes or extended-care facilities, or
previously hospitalised patients [9, 12, 21]. However, HCAP is
a heterogeneous disease that may be more or less severe in
different patient populations and in patients with different
reasons for having contacted the healthcare system [22]. In
particular, it is still debated whether pneumonia in immuno-
compromised patients can be considered a form of HCAP or is a
different entity [23], and there are no published data concerning
the use of severity scores in immunocompromised outpatients
who are non-neutropenic or HIV-negative.

The aims of this prospective study were: to compare the
performance of PSI, CURB, CURB-65, CRB-65 and SCAP scores
in evaluating the severity of pneumonia and predicting 30-day
mortality in hospitalised HCAP patients; to discuss any differ-
ences in the demographics, aetiology and outcomes of CAP and
HCAP patients, and those belonging to the different HCAP
subsets; and to explore the predictive power of the scoring
systems in immunocompromised (IC) and non-IC HCAP patients.

METHODS
Study subjects
Between 2005 and 2010, 1,066 consecutive adults with pneumonia
agedo18 yrs were admitted to the Internal Medicine Department
of Fondazione IRCCS Ospedale Maggiore Policlinico, an acute-
care tertiary university hospital in Milan, Italy. Of these, 629 were
considered eligible for this prospective observational study. CAP
and immunocompromise were defined on the basis of the criteria
used in the Italian study of CAP management in internal medicine
departments [24], in which the authors have been involved since
2002. The patients were classified as having HCAP if they had
been hospitalised for o2 days during the 90 days preceding
admission; if they resided in a skilled nursing facility or other
institution; if they had been undergoing chronic dialysis; if they
had received home or 1-day hospital infusion therapy within
the preceding 30 days; if they had received home or hospital
wound care or if a member of their family was affected by MDR
pathogens [1].

Immunocompromise was defined as the presence of malig-
nancy (active solid or haematological), immunological disorders
or immunosuppressive therapy (e.g. cytotoxic chemotherapy,
the use of .20 mg prednisone per day, or any other immuno-
suppressant in the previous 4 weeks), severe malnutrition
or cachexia.

The exclusion criteria were VAP, HAP, suspected or known
aspiration pneumonia, active tuberculosis infection, or fungal or
cytomegalovirus pneumonia and HIV positivity. Approval from
the local institutional review board (Ethical Committee of the
Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico,
Milan, Italy) and the patients’ informed consent was obtained.
In all cases, the decision to admit and the choice of therapy was
entirely at the discretion of the attending physician.

Data collection and evaluation
A record was made of demographic variables, clinical findings
upon presentation, comorbidities, pre-admission therapy, chest
radiographic findings, laboratory parameters, microbiological
studies, the need for invasive mechanical ventilation, complica-
tions, the length of hospital stay (LOS), in-hospital mortality,
and outcome at discharge and 30 days after admission. 30-day
all-cause mortality was assessed by reviewing the medical
records and/or by telephone interview. The patients in whom
30-day mortality could not be ascertained were excluded.

Clinical prognostic models
The patients were stratified into 30-day mortality risk groups on
the basis of the PSI, the CURB, CURB-65, CRB-65 scoring
systems and the SCAP score, all of which were calculated using
the set of prognostic indicators collected upon admission. The
parameters for each prognostic tool were converted into
dichotomous variables. In the case of the PSI, the patients were
divided into low-, intermediate- and high-risk classes [14]; in the
case of CURB, CURB-65 and CRB-65, they were stratified on the
basis of the number of criteria met and divided into low-,
intermediate- and high-risk classes [15]. The SCAP score upon
admission was calculated a posteriori using prospectively
recorded variables, and the patients were divided into low-,
intermediate- and high-risk classes [16].

Statistical analysis
Descriptive statistics were computed resorting to the Statistical
Package for Social Sciences, version 17 (SPSS, Chicago, IL, USA).
Differences in the baseline characteristics between HCAP and
CAP patients and, within the HCAP group, between IC and non-
IC patients were tested with the Chi-squared test or unpaired t-
test, as appropriate. Stepwise logistic regression was used to
select the set of variables associated with 30-day mortality and to
compute adjusted estimates of mortality in the CAP, HCAP IC
and HCAP non-IC patients. Differences in survival between these
groups were tested using the log-rank test. Survival was assessed
using the Kaplan–Meier product limit estimates. The perfor-
mance of each prognostic rule (in terms of sensitivity, specificity,
and positive and negative likelihood ratio) was assessed for
different cut-off points. Exact confidence limits of sensitivity and
specificity were derived from binomial distribution. The receiver
operating characteristic (ROC) curves for each prognostic score
system were traced and the area under each ROC curve (AUC)
were computed. The pairwise differences between the AUC of
the five prognostic score systems were tested with a Wald test.
SAS Proc Logistic (SAS/STAT User’s guide version 9, SAS
Institute Inc., Cary, NC, USA) was used to fit logistic regression
models, to assess the performance of the prognostic score systems
and to carry out ROC curve analysis. The two-tailed significance
threshold was set at p,0.05 for all tests, with the exception of the
pairwise comparisons between AUCs. In this case the threshold
was set to p,0.005, in accordance with Bonferroni principle.

RESULTS
Patient characteristics and outcomes
Of the 629 enrolled patients, 307 (49%) were classified as
having HCAP and 322 (51%) as having CAP. Table 1 shows the
characteristics of the two groups.

34.2% of HCAP patients and 48.8% of CAP patients were
.80 yrs of age (p,0.001), and consequently, in the HCAP
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group the prevalence of cerebrovascular diseases (21.5% versus
32.0%; p50.004) and COPD (13.7% versus 25.8%) was lower.
However, HCAP had more associated comorbidities than CAP
(66.1% versus 51.9%; p,0.001) and were more often affected by
malignancy (69.4% versus 4.0%; p,0.001). A greater rate of

HCAP patients (45.1%) were given antibiotics prior to hospital
admission compared to CAP patients (27.7%; p,0.001). On
admission, radiography revealed pneumonia with multilobar
involvement more often in HCAP (26.1%) than in CAP patients
(18.9%; p50.035). Malignancy in 13 CAP and eight non-IC

TABLE 1 Baseline characteristics

HCAP patients CAP patients p-value

Subjects n 307 322

Demographic data

Age yrs 72.8 (26–98) 75.0 (18–102) 0.073

Age ,65 yrs 74 (24.1) 67 (20.8) 0.340

Age o80 yrs 105 (34.2) 157 (48.8) ,0.001

Males 187 (60.9) 164 (50.9) 0.013

Antibiotics before presentation 137 (45.1) 88 (27.7) ,0.001

Active alcohol abuse 9 (4.4) 13 (5.4) 0.666

Comorbidities

Cerebrovascular disease 66 (21.5) 103 (32.0) 0.004

Cardiovascular disease 135 (44.0) 151 (46.9) 0.472

Chronic renal failure 89 (29.0) 75 (23.3) 0.122

COPD 42 (13.7) 83 (25.8) ,0.001

Diabetes 51 (16.6) 56 (17.4) 0.832

Chronic liver disease 44 (14.3) 35 (10.9) 0.229

Malignancy 213 (69.4) 13# (4.0) ,0.001

Two or more comorbidities 203 (66.1) 167 (51.9) ,0.001

Clinical parameters upon admission

Altered mental status 78 (25.4) 92 (28.6) 0.419

Congestive heart failure 41 (13.4) 49 (15.2) 0.569

Acute renal failure 24 (9.0) 13 (4.9) 0.063

Temperature ,35uC or o40uC 6 (2.0) 6 (1.9) 1.000

Systolic blood pressure ,90 mmHg" 4 (1.3) 3 (0.9) 0.719

Systolic blood pressure ,90 mmHg or diastolic f60 mmHg+ 96 (31.3) 61 (18.9) ,0.001

Pulse rate o125 beats?min-1 20 (6.5) 18 (5.6) 0.738

Respiratory rate o30 breaths?min-1 61 (19.9) 59 (18.3) 0.685

Laboratory findings upon admission

Blood urea nitrogen .7 mmol?L-1+ 190 (61.9) 165 (51.2) 0.008

Blood urea nitrogen o11 mmol?L-1" 96 (31.3) 69 (21.4) 0.006

Glucose o250 mg?dL-1 13 (4.2) 20 (6.2) 0.288

Sodium ,130 mEq 26 (8.5) 11 (3.4) 0.010

Haematocrit ,30% 88 (28.7) 10 (3.1) ,0.001

PO2 ,60 mmHg or Sa,O2 ,90% 71 (23.1) 102 (31.7) 0.020

pH ,7.35 5 (1.6) 18 (5.6) 0.010

WBC ,4000 cells?mL-1 58 (18.9) 4 (1.2) ,0.001

PO2 ,54 mmHg or Pa,O2/FI,O2 ,250 34 (11.1) 44 (13.7) 0.336

Radiographic findings upon admission

Pleural effusion 84 (27.4) 109 (33.9) 0.084

Multilobar involvement 80 (26.1) 61 (18.9) 0.035

Outcome measures

LOS days 15.1 (1–91) 13.1 (1–52) 0.004

30-day mortality 74 (24.1) 29 (9.0) ,0.001

In-hospital mortality1 62 (20.2) 26 (8.1) ,0.001

30-day mortality in those aged o80 yrs 40 (38.9) 25 (15.9) 0.003

PSI score 126.7 (23–226) 105.1 (8–215) ,0.001

Data are presented as n (%) or mean (range), unless otherwise stated. HCAP: healthcare-associated pneumonia; CAP: community acquired pneumonia; COPD: chronic

obstructive pulmonary disease; PO2: oxygen tension; Sa,O2: arterial oxygen saturation; WBC: white blood cells; Pa,O2: arterial oxygen tension; FI,O2: inspiratory oxygen

fraction; LOS: length of hospital stay; PSI: Pneumonia Severity Index. #: in situ cancer; ": PSI cut-off level; +: CURB scale cut-off level; 1: also after 30 days.
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HCAP patients was attributable to in situ cancer (skin, prostate
or uterus).

Most of the dichotomous laboratory variables included in the
PSI, SCAP, CURB-65, CURB or CRB-65 scores were able to
discriminate HCAP from CAP patients.

Mortality was 24.1% in the HCAP group and 9% in the CAP
group. In-hospital mortality was similar to 30-day mortality.

The univariate odds for 30-day mortality was three times higher
in the HCAP group (OR 3.21, 95% CI 2.020–5.096). After adjusting
for PSI, the odds in the HCAP group remained higher (OR 5.56,
95% CI 2.02–15.26). At stepwise logistic regression, mortality was
found to be associated with age o80 yrs, multilobar involve-
ment, blood urea nitrogen o11 mmol?L-1, sodium ,130 mEq,
pulse rate o125 beats?min-1, cerebrovascular disease, malig-
nancy and pleural effusion and R-squared 16.1%; residual Chi-
squared 13.1 (18 degrees of freedom), p50.78. The odds ratio
adjusted for these covariates (OR 4.65, 95% CI 1.22–17.75) was still
significant. The HCAP patients had a longer LOS (p50.004).

Patient characteristics and outcomes in the HCAP subsets
Table 2 shows the backgrounds of HCAP patients, many of
whom satisfied more than one HCAP criterion: 24.7% had been
hospitalised for o2 days in the previous 90 days, 5.9% were
nursing home residents, 45.8% received 1-day hospital intrave-
nous medical therapy (chemotherapy or supportive care), and
34.2% underwent home wound care or home infusion therapy.
Among the 137 patients with 1-day hospital access in the
previous 30 days, 114 were affected by haematogenous malig-
nancies, eight by solid malignancies and 15 by thalassaemia
major or autoimmune diseases.

The majority (71.3%) were IC because of the disease and/or
therapy, all of whom met at least one HCAP criterion, and none

was classified as having CAP. As this was a discriminating
parameter, the 219 IC patients were compared with the 88 non-
IC patients. Admission from a nursing home accounted for
13.6% of the latter and 2.7% of the former (p50.001). Malignancy
in eight non-IC HCAP patients was attributable to in situ cancer.
These patients were defined as HCAP because two had been
hospitalised for o2 days in the previous 90 days, three received
1-day hospital intravenous medical therapy and two underwent
home wound care.

Table 3 shows comorbidities, and clinical and laboratory
variables in the two HCAP subsets. The non-IC patients were
older (mean age 77.8 versus 70.8 yrs; p,0.001), and included
three times more o80-yr-olds than the immunocompromised
patients.

The univariate odds for 30-day mortality were similar in these
two groups of patients (OR 0.93, 95% CI 0.52–1.65). Even after
adjustment for the covariates selected by stepwise logistic
regression, the odds ratio (OR 1.02, 95% CI 0.35–2.96) remained
close to 1.

There were no differences in PSI score or LOS between the
two groups.

Figure 1 shows the Kaplan–Meier plot of 30-day survival in the
study cohort: the trend was similar in the IC and non-IC HCAP
patients (p50.713).

Microbiological studies
The microbiological studies were performed in 253 out of 322
CAP patients (78.6%) and in 266 out of 307 HCAP patients
(86.6%). Positivity was obtained in 23.3% of CAP patients and
30.8% of HCAP patients. Table 4 shows the microbiological
findings in the groups and subgroups. Data on Enterococcus
species isolation have been included because enterococci are
considered a rare cause of lung infections, except in the setting
of impaired immunity. Enterococcus faecalis and Enterococcus
faecium have emerged as multi-resistant nosocomial pathogens
in IC, critically ill and elderly patients with comorbidities
(stroke, hypertension and vascular disease).

Severity scores
As shown in figure 2, all five scoring systems showed the same
trend of increasing mortality with worsening risk group. In all
the risk classes of each score, mortality was higher in the HCAP
group. In terms of distribution, CURB, CRB-65 and SCAP
classified the largest proportion of patients as being at low risk,
whereas the PSI and CURB-65 classified the lowest proportion
as low risk. Among the HCAP patients, the PSI low-risk class
had the lowest aggregate 30-day mortality than the low-risk
classes of all of the other scores.

Comparison of severity scores performance
Figure 3 shows the ROC curves, AUCs and their differences for
all scores in all of the groups and subgroups. All the prognostic
scores performed better in CAP patients than in HCAP patients.
In the overall HCAP group, the PSI seemed to predict mortality
better than the three CURB scores, though differences were not
significant; also SCAP appeared to perform slightly better than
CURB curves. In the subset of non-IC HCAP patients, the
performance of all prognostic scores was similar to that

TABLE 2 Healthcare-acquired pneumonia (HCAP) patient
backgrounds

All HCAP patients Overall#

Subjects n 307

HCAP criteria

Hospitalisation for o2 days in previous 90 days 74 (24.7)

Day hospital access in previous 30 days for

intravenous therapy

137 (45.8)

Nursing home residents 18 (5.9)

Home wound care or home infusion therapy 105 (34.2)

Chronic dialysis 0 (0)

IC HCAP patients" 219 (71.3)

Chemotherapy and/or immunosuppressive therapy 113 (36.8)

Long-term steroids o20 mg?day-1 40 (15.7)

Malignancy 213 (69.4)

Haematogenous malignancy 170 (55.4)

Neutropenic (ANC ,1500 cells?mL-1) 16 (7.2)+

Data are presented as n (%), unless otherwise stated. IC: immunocompro-

mised; ANC: absolute neutrophil count. #: including overlapping cases; ": all IC

patients met at least one HCAP criterion; +: ANC 501–1000 cells?mL-1: seven

patients; ANC 1001–1500 cells?mL-1: nine patients.
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observed in the CAP group. Among the IC HCAP patients, only
the PSI and SCAP scores had prognostic value.

At every threshold, reported in table 5, the PSI was more
sensitive and less specific than the CURB and SCAP scores,
and also had the best negative likelihood ratio (0.19).

DISCUSSION

This prospective study analysed validated CAP scoring
systems (PSI, CURB and its derivatives and SCAP) as predictors
of 30-day mortality in hospitalised HCAP patients including
immunocompromised patients; all scores are found to be poor at

TABLE 3 Baseline comparison of immunocompromised (IC) and non-IC healthcare-acquired pneumonia patients

Non-IC IC p-value

Subjects n 88 219

Demographic data

Age yrs 77.8 (28–98) 70.8 (26–97) ,0.001

Age ,65 yrs 15 (17.0) 59 (26.9) 0.077

Age o80 yrs 55 (62.5) 50 (22.8) ,0.001

Males 45 (51.1) 142 (64.8) 0.029

Antibiotics before presentation 32 (37.2) 105 (48.2) 0.097

Comorbidities

Cerebrovascular disease 46 (52.3) 20 (9.1) ,0.001

Cardiovascular disease 54 (61.4) 81 (37.0) ,0.001

Chronic renal failure 32 (36.4) 57 (26.0) 0.095

COPD 19 (21.6) 23 (10.5) 0.016

Diabetes 17 (19.3) 34 (15.5) 0.498

Chronic liver disease 13 (14.8) 31 (14.2) 0.859

Malignancy 81 (9.1) 205 (93.6) ,0.001

Two or more comorbidities 63 (71.6) 140 (63.9) 0.231

Clinical parameters upon admission

Altered mental status 40 (45.5) 38 (17.4) ,0.001

Congestive heart failure 15 (17.0) 26 (11.9) 0.266

Acute renal failure 9 (13.4) 15 (7.5) 0.147

Temperature ,35uC or o40uC 2 (2.3) 4 (1.8) 1.000

Systolic blood pressure ,90 mmHg# 2 (2.3) 2 (0.9) 0.324

Systolic blood pressure ,90 mmHg or diastolic f60 mmHg" 23 (26.1) 73 (33.3) 0.276

Pulse rate o125 beats?min-1 10 (11.4) 10 (4.6) 0.040

Respiratory rate o30 breaths?min-1 16 (18.2) 45 (20.5) 0.752

Laboratory findings upon admission

Blood urea nitrogen .7 mmol?L-1" 56 (63.6) 134 (61.2) 0.795

Blood urea nitrogen o11 mmol?L-1# 33 (37.5) 63 (28.8) 0.137

Glucose o250 mg?dL-1 5 (5.7) 8 (3.7) 0.531

Sodium ,130 mEq 12 (13.6) 14 (6.4) 0.067

Haematocrit ,30% 9 (10.2) 79 (36.1) ,0.001

PO2 ,60 mmHg or Sa,O2 ,90% 19 (21.6) 52 (23.7) 0.765

pH ,7.35 4 (4.5) 1 (0.5) 0.025

WBC ,4000 cells?mL-1 2 (2.3) 56 (25.6) ,0.001

PO2 ,54 mmHg or Pa,O2/FI,O2 ,250 9 (10.2) 25(11.4) 0.843

Radiographic findings upon admission

Pleural effusion 19 (21.6) 65 (29.7) 0.160

Multilobar involvement 21 (23.9) 59 (26.9) 0.667

Outcome measures

LOS days 13.7 (1–41) 15.7 (2–91) 0.111

30-day mortality 22 (25.0) 52 (23.7) 0.883

In-hospital mortality+ 20 (22.7) 42 (19.2) 0.530

30-day mortality in patients aged o80 yrs 22 (100) 18 (34.6) ,0.001

PSI score 122.9 (23–226) 128.2 (53–205) 0.269

Data are presented as n (%) or mean (range), unless otherwise stated. COPD: chronic obstructive pulmonary disease; PO2: oxygen tension; Sa,O2: arterial oxygen

saturation; WBC: white blood cells; Pa,O2: arterial oxygen tension; FI,O2: inspiratory oxygen fraction; LOS: length of hospital stay; PSI: Pneumonia Severity Index. #: PSI

cut-off level; ": CURB scale cut-off level; +: after 30 days; 1: in situ cancer.
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predicting 30-day mortality. The analysis of the two separate
groups by immunocompetence showed that in HCAP patients
without immunosuppression, all scores are good at predicting
30-day mortality and PSI is the best, while in HCAP patients
with immunosuppression, all scores are poor at predicting

30-day mortality. The study also investigated the epidemiology
of HCAP and the pneumonia of IC HCAP patients. Both the
CAP and HCAP cohorts mainly consisted of elderly subjects
with many chronic comorbidities. Cerebrovascular diseases and
chronic obstructive pulmonary disease (COPD) were more
prevalent in the CAP group. The most common pathogen in the
CAP patients was Streptococcus pneumoniae, whereas the HCAP
patients showed an increased incidence of pneumonia second-
ary to Staphylococcus aureus (methicillin-resistant Staphylococcus
aureus and methicillin-sensitive Staphylococcus aureus), Pseudo-
monas spp. and other Gram-negative bacteria. The 30-day and
in-hospital mortality rates in the HCAP group were 24.1% and
20.2%, respectively, as previously reported [3, 5, 7, 9]; the odds
ratio for 30-day mortality with respect to CAP was 3.2.

The risk category distribution of our HCAP patients is the
main difference between our study and previously published
studies [3–7]. We did not enrol any patients undergoing
haemodialysis or with aspiration pneumonia, and there was
only a small proportion of nursing home residents, but there
were many patients with cancer or who were IC as a result of
therapy, thus making our HCAP cohort similar to that of PARK

et al. [25], who reported a mean PSI of 104, with 29.7% of the
patients in the low-risk class, and 10.4% in the high-risk CURB-
65 class. However, their study was retrospective and there may
have been some missing information.
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FIGURE 1. Kaplan–Meier plot of 30-day survival in healthcare-acquired

pneumonia (HCAP) immunocompromised (IC), HCAP non-IC and community-

acquired pneumonia (CAP) patients.

TABLE 4 Distribution of isolated pathogens in community-acquired pneumonia (CAP) and immunocompromised (IC) and
non-IC healthcare-acquired pneumonia (HCAP) patients

Patients with indicated infections

CAP HCAP HCAP non-IC HCAP IC

Pathogens

Tested 253 (78.6) 266 (86.6) 68 (77.3) 198 (90.4)

Positive 59 (23.3) 82 (30.8) 22 (32.4) 60 (30.3)

Streptococcus pneumoniae 21 (35.6) 11 (13.4) 1 (4.5) 10 (16.7)

Staphylococcus aureus 4 (6.8) 13 (15.9) 5 (22.7) 8 (13.3)

MRSA 2 (3.4) 8 (9.8) 3 (13.6) 5 (8.3)

MSSA 2 (3.4) 5 (6.1) 2 (9.1) 3 (5.0)

Pseudomonas aeruginosa 5 (8.5) 9 (11.0) 4 (18.2) 5 (8.3)

Enterococcus spp. 3 (5.1) 10 (12.2) 3 (13.6) 7e (11.7)

Legionella spp. 5 (8.5) 4 (4.9) 4 (6.7)

Mycoplasma pneumoniae 2 (3.4) 4 (4.9) 2 (9.1) 2 (3.3)

Klebsiella pneumoniae 3 (5.1) 3 (3.7) 3 (5.0)

Chlamydia pneumoniae 1 (1.2) 1 (1.7)

Other Enterobacteriaceae# 2 (3.4) 3 (3.7) 2 (9.1) 4 (6.7)

Other non-fermenting Gram-negative rods" 2 (3.4) 6 (7.3) 1 (4.5) 2 (3.3)

Coagulase-negative Staphylococci+ 4 (6.8) 7 (8.5) 1 (4.5) 6 (10.0)

Escherichia coli 2 (3.4) 4 (4.9) 1 (4.5) 3 (5.0)

Haemophilus influenzae 1 (1.7) 3 (3.7) 3 (5.0)

Others1 3 (5.1) 6 (7.3) 3 (13.6) 3 (5.0)

Polymicrobial infection 6 (10.2) 9 (11.0) 3 (13.6) 6 (10.0)

Data are presented as n (%). MRSA: methicillin-resistant Staphylococcus aureus; MSSA: methicillin-sensitive Staphylococcus aureus. #: Enterobacter spp., Citrobacter

spp., Serratia marcescens, Proteus spp. and Morganella spp.; ": Acinetobacter spp., Stenotrophomonas maltophilia, Pseudomonas fluorescens and Pseudomonas

brevimundas; +: Staphylococcus haemolyticus, Staphylococcus hominis and Staphylococcus epidermidis; 1: Brahamella spp., Corynebacterium spp., Streptococcus

agalatiae, Streptococcus pyogenes, influenza A H1N1 virus; e: two were vancomycin-resistant enterococci.
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FIGURE 2. Severity assessment and 30-day mortality according to risk-classes. PSI: Pneumonia Severity Index; CURB: confusion, urea .7 mol?L-1, respiratory rate

o30 breaths?min-1, blood pressure ,90 mmHg systolic or f60 mmHg diastolic; CURB-65: confusion, urea .7 mol?L-1, respiratory rate o30 breaths?min-1, blood pressure

,90 mmHg systolic or f60 mmHg diastolic, and age o65 yrs; CRB-65: confusion, respiratory rate o30 breaths?min-1, blood pressure ,90 mmHg systolic or f60 mmHg

diastolic, and age o65 yrs; SCAP: severe community-acquired pneumonia score; HCAP: healthcare-acquired pneumonia; CAP: community-acquired pneumonia.
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The mean PSI of the HCAP patients in our study was 126.7,
and 11.4% of them were in the low-risk class. However, the PSI
and SCAP scores had opposite trends in both the CAP and
HCAP groups: the smallest number was in the low-risk PSI class,
and the highest number in the low-risk SCAP class. In our setting,
PSI could be considered more useful than CURB-65 or SCAP in
ruling out serious HCAP because of its high negative and low
positive predictive values for 30-day mortality at all cut-off
points, whereas SCAP is probably better suited to capture
abnormal vital signs in acute illness as it includes multilobar
radiographic infiltrates, hypoxia, acidosis and very old age.
Nevertheless, its positive predictive value in the case of HCAP
was as low as that of CURB and CRB-65, which may mean that
none of them is useful in guiding decision-making for in-patients.

It has been argued that the HCAP population is highly
heterogeneous, and that the HCAP concept may be misleading
and creates confusion in the management of pneumonia [22].
However, we overcame this limitation by comparing our larger
sub-group of IC HCAP patients with the sub-group of non-IC
patients. Many HCAP studies [26] do not include IC patients
and, although studies of IC patients have included HIV-positive
subjects [5, 27, 28], there is a lack of data regarding the risks

associated with pneumonia caused by drug-resistant pathogens
in non-neutropenic cancer patients undergoing chemotherapy.
Moreover, one study of neutropenic cancer patients found that
no difference in risk was attributable to the type of malignancy,
i.e. solid versus haematological malignancies [29].

The main differences between the two subgroups of IC and non-
IC patients were age, cerebrovascular diseases and COPD: non-
IC HCAP resembled CAP in terms of demographics and
comorbidities. We did not observe any differences in admission
parameters except for low haematocrit levels and leukopenia
related to the underlying malignancy and/or therapy of IC
patients. The two HCAP sub-groups also had similar 30-day
and in-hospital mortality rates, and it is worth noting that both
showed the same trend in 30-day survival. This suggests that
very elderly patients with associated comorbidities and patients
with advanced malignancies have a similarly high probability of
dying during pneumonia.

Some authors have attempted to find a means of predicting the
mortality risk in IC pneumonia patients, mainly those with
HIV-infection or neutropenia [30, 31]. SANDERS et al. [32]
retrospectively investigated the performance of PSI in IC HIV-
negative patients, and found that ranking by mortality risk
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FIGURE 3. Receiver operating characteristics curves of scoring systems identifying patients at risk of death at 30 days in each patient group. Tables detail areas under

the curves (AUC) and the comparison between scores. a) Healthcare-acquired pneumonia (HCAP) patients; b) community-acquired pneumonia patients; c) HCAP

immunocompromised patients; d) HCAP non-immunocompromised patients. PSI: Pneumonia Severity Index; CURB: confusion, urea .7 mol?L-1, respiratory rate

o30 breaths?min-1, blood pressure ,90 mmHg systolic or f60 mmHg diastolic; CURB-65: confusion, urea .7 mol?L-1, respiratory rate o30 breaths?min-1, blood pressure

,90 mmHg systolic or f60 mmHg diastolic, and age o65 yrs; CRB-65: confusion, respiratory rate o30 breaths?min-1, blood pressure ,90 mmHg systolic or f60 mmHg

diastolic, and age o65 yrs; SCAP: severe community-acquired pneumonia.
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reflected the groupings by different causes of immunological
impairment. They pointed out that the PSI was an ‘‘equally
valid predictor of outcomes in the subset of patients not
undergoing active cancer treatment’’. We did not split our IC
patients into sub-groups and found that the PSI was fairly good
at predicting 30-day mortality.

However, further investigations are necessary to evaluate
whether any other blood biomarker or parameter could be
added to the 20 variables of the PSI in order to improve its
performance in IC patients. The use of CURB and its derivatives
to predict 30-day mortality in (particularly IC) HCAP patients is
limited by its low prognostic accuracy.

Our data show that it may be useful to use SCAP scores in the
clinical management of IC patients, in whom it seems to reflect
acute pneumonia-related illness appropriately. SCAP was the
most specific score in the highest risk class, and none of these
patients survived.

Our study has a number of limitations: it involved only a single
centre; younger patients with severe pneumonia admitted
directly to ICUs from the emergency department were lost; and
we were unable to determine the true impact of the patients’
performance status on patient outcome. Furthermore, the large
majority of the HCAP outpatients admitted because of pneumo-
nia were affected by malignancies or were IC as a result of
therapy.

The heterogeneity of the HCAP population is a major concern
because it is known that the distribution and characteristics of
HCAP depend on the local setting, which may affect the
incidence of different causative organisms with different rates
of antibiotic resistance [33]. Some authors have even claimed
that IC patients should not be regarded as having HCAP, but
various disease-specific characteristics should be considered
when making treatment decisions [23, 34].

The strong points of our study seem to be the complete
prospective data collection and the homogeneity of each of the
HCAP subsets, some of which may have their own distinctive
epidemiology and risk factors. In conclusion, while awaiting the
development of an optimal predictive instrument, it seems that
combining the information offered by different and comple-
mentary prognostic systems may be useful in different groups
of HCAP patients.
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