Journal of S
% Clinical Medicine ﬂVI\D\Py

Article

Impact of Cefotaxime Non-susceptibility on the
Clinical Outcomes of Bacteremic

Pneumococcal Pneumonia

Catia Cilléniz !, Cristina de la Calle 2, Cristina Dominedo 3, Carolina Garcia-Vidal 2,
Celia Cardozo 2, Albert Gabarris 1, Francesc Marco 4%, Antoni Torres 1 and Alex Soriano 2

1 Department of Pneumology, Institut Clinic del Térax, Hospital Clinic of Barcelona-Institut d'Investigacions

Biomediques August Pi i Sunyer (IDIBAPS), University of Barcelona (UB)-SGR 911- Ciber de Enfermedades
Respiratorias (Ciberes), 08036 Barcelona, Spain

Department of Infectious Disease, Hospital Clinic of Barcelona, 08036 Barcelona, Spain

Department of Anesthesiology and Intensive Care Medicine, Fondazione Policlinico Universitario A.
Gemelli, Universita Cattolica del Sacro Cuore, 00168 Rome, Italy

Department of Microbiology, Hospital Clinic of Barcelona, 08036 Barcelona, Spain

*  Correspondence: asoriano@clinic.cat; Tel.: (+34) 93-227-5779

check for
Received: 13 May 2019; Accepted: 31 July 2019; Published: 1 August 2019 updates

Abstract: Background: We aimed to analyze the impact of cefotaxime non-susceptibility on the 30-day
mortality rate in patients receiving a third-generation cephalosporin for pneumococcal bacteremic
pneumonia. Methods: We conducted a retrospective observational study of prospectively collected
data from the Hospital Clinic of Barcelona. All adult patients with monomicrobial bacteremic
pneumonia due to Streptococcus pneumoniae and treated with a third-generation cephalosporin from
January 1991 to December 2016 were included. Risk factors associated with 30-day mortality were
evaluated by univariate and multivariate analyses. Results: During the study period, 721 eligible
episodes were identified, and data on the susceptibility to cefotaxime was obtainable for 690 episodes.
Sixty six (10%) cases were due to a cefotaxime non-susceptible strain with a 30-day mortality rate
of 8%. Variables associated with 30-day mortality were age, chronic liver disease, septic shock, and
the McCabe score. Infection by a cefotaxime non-susceptible S. prneumoniae did not increase the
mortality rate. Conclusion: Despite the prevalence of cefotaxime, non-susceptible S. pneumoniae has
increased in recent years. We found no evidence to suggest that patients hospitalized with bacteremic
pneumonia due to these strains had worse clinical outcomes than patients with susceptible strains.
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1. Introduction

Streptococcus pneumoniae (pneumococcus) is considered the main cause of non-invasive and invasive
infectious diseases that are associated with high morbidity and case fatality rate worldwide, especially
in vulnerable populations, such as children and adults aged > 65 years [1-3]. The case fatality rates of
the invasive pneumococcal disease are 10-30% in adults and <3% in children [4]. The introduction of the
7-valent and 13-valent pneumococcal conjugate vaccines (PCV7, PCV13) in the children population has
had a significant impact on the occurrence of pneumococcal infections in children and adults. Several
studies reported a reduction in the proportion of invasive pneumococcal disease caused by antibiotic
resistant pneumococcal strains; however during recent years we have observed serotype replacement,
emergence of non-vaccine serotypes, and infections caused by non-encapsulated pneumococcus [5-7].
In Catalonia, where this study was carried out, the coverage of PCV7 was 48% in 2007 in children,
whereas in 2015 the global vaccination coverage in adults was 39% (69% for 23-valent pneumococcal
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polysaccharide vaccine (PPV23) and 0.2% for PCV13). It is important to note that before July 2016
neither PCV7 nor PCV13 was included in the routine vaccination schedule in Catalonia for children,
except for those under 5 years old with specific risk factors. In adults, PCV13 was available from 2012
and the reported coverage in 2015 was 0.2% [8,9].

Antimicrobial resistance of pneumococcus is still a global concern [10]; it modifies the clinical
presentation of pneumococcal disease, making its diagnosis and treatment more complex, and
affecting clinical outcomes [6,11]. Despite the antimicrobial resistance of pneumococcus strains,
cefotaxime and ceftriaxone remain the most active cephalosporins [12]. To date, however, the clinical
impact of third-generation cephalosporins (3GC) non-susceptibility on clinical outcomes has not been
comprehensively evaluated in cases of pneumococcal bacteremic pneumonia.

In the present study, we aimed to analyze the effect of 3GC non-susceptibility on the
outcomes of patients with bacteremic pneumococcal pneumonia treated empirically with a
third-generation cephalosporin.

2. Methods

2.1. Ethics Statement

The study was approved by the Ethics Committee of our institution (Comité Etic d’Investigacié
Clinica, register: 2009/5451). The need for written informed consent was waived because of the
non-interventional study design.

2.2. Study Design and Patients

This was a retrospective observational study of data that were prospectively collected at the
Hospital Clinic of Barcelona. All adult patients with monomicrobial bacteremic pneumonia due
to S. pneumoniae admitted to the hospital between January 1991 and December 2016 were included
(n = 2490). We excluded cases of bacteremic pneumonia not caused by S. pneumoniae and cases with
incomplete clinical data. All included patients received a third-generation cephalosporin empirically
either as monotherapy, or in combination with a macrolide, or a fluoroquinolone. The patients were
then divided into two groups based on their susceptibility to 3GC.

2.3. Data Collection and Evaluation

The following data were obtained from all patients: Age, gender, comorbidities, McCabe score [13],
Pneumonia Severity Score (PSI) [14] was calculated in 312 cases, recent antimicrobial or steroid treatment
(within the last month), recent hospitalization (within the last month), surgery and other invasive
procedures, shock at presentation, etiology (microorganisms), empirical antimicrobial treatment,
appropriateness of empirical therapy, and 30-day mortality. Patients were then prospectively followed
up by a senior infectious disease specialist who assessed the medical history, physical examinations,
microbiological tests, and complementary imaging to determine the source of infection.

2.4. Definitions

Pneumonia was defined as the presence of a new pulmonary infiltrate on chest x-ray at a hospital
admission with symptoms and signs of lower respiratory tract infection. Pneumococcal bacteremia
was diagnosed when a pneumococcal isolate was recovered from a blood culture of patients with
pneumonia. Underlying diseases were classified according to the modified McCabe and Jackson
criteria into rapidly fatal, finally fatal, or non-fatal [13].

Prior antimicrobial therapy was defined as the use of any antimicrobial agent for at least three
days during the month before the onset of bacteremia. Prior steroid therapy was defined as the use of
at least 10 mg of prednisone (or equivalent dose of another steroid) during the month before admission.
Septic shock was defined as a systolic blood pressure < 90 mmHg, peripheral hypoperfusion, and use
of vasopressors for > 4 h after initial fluid replacement [15].The most widely used third-generation
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cephalosporin in our institution (>90%) is ceftriaxone, the standard dose is 1 g q24h for non-critically
ill patients and 2 g q24h for critically ill patients.

2.5. Microbiological Evaluation and Diagnostic Criteria

During the study period, blood cultures were processed using a BACTEC 9240 system (Becton
eDickinson Microbiology Systems), with an incubation period of 5 days. Isolates were identified by
standard techniques. The minimum inhibitory concentrations (MIC) of S. pneumoniae isolates were
determined using the E-test method and broth microdilution (Sensititre, Trek Diagnostic Systems, West
Sussex, UK), for penicillin, cefotaxime, ceftriaxone, cefepime, imipenem, meropenem, erythromycin,
clindamycin, levofloxacin, and vancomycin. Ceftriaxone susceptibility results were categorized as
susceptible (MIC < 0.5 pg/mL) and non-susceptible (intermediate, MIC > 0.5 to <2 pg/mL and resistant,
MIC > 2 pg/mL).

2.6. Statistical Analysis

We report the number and percentage of patients for categorical variables, and the mean and
standard deviation (SD) for continuous variables. Categorical variables were compared using the x>
test or the Fisher exact test, whereas continuous variables were compared using the f-test. Logistic
regression analyses [16,17] were then used to examine the associations between 30-day mortality
and risk factors. First, each risk factor was tested individually. Second, all risk factors that showed
an association in the univariate model (p < 0.10) were added to the multivariate model. Finally, a
backward stepwise selection (pin < 0.05, pout > 0.10) was used to determine the factors associated with
30-day mortality. Multicollinearity was assessed using the variance inflation factor. Odds ratios (ORs)
and 95% confidence intervals (CIs) were calculated. The Hosmer-Lemeshow goodness-of-fit test was
performed to assess the overall fit of the multivariable model. We also calculated the area under the
receiver operating characteristic curve (AUC) of the final model. To evaluate possible overfitting and
instability of the selection variables, we performed internal validation using ordinary nonparametric
bootstrapping with 1000 samples and bias-corrected, accelerated 95% Cls [18]. All analyses were
performed with IBM SPSS, Version 23.0 (IBM Corp., Armonk, NY, USA), and the significance level was
set at 0.05 (two-tailed).

3. Results

3.1. Patients’ Characteristics

During the study period, we identified 721 episodes of monomicrobial bacteremic pneumococcal
pneumonia; of these, 31 were excluded because they were missing important data. Finally, in
690 episodes of pneumococcal bacteremia were included. The prevalence of 3GC non-susceptible
S. pneumoniae strains during the study is shown in Figure 1.

Our cohort comprised 439 males (64%) and 251 females (36%), with a mean (SD) age of 66.5 (19.9)
years; notably, 309 (45%) were aged > 65 years. The main comorbidities were chronic obstructive
pulmonary disease (21%), human immunodeficiency virus infection (20%), diabetes mellitus (16%), and
chronic liver disease (9%). Overall, 94 cases (14%) presented with septic shock, and the 30-day mortality
was 47 (7.0%). One hundred eighty-three (27%) patients received a third-generation cephalosporin
empirically as monotherapy, or in combination with a macrolide (n = 350; 51%), or a fluoroquinolone
(n =157;23%).

We identified that 66 cases (10%) were due to a 3GC non-susceptible S. pneumoniage. Notably, the
prevalence of these strains did not change significantly over time (p = 0.75) (Figure 2).
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Figure 1. Flow diagram of population selection.
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Figure 2. Temporal distribution of susceptible and non-susceptible cefotaxime during the study.

The characteristics of patients according to 3GC susceptibility are shown in Table 1. Patients with
3GC non-susceptibility were almost 10 years older than those with a susceptible strain (p = 0.003).
Most cases had a pneumonia severity index of IV-V (68%) and a McCabe score of 1 (66%).
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Table 1. Patient demographics and clinical characteristics at admission.

Non-Susceptible to 3GC Susceptible to 3GC

(N = 66) (N = 624) p-Value
Age, years, mean (SD) 67 (20) 59 (19) 0.001
Age > 65 years, 11 (%) 42 (64) 267 (43) 0.001
Male, gender, 1 (%) 38 (58) 401 (64) 0.28
Current alcohol user, 1 (%) 4 (6) 34 (5) 0.78
Previous antimicrobials, 1 (%) 4(6) 19 (3) 0.26
Shock, n (%) 8 (12) 85 (14) 0.73
Previous systemic steroids, 1 (%) 4 (6) 50 (8) 0.54
Mechanical ventilation, 1 (%) 0 4(1) >0.99
Fever, n (%) 63 (95) 605 (97) 0.42
Comorbidities, n (%)
COPD 17 (26) 128 (21) 0.32
HIV 14 (21) 122 (20) 0.75
Neoplasm 14 (21) 98 (16) 0.25
Chronic cardiovascular disease 9 (14) 59 (9) 0.28
Diabetes mellitus 15 (23) 96 (15) 0.12
Chronic renal disease 3(5) 30 (5) >0.99
Chronic liver disease 10 (15) 74 (12) 0.44
Empiric therapy
Cephalosporin monotherapy 19 (29) 164 (26)
Cephalosporin + quinolone 10 (15) 147 (24) 0.16
Cephalosporin + macrolide 37 (56) 313 (50) 0.12
McCabe score 0.73
1 43 (66) 438 (71)
2 21 (32) 174 (28)
3 1(2) 7 (1)
PSI score 0.11
PSI I-11T 8(32) 140 (49)
PSIIV-V 17 (68) 147 (51)
30-day mortality, 1 (%) 5(8) 42 (7) 0.80

Data are number of patients (%) or mean (standard deviation). Percentages were calculated on non-missing
data. Abbreviations: COPD, chronic obstructive pulmonary disease; HIV, human immunodeficiency virus; PSI,
pneumonia severity index.

3.2. Microbiology

Data regarding serotypes were available in 134 cases; serotypes covered by the PCV7 vaccine (4,
6B, 9V, 14, 18C, 19E and 23F) and PCV13 (1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F and 23F) represented
13% and 68% of all serotypes, respectively. The most frequent serotypes in the susceptible group were:
serotype 1 (25 cases, 20%), 19A (15 cases, 12%), 3 (15 cases, 12%) and 7F (11 cases, 9%). Whereas, three
serotypes (8 cases, 6%) were reported in the non-susceptible group: 11A (2 cases), 14 (5 cases), and
19F (1 case). The empiric antimicrobial therapy given was comparable between the susceptible and
non-susceptible groups.

3.3. Clinical Outcomes

We found no evidence that patients with 3GC non-susceptible S. pneumoniae bacteremic pneumonia
presented with more severe disease or had worse clinical outcomes (Table 1).

3.4. Factors Associated with 30-Day Mortality

The univariate logistic regression analysis revealed several variables significantly associated
with 30-day mortality (Table 2). Among these, age, presence of septic shock at admission, chronic
liver disease, and McCabe score remained independently associated with 30-day mortality in the
multivariate analysis.
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Table 2. Univariate and multivariate logistic regression analyses of predictors of 30-day mortality.

Variable Univariate 2 Multivariable P
OR 95% CI p-Value OR 95% CI p-Value
Non-susceptible to 3GC 1.13 0.43-2.96 0.81 0.83 0.28-2.50 0.74
Age (+1 year) 1.03 1.01-1.05 0.001 1.04 1.02-1.06 <0.001
Septic shock 13.01 6.89-24.59 <0.001 17.54 8.72-35.27 <0.001
Chronic renal disease 3.89 1.05-14.46 0.042 - - -
Chronic liver disease 2.37 1.16-4.86 0.019 2.33 0.94-5.75 0.068
McCabe score 9 0.009 0.061
1 1.00 - - 1.00 - -
2 1.45 0.76-2.74 0.26 1.32 0.60-2.89 0.49
3 9.66 2.20-42.51 0.003 8.72 1.43-53.00 0.019

Abbreviations: CI, confidence interval; OR, odds ratio. Data are shown as estimated ORs (95% ClISs) of the explanatory
variables in the 30-day mortality group. The OR is defined as the probability of membership of the group, 30-day
mortality, divided by the probability of membership of the non-30-day mortality group. The p-value is based on the
null hypothesis that all ORs relating to an explanatory variable equal unity (no effect). The variables analyzed in
the univariate analysis were: age, gender, McCabe score, cefotaxime, cephalosporin macrolide empiric therapy,
cephalosporin quinolone empiric therapy, cephalosporin empiric, quinolone empiric, empiric, macrolide empiric,
community origin, fiber, shock, corticosteroid therapy, diabetes, respiratory disease, hepatic diseases, alcohol,
COPD, HIV, chronic renal disease, previous antibiotic therapy, acute renal failure. Adjusted for the antimicrobial
susceptibility of pneumococcal bacteremia to 3GC. Hosmer-Lemeshow goodness-of-fit test, p = 0.28. The p-value
corresponds to differences between the three groups (1, 2, or 3).

The AUC was 0.85 (95% CI, 0.78-0.92) for the 30-day mortality in this model. Internal validation
of the logistic regression model (bootstrapping with 1000 samples) demonstrated robust results for all
variables included in the model, with small 95% ClIs around the original coefficients.

4. Discussion

The main findings of our study are as follows. First, although we observed an increase in
the prevalence of 3GC non-susceptible strains of S. pneumoniae in recent years, this prevalence did
not change significantly over time. Second, we found no evidence of more severe presentations or
worse clinical outcomes in patients admitted to the hospital with 3GC non-susceptible S. pneumoniae
bacteremic pneumonia. Third, the 30-day mortality was shown to be independently associated with
age, septic shock at admission, chronic liver disease, and the McCabe score.

S. pneumoniae remains the leading cause of non-invasive and invasive disease worldwide [19].
International guidelines for the management of pneumococcal pneumonia recommend the use of
-lactams, such as a 3GC (cefotaxime and ceftriaxone) [20,21]. Although resistance to 3GC remains
low worldwide, an increase in the rate of resistance has been reported in many countries due to
the spread of pneumococcal resistant clones [22,23]. Although we reported that the prevalence of
3GC non-susceptibility in pneumococcal bacteremic pneumonia did not change significantly over
time during the study period, we observed an increase in the prevalence from 0% in the first period
(1991-1995) to 13% in the last period (2011-2016). This observation is consistent with several reports
about the global emergence of in vitro antimicrobial resistance in S. pneumoniae [24-27]. Interestingly,
in the non-susceptible group, the majority of the cases were caused by serotypes covered by PCV13
(75%) and PCV7 (63%) vaccines. Other possible explanations could be replacement because of a lack
of vaccine protection. However, the vaccination status of our study population is unknown, but two
recent studies reported low-intermediate pneumococcal vaccination coverage in our region [8,9]; this
could explain the temporal variation that we observed in our study. Unfortunately, without data about
vaccination status we cannot make more conclusions.

Information about the impact of 3GC non-susceptible S. pneumoniae strains on the outcomes of
patients with bacteremic pneumonia is scarce. In 2001, Moroney et al. [28] performed a case-control
study and found that drug resistance (cefotaxime non-susceptible) did not demonstrably affect mortality
or intensive care unit (ICU) admissions among patients hospitalized with bacteremic or other forms of
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invasive pneumococcal pneumonia. In 2012, Song et al. [29] published an 11-year study evaluating
the risk factors for mortality, and reported the impact of antimicrobial resistance (erythromycin and
penicillin resistance) on the clinical outcomes of patients with pneumococcal bacteremia. Whereas
an elevated APACHE II score and the presence of solid organ tumors were independently associated
with mortality, neither erythromycin resistance nor penicillin resistance significantly affected clinical
outcomes. One of the few studies that investigates ceftriaxone non-susceptibility was the study by
Choi et al. [30] that investigated the impact of penicillin non-susceptibility on the clinical outcomes of
patients with non-meningeal pneumococcal bacteremia and reported that the 30-day mortality was
similar between patients with resistant and susceptible strains. In the multivariate analysis of this
study, ceftriaxone non-susceptibility (OR 4.88; 95% CI 1.07-22.27; p = 0.041) was an independent risk
factor for 30-day mortality, but not all patients were treated with a 3GC.

For the present study, we applied the 3GC breakpoints set out in the 2008 Clinical and Laboratory
Standards Institute guidance. All the patients included in the study received a 3GC as empirical
treatment. The independent risk factors for 30-day mortality in patients with pneumococcal bacteremic
pneumonia in the present study were age, septic shock at admission, chronic liver disease, and McCabe
score, but not the MIC of ceftriaxone. The PK/PD parameter that predicts the outcome of ceftriaxone is
the time that the serum concentration of ceftriaxone is above the MIC (T > MIC). According to prior
data, at least 40% of the interval between two consecutive doses is the needed exposure to obtain a
bacteriostatic effect [31]. Giving 1 or 2 g q24 h, the probability of attaining this target when the MIC of
ceftriaxone is 1 pg/mL (intermediate susceptibility) is high and this explains our results. However,
the number of strains resistant to ceftriaxone (MIC > 2 ug/mL) were few and we cannot predict the
response with our cohort.

Previous studies have also emphasized the importance of host factors when predicting severity
and outcomes. To date, older age, alcohol abuse, nursing-home residence [32], ICU admission, platelet
count < 100,000/uL [33], and liver disease [34] have each been significantly associated with mortality.
These data support the idea that host factors, mainly chronic comorbidities, are related to disease
severity and clinical outcomes.

Our study has some limitations. First, the length of the recruitment period (27 years), has
undoubtedly been associated with major advances in patient care. However, we have followed the
1993, 1998, 2001, and 2007 guidelines for managing CAP [20,35-37]. Additionally, our management
protocol for pneumonia did not change substantially. Second, this study was conducted at a single
centre, which necessitates cautious extrapolation of the findings to other settings. Third, the number of
patients with non-susceptible strains was low and the majority of the patients received combination
treatment with a macrolide or a fluoroquinolone. The influence of ceftriaxone alone could not be
evaluated. However, the current guidelines [20] recommend combination therapy with a macrolide
and so our study shows that non-susceptibility to ceftriaxone does not affect the efficacy of the
recommended regimen. Fourth, complete information to calculated PSI scores was not collected in the
first years of study. Fifth, there was a lack of data about vaccination status. However, two previous
studies reported that Catalonia, the region were this study was carried out, has a low-intermediate
pneumococcal vaccine coverage [8,9].

5. Conclusions

In conclusion, we found no evidence to suggest that patients hospitalized for 3GC non-susceptible
S. pneumoniae bacteremic pneumonia had worse clinical outcomes than patients admitted with
antimicrobial-susceptible pathogens.

Author Contributions: Conception and design: C.C., C.d.C., A.T,, and A.S. Acquisition, analysis, or interpretation
of data: C.C., C.D., C.G.V,, C.D., A.G. Drafting the manuscript for important intellectual content: C.C., C.D.,
Cd.C,CG.V, AT, EM, CC, AS. Statistical analysis: A.G. Administrative, technical, or material support: C.C.,
C.D, C.d.C,C.G.V, A.G. All authors reviewed, revised, and approved the manuscript for submission. Study
supervision: C.C., A.T., and A.S.



J. Clin. Med. 2019, 8, 1150 8 of 10

Funding: This study was supported by Ciber de Enfermedades Respiratorias (CibeRes CB06/06/0028), and 2009
Support to Research Groups of Catalonia 911; IDIBAPS. Fundaci6 Pla Armengol and Barcelona Respiratpry
Netwrok (BRN).

Acknowledgments: The results of this study have not been published elsewhere. We are indebted to all medical
and nursing colleagues for their assistance and cooperation in this study. Cilloniz is the recipient of a Postdoctoral
Grant (strategic plan for research and innovation in health-PERIS 2016-2020), SEPAR 2018 fellowship and the
Fondo de Investigacion Sanitaria (grant P119/00207).

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Feldman, C.; Anderson, R. The Role of Streptococcus pneumoniae in Community-Acquired Pneumonia.
Semin. Respir. Crit. Care Med. 2016, 37, 806-818. [PubMed]

2. Ardanuy, C.; Marimon, J.M.; Calatayud, L.; Giménez, M.; Alonso, M.; Grau, I; Pallarés, R.; Pérez-Trallero, E.;
Lifiares, ]. Epidemiology of invasive pneumococcal disease in older people in Spain (2007-2009): Implications
for future vaccination strategies. PLoS ONE 2012, 7, e43619. [CrossRef] [PubMed]

3. Feldman, C.; Anderson, R. Epidemiology, virulence factors and management of the pneumococcus.
F1000Research 2016, 5, 2320. [CrossRef] [PubMed]

4. Said, M.A; Johnson, H.L.; Nonyane, B.A.S.; Deloria-Knoll, M.; O’Brien, K.L.; AGEDD Adult Pneumococcal
Burden Study Team; Andreo, F.; Beovic, B.; Blanco, S.; Boersma, W.G.; et al. Estimating the burden of
pneumococcal pneumonia among adults: A systematic review and meta-analysis of diagnostic techniques.
PLoS ONE 2013, 8, €60273. [CrossRef] [PubMed]

5. Kim, L.; McGee, L.; Tomczyk, S.; Beall, B. Biological and Epidemiological Features of Antibiotic-Resistant
Streptococcus pneumoniae in Pre- and Post-Conjugate Vaccine Eras: A United States Perspective.
Clin. Microbiol. Rev. 2016, 29, 525-552. [CrossRef]

6.  Cilléniz, C.; Ardanuy, C.; Vila, J.; Torres, A. What is the clinical relevance of drug-resistant pneumococcus?
Curr. Opin. Pulm. Med. 2016, 22, 227-234. [CrossRef] [PubMed]

7. Keller, L.E.; Robinson, D.A.; McDaniel, L.S. Nonencapsulated Streptococcus pneumoniae: Emergence and
Pathogenesis. mBio 2016, 7, e01792. [CrossRef]

8. Ciruela, P; Izquierdo, C.; Broner, S.; Mufioz-Almagro, C.; Herndndez, S.; Ardanuy, C.; Pallarés, R.;
Dominguez, A.; Jané, M. Catalan Working Group on Invasive Pneumococcal Disease The changing
epidemiology of invasive pneumococcal disease after PCV13 vaccination in a country with intermediate
vaccination coverage. Vaccine 2018, 36, 7744-7752. [CrossRef]

9. Vila-Corcoles, A.; Ochoa-Gondar, O.; Hospital, I.; de Diego, C.; Satué, E.; Bladé, J.; Ansa, X.; Guzman, J.A;
Salsench, E.; Ramos, F. Pneumococcal vaccination coverages among low-, intermediate-, and high-risk adults
in Catalonia. Hum. Vaccin. Immunother. 2016, 12, 2953-2958. [CrossRef]

10. Tacconelli, E. Global Priority List of Antibiotic-Resistant Bacteria to Guide Research, Discovery and Development of
New Antibiotics; WHO: Geneva, Switzerland, 2017; pp. 1-7.

11. Cilloniz, C; Albert, R K; Liapikou, A.; Gabarrus, A.; Rangel, E.; Bello, S.; Marco, F.; Mensa, ].; Torres, A. The
Effect of Macrolide Resistance on the Presentation and Outcome of Patients Hospitalized for Streptococcus
pneumoniae Pneumonia. Am. J. Respir. Crit. Care Med. 2015, 191, 1265-1272. [CrossRef]

12.  Lynch, ].P.,; Zhanel, G.G. Streptococcus pneumoniae: Does antimicrobial resistance matter? Semin. Respir.
Crit. Care Med. 2009, 30, 210-238. [CrossRef] [PubMed]

13.  McCabe, W.R; Jackson, G.G. Gram-Negative Bacteremia: I. Etiology and Ecology. Arch. Intern. Med. 1962,
110, 847-853. [CrossRef]

14. Fine, M.].; Auble, T.E.; Yealy, D.M.; Hanusa, B.H.; Weissfeld, L.A.; Singer, D.E.; Coley, C.M.; Marrie, T.].;
Kapoor, W.N. A prediction rule to identify low-risk patients with community-acquired pneumonia. N. Engl.
J. Med. 1997, 336, 243-250. [CrossRef] [PubMed]

15. Dellinger, R.P; Levy, M.M.; Carlet, ].M.; Bion, J.; Parker, M.M.; Jaeschke, R.; Reinhart, K.; Angus, D.C.;
Brun-Buisson, C.; Beale, R; et al. Surviving Sepsis Campaign: international guidelines for management of
severe sepsis and septic shock: 2008. Intensive Care Med. 2008, 34, 17-60. [CrossRef] [PubMed]

16. Hosmer, D.W.; Lemesshow, S.T.]. Applied Logistic Regression; Hosmer, D.W., Lemeshow, S., Eds.; Wiley:
New York, NY, USA, 1989; xiii + 307.

17.  David, C. Modelling Binary Data; Chapman and Hall: London, UK, 1991.


http://www.ncbi.nlm.nih.gov/pubmed/27960205
http://dx.doi.org/10.1371/journal.pone.0043619
http://www.ncbi.nlm.nih.gov/pubmed/22928005
http://dx.doi.org/10.12688/f1000research.9283.1
http://www.ncbi.nlm.nih.gov/pubmed/27703671
http://dx.doi.org/10.1371/journal.pone.0060273
http://www.ncbi.nlm.nih.gov/pubmed/23565216
http://dx.doi.org/10.1128/CMR.00058-15
http://dx.doi.org/10.1097/MCP.0000000000000262
http://www.ncbi.nlm.nih.gov/pubmed/26901109
http://dx.doi.org/10.1128/mBio.01792-15
http://dx.doi.org/10.1016/j.vaccine.2018.05.026
http://dx.doi.org/10.1080/21645515.2016.1210744
http://dx.doi.org/10.1164/rccm.201502-0212OC
http://dx.doi.org/10.1055/s-0029-1202939
http://www.ncbi.nlm.nih.gov/pubmed/19296420
http://dx.doi.org/10.1001/archinte.1962.03620240029006
http://dx.doi.org/10.1056/NEJM199701233360402
http://www.ncbi.nlm.nih.gov/pubmed/8995086
http://dx.doi.org/10.1007/s00134-007-0934-2
http://www.ncbi.nlm.nih.gov/pubmed/18058085

J. Clin. Med. 2019, 8, 1150 9 of 10

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Efron, B.; Tibshirani, R.J. An Introduction to the Bootstrap; CRC Press: Boca Raton, FL, USA, 1994.

Feldman, C.; Anderson, R. Recent advances in our understanding of Streptococcus pneumoniae infection.
F1000Prime Rep. 2014, 6, 82. [CrossRef] [PubMed]

Mandell, L.A.; Wunderink, R.G.; Anzueto, A.; Bartlett, ].G.; Campbell, G.D.; Dean, N.C.; Dowell, S.F; File, TM.;
Musher, D.M.; Niederman, M.S.; et al. Infectious Diseases Society of America/American Thoracic Society
consensus guidelines on the management of community-acquired pneumonia in adults. Clin. Infect. Dis.
2007, 44, S27-S72. [CrossRef] [PubMed]

Lim, W.S.; Baudouin, S.V.; George, R.C.; Hill, A.T; Jamieson, C.; Le Jeune, I.; Macfarlane, ].T.; Read, R.C.;
Roberts, H.J.; Levy, M.L.; et al. BTS guidelines for the management of community acquired pneumonia in
adults: Update 2009. Thorax 2009, 64, iii1-iii55. [CrossRef] [PubMed]

Cassiolato, A.P; Almeida, 5S.C.G.; Andrade, A.L.; Minamisava, R.; de Cunto Brandileone, M.C. Expansion of
the multidrug-resistant clonal complex 320 among invasive Streptococcus pneumoniae serotype 19A after
the introduction of a ten-valent pneumococcal conjugate vaccine in Brazil. PLoS ONE 2018, 13, e0208211.
[CrossRef] [PubMed]

Camara, J.; Cubero, M.; Martin-Galiano, A.].; Garcia, E.; Grau, L; Nielsen, J.B.; Worning, P.; Tubau, F;
Pallarés, R.; Dominguez, M.A.; et al. Evolution of the [3-lactam-resistant Streptococcus pneumoniae PMEN3
clone over a 30 year period in Barcelona, Spain. J. Antimicrob. Chemother. 2018, 73, 2941-2951. [CrossRef]
Song, ].H.; Jung, S.I; Ko, K.S.; Kim, N.Y;; Son, J.S.; Chang, H-H.; Ki, HK.; Oh, W.S,; Suh, ].Y.; Peck, KR.; et al.
High prevalence of antimicrobial resistance among clinical Streptococcus pneumoniae isolates in Asia (an
ANSORP study). Antimicrob. Agents Chemother. 2004, 48, 2101-2107. [CrossRef]

Verghese, V.P.; Veeraraghavan, B.; Jayaraman, R.; Varghese, R.; Neeravi, A.; Jayaraman, Y.; Thomas, K;
Mehendale, S.M. Increasing incidence of penicillin- and cefotaxime-resistant Streptococcus pneumoniae
causing meningitis in India: Time for revision of treatment guidelines? Indian ]. Med. Microbiol. 2017, 35,
228-236. [PubMed]

Mehl, A.; Asvold, B.O,; Kiimmel, A.; Lydersen, S.; Paulsen, J.; Haugan, I.; Solligard, E.; Damas, ].K,;
Harthug, S.; Edna, T.H. Trends in antimicrobial resistance and empiric antibiotic therapy of bloodstream
infections at a general hospital in Mid-Norway: A prospective observational study. BMC Infect. Dis. 2017,
17,116.

Brett, M.S. Emergence of a high-level cefotaxime-resistant Streptococcus pneumoniae strain in New Zealand.
J. Med. Microbiol. 2001, 50, 173-176. [CrossRef]

Moroney, J.F,; Fiore, A.E.; Harrison, L.H.; Patterson, J.E.; Farley, M.M.; Jorgensen, ]J.H.; Phelan, M.;
Facklam, R.R; Cetron, M.S.; Breiman, R.F,; et al. Clinical outcomes of bacteremic pneumococcal pneumonia
in the era of antibiotic resistance. Clin. Infect. Dis. 2001, 33, 797-805. [CrossRef] [PubMed]

Song, J.S.; Choe, P.G.; Song, K.H.; Park, W.B.; Park, S.W.; Kim, H.B.; Oh, M.D.; Kim, E.C.; Kim, N.J. Risk
factors for 30-day mortality in adult patients with pneumococcal bacteraemia, and the impact of antimicrobial
resistance on clinical outcomes. Epidemiol. Infect. 2012, 140, 1267-1276. [CrossRef] [PubMed]

Choi, S.H.; Chung, ].W,; Sung, H.; Kim, M.N.; Kim, S.H.; Lee, S.0.; Kim, Y.S.; Woo, J.H.; Choi, S.H. Impact of
penicillin nonsusceptibility on clinical outcomes of patients with nonmeningeal Streptococcus pneumoniae
bacteremia in the era of the 2008 clinical and laboratory standards institute penicillin breakpoints. Antimicrob.
Agents Chemother. 2012, 56, 4650-4655. [CrossRef] [PubMed]

Craig, W.A. Interrelationship between pharmacokinetics and pharmacodynamics in determining dosage
regimens for broad-spectrum cephalosporins. Diagn. Microbiol. Infect. Dis. 1995, 22, 89-96. [CrossRef]
Beatty, ].A.; Majumdar, S.R.; Tyrrell, G.J.; Marrie, T.].; Eurich, D.T. Prognostic factors associated with mortality
and major in-hospital complications in patients with bacteremic pneumococcal pneumonia: Population-based
study. Medicine (Baltimore) 2016, 95, e5179. [CrossRef]

Fica, A.; Bunster, N.; Aliaga, E; Olivares, F,; Porte, L.; Braun, S.; Dabanch, J.; Hormazabal, ].C.; Herndndez, A.;
Benavides, M.G. Bacteremic pneumococcal pneumonia: serotype distribution, antimicrobial susceptibility,
severity scores, risk factors and mortality in a single center in Chile. Braz. |. Infect. Dis. 2014, 18, 115-123.
[CrossRef]

Naucler, P.;; Darenberg, J.; Morfeldt, E.; Ortqvist, A.; Henriques Normark, B. Contribution of host, bacterial
factors and antibiotic treatment to mortality in adult patients with bacteraemic pneumococcal pneumonia.
Thorax 2013, 68, 571-579. [CrossRef]


http://dx.doi.org/10.12703/P6-82
http://www.ncbi.nlm.nih.gov/pubmed/25343039
http://dx.doi.org/10.1086/511159
http://www.ncbi.nlm.nih.gov/pubmed/17278083
http://dx.doi.org/10.1136/thx.2009.121434
http://www.ncbi.nlm.nih.gov/pubmed/19783532
http://dx.doi.org/10.1371/journal.pone.0208211
http://www.ncbi.nlm.nih.gov/pubmed/30496296
http://dx.doi.org/10.1093/jac/dky305
http://dx.doi.org/10.1128/AAC.48.6.2101-2107.2004
http://www.ncbi.nlm.nih.gov/pubmed/28681811
http://dx.doi.org/10.1099/0022-1317-50-2-173
http://dx.doi.org/10.1086/322623
http://www.ncbi.nlm.nih.gov/pubmed/11512085
http://dx.doi.org/10.1017/S0950268811001816
http://www.ncbi.nlm.nih.gov/pubmed/21906414
http://dx.doi.org/10.1128/AAC.00239-12
http://www.ncbi.nlm.nih.gov/pubmed/22687517
http://dx.doi.org/10.1016/0732-8893(95)00053-D
http://dx.doi.org/10.1097/MD.0000000000005179
http://dx.doi.org/10.1016/j.bjid.2013.06.001
http://dx.doi.org/10.1136/thoraxjnl-2012-203106

J. Clin. Med. 2019, 8, 1150 10 of 10

35. Niederman, M.S.; Bass, ].B.; Campbell, G.D.; Fein, A.M.; Grossman, R.F; Mandell, L.A.; Marrie, T.J.;
Sarosi, G.A.; Torres, A.; Yu, V.L. Guidelines for the initial management of adults with community-acquired
pneumonia: diagnosis, assessment of severity and initial antimicrobial therapy. American Thoracic Society.
Medical Section of the American Lung Association. Am. Rev. Respir. Dis. 1993, 148, 1418-1426. [CrossRef]
[PubMed]

36. Bartlett, ].G.; Breiman, R.F; Mandell, L.A; File, TM. Community-acquired pneumonia in adults: Guidelines
for management. The Infectious Diseases Society of America. Clin. Infect. Dis. 1998, 26, 811-838. [CrossRef]
[PubMed]

37. Niederman, M.S.; Mandell, L.A.; Anzueto, A.; Bass, ].B.; Broughton, W.A.; Campbell, G.D.; Dean, N.; File, T.;
Fine, M.].; Gross, P.A ; et al. Guidelines for the management of adults with community-acquired pneumonia.
Diagnosis, assessment of severity, antimicrobial therapy, and prevention. Am. |. Respir. Crit. Care Med. 2001,
163, 1730-1754. [CrossRef] [PubMed]

® © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.1164/ajrccm/148.5.1418
http://www.ncbi.nlm.nih.gov/pubmed/8239186
http://dx.doi.org/10.1086/513953
http://www.ncbi.nlm.nih.gov/pubmed/9564457
http://dx.doi.org/10.1164/ajrccm.163.7.at1010
http://www.ncbi.nlm.nih.gov/pubmed/11401897
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Ethics Statement 
	Study Design and Patients 
	Data Collection and Evaluation 
	Definitions 
	Microbiological Evaluation and Diagnostic Criteria 
	Statistical Analysis 

	Results 
	Patients’ Characteristics 
	Microbiology 
	Clinical Outcomes 
	Factors Associated with 30-Day Mortality 

	Discussion 
	Conclusions 
	References

