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Abstract

Objective The aim of this study was to investigate the pathophysiology of hospital-acquired pneumonia
(HAP) and the clinical efficacy of its first-line treatment and to examine the validity of “the Japanese Respi-
ratory Society (JRS) Guidelines for management of HAP”.
Methodology The observational survey was conducted during the period of June 2002-May 2004 and pa-
tients with HAP were prospectively surveyed using the consecutive enrollment method. A total of 1,356 pa-
tients from 254 hospitals nationwide were analyzed. Clinical response to first-line antibiotics was evaluated at
the end of the medication.
Results The 30-day mortality rate was 19.8%. Patients were classified into four groups according to the
JRS guideline criteria. There were remarkable variances in the number of cases of each group. Mild/moderate
pneumonia with no risk factors (group I) accounted for 0.3% of all cases. The mortality rate tended to be
higher, as clinical conditions became more serious (group II < III < IV). Alternatively, though categorized in
the same group (group III), there was a difference in the mortality rate by the severity of pneumonia (severe
cases 32.2% vs. moderate cases 11.0%). First-line medication using carbapenems accounted for 61.7% of to-
tal cases. The efficacy rate of guideline-concordant therapy was significantly higher than that of guideline-
discordant therapy (54.2% vs. 41.7%).
Conclusions This is the first nationwide study on HAP in Japan. The clinical characteristics and prognosis
of HAP were elucidated. Review of the current classification of the disease is required and these results pro-
vide valuable information for the next revision of the guidelines.
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Introduction

Hospital-acquired pneumonia (HAP) is the second most
common nosocomial infection with the highest mortality
rate (1). Since it occurs in patients with underlying diseases
that undergo a variety of medical treatments, it is highly
likely to be caused by resistant bacteria. Since treatment re-
mains difficult and appropriate antibiotics are essential, the
establishment of guidelines for standardizing the manage-
ment of HAP is necessary. The American Thoracic Society
(ATS) published guidelines for the management of HAP in

1996 (2) which were then revised as ATS/Infectious Dis-
eases Society of America (IDSA) Joint Guidelines in 2005
(3). In addition, the Japanese Respiratory Society (JRS) pub-
lished guidelines for HAP in March 2002 (4). Though the
ATS/IDSA guideline (3) excludes patients who are known to
be immunosuppressed by human immunodeficiency virus in-
fection, hematologic malignancy, chemotherapy-induced
neutropenia, organ transplantation, and so on, the JRS
guidelines include the case as pneumonia with specific con-
ditions. In the JRS guidelines, the use of an adequate dosage
of potent antibiotics with a broad spectrum of action is rec-
ommended, when the causative bacteria has not been iso-
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Table 1.　Classification of the Severity Rating of Pneumonia (Translated from 
Japanese Respiratory Society Guidelines)

lated or identified or if empiric therapy is employed. Fol-
lowing the publication of the JRS guidelines, the validity of
the guidelines was examined and reported (5), however, the
previous studies dealt with a relatively small number of
cases located at a single institution. Therefore, it was con-
sidered necessary to examine patients located at several dif-
ferent institutions. This multicenter survey was implemented
to investigate the pathophysiology of HAP and the clinical
efficacy of its first-line treatment and to examine the validity
of the JRS guidelines.

Methods

Subjects

A nationwide prospective observational study was con-
ducted of consecutively enrolled patients with HAP in the
period from June 2002 to May 2004 by HAP study group.
The investigator registered up to the number of HAP cases
that were prescribed in advance. Each patient was registered
only once. As this survey was performed under actual clini-
cal conditions, each institution obtained informed consent if
necessary. As most of the investigators belong to the clinical
division of internal medicine or respirology, this study was

mainly focused on HAP in these departments.

Diagnosis and assessment of severity

According to the JRS guideline criteria, patients were di-
agnosed as having HAP, if the chest X-ray revealed new or
progressive infiltration at 48 hours or more after hospitaliza-
tion and if one or more of the following criteria were ful-
filled: (i) symptoms (e.g. fever, chest pain) and laboratory
findings (e.g. elevation of C-reactive protein (CRP), erythro-
cyte sedimentation rate, and leukocyte count) were noted;
(ii) relevant organisms were isolated from sputum, blood,
transbronchial lavage, transbronchial brushes, and biopsy
specimens; (iii) viruses were isolated from bronchial dis-
charge or viral antigens were detected (taking mixed infec-
tions into consideration); (iv) serum antibody titres were ele-
vated to a significant extent (taking mixed infections into
consideration); (v) pneumonia was proven histopathologi-
cally. The severity rating of HAP was assessed (Table 1)
and patients were classified according to the guideline crite-
ria (Table 2).

Clinical response

First-line antibiotics were administered within 3 days of
HAP diagnosis, and clinical response was evaluated at the
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Table 2. Classification of Patients with Hospital-acquired Pneumonia

end of first line medication. As it is more difficult to objec-
tively assess the efficacy of antimicrobial therapy against
HAP compared to community-acquired pneumonia (4), the
efficacy of HAP therapy was evaluated on the basis of over-
all improvement using 5 grades: (i) improved; (ii) slightly
improved; (iii) unchanged; (iv) aggravated; (v) non-
evaluable. The efficacy rate was calculated defining “im-
proved” cases as effective. The bacterial eradication rate was
evaluated in a group of patients in whom causative organ-
isms were presumed by the bacteriological test. When the
presumed causative organisms were eliminated at the end of
first line medication, the bacteriological response was de-
fined as eradicated. Susceptibility data of the presumed
causative organisms to meropenem, a widely used carba-
penem in Japan, was collected if the susceptibility test was
performed.

Prognosis

The prognosis was evaluated 30 days after initiation of
the first-line medication and the survival rate was estimated.

Statistical analysis

In case of a two-by-two contingency table, data were ana-
lyzed using Fisher’s exact test. Where necessary, data were
also analyzed using the Cochran-Armitage test. In the inves-
tigation of factors affecting efficacy or prognosis, data were
analyzed with multiple logistic regression analysis. A risk
rate of less than 5% was regarded as significant. All analy-
ses were performed by SAS software version 8.2 (SAS In-
stitute).

Results

Case composition

From a total of 254 institutions, 1,478 patients were en-
rolled and case cards of 1,460 patients were collected. Out
of the 1,460 cases collected, 1,356, 1,351 and 1,316 patient
profiles, prognosis and efficacy cases were analyzed, respec-
tively (Fig. 1).
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Figure 1. Case breakdown

Table 3. Patient Characteristics
Patient characteristics

Cases in hospitals with more than 300 beds accounted for
78.1% (1,059 cases) of the total. Regarding clinical division,
internal medicine and respiratory disease accounted for
91.2% (1,236 cases). There were 13 cases (1.0%) reported
from intensive care units (ICU).
Cases with an onset of less than 5 days after hospitaliza-
tion, i.e. early onset cases, accounted for 9.2% (125 cases)
of all cases (Table 3). In contrast, cases with an onset of
more than 30 days after hospitalization accounted for 48.7%
(660 cases). About ventilator associated pneumonia (VAP)
cases, early onset cases accounted for 22.2% (20 cases). In
addition, since elderly patients of 65 years or older ac-
counted for 81.0% (1,098 cases) of the total, risk factors
designated by the JRS guideline were found in most cases
(99.1%: 1,344 cases).
The laboratory tests used for severity rating designated by
the JRS guideline consisted of body temperature, pulse rate,
dehydration, white blood cell counts and CRP and were all
evaluated at diagnosis in more than 95% of patients. Alter-
natively, respiratory rate and PaO2 were determined in
55.4% (751 cases) and 34.9% (473 cases) of the total, re-
spectively.
As for disease types, pneumonia with specific conditions
(group IV), moderate pneumonia with risk factors, or severe
pneumonia (group III) accounted for 91.2% (1,237 cases) of
all cases (Table 3). In contrast, mild/moderate pneumonia
with no risk factors present (group I), VAP (type G) and
pneumonia with humoral immunodeficiency (type F) ac-
counted for 0.3% (4 cases), 6.6% (90 cases) and 1.5% (20
cases) of the total, respectively. In addition, 77 patients
(5.7%) corresponded to plural disease types in group IV.
While unimodal distribution peaked at an age of 75-79
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Table 4. Details of Causative Organisms

years and declined sharply after 80 years of age in men, bi-
modal distribution peaked at 50-59 years and another peak
observed at 75-79 years of age was observed in women and
in several patients of 80 years and older. The complication
rate with malignant tumors was higher in younger patients
than in elderly patients. Adversely, aspiration pneumonia
(type H) increased proportionally to age.

Presumed causative organisms

Bacteriological tests, prior to initiating first-line therapy,
were performed in 832 patients (61.4%) and the causative
organisms could be presumed by physician in charge in 567
(41.8%) of these patients. Out of the 567 cases, 34.0% were
due to polymicrobial infection. The causative organisms
were presumed by the bacteriological test data from mainly
sputum samples (91.5%: 747/816), followed in descending
order by blood (3.8%: 31/816) and others such as bron-
choalveolar lavage (4.7%: 38/816). The most common
pathogens were Staphylococcus aureus ( including
methicillin-resistant S. aureus [MRSA]) (25.5%), followed
by Pseudomonas aeruginosa (18.3%), Klebsiella pneumo-
niae (8.2%) (Table 4). The isolation frequency of Acineto-
bacter spp. was 0.7%. Additionally, P. aeruginosa was more
frequent in proportion to the number of days from hospitali-
zation to onset.

Clinical efficacy/prognosis

The efficacy rate of first-line medication was 51.1% (673/

1,316). The most common reason for “unchanged” or “ag-
gravated” cases was due to the “effects of underlying dis-
eases,” which accounted for 71.5% (253/354).
The 30 day mortality rate was 19.8% (268/1,351). The
causes of death included HAP, which accounted for 34.7%
(93 cases) of all cases, and underlying diseases, which ac-
counted for 62.7% (168 cases). The breakdown of “survival”
cases were “treatment completed” in 845 (78.0%) patients
and “treatment ongoing” in 203 (18.7%) patients.
The efficacy and mortality rate by disease type tended to
be higher as clinical conditions became more severe (group
II < III < IV) (Table 5). Group III pneumonia consists of
“moderate cases with risk factors” and “severe cases”, and
the efficacy and mortality rate in “severe cases” were higher
than those in “moderate cases with risk factors”.

Details of first-line medication

Main first-line antibiotics used were as follows; carbap-
enems (61.7%: 837 cases), anti-pseudomonal cephems
(17.3%: 235 cases), and clindamycin (9.3%: 126 cases).
Carbapenems tended to be used in severe cases and the effi-
cacy rate of carbapenem therapy (53.6%: 435/812) was
higher than that of the other antibiotic therapy (47.2%: 238/
504) (p=0.027; Fisher analysis). The use of glycopeptides
and intravenous fluoroquinolones accounted for 3.8% (51
and 52 cases, respectively) of total cases. Monotherapy us-
ing carbapenems accounted for 45.1% (612 cases) of total
cases and its efficacy rate was 55.6% (330/593) (Table 6).
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Table 5. Clinical Efficacy and Prognosis by Disease Type

Table 6. Details of Clinical Efficacy of First-line Medication

Daily dosage of main first-line antibiotics

The maximum daily dosage of main first-line antibiotics
for cases of severe pneumonia is shown in Table 7. Carbap-
enems and anti-pseudomonal cephems were administered at
usual daily doses approved in Japan (meropenem, imipenem
0.5-1 g, panipenem 1 g, biapenem 0.6 g, anti-pseudomonal
cephems 1-2 g) in more than 90% of severe cases.

Clinical efficacy against main causative organisms

In the cases with MRSA pneumonia, both the bacterial
eradication rate (9.5%: 6/63) and efficacy rate (33.8%: 46/
136) remained low and mortality rate also tended to be
lower (33.6%: 46/137).
In contrast, in cases with P. aeruginosa pneumonia ex-
cluding polymicrobial S. aureus infection cases, the bacterial
eradication, efficacy and mortarity rate were 31.9% (15/47),
52.3% (58/111) and 22.8% (26/114), respectively. As for
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Table 7. Details of Maximum Daily Dose of First-line Antibiotics against Se-
vere Pneumonia

Table 8. Factors Significantly Associated with Clinical Efficacy of First-line 
Antibiotics in the Multiple Logistic Regression Analysisa 

susceptibility of P. aeruginosa isolates, the minimum inhibi-
tory concentration (MIC)-range, MIC50 and MIC90 of mero-
penem against 32 strains were 0.13-16 μg/ml, 2 μg/ml, and
8 μg/ml, respectively. In addition, the susceptibility rate to
meropenem designated by the disk method (KB disk, Eiken
Chemical Co., Ltd., Tokyo, Japan) was 81.3% (33/40). The
efficacy rate of carbapenem therapy for P. aeruginosa pneu-
monia excluding polymicrobial S. aureus infection cases
was 61.4% (43/70), which was higher than that of the other
antibiotic therapy (36.2%: 17/47).

Analysis of factors affecting efficacy rate/prognosis

Results obtained from multiple logistic regression analysis
showed that factors such as complications of malignant tu-
mors had negative effects on the efficacy rate (Table 8). The
use of carbapenems as first line treatment had a positive ef-
fect on the efficacy rate. As for prognosis, similar significant
influences were observed in factors such as malignant tu-
mor, impaired consciousness, cellular immunosuppression,
gender, body temperature, CRP, and oliguria (Table 9). In
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Table 9. Factors Significantly Associated with Prognosis in the Multiple Logis
tic Regression Analysisa

relation to body temperature, the survival rate was lowest in
mild cases (�37.5℃).

Discussion

Multicenter study on HAP in Japan was performed. In
this article, patient profiles and prognosis of HAP from 254
institutions were mainly analyzed. The pathophysiology of
HAP varies at different medical institutions; for example, its
morbidity and mortality are thought to be higher in larger
hospitals than in small hospitals (2). This study mainly in-
volved patients in larger hospitals. With regard to HAP
prognosis, the mortality rate that is usually reported is 20-
50% (1), 50-60% for ICU admissions (6), and 70% in the
case of VAP (7). The mortality rate in this study (20%) ap-
peared to be influenced by the fact that there were fewer
ICU cases and that the differences in the medical insurance
system between the U.S. and Japan resulted in many im-
munocompetent cases of long-term hospitalization in Japan.
The ATS/IDSA guidelines on HAP define onset in less

than 5 days after hospitalization as early onset, and onset af-
ter 5 days as late onset (2, 3). Results from this study
showed that early onset cases accounted for less than 10%

of cases. Therefore, when using the algorism of the ATS/
IDSA guidelines (3), most of the cases studied were catego-
rized into the group needing intensive combination antibiotic
treatment as empiric therapy. Considering the relatively low
mortality rate of HAP in Japan, it is considered to be inap-
propriate to apply the ATS/IDSA guidelines (3) to HAP of
Japan. In the U.S., a number of studies were performed on
VAP (8). There were few cases of VAP in this study, partly
because fewer cases were collected from the ICU. In addi-
tion, the ratio of aspiration pneumonia was higher in elderly
patients. It is generally accepted that aspiration pneumonia,
due to inapparent aspiration associated with reduction in
swallowing reflex and cough reflex, increases in elderly pa-
tients and results of this study appear to confirm these find-
ings.
As for classification by disease type in the JRS guide-
lines, it is a problem that the 30 day mortality rate signifi-
cantly varied with severity in the group III pneumonia. Of
the pneumonia with specific pathology (group IV), the mor-
tality rate of type E and type F pneumonia was relatively
high. As more than 70% of their cause of death is underly-
ing disease, the high mortality rate was considered to be due
to the severe clinical condition. Furthermore, clearer status
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should be given to cases with plural type group IV pneumo-
nia.
Among the laboratory tests used for estimating severity

rating in the JRS guidelines, respiratory rate and PaO2 were
determined in less than 60% of cases. Therefore, these labo-
ratory data was considered not to be suitable for the severity
rating item in the guideline. The criteria for severity rating
in the JRS guidelines were settled on the basis of methods
(9), which were made for the efficacy evaluation of trial
drugs. Considering that prognosis of patients with pneumo-
nia was the primary end-point, the setting of criteria such as
CURB-65 (10) and A-DROP (11) in CAP was more appro-
priate and the review on severity estimation is considered
necessary in the next guideline revision. Regarding body
temperature, the mortality rate appeared higher in patients
with a low-grade temperature on diagnosis. Riquelme et al
reported that both incidence and severity of fever were gen-
erally lower in elderly patients with pneumonia and progno-
sis was poorer in patients with a low temperature (12). Re-
sults from this study almost corresponded with these previ-
ous findings and the categories of severity for body tem-
perature at diagnosis necessitate a review.
The JRS guidelines recommend the implementation of a

bacteriological test; however, this study has shown that the
test before first-line treatment was performed in 61.4% of
total cases. The ATS/IDSA guidelines on HAP (3) empha-
size that the bacteriological test should be performed in
combination with initial potent antibiotics, and 2-3 days
later, de-escalation of antibiotics should be performed on the
basis of the results from the bacteriological test and clinical
response (3). In countries such as the U.S., as most reported
HAP were VAP cases, causative organisms can be deter-
mined with high probability. In contrast, as most HAP in Ja-
pan were non-VAP cases with diverse backgrounds and se-
verity, the ratio of the causative organism identified coses
was low and de-escalation of antibiotics on the basis of bac-
teriological test results could not be easily performed. How-
ever, as it is important to promote a de-escalation strategy in
terms of efficient use of medical resources, the strategy
should be recommended by definitively demonstrating appli-
cable cases and necessary clinical conditions for de-
escalation. We expect the next revision of the guidelines to
play an important role in this endeavor. Microbiological eti-
ology in this study almost corresponded with previous re-
ports from various investigators (13-15). Therefore, collected
data about presumed causative organisms in this study ap-
peared to be feasible and to reflect the actual conditions of
HAP. The frequency of P. aeruginosa was significantly
higher in proportion to the number of days from hospitaliza-
tion to onset. It is generally accepted that the isolation fre-
quency of gram-negative rods with decreased susceptibility
to antibiotics becomes higher as the duration of hospitaliza-
tion is prolonged. Results from this study appeared to corre-
spond with these findings. In addition, the isolation fre-
quency of Acinetobacter spp., which was considered one of
the major causative organisms of HAP (16), was low and

this appeared to be due to the fact that VAP cases were few
in this study.
The efficacy rate of guideline-concordant therapy (54.2%:
537/990) was significantly higher than that of guideline-
discordant therapy (41.7%: 136/326). This appeared to re-
confirm the validity of the guidelines, and the importance of
the initial use of potent antibiotics with a broad spectrum
range. The use of carbapenems as first-line treatment ac-
counted for 61.7% of total cases, which was in accordance
with recommendations in the JRS guidelines and was con-
sidered a valid result. Carbapenems were used preferably for
severe cases, and the efficacy rate in carbapenem-treated
cases was higher than that in carbapenem-untreated cases as
reported by Ohi et al (5). It was confirmed that carbapenems
played a pivotal role in first-line treatment of HAP. As intra-
venous fluoroquinolones were reported to retain activity
against respiratory isolates of P. aeruginosa in Japan (17),
the JRS guidelines recommend the use of intravenous
fluoroquinolone as well as carbapenems for first-line treat-
ment. However, the ratio of use of these agents in this study
was as low as 3.8%. This result appears to be responsible
for the restriction on their use in first-line treatment at the
dosage and administration, which existed before 2006 in Ja-
pan. Furthermore, despite the large proportion of MRSA as
causative organism, the ratio of use of glycopeptides in this
study was also low. Considering that both the clinical effect
and prognosis were poor in cases of MRSA pneumonia,
first-line treatment in combination with anti-MRSA agents
appeared to be necessary for cases with a risk of MRSA. In
cases with P. aeruginosa infection, there were also some
cases in which the causative organisms persisted even
though clinical efficacy was evident. These results appear to
be responsible for the fact that, in these cases, biofilm for-
mation of P. aeruginosa prevented complete eradication of
organisms inside the biofilm (18). In addition, the ATS/
IDSA guidelines on HAP established the dosage of antibiot-
ics on the basis of the policy to conduct treatment with high
doses of potent agents from an early stage (3). In contrast,
the JRS guidelines do not specify dosage of antibiotics re-
quired. Since the study demonstrates that the usual dosages,
which were less than the approved maximum dosage, were
used in most of severe cases, it is necessary to mention the
importance of establishing dosage schedule based on the
pharmacokinetics/pharmacodynamics theory on the next oc-
casion of guideline revision. The optimization of dosage
schedule may bring about an improvement of the current ef-
ficacy rate of first-line therapy.
Through this first nationwide study on HAP in Japan, we
could understand the pathogenesis, clinical efficacy of first-
line antibiotics, and factors affecting efficacy rate and prog-
nosis of HAP in Japan. We believe that the findings ob-
tained from this survey provide valuable information for the
recommendation of proper guidelines on HAP.
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