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ABSTRACT
Introduction: Community acquired pneumonia (CAP) is the most common infective pul-
monary disease. Objective: To show the most common detected bacteria in bacterial cul-
ture of sputum in patients with CAP hospitalized in Clinic for Pulmonary Diseases and TB 
“Podhrastovi” in four-year period: from 2012 to 2015. Material and methods: This is the 
retrospective analysis. Each patient gave sputum 3 days in a row when admitted to hos-
pital. Sputum has been examined: bacterial culture with antibiotics sensitivity, Gram stain, 
Mycobacterium tuberculosis; in cases with high temperature blood cultures were done; 
when we were suspicious about bronchial carcinoma bronchoscopy with BAL (bronchoal-
veolar lavage) was done. We show analyzed patients according to age, sex, whether they 
had pneumonia or bronchopneumonia, bacteria isolated in sputum and in BAL. Results: 
360 patients with CAP were treated in four-year period (247 males and 113 females). 167 
or 43, 39 % had pneumonia (119 males and 48 females). Number of males was significant-
ly bigger (χ2 = 30,186; p<0,001). 193 or 53, 61 % had bronchopneumonia (128 males and 
65 females). Number of males was significantly bigger (χ2 = 20,556; p<0,001). Number 
of patients with negative bacterial culture of sputum (131–78, 44%) was significantly big-
ger than number of patients with positive culture (36–21, 56%) (χ2 = 50,042; p<0,001) in 
pneumonia. Number of patients with negative bacterial culture of sputum (154- 79, 79%) 
was significantly bigger than number of patients with positive culture (39- 20, 21%) (χ2 
= 68,523; p<0,001) in bronchopneumonia. Streptococcus pneumoniae was significantly 
most common detected bacterium compared with the number of other isolated bacteria; 
in pneumonia (χ2 =33,222; p<0,001) and in bronchopneumonia (χ2 =51,231; p<0,001). 
Conclusion: It is very important to detect the bacterial cause of CAP to administrate the 
targeted antibiotic therapy.
Key words: CAP, bacterial sputum culture.

1. INTRODUCTION
Pneumonia is as an infection of 

lung parenchyma (1, 2). Pneumonia 
is an acute illness with symptoms 
and signs of consolidation in the 
chest or new changes on the chest 
X-ray. It is usually caused by bacteria 
(1, 2).

Pneumonia is classified on the ba-
sis of:

• The circumstances in which 
it originates (community or 
hospital acquired pneumonia 

or pneumonia in immuno-
compromised hosts);

• Anatomy (lobar pneumonia 
or bronchopneumonia);

• Organisms causing pneumo-
nia (bacterial, atypical, viral, 
fungal, protozoan).

• It is now common to use the 
first classification because the 
anatomical site is of limited 
benefit in treatment and the 
causing organisms may be un-
detected (1-5).
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Lobar pneumonia occurs when organisms colonize al-
veolar spaces, bronchopneumonia when organisms col-
onize bronchi and extend in alveoli (1, 2).

The lung and tracheobronchial tree are usually sterile 
below the larynx. An infecting agent reaches this site via 
breach in host defenses. This may be by micro-aspiration 
from upper airways or mouth, haematogenous spread, 
spread from an adjacent structure, inhalation, activation 
of previously hidden infection (2, 5, 6).

Factors that undermine the lung’s defense increase the 
risk of pneumonia: aspiration, cigarette smoking, alco-
holism, corticosteroids/immunosuppression; comorbid-
ities: COPD, cardiovascular diseases, chronic kidney or 
liver disease, cancer, diabetes, dementia, cerebrovascular 
diseases, immunodeficiency, use of gastric acid-suppres-
sive medications (7), nursing home residents. The risk of 
aspiration is increased by alcoholism, anesthesia, neu-
rological diseases, and disorders of the gastrointestinal 
tract (8). Mixed flora including anaerobes is involved 
in many cases (9, 10). Smoking is associated with an in-
creased frequency of CAP because smoking alters muco-
ciliary transport, humoral and cellular defenses, affects 
epithelial cells, and increases adhesion of bacteria to ep-
ithelium (11). Alcohol facilitates bacterial colonization 
of the oropharynx, impairs cough reflexes and cellular 
defenses and alters swallowing and mucociliary trans-
port (12). The most frequent comorbidity associated is 
COPD because of alterations in mechanical and cellular 
defenses (13).

CAP is usually caused by Gram-positive, hospital ac-
quired pneumonia by Gram-negative bacteria (1). The 
etiological agent cannot be predicted from clinical fea-
tures; some features are more likely associated with one 
bacterium than another (1, 2).

• Streptococcus pneumoniae (the pneumococ-
cus): causes a high mortality; the most frequently 
identified, commonest in winter; elderly, comor-
bidity (especially cardiovascular); acute onset, 
high fever, pleural pain, dry or no cough, female; 
bacteremic Streptococcus pneumoniae: alcohol-
isms, diabetes, COPD.

• Mycoplasma pneumonia: usually in young pa-
tients; many extrapulmonary manifestations as 
hemolysis, hepatitis, skin and joint problems.

• Influenza: epidemic, common in the winter, 
pneumonia in 3% of cases. Staphylococcus aureus, 
Streptococcus pneumoniae, Haemophilus infuen-
zae occur secondarily; 10% of those admitted to 
hospital have Staphylococcus aureus infection; pa-
tients with underlying lung disease.

• Legionella pneumophila: Gram negative; found 
in cooling towers and air conditioning; high mor-
tality; common in the autumn. Younger patients, 
smokers, no comorbidity, neurological symptoms, 
abnormal liver enzymes and raised creatine ki-
nase.

• Chlamydia pneumoniae: epidemics; it is not 
clear whether it has a direct role, or is an associ-
ated infectious agent. Headache is very common.

• Haemophilus influenzae: Gram negative; com-
mon associated with exacerbations of COPD.

• Viruses other than influenza.
• Staphylococcus aureus: Gram positive; often 

follows flu; commonest in winter. Coincident in-
fluenza infection in 39% of those requiring hos-
pital admission, alcoholics and patients with mi-
tral valve disease are susceptible; often cavitating 
pneumonia; often fatal.

• Klebsiella pneumoniae: Gram negative; often in 
alcoholics; often cavitates, low platelet count and 
leukopenia, male.

• Chlamydia psittaci: acquired from birds and an-
imals, 20% of cases have a history of bird contact. 
Human-to-human spread may occur.

• Coxiella burnetii (Q fever): epidemics; animal 
sources (usually sheep), occupational exposure 
only present in 8%.

• Acinetobacter: elderly, often history of alcohol-
ism or mechanical ventilation.

• Streptococcus milleri: dental or abdominal 
source of infection.

• Streptococcus viridians: aspiration.
For any pathogen, the severity of disease is determined 

by the subject’s age and the presence and type of coexist-
ing illness (14).

Investigations for CAP:  chest x-ray, sputum-bacterial 
culture and Gram stain (15), blood culture ( low sensitiv-
ity, high specificity), pleural fluid-culture, bronchoscopy 
with BAL , blood gas analysis, CT- chest, blood tests: a 
white cell count (WCC) >15 x 109suggests bacterial in-
fection; counts of >20 or <4 indicate severe infection (1). 
Deranged renal and liver function tests indicate severe 
infection, or underlying disease (1, 2); C-reactive protein 
(CRP) is very useful. If CRP does not fall by >50% at 4 
days it suggests treatment failure or the development of 
a complications (2).

There are specific serological tests for Pneumococcal 
pneumonia; Legionnaires’ disease;  Mycoplasma pneu-
monia; Chlamydia pneumonia; Influenza A and B, ade-
novirus, respiratory syncytial virus (RSV); Coxiella bur-
netii (1, 2).

Antibiotic treatment should be started immediately, 
without waiting for microbiology results.

2. OBJECTIVE
To show the most common detected bacteria in spu-

tum of patients with CAP treated in Clinic for pulmo-
nary diseases and TB “Podhrastovi” in four-year period : 
from 2012 - 2015 year.

3. MATERIAL AND METHODS
This is the retrospective study. We analyzed the micro-

biological findings of sputum in patients with CAP treat-
ed in Clinic for pulmonary diseases and TB “Podhrastovi” 
in four-year period. Most of these patients (74%) were 
previously treated with antibiotics in community by fam-
ily doctor or a pulmonologist. Each patient gave sputum 
3 days in a row when admitted to hospital. Sputum has 
been examined in Department for microbiology of Clin-
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ical Center - bacterial culture with antibiotics sensitivi-
ty and Gram stain, and for Mycobacterium tuberculosis 
to exclude TB in Microbiological laboratory of Clinic 
“Podhrastovi”; in severe cases with high temperature 
blood cultures were done; when we had doubts about di-
agnosis bronchoscopy with BAL was done and material 
was tested for bacterial culture and cytological analysis 
was done. We show analyzed patients according to age, 
sex, whether they had pneumonia or bronchopneumo-
nia, bacteria isolated in sputum and BAL.

4. RESULTS
In four-year period (from 2012 to 2015) 10128 patients 

were treated in Clinic “Podhrastovi”. and 360 or 3,56 % 
of them had CAP. There were 167 patients with pneu-
monia, and 193 with bronchopneumonia. The difference 
of patients with pneumonia and bronchopneumonia 
is not significant (p=0,171). There were 247 males and 
113 females. Number of males is significantly bigger (χ2 
=49,878; p<0,001). 167 or 43, 39 % of patients had pneu-
monia (119 males and 48 females). Number of males was 
significantly bigger (χ2 = 30,186; p<0,001). 193 or 53, 61 
% of patients had bronchopneumonia (128 males and 
65 females). Number of males was significantly bigger 
(χ2 = 20,556; p<0,001) (Figure 1). There were 119 males 
(41,18% of males) average aged of 55,56± 2,34 years with 
pneumonia and 128 (51,82% of males ) average aged 
58,78 ± 3,18 years with bronchopneumonia. There were 
48 females (42,48% of females) average aged 60,75 ± 1,19 
years with pneumonia and 65 (57,52% of females) aver-
age aged 61,63 ± 2,08 years with bronchopneumonia.

Of 167 patients with pneumonia 131 (78, 44%) had neg-
ative bacterial culture of sputum; 36 (21, 56 %) patients 
had positive culture. Number of patients with negative 
culture was significantly bigger (χ2 = 50,042; p<0,001).

Of 193 patients with bronchopneumonia 154 (79,79 
%) had negative bacterial culture of sputum; 39 (20,21%) 
patients had positive culture. Number of patients with 
negative culture was significantly bigger (χ2=68,523; 
p<0,001).

We found Streptococcus pneumoniae in 16 patients 
with pneumonia (PN) and in 17 with bronchopneumo-
nia (BPN), Klebsiella pneumoniae in 8 patients with PN 
and 8 with BPN, Staphylococcus aureus in 3 PN and 1 
BPN, Pseudomonas aeruginosa in 3 PN and 3 BPN, Esch-
erichia colli in 1 PN and 3 BPN, Enterobacter cloacae in 
4 PN and 4 BPN, Proteus mirabilis in 1 PN and 1 BPN, 

Acinetobacter baumannii in 1 BPN, Citrobacter freundii 
in 1 BPN, normal flora was in 131 with PN and 154 with 
BPN (Figure 2).

The most common detected bacterium was Strepto-
coccus pneumoniae (16 patients with PN, 17 with BPN). 
Normal flora was found in 131 patients with PN and 154 
with BPN. Streptococcus pneumoniae was significantly 
most common detected bacterium compared with oth-
er bacteria; in PN (χ2 =33,222; p<0,001) and in BPN (χ2 
=51,231; p<0,001).

In 360 patients with CAP etiological agent was detect-
ed in 75 or in 20, 83 %.

In patients with pneumonia there were 9,58 % patients 
with Streptococcus pneumoniae in sputum, 4,79% with 
Klebsiella pneumoniae, 1,8% with Staphylococcus au-
reus, 1,8% Pseudomonas aeruginosa, 0,6% Escherichia 
colli, 2,4% Enterobacter cloacae, 0,6% Proteus mirabilis , 
normal flora was detected in 78,44% (Figure 3).

As presented on Figure 3, 78, 44% of patients with 
pneumonia had normal flora. In 9, 58% Streptococcus 
pneumoniae was detected .That was significantly bigger 
than other isolated bacteria (χ2 =33,222; p<0,001).

In patients with bronchopneumonia there were 8,8 
% patients with Streptococcus pneumoniae in sputum, 
4,15% with Klebsiella pneumoniae, 0,52% with Staphy-
lococcus aureus, 1,55% Pseudomonas aeruginosa, 1,55% 
Escherichia colli, 2,07% Enterobacter cloacae, 0,52% 
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Figure 1. Patients with CAP: type of pneumonia, sex and age 
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Legend: PN= pneumonia, BPN= bronchopneumonia  
 Figure 1. There were 119 males (41,18% of males) average aged of 55,56±  2,34 years with 
pneumonia and 128 (51,82% of males ) average aged 58,78 ± 3,18  years with 
bronchopneumonia .There were  48 females ( 42,48% of females) average aged 60,75 ± 1,19 
years with pneumonia and  65   ( 57,52% of females) average aged 61,63 ± 2,08 years with 
bronchopneumonia.   
       
      

   Of 167 patients   with pneumonia   131 (78, 44%)    had negative bacterial culture of 

sputum; 36 (21, 56 %)   patients had positive culture. Number of patients with negative 

culture was significantly bigger    (χ2 = 50,042; p<0,001).  

   Of 193 patients with bronchopneumonia 154 (79, 79 %)    had negative bacterial culture of 

sputum; 39 (20, 21%) patients had positive culture. Number of patients with negative culture 

was significantly bigger (χ2 = 68,523; p<0,001). 

Figure 1. Patients with CAP: type of pneumonia, sex and age. 
Legend: PN= pneumonia, BPN= bronchopneumonia
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Figure 2. Bacteria isolated in sputum of patients with CAP (pneumonia, 
bronchopneumonia) 
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Legend: PN= pneumonia, BPN= bronchopneumonia 
Figure 2. The most common detected bacterium was Streptococcus pneumoniae (16 patients 
with PN , 17 with BPN). Normal flora was found in 131 patients   with PN and 154 with 
BPN.  Streptococcus pneumoniae was significantly most common detected bacterium   
compared with other bacteria; in PN (χ2 =33,222; p<0,001) and in BPN (χ2 =51,231; 
p<0,001). 
 
  

   In 360 patients with CAP etiological agent was detected in 75 or in 20, 83 %. 

    In  patients with pneumonia  there were 9,58 %  patients  with Streptococcus pneumoniae   

in sputum , 4,79%  with Klebsiella pneumoniae , 1,8% with Staphylococcus aureus , 1,8% 

Pseudomonas aeruginosa , 0,6% Escherichia colli, 2,4 % Enterobacter cloacae,   0,6%  

Proteus mirabilis , normal flora was detected    in  78,44 % (Figure 3.) 

Figure 2. Bacteria isolated in sputum of patients with CAP 
(pneumonia, bronchopneumonia) Legend: PN= pneumonia, BPN= 
bronchopneumonia
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Figure 3. Bacteria isolated in sputum of patients with CAP (pneumonia) 

Bacteria isolated in sputum of patients with CAP 
(pneumonia) in four-year period expressed in per cent 
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Figure 3.  78, 44% of patients with pneumonia had normal flora.  In 9, 58% Streptococcus 
pneumoniae was detected .That was significantly bigger than other isolated bacteria                    
(χ2 =33,222; p<0,001).  
 
   

 

   In patients with bronchopneumonia  there were   8,8 %  patients  with Streptococcus 

pneumoniae  in sputum  , 4,15 %  with Klebsiella pneumoniae,  0,52 %  with Staphylococcus 

aureus, 1,55 % Pseudomonas aeruginosa, 1,55 % Escherichia colli,  2,07 % Enterobacter 
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freundii  , normal flora was detected   in  79,79 % (Figure 4.). 

 
 

Figure 3. Bacteria isolated in sputum of patients with CAP 
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Proteus mirabilis , 0,52%, Acinetobacter baumannii, 
0,52% Citrobacter freundii, normal flora was detected in 
79,79% (Figure 4).

Figure 4 shown that 79,79% of patients with broncho-
pneumonia had normal flora. In 8,8% Streptococcus 
pneumoniae was detected. That was significantly bigger 
than other isolated bacteria (χ2 =51,231; p<0,001).

In 157 (44%) patients (71 pneumonia and 86 broncho-
pneumonia) bronchoscopy with BAL was done (Figure 
5). Bacterial culture was positive in 1 case of pneumo-
nia (Klebsiella pneumoniae as in sputum) and in 2 cases 
of bronchopneumonia (Pseudomonas aeruginosa and 
Streptococcus pneumoniae as in sputum).

Bronchoscopy with BAL was done in 157 (44%) of pa-
tients with CAP (Figure 5).

Blood bacterial culture was done in 150 patients. It was 
positive in less than 1% of them.

5. DISCUSSION
CAP is the most common infective pulmonary dis-

ease and is usually caused by bacteria (1, 2). The true 
incidence of CAP is uncertain because the illness is not 
reportable and only 20% to 50% of patients require hos-
pitalization (16,17). 5-10% of patients with CAP require 
ICU (intensive care unit) admission with mortality up 
to 50% (2, 4, 6). In our clinic mortality from CAP was 
2%, may be because in this study we considered only the 
patients with CAP without underlying diseases such as 
bronchial carcinoma etc. 6% of our patients required 
treatment in ICU. Patients with zoonoses and HIV were 
transferred to Clinic for infective diseases.

It is difficult to detect pathogens causing CAP. In 
around third cases no cause is found (1). The cause for 
CAP is not found in 25-60% of patients (2). The respon-
sible pathogen is not isolated in 50% to 60% of patients 
with severe CAP (18). We did not isolate causing bacte-
ria in 78, 44% patients with pneumonia and 79, 79% with 
bronchopneumonia possibly because that great number 
of patients was treated with antibiotics prior to hospi-
talization. BAL was done in patients older than 50 years 
to exclude bronchial carcinoma, in slow radiological 
remission, unusual X-ray appearance, and slow clinical 
recovery.

We had very poor results in detecting causing bacteria 
by BAL because we did not do bronchoscopy while pa-
tient was in respiratory or cardiac failure or was febrile. 
That entire period patient was under antibiotic therapy. 
We had 73 patients sent to hospital with diagnosis of 
CAP but by bronchoscopy we diagnosed bronchial can-
cer. These patients were not included in this study.

In our study we had only 3 patients with 2 different 
bacteria isolated in sputum.

In 150 patients with high fever when we suspected that 
septicemia may be presented blood culture was done. 
Less than 1% was positive. In other studies about 10% of 
patients with CAP have positive blood cultures if exam-
ination is done (2).

Antibiotics given before admission in hospital can in-
fluence the results of microbiological investigations (3, 4, 
5, 6). 74% of our patients were treated with antibiotics in 
community.

Antibiotics administered according to bacterial cul-
ture of sputum lead to successful treatment. In the case 
of treatment failure we should consider: slow clinical re-
sponse, incorrect diagnosis,pulmonary and extrapulmo-
nary complications, impaired immunity or inappropriate 
antibiotics, less common bacteria, resistance to antibiot-
ics; mixed infection (2, 3, 6, 19).

Streptococcus pneumoniae causes, according to some 
authors, 55-75 % of all CAP (1) and two-thirds of all cas-
es of pneumonia with bacteraemia (2, 7, 20). In our study 
Streptococcus pneumoniae was the most common de-
tected bacteria but only in 9,58% of cases with pneumo-
nia and in 8,8 % with bronchopneumonia .

6. CONCLUSION
It is very important to detect the causing microorgan-

ism of CAP because the organism specific-therapy is so 
enabled. Targeted antibiotic therapy limits the risk of 
antibiotic toxicity and its adverse effects, reduces costs 
and duration of treatment and the possibilities of devel-
opment of antibiotic resistance and complications of ill-
ness. Clinical doctor should be very tenacious in search-
ing for causing bacteria of CAP. Early administration 
of antibiotics leads to a better outcome so that sputum 
bacterial culture should be done as soon as patient is ad-
mitted to hospital.

• Conflict of interest: none declared.
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Figure 5. Patients with bronchoscopy done  
 

The number of patients with CAP who  were undergone to  bronchoscopy

CAP ( bronchoscopy   
not done), 203,                                    

( 56%) BPN ( bronchoscopy  
done), 86, (24%)

PN  ( bronchoscopy 
done), 71 , (20%)

 
Figure 5.  Bronchoscopy with BAL was done in 157 (44%) of patients with CAP  
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Figure 4. Bacteria isolated in sputum of patients with CAP (bronchopneumonia) 
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Figure 4.   79, 79 % of patients with bronchopneumonia had normal flora.  In 8, 8% 
Streptococcus pneumoniae was detected. That was significantly bigger than other isolated 
bacteria (χ2 =51,231; p<0,001).  
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pneumoniae as in sputum) and in 2 cases of bronchopneumonia (Pseudomonas aeruginosa 

and Streptococcus pneumoniae as in sputum).   

Figure 4. Bacteria isolated in sputum of patients with CAP 
(bronchopneumonia)



the Most Common detected Bacteria in Sputum of Patients with 

358 ORIGINAL PAPER | MEd ARCh. 2016 OCt; 70(5): 354-358

REFERENCES
1. Pipe Mc Gown. Pneumonia. In: Respiratory System, 2nd edi-

tion, Mosby Edinburgh 2003: 126-8.
2. Chapman S, Robinson G, Straddling J, Wringston J, West S. 

Bacterial Respiratory Infection. In: Oxford Handbook of Re-
spiratory Medicine. 3rd edition, Oxford University press, Ox-
ford 2014: 175-214.

3. Tomas MF. Community Acquired Pneumonia. Lancet. 2003; 
362: 1991-2001.

4. NICE. National Institute for Health and Care Excellence. 
Pneumonia (including Community Acquired Pneumonia). 
2014. http://www.nice.org.uk/guidance/cg191

5. BTS. Care Bundles for CAP and COPD. 2014. https://www.
britthoracic.org.uk/audit-and-quality-improvement/bts-care-
bundles-for-cap-and-copd/

6. Lim WS, Baudouin SV, George RC. Pneumonia Guidelines 
Committee of the BTS Standards of Care Committee. BTS 
Guidelines for the Management of Community Acquired 
Pneumonia in Adults: update 2009. Thorax. 2009; 64(Suppl 
3): iii1- 55. doi: 0.1136/thx.2009. 121434

7. Laheij RJ, Sturkenboom MC, Hassing RJ. Risk of Communi-
ty-Acquired Pneumonia and Use of Gastric Acid-Suppressive 
Drugs. JAMA. 2004; 292: 1955-60.

8. Marik P, Kaplan D. Aspiration Pneumonia and Dysphagia in 
the Elderly. Chest. 2003; 124: 328-36.

9. Leroy O, Vandenbussche C, Coffinier C. Community-Ac-
quired Aspiration Pneumonia in Intensive Care Units: Epi-
demiological and Prognosis Data. Am J Respir Crit Care Med. 
1997; 156: 1922-29.

10. Mier L, Dreyfuss D, Darchy B. Is Penicillin G an Adequate 
Initial Treatment for Aspiration Pneumonia? A Prospective 
Evaluation Using a Protected Specimen Brush and Quantita-
tive Cultures. Intensive Care Med. 1993; 19: 279-84.

11. Baik I, Curhan GC, Rimm EB. A Prospective Study of Age 
and Lifestyle factors in Relation to Community-Acquired 
Pneumonia in US Men and Women. Arch Intern Med. 2000; 
160: 3082-8.

12. Fernandez-Sola J, Junque A, Estruch R. High Alcohol Intake as 
a Risk and Prognostic Factor for Community-Acquired Pneu-
monia. Arch Intern Med. 1995; 155: 1649-54.

13. Torres A, Dorca J, Zalacain R. Community-Acquired Pneu-
monia in Chronic Obstructive Pulmonary Disease: a Span-
ish Multicenter Study. Am J Respir Crit Care Med. 1996; 154: 
1456-61.

14. Bartlett JG, Dowell SF, Mandell LA. Practice Guidelines for 
the Management of Community-Acquired Pneumonia in 
Adults; Infectious Diseases Society of America. Clin Infect 
Dis. 2000; 31: 347-82. 

15. Isada CM. Pro - antibiotics for Chronic Bronchitis with Ex-
acerbations. Semin Respir Infect. 1993; 8: 243-4. 

16. Welsh D, Mason C. Host Defense in Respiratory Infections. 
Med Clin North A. 2001; 85: 1329-47.

17. Marrie TJ. Community-Acquired Pneumonia in the Elderly. 
Clin Infect Dis. 2000; 31: 1066-78. 

18. Mandell LA, Marrie TJ, Grossman RF. Canadian Guidelines 
for the Initial Management of Community-Acquired Pneu-
monia: An Evidence-Based Update by the Canadian Infec-
tious Diseases Society and the Canadian Thoracic Society; 
The Canadian Community-Acquired Pneumonia Working 
Group. Clin Infect Dis. 2000; 31: 383-421.

19. Kaplan V, Angus DC, Griffin MF: Hospitalized Communi-
ty-Acquired Pneumonia in the Elderly: Age and Sex-Related 
Patterns of Care and Outcome in the United States. Am J Re-
spir Crit Care Med. 2002; 165: 766-72.

20. Head MG, Fitchett JR, Newell ML. Investment in Pneumo-
nia and Pneumococcal Research. Lancet Infect Dis. 2014; 
14: 1037-8.


