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Resumo 

Contexto: De acordo com as diretrizes da ATS, os doentes com pneumonia associada a cuidados 

de saúde (PACS) têm maior risco de infeção por bactérias resistentes, devendo ser tratados com 

antibióticos de largo espetro. No entanto a definição de PACS é pouco específica e tem baixo 

valor preditivo positivo para infeções por este tipo de agentes. Assim, mantém-se a necessidade 

de definir critérios mais específicos para a correta identificação dos doentes com risco de infeção 

por bactérias resistentes, para evitar tratamentos inapropriados. 

Objetivos: Caraterização detalhada dos doentes com pneumonia admitidos a partir da 

comunidade, focando a caraterização microbiológica, incluindo fatores de risco para infeção por 

bactérias resistentes ao atual tratamento proposto nas recomendações para a pneumonia 

adquirida na comunidade (PAC), gravidade e abordagem da doença aguda e prognóstico. 

Métodos. Estudo de coorte retrospetivo que incluiu todos os doentes adultos com pneumonia 

admitidos de forma consecutiva numa enfermaria médica provenientes da comunidade. Foram 

colhidos dados relativos a informação demográfica, caraterização da doença aguda, resultados 

microbiológicos e estado à alta hospitalar. As variáveis foram comparadas utilizando o teste de 

T Student ou Mann-Whitney (para valores contínuos) e o teste Pearson χ2 (para variáveis 

categóricas). 

Resultados. Foram incluídos 50 doentes no estudo, com uma média de idades de 76 anos , sendo 

68% do sexo masculino. Destes, 68% tinham pelo menos uma comorbilidade e 48% pelo menos 

um fator de risco para infeção por bactérias resistentes, estando a presença de fatores de risco 

associada a infeção por bactérias resistentes (p=0.029). Foi obtida documentação 

microbiológica em 17 doentes, dos quais 5 por bactérias resistentes (3 no grupo com PACS). 

Foram utilizados antibióticos com cobertura para Pseudomonas spp. em 20% dos doentes e a 

antibioterapia empírica foi alterada 7 vezes, de acordo com a suscetibilidade in vitro. A mediana 

(IIQ) da estadia hospitalar foi de 9 (6-16) dias, e 6 doentes morreram durante o internamento 

(todos com decisão prévia de cuidados de fim de vida). A idade, uma pontuação de Karnofsky 

inferior a 70, maiores pontuações SAPS II e SOFA no primeiro dia de admissão e antibioterapia 

e hospitalização prévias nos últimos 90 dias e PACS foram identificadas como fatores de risco 

para mortalidade. 

Conclusões. A presença de pelo menos um fator de risco associou-se a maiores taxas de infeção 

por microrganismos resistentes, ao contrário da PACS, reforçando a importância clínica da 

identificação deste grupo de doentes para otimização do seu tratamento. Este estudo deve ser 
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repetido com uma amostra maior que possibilite a identificação de fatores de risco específicos 

para infeção por bactérias resistentes às atuais recomendações de tratamento da PAC para 

permitir individualizar o tratamento em cada doente. 
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Abstract 

Background. According to ATS guidelines, patients with healthcare-associated pneumonia 

(HCAP) have higher risk for infection with drug-resistant bacteria and should be treated with 

broad-spectrum antibiotics. However, HCAP definition has shown low specificity and low 

positive predictive value for drug-resistant bacteria. A more specific criterion is still needed in 

order to identify patients at risk for infection by drug-resistant bacteria to avoid mistreatment. 

Objectives. This study provides a thorough characterization of patients with pneumonia 

admitted from the community setting, focusing on the microbiological characterization, 

including risk factors for infection by a pathogen resistant to current community-acquired 

pneumonia (CAP) treatment guidelines, severity and management of the acute disease and 

prognosis. 

Methods. Retrospective cohort study including all consecutive adult patients admitted to a 

medical ward with the diagnosis of pneumonia. Data on demographic information, acute disease 

characterization and outcome were collected. Variables were compared using Student T-tests 

or Mann-Whitney tests (for continuous values) and Pearson χ2 test (for categorical variables). 

Results. There were 50 patients included in the study with a mean age of 76 years and 68% were 

males. At least one comorbidity was present in 68% and one risk factors for infection by drug-

resistant bacteria in 48%, the present of risk factors was associated with infection by drug-

resistant pathogens (p=0.029). Microbiological documentation of infection was achieved in 17 

patients, 5 were by a drug-resistant pathogen (3 in HCAP group). Broad-spectrum antibiotics, 

with Pseudomonas spp. coverage, were used in 20% of the patients, and empiric antibiotic 

therapy was changed in 7 according to in vitro susceptibility. Median (IQR) hospital length of 

stay was 9 (6-14) days and 6 patients died in hospital (all had a life-sustaining treatment 

decision). Age, Karnofsky score lower than 70, SAPS II and SOFA scores in the first day of 

admission, antibiotic therapy and hospitalization in the prior 90 days and HCAP were identified 

as risk factors for mortality.  

Conclusions. The presence of at least one risk factor was associated with higher rate of infection 

by a drug resistant pathogen, but not the definition of HCAP, reinforcing the clinical relevance 

of identifying this group of patients and optimize their treatment. This study should be repeated 

with a larger sample in order to identify specific risk factors for infection with bacteria resistant 

to current CAP treatment guidelines in order to individualize treatment in each patient.  

 



x 
 

 

Keywords: community-acquired pneumonia; healthcare-associated pneumonia; drug resistance 

bacteria; empiric antibiotic therapy; prognosis; hospital mortality 

 



1 
 

Introduction 

Pneumonia causes 57,7 deaths/100.000 inhabitants per year in Portugal, therefore an 

adequate management of pneumonia is important to reduce mortality.1 

 Initial treatment of pneumonia is often empiric, according to three epidemiological 

patterns: community-acquired pneumonia; hospital-acquired pneumonia; and healthcare-

associated pneumonia, a category adopted by the American Thoracic Society in 2005 which 

includes patients in the community with a high risk for infection with drug-resistant pathogens 

as a result of exposure to healthcare facilitates or close contact with people carrying such 

pathogens.2  

 Healthcare-associated pneumonia is treated with broad-spectrum antibiotics.2 

However, recent studies suggested that broad-spectrum antibiotics are unnecessary in some 

cases.3,4,5 Furthermore, the criteria for healthcare-associated pneumonia has shown to have low 

specificity and low positive predictive value for drug-resistant bacteria.6 To better identify 

patients with high risk of infection with drug-resistant pathogens other algorithms have been 

developed, but none has shown both higher sensitivity and specificity than the healthcare-

associated pneumonia criteria.7 

 Treating patients infected with common bacteria with broad-spectrum antibiotics as 

well as treating patients with drug-resistant bacteria with targeted antibiotics for community-

acquired pneumonia may lead to poor clinical outcomes. A new group or a new combination of 

criteria that may increase the identification of patients that are likely to have pneumonia caused 

by drug-resistant bacteria is still needed in order to improve empirical antibiotic selection and 

clinical outcomes. A thorough characterization of these patients might help in the construction 

of new models with better sensitivity and specificity to identify patients admitted to hospital 

from the community setting in whom the current treatment guidelines do not apply and that 

might need large spectrum antibiotic therapy.  

Objectives 

 The aim of the present study is to provide a thorough characterization of the patients 

admitted to a medical ward with pneumonia from the community (including those fulfilling the 

healthcare-associated pneumonia criteria2). 
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 This is a simplification of the objective proposed initially that was to identify 

independent risk factors for pneumonia caused by a pathogen resistant to current community-

acquired pneumonia treatment guidelines. 

 

Methods 

 Retrospective cohort study, including all consecutive adult patients admitted to a 

medical ward of Centro Hospitalar Universitário do Porto, between 1st March to 31st May 2018, 

from the community with the diagnosis of pneumonia.  

This study was approved by the institutional review board of Hospital de Santo António, 

Oporto University Hospital Centre (2019.271(219-DEFI/231-CE)), Porto, Portugal, and informed 

consent was waived due to the observational nature of the study.  

Demographic variables collected  

Demographic variables collected included sex, age, comorbidities (such as hematological 

cancer, metastatic cancer, immunosuppression, heart failure, chronic respiratory disease, 

chronic hepatic disease, chronic renal failure and diabetes mellitus) and the following possible 

risk factors for infection by a resistant microorganism were collected: hospitalization in the 

previous 90 days, antibiotic therapy in the prior 90 days, living in a nursing home or long term 

care facility, presence of chronic wounds, under chronic dialysis, previous instrumentation, using 

prosthesis or implanted devices, colonization by drug-resistant microorganisms, presence of 

nasogastric feeding tube, current medication with gastric acid neutralizers (proton-pump 

inhibitors, H2-antihistamine, sucralfate). 

Immunosuppression state was defined by either administration in the 12 months prior 

to hospital admission of chemotherapy, radiation therapy or the equivalent to 0,2mg/Kg/day 

prednisolone for at least 3 months or 1mg/Kg/day for a week in the previous 3 months to 

hospital admission or human immunodeficiency virus (HIV) infection. 

Metastatic cancer, haematological malignancy and acquired immunodeficiency 

syndrome – AIDS (HIV positive patient with a previous episode of Pneumocystis jirovecii 

pneumonia, Kaposi sarcoma, lymphoma, tuberculosis or toxoplasmosis) were recorded using 

SAPS II definitions. 8 
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Cirrhosis (documented histological with portal hypertension with upper digestive 

bleeding or previous episodes of encephalopathy or hepatic failure), chronic heart failure (class 

IV of the New York Heart Association), chronic pulmonary failure (patient needing home oxygen 

therapy, chronic obstructive pulmonary disease with chronic CO2 retention, pulmonary 

hypertension or right heart failure due to chronic respiratory disease) were defined according 

to Acute Physiology and Chronic Health Evaluation II definitions.9 

Chronic renal failure was defined as the need of chronic renal support or history of 

chronic renal insufficiency with a serum creatinine level over 2mg/dl); diabetes mellitus if they 

required insulin therapy or oral hypoglicemiants at the time of infection. 

Functional status was assessed through the Karnofsky Performance Status scale, that 

varies between a score of 0 (dead) and 100 (healthy, no symptoms or signs of disease); a score 

lower than 70 means that the patient needs help in at least some of his daily activities.10 

Acute disease characterization 

Pneumonia was defined by the presence of at least one respiratory symptom or sign 

(such as cough, sputum production, dyspnea, pleuritic chest pain, respiratory rate > 25 

breaths/minute or respiratory failure requiring mechanical ventilation), one or more signs or 

symptoms of infection (temperature > 38ºC or < 35.5ºC , white blood cell count > 15.000 

cells/mm3 or < 5.00 cells/mm3, febrile syndrome or altered mental status) and new radiological 

evidence of pneumonia (chest x-ray or computed tomography showing pulmonary 

consolidations, infiltrates or opacity).11 

Only secretions from the lungs, bronchi, or trachea that contained ≥25 neutrophils and 

≤10 squamous epithelial cells per low power field (x100) were considered a valid sample.  

Community acquired pneumonia was defined as the one detected within 48 hours of 

hospital admission in patients who did not fit the criteria for a healthcare-associated 

pneumonia.12  

Health care associated pneumonia was defined as pneumonia present at the time of 

hospital admission or within 48 hours of admission in patients that fulfilled any of the following 

criteria: administration of IV therapies at home, treatment of wounds or nursing care at home, 

IV therapies in the last 30 days, hemodialysis or chemotherapy in the last 30 days, previous 
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hospitalization for 2 or more days in the last 90 days and residents in nursing homes or in long-

term care facilities.13 

Patients who had been hospitalized in the previous 15 days were excluded from the 

study.  

Sepsis and septic shock were defined according to the The Third International Consensus 

Definitions for Sepsis and Septic Shock (Sepsis-3).14 

For the first day of pneumonia diagnosis the acute physiological score, SAPS II and the 

acute organ dysfunction (SOFA) score were calculated.8,15 For the calculation of SAPS II and total 

SOFA score, laboratory and clinical data not measured were assigned the value score of zero. 

Outcomes 

The initial empirical antibiotic treatment was considered “adequate” if the antibiotic 

prescribed within the first 24 hours matched in vitro susceptibility of a pathogen deemed to be 

the likely cause of infection and when the dosage and route of administration were appropriate 

for current medical status (focus and severity of infection); only patients with positive 

microbiology were considered in this analysis.  

Other outcome measures collected were hospital length of stay, status (dead or alive) 

at 28-days and hospital discharge. The presence of life-sustaining therapy decision was recorded 

in each patient. 

Statistical analysis 

 Categorical variables were described with absolute frequencies and percentages. 

Continuous variables were described as means and standard deviations (SD) or as medians and 

inter-quartile ranges (IQR) if they showed a skewed distribution. Student T-tests or Mann-

Whitney tests were used to compare continuous values. For categorical variables these 

comparisons were performed using Pearson χ2 test. 

The statistical analysis was performed in SPSS20 (SPSS Inc., Chicago IL). 
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Results 

General and microbiological data  

There were 50 patients included in this study, with a mean± SD age of 76±14 years and 

68% were males (table I). 

At least one comorbidity was present in 68% (n=34) of the patients, being diabetes 

mellitus the most frequent one (n=13, 26%); 48% (n=24) of the patients needed help in some of 

the daily activities measured by a Karnofsky performance scale score lower than 70 (table I). 

Possible risk factors for infection by drug resistant pathogens were present in 48% 

(n=24) of the patients, being current medication with gastric acid neutralizers and antibiotic 

therapy in the last 90 days the most frequents, present in 38% (n=19) and 30% (n=15) of the 

patients, respectively (table I). 

From all the patients included 74% were classified as community-acquired pneumonia 

and 26% as healthcare-associated pneumonia.  

Only 34% (n=17) of the patients had microbiological documentation: 32% (n=12) in CAP 

and 38% (n=5) in HCAP group. There was 1 polymicrobial (two microorganisms) infection in each 

group, 8% and 20%, respectively. In table II a detailed characterization of the microbiological 

profile is presented. Two patients (17%) in the CAP group and 3 (60%) in the HCAP group had an 

infection by a bacteria resistant to current CAP treatment guidelines (p= 0.117).  

All the patients with drug-resistant bacteria had at least one comorbidity versus 50% of 

the patients with sensitive bacteria (p=0.102) and at least one risk factor was present in every 

patient with resistant bacteria contrasting with only 33% of the patients infected with a sensitive 

bacteria (p=0.029). 

Pathogens were isolated from respiratory secretions in 41% (n=7), urinary antigens in 

41% (n= 7), blood cultures in 12% (n=2) and bronchoalveolar lavage in 6% (n=1) of the patients.  

 Initially prescribed antibiotic therapy scheme was combined in 56% of the patients 

(n=28) and monotherapy was used in 44% (n=22) (table III). In 68% (n=34) patients there was 

initial atypical agents’ coverage with azithromycin or levofloxacin and in 20% (n=10) anti-

pseudomonal initial coverage. 
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 Initial antibiotic scheme was change in 14 patients (table III), in 7 (50%) after obtaining 

the microbiological identification: to a narrow spectrum in 3 and to a broader spectrum in 4. 

The initial antibiotic therapy was adequate in 14 (82%) out of the 17 patients with 

microbiological documentation. 

Severity of acute disease  

 Among the 50 patients admitted to the medical ward with pneumonia, 42% had sepsis 

and 6% had septic shock. 

The mean±SD SAPS II score was 32±12 points and the mean±SD SOFA score was 3±2. 

The most frequent organ dysfunction was respiratory, present in 88% of the patients (table IV).  

Infection management 

Median (IQR) time between hospital door and doctor observation was 33 (19–70) 

minutes and from doctor observation to the diagnosis of pneumonia 56 (18-120) minutes.  

 Regarding the acute management of the pneumonia, blood cultures were done in 74% 

(n=37) of the patients; among patients with sepsis or septic shock only 58% (n=14) had blood 

cultures within the first hour of the diagnosis and antibiotic therapy was administered in the 

first hour of the diagnosis in 46% (n=11).  

 There were 11 patients that presented with hypotension, among those all had lactate 

measurement, 10 within the first 3h after the diagnosis, of the 3 patients that had an initial 

serum lactate higher than 2 mmol/l all had lactate monitoring by at least one additional 

measurement. Six had fluids administration and there was favourable clinical response in all.  

Outcomes 

 The median (IQR) hospital length of stay was 9 (6-14) days, 9 (6-15) days in patients with 

pneumonia by a microorganism sensitive to current treatment guidelines and 16 (14-22) in those 

with a resistant microorganism (p=0.280).  

Hospital and 28-days mortality rates were 12% (n=6), 8% (n=1) among those infected 

with a sensitive microorganism and 20% (n=1) among those with a resistant pathogen (p=1.000). 
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Risk factors for hospital mortality are presented in table VI. A Karnofsky score lower than 

70, antibiotic therapy and hospitalization in the 90 days prior to hospital admission, having a 

higher SAPS II or SOFA scores in the first day of admission, healthcare-associated pneumonia 

and the presence of a life-sustaining therapy decision on admission were associated with higher 

28-day and hospital mortality rate (table VI). 
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Discussion 

 In this study of 50 patients admitted from the community with pneumonia, there were 

no comorbidities or risk factors significantly associated with infection by drug-resistant 

pathogens, although a higher proportion of patients with chronic respiratory disease, diabetes 

mellitus, antibiotic therapy in the previous 90 days, hospitalization for 2 or more days in the 

previous 90 days, living in a nursing home or healthcare facility and/or current therapy with 

gastric acid neutralizers, had an infection by a pathogen resistant to current CAP treatment 

guidelines.  

The association of comorbidities such as chronic respiratory disease, diabetes, 

congestive heart failure, dementia, cerebrovascular disease and immunosuppression with 

infection by drug-resistant pathogens has also been described by similar studies .17,18 

Although no association with particular risk factors could be found, the presence of one 

or more risk factors was associated with infection by drug-resistant bacteria. Patients meeting 

the classical HCAP definition had a higher proportion of drug resistant pathogens when 

compared with patients with CAP, although not reaching statistical significance, which was 

expected considering that the definition relies in nearly half of the risk factors described 

previously.2  

Streptococcus pneumoniae was the most common pathogen documented (12%), which 

is accordance with similar studies from Europe16,19,20, although other studies, mainly from the 

United States, identified Pseudomonas spp. and Staphylococcus aureus as the most frequent 

pathogens.21,24 In this study, 26% of the isolations were resistant to common CAP recommended 

antibiotics, but the frequency of drug-resistant bacteria varies largely among studies7,24. The 

variation in the microbiological profile and in the drug-resistant bacteria proportion is highly 

influenced by the heterogeneous populations used in different studies5. 

Empirical antibiotic therapy was directed towards atypical agents in two-thirds of the 

patients as recommended in the guidelines and this group presented lower mortality rate when 

compared with the group of patients without atypical coverage, although not reaching statistical 

significance. Other studies have also showed lower mortality rates when atypical coverage was 

applied.25,26 The opposite was verified with empirical coverage for Pseudomonas spp.. Some 

studies suggested that the use of empiric broad-spectrum antibiotics was associated with higher 

mortality rates.27,28 Treating patients with HCAP on empirical broad-spectrum antibiotics was 
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associated with improved outcomes in the study by Falcone et al. 29, reinforcing the need to 

clarify which patients really benefit from specific broad-spectrum antibiotic therapy. 

Etiological investigation was successful in only one-third of the patients; pathogen 

identification was done mostly in respiratory secretions and urine antigens. Broad spectrum 

antibiotics were applied in 20% of the patients, with higher percentage in those with 

documented drug-resistant bacteria. However, initial empiric antibiotic therapy had to be 

changed according to in vitro susceptibility in nearly half of the patients, reinforcing the 

importance of pursuing the etiologic diagnosis.  

Regarding severity of the disease, nearly half of the patients were admitted in sepsis or 

septic shock. However, only a small proportion of those had blood cultures and antibiotic 

therapy started in the first hour. This is not in accordance with SSC recommendations, and 

although compliance with individual measures was not associated with hospital outcome it 

shows the need to reinforce good practices in these fields among healthcare practitioners, 

namely doctors and nurses. 

As expected, elderly patients and those with more severe acute presentations of disease 

(measured by SOFA and SAPS II scores) had higher mortality rates. This is in accordance with 

other studies that identified age, severity of the disease and coexisting comorbidities as risk 

factors for death.30,31,32  

Patients with HCAP showed higher mortality (38%) than those with CAP (3%, p=0,003), 

which is according to most studies regarding HCAP outcomes. 16,17, 19,21,22,23  

Study limitations 

This study has several limitations. First, the sample of 50 patients is too small to allow 

any firm conclusion to be drawn from group comparisons. Second, the identification of the 

microorganism(s) responsible for the infection in only one third of the sample precludes the 

persecution of the original goal of identifying independent risk factors for pneumonia caused by 

resistant pathogens. Third, being a retrospective cohort study the information collected is 

limited to the information previously recorded in the patient medical file. 

Strengths 
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The case-report form contained extensive and detailed information and the 

methodology was adequate to the objectives initially proposed. This study could serve as a pilot 

study for a new one that would include more patients and achieve the original goals of this study.  

  



11 
 

Conclusion 

 This study provided a detailed characterization of a small group of patients with 

pneumonia admitted from the community. The presence of at least one risk factor was 

associated with higher rate of infection by a drug resistant pathogen, but not the definition of 

HCAP, reinforcing the clinical relevance of identifying this group of patients and optimize their 

treatment. This study should be repeated with a larger sample in order to identify specific risk 

factors for infection with bacteria resistant to current CAP treatment guidelines.  

  



12 
 

References 

1. OECD/EU (2018), Health at a Glance: Europe 2018 – State of Health in the EU Cycle, 
OECD Publishing, Paris. 

2. American Thoracic Society; Infectious Diseases Society of America. Guidelines for the 
management of adults with hospital-acquired, ventilator-associated, and healthcare-
associated pneumonia. Am J Respir Crit Care Med. 2005;171(4):388‐416. 

3. Yakovlev SV, Stratchounski LS, Woods GL, et al. Ertapenem versus cefepime for initial 
empirical treatment of pneumonia acquired in skilled-care facilities or in hospitals 
outside the intensive care unit. Eur J Clin Microbiol Infect Dis. 2006;25(10):633‐641. 

4. Fujitani S, Yu VL. A new category--healthcare-associated pneumonia: a good idea, but 
problems with its execution. Eur J Clin Microbiol Infect Dis. 2006;25(10):627‐631 

5. Brito V, Niederman MS. Healthcare-associated pneumonia is a heterogeneous disease, 
and all patients do not need the same broad-spectrum antibiotic therapy as complex 
nosocomial pneumonia. Curr Opin Infect Dis (2009); 22:316–25. 

6. Torres A, Chalmers JD, Dela Cruz CS, et al. Challenges in severe community-acquired 
pneumonia: a point-of-view review. Intensive Care Med. 2019;45(2):159‐171. 

7. Self WH, Wunderink RG, Williams DJ, Barrett TW, Baughman AH, Grijalva CG. 
Comparison of clinical prediction models for resistant bacteria in community-onset 
pneumonia. Acad Emerg Med. 2015;22(6):730‐740. 

8. Le Gall JR, Lemeshow S, Saulnier F: A new Simplified Acute Physiology Score (SAPS II) 
based on a European/North American multicenter study. JAMA 1993, 270(24):2957-
2963. 

9. Knaus WA, Draper EA, Wagner DP, Zimmerman JE: APACHE II: a severity of disease 
classification system. Crit Care Med 1985, 13(10):818-829. 

10. Karnofsky DA, Burchenal JH: "The Clinical Evaluation of Chemotherapeutic Agents in 
Cancer." In: Evaluation of Chemotherapeutic Agents Edited by CM M: Columbia Univ 
Press.; 1949, 196. 

11. Horan TC, Andrus M, Dudeck MA. CDC/NHSN surveillance definition of health care-
associated infection and criteria for specific types of infections in the acute care setting. 
American journal of infection control. 2008;36(5):309-32. Epub 2008/06/10 

12. Mandell LA, Wunderink RG, Anzueto A, 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 Suppl 2(Suppl 2):S27‐
S72. 

13. Friedman ND, Kaye KS, Stout JE, McGarry SA, Trivette SL, Briggs JP, et al. Health care--
associated bloodstream infections in adults: a reason to change the accepted definition 
of community-acquired infections. Ann Intern Med. 2002;137(10):791-7. Epub 
2002/11/19. 

14. Singer M, Deutschman CS, Seymour CW, et al. The Third International Consensus 
Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA.2016;315(8):801‐810. 

15. Vincent JL, Moreno R, Takala J, Willatts S, De Mendonca A, Bruining H, Reinhart CK, Suter 
PM, Thijs LG: The SOFA (Sepsis-related Organ Failure Assessment) score to describe 
organ dysfunction/failure. On behalf of the Working Group on Sepsis-Related Problems 
of the European Society of Intensive Care Medicine. Intensive Care Med 1996, 22(7):707-
710. 

16. Maruyama T, Fujisawa T, Okuno M, et al. A new strategy for healthcare-associated 
pneumonia: a 2-year prospective multicenter cohort study using risk factors for 
multidrug-resistant pathogens to select initial empiric therapy. Clin Infect Dis. 
2013;57(10):1373‐1383. 



13 
 

17. Shindo Y, Ito R, Kobayashi D, et al. Risk factors for drug-resistant pathogens in 
community-acquired and healthcare-associated pneumonia. Am J Respir Crit Care Med. 
2013;188(8):985‐995 . 

18. Henig O, Kaye KS. Bacterial Pneumonia in Older Adults. Infect Dis Clin North Am. 
2017;31(4):689‐713. 

19. Carratalà J, Mykietiuk A, Fernández-Sabé N, et al. Health care-associated pneumonia 
requiring hospital admission: epidemiology, antibiotic therapy, and clinical 
outcomes. Arch Intern Med. 2007;167(13):1393‐1399. 

20. Martínez-Moragón E, García Ferrer L, Serra Sanchis B, Fernández Fabrellas E, Gómez 
Belda A, Julve Pardo R. La neumonía adquirida en la comunidad de los ancianos: 
diferencias entre los que viven en residencias y en domicilios particulares [Community-
acquired pneumonia among the elderly: differences between patients living at home 
and in nursing homes]. Arch Bronconeumol. 2004;40(12):547‐552. 

21. Micek ST, Kollef KE, Reichley RM, Roubinian N, Kollef MH. Health care-associated 
pneumonia and community-acquired pneumonia: a single-center 
experience. Antimicrob Agents Chemother. 2007;51(10):3568‐3573. 

22. Rothberg MB, Haessler S, Lagu T, et al. Outcomes of patients with healthcare-associated 
pneumonia: worse disease or sicker patients?. Infect Control Hosp Epidemiol. 2014;35 
Suppl 3(0 3):S107‐S115. 

23. Kollef MH, Shorr A, Tabak YP, Gupta V, Liu LZ, Johannes RS. Epidemiology and outcomes 
of health-care-associated pneumonia: results from a large US database of culture-
positive pneumonia [published correction appears in Chest. 2006 
Mar;129(3):831]. Chest. 2005;128(6):3854‐3862. 

24. Shorr AF, Zilberberg MD, Micek ST, Kollef MH. Prediction of infection due to antibiotic-
resistant bacteria by select risk factors for health care-associated pneumonia. Arch 
Intern Med. 2008;168(20):2205‐2210. 

25. Yu Y, Fei A. Atypical pathogen infection in community-acquired pneumonia. Biosci 
Trends. 2016;10(1):7‐13. 

26. Eljaaly K, Alshehri S, Aljabri A, et al. Clinical failure with and without empiric atypical 
bacteria coverage in hospitalized adults with community-acquired pneumonia: a 
systematic review and meta-analysis. BMC Infect Dis. 2017;17(1):385. Published 2017 
Jun 2 

27. Webb BJ, Sorensen J, Jephson A, Mecham I, Dean NC. Broad-spectrum antibiotic use and 
poor outcomes in community-onset pneumonia: a cohort study. Eur Respir J. 
2019;54(1):1900057. Published 2019 Jul 4 

28. Jones BE, Ying J, Stevens V, et al. Empirical Anti-MRSA vs Standard Antibiotic Therapy 
and Risk of 30-Day Mortality in Patients Hospitalized for Pneumonia. JAMA Intern 
Med. 2020;180(4):552–560. 

29. Falcone M, Corrao S, Licata G, Serra P, Venditti M. Clinical impact of broad-spectrum 
empirical antibiotic therapy in patients with healthcare-associated pneumonia: a 
multicenter interventional study. Intern Emerg Med. 2012;7(6):523‐531. 

30. Garcia-Vidal C, Fernández-Sabé N, Carratalà J, et al. Early mortality in patients with 
community-acquired pneumonia: causes and risk factors. Eur Respir J 2008;32:733-9. 

31. Fine MJ, Smith MA, Carson CA, et al. Prognosis and outcomes of patients with 
community-acquired pneumonia. A meta-analysis. JAMA 1996;275:134-41. 

32. Lim WS, van der Eerden MM, Laing R, et al. Defining community acquired pneumonia 
severity on presentation to hospital: an international derivation and validation study. 
Thorax 2003;58:377-82. 

   



14 
 

Table I. Characterization of the total group of patients comparing those infected with bacteria 
sensitive with those infected with bacteria resistant to current CAP treatment guidelines 

 Total, 

n= 50 

Patients with 

sensitive 

bacteria, n=12 

Patients with 

resistant 

bacteria, n=5 

P 

value 

Age, mean ±SD 76±14 76±12 74±16 0.879* 

Male sex, n (%) 34 (68) 10 (83) 2 (40) 0,538& 

HCAP, n (%) 13 (26) 2 (17) 3 (60) 0.117& 

Haematologic cancer, n (%) 3 (6)  2 (17) 0 (0) --- 

Metastatic cancer, n (%) 1 (2) 0 (0) 0 (0) --- 

Immunosuppression, n (%) 5 (10) 1 (8) 0 (0) --- 

Heart failure, n (%) 4 (8) 0 (0) 0 (0) --- 

Chronic respiratory disease, n (%)  4 (8) 1 (8) 1 (20) 1,000& 

Chronic hepatic disease, n (%) 2 (4) 1 (8) 0 (0) --- 

Chronic renal failure, n (%) 1 (2) 0 (0) 0 (0) --- 

Diabetes mellitus, n (%) 13 (26) 2 (17) 2 (40) 0,538& 

Karnofsky performance scale <70, n 

(%) 

24 (48) 6 (50) 3 (60) 1,000& 

Antibiotic therapy in the prior 90 days, 

n (%) 

15 (30) 3 (25) 4 (80) 0,101& 

Hospitalization for 2 or more days in 

the prior 90 days, n (%) 

10 (20) 2 (17) 3 (60) 0,117& 

Living in a nursing home or long-term 

care facility, n (%) 

6 (12%) 1 (8) 1 (20) 1,000& 

Previous instrumentation, n (%) 5 (10%) 1 (8) 0 (0) --- 

Colonization by drug-resistant 

microorganism, n (%) 

1 (2%) 0 (0) 1 (20)  --- 

Chronic wounds, n (%) 2 (4%) 0 (0) 1 (20)  --- 

Prosthesis or implanted displays, n (%) 5 (10%) 0 (0) 0 (0) --- 

Under chronic dialysis, n (%)  0 (0) 0 (0) 0 (0) --- 

Presence of nasogastric feeding tube, 

n (%) 

0 (0) 0 (0) 0 (0) --- 

Skin and soft tissue infection 1 (2) 0 (0) 1 (20) --- 
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Current medication with gastric acid 

neutralizers, n (%) 

19 (38) 4 (33) 3 (60) 0,593& 

Decision to limit life-sustaining 

therapy present on hospital 

admission, n (%) 

19 (38) 2 (17) 4 (40) 1.000& 

 

*U Mann-Whitney test; & - Fisher exact test;  
CAP – community-acquired pneumonia; SD – standard deviation; HCAP – healthcare-
associated pneumonia 
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Table II. Microbiological characterization of all pneumonias, comparing CAP with HCAP 
 

Total, n=19  Patients with 

CAP, n=13 

Patients with 

HCAP, n=6 

Streptococcus pneumoniae, n (%) 7 (37) 6 (46) 1 (17) 

Pseudomonas aeruginosa, n (%) 3 (16) 2 (15) 1 (17) 

Haemophilus influenza, n (%) 2 (11) 2 (15) 0 (0) 

Influenza, n (%) 2 (11) 2 (15) 0 (0) 

MSSA, n (%) 2 (11) 1 (8) 1 (17) 

MRSA, n (%) 1 (5) 0 (0) 1 (17) 

Streptococcus agalactiae, n (%) 1 (5) 0 (0) 1 (17) 

Klebsiella pneumoniae (ESBL), n (%) 1 (5) 0 (0) 1 (17) 

Infection by two pathogens, n (%) 2 (11) 1 (8) 1 (17) 

Drug-resistant microorganism, n (%) 5 (26) 2 (17) 3 (50) 

 

MSSA – methicillin-susceptible Staphylococcus aureus; MRSA - methicillin-resistant 

Staphylococcus aureus; ESBL - extended-spectrum beta-lactamases   
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Table III. Characterization of the first intention antibiotic treatment scheme 

 
Total, n=50 

Amoxicillin/clavulanate + azithromycin, n (%) 19 (38) 

Amoxicillin/clavulanate, n (%) 4 (8) 

3rd generation non-pseudomonal cephalosporin + azithromycin, n (%) 7 (14) 

3rd generation non-pseudomonal cephalosporin, n (%)  3 (6) 

Piperacillin/tazobactam, n (%) 8 (16) 

Piperacillin/tazobactam + gentamicin, n (%) 1 (2) 

Piperacillin/tazobactam + azithromycin, n (%) 1 (2) 

Levofloxacin, n (%) 7 (14) 

  

Change of initial empiric antibiotic therapy, n (%) 14 (28) 

     Targeted to microbiological profile, n (%) 7 (50) 

     No clinical response or deterioration, n (%) 5 (36) 

     Other, n (%) 2 (14) 
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Table IV. Characterization of the severity of the acute disease 

Acute disease characterization Total, n= 50 

Severity of the disease  

Infection (without organ dysfunction), n (%) 26 (52) 

Sepsis, n (%) 21 (42) 

Septic shock, n(%) 3 (6) 

SAPS II, mean±SD 32±12 

SOFA, mean±SD 3±2 

0, n(%) 4 (8) 

1, n(%) 5 (10) 

2, n(%) 7 (14) 

3, n(%) 13 (26) 

4, n(%) 10 (20) 

5, n(%) 6 (12) 

6, n(%) 3 (6) 

7, n(%) 1 (2) 

12, n(%) 1 (2) 

Respiratory (ratio PaO2/FIO2)  

>400, n(%) 6 (12) 

300-400, n(%) 8 (16) 

200-300, n(%) 19 (38) 

100-200, n(%) 13 (26) 

<100, n(%) 4 (8) 

Coagulation (platelets 103/mm3)  

>150, n(%) 45 (90) 

100-150, n(%) 5 (10) 

Liver (bilirubin mg/dl)  

<1.2, n(%) 47 (94) 

1.2-1.9, n(%) 3 (6) 

Cardiovascular  

No hypotension, n(%) 39 (78) 

MAP < 70, n(%) 10 (20) 

Dopamine <15 or norepinephrine <0.1, n(%) 1 (2) 
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CNS (Glasgow coma score)  

15 , n(%) 36 (72) 

13-14, n(%) 8 (16) 

10-12, n(%) 3 (6) 

6-9, n(%) 3 (6) 

<6, n(%) 0 (0) 

Renal (creatinine, mg/dl)  

<1.2, n(%) 33 (66) 

1.2-1.9, n(%) 12 (24) 

2.0-3.4, n(%) 3 (6) 

3.5-4-9, n(%) 1 (2) 

>5, n(%) 1 (2) 

SAPS – simplified acute physiology score; SD – standard deviation; SOFA – sequential organ failure 

assessment score; PaO2 – partial pressure of oxygen; FiO2 – fraction of inspired oxygen; MAP – mean 

arterial pressure; CNS – central nervous system 
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Table V. Management of pneumonia according to the Surviving Sepsis Campaign 

recommendations 

Action All patients, n=50 Patients with sepsis and 
septic shock, n=24 

Blood cultures after the 
diagnosis, n (%) 

  

In the 1st h 26 (70) 14 (58) 

In the first 3 h 4 (11) 2 (8) 

More than 3h 7 (14) 1 (4) 

Antibiotic administration after 
the diagnosis, n (%) 

  

In the 1st h 19 (38) 11 (46) 

In the first 3 h 10 (20) 6 (25) 

In the first 6h 7 (14) 2 (8) 

More than 6h 14 (28) 5 (21) 

Lactate measure, n (%)  47 (94) 24 (100) 

In the first 3 h 46 (98) 23 (96) 

Fluid administration if 
hypotension, n (%) 

6 (12)  3 (13) 
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Table VI. Risk factors for hospital mortality 

 Total, 

n= 50 

Alive, 

n=44 

Dead, 

n=6 

P 

value 

Age, mean ±SD 76±14 75±14 84±5 0,060* 

Male sex, n (%) 34 (68) 30 (68) 4 (67) 1,000& 

HCAP, n (%) 13 (26) 8 (18) 5 (83) 0,003& 

Haematologic cancer, n (%) 3 (6) 2 (5) 1 (17) 0,324& 

Metastatic cancer, n (%) 1 (2) 0 (0) 1 (17) 0,120 

Immunosuppression, n (%) 5 (10) 4 (9) 1 (17) 0,487& 

Heart failure, n (%) 4 (8) 4 (9) 0 (0) --- 

Chronic respiratory disease, n (%)  4 (8) 4 (9) 0 (0) --- 

Chronic hepatic disease, n (%) 2 (4) 1 (2) 1 (17) 0,228& 

Chronic renal failure, n (%) 1 (2) 1 (2) 0 (0) --- 

Diabetes mellitus, n (%) 13 (26) 11 (5) 2 (33) 0,643& 

Karnofsky performance scale <70, n (%) 24 (48) 19 (43) 5 (83) 0,093& 

Antibiotic therapy in the prior 90 days, n (%) 15 (30) 11 (5) 4 (67) 0,058& 

Hospitalization for 2 or more days in the 

prior 90 days, n (%) 

10 (20) 6 (14) 4 (67) 0,011& 

Living in a nursing home or longterm care 

facility, n (%) 

6 (12) 4 (9) 2 (33) 0,146& 

Previous instrumentation, n (%) 5 (10) 4 (9) 1 (17) 0,487& 

Colonization by drug-resistant 

microorganism, n (%) 

1 (2) 1 (2) 0 (0) --- 

Chronic wounds, n (%) 2 (4) 1 (2) 1 (17) 0,228& 

Prosthesis or implanted displays, n (%) 5 (10) 4 (9) 1 (17) 0,487& 

Skin and soft tissue infection 1 (2) 0 (0) 1 (17) --- 

Current medication with gastric acid 

neutralizers, n (%) 

19 (38) 16 (36) 3 (50) 0,661& 

Drug-resistant microorganism, n (%) 5 (10) 4 (9) 1 (17) 0,515& 

Severity of the disease     

Infection (without organ dysfunction), n (%) 24 (48) 21 (48) 3 (50) 1,000& 

Sepsis, n (%) 21 (42) 18 (41) 3 (50) 0,686& 

Septic shock, n(%) 3 (6) 3 (7) 0 (0) --- 
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SAPS II, mean±SD 32±12 31±12 45±8 0,011* 

SOFA, mean±SD 3±2 3±2 6±3 0,012* 

Blood cultures in the first hour after the 

diagnosis, n (%) 

26 (70) 23 (52) 3 (50) 1,000& 

ATB administration in the first hour after the 

diagnosis, n (%) 

19 (38) 15 (34) 4 (67) 0,184& 

Lactate measurement In the first 3 h 46 (98) 40 (91) 6 (100) 1,000& 

Adequate initial ATB therapy among 17 

microbiological documented pneumonias, n 

(%) 

14/17 

(82) 

14/15 

(93) 

1/2 

(50) 

1,000& 

Initial Pseudomonal ATB coverage 10 (20) 7 (16) 3 (50) 0,086& 

Initial atypical pathogens ATB coverage 34 (68) 32 (73) 2 (33) 0,074& 

Decision to limit life-sustaining therapy 

present on hospital admission, n (%) 

19 (38) 13 (30) 6 (100) 0,002& 

 
*U Mann-Whitney test; & - Fisher exact test; 
SD – standard deviation; HCAP – healthcare-associated pneumonia; SAPS – simplified acute 
physiology score ; SOFA – sequential organ failure assessment score; ATB - antibiotic  

 


