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Introduction

1. Background of guidelines
Clinical practice guidelines based on evidence-based medi-

cine promote evidence-based, objective, and efficient medical 

practices. Numerous evidence-based clinical practice guide-

lines have also been developed, including the treatment 

guideline for community-acquired pneumonia developed in 

2009. Additional data about the distribution of the causative 

bacteria of community-acquired pneumonia and antibiotic 

resistance have been obtained since then, and various guide-

lines about the diagnosis, treatment, and prevention of pneu-

monia have also been developed abroad. It has therefore be-

come necessary to revise the current guideline on community 

-acquired pneumonia in Korea. 

Antibiotic resistance has recently been raised as a serious 

public health issue worldwide. This is because whereas resis-

tant bacteria that cannot be removed with existing antibiotics 

are increasing in number, less and less novel antibiotics are 

being developed. The issue of antibiotic resistance is much 

more serious in Korea than in other countries, with major 

causative bacteria having the highest antibiotic resistance in 

the former worldwide. Antibiotic resistance is proportional to 

the level of antibiotic misuse. The level of antibiotic use in Ko-

rea is higher than the average level of antibiotic use world-

wide. The rate of prescribing antibiotics for infections that do 

not require antibiotic treatment is also higher in Korea than in 

other countries. 

The present clinical practice guideline provides revised rec-

ommendations on the appropriate diagnosis, treatment, and 

prevention of community-acquired pneumonia. This guide-

line may help reduce the difference in the level of treatment 

between medical institutions and medical staff, and enable ef-

ficient treatment. It may also reduce antibiotic resistance by 

preventing antibiotic misuse against acute lower respiratory 

tract infection in Korea. 

2.   Development process of diagnosis and treatment 
guidelines

1) Guideline development committee

An antibiotic treatment guideline development committee 

for lower respiratory tract infection in adults was formed in 

November 2016. The committee included as many associated 

medical institutions as possible. 

Committee members recommended by the Korean Society 

for Chemotherapy, the Korean Society of Infectious Diseases, 

the Korea Academy of Tuberculosis and Respiratory Diseases, 

the Korean Association of Family Medicine, the Korean Medi-

cal Practitioners Association, and the National Evidence- 

based Healthcare Collaborating Agency participated in the 

development of this guideline. 

 

2) Guideline target and scope

This guideline sets forth fundamental principles of antibiotic 

use against community-acquired pneumonia in adults aged 

19 years or older, taking into account the current situation re-

garding community-acquired pneumonia in Korea as of 

March 2017. 

3) Method of literature search

Studies published in English in the last 10 years were 

searched. OVID-MEDLINE and OVID-EMBASE were used to 

search for foreign studies, and KMBase and KoreaMed were 

used to search domestic studies. Clinical practice guidelines 

were searched on NGC, G-I-N, and KoMGI. The search date is 

February 10th, 2017.   

4) Recommendation and evidence levels

The level of recommendation was divided into “Strong, 

Weak”, and the level of evidence was divided into “High, Mod-

erate, Low, Very low”. The level of recommendation and the 

level of evidence were determined using an unofficially 

agreed method. A consensus was deemed reached if over 70% 

of the participating committee members agreed. 

 

(1) Level of recommendation

   Strong: Benefits evidently outweigh costs or loss, or costs 

and loss evidently outweigh benefits.  

   Weak: Level of evidence is low, or there is no clear differ-

ence between benefits and loss.  

(2) Level of evidence

   High: The possibility that the level of certainty about the 

estimated value of an effect will change in future studies 

is very low.  

   Moderate: Future studies will have an important influ-

ence on the level of certainty about the estimated value of 

an effect, and the value may change.   

   Low: Future studies are highly likely to affect the level of 

certainty about the estimated value of an effect, and the 

value is highly likely to change.  

   Very low: An effect cannot be estimated with certainty. 



Lee MS, et al. Guideline for Antibiotic Use in Adults with Community-acquired Pneumonia www.icjournal.org162

5) Guideline developmental process 

This clinical practice guideline was developed using the ad-

aptation method. First, 22 key questions (KQ) to be included 

in the guideline were selected. The key questions followed the 

population intervention, comparison, and outcome (PICO) 

principle. During the literature search process, experts used 

systematic search equations to search a total of 1,699 studies 

based on their contents. Experts reviewed the titles and ab-

stracts of studies whose original copies were available, and se-

lected 17 studies. Of these, a total of four clinical practice 

guidelines that addressed the key questions to be included in 

this guideline extensively were selected. 

The qualities of these four domestic and foreign clinical 

practice guidelines were assessed using an assessment scale 

developed by the Clinical Practice Guideline Expert Commit-

tee of the Korean Academy of Medical Sciences, namely, the 

K-AGREE 2.0 (Korean version of AGREE 2.0). Twelve commit-

tee members who were educated on the assessment method 

through a workshop run by experts assessed the selected 

studies. Two guidelines which the British Thoracic Society 

(BTS) guidelines for the management of community acquired 

pneumonia in adults (updated in 2009) and the guidelinea for 

the management of adult lower respiratory tract infections 

(updated in 2011) by the Joint Taskforce of the European Re-

spiratory Society and European Society for Clinical Microbiol-

ogy and Infectious Diseases were selected for review. Ulti-

mately a total of four clinical practice guidelines including a 

domestic guideline published in 2009 and a consensus guide-

line on the management of community-acquired pneumonia 

in adults published by the Infectious Diseases Society of 

America/American Thoracic Society (IDSA/ATS) in 2007, 

which were the adaptation targets for domestic guidelines, 

were selected as adaptation targets. 

The guideline developed by the Guideline Development 

Committee through internal meetings was presented in the 

spring academic conferences held by the Korean Society for 

Chemotherapy and the Korean Society of Infectious Diseases 

in 2017. The guideline was revised and improved based on 

what was discussed at the conferences. Further revisions were 

made based on expert opinions gathered during a public 

hearing participated in by experts from each related associa-

tion to complete the guideline development. 

6) Limitations and future to do’s 

This guideline has been developed using the adaptation 

method due to time limitations. Although some of the foreign 

clinical practice guidelines from which this guideline was 

adapted were scheduled for revisions in the near future, they 

were not presented during the developmental period, and 

could not be used in the development of this guideline. This 

guideline will undergo minor revisions as soon as the revised 

versions of these guidelines are published. This guideline will 

also be revised every 4-5 years to reflect recent study results 

both outside and inside Korea. 

 

7) Support 

This guideline has been developed with funds from the Gov-

ernment’s Policy Research Projects of the Disease Control 

Centre in 2016. The committee members who participated in 

the guideline development were not influenced by any gov-

ernment branches, academic societies, pharmaceutical com-

panies, or interest groups. 

  Current status regarding causative bacteria of 
pneumonia

1.   Causative bacteria of community-acquired 
pneumonia

Most antibiotic treatments for pneumonia depend on the 

empirical method. Since the distribution of causative bacteria 

and antibiotic resistance vary between countries, it is neces-

sary to develop an appropriate antibiotic treatment guideline 

based on domestic epidemiological data [1, 2]. This guideline 

summarizes domestic research findings on the causative bac-

teria of community-acquired pneumonia affecting Korean 

adults, and the current level of antibiotic resistance in Korea.  

Community-acquired pneumonia is caused by various 

bacteria. Similar distributions of these bacteria are seen between 

Korea and other countries. Bacteria such as Streptococcus 

pneumoniae, and Haemophilus influenzae, and Mycoplasma 

pneumoniae, Chlamydophila pneumoniae, and Legionella 

pneumophila, which are classified as causative bacteria of 

atypical pneumonia, and respiratory bacteria can cause 

pneumonia. However, it is difficult to differentiate between 

these causative bacteria in the early period after hospital 

admission. Study findings about the major causative bacteria 

of community-acquired pneumonia in Korea are summarized 

in Table 1. The most important causative bacteria of bacterial 

pneumonia are S. pneumoniae. They account for 27-69% of all 

causative bacteria of bacterial pneumonia [3-10]. Haemophilus 

or Moraxella, which are respiratory pathogens, commonly 

cause pneumonia in patients with a lung disease. The 

prevalence of these bacteria varies greatly in domestic data 
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Summary of guidelines on antibiotic use for community-acquired pneumonia 

Recommendation
Level of recom-

mendation
Level of evi-

dence

KQ 1. For adults who may have contracted community-acquired pneumonia, are the tests used to identify causative helpful for select-
ing therapeutic antibiotics? 

1-1. Use an appropriate testing method to identify the causative bacteria of pneumonia when 
a patient is diagnosed with moderate or severe community-acquired pneumonia.

Strong Low

1-2. Selectively perform tests according to age, underlying diseases, severity markers, epide-
miological factors, and current history of antibiotic use when treating outpatients with 
community-acquired pneumonia of low severity.

Strong Low

1-3. It is advisable to perform blood culture, and sputum Gram smear and culture tests before 
antibiotic administration for patients with community-acquired pneumonia who require 
hospitalization.

Strong Low

KQ 2.   For adults who may have contracted community-acquired pneumonia, is the urinary S. pneumoniae antigen test useful for 
selecting therapeutic antibiotics?  

2-1. Perform a S. pneumoniae urinary antigen test for all patients with community-acquired 
pneumonia who require hospitalization.

Strong Moderate

KQ 3.   Is the Legionella urinary antigen test helpful for selecting therapeutic antibiotics for adults who may have contracted communi-
ty-acquired pneumonia?

3-1. A Legionella urinary antigen test is performed for patients with moderate or severe 
community-acquired pneumonia.

Strong Moderate

KQ 4.   Is a blood culture useful for choosing therapeutic antibiotics for adults who may have contracted community-acquired pneu-
monia? 

4-1. A blood culture test is performed before antibiotic administration for all patients with 
moderate or severe community-acquired pneumonia.

Strong Low

KQ 5.   For adults who may have contracted community-acquired pneumonia, does making a hospitalization decision according to 
hospitalization criteria produce good prognoses?  

5-1. Physicians must clinically decide whether a patient with community-acquired pneumo-
nia should be hospitalized or not according to objective criteria.

Strong Low

KQ 6.   Of CURB-65 and PSI, which are hospital and intensive care unit (ICU) admission criteria, which one will lead to better progno-
ses for adults who may have contracted community-acquired pneumonia?

6-1. It is recommended to use CRB-65 in clinics or outpatient clinics at the level of a hospital, 
and to use CURB-65 for patients who are in emergency departments or whose blood tests 
results are available. 

Strong Low

KQ 7.   For adults who may have contracted community-acquired pneumonia, does making an ICU admission decision according to 
hospitalization criteria produce good prognoses?

7-1. Patients with community-acquired pneumonia who require mechanical ventilation or 
have septic shock must be hospitalized in ICU.

Strong Moderate

7-2. For patients who have CURB-65 ≥3, who exhibit ancillary signs of severe pneumonia as 
defined by the IDSA/ATS, who have developed pneumonia based on clinical findings, 
and whose underlying diseases have worsened, the need for ICU admission must be 
reassessed. 

Weak Low

KQ 8.   What are the first choices of antibiotics in the outpatient treatment of patients who may have contracted community-acquired 
pneumonia? 

8-1. β-lactam is recommended to be used as an empirical antibiotic. Strong High

8-2. Respiratory fluoroquinolone is recommended to be used as an empirical antibiotic.  Strong High

8-3. Use of respiratory fluoroquinolones as empirical antibiotics must be avoided in situations 
where tuberculosis cannot be excluded.

Weak Low
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Recommendation
Level of recom-

mendation
Level of evi-

dence

KQ 9.   For patients who may have contracted community-acquired pneumonia, does the β-lactam/macrolide (or respiratory fluoro-
quinolone) combination therapy produce better prognoses than the β-lactam monotherapy? 

9-1. Use of β-lactam antibiotics or respiratory fluoroquinolones is recommended in the empiri-
cal treatment of patients with mild to moderate pneumonia admitted to a general ward. 

Weak Moderate

9-2. β-lactam and macrolide antibiotics may be administered together in patients suspected 
of having atypical bacterial infection or in patients who have moderate pneumonia, 
under limited circumstances. 

Weak Moderate

KQ 10. What is the adequate duration of antibiotic treatment for patients who may have contracted community-acquired pneumonia? 

10-1. Antibiotics must be administered for at least five days. Strong Low

KQ 11.   For patients who may have contracted community-acquired pneumonia, when is it appropriate to switch from intravenous 
antibiotics to oral antibiotics? 

11-1. A patient may switch from intravenous antibiotics to oral antibiotics once he/she is clini-
cally stable, and can take oral medications.

Strong High

KQ 12. For patients who may have contracted community-acquired pneumonia, when is the appropriate time to be discharged?

12-1. If a patient can undergo oral treatment, does not require treatment or diagnostic tests for 
underlying diseases, and is in a social environment where he/she will be taken care of, 
discharge may be considered.

Strong High

KQ 13.   For patients who may have contracted community-acquired pneumonia, are oxygen therapy, low-molecular-weight heparin 
therapy, and early ambulation helpful? 

13-1. The level of oxygen is maintained at 94-98% via oxygen therapy in patients with hypoxemia. Weak Low

13-2. Low-molecular-weight heparin is injected into patients at high risk of venous thrombo-
embolism. 

Strong High

13-3. Early ambulation is recommended.  Strong High

KQ 14.   For patients who may have contracted community-acquired pneumonia and are admitted to ICU for treatment, does the β-lact-
am/macrolide (or respiratory fluoroquinolone) combination therapy lead to better prognoses than the β-lactam monotherapy?

14-1. For patients requiring ICU admission, the β-lactam + azithromycin/fluoroquinolone 
combination therapy is recommended over the β-lactam monotherapy. 

Strong Moderate

KQ 15.   For patients who may have contracted community-acquired pneumonia and who are in admitted to ICU for treatment, does 
the β-lactam/macrolide (or respiratory fluoroquinolone) combination therapy lead to better prognoses than the respiratory 
fluoroquinolone monotherapy? 

15-1. For patients requiring ICU admission, the β-lactam + azithromycin/fluoroquinolone 
combination therapy is recommended over the respiratory fluoroquinolone monotherapy. 

Strong Moderate

15-2. For patients requiring ICU admission, the β-lactam + azithromycin/fluoroquinolone 
combination therapy is recommended over the respiratory fluoroquinolone monotherapy

Strong Moderate

KQ 16.   For patients who may have contracted community-acquired pneumonia and who are admitted to ICU for treatment, does a 
treatment against Legionella lead to better prognoses? 

16-1. For patients with severe community-acquired pneumonia who require ICU admission, 
it is necessary to perform treatment against Legionella

Strong Low

KQ 17.   For patients who may have contracted community-acquired pneumonia and who are admitted to ICU for treatment, does 
steroid therapy lead to good prognoses? 

17-1. Steroid therapy may be considered for patients who have severe community-acquired 
pneumonia accompanied by shock. 

Weak Low

KQ 18.   For patients who may have contracted community-acquired pneumonia, are follow-up chest-X-rays useful for assessing 
treatment response?

18-1. For patients with community-acquired pneumonia who do not show clear symptom 
improvements, or who are at high risk of lung cancer, it is recommended to take fol-
low-up chest X-rays to examine the treatment response. 

Strong Low
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Recommendation
Level of recom-

mendation
Level of evi-

dence

KQ 19.   For patients who may have contracted community-acquired pneumonia, is the C-reactive protein (CRP) test useful for assess-
ing therapeutic effects?

19-1. CRP levels may be repeatedly measured to assess the risk of treatment failure and 
complications in patients who do not clinically show clear symptom improvements. 

Weak Low

KQ 20.   For patients who may have contracted community-acquired pneumonia, is the procalcitonin test useful for assessing thera-
peutic effects?

20-1. The procalcitonin test may be used in the process of deciding whether to continue 
antibiotic treatment or not for patients who show clinical improvements. 

Weak Moderate

KQ 21.   For adults who have contracted community-acquired pneumonia, and have the risk factors of S. pneumoniae infection, can 
vaccination against S. pneumoniae prevent community-acquired pneumonia? 

21-1. Older adults, and adults who have the risk factors of S. pneumoniae infection are recom-
mended to be vaccinated against S. pneumoniae. 

Strong High

KQ 22.   Does smoking cessation education prevent community-acquired pneumonia among adults who have contracted communi-
ty-acquired pneumonia? 

22-1. Smoking cessation education is necessary for current smokers who have pneumonia. Strong High

possibly because the separation and identification of these 

bacteria are difficult. Staphylococcus aureus are also relatively 

common causative bacteria. They commonly occur after an 

influenza epidemic. Enteric Gram negative bacilli  or 

Pseudomonas aeruginosa pneumonia commonly occur in 

patients who have underlying lung diseases, who have alcohol 

addiction, or who have frequently undergone antibiotic 

treatment. Domestic data show the ratio of Gram-negative 

bacteria including Klebsiella pneumoniae and P. aeruginosa 

to be relatively high. This may be because most domestic 

studies have been conducted in tertiary university hospitals, 

and therefore, a large number of patients who are frequently 

admitted to a hospital for chronic respiratory diseases were 

included. Studies have reported mixed infections caused by 

two or more microorganisms to be relatively common. These 

infections include mixed infections caused by atypical 

causative bacteria of pneumonia. Distributions of causative 

bacteria may change depending on underlying diseases and 

Table 1. The distribution of the major causative bacteria of community-acquired pneumonia in Korean adults 

Jeong et al. 
[7]

Seong et 
al. [4]

Chong et 
al. [10]

Choi et al. 
[9]

Yoo et al. 
[3]

Kim et al.  
[5]

Kang et al. 
[6]

Jeon et al. 
[8]

No. of patients 519 275 619 2,221 693 456 212 175

No. of causative bacteria isolated 122 105 131 568 191 250 62 63

Gram-positive bacteria

   Streptococcus pneumoniae 59
(48.4)

44
(41.9)

52
(39.7)

276
(48.6)

51
(26.7)

88
(35.2)

43
(69.4)

21
(33.3)

   Staphylococcus aureus 13
(10.7)

10
(9.5)

8
(6.1)

109
(19.2)

21
(11.0)

5
(2.0)

8
(12.9)

9
(14.3)

   Streptococcus species 8
(6.6)

5
(4.8)

1
(0.8)

9
(1.6)

5
(2.6)

5
(2.0)

- -

Gram-negative bacteria

   Klebsiella pneumoniae 14
(11.5)

6
(5.7)

26
(19.8)

105
(18.5)

17
(8.9)

7
(2.8)

3
(4.8)

13
(20.6)

   Pseudomonas aeruginosa 11
(9.0)

10
(9.5)

11
(8.4)

83
(14.6)

22
(11.5)

2
(0.8)

2
(3.2)

4
(6.3)

   Hemophilus influenzae 7
(5.7)

1
(1.0)

1
(0.8)

105
(18.5)

10
(5.2)

5
(2.0)

7
(11.3)

7
(11.1)

Data are shown in percentage (%).
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risk factors.  

M. pneumoniae, C. pneumoniae, and L. pneumophila are 

the major causative bacteria of atypical pneumonia. Of the 

recently published studies on community-acquired pneumonia 

in Korea, very few have investigated the incidence of atypical 

pneumonia and its causative bacteria. A large number of 

published studies have been conducted at a single institution, 

or use a retrospective design. Therefore, the prevalence of 

atypical pneumonia in Korea and clinical significance can 

only be assessed with limited accuracy. In a domestic study 

on pneumonia, Mycoplasma, C. pneumoniae, and Legionella 

accounted for 6.3-9.2%, 7.1-13.2%, and 0.5-3% of all cases of 

pneumonia [11-13]. Legionella were especially more common 

for cases of moderate to severe pneumonia requiring ICU 

admission compared with other atypical pneumococcal 

bacteria.  

Respiratory virus induces pneumonia in children, as well as 

community-acquired pneumonia in adults. Rapid antigen 

tests for influenzas and respiratory syncytial virus (RSV) have 

recently been introduced and used in clinical settings. Multi-

plex reverse transcriptase polymerase chain reaction (RT-

PCR) has also been used against various respiratory viruses. 

In a recent study involving 456 adults with community-ac-

quired pneumonia, multiplex RT-PCR was performed for 327 

patients. Respiratory viruses were detected in 60 patients 

(18.3%) [5]. Influenza virus was the most common (n = 23, 

38%), followed by RSV (n = 9, 15%), rhinovirus (n = 7, 12%), 

coronavirus (n = 6, 10%), adenovirus (n = 6, 10%), metapneu-

movirus (n = 5, 8%), parainfluenza virus (n = 3, 5%) [6]. When 

a respiratory virus test was performed on patients with com-

munity-acquired pneumonia hospitalized in ICU, more than 

one type of respiratory virus was detected in 72 of 198 patients 

(36.4%) for whom RT-PCR was performed [14]. Rhinovirus 

was the most common (n = 17, 23.6%), followed by parainflu-

enza (n = 15, 20.8%), metapneumovirus (n = 13, 18.1%), influ-

enza virus (n = 12, 16.7%), RSV (n = 10, 13.9%), coronavirus (n 

= 4, 5.6%), and adenovirus (n = 1, 1.4%) [14]. Other causative 

bacteria of atypical pneumonia in Korea include Mycobacteri-

um tuberculosis, non-tuberculous mycobacteria, Orientia 

tsutsugamushi, Leptospira, Coxiella burnetii. Since the preva-

Table 3.����������	�	�
����
�
���	�	���
����	
����	������	����
��
	����
���	
�

Causative bacteria Common clinical characteristics 

Streptococcus pneumoniae Age, underlying diseases, acute progress, fever, pleuritic chest pain 

Bacteremic S. pneumoniae Female gender, alcohol addiction, diabetes, chronic obstructive pulmonary disease, dry cough

Legionella pneumophila Relatively young female, smoker, having no underlying diseases, diarrhea, neurological symptoms, 
severe pneumonia, multiple organ dysfunctions (e.g. liver dysfunction, kidney dysfunction, etc.) 

Mycoplasma pneumoniae Young age, previous history of antibiotic use, multiple organ dysfunction is uncommon

Chlamydophila pneumoniae Symptoms that persisted for a long period before hospital admission, headache

Table 2. Common causative bacteria of community-acquired pneumonia by epidemiological characteristics and risk factors 

Risk factors and epidemiological characteristics Common causative bacteria

Alcohol addiction Streptococcus pneumoniae, oral anaerobes, Klebsiella pneumoniae, Acineto-
bacter species, Mycobacterium tuberculosis

Chronic obstructive pulmonary disease, smoking Haemophilus influenzae, Pseudomonas aeruginosa, Legionella species, S. 
pneumoniae, Moraxella catarrhalis, Chlamydophila pneumoniae

Smoking Gram-negative enteric pathogens, oral anaerobes

Lung abscess Oral anaerobes, M. tuberculosis, atypical mycobacteria

Exposure to birds Chlamydophila psittaci (if poultry: avian influenza)

Exposure to farm animals Coxiella burnetii (Q fever)

Influenza epidemic Influenza virus, S. pneumoniae, Staphylococcus aureus, H. influenzae

Long-term coughing or vomiting after coughing Bordetella pertussis

Structural anomalies of the lung (e.g. bronchodilation) Pseudomonas aeruginosa, Burkholderia cepacia, Staphylococcus aureus

Use of intravenous medications S. aureus, anaerobes, M. tuberculosis, S. pneumoniae

Bronchial obstruction Anaerobes, S. pneumoniae, H. influenzae, S. aureus
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lence of tuberculosis is still quite high, the possibility of tuber-

culosis being one of the causes of pneumonia must always be 

considered. When a patient shows delayed response to antibi-

otic treatment, or has underlying diseases such as diabetes, 

chronic obstructive respiratory disease, chronic kidney dis-

eases, and long-term steroid use, tuberculosis must be consid-

ered as a possible cause of pneumonia. In addition, pneumo-

nia caused by M. tuberculosis can occur as typical bacterial 

pneumonia or atypical pneumonia. Since tsutsugamushi dis-

ease and leptospirosis, which are febrile illnesses that usually 

occur in the fall, are sometimes accompanied by atypical 

pneumonia, when a patient has a febrile illness accompanied 

by pneumonia in the fall, pneumonia must be differentiated 

with the possibility of febrile illnesses in mind. Furthermore, 

as there have been reports of pneumonia caused by C. bur-

netii in Korea, it is necessary to differentiate C. burnetii, which 

may possibly be the causative bacteria of pneumonia in per-

sons who come in close direct or indirect contact with live-

stock. Table 2 lists common causative bacteria of communi-

ty-acquired pneumonia by epidemiological characteristics and 

risk factors [15]. Table 3 summarizes common clinical charac-

teristics associated with certain causative bacteria [16]. 

2.   Antibiotic resistance of the major causative 
bacteria of community-acquired pneumonia in 
Korea

S. pneumoniae isolated in Korea have been reported to be 

highly resistant against penicillin. In an investigation on anti-

bacterial resistance measured according to the antimicrobial 

susceptibility testing standards, S. pneumoniae were moder-

ately or highly resistant to penicillin [17]. However, as experts 

claimed that there is no association between clinical out-

comes of pneumonia caused by penicillin-resistant S. pneu-

moniae and antibiotic resistance against penicillin, the anti-

microbial susceptibility testing standards by the Clinical and 

Laboratory Standards Institute (CLSI) of the United States 

were revised in January 2008. According to the previous stan-

dards, S. pneumoniae are deemed to be susceptible to penicil-

lin if MIC ≤0.06 μg/mL, moderately resistant if MIC=0.1-1.0 

μg/mL, and highly resistant if MIC ≥2.0 μg/mL. The revised 

standards deem the bacteria to be susceptible if MIC ≤2.0 μg/

mL, moderately resistant if MIC=4.0 μg/mL, and highly resis-

tant if MIC ≥8.0 μg/mL. When the revised standards are used, 

the antibacterial resistance against pencilling drops to below 

10%. Table 4 summarizes the current antibiotic resistance of S. 

pneumoniae strains isolated in Korea. While then antibiotic 

resistance against penicillin and ceftriaxone is reported to be 

low at 10% or below, that against erythromycin and azithro-

mycin are still high at 73-81% [18-22]. Antibiotic resistance 

against fluoroquinolones is still quite low, but gradually in-

creasing. Antibiotic resistance against levofloxacin and moxi-

floxacin is reported at 0.8-8.2%, and 0.9-1.0%, respectively [18, 

20]. 

Resistance against ampicillin due β-lactamase production is 

common in H. influenzae. In a domestic study that analysed 

544 bacterial strains, the antibiotic resistance against ampicil-

lin, cefuroxime, clarithromycin, cefaclor, and amoxicillin/

clavulanate was 58.5%, 23.3%, 18.7%, 17.0%, and 10.4%, re-

spectively [23]. This study did not identify bacterial strains that 

are resistant to levofloxacin and cefotaxime. In another study 

that analysed 229 bacterial strains, the antibiotic resistance 

against ampicillin high at 58.1%, and that against cefaclor, 

Table 4. Antibiotic resistance of Streptococcus pneumoniae isolated in Korea

Kim et al. [18] Kim et al. [20] Kim et al. [19] Lee et al. [21] Torumkuney et al. [22]

Research period 2008-2009 1997-2008 2013-2015 1996-2008 2012-2014

Number of strains 327 208 805 386 85

Antibiotic

  Penicillin (%) 0.3 3.4 8.3 3.6 3.5

  Amoxicillin/clavulanate (%) - - 18.7 - 2.4

  Ceftriaxone (%) 1.9 0.5 7.8 10.4 8.2

  Erythromycin (%) 77.7 - 80.9 74.9 81.2

  Azithromycin (%) - 73.1 - - 78.8

  Levofloxacin (%) 4.6 1.9 9.2 0.8 8.2

  Moxifloxacin (%) 0.9 1.0 - - -

  Clindamycin (%) 68.2 - 68.2 67.1
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clarithromycin, amoxicillin/clavulanate, cefixime, and levo-

floxacin was 41.4%, 25.8%, 13.5%, 10.9%, and 1.3%, respective-

ly [24].

Not many studies have analysed the antibiotic susceptibility 

of M. pneumoniae in Korea. In a study that examined M. 

pneumoniae isolated from respiratory organ samples of pedi-

atric patients in 2000-2011, genes related to macrolide resis-

tance was detected in 31.4% of the samples, and this rate was 

reported to increase every year [25]. In another study using re-

spiratory organ samples from pediatric patients, genes related 

to macrolide resistance were found in 17.6% of the samples of 

M. pneumoniae [26]. Although the ratio of methicillin-resis-

tant S. aureus (MRSA) in community-acquired S. aureus in-

fection has been increasing in Korea, systematic research on 

the role of MRSA in community-acquired pneumonia is lack-

ing [27-29].

New method of diagnosing pneumonia

1. Respiratory virus PCR
Methods of respiratory virus testing include the culture test, 

rapid antigen test, immunofluorescence, enzyme immunoas-

say test, and PCR. PCR is more sensitive than the culture test, 

or the enzyme immunoassay test [30]. This strength of PCR 

makes it advantageous for adult patients with a smaller num-

ber of nasopharyngeal virus compared with pediatric patients 

[31, 32]. Multiplex RT-PCR is useful for simultaneously testing 

various respiratory viruses, and is frequently used today [33].

PCR can test various respiratory organ samples including 

nasopharyngeal samples, sputum, airway aspirates, and bron-

choalveolar lavage fluid [31, 32]. In most studies on pneumo-

nia caused by respiratory viruses, virus testing was performed 

using samples from the upper airway. Nasal swabs are the 

most commonly used method to detect viruses, and are more 

sensitive than throat swabs in adults [31]. 

In 20-40% of patients with community-acquired pneumo-

nia, respiratory viruses are detected by PCR [34-37]. Rhinovi-

rus is the most commonly detected, and other respiratory vi-

ruses such as influenza, metapneumovirus, RSV, parainfluenza 

virus, and coronavirus are also relatively commonly detected 

[38, 39].   

However, positive results of upper airway samples do not 

necessarily indicate viral infection, and positive PCR results 

do not indicate that pneumonia was caused by a respiratory 

virus. Furthermore, although respiratory viruses can induce 

pneumonia by themselves, they may simple be a predisposing 

factor of pneumonia [40]. Therefore, the possibility of bacterial 

pneumonia cannot be disregarded simply because respiratory 

bacteria were detected in the PCR test. In fact, respiratory vi-

ruses are detected in 20% of patients diagnosed with bacterial 

pneumonia [40]. 

It is unclear whether the use of antiviral agents is necessary 

or not when respiratory viruses aside from influenza are de-

tected, and it is difficult to diagnose viral pneumonia based on 

positive results only [33]. With the costs of tests and various 

factors taken into consideration [33], it may be useful to per-

form the PCR test to detect respiratory viruses when a patient 

is suspected of having pneumonia caused by respiratory vi-

ruses based on clinical symptoms or radiographic findings.  

2. Legionella, Mycoplasma, Chlamydophila PCR

1) Legionella PCR

Whereas the Legionella urinary antigen test can only diag-

nose the L. pneumophila serogroup 1, PCR can diagnose all 

serogroups, and thus has higher sensitivity for Legionella di-

agnosis. In a recent systematic review, the sensitivity of the 

Legionella PCR test using respiratory organ samples was 

97.4%, and its specificity was 98.6% [41]. Legionella PCR may 

be performed using nasopharyngeal samples or nasal swabs 

when no sputum is secreted even in the induced sputum anal-

ysis, but this testing method has a lower diagnosis rate com-

pared with when sputum samples are used [42, 43].

2) Mycoplasma PCR

Various serological tests have been traditionally used to di-

agnose Mycoplasma. These tests may fail to detect antibodies 

in the early period after infection [44, 45], and IgM antibody 

reactions may not occur in adults aged 40 years or older [46]. 

Mycoplasma PCR, which uses various respiratory organ sam-

ples has higher sensitivity, has higher sensitivity than serologi-

cal tests [47], and has similar sensitivity to that of Legionella 

PCR [48]. Just as Legionella PCR, Mycoplasma PCR has a low-

er diagnosis rate with nasopharyngeal samples than with spu-

tum samples [49].  

3) Chlamydophila PCR

Serological tests for Chlmydophila have lower specificity 

compared with PCR [50], and may report false negative in the 

early period after infection as is the case with Mycoplasma in-

fection [51]. For this reason, PCR may be more useful than se-

rological tests for diagnosing Chlmydophila infection. Al-

though the sensitivity of Chlamydophila PCR has not been 
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accurately measured, Chlamydophila PCR is reported to have 

high specificity [52]. 

3. Chest CT
Chest computed tomography (CT) is the most accurate test 

for assessing parenchymal anomalies. Radiographic findings 

indicative of pneumonia may be observed even when no 

anomalies are observed on chest X-rays [53]. Chest CT is more 

accurate than chest X-rays in the diagnosis of complications 

such as pleuritis and pulmonary necrosis [54, 55] and in the 

exclusive diagnosis and differential diagnosis of non-infec-

tious lung diseases such as atelectasis, pulmonary infarction, 

tumor, and interstitial lung disease that may exhibit similar 

characteristics as those of pneumonia on X-rays [56-59]. Since 

CT findings can vary depending on the identity of the caus-

ative bacteria of pneumonia, CT is useful for identifying caus-

ative bacteria [56, 60-62]. CT findings suggestive of mycobac-

teria that must be differentiated from common pneumonia, 

and of fungal lung infection can also be obtained [56, 63, 64]. 

However, due to the relatively high cost and danger of irradi-

ation compared with those of chest X-rays [65], CT must be 

selectively performed in cases where the differentiation of ac-

companying diseases such as pulmonary embolism is neces-

sary, fungal infection is suspected, it is difficult to check for 

lung infiltration on chest X-rays due to other underlying lung 

diseases, and it is difficult to check for pneumonia complica-

tions due to lack of response to pneumonia treatment [33]. 

4. Chest ultrasounds
Chest ultrasounds are used in the diagnosis of various lung 

diseases such as pneumothorax, hydrothorax, and pulmonary 

enema, as well as pneumonia [66]. According to a recent sys-

tematic review and meta-analysis using the data of 1,172 pa-

tients diagnosed with pneumonia, chest ultrasounds had ex-

cellent sensitivity and specificity of 94% and 96%, respectively, 

in the diagnosis of pneumonia [67].

Compared to chest X-rays, chest ultrasounds do not pose 

the burden of radiation exposure, can be performed right next 

to the patient, can be performed on pregnant women, and can 

more accurately diagnose lung consolidation and hydrotho-

rax [66-68]. It is also useful for evaluating hydrothorax, which 

can occur as a complication of pneumonia. It can diagnose 

septation within hydrothorax more accurately than CT [69]. 

Septation is indicative of birous strands between the parietal 

and visceral pleura, as well as inefficient drainage through the 

drainage tube [56].

A trained examiner must perform ultrasounds to obtain ac-

curate results. Although a problem of interexaminer repro-

ducibility may arise [70], chest ultrasounds may be useful for 

diagnosing and assessing pneumonia in situations where it is 

impossible to take chest X-rays (i.e. it is difficult to transfer a 

patient to the examination room because the patient is preg-

nant or immobile). 

Diagnosis of pneumonia

KQ 1. For adults who may have contracted community-ac-

quired pneumonia, are the tests used to identify causative 

helpful for selecting therapeutic antibiotics? 

Recommendation 
• Use an appropriate testing method to identify the caus-

ative bacteria of pneumonia when a patient is diagnosed 
with moderate or severe community-acquired pneumonia 
(level of recommendation: strong, level of evidence: low). 

• Selectively perform tests according to age, underlying dis-
eases, severity markers, epidemiological factors, and cur-
rent history of antibiotic use when treating outpatients 
with community-acquired pneumonia of low severity (lev-
el of recommendation: strong, level of evidence: low). 

• It is advisable to perform blood culture, and sputum Gram 
smear and culture tests before antibiotic administration 
for patients with community-acquired pneumonia who 
require hospitalization (level of recommendation: strong, 
level of evidence: low). 

Key points
• Although microbial tests have low sensitivity for commu-

nity-acquired pneumonia, they are still required for rea-
sons related to appropriate antibiotic use, public health 
and epidemiological importance, and provision of infor-
mation about causative bacteria within communities.  

• For outpatients who are suspected of having antibiotic-re-
sistant bacteria or bacteria that are difficult to treat empiri-
cally using common antibiotics, perform sputum gram 
smear and culture. 

• For all inpatients with pneumonia, it is recommended to 
perform blood culture, and sputum gram smear and cul-
ture tests before antibiotic treatment as long as they are 
clinically indicated.

<Summary of Evidence>

When a patient is diagnosed with moderate or severe com-

munity-acquired pneumonia, appropriate testing methods 

are used to identify the causative bacteria of pneumonia. The 

main reason for performing microbial tests for communi-
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ty-acquired pneumonia is that appropriate, individualized 

treatment can be performed based on the test results, and un-

necessary use of wide-spectrum antibiotics can be avoided. 

Detection is necessary since some microorganisms hold epi-

demiological significance in public health and infection con-

trol. It is also important to obtain information about common 

causative microorganisms of pneumonia and their antibiotic 

sensitivity. 

However, microbial tests lack sensitivity, and are often not 

very useful in early treatment [71]. Despite being prospective 

tests for diagnosing causative microorganisms, they fail to de-

tect causative microorganisms in 25-60% of patients [72, 73]. 

They lack sensitivity especially for patients who have pneumo-

nia of low severity, who have not contract any diseases, or who 

have already been treated. Although a study has demonstrated 

a correlation between the severity of community-acquired 

pneumonia and the rate of blood culture positivity [74], 

another has reported no such correlation [75].  

1.   Appropriate methods of causative bacteria 
detection in outpatients 

When treating outpatients with community-acquired pneu-

monia of low severity, tests are selectively performed accord-

ing to age, underlying diseases, severity markers, epidemio-

logical factors, and current history of antibiotic use. Sputum 

gram smear and culture may be performed when antibiot-

ic-resistant bacteria or bacteria that are difficult to treat with 

common empirical antibiotics are suspected. If tuberculosis is 

suspected based on clinical or radiographic findings, a spu-

tum stain and tuberculosis test are performed. It is also rec-

ommended to perform diagnostic tests when Legionella in-

fection or influenza are suspected based on clinical and 

epidemiological findings.

2.   Appropriate methods of causative bacteria 
detection in inpatients 

For inpatients with pneumonia, it is advisable to perform 

blood culture, and sputum gram smear and culture tests be-

fore antibiotic administration as long as they are indicated. 

Sputum tests must be done using sputum samples obtained 

before antibiotic administration, and should only be per-

formed when sufficient amounts of sputum are released, col-

lected, transferred, and treated [76]. For patients with moder-

ate community-acquired pneumonia, a blood culture, 

Legionella, S. pneumoniae urinary antigen test, and sputum 

gram smear and culture must be performed [77-79]. For pa-

tients with airway intubation, a test using trans-tracheal aspi-

rate samples must be performed. For immunodeficient pa-

tients, or patients for whom common treatments have failed, 

invasive tests such as airway endoscopy and percutaneous 

pulmonary aspiration are useful [80, 81].  

KQ 2. For adults who may have contracted community-ac-

quired pneumonia, is the urinary S. pneumoniae antigen test 

useful for selecting therapeutic antibiotics?  

Recommendations
• Perform a S. pneumoniae urinary antigen test for all pa-

tients with community-acquired pneumonia who require 
hospitalization (level of recommendation: strong, level of 
evidence: moderate).

Summary
• The S. pneumoniae urinary antigen test produces results 

within 15 minutes, is simple to perform, can give positive 
results even when antibiotics are administered, and have 
50-80% sensitivity and over 90% specificity for adults.    

<Summary of Evidence>

A S. pneumoniae urinary antigen test is performed for all 

patients with community-acquired pneumonia who require 

hospitalization. The urinary antigen test for S. pneumoniae 

detection produces results within 15 minutes, and can give 

positive results even when antibiotics are administered. It is 

reported to have sensitivity of 50-80% and specificity of over 

90% for adults [82-84]. The drawbacks of this test are that it is 

expensive to perform, and it does not assess antibiotic suscep-

tibility. It can also produce false positive results in pediatric 

patients with chronic lung diseases characterized by S. pneu-

moniae colonization, and patients who suffered from com-

munity-acquired pneumonia in the last four months [85, 86]. 

The test is unaffected by the normal bacterial flora in patients 

with chronic obstructive pulmonary disease [78, 85]. The 

positivity rate of the S. pneumoniae urinary antigen test and 

the severity of pneumonia are reported to be correlated [87]. 

In 80-90% of patients who tested positive in the S. pneumoniae 

urinary antigen test, positivity continue until 7 days after 

treatment was begun [88], and the test can be performed 

using other bodily fluids such as pleural fluid [89]. Among 

studies on the effects of the results of S. pneumoniae urinary 

antigen test on treatment, a retrospective study has reported 

that pneumonia caused by S. pneumoniae was safely and 

effectively treated by high-dose penicillin administration in 

patients who tested positive in the S. pneumoniae urinary 
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antigen test [90].  

KQ 3. Is the Legionella urinary antigen test helpful for se-

lecting therapeutic antibiotics for adults who may have con-

tracted community-acquired pneumonia? 

Recommendations
• A Legionella urinary antigen test is performed for patients 

with moderate or severe community-acquired pneumonia 
(level of recommendation: strong, level of evidence: mod-
erate).

Key points
• The Legionella urinary antigen test is an appropriate test-

ing method for patients hospitalized for idiopathic pneu-
monia, and is recommended in cases of moderate pneu-
monia, in cases where epidemiological evidence of the 
disease is available, and in cases of no response to β-lact-
am antibiotics.   

<Summary of Evidence>

A Legionella urinary antigen test is performed for patients 

with moderate or severe community-acquired pneumonia 

(level of recommendation: strong, level of evidence: moder-

ate). The Legionella urinary antigen test is an appropriate test-

ing method for patients hospitalized for idiopathic pneumo-

nia, and is recommended in cases of moderate pneumonia, in 

cases where epidemiological evidence of the disease is avail-

able, and in cases of no response to β-lactam antibiotics [77-

79]. The Legionella urinary antigen test has high sensitivity 

(~80%) and specificity (>95%) for diagnosing type 1 L. pneu-

mophila infection [91]. The test gives positive results starting 

on the first day a disease occurs, and the positivity continues 

for several weeks [84-92]. The introduction of the Legionella 

urinary antigen test has enabled rapid diagnosis and treat-

ment of Legionella in epidemic situations, and has improved 

treatment outcomes and fatality [93]. In another study, early 

diagnosis of Legionella infection using the Legionella urinary 

antigen test in patients with community-acquired pneumonia 

in non-epidemic situations, the test results positively affected 

the treatment of seven of nine patients who tested positive 

[94]. 

KQ 4. Is a blood culture useful for choosing therapeutic an-

tibiotics for adults who may have contracted community-ac-

quired pneumonia?

Recommendations
• A blood culture test is performed before antibiotic admin-

istration for all patients with moderate or severe commu-
nity-acquired pneumonia (level of recommendation: 
strong, level of evidence: low). 

Key points
• Although the bacterial detection rate of a blood culture for 

community-acquired pneumonia is low at 5-14%, it has a 
high diagnostic value compared with other culture testes 
once the bacteria grow, and provides important informa-
tion about antibiotic resistance.   

• For patients with severe community-acquired pneumonia, 
and immunodeficient patients, a blood culture test is es-
pecially important.  

<Summary of Evidence>

A blood culture test is performed before antibiotic adminis-

tration for all patients with moderate or severe communi-

ty-acquired pneumonia. S. pneumoniae is the most common-

ly detected causative bacteria of community-acquired 

pneumonia in blood culture tests. It has a high diagnostic val-

ue compared with other culture testes once the bacteria grow, 

and provides important information about antibiotic resis-

tance. However, it has low bacterial detection rates of 5-14% 

for community-acquired pneumonia [75, 95], and it has a lim-

ited influence on treatment even when positive results are ob-

tained [74, 75]. In a systematic analysis using data of 3,898 pa-

tients with community-acquired pneumonia from 15 

observational studies, blood culture results had almost no ef-

fect on the changes in the selection of empirical antibiotic, 

and even when they did, they did not significantly affect treat-

ment outcomes [96]. However, since immunodeficient pa-

tients and other high-risk groups were excluded in this analy-

s i s,  i t s  re s u l t s  c a n n o t  b e  g e n e ra l i z e d  t o  m o d e ra t e 

community-acquired pneumonia. There is an overlap be-

tween the predictors of blood culture positivity and the risk 

factors of severe community-acquired pneumonia [97]. For 

this reason, a blood culture test is indicated and must be per-

formed for patients with severe community-acquired pneu-

monia. The test is also recommended for patients with immu-

nodeficiency disorders such as alienia and complement 

deficiencies, chronic liver disease, and leukopenia [74]. 

Hospitalization criteria for pnemonia

KQ 5. For adults who may have contracted community-ac-
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quired pneumonia, does making a hospitalization decision 

according to hospitalization criteria produce good prognoses? 

Recommendation
• Physicians must clinically decide whether a patient with 

community-acquired pneumonia should be hospitalized 
or not according to objective criteria (level of recommen-
dation: strong, level of evidence: low). 

Key points
• By using objective criteria, unnecessary hospitalization 

and its associated side effects can be minimized, and pa-
tients requiring hospitalization can be treated in a timely 
manner.

<Summary of Evidence>

One of the most important decisions in the treatment of 

community-acquired pneumonia is the one of hospitalization. 

Hospitalization of patients who do not require hospitalization 

causes an unnecessary increase in medical costs. Treating pa-

tients with mild pneumonia in outpatient clinics instead of 

hospitalizing them will allow these patients to return to their 

normal life and workplace faster [98]. Hospitalization increas-

es the risk of thrombosis [99], and the risk of infection by more 

pathogenic or resistant bacteria. On the other hand, treating a 

patient requiring hospitalization in an outpatient clinic, and 

later hospitalizing him/her after symptoms have worsened 

can increase the risk of death [100]. Higher mortalities have 

been reported among moderate community-acquired pneu-

monia are treated in general wards and are later admitted to 

ICU than among those who are treated in ICU from the begin-

ning [101]. Therefore, it is important to appropriate decide 

whether a patient needs outpatient care or hospitalization de-

pending on the severity of the disease and risk of death, and if 

the patient is hospitalized, whether he/she should be treated 

in a general ward or ICU.    

The rate of hospitalization of patients with community-ac-

quired pneumonia largely varies between hospitals and phy-

sicians [15]. It has been reported that physicians generally 

tend to overestimate the severity of pneumonia, and cause 

unnecessary hospitalization [102]. In one study, 845 of 1,889 

patients (44.7%) with low-risk pneumonia admitted to an 

emergency department required hospitalization, and at least 

1/5 of these patients did not meet the criteria for hospitaliza-

tion, and were hospitalized for unnecessary reasons [103]. In 

Korea, there are many patients with community-acquired 

pneumonia who have been hospitalized for no clear reasons 

[104]. Objective markers that can be used by clinicians to pre-

dict the death of patients with community-acquired pneumo-

nia, or the severity of pneumonia in outpatient clinics, outpa-

tient departments of medical institutions at the level of a 

hospital, and emergency departments may be useful for de-

ciding whether to request hospitalization in a medical institu-

tion or to hospitalize a patient or not.  

KQ 6. Of CURB-65 and PSI, which are hospital and intensive 

care unit (ICU) admission criteria, which one will lead to bet-

ter prognoses for adults who may have contracted communi-

ty-acquired pneumonia?

Recommendation
• It is recommended to use CRB-65 in clinics or outpatient 

clinics at the level of a hospital, and to use CURB-65 for 
patients who are in emergency departments or whose 
blood tests results are available (level of recommendation: 
strong, level of evidence: low).  

Key points
• The PSI and CURB-65/CRB-65 have equal predictive pow-

er. However, PSI is superior to CURB-65/CRB-65 in terms 
of applicability, and CRB-65 is the most appropriate in an 
outpatient environment in which blood tests are not per-
formed.  

<Summary of Evidence> 

The two markers for assessing the severity of pneumonia 

that have been the most extensively studied and widely used 

include the pneumonia severity index developed in the Unit-

ed States using the data from Pneumonia Patient Outcome 

Research Team (PORT)’s research [105], and the CURB-65 

and CRB-65 based on the death prediction model proposed 

by the British Thoracic Society (BTS) in 1987 [106]. 

The PSI is a scoring system developed to identify low-risk 

patients among patients with community-acquired pneumo-

nia. It was derived from the data of 14,199 inpatients with 

community-acquired pneumonia. Its validity has been veri-

fied using data of 38,039 inpatients with community-acquired 

pneumonia, and in a prospective cohort involving 2,287 pa-

tients [15] (Table 5). The PSI scores 20 variables. The total 

scores are used to predict the 30-day mortality, with which 

patients are divided into five groups. The predicted mortality 

of each group is shown in Table 6. In general, outpatient treat-

ment is recommended for PSI I-II groups, PSI III group is rec-

ommended outpatient treatment or hospitalization for short-
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term monitoring depending on the situation, and IV-V groups 

are recommended hospitalization [15, 104]. 

The CURB-65 and CRB-65 are pneumonia severity scoring 

systems developed using data prospectively collected from 

four hospitals across England, New Zealand, and the Nether-

lands [106] (Table 7). The data of 80% of the 1,068 patients in-

cluded in this study were used in the guideline development, 

and the remaining 20% were used for validating the indices. 

The CURB-65 assigns six scores. One point is given for satisfy-

ing each of the following conditions: C: Confusion; U: Urea >7 

mmol/L (= BUN >19 mg/dL); R: Respiratory rate ≥30/min; B: 

Blood pressure, systolic pressure <90 mmHg or diastolic pres-

sure ≤60 mmHg; and 65: age ≥65 years. The total resulting 

score ranges from 0 to 5 points. The CRB-65 is essentially the 

CURB-65 with the blood urea parameter requiring a blood 

test removed, and it assigns 0 to 4 points. The higher the 

CURB-65 and CRB-65 scores, the higher the mortality as 

shown in Table 7. The CURB-65 and CRB-65 are reported to 

be on a par with one another in terms of their clinical useful-

ness [107-113], and discriminatory power [110, 113].

However, it is unclear whether the use of these pneumonia 

severity markers can improve treatment outcomes or not. Al-

though treatment outcomes have been reported to improve in 

various aspects when guidelines that include patient charac-

teristics and severity assessments as part of the hospitaliza-

tion decision-making process such as the PSI is used [114], 

these guidelines also consider other factors that can affect not 

only the hospitalization decision, but also antibiotic recom-

mendations and treatment outcomes, and it is difficult to de-

termine the impact of these factors on hospitalization deci-

sions using severity markers. However, using these objective 

standards can reduce the rate of hospitalization among pa-

tients with pneumonia [115-118]. 

It is unclear between the PSI and CURB-65 or CRB-65, 

which is superior. There have not been any randomized stud-

ies that compare these two scoring systems. In addition, stud-

ies that have compared the predictive power of the two scor-

ing systems using identical patient groups have reported 

similar predictive power between the two systems [113, 119-

122], and thus, one cannot say one is superior to the other. In 

some studies, the PSI showed more excellent results. Accord-

ing to a study in which the developer of the PSI participated as 

a co-researcher, the PSI classifies a larger number of patients 

as the low-risk group compared with the CURB-65 (PSI I-III, 

68% vs. CURB-65 <2, 61%), similar mortality rates are ob-

served between the two groups, and the CURB-65 had signifi-

cantly higher predictive power measured in terms of AUC 

than the PSI [107]. 

However, the PSI measures 20 parameters, and many blood 

test results are included in the score calculation. This works as 

a serious disadvantage in outpatient or emergency depart-

ments in Korea where patients must be examined as quickly 

as possible. Therefore, for patients who have been diagnosed 

with pneumonia for the first time in an outpatient department 

of a medical institution at the level of a clinic or hospital, it is 

recommended to assess the patients with the CRB-65, and 

consider the transfer to another hospital that can accommo-

date inpatients, or hospitalization for those whose CRB-65 

scores at not 0. However, outpatient treatment may be consid-

ered for patients who satisfy the age condition of the CRB-65 

(65 years or older) and whose other physiological indices are 

stable. In addition, in the case of patients whose blood test re-

sults can be used in emergency or outpatient treatment, the 

CURB-65 can be used for the same purpose, and physicians 

Table 5. Pneumonia severity index (PSI) 

Factor Score
Patient age
  Male Age
  Female Age - 10
Long-term care facility resident +10
Accompanying diseasea

  Neoplastic disease +30
  Liver disease +20
  Congestive heart failure +10
Cerebrovascular disease +10
Chronic kidney disease +10
Symptoms at diagnosis
  Acute psychosisb +20
  Breathing rate ≥30/min +20
  Systolic pressure <90 mmHg +15
  Body temperature <35ºC or ≥ 40ºC +15
  Heart rate ≥125/min +10
Laboratory measurements
Arterial blood pH <7.35 +30
  BUN ≥30 mg/dL +20
  Serum sodium <130 mEq/L +20
  Serum glucose >250 mg/dL +10
  Hb <9 gm/dL (hematocrit <30%) +10
  A  tmospheric arterial blood gas (PaO2)  

<60 mmHg (SaO2 <90%)
+10

  Hydrothorax on chest X-rays +10
aAccompanying diseases (Neoplastic diseases: within one year, exclude cutane-
ous basal cell carcinoma and squamous cell carcinoma; liver disease: clinically or 
histologically diagnosed liver cirrhosis or chronic active hepatitis; congestive heart 
failure: medical history, examination, or tests; cerebrovascular diseases: stroke 
diagnosed based on clinical findings, CT or MRI).
bPsychosis: Disorientation related to people, places, and time; or recently reduced 
level of consciousness.
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are recommended to refer to the CURB-65 results when mak-

ing clinical decisions (Table 7). 

A decision regarding a patient’s need for hospitalization 

cannot always be perfect even when an objective severity 

scoring system with high predictive power is used. Severity 

scoring systems are mere tools to help clinicians make deci-

sions, not absolute standards, and cannot replace health pro-

fessionals’ ‘clinical decisions’. For instance, a patient may be 

placed in a low-risk group according to a severity scoring sys-

tem, but may still require hospitalization in the following situ-

ations: 1) the patient developed complications of pneumonia; 

2) the patient’s underlying diseases have worsened due to 

pneumonia; 3) the patient cannot take oral medications; and 

4) the patient has been placed in a low-risk group because he/

she slightly did not meet the conditions for being classified as 

high-risk [15]. When determining a patient’s need for hospital-

ization, the patient’s social situations and his/her physician 

must be considered together. For instance, a patient of ad-

vanced age who lives alone, and has reduced mobility may re-

quire hospitalization until he/she recovers from pneumonia 

even if his/her severity scores are low.  

KQ 7. For adults who may have contracted community-ac-

quired pneumonia, does making an ICU admission decision 

according to hospitalization criteria produce good prognoses? 

Recommendation
• Patients with community-acquired pneumonia who re-

quire mechanical ventilation or have septic shock must be 
hospitalized in ICU (level of recommendation: strong, lev-
el of evidence: moderate) 

• For patients who have CURB-65 ≥3, who exhibit ancillary 
signs of severe pneumonia as defined by the IDSA/ATS, 
who have developed pneumonia based on clinical find-
ings, and whose underlying diseases have worsened, the 
need for ICU admission must be reassessed (level of rec-
ommendation: weak, level of evidence: low).   

Key points
• With an exception to patients requiring ICU admission 

who depend on mechanical ventilation or who have septic 
shock, it is difficult to decide whether to hospitalize pa-
tients or not according to specific criteria. This decision 
must be made after considering various situations.  

<Summary of Evidence> 

Patients who require mechanical ventilation or have septic 

shock require ICU admission. 

Although the CURB-65 or the IDSA/ATS definition of severe 

pneumonia (2007) may be used, these standards do not have 

perfect predictive power, and their clinical usefulness has not 

been verified. Therefore, an ICU admission decision must be 

made after considering various situations. 

Table 6. Predicted mortality rates, risks, and recommendations according to the pneumonia severity index (PSI)

Class PSI score Predicted mortality rate (%) Risk Recommendation

I Age <50 years, no accompanying 
diseases and clinical symptoms.

0.1 – 0.1 Low Treat at home

II 1 - 70 0.6 – 0.7 Low Treat at home

III 71 - 90 0.9 – 2.8 Low Treat at home or hospitalize

IV 91 - 130 8.2 – 9.3 Moderate Hospitalize

V >130 27.0 – 31.1 High Consider ICU admission

Table 7.���
	��
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��������!

Mortality 
risk

CURB-65 
score

Observed mor-
tality ratea (%)

Recommendation CRB-65
Observed mor-
tality ratea (%)

Recommendation

Low 0 or 1 1.5 Home treatment 0 1.2 Can be treated at home

Moderate 2 9.2 Hospitalization 1 or 2 8.15 Must be referred to and assessed 
in a patient that can accommo-

date inpatients as soon as possible

High 3-5 22 Treatment for moderate 
pneumonia

3 or 4 31 Requires hospitalization as soon 
as possible

aLim WS, et al. Thorax 2003;56;377-82 [106].
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It is traditionally accepted that patients who require 

mechanical ventilation due to respiratory failure, or have 

septic shock must be admitted and treated in an ICU. 

However, it is a challenge to determine whether to admit a 

patient who do not have such needs to an ICU or not.  

The community-acquired pneumonia guideline developed 

by the ATS/IDSA in 2007 proposes the new definition of 

severe pneumonia that requires ICU admission modified 

from the earlier definition proposed by the ATS in 2001 [15, 

123] (Table 8). This standard consists of main and minor 

standards. The main standard includes dependence on 

mechanical ventilation, and septic shock that requires 

vasopressors.  The minor standard consists of  seven 

conditions, which include the factors included in the 2001 

ATS standard [123], plus clinical factors from the CURB-65. A 

patient is diagnosed with severe pneumonia if he/she satisfies 

one of the conditions from the main standard, or three of the 

seven conditions from the minor standard. This standard is 

reported to have higher predictive power than the PSI ≥4 or 

CURB-65 ≥3 [124]. However, although the predictive power of 

the standard is improved relative to that of the PSI or CURB-

65 when only the minor conditions are used (excluding 

patients who satisfy the main conditions for ICU admission), 

and the standard has good specificity, it has moderate 

sensitivity [125]. It has also been reported that since some of 

the factors included in the minor standard (leukopenia, 

thrombocytopenia, and hypothermia) are rarely observed in 

patients, the predictive power of the minor standard does not 

change even after these factors are excluded, and that adding 

other factors can increase its predictive power [126]. There are 

other scoring systems such as the SMART-COP [127], and the 

SCAP [128] that are used to predict ICU admission, but they 

also have similar limitations.

As there is not yet a tool that can be used to accurately 

predict a patient’s need for ICU care, a patient must be 

considered for ICU admission if he/she has CURB-65 ≥3, 

exhibits ancillary signs of severe pneumonia as defined by the 

ATS/IDSA, has pneumonia based on clinical signs, and has 

had his/her underlying diseases worsen. 

Treatment of pneumonia

1. Pneumonia treatment for outpatients
KQ 8. What are the first choices of antibiotics in the outpa-

tient treatment of patients who may have contracted commu-

nity-acquired pneumonia?

Recommendations
• β-lactam is recommended for use as an empirical antibiot-

ic (level of recommendation: strong, level of evidence: 
high).

• Respiratory fluoroquinolones are recommended for use as 
empirical antibiotics (level of recommendation: strong, 
level of evidence: high).

• Use of respiratory fluoroquinolones as empirical antibiot-
ics must be avoided in situations where tuberculosis can-
not be excluded (level of recommendation: weak, level of 
evidence: low). 

Key points 
• The therapeutic effects of the β-lactam monotherapy are 

not inferior to those of the β-lactam + macrolide combina-
tion therapy. 

• β-lactam + macrolide is recommended for suspected atyp-
ical pneumonia.

• Respiratory fluoroquinolones have excellent antibacterial 
activities against tuberculosis bacilli. They may thus delay 
the diagnosis of tuberculosis in patients for whom tuber-
culosis has been misdiagnosed as another kind of bacterial 
pneumonia, and may allow tuberculosis bacilli to develop 
resistance against fluoroquinolones. 

<Summary of Evidence>

For patients who do not require hospitalization, the use of 

β-lactam alone, the combined use of β-lactam and macrolide, 

or the use of respiratory fluoroquinolones as empirical antibi-

otics is recommended. The following antibiotics are recom-

mended (in alphabetical order).  

• β-lactam: amoxicillin, amoxicillin-clavulanate, cefditoren, 

cefpodoxime

• Macrolide: azithromycin, clarithromycin, roxithromycin

Table 8. ISDA/ATS criteria for severe community-acquired pneumonia

Main 
criteria

Invasive mechanical ventilation
Septic shock requiring vasopressors

Minor 
criteria

Breathing rate ≥30 breaths/min
PaO2/FiO2 ratio ≤250
Multilobar invasion
Confusion/disorientation
Uremia (BUN ≥20 mg/dL)
Leukopenia (leukocyte count, <4,000/mm3)
Thrombocytopenia (platelet count, <100,000/mm3)
Hypothermia (core body temperature, <36oC)
Hypotension requiring active fluid resuscitation

IDSA, Infectious Diseases Society of America; ATS, American Thoracic Society; 
PaO2, partial pressure of oxygen in arterial blood; FiO2, fraction of inspired oxygen; 
BUN, blood urea nitrogen.
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• Respiratory fluoroquinolone: gemifloxacin, levofloxacin, 

moxifloxacin

Macrolide or tetracycline monotherapy is not recommend-

ed due to the high antibiotic resistance of S. pneumoniae. 

β-lactam and macrolide may be used together if atypical 

pneumonia is suspected. Macrolides such as azithromycin, 

clarithromycin, and roxithromycin are recommended. 

There is a controversy regarding whether or not antibiotics 

that target the causative bacterial of atypical pneumonia 

should be used in the treatment of mild community-acquired 

pneumonia that does not require hospitalization. In a retro-

spective study secondarily conducted using the Communi-

ty-Acquired Pneumonia Organization (CAPO) database regis-

tered at the multi-institutional phase-three clinical trial 

conducted in various countries, antibiotics that were effective 

against the causative bacteria of atypical pneumonia showed 

more excellent outcomes in terms of mortality rate and clini-

cal progress [129]. The study reported that the antibiotic treat-

ment of the causative bacteria of atypical pneumonia is advis-

able for all patients with community-acquired pneumonia in 

terms of their mortality rates and treatment outcome. In addi-

tion, the IDSA/ATS guideline on pneumonia treatment devel-

oped in the United States in 2007 also gives the same recom-

mendation. However, in a meta-analysis of patients with mild 

community-acquired pneumonia, use of a single antibiotic 

targeting the causative bacteria of atypical pneumonia had 

poorer clinical results than the use of β-lactam alone [130], 

and similar results were also reported by the 2010 Cochrane 

review on patients hospitalized due to community-acquired 

pneumonia [131]. In a study published in 2015, the β-lactam 

monotherapy was not inferior to the β-lactam + macrolide 

combination therapy [132]. Therefore, this guideline recom-

mends using macrolide in addition to β-lactam only in cases 

of suspected atypical pneumonia. 

Of the β-lactams that are classified as penicillin, amoxicillin, 

and or amoxicillin/clavulanic acid are recommended. This 

recommendation is based on a research finding S. pneumoni-

ae isolated in Korea have low penicillin resistance when the 

antibacterial susceptibility standard developed by the CLSI 

(revised in January 2008), which has stricter criteria for the 

penicillin antibiotics of S. pneumoniae for patients without 

meningitis, is used. The 2007 IDSA/ATS guideline, the 2009 

BTS guideline, and the 2011 ERS/ESCMID guideline all rec-

ommended to use amoxicillin as the main antibiotic.

Of oral cephalosporins, cefpodoxime recommended by the 

2007 IDSA/ATS guideline, and the 2011 ERS/ESCMID guide-

line, and cefditoren recommended by the 2011 ERS/ESCMID 

guideline with available data regarding the antibiotic suscep-

tibility of the causative bacteria of pneumonia in Korea have 

been included in this guideline [133]. On the other hand, cefu-

roxime has been excluded since S. pneumoniae isolated in 

Korea are highly resistant against the antibiotic. The 2011 

ERS/ESCMID guideline has also mentioned a study that re-

ported an association between increased mortality rates and 

cefuroxime use in patients with S. pneumoniae pneumonia 

accompanied by bacteremia [134].  

The 2007 IDSA/ATS guideline, 2009 BTS guideline, and 2011 

ERS/ESCMID guidelines recommend use of macrolide or tet-

racycline alone. However, this recommendation has not been 

included in this guideline. This is because S. pneumoniae iso-

lated in Korea show high resistance against these antibiotics. 

The fluoroquinolone monotherapy shows excellent antibac-

terial activities against tuberculosis bacilli. For this reason, it 

may delay the diagnosis of tuberculosis in patients with com-

munity-acquired pneumonia whose tuberculosis has been 

misdiagnosed as a type of bacterial pneumonia, and can allow 

tuberculosis bacilli to develop resistance against fluoroquino-

lones. Therefore, in cases where tuberculosis cannot be elimi-

nated, it is recommended to avoid the empirical use of fluoro-

quinolones.

For levofloxacin, it has been reported that the once-daily ad-

ministration of levofloxacin 750 mg is pharmacodynamically 

more ideal than the same therapy using 500 mg levofloxacin 

[135]. A clinical study reported that once-daily administration 

of levofloxacin 750 mg for five days has excellent therapeutic 

effects, and this therapy has settled as the standard method of 

treatment for pneumonia since then [136]. A study has also 

reported that the five-day gemifloxacin therapy is not inferior 

to its seven-day counterpart in terms of therapeutic effects 

[137].  

2.   Treatment of pneumonia in patients hospitalized 
in general wards 

KQ 9. For patients who may have contracted communi-

ty-acquired pneumonia, and are hospitalized in an ICU, does 

the β-lactam /macrolide (or respiratory fluoroquinolone) 

combination therapy produce better prognoses than the 

β-lactam monotherapy? 

Recommendations
• Use of β-lactam antibiotics or respiratory fluoroquinolones is 

recommended in the empirical treatment of patients with 
mild to moderate pneumonia admitted to a general ward (lev-
el of recommendation: weak, level of evidence: moderate). 
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• β-lactam and macrolide antibiotics may be administered 
together in patients suspected of having atypical bacterial 
infection or in patients who have moderate pneumonia, 
under limited circumstances (level of recommendation: 
weak, level of evidence: moderate).  

Key points
• There was no significant difference in treatment outcomes 

(cure rate, side effects, mortality rate, etc.) between the ad-
ministration of β-lactams, and that of β-lactam + macrolide. 

• The combined administration of β-lactam and macrolide 
led to a higher rate of reaching clinical stability compared 
with the administration of β-lactams only in patients with 
pneumonia caused by atypical bacteria or with severe 
pneumonia. 

<Summary of Evidence>

Empirical antibiotics for patients admitted to general wards 

are selected based on the severity of the disease; in other 

words, they are selected based on whether the patient has 

mild pneumonia (CURB-65 0-1 points, PSI 1-2 points), mod-

erate pneumonia (CURB-65 2 points, PSI 3-4 points), or severe 

pneumonia (CURB-65 3 points, PSI 5 points). Empirical anti-

biotics and the method of administration are chosen based on 

health professionals’ judgment on the patient’s clinical situa-

tions and the selected antibiotics, antibiotic resistance, medi-

cation allergy, compliance, previous antibiotic use (penicillin, 

macrolide, fluoroquinolone, etc.), cost, and potential side ef-

fects. Isolation and susceptibility results of causative bacteria 

that are later reported must be considered along with the clin-

ical progress to readjust the antibiotic selection.  

Use of β-lactams or respiratory fluoroquinolone alone is rec-

ommended for the empirical treatment of mild or moderate 

pneumonia. The 2007 IDSA/ATS guideline and the 2009 Kore-

an guideline on community-acquired pneumonia recom-

mend the administration of β-lactams alone or in conjunction 

with macrolide, or the administration of respiratory fluoro-

quinolones alone [15, 104]. Most of the studies on combined 

antibiotic administration included in these guidelines were 

either retrospective or observational studies [138-141]. In pro-

spective comparative studies conducted after these studies, 

the β-lactam and macrolide combination therapy for 

mild-moderate pneumonia showed no difference from the 

β-lactam monotherapy in terms of treatment outcomes (cure 

rate, incidence of side effects, mortality rates, etc.) [130-132, 

142, 143]. In a meta-analysis on 18 studies that compare the 

therapeutic effects of β-lactams, and those of macrolide or flu-

oroquinolone which have the effect to atypical pathogens, in 

the treatment of mild-moderate pneumonia, there were no 

significant differences in the clinical progress between the two 

antibiotic groups (relative risk, 0.97; 95% confidence interval 

0.87-1.07) [130]. In a prospective CAP-START study conduct-

ed by Postma et al., patients hospitalized in general wards 

were subjected to β-lactam administration (656 patients), 

β-lactam + macrolide administration (739 patients), and fluo-

roquinolone administration (888 patients), and therapeutic 

effects were compared among the groups. The 90-day mortali-

ty rate was 9.0% in the β-lactam group, 11.1% in the β-lactam + 

macrolide group, and 8.8% in the fluoroquinolone group. 

Therefore, the treatment outcomes observed in the β-lactam 

group were on a par with those observed in the other groups 

[144]. In a study by Grain et al. that prospectively compares 

β-lactam administration, and β-lactam + macrolide adminis-

tration in the treatment of patients with severe pneumonia, 

41.2% and 33.6% of the patients in the β-lactam group, and the 

β-lactam + macrolide group did not reach a clinically stable 

state after seven days, respectively (P = 0.07). Although there 

was no difference in the rate of reaching clinical stability be-

tween the patients without atypical bacterial infection (rela-

tive risk, 0.99; 95% CI, 0.80-1.22) and with pneumonia corre-

sponding to PSI 1-3 points in the β-lactam, and β-lactam + 

macrolide groups, when patients with atypical pneumonia 

(relative risk, 0.33; 95% confidence interval, 0.13-0.85) or se-

vere pneumonia corresponding to PSI 5 points (relative risk, 

0.81; 95% confidence interval, 0.59-1.10) were considered, the 

rate of reaching clinical stability was lower in the β-lactam 

group. The rate of readmission within 30 days was higher in 

the β-lactam group (7.9%, 3.1%, P = 0.01), and there were no 

significant differences in other clinical markers including the 

90-day mortality rate, rate of ICU admission, incidence of 

complications, duration of hospital stay, and rate of pneumo-

nia recurrence between the two administration groups [142].  

Therefore, the present revised guideline on the treatment of 

community-acquired pneumonia in Korea recommends the 

administration of β-lactam or respiratory fluoroquinolone 

alone for patients with mild-moderate pneumonia who are 

hospitalized in general wards. In addition, considering inpa-

tients’ characteristics, the guideline recommends intravenous 

injections of β-lactams including amoxicillin/clavulanic acid, 

ampicillin/sulbactam, cefotaxime, and ceftriaxone, or respira-

tory fluoroquinolones including gemifloxacin, levofloxacin, 

and moxifloxacin over oral antibiotics [expert opinion] [143, 

144]. Combined administration of β-lactams and macrolides 

is recommended for treating atypical bacterial infections (My-

coplasma spp., Chlamydophila spp., Legionella spp.), for 
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which the antibiotics have been reported to reduce the mor-

tality rates of the infections, and for treating severe pneumo-

nia [143, 144]. Oral macrolides must be used with care as they 

are associated with increased cardiovascular risks in patients 

of advanced age. These antibiotics are not recommended as 

there have been reports of low oral bioavailability of erythro-

mycin, increased QT interval, and increased cardiovascular 

risks associated with macrolides [145, 146].

For patients who show severe adverse reactions to penicil-

lin, and cannot use β-lactams, respiratory fluoroquinolones 

such as gemifloxacin, levofloxacin, and moxifloxacin are rec-

ommended. As studies have reported that use of fluoroquino-

lones is associated with delayed tuberculosis diagnosis, and 

increased drug tolerance, fluoroquinolones must be used with 

caution in Korea where the prevalence of tuberculosis is not 

low [147-149]. A prospective randomized controlled clinical 

report has reported that the therapeutic effects of the moxi-

floxacin monotherapy are not inferior to those of the ceftriax-

one and levofloxacin combination therapy [150]. It has also 

been reported that similar results were observed between a 

group that was orally administered gemifloxacin, and another 

that was administered cefuroxime followed by ceftriaxone, 

and that gemifloxacin was better in terms of costs [151]. 

KQ 10. What is the adequate duration of antibiotic treat-

ment for patients who may have contracted community-ac-

quired pneumonia?

Recommendations
• Antibiotics must be administered for at least five days (lev-

el of recommendation: strong, level of evidence: low). 

Key points
• Antibiotics must be administered for at least five days. The 

adequate duration of antibiotic administration may 
change depending on the causative bacteria, patient’s con-
ditions, type of antibiotics, treatment response, accompa-
nying diseases, and pneumonia complication status.  

<Summary of Evidence>

Although antibiotics are generally administered for 7-10 

days, the adequate duration of the administration period may 

change depending on the causative bacteria, patient’s condi-

tions, types of antibiotics, treatment response, accompanying 

diseases and complications of pneumonia the patient has [15, 

152]. In general, antibiotics are administered for at least five 

days. For a treatment to be terminated, a patient must not 

have a fever for 48-72 hours, and must show one or more of 

the signs of clinical stable shown in Table 9 before the treat-

ment completion [15]. A study has reported that for gemiflox-

aicn and levofloxacin (750 mg/d), five-day administration is 

sufficient [138, 153]. Antibiotics with long half-lives (e.g. azith-

romycin) may be used for 3-5 days [153-155]. In the cases of S. 

aureus pneumonia accompanied by bacteremia, enteric 

Gram-negative bacilli pneumonia, pneumonia accompanied 

by infections of other organs, and early treatment failures, 

short-term antibiotic treatment may be insufficient [15]. Pa-

tients who have formed cavities, or show signs of tissue necro-

sis may require long-term treatment [15]. Legionella pneumo-

nia must be treated for at least 14 days [152]. 

KQ 11. For patients who may have contracted communi-

ty-acquired pneumonia, when is it appropriate to switch from 

intravenous antibiotics to oral antibiotics?  

Recommendations
• A patient may switch from intravenous antibiotics to oral 

antibiotics once he/she is clinically stable, and can take 
oral medications (level of recommendation: strong, level 
of evidence: high).  

<Summary of Evidence>

Patients hospitalized in an ICU, who do not have severe 

pneumonia, show clinical improvements, are hemodynami-

cally stable, can perform normal oral ingestion, and have nor-

mal digestive functions, maybe switch to oral treatment (Table 

10). The criteria for switching to oral treatment are: 1) reduced 

cough and dyspnea; 2) fever: body temperature in the last 

eight hours <37.8°C; 3) normal leukocyte count in a blood 

test; and 4) sufficient oral ingestion and normal gastrointesti-

nal absorption [156, 157]. In a prospective study that used 

these criteria, 133 of 200 patients (67%) hospitalized due to 

pneumonia satisfied these criteria within three days, and 

could switch to oral treatment [157]. Only one patient had a 

clinical treatment failure [157]. These criteria may also be ap-

Table 9. Criteria for clinical stability 

Reduced fever >24 hours

Heart rate <100 beats/min

Reduced hyperventilation

Reduced hypotension and stable blood pressure

Reduced hypoxemia

Improved leukocyte count



  https://doi.org/10.3947/ic.2018.50.2.160  •  Infect Chemother 2018;50(2):160-198www.icjournal.org 179

plied to pneumonia caused by S. pneumoniae accompanied 

by bacteremia, which is known to have poor prognoses [158]. 

Another method to reduce the duration of antibiotic admin-

istration for inpatients is to start with oral treatment from the 

beginning, or to perform intravenous treatment for a certain 

period, and then switch to oral treatment. The latter has been 

reported to produce the same treatment outcomes as existing 

methods, while shortening the duration of hospital stay [159]. 

However, more detailed research is needed to investigate 

which patient groups may benefit from this approach, and 

what the most appropriate duration of administration is.

It is not necessary to monitor a hospitalized patient’s condi-

tions after he/she switches to oral antibiotics. In a retrospec-

tive study on 5,248 patients of advanced age who had pneu-

monia, there was no difference in the 14-day readmission rate, 

and the 30-day mortality rate between the patients who were 

discharged on the day that they switched to oral antibiotics, 

and those who were monitored for one more day after the 

switch [160]. 

Generally, it is recommended to use identical antibiotics 

when switching from intravenous to oral treatment. If the 

same antibiotics are not available, it is recommended to use 

antibiotics of the same class. In areas such as the United States 

where the rate of high-level macrolide resistance is low in S. 

pneumoniae, oral administration of macrolide is recommend-

ed if 1) there are no isolated bacteria or the causative bacteria 

are S. pneumoniae; and 2) β-lactam and macrolide have been 

intravenously injected as empirical antibiotics [15]. However, 

in areas where the rate of high-level macrolide resistance is 

high in S. pneumoniae such as Korea, there is insufficient evi-

dence to accept these principles as they are. For this reason, it 

is recommended to use oral antibiotics that are of the same 

class as that of the starting intravenous antibiotics for a suffi-

cient period.  

KQ 12. For patients who may have contracted communi-

ty-acquired pneumonia, when is the appropriate time to be 

discharged?

Recommendations
• If a patient can undergo oral treatment, does not require 

treatment or diagnostic tests for underlying diseases, and 
is in a social environment where he/she will be taken care 
of, discharge may be considered (level of recommenda-
tion: strong, level of evidence: high).

<Summary of Evidence>

If patient does not require treatment for underlying diseas-

es, and does not require diagnostic tests, and a social environ-

ment in which the patient can be taken care of is established, 

discharge may be considered [136, 157, 161] (Table 11). How-

ever, a discharge decision cannot be made solely based on ob-

jective criteria. Ultimately, the clinician in charge must make 

the decision after considering the patient’s clinical and social 

situations. There is a controversy regarding whether or not a 

patient must satisfy all conditions of clinical stability in the PSI 

before discharge. However, the more conditions the patient 

does not satisfy, the more likely he/she is likely to have poor 

prognoses [162, 163]. According to a prospective study that 

monitored 680 inpatients with pneumonia, the rate of mortal-

ity or readmission was 10.5% when a patient satisfied all con-

ditions of clinical stability shown in Table 9 in the last 24 hours 

before discharge, but it increased to 13.7% with the odds ratio 

at 1.6 when the patient did not meet one of the conditions, 

and to 46.2% with the odds ratio at 5.4 if the patient did not 

satisfy two or more conditions [162]. A recently published 

prospective study has also reported that as the number of un-

satisfied conditions increases, the 30-day mortality rate in-

creases, and that fever is the most highly associated with prog-

nosis [163]. 

As the PSI increases, the time until clinical stability increas-

es [104], and this leads to longer recovery time required for el-

derly patients who have various accompanying diseases [164]. 

In addition, underlying diseases are the most common cause 

of readmission for patients who are discharged after undergo-

ing treatment for pneumonia. Therefore, when determining 

the timing for discharge in elderly patients with various un-

derlying diseases, it is advisable to assess whether or not the 

Table 10. Criteria for switching to oral antibiotics

Patient satisfies all criteria for clinical stability shown in Table 9 

Pneumonia without bacteremia 

Other etiology of pneumonia, than Legionella spp.,  
  Staphylococcus aureus or Enterobacteriaceae

Normal gastrointestinal absorption

Table 11. Discharge criteria

Patient satisfies all conditions for switching to oral medications 
  listed in Table 10

Patient does not require treatment for underlying diseases 

Patient not require additional diagnostic tests

A social environment in which the patient can be taken care of 
  has been established. 
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patients require additional interventions including early reha-

bilitative therapy.  

KQ 13. For patients who may have contracted communi-

ty-acquired pneumonia, are oxygen therapy, low-molecu-

lar-weight heparin therapy, and early ambulation helpful?  

Recommendations
• The level of oxygen is maintained at 94-98% via oxygen ther-

apy in patients with hypoxemia (level of recommendation:
• weak, level of evidence: low).
• Low-molecular-weight heparin is injected into patients at 

high risk of venous thromboembolism (level of recom-
mendation: strong, level of evidence: high).

• Early ambulation is recommended (level of recommenda-
tion: strong, level of evidence: high).

<Summary of Evidence>

Oxygen therapy: High concentrations of oxygen may be 

safely applied if a patient requires oxygen therapy to maintain 

the arterial partial oxygen pressure at over 8 kPa, and oxygen 

saturation level at 94-98%, and the risk of hypercapnic respira-

tory failure is not high. For patients at high risk of hypercapnic 

respiratory failure, treatment must begin with 24-28% low 

concentration oxygen therapy, followed by oxygen infusion 

with the oxygen saturation maintained at 88-92% and pH 

≥7.35 while the arterial blood gas test results are being repeat-

edly checked [165].

Low-molecular-weight heparin therapy: Patients with pneu-

monia accompanied by acute respiratory failure are classified 

into the high-risk group, and must be administered low-mo-

lecular-weight heparin [166, 167]. Administration of appropri-

ate antibiotics at appropriate time, and use of a guideline on 

heparin administration for the prevention of thromboembo-

lism have been observed to reduce mortality rates [168]. 

  Early ambulation: Early ambulation show good clinical 

prognoses. In a prospective study involving 458 subjects, the 

duration of hospital stay was shorter by 1.1 days for patients 

who came out of bed and maintained an upright posture for at 

least 20 minutes in the first 24 hours after their hospital ad-

mission, and gradually increased the level of physical activity 

[169].

3. Treatment of patients with pneumonia in ICU
KQ 14. For patients who may have contracted communi-

ty-acquired pneumonia and are admitted to ICU for treat-

ment, does the β-lactam/macrolide (or respiratory fluoro-

quinolone) combination therapy lead to better prognoses 

than the β-lactam monotherapy? 

Recommendations
• For patients requiring ICU admission, the β-lactam + azi-

thromycin/fluoroquinolone combination therapy is rec-
ommended over the β-lactam monotherapy. (level of rec-
ommendation: strong, level of evidence: moderate).

KQ 15. For patients who may have contracted communi-

ty-acquired pneumonia and who are in admitted to ICU for 

treatment, does the β-lactam/macrolide (or respiratory fluo-

roquinolone) combination therapy lead to better prognoses 

than the respiratory fluoroquinolone monotherapy?

Recommendations
• For patients requiring ICU admission, the β-lactam + azi-

thromycin/fluoroquinolone combination therapy is rec-
ommended over the β-lactam monotherapy (level of rec-
ommendation: strong, level of evidence: moderate).

• For patients requiring ICU admission, the β-lactam + azi-
thromycin/fluoroquinolone combination therapy is rec-
ommended over the respiratory fluoroquinolone mono-
therapy (level of recommendation: strong, level of 
evidence: moderate).

Key points
• For patients with community-acquired pneumonia who 

require ICU admission, combination therapy is recom-
mended over monotherapy.  

• If pneumonia caused by P. aeruginosa is suspected, a com-
bination therapy using two antibiotics with antipseudo-
monal effects is performed to prevent inappropriate treat-
ments. 

• If community-acquired pneumonia caused by MRSA is 
suspected, vancomycin, teicoplanin, or linezolid may be 
used, and clindamycin or rifampin may be added.

<Summary of Evidence>

There are not many domestic clinical studies on the caus-

ative bacteria of antibiotic treatment of severe community-ac-

quired pneumonia. According to foreign research, S. pneumo-

niae, Legionella spp. H. influenzae, Enterbacteriaceae spp., S. 

aureus, and Pseudomonas spp. are the major causative bacte-

ria of community-acquired pneumonia, and about 20% cases 

of community-acquired pneumonia are due to atypical bacte-

ria [170, 171]. Because Legionella are especially important in 

severe pneumonia caused by atypical bacteria, antibiotics that 

have antibacterial activities against these bacteria must be in-

cluded in the early empirical treatment [172]. In clinical stud-
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ies that have been conducted up to date, combination therapy 

has been not more beneficial than monotherapy for treating 

mild pneumonia; however, combination therapy has pro-

duced better results for patients with severe pneumonia [142, 

173, 174]. 

1) P. aeruginosa infection is not suspected

(a) β-lactam + azithromycin or 

(b)   β-lactam + fluoroquinolone combination therapy is per-

formed. The following antibiotics are recommended (in 

alphabetical order)

• β-lactam: ampicillin/sulbactam, cefotaxime, ceftriaxo-

ne 

• Macrolide: azithromycin

• Respiratory fluoroquinolone: gemifloxacin, levofloxa-

cin, moxifloxacin

(Respiratory fluoroquinolone + aztreonam are reco-

mmended if a patient is hypersensitive to penicillin.)

In a randomized controlled clinical trial involving patients 

with community-acquired pneumonia not accompanied by 

shock, combination therapy had no significant effects; howev-

er, the combination therapy showed better outcomes than the 

fluoroquinolone monotherapy for patients who were on me-

chanical ventilation [173]. In another retrospective study, the 

β-lactam + macrolide combination therapy led to higher sur-

vival rates than the fluoroquinolone monotherapy for patients 

with severe pneumonia [175]. Most patients who are admitted 

to an ICU experience shock, or require mechanical ventila-

tion. Therefore, combination therapy is recommended over 

the fluoroquinolone monotherapy for these patients. The ef-

fectiveness of the fluoroquinolone monotherapy in pneumo-

nia accompanied by meningitis caused by S. pneumoniae is 

unclear. In a recent noninferiority trial, the β-lactam + macro-

lide combination therapy produced better outcomes than the 

β-lactam monotherapy in severe pneumonia or pneumonia 

caused by atypical bacteria [142]. In a prospective observa-

tional study involving patients with S. pneumoniae bactere-

mia, the combination therapy (β-lactam + macrolide or β-lact-

am + fluoroquinolone) also led to higher survival rates 

compared with the β-lactam monotherapy, and this result was 

observed not in patients with mild pneumonia, but patients 

with severe pneumonia [176]. Some studies have also report-

ed better treatment outcomes from combination therapy than 

from monotherapy even in patients treated with effective anti-

biotics [177-179]. Therefore, for the empirical antibiotic treat-

ment of patients with severe community-acquired pneumo-

nia requiring ICU admission, combination therapy is 

recommended over monotherapy. 

2) Suspected P. aeruginosa infection

The following combination therapies may be performed. 

Anti-pneumococcal, anti-pseudomonal β-lactams, such as 

cefepime, piperacillin/tazobactam, imipenem, and meropen-

em may be used.

(a)   Anti-pneumococcal, anti-pseudomonal β-lactam + cip-

rofloxacin or levofloxacin 

(b)   Anti-pneumococcal, anti-pseudomonal β-lactam + ami-

noglycoside + azithromycin

(c)   Anti-pneumococcal, anti-pseudomonal β-lactam + ami-

noglycoside + anti-pneumococcal fluoroquinolone 

(gemifloxacin, levofloxacin, moxifloxacin)

The risk factors of P. aeruginosa infection include alcohol 

consumption, structural lung diseases such as bronchodila-

tion, frequent use of steroids due to acute worsening of chron-

ic obstructive pulmonary disease, and use of antibiotics in the 

last three months. If there is a possibility that a patient has 

pneumonia caused by P. aeruginosa, antibiotics that are ef-

fective against and highly sensitive to S. pneumoniae must be 

selected. Examples of these antibiotics include cefepime, pip-

eracillin/tazobactam, imipenem, and meropenem. In a pro-

spective observational study, gram-negative bacillus infec-

tions including those caused by P. aeruginosa were associated 

with high mortality rates [180]. In a multi-institutional study 

conducted in Asian, gram-negative bacilli accounted for 10.1% 

of all cases of deaths, were the most common causative bacte-

ria of severe pneumonia, and were a risk factor of death [181]. 

Of these bacteria, P. aeruginosa may exhibit various levels of 

antibiotic resistance. Therefore, more than two empirical 

combination therapies are needed against these bacteria, and 

it is recommended to readjust the antibiotic selection once 

the bacteria are isolated and their susceptibility results are ob-

tained [180]. 

3) Suspected MRSA infection

Although community-acquired MRSA have been usually 

detected in skin and soft tissue infections, they are rarely a 

cause of severe community-acquired pneumonia [182]. They 

occur in healthy adults who are not associated with the com-

mon risk factors of hospital-acquired infection, and have been 

reported to occur in association with new influenza viruses 

[183]. They produce Panton-Valentine Leucocidin (PVL) tox-

ins, cause necrotic pneumonia and are associated with high 

mortality rates. 
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Unlike in the case of hospital-acquired MRSA, communi-

ty-acquired MRSA may be susceptible to sulfamethoxazole 

(TMP-SMX) or clindamycin. Vancomycin cannot reduce toxin 

production, and it is not yet clear if TMP-SMX and fluoro-

quinolones can reduce toxin production. Although there is no 

established method of treatment, clindamycin, which can re-

duce toxin production, and rifampin, which has bactericidal 

activities against S. aureus may be used [184, 185]. Among 

novel antibiotics, daptomycin is effective for soft tissue infec-

tion caused by MRSA or bacteremia. However, its effective-

ness may be reduced due to surfactants of the lungs, and are 

therefore not recommended [186]. There is not enough evi-

dence regarding the effectiveness of tigecycline in pneumonia 

[187]. 

KQ 16. For patients who may have contracted communi-

ty-acquired pneumonia and who are admitted to ICU for 

treatment, does a treatment against Legionella lead to better 

prognoses?

Recommendations
• For patients with severe community-acquired pneumonia 

who require ICU admission, it is necessary to perform 
treatment against Legionella (level of recommendation: 
strong, level of evidence: low).

Key points
• Community-acquired pneumonia caused by Legionella is 

often severe, and treatment against these bacteria must be 
included in the empirical antibiotic treatment.

<Summary of Evidence>

All patients admitted to an ICU must be subjected to treat-

ment against S. pneumoniea and Legionella spp. [171, 188]. 

According to foreign studies, infections caused by atypical 

bacteria account for over 20% of all cases of severe communi-

ty-acquired pneumonia, and of these, Legionella plays the 

main role [170-172]. In domestic studies, Legionella account-

ed for 0-5.3% of the causative bacteria of pneumonia, but they 

were more common compared with other atypical pathogens 

in patients with severe pneumonia requiring ICU admission 

[11-13]. 

KQ 17. For patients who may have contracted communi-

ty-acquired pneumonia and who are admitted to ICU for 

treatment, does steroid therapy lead to good prognoses?

Recommendations
• Steroid therapy may be considered for patients with severe 

community-acquired pneumonia accompanied by shock 
(level of recommendation: weak, level of evidence: low).  

Key points
• Although use of steroids to treat severe community-ac-

quired pneumonia shortened the time until reaching clini-
cal stability in some studies, it did not lead to any changes 
in the mortality rate. 

• However, in studies involving patients with septic shock 
and adrenal insufficiency, steroid use lead to a decrease in 
the mortality rate. 

<Summary of Evidence>

Study results regarding the use of steroids for severe com-

munity-acquired pneumonia vary greatly. In a recently-con-

ducted large-scale study, use of steroids in addition to pneu-

monia treatment led to faster bacteriological conversion, 

shortened the time until clinical stability, and shortened the 

duration of hospital stay [189-192]. In a small-scale random-

ized study involving patients admitted to an ICU, seven-day 

use of hydrocortisone reduced the duration of hospital stay 

and mortality rate [193]. In two small-scale studies, use of ste-

roids produced better treatment outcomes as opposed to 

when they were not used [194, 195]. However, these studies 

are small in scale, and differ in the characteristics of their pa-

tient groups. In a relatively recently conducted randomized 

controlled study, the duration of hospital stay was reduced by 

1-1.5 days in the steroid group, but no difference in the mor-

tality rate was observed [190, 193]. In addition, when steroids 

were additionally used for patients with pneumonia, no signif-

icant differences in symptom improvements, overall cure rate, 

complications, rate of ICU admission, and mortality rate were 

observed compared with the other group that was not sub-

jected to steroid administration, and the rates of hyperglyce-

mia and side effects were higher in the steroid group [189-

192]. However, in a randomized controlled study involving 

patients with septic shock, seven-day use of low-dose hydro-

cortisone reduced mortality rates in patients who had hy-

poadrenalism [196], and reduced mortality rates and the 

number of days on mechanical ventilation in patients with 

acute respiratory failure in addition to hypoadrenalism [197]. 

Therefore, patients with severe community-acquired pneu-

monia accompanied by shock that requires vasopressors, use 

of steroids may be considered.   
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Assessment of effectiveness of pneumonia 
treatment

KQ 18. For patients who may have contracted communi-

ty-acquired pneumonia, are follow-up chest-X-rays useful for 

assessing treatment response?  

Recommendations
• For patients with community-acquired pneumonia who 

do not show clear symptom improvements, or who are at 
high risk of lung cancer, it is recommended to take fol-
low-up chest X-rays to examine the treatment response 
(level of recommendation: strong, level of evidence: low).

Key points
• Lesion improvements manifest themselves more slowly 

than clinical symptoms on chest-X-rays of patients with 
pneumonia.

• Lesion loss may radiologically manifest slowly even after 
12 weeks after treatment in patients who are aged 50 years 
or older, who have multilobar pneumonia, and have un-
derlying diseases.

• For patients who are aged 50 years or older, are male, and 
are smokers, chest X-rays must be performed to differenti-
ate between underlying lung diseases such as pneumonia 
7-12 weeks after treatment, and to confirm complete le-
sion loss.  

<Summary of Evidence>

In general, radiological anomalies of pneumonia manifest 

more slowly than clinical symptoms. 

In a study that prospectively observed 288 inpatients with 

severe pneumonia, 56% of the patients showed clinical im-

provements at seven days, but only 25% radiologically showed 

improvements. At 28 days, 78% patients completely recovered 

based on clinical findings, but only 53% had complete lesion 

loss based on chest X-rays [198]. In a study that monitored 

chest X-rays of 81 patients with community-acquired pneu-

monia in emergency and outpatient departments for 24 

weeks, 50.6% of the patients had complete lesion loss at two 

weeks, and only 66.7% had complete lesion loss at four weeks 

[199]. Radiological improvements were usually observed 

slowly in multilobar pneumonia, and the rate of improvement 

in chest X-rays changed depending on the patient’s age and 

underlying lung diseases [199, 200]. Most patients who were 

50 years old or younger, and had no underlying lung diseases 

show lesion improvement on chest X-rays within four weeks; 

however, patients who are 50 years or older, and have under-

lying lung diseases may not show radiological improvements 

until after 12 weeks [200]. In addition, treatment outcome of 

pneumonia is not associated with signs of worsening on chest 

X-rays taken during a follow-up period [198]. Therefore, re-

peatedly taking chest X-rays from patients with pneumonia 

who have shown clinical improvements may not have any ad-

ditional benefits.  

However, it is necessary to take follow-up chest X-rays to 

eliminate the possibility of underlying diseases such as pneu-

monia for patients who are 50 years old or older, male, and 

smokers. In a large-scale cohort study involving 3,000 patients, 

1.1% patients diagnosed with community-acquired pneumo-

nia were newly diagnosed with pneumonia within 90 days, 

and age of 50 years or older (adjusted HR 19.0, 95% CI 5.7-

63.6), male gender (adjusted HR 1.8, 95% CI 1.1-2.9), and 

smoking (adjusted HR 1.7, 95% CI 1.0-3.0) were significant 

risk factors of pneumonia [201]. Of 236 patients with commu-

nity-acquired pneumonia, 10 were diagnosed with pneumo-

nia, and high proportion (17%) of these patients was aged 60 

years or older. Therefore, it is necessary to take follow-up chest 

X-rays from patients with community-acquired pneumonia 

[72]. In addition, to eliminate the possibility of pneumonia 

and underlying diseases in patients who do not show suffi-

cient clinical improvements at 4-5 weeks after treatment, 

chest X-rays may be repeatedly obtained [202]. 

 

KQ 19. For patients who may have contracted communi-

ty-acquired pneumonia, is the C-reactive protein (CRP) test 

useful for assessing therapeutic effects?

Recommendations
• CRP levels may be repeatedly measured to assess the risk 

of treatment failure and complications in patients who do 
not clinically show clear symptom improvements (level of 
recommendation: weak, level of evidence: low).

Key points
• Repeated CRP measurement after three or four days of 

treatment can help identify patients who are at risk of 
treatment failure or who are at increased risk of complica-
tions. 

• Patients whose CRP has not decreased by over 50% after 
four days of treatment tend to have higher a 30-day mortali-
ty rate, higher risk of ventilator and vasopressor use, and 
risk of complications of pneumonia such as pyothorax.  

<Summary of Evidence>

Based on the findings of prospective studies that have ana-
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lyzed inpatients with community-acquired pneumonia, re-

peated CRP measurement at three or four days of treatment 

helped identify patients at risk of treatment failure or at in-

creased risk of complications [203-206]. CRP levels >10 mg/dL 

at four days of treatment were significantly associated with the 

incidence of complications [207]. On the other hand, patients 

with CRP levels <3 mg/dL at three days after treatment were at 

low risk of complications [205]. In addition, patients whose 

CRP levels did not decrease by over 50% at four days of treat-

ment had a higher 30-day mortality rate, higher risk of ventila-

tor and vasopressor use, and higher risk of complications of 

pneumonia such as pyothorax [204]. Therefore, although re-

peated CRP measurement is not significantly beneficial in 

clinical aspects for patients whose symptoms are worsening, 

CRP monitoring may help identify patients at risk of treatment 

failure or complications among those who do not show clear 

signs of clinical improvements or worsening in the early peri-

od of hospitalization. 

KQ 20. For patients who may have contracted communi-

ty-acquired pneumonia, is the procalcitonin test useful for as-

sessing therapeutic effects? 

Recommendations
• The procalcitonin test may be used in the process of decid-

ing whether to continue antibiotic treatment or not for pa-
tients who show clinical improvements (level of evidence: 
moderate, level of recommendation: weak).

Key points
• Repeated procalcitonin measurement may be used as an 

auxiliary method to predict the prognoses of patients with 
pneumonia

• Antibiotic use or cessation of antibiotic use based on pro-
calcitonin levels helps reduce the doses and duration of 
antibiotic use without increasing the risk of treatment fail-
ure and complications 

<Summary of Evidence>

Repeated procalcitonin measurement may help predict a 

patient’s prognosis. When procalcitonin levels of 100 patients 

admitted to an ICU due to severe community-acquired pneu-

monia were measured at one and three days of hospitaliza-

tion, an increase in procalcitonin levels at three days was 

identified as a significant prognostic factor indicative of poor 

prognoses [208]. In another study, of 394 patients hospitalized 

due to community-acquired pneumonia, those who clinically 

stabilized within 72 hours, and whose procalcitonin levels re-

peatedly measured at 72 hours were below 0.25 ng/mL did 

not develop serious complications [205]. When procalcitonin, 

CRP, mild regional pro-atrial natriuretic peptide (MR pro-

ANP) levels were continuously measured in 75 patients with 

pneumonia, high levels of MR pro-ANP and procalcitonin 

levels were consistently observed in patients who developed 

complications or died [209]. 

Numerous randomized controlled clinical studies have been 

conducted to determine whether or not procalcitonin can be 

used as criteria for beginning or ceasing antibiotic use. 

According to a meta-analysis that analysed 4,221 patients 14 

different acute respiratory infections, using procalcitonin as 

the criteria for antibiotic use did not lead to significant 

differences in the risk of treatment failure and mortality rate 

compared with when existing treatment guidelines were used, 

but significantly reduced the number of days of antibiotic use 

[210]. When the meta-analysis analysed patients with 

community-acquired pneumonia separately, there was no 

significant difference in the mortality rate between the 

procalcitonin and control groups (9.2% and 10.8%, respectively; 

adjusted odds ratio (OR) 0.89 (95% CI 0.64-1.23). However, the 

rate of treatment failure was lower in the procalcitonin group 

compared with the existing treatment group (19.0% and 

23.4%, respectively; adjusted OR 0.77 [95% CI 0.62-0.96, P 

<0.05]), and the median number of days of antibiotic use 

decreased by 3.9 days from 10 to 6 days (P <0.01) [211]. A 

prospective multi-institutional randomized controlled clinical 

study has recently published its findings regarding the use of 

the procalcitonin test as the criteria for cessation of antibiotic 

use in patients who are administered antibiotics within 24 

hours after ICU admission due to an infection [212]. Of the 

1,575 patients included in this study, 792 (50.3%) had 

community-acquired pneumonia. In the procalcitonin group, 

cessation of antibiotic use was recommended if  the 

procalcitonin level has decreased by over 80% relative to the 

level at the time of admission, or if the level is below 0.5 μg/L. 

Consistent with previous studies, the doses of antibiotics used 

and the duration of antibiotic use significantly decreased in 

the procalcitonin group compared with the control group. The 

mortality rate at 28 days decreased by 5.4% (P = 0.0122), and 

the one-year mortality rate decreased by 6.1% (P = 0.0158) in 

the procalcitonin group compared with the control group. 

However, most of studies have been published in Europe, and 

the patient groups included in the studies are heterogeneous 

in terms of diseases. In addition, the ratio of patients in the 

procalcitonin group varied depending on the research 
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algorithm (47-81%). Further studies are needed to investigate 

the cost-effectiveness of the procalcitonin test in reducing the 

cost of antibiotic prescriptions, and it is yet too early to 

recommend antibiotic treatment according to procalcitonin 

test results in an actual clinical practice guideline.  

Adjuvant treatment and prevention of pneumonia

KQ 21. For adults who have contracted community-ac-

quired pneumonia, and have the risk factors of S. pneumoniae 

infection, can vaccination against S. pneumoniae prevent 

community-acquired pneumonia?

Recommendations
• Old adults, and adults who have the risk factors of S. pneu-

moniae infection are recommended to be vaccinated 
against S. pneumoniae (level of recommendation: strong, 
level of evidence: high).

Key points
• A polysaccharide pneumococcal vaccine has recently 

shown to prevent invasive pneumococcal diseases in pa-
tients of advanced age, or those with the risk factors of S. 
pneumoniae infection. 

• A protein conjugate pneumococcal vaccine has recently 
shown to prevent pneumonia and invasive pneumococcal 
diseases.

• For patients of advanced age, and patients with the risk 
factors of S. pneumoniae infection, a combined injection 
of protein conjugate and polysaccharide pneumococcal 
vaccines is recommended. 

<Summary of Evidence>

The risk factors of invasive pneumococcal diseases caused 

include age of 65 years or older, residence in long-term care 

facilities, dementia, convulsive diseases, congestive heart fail-

ure, cardiovascular diseases, chronic obstructive pulmonary 

diseases, previous history of pneumonia, chronic liver diseas-

es, diabetes, alienia, and chronic cerebrospinal fluid leakage.  

According to previous literatures, the 23-valent polysaccha-

ride pneumococcal vaccine prevented invasive pneumococ-

cal diseases in 44-47% of older adults aged 65 years or older 

[213, 214], and its effectiveness was slightly reduced in pa-

tients with chronic diseases [215]. Numerous cohort studies 

have recently demonstrated that the vaccine can reduce the 

incidence of pneumonia, pneumococcal pneumonia, hospi-

talization due to pneumonia, and deaths by pneumonia [216-

221]. However, some have reported that the vaccine has no 

preventive effects against pneumonia, or hospitalization due 

to pneumonia [222, 223]. Patients who have asplenia, who are 

of advanced age, or who are in a high-risk group must be re-

vaccinated after five years. The safety and immunogenicity of 

the vaccine have been verified in numerous studies [224-226].

In a recent large-scale study, the 13-valent protein conjugate 

pneumococcal vaccine prevented 45% of pneumococcal 

pneumonia, and 75% of invasive pneumococcal diseases. 

However, the vaccine had no preventive effects against other 

types of pneumonia [222].

The preventive effects of the polysaccharide pneumococcal 

vaccine against invasive pneumococcal diseases, as well as 

those of the protein conjugate pneumococcal vaccine against 

pneumococcal infections have been verified. Accordingly, a 

domestic pneumococcal vaccination guideline recommends 

performing a combined injection of the protein conjugate and 

polysaccharide vaccines in patients who are of advanced age, 

or who have the risk factors of pneumococcal infections.  

KQ 22. Does smoking cessation education prevent commu-

nity-acquired pneumonia among adults who have contracted 

community-acquired pneumonia? 

Recommendations
• Smoking cessation education is necessary for current 

smokers who have pneumonia (level of recommendation: 
strong, level of evidence: high).

Key points
• Smoking is an important risk factor of pneumonia even for 

healthy adults. Therefore, smoking cessation is important 
for preventing pneumonia.

<Summary of Evidence>

Smoking is known to be a risk factor of invasive pneumo-

coccal diseases even in young people who are not immuno-

suppressed [227]. Both direct and indirect smoking is a risk 

factor of community-acquired pneumonia [228, 229]. In 

addition, smoking is a risk factor of Legionella infections [230]. 

Smoking cessation education is needed to prevent pneumonia, 

and for smokers who are hospitalized due to pneumonia, the 

education must begin during the hospitalization [231]. 
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