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INTRODUCTION

S. pneumoniae remains the most common
bacterial cause of community-acquired pneumo-
nia (CAP), and these infections are associated
with significant morbidity and mortality worldwide
(File, 2003). The increasing prevalence of pneu-
mococcal resistance to penicillin and other drugs
has considerably complicated the empirical
treatment of CAP (Heffelfinger et al, 2000; Garau,
2002). International surveillance studies in Asian
countries by the Asian Network for Surveillance
of Resistant Pathogens (ANSORP) documented
that 28 of 52 (53.8%) strains of S. pneumoniae
isolated from clinical specimens in Thailand were
not susceptible to penicillin, 26.9% were inter-
mediately susceptible, and 26.9% were penicil-
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Abstract. To determine the prevalence, risk factors and clinical outcomes of penicillin-resistant S.
pneumoniae (PRSP) in community-acquired pneumonia (CAP), a cross-sectional study was con-
ducted between January 1995 and December 2004 at Srinagarind Hospital, Khon Kaen, Thailand.
Patients hospitalized with CAP and culture proved to be S. pneumoniae were included. PRSP was
found in 22 of 64 (34.4%) patients. The MIC levels of penicillin non-susceptible strains ranged be-
tween 0.25 and 0.75 µg/ml. Resistance to other antibiotics ranked: cotrimoxazole (51.6%), tetracy-
cline (26.6%), erythromycin (20.6%), lincomycin (18.7%), chloramphenicol (12.5%) and ampicillin
(1.6%). None of the isolates was resistant to cephalothin. The significant risk factors for PRSP infec-
tion were previous antibiotic use within 3 months (Adjusted OR 40.83, 95% CI 3.71 to 449.41) and
alcoholism (Adjusted OR 8.82, 95% 1.25 to 62.46). Bacteremia and empyema thoracis were found
more commonly in PRSP than PSSP infection, but not statistically significant. Pneumonia-related
mortality was nearly the same, PRSP 9.1% vs PSSP 9.5% (p = 0.96). The reason why the clinical
outcomes of these two groups were not different may be the patients were infected with mildly
resistant organisms. Thus, pneumonia caused by intermediate-level penicillin resistant S. pneumoniae
appears to be adequately treated with β-lactams or aminopenicillin antibiotics. The MIC levels of
penicillin resistance should be monitored further. The need for antibiotics active against drug-resis-
tant S. pneumoniae was required if high-level penicillin resistance was detected.

lin resistant (Song et al, 2004). The morbidity and
mortality rates of patients with pneumococcal
meningitis caused by penicillin-resistant strains
were higher than those for penicillin-susceptible
strains (Klugman et al, 1992). However, the clini-
cal impact of drug-resistant S. pneumoniae in
community-acquired pneumonia is controversial
(Metlay et al, 2000). Studies have suggested that
empyema thoracis and bacteremia were more
common in penicillin-resistant S. pneumoniae
(PRSP) pneumonia, but the mortality rate was
not significantly higher compared to penicillin-
sensitive S. pneumoniae (PSSP) pneumonia
(Aspa et al, 2004).

Recognition of patients at increased risk
for acquiring drug-resistant pneumococcal pneu-
monia is essential to control epidemic spread
of these strains and the selection of appropriate
initial antimicrobial treatment. The objective of
this study was to determine the prevalence,
risk factors and clinical outcomes of penicillin-
resistant S. pneumoniae in community-acquired
pneumonia.
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MATERIALS AND METHODS

Patients

A cross-sectional study was carried out be-
tween January 1, 1995 and December 31, 2004
at Srinagarind Hospital, Khon Kaen University,
Khon Kaen, northeast Thailand. Patients age ≥15
years, hospitalized with CAP and culture proved
to be S. pneumoniae were included. A diagnosis
of CAP was based upon: 1) fever (>37.5ºC) vs
WBC >10,000/mm3 or bands >15%; 2) new and
sudden onset of at least two of the following signs
or symptoms: cough, dyspnea or tachypnea,
chills, pleuritic chest pain, purulent sputum or
change in sputum character, signs of consolida-
tion or rales on physical examination; and 3) a
new infiltration seen on chest radiograph. Pneu-
mococcal pneumonia was diagnosed if a culture
from sterile sites (ie blood, CSF, or pleural fluid)
yielded S. pneumoniae. A sputum culture was
considered pathogenic if it was positive for S.
pneumoniae and a sputum Gram’s stain demon-
strated gram-positive diplococci. HIV-positive
patients or those hospitalized within 3 weeks prior
to admission were excluded.

Microbiology

 Gram-stained smears and quantitative cul-
tures of adequate sputum samples were per-
formed by standard methods. Optochin sensi-
tivity, bile solubility and latex agglutination tests
were performed to confirm suspected S. pneu-
moniae colonies. Blood cultures were performed
in patients with high fever, and pleural fluid cul-
tures in patients with pleural effusion.

Antibiotic susceptibility was tested by the
disk-diffusion technique with Mueller-Hinton agar
supplemented with 5% sheep blood and incu-
bated overnight in 5% CO2 at 35ºC. A 1 µg ox-
acillin disk (Oxoid, UK) was used to reveal resis-
tance to penicillin and was positive if the diam-
eter of the inhibition zone was <20 mm. The other
antimicrobial agents tested for by disk diffusion
were ampicillin, cephalothin, chloramphenicol,
cotrimoxazole, erythromycin, tetracycline, and lin-
comycin. The zone diameter interpretative stan-
dards used were defined according to NCCLS
guidelines (1997).

The minimum inhibitory concentration (MIC)
of oxacillin resistant strains for penicillin was

determined by E-testing (AB Biodisk, Sweden)
done at our hospital since 2001. The isolates
were classified as susceptible to penicillin if the
MIC was ≤0.06 µg/ml, intermediately resistant if
the MIC was 0.12-1 µg/ml, and resistant if the
MIC was ≥2.0 µg/ml. Intermediate and resistant
isolates were considered to be non-susceptible
(NCCLS, 2002).

Data collection

The demographic data collected included:
age, gender, occupation, underlying diseases,
smoking and alcohol use. Initial clinical signs and
symptoms, complete blood count (CBC), spu-
tum Gram’s stain, and chest radiograph results
were also recorded. The severity of CAP was
classified according to American Thoracic Soci-
ety (ATS) guidelines (Niederman et al, 2001).
Patients were classified as having severe CAP if
they presented with shock, needed mechanical
ventilation, or had 2 of 3 of the following criteria:
1) systol ic blood pressure <90 mmHg, 2)
multilobar involvement, and 3) PaO2/FiO2 <250.
The following risk factors were assessed in each
patient: older age (>65 years), comorbidities,
previous antibiotic use within 3 months, steroid
use (>10 mg prednisolone/day) and alcoholism.

The outcomes of treatment with penicillin-
resistant S. pneumoniae (PRSP) were compared
with penicillin-sensitive S. pneumoniae (PSSP)
pneumonia. Complications following pneumonia,
such as bacteremia, shock, requiring mechani-
cal ventilation, empyema thoracis, and acute
renal failure, were recorded. The length of hos-
pital stay was also evaluated. Mortality was de-
fined as death during the hospital stay. Pneu-
monia-related deaths were defined as those in
which pneumonia was the major contributing
cause. In those cases in which the cause of
death was not clearly documented, death within
7 days following admission was also considered
pneumonia-related.

Ethics

The study was approved by the Ethics
Committee of the Faculty of Medicine, Khon
Kaen University, Khon Kaen, Thailand.

Statistical analysis

Descriptive statistics were used to describe
characteristics, clinical presentations, and the
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drug-susceptibility patterns of the S. pneu-
moniae isolates. Means and standard deviations
were calculated for continuous variables, and
number and percentage for categorical variables.
Analysis of risk factors of PRSP infection was
initially assessed by univariate analysis. Odds
ratios (Crude OR) were then determined using a
logistic regression model. An adjusted analysis
for confounders was performed with the model
constructed by multiple logistic regression. Ad-
justed odds ratios (Adjusted OR) and 95% con-
fidence intervals (CI) were calculated. Compli-
cations, lengths of hospital stay, and mortality
rates were compared between patients infected
with PRSP and PSSP pneumonia. The χ2 test or
Fisher’s exact test was used to compare cat-
egorical variables and the Student’s t-test to
compare continuous variables. A p-value of
<0.05 was considered to be of statistical signifi-
cance in all analyses.

RESULTS

Patient characteristics and clinical features

During a 10-year study period, 64 patients
were hospital ized with CAP caused by S.
pneumoniae. The demographic data are shown
in Table 1. The mean age was 51.9 years (range,
15-94 years), with a male to female ratio of 1.8:1.
One-third of the patients were farmers. Most of
them (87.5%) had underlying diseases. The most
common comorbidity was autoimmune disease
(26.6%), fol low by cardiovascular disease
(23.4%), diabetes mellitus (15.6%), chronic ob-
structive lung disease (12.5%), neurologic dis-
ease (12.5%), renal disease (10.9%), and hema-
tologic disease (7.8%).

Over one-third of community-acquired S.
pneumoniae pneumonia patients needing hos-
pitalization presented with severe CAP. The mean
incubation period was 4.6 days. The initial labo-
ratory studies were: CBC, sputum Gram’s stain,
and chest radiographs, which are summarized
in Table 2. About 70% of the patients had >70%
PMN, with a mean white blood cell count of
13,947.6 cells/mm3 (SD 6,379.1 cells/mm3).
Seventeen percent had no sputum production
or inadequate sputum examination. In cases with
adequate sputum, 68% had gram-positive diplo-

Characteristics N = 64

Age, year (mean, SD) 51.9 (20.2)
Male to female ratio 1.8:1
Occupation (N, %)

Farmer 23 (35.9)
Government service 12 (18.8)
Business 6 (9.4)

Healthy (N, %) 8 (12.5)
Underlying diseasea (N,%) 56 (87.5)

Autoimmune disease 17 (26.6)
Cardiovascular disease 15 (23.4)
Diabetes mellitus 10 (15.6)
Chronic obstructive lung disease 8 (12.5)
Neurologic disease 8 (12.5)
Renal disease 7 (10.9)
Hematologic disease 5 (7.8)

Smoking (N, %) 25 (39.1)
Alcoholism 7 (10.9)
Steroid use 11 (17.2)
Previous antibiotics 9 (14.1)

aSome patients had more than one underlying disease

Table 1
Demographic data of S. pneumoniae

pneumonia patients.

Table 2
Clinical presentation.

Clinical presentation N = 64

Incubation, days (mean, SD) 4.6 (5.8)
Severe CAP (N, %) 24 (37.5)
White blood cell count, cell/mm3

   (mean, SD) 13,947.6 (6,379.1)
Patients with PMN >70% (N, %) 44 (68.8)
Patients with no sputum production (N, %)11 (17.2)
Results of sputum Gram’s staining (N, %)

Gram-positive diplococi 44 (68.8)
No organism 3 (4.7)
Gram-positive cocci in chain 2 (3.1)
Gram-negative coccobacilli 2 (3.1)
Mixed organism 2 (3.1)

Results of chest radiographs (N, %)
Localized patchy alveolar infiltration 40 (62.5)
Bilateral interstitial infiltration 13 (20.3)
Lobar infiltration   9 (14.1)
Multilobar infiltration 2 (3.1)
Pleural effusion 6 (9.4)

Positive sputum culture (N, %) 47 (73.4)
Positive hemoculture (N, %) 22 (34.4)
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cocci, while the remainder had no organisms
(4.7%), gram-positive cocci in chains (3.1%),
gram-negative coccobacilli (3.1%), or mixed or-
ganisms (3.1%). The major finding on chest ra-
diograph was localized patchy alveolar infiltra-
tion (62.5%). The other findings were bilateral
interstitial infiltration (20.3%), lobar infiltration
(14.1%), multilobar infiltration (3.1%), and pleu-
ral effusion (9.4%). S. pneumoniae was isolated
from sputum in 73.4% and from blood in 34.4%
of patients.

Antimicrobial susceptibility

Penicill in-resistant S. pneumoniae was
found in 22 of 64 (34.4%) cases. Resistance to
other antimicrobial agents was: 51.6% to
cotrimoxazole, 26.6% to tetracycline, 20.6% to
erythromycin, 18.7% to lincomycin, 12.5% to
chloramphenicol, and 1.6% to ampicillin. All of
the S. pneumoniae isolates were sensitive to
cephalothin (Table 3). The MICs of oxacillin re-
sistant strains ranged between 0.25 and 0.75
µg/ml.

Risk factors for PRSP infection

The potential risk factors tested for asso-
ciation with PRSP infection were: age >65 years,
multiple comorbidities, previous antibiotic use
within 3 months, steroid use (>10 mg predniso-
lone/day), and alcoholism. Pencillin-resistant iso-
lates were significantly associated with previous
antibiotic use within 3 months and alcoholism
(Table 4). On multivariate analysis to adjust for
confounding factors, these two factors were still
significantly correlated with PRSP infection, pre-
vious antibiotic use within 3 months (Adjusted

OR 40.83, 95% CI 3.71 to 449.41) and alcohol-
ism (Adjusted OR 8.82, 95% CI 1.25 to 62.46).

Prognosis and outcomes

The prognosis and outcomes of patients
infected with PRSP and PSSP pneumonia were
compared (Table 5). We could not demonstrate
any difference in outcomes between these two
groups. Bacteremia  (PRSP 36.4%, PSSP
33.3%) and empyema thoracis (PRSP 9.1%,
PSSP 7.1%) were more common complications
in PRSP infection, but not statistically significant.
Other complications, such as shock, need for
mechanical ventilation and acute renal failure
were not different. The length of stay, overall
mortality, and pneumonia-related mortality were
also nearly the same. Pneumonia-related deaths
occurred in 9.1% of PRSP and 9.5% of PSSP
patients (p = 0.96).

Drug No. resistant strain (%)

Penicillin 22 (34.4)
Ampicillin 1 (1.6)
Cephalothin 0 (0)
Chloramphenical 8 (12.5)
Cotrimoxazole 33 (51.6)
Erythromycin 13 (20.6)
Tetracycline 17 (26.6)
Lincomycin 12 (18.7)

Table 3
Drug-susceptibility pattern of S. pneumoniae

isolated from patients with CAP.

Table 4
Univariate and multivariate analysis of risk factors associated with PRSP pneumonia.

Variable Cruded OR Adjusted OR 95% CI p-value

Age >65 years 0.36 0.23 0.04 to 1.21 0.08
Co-morbidity  ≥2   diseases 1.03 3.70 0.87 to 15.80 0.08
Previous antibiotic use 23.43 40.83 3.71 to 449.41 0.002a

   within 3 months
Steroid use (>10 mg pred/day) 0.37 0.45 0.07 to 2.93 0.41
Alcoholism 5.88 8.82 1.25 to 62.46 0.03a

ap-value < 0.05
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DISCUSSION

S. pneumoniae was the major cause of hos-
pitalized CAP (File, 2004), and affects a wide
range of ages. Most of the patients had predis-
posed medical comorbidity. Severe CAP oc-
curred in one-third of them. The clinical presen-
tation and initial laboratory findings were indis-
tinguishable from other bacterial pathogens
(Niederman et al, 2001; Mandell et al, 2003).
However, an attempt to collect adequate spu-
tum should be performed (Musher et al, 2004).
Microscopic examination of sputum samples
before antibiotics were administered and the
performance of culture within 24 hours yielded
the diagnosis in about 70% of cases. The blood
culture was positive in one-third of pneumococ-
cal pneumonia cases.

Penicillin resistant pneumococci has become
widespread and is a worldwide occurrence. Re-
sistance to other classes of antibiotics tradition-
ally used as alternatives in the treatment of pneu-
mococcal infections has also increased markedly
during recent years. β-lactam and macrolide an-
timicrobial agents are questionable in this situa-
tion (Feldman, 2004). Fluoroquinolones with en-
hanced anti-pneumococcal activity represent an
attractive antimicrobial treatment option for com-
munity-acquired respiratory tract infections in
adults (Zhanel et al, 2002).

In our study, the rate of penicillin resistant
S. pneumoniae in community acquired pneumo-
nia was 34.4%. When the MICs in the resistant
cases was tested in the year 2001, all of them

had intermediate resistance to penicillin. A pre-
vious study in Thailand found high resistance
rates to penicillin were infrequent in CAP; 37%
had intermediate resistance and 4.3% had high
resistance (Sangthawan et al, 2003). At that time,
S. pneumoniae was still susceptible to β-lactam
and the amino-penicillin groups. In cases in-
fected with intermediate resistant S. pneumo-
niae, high-dose of β-lactams or amino-penicil-
lins could be used in our region. This adminis-
tration was based on the time-dependent anti-
bacterial property of the drugs to achieve se-
rum concentrations exceeding the MIC (T>MIC),
when the MIC of resistant strains was increased.
However, the resistance rate of S. pneumoniae
to cotrimoxazole, tetracycline, and erythromy-
cin was high. These antimicrobial agents were
not recommended as monotherapy, especially
in patients with suspected S. pneumoniae infec-
tion (Cunha, 2002). In addition, the newer
fluoroquinolones, effective against drug-resistant
S. pneumoniae, should be reserved for use in
patients with high-levels resistance strains. This
can help limit the mutation of fluoroquinolone-
resistant strains for S. pneumoniae, which have
already been documented (Ho et al, 2001).

The two significant risks for PRSP infection
on both univariate and multivariate analyses in
our study were previous antibiotic use within 3
months and alcoholism. This finding was the
same as a previous study by Clavo-Sanchez
et al (1997). Other studies from Thai land
(Dejthevaporn et al, 2000) and Japan (Yanagihara
et al, 2004) showed that the only significant risk

Outcome PRSP PSSP p-value
(N=22) (N=42)

Bacteremia, N (%) 8 (36.4) 14 (33.3) 0.81
Shock, N (%) 5 (22.7) 12 (28.6) 0.61
Mechanical ventilator, N (%) 7 (31.8) 20 (47.6) 0.22
Empyema thoracis, N (%) 2 (9.1) 3 (7.1) 0.78
Acute renal failure, N (%) 3 (13.6) 5 (11.9) 0.84
Length of stay, days (mean, SD) 12.2 (9.0) 15.5 (17.8) 0.43
Overall mortality, N (%) 2 (9.1) 5 (11.9) 0.73
Pneumonia-related mortality, (7 days), N (%) 2 (9.1) 4 (9.5) 0.96

Table 5
Outcome of PRSP compared with PSSP pneumonia.
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factor was previous antibiotic use. According to
the ATS guidelines (Niederman et al, 2001), ag-
ing, multiple comorbidities and steroid use are
other risk factors for PRSP infection, but these
were not significant risk factors in our study.
Education regarding the inappropriate use of
antibiotics should decrease the number of re-
sistant strains of S. pneumoniae. Initial empiri-
cal therapy in patients with previous antibiotic
use during the previous 3 months should cover
drug-resistant S. pneumoniae.

The outcomes in pneumococcal pneumo-
nia were not significantly affected by drug resis-
tance. The percentages of bacteremia and em-
pyema thoracis were higher in PRSP than PSSP.
The pneumonia-related mortality rate was nearly
the same. These outcomes may be due to inter-
mediately resistant strains of PRSP. Falco et al
(2004) reported that mortality in patients with
pneumonia caused by penicillin intermediately
resistant to pneumococci was not higher than
with the susceptible strains. However, several
studies have shown a significant association
between mortality and high-levels of penicillin
resistance (MIC >4 µg/ml) in S. pneumoniae
(Feikin et al, 2000; Metlay et al, 2000; File, 2004).
Therefore, monitoring the MIC levels of resistant
S. pneumoniae to penicillin is very important, and
antimicrobial agents active against highly peni-
cillin resistant S. pneumoniae are required. This
includes new generation fluoroquinolones,
ketolides, vancomycin and linezolid (Jacobs,
1999). In the future, the interventions to limit the
further emergence and spread of DRSP must
included campaigns on the appropriate use of
antibiotics and the introduction of pneumococ-
cal conjugate vaccines (Nuermberger and Bishai,
2004).

In conclusion, previous antibiotic use within
3 months and alcoholism were the two signifi-
cant risk factors for PRSP infection. In order to
lessen this problem in Thailand, efforts should
be made to improve correct antibiotic use. Mor-
bidity, mortality, and length of stay were not sig-
nificantly different in community-acquired pneu-
monia due to PRSP vs PSSP; perhaps because
the S. pneumoniae had a low-level of resistance.
β-lactams and aminopenicillins are still the anti-
biotics of choice for S. pneumoniae community-

acquired pneumonia, and the overuse of
fluoroquinolones may promote quinolone resis-
tance in the future. Local regular surveillance of
susceptibility pattern(s) of S. pneumoniae are
required in order to develop local management
guidelines.
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