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José A. Martı́nez,1 Juan P. Horcajada,1 Manuel Almela,1 Francesc Marco,1 Alex Soriano,1 Elisa Garcı́a,1

Maria Angeles Marco,1 Antoni Torres,2 and Josep Mensa1

1Institut Clı́nic Infeccions i Immunologia and 2Institut Clı́nic de Pneumologia i Cirurgia Torácica, Hospital Clinic Universitari, Barcelona, Spain

(See the editorial commentary by File and Mandell on pages 396–8)

To assess the association between inclusion of a macrolide in a b-lactam–based empirical antibiotic regimen

and mortality among patients with bacteremic pneumococcal pneumonia, 10 years of data from a database

were analyzed. The total available set of putative prognostic factors was subjected to stepwise logistic regression,

with in-hospital death as the dependent variable. Of the 409 patients analyzed, 238 (58%) received a b-lactam

plus a macrolide and 171 (42%) received a b-lactam without a macrolide. Multivariate analysis revealed 4

variables to be independently associated with death: shock ( ), age of �65 years ( ), infectionsP ! .0001 P p .02

with pathogens that have resistance to both penicillin and erythromycin ( ), and no inclusion of aP p .04

macrolide in the initial antibiotic regimen ( ). For patients with bacteremic pneumococcal pneumonia,P p .03

not adding a macrolide to a b-lactam–based initial antibiotic regimen is an independent predictor of in-

hospital mortality. However, only a randomized study can definitively determine whether this association is

due to a real effect of macrolides.

Several observational studies conducted during the past

few years have suggested that mortality and length of

hospital stay for patients admitted to the hospital with

community-acquired pneumonia (CAP) or bacteremic

pneumococcal pneumonia may be decreased by initial

antimicrobial regimens that include either a macrolide

plus a b-lactam, a fluoroquinolone, or any combination

of 2 effective drugs [1–5]. Two of these investigations

[3, 4], which collected data on a large series of patients

with CAP of undefined etiology in �60% of the cases,
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Reprints or correspondence: Dr. José A. Martı́nez, Institut Clı́nic Infeccions i
Immunologı́a, Hospital Clinic Universitari, Villarroel 170, 08036 Barcelona, Spain
(jamarti@clinic.ub.es).

Clinical Infectious Diseases 2003; 36:389–95
� 2003 by the Infectious Diseases Society of America. All rights reserved.
1058-4838/2003/3604-0001$15.00

were able to show that the lower mortality rate at 30

days after presentation associated with combination

therapy remained significant after adjusting for several

prognostic factors, such as age, severity of disease, com-

orbidity, delay in the initiation of antimicrobial therapy,

transfer from a long-term care facility, and need for

intensive care unit (ICU) admission. Of 2 additional

studies that focused on bacteremic pneumococcal

pneumonia, one [1] made no attempt to adjust for

potential confounding variables, and the other [5] was

more concerned with exploring the association between

any dual effective therapy and mortality than with ad-

dressing the specific issue of including a macrolide as

part of a b-lactam–based empirical regimen.

This recent evidence has had practical consequences:

the Infectious Diseases Society of America has endorsed

the recommendation of use of a macrolide plus a b-

lactam for empirical treatment of any patient with CAP
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requiring hospital admission [6]. However, many aspects of the

apparently beneficial effect of the b-lactam/macrolide combi-

nation remain speculative or controversial. The first unsettled

matter is whether all of the antipneumococcal b-lactams are

effective in terms of reducing mortality, because the largest

study to date favored second- and third-generation cephalo-

sporins over b-lactams and b-lactamase inhibitors, which, in

fact, have been associated with higher mortality rates [3]. The

second problem may be one of consistency, because some au-

thors have been unable to observe the same effect in different

years [7]. This finding may direct attention to the importance

of confounding by epidemiological variables, such as the chang-

ing incidence over time of atypical organisms. The third im-

portant question has to do with the fact that, no matter how

prevalent atypical organisms may be, Streptococcus pneumoniae

is still the most common cause of CAP, even in patients for

whom the etiologic organism has not been definitively iden-

tified [8], and there is evidence that the combination of a b-

lactam (penicillin) and a macrolide (erythromycin) is antag-

onistic against this microorganism in vitro and in animal

models of invasive disease [9]. The last relevant issue derives

from the fact that physicians base their therapeutic choices on

clinical presentation or patient characteristics, and this is a

potential confounding variable in any observational study in

which antimicrobial therapy has not been selected at random.

We analyzed a relatively large series of patients with bacter-

emic pneumococcal pneumonia at our institution during a 10-

year period with the aim of assessing whether the inclusion of

a macrolide as part of a b-lactam–based empirical regimen is

associated with a lower in-hospital mortality rate. Patients with

pneumonia and pneumococcal bacteremia represent a popu-

lation with �1 unquestionable etiologic diagnosis, among

whom, although the contribution of coinfection with atypical

organisms cannot be ruled out, probably most of the in-hospital

mortality is directly attributable to the deleterious effect of the

organism isolated from the bloodstream.

PATIENTS AND METHODS

Setting. The study was conducted in the Hospital Clinic of

Barcelona (Spain), a 700-bed, tertiary care university hospital.

Microbiological methods. During the study period, blood

samples were processed with use of an automatic nonradi-

ometric system. Isolates were identified with use of standard

techniques. Susceptibility was assessed by determining the MIC

(by microdilution) in accordance with the methodology of

the National Committee for Clinical Laboratory Standards

(NCCLS) [10]. The breakpoints used for the interpretation of

susceptibility to penicillin were those currently proposed by the

NCCLS. For erythromycin, an MIC of �4 mg/L was considered

indicative of resistance and an MIC of �0.5 mg/L was consid-

ered indicative of susceptibility; during the study period, no

bacteremic strains with MICs of 1–2 mg/L were found.

Patient description. The present study focused on patients

who were admitted to the hospital during the period of January

1991 through December 2000 with bacteremic pneumonia due

to S. pneumoniae and who received a b-lactam, with or without

other antibiotics, as part of empirical therapy. Patients were

consecutively enrolled and prospectively observed until in-

hospital death or discharge. The following data were obtained

from all patients: age, sex, preexisting comorbidities, prognosis

of the underlying disease, prior antibiotic therapy, prior surgery,

current administration of 120 mg of corticosteroids per day,

current administration of antineoplastic chemotherapy, leu-

kocyte count, ICU admission, origin of the infection (com-

munity or hospital acquired), duration of hospitalization before

the diagnosis of bacteremia, need for mechanical ventilation,

empirical and definitive antibiotic treatment received, suscep-

tibility of isolates to penicillin and other antibiotics, presence

of shock, and in-hospital mortality rate.

Study design. Since 1983, all patients with episodes of

bacteremia diagnosed at our institution have been prospectively

observed from hospital admission to discharge. This is a ret-

rospective analysis of the existing database about the subset of

patients with pneumococcal bacteremia from a pulmonary

source admitted to the hospital during a 10-year period.

Definition of terms. “Bacteremic pneumococcal pneu-

monia” was defined as �1 blood culture positive for S. pneu-

moniae for a patient with a new pulmonary infiltrate docu-

mented by chest radiography. “Comorbidity” was defined as

any disease or risk factor that could predispose patients to

infection, alter defense mechanisms, or cause functional im-

pairment, such as the following: diabetes mellitus, liver cirrho-

sis, renal failure, alcoholism (consumption of 1100 g of alcohol

per day), active neoplastic disease, solid-organ or hematopoietic

stem cell transplantation, neutropenia, severe chronic obstruc-

tive pulmonary disease, severe cardiac disease with symptomatic

heart failure, severe dementia, injection drug addiction, and

HIV infection. Prognosis of the underlying disease was clas-

sified, in accordance with a modification of the criteria of

McCabe and Jackson [11], as “rapidly fatal” (when death was

expected in !3 months), “ultimately fatal” (when death was

expected within a period of �3 months but !5 years), and

“nonfatal” (when life expectancy was �5 years).

Antibiotic therapy was considered to be empirical if it had

been administered before the results of blood culture were

known. “Shock” was defined as a systolic blood pressure of

!90 mm Hg that was unresponsive to fluid treatment or re-

quired vasoactive drug therapy.

Follow-up. Patients were observed from the time of di-

agnosis of bacteremia until in-hospital death or discharge from

the hospital.
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Table 1. Empirical antibiotic regimens used to treat patients
with bacteremic pneumococcal pneumonia in 10-year retrospec-
tive study.

Antibiotic

Therapy received,
no. (%) of patients

P

b-Lactam
plus a

macrolide
(n p 238)

b-Lactam
without a
macrolide
(n p 171)

Second-generation
cephalosporin 32 (13) 19 (11) .5

Cefotaxime, ceftriaxone,
or cefepime 194 (82) 106 (62) !.0001

Ceftazidime 16 (9) 6 (4) .2

Penicillins or amino-
penicillins 6 (3) 22 (13) .0001

Cloxacillin 1 (0.4) 1 (0.6) 1

Carbapenems 0 (0) 7 (4) .002

Erythromycin 161 (68) — —

Azithromycin 69 (29) — —

Clarithromycin 8 (3) — —

Other 26 (11) 62 (36) !.0001

Aminoglycosides 24 (10) 38 (22) .001

Clindamycin 4 (2) 10 (6) .04

Rifampin 5 (2) 0 .07

Ciprofloxacin 1 (0.4) 4 (2) .16

Vancomycin 1 (0.4) 6 (4) .02

TMP-SMZ 1 (0.4) 11 (6) .001

NOTE. Some patients received 11 antibiotic. TMP-SMZ, trimethoprim-
sulfamethoxazole.

Statistical analysis. Categorical variables were compared

by x2 test with Yates’s correction or Fisher’s exact test, when

necessary. To assess the independent predictors of death, the

whole set of putative prognostic factors was subjected to a

nonconditional stepwise logistic regression procedure with in-

hospital death as the dependent variable. For the purpose of

analysis, age (the only continuous variable analyzed) was di-

chotomized in 2 categories (�65 years and !65 years), the

strains with intermediate resistance to penicillin were grouped

together with the penicillin-susceptible strains, and the entire

period of the study was divided into intervals of 1, 2, and 5

years.

RESULTS

A total of 409 patients met the inclusion criteria, of whom 238

(58%) received a b-lactam plus a macrolide, with or without

other antibiotics, and 171 (42%) received a b-lactam with or

without other antibiotics, but not a macrolide. Specific regi-

mens used for both groups of patients are shown in table 1.

Cefotaxime, ceftriaxone, or cefepime were administered to 73%

of patients, and they were administered more frequently in

combination with a macrolide (82%) than alone or with other

antibiotics (62%; ). Penicillin and carbapenems wereP ! .0001

rarely prescribed and never concurrently with a macrolide. The

rate of use of second-generation cephalosporins decreased pro-

gressively over time, from 47% (16 of 34 patients) during 1991

to 3.2% (1 of 31 patients) in 1996, and use virtually ceased

after 1997. Conversely, the rate of administration of third-

generation cephalosporins with good antipneumococcal activity

increased during the study period, from 35.2% (12 of 34 pa-

tients) in 1991 to 70% (28 of 40 patients) in 1995, and it

remained at 86%–95% thereafter. Prevalence of macrolide use

ranged from a minimum of 38.7% (12 of 31 patients) during

1996 to a maximum of 70.5% (24 of 34 patients) during 1991.

During 1997–2000, 60%–65% of patients treated with a b-

lactam also received a macrolide as part of the empirical reg-

imen. Until 1997, the only macrolide in use was erythromycin.

Other antibiotics were more frequently given when a macrolide

was not administered (36%) than when it was (11%; P !

). Of these antibiotics, aminoglycosides were the most.0001

common.

During the study period, none of the S. pneumoniae strains

had MICs of penicillin, ampicillin, or cefotaxime of 14 mg/L.

As a whole, 337 isolates (82%) had MICs of penicillin of �1

mg/L, and 340 (83%) were considered to be susceptible to

erythromycin (MIC, !4 mg/L). Thirty (42%) of 72 fully pen-

icillin-resistant strains were erythromycin resistant, in contrast

to 39 (12%) of 337 strains that were susceptible or interme-

diately resistant to penicillin ( ). The prevalence ofP ! .0001

complete penicillin resistance increased during the first 5 years

of the study, starting at 6% in 1991 and peaking at 33% in

1995, but there was a steady decrease afterward, to a minimum

of 6% in the last year of the study. The prevalence of eryth-

romycin resistance, although it fluctuated more, also showed

a similar up-and-down pattern, with a peak of 35% in 1997

that halved to 18% during 1999 and 2000.

Patients who did not receive a macrolide were more likely

to have a comorbidity ( ), particularly HIV infectionP p .0002

and hematologic malignancies, an ultimately or rapidly fatal

underlying disease ( ), neutropenia ( ), an in-P ! .0001 P p .002

fection of nosocomial origin ( ), and infection with aP ! .0001

penicillin-resistant microorganism ( ). In addition, theseP p .02

patients had increased rates of exposure to corticosteroids, an-

tineoplastic chemotherapy, and prior antibiotic use. On the

other hand, patients who received macrolides more frequently

had experienced shock at the time of presentation ( )P ! .0001

and were more likely to be admitted to an ICU ( ; tableP ! .0001

2). The latter 2 characteristics were strongly associated (63%

of patients with shock were admitted to an ICU vs. 6% of

patients without shock; ).P ! .0001

A total of 35 patients (9%) died during hospitalization, 10
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Table 2. Characteristics of patients with bacteremic pneumococcal pneumonia
who received or did not receive a macrolide.

Characteristic

Initial treatment
with macrolide,

no. (%) of patients

P
No

(n p 171)
Yes

(n p 238)

Age �65 years 76 (44) 125 (53) .1

Male sex 105 (61) 147 (62) .9

Comorbidity 152 (89) 176 (74) .0002

Ultimately or rapidly fatal underlying disease 95 (56) 75 (32) !.0001

Neutropenia 12 (7) 3 (1) .002

Received corticosteroid treatment 29 (17) 12 (5) .0001

Underwent cancer chemotherapy 11 (6) 1 (0.4) .0004

Received prior antibiotic treatment 25 (15) 16 (7) .008

Nosocomial infection 21 (12) 2 (0.8) !.0001

Intensive care unit admission 9 (5) 38 (16) .0008

Shock 9 (5) 31 (13) .009

Infecting agent had susceptibility to erythromycin 140 (82) 200 (84) .5

Infecting agent had susceptibility to penicillina 132 (77) 205 (86) .019

Infecting agent had penicillin and erythromycin
resistance 14 (8) 16 (7) .5

Empirical treatment received

Cefotaxime, ceftriaxone, or cefepime 106 (62) 194 (82) !.0001

Ceftazidime 16 (9) 6 (3) .002

Second-generation cephalosporin 19 (11) 32 (13) .4

Penicillins or aminopenicillins 22 (13) 6 (3) !.0001

Carbapenem 7 (4) 0 (0) .002

Cloxacillin 1 (0.6) 1 (0.4) 1

Nonmacrolide, non–b-lactam antibiotics 62 (36) 26 (11) .0004

Received treatment during 1996–2000 91 (53) 138 (58) .3

Died while in the hospital 17 (10) 18 (8) .3

a Includes strains with an MIC of penicillin of !2 mg/L.

of whom died �48 h after admission. The mortality rate

showed year-to-year fluctuations, ranging from 2% in 1998 to

16% in 1997, but an obvious trend was not observed. On

univariate analysis, in-hospital mortality was associated with

shock ( ), administration of antibiotics other than b-P ! .0001

lactams and macrolides ( ), infections with pathogensP p .001

that had resistance to both penicillin and erythromycin (P p

), and ICU admission ( ; table 3). A trend toward.02 P ! .0001

increased mortality among patients aged �65 years was evident

( ). When all of the evaluated variables were subjectedP p .08

to a stepwise logistic regression procedure, in which the strains

with intermediate resistance to penicillin were considered to

be susceptible, the following characteristics were found to be

independently associated with death: shock ( ), age ofP ! .0001

�65 years ( ), infection with pathogens that had resis-P p .02

tance to both penicillin and erythromycin ( ), and noP p .04

inclusion of a macrolide in the initial antibiotic regimen

( ; table 4). The association between initial macrolideP p .03

therapy and a lower in-hospital mortality rate remained sig-

nificant after the exclusion of patients who died �48 h after

admission (adjusted OR, 4; 95% CI, 1.23–13.4). A subgroup

analysis of patients who exclusively received cefotaxime, cef-

triaxone, or cefepime, with or without a macrolide, showed

again that the inclusion of a macrolide as part of the initial

regimen was associated with a lower mortality rate in both the

whole population (adjusted OR, 0.28; 95% CI, 0.09–0.9) and

among patients who survived for 148 h after hospitalization

(adjusted OR, 0.12; 95% CI, 0.03–0.6).

After the results of blood culture were known, 245 patients

(60%) who had survived for 148 h after hospital admission

received a b-lactam without a macrolide as part of the definitive

treatment, 147 (36%) received a b-lactam plus a macrolide, 7

(2%) received a macrolide without a b-lactam, and 6 (1%)

received other classes of antibiotics. Definitive therapy with a
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Table 3. Association between characteristics of patients with bacteremic
pneumococcal pneumonia and in-hospital mortality.

Characteristic

Died while
in the hospital,

no. (%) of patients

P
Yes

(n p 35)
No

(n p 374)

Age �65 years 22 (63) 179 (48) .08

Male sex 22 (63) 230 (61) .8

Comorbidity 31 (89) 297 (79) .2

Ultimately or rapidly fatal underlying disease 17 (49) 153 (41) .3

Neutropenia 3 (9) 12 (3) .1

Received corticosteroid treatment 4 (11) 37 (10) .7

Underwent cancer chemotherapy 2 (6) 1 (0.3) .0004

Received prior antibiotic treatment 4 (11) 37 (10) .7

Nosocomial infection 3 (9) 20 (5) .4

Intensive care unit admission 12 (34) 35 (9) !.0001

Shock 16 (46) 24 (6) !.0001

Infecting agent had erythromycin resistance 9 (26) 60 (16) .1

Infecting agent had penicillin resistance 8 (23) 64 (17) .3

Infecting agent had penicillin and erythromycin
resistance 6 (17) 24 (6) .02

Empirical treatment received

Cefotaxime, ceftriaxone, or cefepime 29 (83) 271 (72) .2

Ceftazidime 4 (11) 20 (5) .1

Second-generation cephalosporin 1 (3) 50 (13) .1

Penicillins or aminopenicillins 1 (3) 26 (7) .3

Carbapenem 1 (3) 6 (2) .5

Nonmacrolide, non–b-lactam antibiotics 15 (43) 73 (20) .001

Initially received macrolide treatment 18 (51) 220 (59) .3

Received treatment during 1996–2000 18 (51) 211 (56) .5

b-lactam plus a macrolide was not associated with in-hospital

mortality (data not shown).

DISCUSSION

In this study, we evaluated a relative large series of patients

with bacteremic pneumococcal pneumonia initially treated with

b-lactams to assess whether the inclusion of a macrolide as part

of an empirical b-lactam–based regimen was associated with a

lower in-hospital mortality rate. This analysis showed that, in-

deed, failure to include a macrolide in the initial treatment of

patients with bacteremic pneumococcal pneumonia was an in-

dependent predictor of death. However, the link between these

2 variables was not straightforward. In fact, univariate analysis

did not reveal a link, and it was not until we adjusted for shock

that the association was fully uncovered. In this patient pop-

ulation, shock—and, to a lesser degree, age—acted as negative

confounders of the association between inclusion of a macrolide

as part of the empirical antibiotic regimen and a better prog-

nosis. Obviously, the negative confounding was due to the fact

that a macrolide was more frequently given to patients with

shock, which, in turn, was the main predictor of death.

We have been using macrolides on a regular basis as part of

the empirical treatment of CAP (particularly for patients with

severe disease) since the late 1980s, after some investigations

conducted by our own group [12] and other authors from our

country [13] emphasized the etiologic role of Legionella pneu-

mophila in CAP requiring ICU admission. The continuous in-

flux of epidemiological data regarding the relatively high prev-

alence of atypical organisms among hospitalized patients with

CAP [14], the recognition of the eventual life-threatening na-

ture of the associated disease, and the frequency of coinfection

and its possible effects on morbidity [15] have all contributed

to reinforce the liberal use of macrolides in our setting, despite

the doubts raised by some authors about the prognostic im-

plications of atypical microorganisms and the routine use of

this antibiotic family [16]. These considerations may help to

explain the higher prevalence of shock and ICU admission
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Table 4. Prognostic factors independently associated with in-
hospital mortality by logistic regression analysis.

Prognostic factor OR (95% CI) P

Age �65 years 2.52 (1.12–5.67) .025

Shock 18.3 (7.48–45) !.0001

Receipt of empirical macrolide therapy 0.4 (0.17–0.92) .03

Macrolide and penicillin resistance 3.1 (1.05–9.17) .04

among patients receiving a macrolide in the present series,

because both characteristics are unquestionable markers of CAP

severity.

Our data agree with those of recent studies showing that

initial treatment with either a second- or third-generation ceph-

alosporin plus a macrolide was independently associated with

increased survival rates among elderly individuals [3] or that

initial treatment with a macrolide plus a second- or third-

generation cephalosporin or a b-lactam or b-lactamase inhib-

itor was independently associated with increased survival rates

in a mixed population of patients with CAP [4]. The present

data expand this finding to patients with bacteremic pneu-

mococcal pneumonia and agree with the findings of a prior

20-year longitudinal study on the same subject that showed

that patients receiving any macrolide antibiotic in combination

with a b-lactam had the lowest case-fatality rate [1]. Some

authors have found that the association of a particular antibiotic

regimen with prognosis may vary, depending on the period

considered [7], raising the possibility of confounding by the

well-known temporal variability of the incidence of atypical

pneumonia. In this respect, we were unable to note any influ-

ence related to a particular period of time throughout the whole

span of the study.

We do not have a satisfactory explanation for the indepen-

dent association between resistance to both macrolides and b-

lactams and mortality. The possibility that these strains were

more virulent than those that are susceptible to penicillin, to

macrolides, or to both seems unlikely [17]. Another possible

explanation is that resistance to erythromycin negates the pu-

tative beneficial effect of macrolides on bacteremic pneumo-

coccal pneumonia, particularly when it is due to penicillin-

resistant strains. This is an interesting hypothesis deserving

further study, but it does not agree with current opinion, which

tends to attribute the effect of macrolides to their modulatory

activity on proinflammatory responses of leukocytes and other

host cells [18]. The last possible explanation—and perhaps the

most plausible one—is that patients who were infected with

strains that are resistant to both classes of antibiotics, in fact,

had a more serious disease. We cannot rule out this possibility,

because, besides age and comorbidity, the only real markers of

severity considered in this study—shock and ICU admis-

sion—were too stringent.

The present work has the shortcomings common to any

observational study in which empirical antimicrobial therapy

has not been selected at random. As long as physicians base

their therapeutic choice on clinical presentation or patient char-

acteristics, there is always room for residual nonadjustable con-

founding on the observed association between outcome and a

particular antimicrobial regimen. The reason for this associa-

tion cannot be determined from the present study, and the

question of whether it reflects any real effect of macrolides or

is rather the result of physicians’ choice of therapy on the basis

of patient presentation (and, therefore, ultimate outcome) can

be definitively answered only by a randomized clinical trial.

However, to make such a study feasible may be difficult.

In conclusion, the data from this study suggest that addition

of a macrolide to an initial b-lactam–based antibiotic regimen

is associated with a lower in-hospital mortality rate for patients

with bacteremic pneumococcal pneumonia. Therefore, this

study supports the recommendation of combination therapy

with a b-lactam plus a macrolide for treatment of patients with

CAP requiring hospital admission when a positive diagnosis

(based on results of a reliable test) is not immediately available,

even if the most probable causal agent is S. pneumoniae.
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