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SUMMARY

The clinical impact of antimicrobial resistance on the outcome of pneumococcal bacteraemia

has remained unclear. This study aimed to evaluate risk factors for mortality and determine the
impact of antimicrobial resistance on clinical outcomes. A total of 150 adult patients with
pneumococcal bacteraemia were identified over a period of 11 years at Seoul National University
Hospital. Of the 150 patients, 122 (81-3 %) had penicillin-susceptible (Pen-S) strains and

28 (18:7 %) penicillin-non-susceptible (Pen-NS) strains; 43 (28-7 %) had erythromycin-susceptible
(EM-S) strains and 107 (71-3 %) erythromycin-non-susceptible (EM-NS) strains. On multivariate
analysis, elevated APACHE II score [odds ratio (OR) 1-24, 95% confidence interval (CI)
1-14-1-34, P<0-001) and presence of solid organ tumour (OR 299, 95% CI 1-15-7-80, P=0-025)
were independent risk factors for mortality. Neither erythromycin resistance nor penicillin
resistance had a significant effect on clinical outcomes. However, for the 76 patients with
pneumococcal pneumonia, the time required for defervescence was significantly longer in the
EM-NS group than in the EM-S group (5:45+4-39 vs. 2:934+2-56, P=0-03 by log rank test).

In conclusion, antimicrobial resistance does not have an effect on mortality in adult patients with
pneumococcal bacteraemia.
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INTRODUCTION the increased prevalence of antibiotic-resistant
S. pneumoniae, the clinical impact of resistant strains
remains unclear. Whereas therapeutic failure due to
penicillin [4-6], macrolide [7-9], and fluoroquinolone
[10] resistance has been reported in cases of menin-
gitis, otitis media, and pneumonia, the relationship
between antibiotic resistance and treatment remains
controversial. In particular, there is a paucity of data
on outcomes in patients with invasive pneumococcal

Streptococcus  pneumoniae is one of the major
pathogens causing community-acquired pneumonia,
meningitis, sinusitis, acute otitis media, and bacter-
aemia. Over the past three decades antibiotic-resistant
strains have emerged and spread rapidly in both
industrialized and developing countries [1-3]. Despite
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disease, although studies of invasive pneumococcal
isolates have suggested that antibiotic resistance is not
a risk factor for mortality [11, 12]. Moreover, there
has been minimal research on the clinical features and
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outcomes of macrolide resistance in Asian countries,
where the highest prevalence of resistance to macro-
lides, ranging from 33 % to 92 %, has been reported
[2, 13-15]. We therefore conducted a retrospective
observational cohort study to evaluate the risk factors
for mortality in adult patients with pneumococcal
bacteraemia and to assess the impact of antimicrobial
resistance on clinical outcomes.

METHODS
Patients

We conducted a review of the clinical microbiological
laboratory results and medical records of individuals
diagnosed with pneumococcal bacteraemia from
July 1996 to June 2006 at Seoul National University
Hospital (Seoul, Republic of Korea), a 1600-bed
tertiary-care university hospital and referral centre.
Only the first bacteraemic episode for each patient
was included in the clinical analysis.

In vitro susceptibility testing

S. pneumoniae strains were identified by Gram stain,
optochin susceptibility and bile solubility test. Sus-
ceptibility to all the antimicrobials administered
in pneumococcal infections was determined by E-test
(AB Biodisk, Sweden) in accordance with the manu-
facturer’s instructions, and on the basis of the
Clinical and Laboratory Standards Institute (CLSI)
breakpoints [16]. The isolates were tested for sus-
ceptibility to the following antibiotics: penicillin,
amoxicillin/clavulanic acid, cefotaxime, ceftriaxone,
chloramphenicol, clindamycin, erythromycin, imipe-
nem, levofloxacin, rifampin, tetracycline, and tri-
methoprim-sulfamethoxazole. In addition, E-test for
cefuroxime was performed for cefuroxime-treated
patients in order to better evaluate the adequacy of
the antibiotic. Clarithromycin and azithromycin were
considered to be the same as erythromycin with re-
gard to susceptibility. S. pneumoniae ATCC 49619
was used as a control. Penicillin minimum inhibitory
concentration (MIC) was categorized as susceptible,
intermediate or resistant according to revised 2008
CLSI guidelines [16] where the isolates are classified
into three groups, i.e. meningitis with parenteral
penicillin where MIC <0-06 ug/ml is susceptible
and MIC >0-12 ug/ml is resistant; non-meningitis
with parenteral penicillin, where MIC <2, 4 and
>8 ug/ml are susceptible, intermediate and resistant,
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respectively; and oral penicillin, where MIC <0-06,
0-12-1, and >2 ug/ml are susceptible, intermediate,
and resistant, respectively. Cefotaxime or ceftriaxone
breakpoints for non-meningeal isolates are: suscep-
tible, <1 ug/ml; intermediate, 2 ug/ml; resistant,
>4 ug/ml. For meningitis, the breakpoints are:
susceptible, MIC <0-5 ug/ml; intermediate, 1 ug/ml;
resistant, >2 ug/ml. For the purposes of the study,
we combined the isolates with intermediate suscepti-
bility and resistance to antibiotics as antibiotic-non-
susceptible strains.

Study design and data collection

A retrospective cohort study was conducted to evalu-
ate the risk factors for mortality and to determine the
impact of antimicrobial resistance on clinical out-
comes. We reviewed the medical records of patients.
Data collected included ; age, sex, underlying diseases,
laboratory investigations, chest radiographs or com-
puterized tomographs at presentation, source of
bacteraemia, severity of illness as calculated by the
Acute Physiology and Chronic Health Evaluation
(APACHE) II score [17], antimicrobial therapy regi-
men, and times of administration of antibiotics and
blood culture sample acquisition. The presence of the
following comorbid conditions was also documented;
neutropenia, presentation with septic shock, care in
the intensive-care unit (ICU), receipt of chemotherapy
within 30 days before the onset of bacteraemia, trans-
plantation within 1 year before the onset of bacter-
aemia, corticosteroid use, post-operative status, and
invasive procedure conducted during the 72 h before
the onset of bacteraemia. Because this study was retro-
spective, the patients’ physicians, not researchers, had
chosen the antimicrobial therapy regimens. Thirty-
day mortality was the main outcome measurement.
Secondary outcome measures were 7-day mortality,
time to defervescence, admission to ICU, septic
shock, total duration of antibiotic therapy, and length
of hospital stay. This study was approved by the Seoul
National University Hospital Institutional Review
Board.

Definitions

S. pneumoniae bacteraemia was defined as at least one
positive blood culture, along with clinical features
compatible with systemic inflammatory response syn-
drome. Bacteraemia was categorized as polymicrobial
if additional microorganisms were recovered from
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blood cultures. Nosocomial infection was defined as
an infection that occurred >48 h after admission to
the hospital; an infection that occurred <48 h after
admission to the hospital but in patients who had
been hospitalized in the previous 2 weeks; and infec-
tion that occurred <48 h after admission to the
hospital in patients who had been transferred from
another hospital or nursing home. Neutropenia was
defined as an absolute neutrophil counts < 500/mm?.
Septic shock was defined as sepsis associated with
evidence of organ hypoperfusion and a systolic blood
pressure <90 or >30 mmHg less than the baseline or
a requirement for the use of vasopressors to maintain
the blood pressure [18]. Antimicrobial therapy was
considered appropriate if the treatment regimen dur-
ing the first 48 h of treatment included at least one
antibiotic to which the isolate was susceptible and if
the dose and route of administration conformed to
current medical standards [19].

Data analysis

Student’s ¢ test was used to compare continuous
variables, and y? or Fisher’s exact test was used to
compare categorical variables. To identify the inde-
pendent risk factors for resistance and mortality, a
multiple logistic regression model was used to control
for the effects of confounding variables. The time
to defervescence was calculated by Kaplan—Meier
analysis. All P values were two-tailed, and P <0-05
was considered statistically significant, SPSS soft-
ware, version 17.0 (SPSS Inc., USA), was used for the
analysis.

RESULTS
Patient characteristics (Table 1)

One hundred and fifty consecutive patients with
pneumococcal bacteraemia were enrolled in the study.
The median age of the patients at diagnosis was
59 years, ranging from 23 to 85 years, and 103
(687 %) patients were male. The most common under-
lying disease was solid organ tumour (n= 56, 37:3 %),
and the most common primary site of infection
was the lung (n=76, 50-7%). Of the 150 patients
with pneumococcal bacteraemia, 122 (81:3%) had
penicillin-susceptible (Pen-S) strains and 28 (18-7 %)
penicillin-non-susceptible  (Pen-NS) strains; 43
(28:7 %) had erythromycin-susceptible (EM-S) strains
and 107 (71-:3%) erythromycin-non-susceptible
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(EM-NS) strains. There were no significant differ-
ences in age, sex, origin of infection and site of infec-
tion between the two groups. Moreover, vital signs
and laboratory values (serum sodium, creatinine,
haematocrit, white blood cell count) at presentation
did not differ in the two groups (data not shown). On
the other hand, the mean APACHE II score was
higher in the EM-NS group than in the EM-S group
(17994 7-83 vs. 1442+ 644, P=0-01).

Antimicrobial susceptibilities (Table 2)

Of the 150 isolates of S. pneumoniae, 107 (71-3%)
were not susceptible to erythromycin, with very high
levels of resistance to erythromycin (MIC range
0-:016 to >256 ug/ml, MICsy>256 ug/ml, MICgyy>
256 ug/ml). On the other hand, 22 (14:7%) had
intermediate susceptibility to penicillin, and six
(4-0%) were resistant to penicillin (MIC range
0-006—16 ug/ml, MIC;¢ 0-25 ug/ml, MICyy 3 ug/ml).
Non-susceptibility rates to amoxicillin-clavulanate,
cefotaxime, ceftriaxone, and levofloxacin were 3-3 %,
12:0%, 5-4%, and 2-0%, respectively. The pattern
of resistance to erythromycin did not change signifi-
cantly over the 11-year study period.

Clinical outcomes and risk factors for mortality
(Table 3 and 4)

The 30-day mortality rate for patients with pneumo-
coccal bacteraemia was 26-7 % (40/150 patients died).
The overall 30-day mortality rate was 27-0 % (33/121)
in the Pen-S group and 25-0% (7/28) in the Pen-NS
group; 20-9 % (9/43) in the EM-S group and 29-0%
(31/107) in the EM-NS group, both of which differ-
ences were not statistically significant. Further, no
difference was observed in 7-day mortality rate be-
tween the two groups. There were no significant dif-
ferences in septic shock, time to defervescence, total
duration of antibiotic therapy, and length of stay,
except that patients infected with Pen-NS strains were
more likely to be admitted to an ICU than those in-
fected with Pen-S strains (35:7 % vs. 14:8 %, P=0-02).

Of the 150 patients with pneumococcal bacter-
aemia, all but five patients were treated with anti-
microbial agents. Forty-one patients (27:3%)
received monotherapy, while 104 patients (69-3%)
were treated with combination antimicrobials. There
were no differences in the number and type of anti-
microbial agents between the Pen-S group vs. the Pen-
NS group and the EM-S group vs. the EM-NS group.
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Table 1. Demographic and clinical characteristics of 150 patients with pneumococcal bacteraemia

No. (%) of patients
infected with

No. (%) of patients
infected with

Total no.
(%) EM-S EM-NS Pen-S Pen-NS

Characteristics (n=150) (n=43) (n=107) P (n=122) (n=28) P
Age, median, years (range) 59 (23-85) 60 (27-85) 59 (23-79) 59 (23-85) 63 (32-76)
Male sex 103 (68-7) 29 (67-4) 74 (69-2) n.s. 84 (68-9) 19 (67-9) n.s.
Origin of infection

Community 105 (70-0) 34 (79-1) 71 (66-4) n.s. 50 (74-6) 55 (66-3) n.s.

Hospital 45 (30-0) 9(20'9) 36 (33-6) n.s. 17 (25-4) 28 (33-7) n.s.
Site or type of infection

Pneumonia 76 (50-7) 23 (53-5) 53 (49-5) n.s. 64 (52-5) 12 (429) n.s.

Primary bacteraemia 44 (29-3) 11 (25-6) 33 (30-8) n.s. 36 (29-5) 8 (28-6) n.s.

Meningitis 11(7-3) 3 (7-0) 8 (7-5) n.s. 6 (49) 5(179) n.s.

Peritonitis 15 (10:0) 4(9-:3) 11 (10-3) n.s. 12 (9-8) 3(10-7) n.s.

Others* 427 2 (47) 2 (19) n.s. 4(3-3) 0 (0-0) n.s.
Underlying disease

Solid organ tumor 56 (37-3) 18 (41-9) 38 (35-5) n.s. 48 (39-3) 8 (28-6) n.s.

Haematological malignancy 32 (21-3) 6 (14-0) 26 (24-3) n.s. 25 (20-5) 7 (25-0) n.s.

Liver cirrhosis 34 (22-7) 9 (20-9) 25 (23-4) n.s. 28 (23-0) 6 (21-4) n.s.

Diabetes mellitus 26 (17-3) 8 (18-6) 18 (16-8) n.s. 23 (18-9) 3(10-7) n.s.

Chronic lung disease 18 (12-0) 4(9-3) 14 (13-1) n.s. 14 (11-5) 4(14-3) n.s.

Congestive heart failure 16 (10-7) 8 (18:6) 8 (7-5) n.s. 14 (11-5) 2(7-1) n.s.

Chronic renal disease 10 (6:7) 1(2:3) 9(8-4) n.s. 9(7-4) 1(3-6) n.s.

Rheumatological disease 8 (5:3) 3(7-0) 547) n.s. 8 (6:6) 0 (0-0) n.s.

Cerebrovascular disease 7(47) 3 (7-0) 4(37) n.s. 541) 2(7-1) n.s.
Polymicrobial infection¥ 12 (8-0) 1(2:3) 11 (10-3) n.s. 8 (6:6) 4(14-3) n.s.
APACHE II score

Mean +5s.D. 16:97+7-60 1442+6:44 17994783 001 1672+7-35 18-04+872 ns.

Range 4-40 5-28 4-40 4-37 6-40

EM-NS, Erythromycin-non-susceptible; EM-S, erythromycin-susceptible; Pen-NS, penicillin-non-susceptible; Pen-S,
penicillin-susceptible; n.s., not significant (P>0-05); s.p., standard deviation; APACHE, Acute Physiology and Chronic

Health Evaluation.

Comparison based on y? or Fisher’s exact test (when expected counts were <35 per cell).

* Pyogenic spondylitis (2), acute otitis media (1), cellulitis (1).

1 Associated microorganisms were Enterobacter cloacae (1), Staphylococcus epidermidis (1), Staphylococcus aureus (2),
Serratia marcescens (1), viridans streptococcus (1), Escherichia coli (2), Acinetobacter baumannii (1), Bacillus spp. (1),

Morganella morganii (1), Pseudomonas aeruginosa (1).

To evaluate the influence of appropriate antibiotic
therapy on mortality, we performed a subgroup
analysis categorized by the adequacy of antibiotic
therapy. The 30-day mortality rate in the appropriate
antibiotic treatment group was 26:7% (32/120
patients), the same as in the inappropriate antibiotic
treatment group (26:7%, 8/30 patients). When
patients were divided by type of infection, underlying
disease, and origin of infection, no significant differ-
ences in mortality were found between the appropri-
ate and inappropriate antibiotic therapy groups (data
not shown).
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From the univariate analysis (Table 4), variables
associated with 30-day mortality included pneumonia,
solid organ tumour, and elevated APACHE II score
(P <0-05 in each case). No significant differences were
observed in the mortality associated with either
Pen-NS (P> 0-05) or EM-NS (P>0-05). Multivariate
analysis using a logistic regression model, and in-
cluding the variables associated with mortality by
univariate analysis (P<0-1), showed that elevated
APACHE 1II score [odds ratio (OR), 1-24, 95%
confidence interval (CI), 1:-14-1-34, P<0-001) and
solid organ tumour (OR 2:99, 95% CI 1-15-7-80,
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Table 2. In vitro activity of 12 antimicrobial agents against 150 isolates of Streptococcus pneumoniae collected
at Seoul National University Hospital from 1996 to 2006

Intermediate

MIG;, MIC,, MIC range Susceptible resistance Resistant
Antimicrobial agent(s) (ug/ml) (ug/ml) (ug/ml) (% of isolates) (% of isolates) (% of isolates)
Penicillin 0-25 3 0-006 to 16 122 (81-3) 22 (14-7) 6 (4:0)
Amoxicillin-clavulanate* 0-19 1-5 <0016 to 4 145 (96:7) 5(33) 0(0)
Cefotaximet 0-25 1-5 0-004 to 6 132 (88-0) 14 (9-3) 427
Ceftriaxonet 0-25 1-5 0-004 to 4 142 (94:7) 7 (47) 1 (0:7)
Erythromycin >256 >256 0-016 to >256 43 (28-7) 5(3-3) 102 (68-0)
Clindamycin >256 >256 0-019 to >256 67 (44°7) 1 (0:7) 82 (54'7)
Tetracycline 16 32 0-064 to >256 29 (19-3) 3(2:0) 118 (78:7)
Chloramphenicol 3 24 0-19 to >256 105 (70-0) 0(0) 45 (30-0)
TMP-SMX 0-38 >32 0-094 to >32 78 (52:0) 16 (10-7) 56 (37-3)
Rifampin 0-032 0-047 0-016to 8 149 (99-3) 0 (0) 1 (0:7)
Levofloxacin 1 1-5 0-38 to >32 147 (98-0) 0(0) 3(2:0)
Imipenem 0-094 0-38 0-006 to >1 81 (54-0) 66 (44-0) 3(2:0)

MIC, Minimum inhibitory concentration; TMP-SMX, trimethoprim-sulfamethoxazole.

* The ratio of the concentrations of amoxicillin and clavulanate was 2: 1, and the data reflect the amoxicillin component.

1 Using two separate interpretive breakpoints for meningeal and non-meningeal S. pneumoniae isolates to define cefotaxime
and ceftriaxone resistance; MICs of >2 and >4 ug/ml, respectively.

Table 3. Clinical outcomes of 150 patients with pneumococcal bacteraemia

No. (%) of patients infected with No. (%) of patients infected with

EM-S EM-NS Pen-S Pen-NS

Outcome (n=43) (n=107) P (n=122) (n=28) P

Seven-day mortality 5(11-6) 23 (21-5) n.s. 22(180) 6 (21-4) n.s.
Thirty-day mortality 9 (209) 31 (29-0) n.s. 33(27-0) 7 (25-0) n.s.
Admission to the ICU 8 (18-6) 20 (18-7) n.s. 18 (14-8) 10 (35'7) 0-02
Septic shock 3 (7:0) 19 (17-8) ns. 16 (13:1) 6 (21-4) n.s.
Time to defervescence, days 4-06+4-40 3-814+3-32 n.s. 3-83+377 4-16+3-24 n.s.
Time to death*, days 9-63+8-73 5:034+4-84 ns. 5974614 5-884+5-67 n.s.
Hospital stay after the time initial ~ 16:63 4 18-28 16-61 +19-88 ns. 152341802 21-64+23-86 n.s.

blood culture was obtained, days

Length of stayf, days 20-94+21-40 25-18+32:43 n.s. 22-19429-61 31-00+28-27 n.s.
Total duration of using antibiotics, 14:32+9-78 14-304+7-40 n.s. 14:06+8-13 15-38+8-41 n.s.

days

EM-NS, Erythromycin-nonsusceptible; EM-S, erythromycin-susceptible. Pen-NS, penicillin-nonsusceptible; Pen-S, penicil-

lin-susceptible; n.s., not significant (P> 0-05).

* Only in patients who died within 30 days of the initial drawing of blood for culture (n=40).

1 Only in patients who survived (n=110).

P=0-025) were independent risk factors for mor-
tality.

Time to defervescence of patients with pneumococcal
bacteraemia

To assess the impact of antibiotic resistance on
clinical response as measured by time to defer-
vescence, we compared the patients infected with
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Pen-S strains with those infected with Pen-NS strains
and patients infected with EM-S strains with those
infected with EM-NS strains, respectively. Time to
defervescence was not different in groups of patients
infected with susceptible strains vs. non-susceptible
strains. However, a statistical analysis of 76 separate
patients with bacteraemic pneumococcal pneumonia
(Fig. 1) revealed that the time to defervescence
was longer in the EM-NS group than the EM-S
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Table 4. Factors associated with 30-day mortality in 150 patients with pneumococcal bacteraemia

No. of death/

Univariate analysis

Multivariate analysis*

Risk factor no. of patients (%) OR (95% CI) P OR (95% CI) P
Age, years 0-92 (0-:32-2-62)
<65 22/101 (21-8) — 0-054 0-871
=65 18/49 (36:7) 2:09 (0-99-4-41)
Empirical antibiotics —
Appropriate 32/120 (26-7) — 1-000
Inappropriate 8/30 (26'7) 1-00 (0-41-2-47)
Origin of infection —
Community 27/105 (25-7) — 0-687
Hospital 13/45 (28-9) 1-17 (0-54-2-56)
Penicillin-non-susceptibility —
No 33/122 (27-0) — 0-825
Yes 7/28 (25-0) 0-90 (0-35-2-31)
Erythromycin-non-susceptibility —
No 9/43 (20-9) — 0-316
Yes 31/107 (29-0) 1-54 (0-66-359)
Neutropenia 1-04 (0-27-3-98)
No 31/129 (24-0) — 0-076 0-958
Yes 9/21 (42-9) 2:37 (0-91-6-16)
Pneumonia 1-96 (0-76-5-22)
No 12/74 (16-2) — 0-005 0-159
Yes 28/76 (36-8) 3-01 (1:39-6-54)
APACHE II score 1-24 (1-14-1-34)
0-9 0/27 (0-0) <0-001 <0-001
10-19 10/70 (14-3)
=20 30/53 (56:6)
Underlying disease
Solid organ tumour 2:99 (1-15-7-80)
No 19/94 (20-2) — 0-022 0-025
Yes 21/56 (37-5) 2-:37 (1:13-4-96)
Haematological malignancy —
No 32/118 (27-1) — 0-810
Yes 8/32 (25-0) 0-90 (0-37-2-20)
Invasive proceduref
No 32/131 (24-4) — 0-110 —
Yes 8/19 (42-1) 2:25 (0-83-6-08)
Cancer chemotherapy
No 29/111 (26-1) — 0-801 —
Yes 11/39 (30-0) 1-11 (0-49-2-51)
Corticosteroid use
No 28/113 (24-8) — 0-362 —
Yes 12/37 (32-4) 1-46 (0-65-3-28)

OR, Odds ratio; CI, confidence interval.

* Variables with P<0-1 in the univariate analysis were included in the multivariate analysis.

1 Gastroscopy with or without sclerotherapy, endoscopic variceal ligation, insertion of a Sengstaken—Blakemore tube,
colonoscopy, tracheal intubation, endoscopic retrograde cholangiopancreatography, and insertion of a percutaneous
transhepatic biliary drainage catheter.
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Fig. 1. Times to defervescence in 76 patients with bacteremic pneumococcal pneumonia. EM-NS S. pneumoniae tends to
result in prolongation of fever (log rank =0-03). EM-NS, Erythromycin-non-susceptible; EM-S, erythromycin-susceptible.

group (5:45+4-39 vs. 2:93 +2-56, P=0-03 by log rank
test).

DISCUSSION

In the present study we found that neither erythro-
mycin nor penicillin resistance had a significant effect
on clinical outcomes for patients with pneumococcal
bacteraemia. However, among the patients with bac-
teraemic pneumococcal pneumonia, the time to defer-
vescence in patients infected with EM-NS strains was
longer than in patients with EM-S strains.

Despite the worldwide escalation in antimicrobial
resistance over the past three decades, mortality rates
for invasive pneumococcal disease have not increased
[20, 21]. Treatment failures associated with penicillin
resistance have been reported for meningitis [6], otitis
media [5], and pneumonia [4], but the relationship
between penicillin resistance and increased mortality
or treatment failure has not been elucidated [12, 22].
In fact, most studies [11, 12, 14] failed to find a sig-
nificant correlation between penicillin resistance
and increased mortality. In addition, Weinstein et al.
[23] detected no relationship between mortality and
penicillin MIC >2ug/ml in patients treated with
penicillin alone. These results, along with a review of
pharmacokinetic and pharmacodynamic data [24], led
to the decision in 2008 to revise the penicillin break-
points. According to the new guidelines [16], the
breakpoints for susceptible, intermediate, and resist-
ant in non-meningitis cases are <2, 4, and >8 ug/ml,
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respectively. For meningitis cases there is no inter-
mediate category; isolates are categorized as suscep-
tible (<0-06 ug/ml) or resistant (=012 ug/ml). In this
study, we found that even with the revised penicillin
susceptibility breakpoints, clinical outcomes in
patients infected with Pen-NS strains were no differ-
ent from those in patients infected with Pen-S strains.
We believe that this result provides encouragement to
clinicians to prescribe penicillin with more confidence
for non-meningeal pneumococcal infections.

The high prevalence and levels of resistance to
erythromycin in our study are consistent with what
has been reported from other Asian countries [2,
13, 25, 26]. It has also been noted that the frequency
of resistant pneumococcal isolates containing both
erm(B) and mef(A) is higher in South Korea than
in other regions [27], which might be partly due to
the clonal spread of a few resistant clones [28]. Over
the past decades, there have been several reports
of macrolide treatment failures in patients with pneu-
monia or bacteraemia infected with erythromycin-
resistant S. pneumoniae [7-9]. Given the fact that
treatment failure is, to some extent, dependent on
levels of resistance, it is imperative to examine the
clinical significance of macrolide resistance in the light
of the dominant mechanisms of resistance in the study
population.

In the present study, we found that macrolide
resistance did not result in increased mortality.
Similarly, in two studies [14, 29] in which researchers
examined the impact of macrolide resistance,
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mortality in patients with erythromycin-resistant
pneumococcal pneumonia was not significantly dif-
ferent from that in patients with erythromycin-
susceptible pneumococcal pneumonia. However, both
studies had limitations in that they included isolates
from respiratory specimens, which might have ob-
scured a real impact of resistant strains on clinical
outcomes.

The 30-day mortality of 26-7% is comparable to
that reported in other studies of pneumococcal bac-
teraemia (10-30%) [12, 14, 30—34]. Our data revealed
that the independent risk factors for 30-day mortality
in patients with pneumococcal bacteraemia were a
high APACHE II score and presence of a solid organ
tumour. Similarly, previous studies that emphasized
the importance of host factors in predicting outcome
have demonstrated that severity of illness, advanced
age, and comorbidities such as malignancy, are sig-
nificantly associated with mortality [12, 30, 32, 35].
Our results support the idea that factors other than
resistance, such as severity of illness at presentation
and underlying disease, have a stronger influence on
clinical outcomes.

It is noteworthy that patients infected with EM-NS
strains had longer times to defervescence. Some [4, 36]
have argued that of the various outcome measures,
mortality may not be sensitive to differences in drug
efficacy and may be confounded by other factors,
although it is believed to be the most reliable and
clinically relevant measure. Other outcome measures
such as bacterial eradication, rate of complication,
and time to stability, might be more relevant end-
points for exploring the relationship of the impact of
virulence on medical outcomes.

It remains unclear what sort of mechanisms may
have contributed to the delayed time to defervescence
in the EM-NS group. As we did not adjust further for
other variables associated with delayed resolution of
fever, investigation of other possible confounders such
as host factors and pathogen-specific factors that
affect the intrinsic virulence of the organisms (e.g.
capsular subtype) is needed to determine whether
antibiotic resistance affects the time required for
defervescence.

To the best of our knowledge, this is the first study
using the new CLSI guidelines to investigate the
impact of penicillin and erythromycin resistance on
clinical outcomes in adult patients with pneumococcal
bacteraemia. However, some limitations of the study
should be noted. First, it focused on mortality as the
primary endpoint, and, as noted earlier, mortality
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may be a relatively insensitive measure for establish-
ing the impact of drug resistance on medical out-
comes. However, in contrast with the other studies,
we did our best to examine other potential outcomes
such as time to fever resolution, infection-related
complications (shock, admission to ICU, pleural ef-
fusion), and length of hospital stay. Second, it was
an observational study, so the types of antibiotics
administered could not be controlled. Finally, the
results may not be applicable to outpatients or hos-
pitalized patients without bacteraemia.

In summary, we found that having a severe under-
lying disease was an independent risk factor for
30-day mortality. On the other hand, antimicrobial
resistance, even high-level resistance, did not affect
clinical outcomes in adult patients with pneumococcal
bacteraemia, although EM-NS was associated with de-
layed resolution of fever in patients with bacteraemic
pneumococcal pneumonia. Our findings support the
notion that clinical outcomes are more closely related
to clinical condition at presentation than to level of
antimicrobial resistance.
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