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Masafumi Seki 1,2, Yasuhito Higashiyama 2,3, Yoshifumi Imamura 1,2, Shigeki Nakamura 1,2,
Shintaro Kurihara 2, Koichi Izumikawa 1,2, Hiroshi Kakeya 1,2, Yoshihiro Yamamoto 1,2,

Katsunori Yanagihara 4, Takayoshi Tashiro 1,2 and Shigeru Kohno 1,2

Abstract

Objective To evaluate the clinical usefulness of piperacillin (4 g/day) therapy for community-acquired
pneumonia compared to sulbactam/ampicillin (6 g/day).
Methods A randomized prospective clinical study was conducted in patients with mild to severe
community-acquired bacterial pneumonia.
Results The overall clinical efficiency of piperacillin therapy (4 g/day) in these patients (41/53=77.4%) was
comparable to that of sulbactam/ampicillin therapy (6 g/day: efficiency rate: 33/49=67.3%), when each ther-
apy was administered intravenously for 3-7 days. With regards to clinical efficiency based on disease severity,
bacteriological efficiency, improvement in chest X-ray findings and adverse reactions, the two therapies were
comparable, even though we found more efficiency for patients who had underlying diseases and there were
also cost benefits in piperacillin therapy, compared with sulbactam/ampicillin therapy
Conclusion The results suggested that piperacillin therapy has good efficiency and tolerability and that it
may be highly effective, even in cases of pneumonia with underlying diseases. This regimen may thus serve
as a first line treatment of community-acquired pneumonia.
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Introduction

According to the Japanese Ministry of Health, Labor and
Welfare (MHLW), pneumonia is the fourth leading cause of
death in Japan. When deaths from pneumonia are analyzed
by age, elderly patients (aged >65 years) account for >90%
of total deaths from pneumonia (1). The high mortality rate
among elderly patients with pneumonia is primarily attribut-
able to them being more prone to infection due to compro-
mised immune function caused by underlying disease, mal-
nutrition, etc., and occult misswallowing and reduced drug

absorption due to cerebrovascular disease and dementia (2,
3). Since pneumonia in elderly individuals tends to follow a
severe course under the influence of these factors, drugs
with potent and broad-spectrum antimicrobial activity (e.g.,
cephalosporins, carbapenems) are often used to manage eld-
erly patients with pneumonia.
In recent years, however, narrow-spectrum antimicrobial
agents have been recommended for more widespread use
due to their improved medical economics and as a result of
bacterial resistance to broad-spectrum antimicrobial agents
(4). Under such circumstances, the clinical usefulness of
penicillins has been reviewed, and the use of piperacillin
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(PIPC) and ampicillin (ABPC) in combination with beta-
lactamase inhibitors is considered to be highly effective.
ABPC is used to treat community-acquired pneumonia,

providing cover against streptococcal infection and Haemo-
philus influenzae, and it is recently used together with a
beta-lactamase inhibitor to disable or slow down the action
of beta-lactamase producing bacteria. But all Pseudomonas
and most strains of Klebsiella are considered resistant
against ABPC, whereas PIPC is an extended spectrum beta-
lactam antibiotic and has activity against both Gram-positive
and Gram-negative pathogens including Pseudomonas
aeruginosa, which is known as the one of the most impor-
tant pathogens in hospital-acquired, but not community-
acquired pneumonia (CAP) (5, 6).
CAP is an acute infection seen among people participat-

ing in ordinary social interactions. The bacterium most fre-
quently isolated from patients with CAP is Streptococcus
pneumoniae, followed by Haemophilus influenzae, but not
Pseudomonas spp. (5, 7-11). Therefore, it is considered
PIPC and ABPC may be usually equal to effective against
CAP patients.
Guidelines for the diagnosis and treatment of CAP have

been made public in Western countries (5, 9). In Japan, the
Japanese Respiratory Society (JRS) proposed guidelines in
2000 (10), with a revision in 2005 (11), and strongly recom-
mended the use of penicillin for mild to moderate CAP pa-
tients, however, there is no description of the differences be-
tween PIPC and ABPC with a beta-lactamase inhibitor.
This study was undertaken in order to evaluate the useful-

ness of penicillin, especially PIPC, compared with sulbac-
tam/ampicillin (SBT/ABPC), in the treatment of CAP in
adult patients. To this end, the efficacy, safety and cost
benefits of PIPC therapy were compared with those of SBT/
ABPC therapy.

Materials and Methods

Participating facilities

This study was conducted at the Second Department of
Internal Medicine of Nagasaki University Hospital, Na-
gasaki, and its 12 affiliated facilities between November
2006 and January 2007

Patients

Subjects were diagnosed at the participating facilities as
having mild-to-severe bacterial CAP according to the differ-
ential criteria of the JRS guidelines (11). The JRS guidelines
define CAP as pneumonia present in the general population
that not only affects mostly healthy people living ordinary
social lives, but also the elderly and those with various un-
derlying diseases. Patients with a history of allergies to
PIPC or SBT/ABPC, severely compromised renal or hepatic
function, or a successful therapeutic response to previous
treatments, as well as those taking steroids (equivalent to >
10 mg/day prednisolone), and those judged by the attending

physician to be inappropriate for the study based on immune
function or any other reason, including pregnant women
were excluded from the study. Prior to the start of the study,
the patient or his/her legal agent was informed of the study
design and consent was obtained in writing. This trial was
approved by the institutional review board of Nagasaki Uni-
versity.

Dose level and administration method

Patients were randomized into two groups using a central
web computer-generated system: the PIPC group (treated in-
travenously with PIPC at 2.0 g twice daily) and the SBT/
ABPC group (treated intravenously with SBT/ABPC at 3.0
g twice daily). For each group, treatment was performed for
7 days; however, the administration period was extended (up
to day 14), as needed. When fever subsided (<37℃) or
other systemic symptoms were alleviated, the attending phy-
sician discontinued treatment at his/her discretion. Cases
with no signs of improvement after 7 days were rated as
non-responders to the therapy.
Treatment was discontinued if any underlying disease or
infection was exacerbated, efficacy of treatment was inade-
quate or the condition was exacerbated, complications were
exacerbated, incidental symptoms developed, adverse reac-
tions or laboratory abnormalities developed, the patient or
his/her proxy requested discontinuation, or if the attending
physician considered discontinuation necessary for other rea-
sons.

Evaluation

Severity of pneumonia was rated based on the attending
physician’s subjective assessment, in addition to the 2 (pre-
vious guideline 2000 and current guideline 2005) JRS clas-
sifications of the severity of CAP (10, 11). Subjective and
objective symptoms, chest X-ray findings, laboratory test
data, and bacteriological test results were evaluated at 3 and
7 days after the start of therapy and after completion.
Bacteriological tests included isolation and identification
of bacteria species from sputum and bronchial samples,
evaluation of the sensitivity of isolated bacteria to PIPC and
SBT/ABPC, urinary pneumococcus antigen test, and obser-
vation of bacterial fate and changes in drug sensitivity fol-
lowing treatment. Unfortunately, we did not perform exact
detection tests for atypical pathogens, such as Mycoplasma,
Chlamydophila, and Legionella spp., however, we used the
classification methods to distinguish bacterial/atypical pneu-
monia recommended by JRS guideline, which sensitivity
and specifility were each 77.89/83.86% and 93.01/86.99%,
respectively (10, 11). The 6 items for differentiation criteria
were as follows: 1. Age below 60 years, 2. Absent of under-
lying disease, or mild if present, 3. Has persistent cough, 4.
No abnormality detected by chest auscultation, 5. No spu-
tum, or no apparent causative bacteria detected by rapid di-
agnostic test, and 6. Peripheral white blood cell count <
10,000/μL.
The determination as pathogens were dependent on JRS
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guidelines and IDSA and/or ATS guidelines (5-7, 10, 11).
Diagnosis was usually confirmed by Gram-staining with
phagocytosis and collected heavy growth (3+; equal to 1×
107 cfu/mL of from samples. The probable pathogen was de-
fined by a compatible clinical syndrome with detection (by
staining or culture) of a likely pulmonary pathogen in respi-
ratory secretions (expectorated sputum, bronchoscopic aspi-
rate, or quantitatively cultured bronchoscopic bronchoalveo-
lar lavage [BAL] fluid or brush catheter specimen) with
semiquantitative culture, which the pathogen should be re-
covered in moderate (2+) to heavy growth (3+).

Clinical efficacy assessment and analysis

Based on the time course of clinical symptoms from the
start of therapy until days 3 and 7 of therapy, the attending
physician evaluated the clinical efficacy of the therapy in in-
dividual cases using a four-category scale: cured (absence of
fever >37.5℃, chill, chest pain, cough and difficulty in
breathing), improved (chill and fever absent but symptoms
such as chest pain, cough and sputum persist), ineffective
and unclassified. Chest X-ray findings were evaluated based
on the time course of X-ray findings after the start of ther-
apy using a four-category scale (shadow disappearance, im-
provement, no change and deterioration). In addition, the
committee evaluated clinical efficiency: improved or ineffi-
ciency dependent on the endpoints suggested by the Japa-
nese Respiratory Society (JRS) guidelines for the manage-
ment of community-acquired pneumonia in adults in 2005
(11). The severity of pneumonia was also evaluated by the
attending physicians using the JRS Guideline 2000 (10), and
JRS Guideline 2005 (11).

Bacteriological efficacy

Bacteriological efficacy was evaluated based on the fate
of bacteria after the start of therapy using a five-category
scale: disappeared, reduced, replaced by other bacteria, un-
changed and unclassified. Bacteriologic responses was cate-
gorized into eradication, persisted, and unclassified.

Adverse events (AEs)

For each accompanying symptom or laboratory abnormal-
ity appearing during the therapeutic period, the nature, se-
verity, date of onset, treatment provided, and outcome were
recorded. Causal relationships to the study drugs were rated
as related, possibly related or not related.

Cost benefits

Antibiotic costs related to medical care per pneumonia
patient were calculated for each administration period, and
compared between the PIPC groups and SBT/ABPC groups.

Statistical analysis

Comparisons between treatment groups were carried out
using the most appropriate test from chi-square test,
Fisher’s-exact test, and student’s paired t-test. Additionally,
95% confidence intervals (CI) were calculated for the cure

rate and pathogen eradication rate. p values of <0.05 were
considered statistically significant.

Results

Subjects

For about 1-year beginning in November 2006, 109 pa-
tients were enrolled in this study. All patients were included
in a safety evaluation. Seven cases were excluded by the
Case Review Committee, and thus a total of 102 patients
were included in the efficacy evaluation. Of these, 53 re-
ceived PIPC therapy and the remaining 49 received SBT/
ABPC therapy.
There was no significant difference between the PIPC
therapy group and the SBT/ABPC therapy group with re-
gards to background variables such as sex, age, JRS severity
rating, underlying disease, complications, past illness, al-
lergy, and period of administration (Table 1).
The most frequent underlying disease was pulmonary dis-
ease, which was present in 19 cases of the PIPC group and
in 14 cases of the SBT/ABPC group, however, 6/19 cases
and 7/14 cases had other underlying diseases without respi-
ratory diseases. Underlying respiratory diseases were bron-
chial asthma, old tuberculosis, and COPD including pulmo-
nary emphysema and chronic bronchitis. Other underlying
diseases and complications included; diabetes mellitus, hy-
pertension, cardiac diseases, and cerebrovascular diseases.
Thirteen of the PIPC patients and 11 of the SBT/ABPC
patients were free of underlying disease or complication.
With regards to the distribution of each underlying disease
or complication, there were no significant differences be-
tween the PIPC and SBT/PIPC groups.

Overall clinical efficacy

The total efficacy rate evaluated by the committee was
77.4% (41/53) in the PIPC group and 67.3% (33/49) in the
SBT/ABPC group, and did not differ significantly between
the two groups (Table 2).
However, we found a significant difference in efficiency
between PIPC and SBT/ABPC treatments in male patients
(27/34=79.4% vs. 15/27=55.6%, p<0.046, respectively), and
patients with underlying disease (30/36=83.3% vs. 19/33=
57.6%, p<0.019, respectively), especially in respiratory dis-
ease patients (11/13=84.6% vs. 2/7=28.6%, p<0.022, respec-
tively). Furthermore, we found a significant difference in ef-
ficiency among SBT/ABPC groups dependent on age.
When analyzed based on the JRS severity rating, using
either the previous or current criteria, and with subjective
assessment, the efficacy rate in patients with moderate pneu-
monia did not differ significantly between the PIPC group
and SBT/ABPC group. The period of drug administration
also showed no significant differences between the PIPC
group and SBT/ABPC group.
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Table 1. Demographic and Characteristics of the Patients

Table 2. Clinical Efficiency of PIPC and SBT/ABPC

Bacteriological efficacy

The most frequent pathogen was S. pneumoniae (15 vs.
12 cases, PIPC and SBT/ABPC groups, respectively), fol-
lowed by Haemophilus influenzae (6 vs. 5 cases, PIPC and
SBT/ABPC groups, respectively), K. pneumoniae (3 vs. 2
cases, PIPC and SBT/ABPC groups, respectively), M. ca-
tarrhalis (0 vs. 1 case, PIPC and SBT/ABPC groups, re-
spectively), S. anginosus (0 vs. 1 case, PIPC and SBT/
ABPC groups, respectively), S. constellatus (1 vs. 0 case,

PIPC and SBT/ABPC groups, respectively), S. aureus
(methicillin-susceptible Staphylococcus aureus; 0 vs. 1 case,
PIPC and SBT/ABPC groups, respectively), MRSA (1 vs. 0
case PIPC, and SBT/ABPC groups, respectively), and E.
coli (0 vs. 2 cases, PIPC and SBT/ABPC groups, respec-
tively), as shown in Table 3.
The eradication rate of S. pneumoniae was 100% vs. 90%

in PIPC and SBT/ABPC groups, respectively. H. influenzae
(three frequently isolated strains) was 100% in both the
PIPC and SBT/ABPC groups. We did not find significant
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Table 3. Bacteriological Efficiency 

differences due to drug resistance, such as PRSP/PSSP in S.
pneumoniae and BLNAR/BLNAS in H. influenzae, respec-
tively. The overall eradication rate for the pathogenic micro-
organism was 84.6% (22/26) in the PIPC group and 95.0%
(19/20) in the SBT/ABPC group, respectively.

Adverse reactions

In the PIPC group, adverse reactions (adverse events
where causal relationship to the drug was not ruled out)
were seen in 3 (5.4%) of the 56 patients, with the major ad-
verse reactions being diarrhea and hepatic dysfunction. In
the SBT/ABPC group, adverse reactions were seen in 5
(9.4%) of the 53 patients, with the major adverse reactions
also being diarrhea and hepatic dysfunction. No significant
differences were found between the groups. All reactions
were mild or moderate and transient (data not shown).

Cost benefits

Finally, we calculated the antibiotic cost benefit related to
medical care for pneumonia patients treated by either PIPC
or SBT/ABPC. Although administration periods were rela-
tively similar in the SBT/ABPC and PIPC groups (8.33±
2.93 days vs. 8.25±2.36 days, respectively), the patients ad-
ministered SBT/ABPC had a cost 1.7 times higher than
those administered PIPC when vial type products were used
(35,271±12,392 yen vs. 13,324±3,815 yen, p<0.001, respec-
tively), and 2.6 times higher when bag type products were
used (35,454±12,456 yen vs. 21,091±6,039 yen, p<0.001).
These results suggest a cost benefit for PIPC therapy, com-
pared to SBT/PIPC therapy.

Discussion

Pneumonia is a life-threatening disease, especially in eld-
erly individuals, who have multiple exacerbating factors
(susceptibility to further infection, occult mis-swallowing,
etc.). Furthermore, the symptoms of pneumonia in elderly
patients are often masked by underlying disease. For these
reasons, the detection of pneumonia in elderly patients tends
to be delayed, often leading to severe bouts of pneumonia
(2, 12, 13). Despite the development of various antimicro-
bial agents, pneumonia continues to have a high mortality
rate; therefore, appropriate diagnosis and treatment are es-
sential for pneumonia.
The JRS guidelines (11) strongly recommend a high dose
administration of penicillin, including beta-lactamase plus
penicillin, for mild to moderate CAP with bacterial pneumo-
nia, especially against pneumonia due to S. pneumoniae.
However, various kinds of penicillins, especially two types
of penicillins, such as ampicillin and piperacillin, have been
used in Japan. Okimoto et al (14) reported that the effective-
ness of SBT/ABPC therapy for CAP among elderly indi-
viduals was 77.1%, while Wood et al (15) conducted a study
comparing SBT/ABPC therapy with IPM/CS; carbapenem,
one of the most broad spectrum antibiotics, therapy in cases
of ventilator-assisted pneumonia caused by Acinetobacter,
and found that there were no significant inter-group differ-
ences in terms of efficacy, mortality rate, duration of me-
chanical ventilation, duration of ICU stay or duration of
hospital stay. On the other hand, a recent study demon-
strated that PIPC is more effective even though beta-
lactamase inhibitor combined with ampicillin, such as SBT/
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ABPC has shown a low efficiency for BLNAR in vitro al-
though PIPC has been commercially used for more than
twenty years (16). Consequently, it is still unclear which is
more beneficial; PIPC or SBT/ABPC administration in vivo
and in CAP patients.
In this study we demonstrated that PIPC therapy has com-

parable clinical efficacy to SBT/ABPC therapy in patients
with mild-to-severe CAP. The severity of pneumonia was
classified based on the criteria of the previous and current
JRS guidelines and clinical/bacteriological efficacy was ana-
lyzed and compared between the two groups. Unfortunately,
we did not assess by PORT classification by IDSA (5, 11)
because we could not collect enough data for PORT classifi-
cation, such as serum glucose sodium, and pH in blood gas,
which are not always measured in Japan for CAP patients.
Further study will be needed in the near future.
In this analysis, each parameter was comparable between

the two groups. Furthermore, the efficacy of PIPC therapy
was higher in male patients and those with underlying respi-
ratory diseases, compared with SBT/ABPC therapy. Gender
(male) is considered to be one of the important factors in
the A-DROP system in new JRS guidelines (11), and respi-
ratory complications are also well known as an influencing
factor on severity and prognosis (5-11). These results sug-
gest that PIPC therapy can be expected to exert better effi-
cacy, even in cases of more severe CAP. The reasons that
we found higher effectiveness in males and the patients with
underlying respiratory diseases might be related to gram-
negative bacteria, including Pseudomonas spp. and Haemo-
philus influenzae, which were, especially the latter, some-
times difficult to detect by culture from samples. The pa-
tients who have underlying diseases, including COPD were
known as male dominant and have a high potential to have
colonization by gram negative bacterium in their bronchial
way (5, 6, 10, 11). Furthermore, it was reported by nation-
wide surveillance in Japan that PIPC(MIC90: 0.5 μg/mL) was
more effective against BLNAR type, compared with SBT/
ABPC (MIC90: 8.0 μg/mL, even though both of them
showed similar effects against Gram-positive bacteria, in-
cluding PRSP (17). Some pneumonia cases in this study
which pathogens have not detected might be due to potential
BLNAR infection.
We found a slightly lower total efficiency in both the

PIPC and SBT/ABPC groups, compared with previous peni-
cillin studies on CAP (18-21), however, higher efficiency
was found through the attending physician’s subjective as-
sessment (94.1% vs. 84.8%, in PIPC and SBT/ABPC
groups, respectively: data not shown). This discrepancy is
because of protocol errors due to the addition or changing to
oral antibiotics by physicians even though the patients
tended to improve or recover in most cases. Prompt effi-
ciency will be found if we add the actual effective cases
which were counted as ineffective by an adequate admini-
stration of oral antibiotics after penicillin therapy (87.2% vs.
76.7%, PIPC and SBT/ABPC cases, respectively; data not
shown). A few failure cases in mild patients were found (5

cases): 2 patients in PIPC group and 3 patients in SBT/
ABPC group, respectively. These failure cases were as fol-
lows: PIPC (case 1; protocol failure by changing antibiotic,
and case 2; atypical pneumonia was suspected later), and
SBT/ABPC (cases 1 and 3; only 3 days administration, and
case 2; protocol failure by changing antibiotic). Short period
of antibiotic administration might also be one of the impor-
tant causes of re-worsening of pneumonia in mild CAP pa-
tients. IDSA/ATS guideline also recommended two more
days administration of antibiotics after the first assessment
for CAP improvement at Day 2 or 3, that means at least 4
or 5 days administration of antibiotics will be needed to pre-
vent re-worsening of CAP patients (5).
For bacteriological efficiency, we found a good eradica-
tion rate in both the PIPC and SBT/ABPC groups. PIPC
was 100% effective against S. pneumoniae and H. influenzae
cases. We expected PIPC may have been more effective in
H. influenzae cases, especially BLNAR, but SBT/ABPC
were also effective. Further study and patient analysis will
be needed.
With regard to safety, no serious adverse reactions were
observed in any patients in either the PIPC or SBT/ABPC
group, thus suggesting that penicillin therapy is highly toler-
able in elderly patients, compared with other types of antibi-
otics.
It should be noted that although carbapenems exert potent
antimicrobial activity against a broad range of bacteria, in-
cluding Gram-positive and Gram-negative microorganisms,
it has been recently reported that metallo-β-lactamase-
producing bacteria, which can degrade carbapenems, have
become more widespread (4, 22) and that strains of P.
aeruginosa resistant to carbapenems have been isolated (23).
Thus, close attention is now being paid to the spread of
drug-resistant bacterial strains caused by the careless and/or
excessive use of broad-spectrum antimicrobial agents. Gov-
ernmental intervention and controls against the use of broad-
spectrum drugs and anti-MRSA drugs have also been insti-
tuted in recent years. The results of this study suggest that
PIPC can be used as an adequate effective antibiotic.
Furthermore, we found a significant antibiotic cost benefit
with medical care in the PIPC treatment, compared to the
SBT/ABPC treatment. Daily drug costs were as follows:
PIPC: SBT/ABPC; 1.616 yen vs. 4.236 yen, respectively for
vial type, and 2.558 yen vs. 4.258 yen, respectively for bag
type (data not shown). Cost benefit is thought to be one of
the more important factors in managing patients with pneu-
monia, and might influence the medical insurance systems
and medical politics in both the United States and Japan (5,
6, 10, 11). These results may also lead to the recommenda-
tion of PIPC for CAP treatments.
In conclusion, the present comparison of patients with
mild to severe pneumonia has revealed that the clinical effi-
cacy of PIPC is comparable to that of SBT/ABPC, and that
PIPC therapy has a cost benefit. PIPC is thus considered to
be useful as a first-choice antibiotic in the treatment of CAP
even for critical patients, who have underlying respiratory
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diseases.
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