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ABSTRACT 
To determine the impact of initial antimicrobial choice on 30-day mortality-rate in 

patients with community-acquired pneumococcal pneumonia (CAP-SP), a 

prospective, observational study was conducted in 35 Spanish hospitals. Six 

hundred thirty-eight patients with CAP-SP were identified. Antimicrobials were 

chosen by the attending physician. Patients were grouped into the following 

categories: Beta-lactam-monotherapy (n=251); macrolide-monotherapy (n=37); 

Beta-lactam+macrolide (n=198); levofloxacin-alone/combination (n=48); and 

other combinations (n=104). The reference category was Beta-

lactam+macrolide.  

The 30-day survival probability was 84.9%. Using multivariable survival 

analysis, factors related to mortality in the entire population were: bilateral 

disease [Hazard ratio (HR):1.98]; suspected aspiration (HR:2.79); shock 

(HR:5.76); HIV infection (HR:2.06); renal failure (HR:1.86); and PSI score 

categories IV vs I-III (HR: 2.61) and categories V vs I-III (HR: 3.24). The 

association of β-lactams+macrolides was not better than the use of β-lactams 

alone. We also analyzed different groups of patients with significant 

mortality/morbidity: ICU, PSI class >III, renal failure, chronic lung disease and 

bacteremic patients. Only in patients with PSI class >III, the initial antimicrobial 

choice classified as “other combinations”, was associated with higher mortality. 

In conclusion, we have not demonstrated an independent association between 

initial antimicrobial regimen and 30-day mortality in CAP-SP-patients, except for 

those with higher PSI score. 
 
Key words: pneumococcal pneumonia, antimicrobial resistance, risk factors, 

mortality, Streptococcus pneumoniae. 
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INTRODUCTION 
The effect of antimicrobial resistance and subsequent discordant antimicrobial 

therapy (DAT) on prognosis of community-acquired pneumococcal pneumonia 

(CAP-SP) has been evaluated in several studies with conflicting results. Some 

studies have suggested that antibiotic resistance in S.pneumoniae is not 

clinically relevant1-3, whereas others4 have reported higher mortality rates 

among patients infected with non-susceptible strains to the administered 

antibiotics. In a recent study, Luján4 found that receiving DAT as a result of an 

invasive infection with resistant S.pneumoniae isolates resulted in a significantly 

higher chance of mortality. In contrast, Yu5 has reported that DAT among 

patients with bacteremic pneumococcal disease who received monotherapy 

was only associated with excess mortality when the isolate displayed high-level 

resistance to cefuroxime, but not with penicillins or cefotaxime.  

Several retrospective studies have suggested that the use of macrolides/β-

lactams combination as part of the initial antimicrobial treatment of patients with 

community-acquired pneumonia (CAP) requiring hospital admission, may 

shorten the hospital stay6,7  and reduce mortality rate in comparison with those 

treated with monotherapy8-10, even when S.pneumoniae is finally identified as 

the causative organism11-13. However, many aspects of the apparently 

beneficial effects of the combined therapy remain unclear and/or controversial. 

There are inconsistencies in reported outcomes and confusing biases that may 

have influenced these results. For instance, groups receiving the β-

lactam/macrolide combination as opposed to monotherapy are not comparable 

with regard to the average prognosis10. In a retrospective study on 213 

hospitalized patients, Burguess14 concluded that it may not be necessary to add 

a macrolide to a non-pseudomonal 3th-generation cephalosporin in the initial 

empirical therapy of CAP. Furthermore, Johansen15 has reported that the 

combination of penicillin-erythromycin is antagonistic to S.pneumoniae both in 

vitro and in animal models of invasive disease, suggesting that β-lactam 

antibiotics and macrolides should not be administered together unless 

pneumococcal infection is ruled out. Data from a recent, prospective multicenter 

study of patients with bacteremic pneumococcal illness16 suggest that 

combination antibiotic therapy improves survival, but only among critically-ill 
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patients and without being able to demonstrate any advantage of regimens 

including macrolides in comparison with non-macrolide combinations.  

In Spain, almost 40% of pneumococci strains express diminished susceptibilty 

to penicillin and around one third of the isolates are macrolide resistant, most of 

them having MLSB-phenotype17. We have therefore considered that our country 

provides a good environment in which to respond to the above-mentioned 

controversies and conducted an observational, multicenter study on a large 

series of patients with pneumococcal pneumonia to determine the impact of 

initial antimicrobial therapy, and its adequacy, on mortality. 
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MATERIAL AND METHODS 
Patients and study design.  

From January-1999 to April-2000, 638 consecutive adults with CAP-SP were 

enrolled in 35 Spanish hospitals17. Thirty-day mortality reckoned from the time 

of diagnosis was considered as the endpoint of the analysis18. Those patients 

whose 30-day mortality could not be verified (n=66), mainly because they were 

transferred to other centers, were also included in the analysis with data 

censored at the date of transfer. Figure 1 shows the Kaplan-Meier plots of 

patients included in the study.  

 

Diagnostic criteria 

CAP was assumed in the presence of acute onset of signs and symptoms 

suggesting lower respiratory tract infection and radiographic evidence of a new 

pulmonary infiltrate that had no other known cause. Microbial investigation 

techniques, administration of antimicrobial agents and other therapies were left 

to the discretion of the attending physician. Investigators of every collaborative 

institution prospectively collected all data, according to a standardized protocol. 

A diagnosis of probable CAP-SP was made in cases of predominance of 

Gram-positive cocci in pairs and chains and heavy growth of S.pneumoniae in 

validated sputum and/or tracheobronchial aspirates. A definite diagnosis of 

pneumococcal pneumonia was considered with one of the following criteria: 1) 

at least one blood, pleural fluid, or transthoracic needle aspiration culture 

positive for S.pneumoniae; 2) bacterial growth of ≥103 colony-forming 

units/milliliter (CFU/mL) of S.pneumoniae from a protected specimen brush, 

and/or ≥104 CFU/mL in bronchoalveolar lavage; 3) positive urinary antigen for 

S.pneumoniae with a diagnosis of probable pneumococcal pneumonia. The 

yields of microbial investigations are shown in table 1.  

 

In vitro susceptibility testing and serotyping 

Pneumococcal isolates from every patient were available for examination. All 

pneumococcal isolates were submitted to the National Center of Microbiology 

for serotyping17,19,20 and susceptibility verification according to the NCCLS-

200221. The following antibiotics were tested: penicillin, amoxicillin, cefuroxime, 

cefotaxime, imipenem, vancomycin, teicoplanin, erythromycin, tetracycline, 
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chloramphenicol, and levofloxacin. Clarithromycin/azithromycin were 

considered the same as erythromycin in terms of susceptibility/resistance. 

Ceftriaxone/cefotaxime were also considered equivalent.  

 

Antibiotic therapy 

Initial antimicrobial therapy was defined as all antimicrobial agents used at the 

moment of CAP diagnosis and administered consistently after the first dose at 

least until the microbiologic results were available. To be eligible for analysis, 

the daily dose of an antibiotic should have been at least the minimum dose 

recommended for treatment of a systemic infection22.  

Patients were divided into cohorts based on the initial antibiotic regimen. The 

following all exclusive antimicrobial agent categories were established: β-

lactam-monotherapy (n=251); macrolide-monotherapy (n=37); β-

lactam+macrolide (n=198); levofloxacin alone (n=38) or in combination 

(n=10); and other combinations (n=104). The reference category therapy was 

β-lactam+macrolide because it is one of the most broadly accepted and 

commonly used options for patients with moderate to severe CAP. Days on 

antibiotics (oral/intravenous) were also evaluated. Antibiotic treatment was 

considered concordant if at least one antibiotic administered during the first 48 

hours after the specimen was obtained for culture showed full in vitro sensitivity 

(neither intermediate nor resistance) against the isolated strains. Therapies 

without this criterion were defined as discordant and classified as type 1 when 

pneumococcal strains showed intermediate susceptibility to the administered 

therapy; or, type 2, when the infection was caused by pneumococcal strains 

resistant to the administered regimen. 

 

Statistical analysis 

For the primary endpoint, cumulative 30-day-mortality was used (dependent-

variable). The independent variables were chosen as those found previously, 

according to literature, to be associated with mortality (table 2). Categorical 

variables were compared by the Fisher’s exact and the chi-square (χ2) tests 

with Yates’ correction when necessary. Survival curves were constructed 

according to the methods of Kaplan and Meier, and comparations of the survival 
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curves were performed with a two-sided log-rank test. Multivariate analyses 

were performed with the use of a Cox proportional-hazards regression model to 

identify variables that were independently predictive of outcome23. Those 

variables showing an association with survival in the univariate analysis with 

significance level of p<0.2 were included in the Cox model. Data were analyzed 

using computer software (SPSS 10.0). Institutional review board approval was 

obtained according to local requirements.
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RESULTS 
Patient characteristics 

The study population was composed of 638 patients. The mean patient age was 

61.58 years (range,18-97), and 64.7 % were male. The variables included in the 

analysis are presented in table 2. 

 

Diagnosis of pneumococcal pneumonia 

Of the S.pneumoniae isolates, 427/638 (67%) were recovered from blood 

samples (table 1). Serologic samples were taken from 340 patients (53.3%) on 

admission and 204 (32%) during convalescence. Overall 195 patients (30.6%) 

had paired samples. Mixed infections were present in 34 (5.4%) patients. The 

most important were: influenza A/B virus, 14; E. coli, 4; coagulase-positive 

staphylococci, 4; H.influenzae, Legionella spp, and C.pneumoniae in three 

patients each. Overall, six patients presented infections with three organisms 

and 24 with two organisms. All mixed-infections were adequately treated except 

for those cases in which virus were involved. 

 

Microbiological pattern 

The proportion of pneumococcal isolates with diminished susceptibility to 

antibiotics was: penicillin, 35.7% (10.2% high-level resistance); cefuroxime, 

32%; cefotaxime, 2.8%; imipenem, 26.3%; levofloxacin, 0.6%, and 27.4% 

showed a minimum inhibitory concentration (MIC) to erythromycin of 128 

μg/mL17. 

 

Initial antimicrobial therapy 

Overall, 59 specific antimicrobial regimens were prescribed in this series. 

Amoxicillin/clavulanate was the most commonly used monotherapy regimen 

(106 subjects; 16.6%) and therapy with a 3th-generation 

cephalosporin+macrolide was the most frequent combination: 156 regimens 

(24.5%). The initial antimicrobial choice according to baseline severity of illness, 

as measured by PSI, and mortality, is summarized in table 3. Almost two thirds 

(63.6%) of β-lactam+macrolide combinations were prescribed for patients with 

PSI class IV-V, whereas 64.9% of macrolide monotherapy regimens was 
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prescribed for patients with PSI class I-III. As a result of the high levels of 

resistance to macrolides in this series, DAT was more frequently found among 

patients receiving these antimicrobials (p<0.0001) (table 3). There were 

subsequent changes in the antimicrobial regimen in 107 patients. In all of them, 

the initial therapy was modified 48 hours after beginning the treatment. 
Changes in the initial antibiotic selection were not significantly associated with 

30-day mortality. 

 

Mortality and empirical antimicrobial selection for the entire population 

The 30-day survival probability of our cohort was 84.9% (CI% 0.8 2 –0.87). The 

mean follow-up of patients who died was 10.3 days (median, 8.5). Seventy-

eight patients (12.1%) received DAT (type 1 or 2) and 16 of them died (20.5%). 

This variable was not associated with an increase of mortality in the univariable 

analysis (table 2). Survival analysis by antibiotic therapy groups (Kaplan-Meier 

plots) is shown in figure 2. The multivariable analysis of factors related to 

mortality is shown in table 4. Neither resistance to penicillin nor the initial 

empirical antimicrobial regimen nor its concordance were significantly related to 

mortality. Although the empirical antimicrobial choice was associated with 

mortality on univariable analysis, statistical significance disappeared upon the 

multivariable analysis. Using as the reference category for initial antimicrobial 

therapy the macrolide+β-lactam combination, only  macrolides and levofloxacin 

showed Hazard Ratio (HR) less than one. An encouraging trend in the 

multivariable analysis stands out in reference to mortality when levofloxacin is 

used; although the sample size is small (48 patients) and is not statisitically 

significant (table 4). 

In order to make the class of β-lactams more homogeneous, we performed a 

restricted analysis to patients treated with amoxicillin/clavulanate or non-

pseudomonal 3th-generation cephalosporin, alone or in combination with a 

macrolide. Mortality for monotherapy/combination was 10.8% and 15.1% 

(Fisher´s exact test: 0.237), respectively. Some authors7,8,11 have suggested 

that penicillins are inferior to cepahlosporins monotherapy or as the β-lactam 

component of combination therapy. However, we did not observe any significant 
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difference when patients receiving amoxicillin monotherapy were compared to 

those receiving cephalosporin monotherapy (Fisher´s exact test: 0.538). 

The following factors were significantly associated with mortality when survival 

analysis (Cox regression model) was applied: bilateral disease (HR: 1.98; 

95%CI, 1.24-3.17; p=0.004); aspiration (HR: 2.79; 95%CI, 1.55-4.99; p=0.001); 

shock (HR: 5.76; 95%CI, 3.41-9.75; p<0.0001); HIV infection (HR: 2.06; 95%CI, 

1.11-3.83; p=0.022); renal failure (HR: 1.86; 95%CI, 1.11-3.12; p=0.019); and 

PSI score categories I-III vs IV (HR: 2.61; 95%CI, 1.25-5.42; p=0.010) and 

categories I-III vs V (HR: 3.24; 95%CI, 1.51-6.94; p=0.002). (see table 4). 

Regarding initial antimicrobial choices or mortality rates, we have not found 

significant differences among hospitals in our series. 

 

Mortality and empirical antimicrobial selection for selected groups of patients 

For purposes of clinical interest, and because it has been assessed in several 

previous publications, we analyzed factors related to mortality with the same 

protocol used in the entire population, and did so for the following groups of 

patients: Patients admitted to the ICU, mortality 32.8%; patients with PSI class 

>III, mortality 21.5%; renal failure developed during the current episode, 

mortality 37.8%; chronic lung disease, mortality 10.6%; and bacteremic 

patients, mortality 14.5% (table 5). Three points should be noted: First, in 

patients with PSI class >III (n=381), the intial antimicrobial choice referred to as 

“other combinations” presented a statistically significant association with 

mortality (HR:2; CI95%: 1.2–3.4; p:0.013). Second, when we considered the 

antimicrobial choice as an overall variable in this group of patients, the p value 

was also significant (p:0.039) (table 5.2 and figure 3). Third, in those patients 

who developed renal failure during the episode, penicillin susceptibility is 

significantly related to mortality (table 5.3). 
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DISCUSSION  
In this study we have assessed the relationship between empiric antibiotic 

treatment and mortality in CAP-SP patients following two different strategies: 

Analysis of the population as a whole and analysis of those groups of patients 

with particular interest due to their mortality/morbidity.  

When the entire population was evaluated, the most important finding was that 

neither the initially prescribed antimicrobial regimen nor its concordance were 

independently associated with mortality. Likewise, the association of β-

lactams+macrolides is not better than the use of β-lactams alone in these 

patients. This finding would support the theory that treatment of CAP could be 

scaled-down to monotherapy once the pneumococcal etiology has been 

ascertained, at least in patients with moderately severe disease. An 

encouraging non-significant trend stands out in reference to mortality when 

levofloxacin is used. Interestingly, in a randomized trial Finch et al.24 found that 

patients treated with moxifloxacin had lower mortality and a shorter length of 

stay in hospital than those treated with a β-lactam with or without a macrolide. It 

has also been recently reported that initial treatment with fluoroquinolones 

(levofloxacin 89.5%) is independently associated with a lower risk of treatment 

failure25. 

We have also evaluated some clinically relevant situations (table 5), mainly ICU 

patients and those with renal failure, chronic lung disease, bacteremic 

pneumonia or with PSI class >III. In this latter case, the initial antimicrobial 

choice was associated with mortality. This means that in patients with PSI class 

>III the choice of an antimicrobial regimen other than β-lactam monotherapy, 

macrolide monotherapy, β-lactam+macrolide or levofloxacin alone or in 

combination, was associated with higher mortality. It is also remarkable that in 

bacteremic patients the choice of “other combinations” is close to the statistical 

significance regarding a major risk of mortality. (HR:1.8; CI 95%: 1–3.4; p:0.053 

(table 5.4). Finally, a subset analysis showed similar outcomes in patients with 

penicillin-susceptible S.pneumoniae vs those with penicillin-resistant isolates, 

except for the subgroup of patients with renal failure in whom reduced 

susceptibility to penicillin was independently related to an increase of mortality 
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(table 5.3). This is probably due to the more frequent use of antibiotics in these 

patients.   

The lack of unique clinical features that accurately identify the specific 

pathogen, the increased antibiotic resistance, an unknown number of mixed-

infections and the great number of antibiotic choices are some of the reasons 

that surround the debate. Gleason8, showed in almost 13,000 elderly inpatients 

with CAP, that initial therapy with a 2nd-generation cephalosporin+macrolide, a 

non-pseudomonal 3rd-generation cephalosporin+macrolide, or a fluoroquinolone 

alone was independently associated with a lower 30-day mortality in patients 

hospitalized with pneumonia than was therapy with a non-pseudomonal 3th-

generation cephalosporin. The implications from these findings have been that 

routine therapy against atypical pathogens may be important even in elderly 

patients with CAP. In another population-based retrospective study9, the 

inclusion of  macrolides or  fluoroquinolones in the initial empiric CAP therapy 

was also associated with improved survival, but this association varied from 

year to year, probably as result of a temporal variation in the incidence of 

atypical pathogen. Brown and colleagues7 have recently published another 

analysis of younger patients with CAP in which they demonstrate that the 

combination of ceftriaxone+macrolide was superior to other regimens with 

respect to mean length of hospital stay and in-hospital mortality. However, this 

study raises the same questions as previous retrospective studies. As 

examples, no information about the adequacy of diagnosis and therapy exists, 

and only limited information about pathogens was available. Additionally, the 

authors did not assess the sickest patient population, being severity of illness 

one of the main factors that help to select an initial antibiotic regimen. It is 

therefore interesting to note a recently published retrospective study by 

Waterer11 which, with a design similar to ours, concludes that adults with severe 

bacteremic non-resistant CAP-SP have a significantly higher risk of death if they 

receive a single antibiotic rather than a combination effective therapy. This 

supports the findings of other studies12,13 which found that dual antimicrobial 

therapy including a macrolide reduced mortality associated with bacteremic 

CAP-SP. A recently study16 reported that in critically-ill patients with bacteremic 

pneumococcal illness, combination therapy was associated with lower 14-day-

mortality (23.4% vs. 55.3%, p=0.0015), but this improvement in survival was 
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independent of the class of antibiotics administered or the in vitro activity of the 

antibiotics prescribed. For non-critically ill patients, there was no difference in 

the 14-day-mortality for patients treated with monotherapy vs combination. A 

number of possible explanations for the benefit of macrolides have been 

considered, such as antibiotic synergy, immunomodulatory effects and 

coverage of unrecognized atypical pathogens. 

In spite of  being the recommended regimen by a great number of guidelines for 

the management of CAP26-28, theoretically, the combination of β-

lactams+macrolides may be unwise, as the bacteriostatic agent may antagonize 

the effect of the bactericidal agent15. Some authors29 have suggested that the 

combination of a macrolide and penicillin, if not synergistic, might at least not be 

antagonistic when the β-lactam agent is administered first, followed, some 

hours later, by the macrolide. Administration of multiple antimicrobials for CAP 

could also result in potential worse outcomes in the form of increased drug-

related adverse events. One third of our patients were explored for the possible 

coexistence of atypical pathogens, but only Legionella spp and C.pneumoniae 

were found in three patients each, which might explain why regimens covering 

these organisms did not affect substantially outcome in our study. Moreover, 

evidence is lacking that clinical outcomes are improved by using antibiotics 

active against atypical pathogens, at least in non-severe CAP30,31.  

It is reasonable to assume that inadequate therapy of infection leads to an 

excess of mortality. Furthermore, risk of exposure to DAT is directly related to 

the likelihood of being infected with a resistant pathogen. Specifically, receipt of 

DAT as result of infection with a resistant S.pneumoniae strain has been 

reported to be associated with a significantly higher mortality4. However, we 

have not found that DAT is related to mortality, and only the loss of 

susceptibility to penicillin in patients with renal failure has been found to be 

related. Current levels of penicillin resistance mostly do not surpass MICs of 

2µg/mL17, and serum and pulmonary levels achieved with β-lactams are several 

times higher than these. Even full penicillin resistance strains may be 

successfully treated if large enough doses of penicillin in frequent enough 

dosing intervals are given. Therefore, only a few patients with penicillin-resistant 

pneumococcal CAP receive a truly DAT. In our series, a significant number of 
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DATs was found among patients receiving macrolide monotherapy. Considering 

the high level of resistance to macrolides in our patients, this finding could have 

clinical significance. However, most of the patients receiving this DAT had a 

less severe pneumonia (PSI class I-III) and the exact role that antimicrobials 

play in the outcome of these patients is probably less critical. Overall, 

combination therapy was used more commonly in the more severe cases –and 

possibly expected to have a higher mortality- and macrolide monotherapy in the 

less seriously ill patients.  

It has been recently reported32, that guideline-compliant therapy was strongly 

associated with improved survival. It is obvious that patients in our series with a 

PSI class>III who had received antimicrobials classified as “other combinations” 

did not follow the recommendations stated in the local guidelines. However, not 

all patients’ characteristics can be conveniently classified; and it is possible that 

when encountering a severely ill patient, physicians will choose an unusual 

regimen of antibiotics, knowing before hand that the patient will have an 

elevated risk of mortality33. What our study indicates is that in patients with PSI 

class>III, as well as other factors such as shock, bilateral pneumonia and HIV 

infection, the antimicrobial choice may also be independently related to 

mortality. Finally, mortality rates of bacteremic pneumococcal disease vary 

greatly between centers34, suggesting that factors others than antibiotic therapy 

may also be important in our study.  

The present work has several limitations common to any observational study in 

which empirical antimicrobial regimen has not been selected at random. 

Clinicians’ decisions to prescribe combinations of antibiotics are based on 

factors relevant to the individual patient10,35  and, consequently, many factors in 

addition to antibiotic therapy could have accounted for our results. In fact, as we 

have said, initial antimicrobial choice is related to baseline severity of illness. 

The route, dose and duration of antibiotic therapy, the potential role of 

antibiotics taken prior to hospital admission, timing of the initial dose, consistent 

supportive care among centers (such as criteria for ICU admission), and history 

of pneumococcal vaccination may be additional confounding factors that we 

have not sufficiently addressed34,36-40, in contrast with other studies carried out 

in a very similar geographical area but in just one hospital13, which may 

contribute to explain the different findings observed. Several recent prospective 
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trials24,41 have not shown a benefit of combination therapy in CAP, although 

these trials were also flawed in some respects and again do not provide us with 

definitive answers. Our study adds to the controversy and in contrast to most 

large retrospective cohort studies, the patient population is well characterized, 

including severity of illness. 

In conclusion, we believe that the present evidence does not unequivocally 

support the use of any specific antibiotic agents or combinations in CAP-SP, as 

long as this pathogen is rapidly and effectively covered. We need randomized, 

prospective blinded trials comparing different antimicrobial regimens to 

demonstrate whether some of them offer true outcome advantages in CAP 

patients. 
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(PML). 16.- H. MILITAR DEL AIRE (MADRID) (9 patients). Javier Jareño 

(PML); Mª Jesús Chillón (PML); Francisco Villegas (PML). 17.- FUNDACIÓN 
JIMENEZ DÍAZ (MADRID) (10 patients). Rosario Melchor (PML); Javier García 

(PML); Ricardo Fernández (MCR). 18.- H.UNIVERSITARIO DE 
GUADALAJARA (GUADALAJARA) (2 patients). José Gallardo (PML); Jorge 

Castelao (PML); Teresa Pérez (MCR). 19.- H. DE CRUCES (VIZCAYA) (49 
patients). Rafael Zalacain (PML); Ainhoa Gómez (PML); José Hernández 

(MCR). 20.- H. SAN MILLAN-SAN PEDRO (LOGROÑO) (7 patients). Manuel 

Barrón (PML); Mª José Gastañares (MCR); Mª Jesús Hermosa (PML). 21.- H. 
CRISTAL PIÑOR (ORENSE) (25 patients). Julia Tábara (PML); Joaquín 

Lamela (PML); Luis Barbeito (MCR).  22.- H. SAN JORGE (HUESCA) (27 
patients). Luis Borderías (PML); Miguel Ferrero (MCR); 23.- H.U. DE 
CANARIAS (LA LAGUNA, TENERIFE). (2 patients).  Ramón Fernández 

(PML); José Gullón (PML); Álvaro Torres (MCR). 24.- H. CENTRAL DE 
ASTURIAS (ASTURIAS) (9 patients). Luis Molinos (PML); Isabel Folgueras 

(MCR). 25.- H. UNIVERSITARIO DOCTOR NEGRIN (GRAN CANARIA) (12 
patients). Felipe Rodríguez de Castro (PML); Isabel Álamo (MCR). 26.- H. DE 
GALDAKAO (VIZCAYA) (37 patients). Pedro P. España (PML); Inmaculada 

Gorordo (PML); Pilar Berdonoes (MCR). 27.- H. CLINICO (BARCELONA) (26 
patients). Rosa de Celis (PML); Francesc Marco (MCR); Antoni Torres (PML). 
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28.- H. COMARCAL DE IGUALADA (BARCELONA) (6 patients). Mª José 

Cardona (PML); Carmen Sarrasela (MCR); Jordi Zapater (PML). 29.- C.H. 
PARC TAULI (BARCELONA) (37 patients). Jordi Rello (ICU-PML); Miguel 

Gallego (PML)/Manuel Lujan (PML); Dionisia Fontanals (MCR). 30.- H. SANT 
JOAN (TARRAGONA) (23 patients). Salvador Hernández (PML); Rosa Tomás 

(PML); Frederic Ballester (MCR). 31.- H. MUNICIPAL BADALONA, 
BARCELONA) (3 patients). Jaume Oriol (PML); Ignacio Carrasco (PML); Ana 

Calderón (MCR). 32.- H. SANTA CREU I SANT PAU (BARCELONA) (19 
patients). Carmen Puzo (PML); Julia Tárrega (PML); Ferran Sánchez (MCR). 

33.- H. NOSTRA SRA DE MERITXELL (ANDORRA) (14 patients). Jordi Roig 

(PML); Juan Martínez (PML); Xavier Casal (MCR); 34.- H. GERMANS TRIAS I 
PUJOL (BARCELONA) (19 patients). Juan Ruiz (PML); Felipe Andreu (PML); 

José Manterola (MCR); 35.- H.U. DR. JOSEP TRUETA (GIRONA) (27 
patients). Montserrat Vendrell (PML); Antonio Castro (IRM); Jordi Batlle (MCR). 

 

(H): Hospital. (PML): Pulmonologist; (MCR): Microbiologist; (IRM): Internal 

Medicine; (ICU-PML): Respiratory Intensive Care Unit. 
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Footnotes of Figures 

 

Figure 1. Survival analysis.  

Kaplan-Meier plots of patients included in the study. N:638 

 

Figure 2. Survival analysis  

Kaplan-Meier plots according to different antibiotic regimens. N:638 
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Footnotes of Tables 

 

Table 1 

A definite diagnosis of pneumococcal CAP was achieved in 73% and a 

diagnosis of probable pneumococcal pneumonia was made in the remaininig.  

*BAL: Bronchoalveolar lavage. 

  

Table 2 

(a) Antibiotics: β-lactam-monotherapy (n=251) [second- (n=25), third- 

(n=86), and fourth-generation-cephalosporin (n=9), β-lactam/β-

lactamase-inhibitor (n=106), imipenem (n=3), or others (n=42)]; 

macrolide-monotherapy (n=37) [erythromycin, clarithromycin or 

azithromycin]; β-lactam+macrolide (n=198) [macrolide plus second- 

(n=16), third- (n=156), or fourth-generation-cephalosporin (n=7), β-

lactam/β-lactamase-inhibitor (n=14), imipenem (n=3), or others (n=2)]; 

levofloxacin alone (n=38) or in combination (n=10) [third and fourth-

generation-cephalosporin (n=4) and other (n=6)]; and other 
combinations (n=104) [second-, third- or fourth-generation-

cephalosporin plus an aminoglycoside (n=16), any β-lactam plus a 

macrolide plus an aminoglycoside (n=6), other elections including 

aminoglycosides (n=11), antibiotic combinations that included 

vancomycin (n=5) or other (n=66)]. 

(b) Definitions: Shock (blood pressure ≤90mmHg not corrected by 

intravenous fluids, or requiring pressor medication); renal failure (serum 

creatinine>1,5 mg/dl and/or blood urea nitrogen>20 mg/dl in previously 

normal patients); typical clinical syndrome (when at least three of the 

following were present: cough, expectoration, pleuritic pain, fever and 

onset or increase of dyspnea); chronic lung disease (COPD, chronic 

bronchitis, bronchiectasis and chronic pulmonary conditions other than 

asthma); alcohol abuse (estimated daily consumption of >80g of alcohol 

for at least the preceding year); smoking habit (smokers were defined 

as current smokers even if they had quit <6 months before the beginning 

of the study). HIV: Infection by HIV was recovered of the previous chart 
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information and by the data on admittance. Renal failure: renal failure 

(serum creatinine>1,5 mg/dl and/or blood urea nitrogen>20 mg/dl in 

previously normal patients). Change in treatment: Modifications in the 

route of administration and/or step-down therapy were not considered as 

a change in antimicrobial therapy. PSI score: Pneumonia Severity 

Index42 

(c) Serotypes: serotypes 1, 5, 8, 10, 13, 17, 18A, 18F, 20, 23F, 25, 34, 37, 

38, 42 showed no mortality Group A); the fatality rate for serotypes 3, 4, 

6A, 6B, 7, 9N, 9V, 11, 12, 14, 15A, 15F, 16, 18C, 22, 23A, 23B, 31, 33, 

35, NT, was 17% (group B); and, the mortality rate was 27.6% among 

patients with a serotype 19 pneumococcal isolate (Group C) 17.  

(d) For those variables with several categories the first colum of p values 

compares every category of the variable to reference category, assigning 

a p value of 1 to the reference category. The second colum shows the 

significance of the variable as a whole.  

(e) Adequacy of treatment: Antibiotic treatment was considered concordant 
if at least one antibiotic administered during the first 48 hrs after the 

specimen was obtained for culture showed full in vitro sensitivity (neither 

intermediate nor resistance) against the isolated strains. Therapies 

without this criterion were defined as discordant and classified as type 

1, when pneumococcal strains showed intermediate susceptibility to the 

administered therapy; or, type 2, when the infection was caused by 

pneumococcal strains resistant to the administered regimen. 

(f) Polymicrobial pneumonia: Mixed infections were established when 

another likely microorganism was identified and at least one of the 

following criteria: a) a 4-fold or greater increase in IgG titers for 

C.pneumoniae, L.pneumophila, C.burnetii, M.penumoniae, and 

respiratory viruses; b) positive urinary antigen for L.pneumophila; c) 

identification of other bacterial pathogen according to standard methods 

in samples other than sputum or bronchial aspirate.  

HR: Hazard ratio. HR y p values were calculated by Cox regression models. 

For further explanations see Methods section. 
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Table 3 

Antibiotic treatment was considered concordant if at least one antibiotic 

administered during the first 48 hrs after the specimen was obtained for culture 

showed full in vitro sensitivity (neither intermediate nor resistance) against the 

isolated strains.   

 

Table 4 

Antibiotics: β-lactam-monotherapy (n=251) [second- (n=25), third- (n=86), and 

fourth-generation-cephalosporin (n=9), β-lactam/β-lactamase-inhibitor (n=106), 

imipenem (n=3), or others (n=42)]; macrolide-monotherapy (n=37) 

[erythromycin, clarithromycin or azithromycin]; β-lactam+macrolide (n=198) 

[macrolide plus second- (n=16), third- (n=156), or fourth-generation-

cephalosporin (n=7), β-lactam/β-lactamase-inhibitor (n=14), imipenem (n=3), or 

others (n=2)]; levofloxacin alone (n=38) or in combination (n=10) [third and 

fourth-generation-cephalosporin (n=4) and other (n=6)]; and other 
combinations (n=104) [second-, third- or fourth-generation-cephalosporin plus 

an aminoglycoside (n=16), any β-lactam plus a macrolide plus an 

aminoglycoside (n=6), other elections including aminoglycosides (n=11), 

antibiotic combinations that included vancomycin (n=5) or other (n=66)]. 

Shock (blood pressure ≤90mmHg not corrected by intravenous fluids, or 

requiring pressor medication); renal failure (serum creatinine>1,5 mg/dl and/or 

blood urea nitrogen>20 mg/dl in previously normal patients). 

HIV: Infection by HIV was recovered of the previous chart information and by 

the data on admittance. 

Renal failure: renal failure (serum creatinine>1,5 mg/dl and/or blood urea 

nitrogen>20 mg/dl in previously normal patients). 

For those variables with several categories the first colum of p values compares 

every category of the variable to the reference category. The second colum 

shows the significance of the variable as a whole.   

HR: Hazard ratio. HR y p values were calculated by Cox regression models. 

 

For further explanations see Methods section. 
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Table 5.  

Antibiotics: β-lactam-monotherapy (n=251) [second- (n=25), third- (n=86), and 

fourth-generation-cephalosporin (n=9), β-lactam/β-lactamase-inhibitor (n=106), 

imipenem (n=3), or others (n=42)]; macrolide-monotherapy (n=37) 

[erythromycin, clarithromycin or azithromycin]; β-lactam+macrolide (n=198) 

[macrolide plus second- (n=16), third- (n=156), or fourth-generation-

cephalosporin (n=7), β-lactam/β-lactamase-inhibitor (n=14), imipenem (n=3), or 

others (n=2)]; levofloxacin alone (n=38) or in combination (n=10) [third and 

fourth-generation-cephalosporin (n=4) and other (n=6)]; and other 
combinations (n=104) [second-, third- or fourth-generation-cephalosporin plus 

an aminoglycoside (n=16), any β-lactam plus a macrolide plus an 

aminoglycoside (n=6), other elections including aminoglycosides (n=11), 

antibiotic combinations that included vancomycin (n=5) or other (n=66)]. 

Shock (blood pressure ≤90mmHg not corrected by intravenous fluids, or 

requiring pressor medication); renal failure (serum creatinine>1,5 mg/dl and/or 

blood urea nitrogen>20 mg/dl in previously normal patients). 

HIV: Infection by HIV was recovered of the previous chart information and by 

the data on admittance. 

Renal failure: renal failure (serum creatinine>1,5 mg/dl and/or blood urea 

nitrogen>20 mg/dl in previously normal patients). 

Change in treatment: Modifications in the route of administration and/or step-

down therapy were not considered as a change in antimicrobial therapy. 

For those variables with several categories the first column of p values 

compares every category of the variable to the reference category. The second 

column shows the significance of the variable as a whole.   

HR: Hazard ratio. HR y p values were calculated by Cox regression models. 

 

For further explanations see Methods section. 

 

 

 



 28

TABLE 1 
 
DIAGNOSTIC PROCEDURES USED IN PNEUMOCOCCAL 

PNEUMONIA  

 
Diagnostic procedure  Nº. carried out 

(%) 
Positive results  

nº (%) 
Sputum 316 (49.5) 181 (28.4) 
Bronchial aspirate  108 (16.9) 70 (11) 
Blood culture 583 (91.4) 427 (67) 
Pleural fluid culture 79 (12.4) 32 (5) 
Protected brush catheter  20 (3.1) 14 (2.2) 
BAL* 19 (3) 8 (1.3) 
Transthoracic punction 2 (0.3) 2 (0.3) 
Open lung biopsy  --- --- 
Autopsy  2 (0.3) --- 
Pneumococcal urinary antigen  68 (10.7) 17 (2.7) 
Legionella urinary antigen 160 (25.1) 1 (0.2) 
Mycoplasma Ig M  109 (17.1) -- 
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TABLE 2.  UNIVARIABLE ANALYSIS RELATIVE TO 30-DAY MORTALITY  
 

 
VARIABLES 

 
N: Nº CASES 

 
% [CI 95%] 

 
HR [CI95%] 

 
Pd 

Antibioticsa 

• β-lactams+macrolides 
• β-lactams  
• Macrolides  
• Levofloxacine 
• Other combinations 

 
198 
251 
37 
48 

104 

 
31  [27.4 , 34.6] 

39.3 [35.6 , 43.1] 
5.8   [4.1 , 7.9] 
7.5   [5.6 , 9.8] 

16.3 [13.4 , 19.2] 

 
1 

0.66 [0.39 , 1.10] 
0.15 [0.02 , 1.13] 
0.24 [0.06 , 1.03] 
2.16 [1.31 , 3.55] 

 
 

0.114 
0.065             
0.054 
0.002              <0.001 

Suspected aspiration 51 8 [6 , 10.4] 4.35 [2.69 , 7.03]            <0.001 
Alcoholb 144 22.6 [19.3 , 25.8] 1.60  [1.03 , 2.48]          0.037 
Bilateral pneumonia 99 15.5 [12.7 , 18.3] 2.95 [1.91 , 4.56]           <0.001 
Change in treatmentb  107 16.8 [13.9 , 19.7] 2.26  [1.46 , 3.51]           <0.001 
PSI scoreb  
• I+II+III 
• IV 
• V 

 
257 
234 
147 

 
40.3 [36.5 , 44.1] 
36.7 [32.9 , 40.4] 
23   [19.8 , 26.3] 

 
1 

3.77 [1.86 , 7.68] 
10.36 [5.25 , 20.43] 

 
 

<0.001 
<0.001            <0.001 

ICU admission 125 19.6 [16.5 , 22.7] 3.52 [2.33 , 5.31]            <0.001 
Shockb 102 16 [13.1 , 18.8] 13.56 [8.81 , 20.87]           <0.001 
Tobaccob 377 59.1 [55.3 , 62.9] 0.67 [0.45 , 1.01]         0.056 
Chronic pulmonary diseaseb 254 39.8 [36 , 43.6] 0.59 [0.38 , 0.93]         0.023 
HIV infectionb 61 9.6 [7.4 , 12.1] 1.70 [0.95 , 3.06]         0.076 
Polymicrobial pneumoniaf  34 5.3 [3.7 , 7.8] 1.74 [0.84 , 3.59]         0.135 
Adequacy of  treatmente 

• Concordant 
• Discordant (type 1) 
• Discordant (type 2) 

 
560 
37 
41 

 
87.8 [85.2 , 90.3] 

5.8 [4.1 , 7.9] 
6.4 [4.6 , 8.6] 

 
1 

1.35 [0.62 , 2.93] 
1.70 [0.85 , 3.39] 

 
 
0.448 
0.134             0.268 

Penicillin susceptibility 
• Sensitive 
• Intermediate 
• Resistant 

 
409 
164 
65 

 
64.1 [60.4 , 67.8] 
25.7 [22.3 , 29.1] 
10.2 [7.8 , 12.5] 

 
1 

1.46 [0.93, 2.30] 
1.55 [0.82 , 2.91] 

 
 
0.100 
0.175             0.165 

Typical symptomatologyb  106 16.6 [13.7 , 19.5] 2.09 [1.32 , 3.32]       0.002 
Renal failureb 127 19.9 [16.8 , 23] 5.06 [3.36 , 7.62]        <0.001 
Bacteremia 429 67.2 [63.6 , 70.9] 1.03 [0.67 , 1.59]       0.898 
Serotypec 

• A 
• B 
• C 

 
142 
428 
68 

 
22.3 [19 , 25.5] 

67.1 [63.4 , 70.7] 
10.7 [8.3 , 13.1] 

 
1 

90330 (0, -- ) 
159235 (0, --  ) 

 
 

0.846 
0.838             0.087 
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TABLE 3.The initial empirical antimicrobial choice according to adequacy of treatment and baseline severity of illness, as measured 
by PSI score, and its relation to mortality. 

PSI score (1,2,3)  PSI score (4,5)   
EMPIRIC 

THERAPEUTICAL 
OPTION 

 
(%) of Concordant 

treatment 
(p<0.0001) 

 
Patients 

 
30-DAY 

MORTALITY 
  

p: 0.203 

 
Patients 

 
30-DAY 

MORTALITY 
  

p < 0.001 
 
β-Lactams + macrolides 
198 (31%) 

 
94.4 

(CI95%, 90.3 , 97.2) 

 
72 (36.4%) 

(CI95% , 29.7 , 
43.5) 

 
6 (8.3%) 

(CI95% ,3.1 , 17.3) 

 
126 (63.6%) 

(CI95% , 56.5 , 70.3)

 
25 (19.8%) 

(CI95% , 13.3 , 27.9) 

 
β-Lactams 
251 (39.3%) 
 

 
86.5 

(CI95%, 82.2 , 90.7) 

 
109 (43.4%) 

(CI95% , 37.3 , 
49.6) 

 
2 (1.8%) 

(CI95% , 0.2 , 6.5) 
 

 
142 (56.6%) 

(CI95% , 50.4 , 62.7)
 

 
25 (17.6%) 

(CI95% , 11.7 , 24.9) 

 
Macrolides 
37 (5.8%) 

 
64.9 

(CI95%, 47.5 , 79.8) 

 
24 (64.9%) 

(CI95% , 47.5 , 
79.8) 

 
1 (4.2%) 

(CI95% , 0.1 , 21.1) 
 

 
13 (35.1%) 

(CI95% , 20.2 , 52.5)

 
0 

 
Levofloxacin 
(mono/polytherapy) 
48 (7.5%) 

 
100 

(CI95%, 92.6 , 100) 

 
22 (45.8%) 

(CI95% , 31.4 , 
60.8) 

 
0 

 
26 (54.2%) 

(CI95% , 39.2 , 68.6)

 
2 (7.7%) 

(CI95% ,0.9 , 25.1) 

 
Other combinations 
104 (16.3%) 

 
80.8 

(CI95%, 71.9 , 87.8) 

 
30 (28.8%) 

(CI95% , 20.4 , 
38.6) 

 
1 (3.3%) 

(CI95% , 0.1 , 17.2) 

 
74 (71.2%) 

(CI95% , 61.4 , 79.6)

 
30 (40.5%) 

(CI95% , 29.3 , 52.6) 

 
Total 
(638) 

 
87.8 

(CI95%, 85.2 , 90.3) 

 
257 (40.3%) 
(CI95% ,36.5 , 

44.1 ) 
 

 
10 (3.9% ) 

(CI95% ,1.8 , 7) 

 
381(59.7%) 

(CI95% ,55.9 , 63.5)

 
82 (21.5%) 

(CI95% ,17.4 , 25.6) 
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TABLE 4 
 
Survival Multivariable Analysis Relative to 30-Day Mortality for the 
whole Studied Population. (Cox regression model Hazard Ratio).    
 
(n: 638 patients)  
 
 

VARIABLES 
 

HR  
[CI95%] 

p 

Antibiotics* 

• β-lactams+macrolides 
• β-lactams  
• Macrolides  
• Levofloxacin 
• Other combinations  
 

 
1 

1.02 [0.58 , 1.81] 
0.62 [0.08 , 4.66] 
0.26 [0.06 , 1.12] 
1.27 [0.72 , 2.20] 

 
 
0.945 
0.638       0.268 
0.069 
0.421 

Suspected aspiration  
 

2.79 [1.55 , 4.99]  0.001 

Bilateral pneumonia  
 

1.98 [1.24 , 3.17]  0.004 

PSI score*  
• I+II+III 
• IV 
• V 
 

 
1 

2.61 [1.25 , 5.42] 
3.24 [1.51 , 6.94] 

 
 

 
 
0.010 
0.002       0.010 

Shock 
 

5.76 [3.41 , 9.75]  <0.001 

HIV infection  2.06 [1.11 , 3.83] 0.022 
Renal failure 
 

1.86 [1.11 , 3.12] 0.019 
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VARIABLES HR [CI95%] p 

 
Antibiotics* 

• β-lactams+macrolides 
• β-lactams  
• Macrolides  
• Levofloxacin 
• Other combinations  
 

 
1 

0.45 [0.18 , 1.22] 
0  ------ 

0.73 [0.1 , 5.6] 
1.84 [0.9 , 3.6] 

 
 
0.116 
0.984 
0.762       0.082 
0.074 

 
Shock  
 

3.7 [1.5 , 8.8]            0.004 

 
Renal failure 
 

3.2 [1.5 , 7]         0.003 

 
Typical symptoms 
 

2.3 [1.1 , 5.2]              0.038 

 

 
VARIABLES       HR [CI95%] p 

 
Antibiotics* 

• β-lactams+macrolides 
• β-lactams  
• Macrolides  
• Levofloxacin 
• Other combinations  
 

 
1 

1.49 [0.8 , 2.7] 
0  ------ 

0.36 [0.08 , 1.5] 
2 [1.2 , 3.4] 

 
 
0.187 
0.967       0.039 
0.162 
0.013 

 
Bilateral pneumonia  
 

2.28 [1.4 , 3.7 ]          0.001 

 
Shock 
 

6.5 [4.1 , 10.3]               <0.001 

 
HIV infection  
 

2.24 [1.2 , 4.2]               0.014 

 

 
VARIABLES HR [CI95%] p 

 
Antibiotics* 

• β-lactams+macrolides 
• β-lactams  
• Macrolides  
• Levofloxacin 
• Other combinations  
 

 
1 

0.51 [0.2 , 1.2] 
1.9 [0.2 , 14.8] 
0.3 [0.04 , 2.4] 
1.5 [0.8 , 2.9] 

 
 
0.136 
0.537 
0.245       0.094 
0.249 

 
Bilateral pneumonia  
 

2.3 [1.2 , 4.5]            0.015 

 
Shock 
 

6 [2.7 , 13.1]        <0.001 

Penicillin susceptibility* 
• Sensitive 
• Intermediate 
• Resistant 

 
1 

2.9 [1.4 , 6] 
2.9 [1.2 , 7.3] 

 
 
0.004 
0.023       0.006  

 
Typical symptoms 
 

2.7 [1.2 , 6.1]                 0.014 

Table 5.  Survival Multivariable analysis in selected groups (Cox regression model Hazard Ratio) 

Table 5.1. ICU (n:125) 

Table 5.2. PSI class >III 

Table 5.3. Renal failure 
( 127)
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VARIABLES HR [CI95%] p 

 
Antibiotics* 

• β-lactams+macrolides 
• β-lactams  
• Macrolides  
• Levofloxacin 
• Other combinations  
 

 
1 

0.6 [0.3 , 1.5] 
      0     ------ 
       0     ------ 
1.2 [0.5 , 3.2] 

 
 
0.323 
0.986 
0.961       0.771 
0.711 

 
Shock 
 

7.6 [3.5 , 16.3]           <0.001 

 

 

 

 
VARIABLES HR [CI95%] p 

 
Antibiotics*  
• β-lactams+macrolides 
• β-lactams  
• Macrolides   
• Levofloxacin 
• Other combinations  
 

 
1 

1.2 [0.6 , 2.4] 
0.8 [0.1 , 6.5] 
0.3 [0.04 , 2.5] 

1.8 [1 , 3.4] 

 
 
0.576 
0.867 
0.275       0.226 
0.053 

 
Bilateral pneumonia  
 

2.2 [1.3 , 3.9]            0.005 

 
PSI score* 
 I+II+III 
 IV 
 V 
  

 
1 

3.4 [1.3 , 8.6] 
5.6 [2.3 , 13.8] 

 
 

0.010 
<0.001      0.001 

 
Shock 
 

7.7 [4.3 , 13.9]               <0.001 

 
Typical symptoms 
 

2.4 [1.3 , 4.3]                 0.004 

 

 

 

Table 5.4. Chronic lung disease 
( 254)

Table 5.5. Bacteremia 
( 429)



 34

Competing interest statement 
 

The final manuscript has been approved by all the authors and they have taken 

care to ensure the integrity of the work. All the authors fulfil the authorship 

criteria and none of the authors have a financial relationships with a commercial 

entity that has an interest in the subject of this manuscript. 

 

 

 
 



 35

 
 
 
 


