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ABSTRACT
• Objective: To review the management of community-

acquired pneumonia (CAP) in adults.
• Methods: Review of the literature.
• Results: Approximately 4 to 5 million cases of CAP 

are diagnosed in the United States annually, ac-
counting for significant morbidity and mortality. While 
numerous studies have previously shown pneumo-
coccus to be the most common causative pathogen, 
the 2015 EPIC study found that in nearly two-thirds 
of patients with CAP who required hospitalization, 
no pathogen was detected. Symptoms and signs 
of respiratory tract infection are useful in helping to 
diagnose pneumonia; however, they are less sensi-
tive than chest imaging studies. Laboratory tests 
used in diagnosing pneumonia include sputum Gram 
stain and culture, blood culture, urinary antigen, 
polymerase chain reaction, and biologic markers. In 
empiric treatment of CAP, both the typical and atypi-
cal pathogens should be targeted. Influenza vaccine 
and pneumococcal polysaccharide and conjugate 
vaccines should be administered as recommended 
by the CDC to reduce risk of CAP.

• Conclusion: CAP is a common illness with high rates 
of morbidity and mortality. Treatment is for the most 
part empirical; diagnostic testing can be used to 
identify the causative organism and guide pathogen-
specific therapy.

 Key words: community-acquired pneumonia; adults; manage-
ment; vaccines.

Despite advances in medical science, pneumo-
nia remains a major cause of morbidity and 
mortality. In 2014, 50,620 patients in the 

United States died from the disease [1]. Pneumonia 
can be classified as community-acquired, hospital-
acquired, or ventilator-associated. Another category, 
healthcare-associated pneumonia, was included in an 
earlier American Thoracic Society (ATS) and Infec-

tious Diseases Society of America (IDSA) guideline 
but was removed from the 2016 guideline because 
there was no clear evidence that patients diagnosed 
with healthcare-associated pneumonia were at higher 
risk for harboring multidrug-resistant pathogens [2]. 
In this article, we review the epidemiology, microbiol-
ogy, predisposing factors, diagnosis, treatment, and 
prevention of community-acquired pneumonia (CAP). 

Definition and Epidemiology
CAP is defined as an acute infection of the lungs that 
develops in patients who have not been hospitalized 
recently and have not had regular exposure to the 
health care system [3]. A previously ambulatory patient 
who is diagnosed with pneumonia within 48 hours 
after admission also meets the criteria for CAP. Ap-
proximately 4 to 5 million cases of CAP are diagnosed 
in the United States annually [4]. About 25% of CAP 
patients require hospitalization, and about 5% to 10% 
of these patients are admitted to the intensive care unit 
(ICU) [5]. In-hospital mortality is considerable (~10% 
in population-based studies) [6] and 30-day mortality 
was found to be as high as 23% in a review by File and 
Marrie [7]. CAP also confers a high risk of long-term 
morbidity and mortality compared with the general 
population who have never had CAP, irrespective of 
age [8].

Causative Organisms
Numerous microorganisms can cause CAP. Com-
mon causes and less common causes are delineated 
in Table 1. Until recently, numerous studies had 
demonstrated that pneumococcus was the most com-
mon cause of CAP. However, the CDC Etiology of 
Pneumonia in the Community (EPIC) study team, in 
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their 2015 prospective, multicenter, population-based 
study found that in the majority of patients diagnosed 
with CAP requiring hospitalization, no pathogen was 
detected. The most common pathogens they detected 
were rhinovirus (9%), followed by influenza virus (6%) 
and pneumococcus (5%) [9]. Factors considered to 
be contributing to the decrease in the percentage of 
pneumococcus in patients diagnosed with CAP are the 
widespread use of pneumococcal vaccine and reduced 
rates of smoking [10,11]. 

Predisposing Factors 
Most people diagnosed with CAP have one or more 
predisposing factors [12,13] (Table 2). These predispos-
ing factors for development of pneumonia usually are 
working in a concerted manner than acting through 

a single factor. Aging, in combination with other risk 
factors, increases the susceptibility of a person to pneu-
monia.

Clinical Signs and Symptoms
Symptoms of CAP include fever, chills, rigors, fatigue, 
anorexia, diaphoresis, dyspnea, cough (with or without 
sputum production), and pleuritic chest pain. There 
is no individual symptom or cluster of symptoms that 
can absolutely differentiate pneumonia from other 
acute respiratory diseases, including upper and lower 
respiratory infections. However, if a patient presents 
with the constellation of symptoms of fever ≥ 1000F 
(37.80C), productive cough, and tachycardia, it is more 
suggestive of pneumonia [14]. Abnormal vital signs 
include fever, hypothermia, tachypnea, tachycardia, 
and oxygen desaturation. Auscultation of the chest 
reveals crackles or other adventitious breath sounds. 
Elderly patients with pneumonia report a significantly 
lower number of both respiratory and nonrespiratory 
symptoms compared with younger patients. Clinicians 
should be aware of this phenomenon so it does not lead 
to delayed diagnosis and treatment [15]. 

Imaging Evaluation 
The presence of a pulmonary consolidation or an infil-
trate on chest radiograph is required to diagnose CAP, 
and a chest radiograph should be obtained when CAP 
is suspected [16]. It should be noted that there is no 
pattern of radiographic abnormalities reliable enough 
to differentiate infectious pneumonia from noninfec-
tious causes [17]. 

Table 1. Infectious Causes of a Syndrome Consistent with CAP Leading to Hospital Admission

Common Causes Less Common Causes Uncommon Causes

Streptococcus pneumoniae

Haemophilus influenzae

Staphylococcus aureus 

Influenza virus 

Other respiratory viruses

Pseudomonas aeruginosa or other gram-
negative rods Pneumocystis jirovecii

Moraxella catarrhalis 

Mixed microaerophilic and anaerobic 
oral flora

Mycobacterium tuberculosis

Nontuberculous mycobacteria

Nocardia species

Legionella species

Mycoplasma pneumoniae

Chlamydophila pneumoniae

Chlamydophila psittaci

Coxiella burnetii

Histoplasma capsulatum

Coccidioides species

Blastomyces dermatitidis

Cryptococcus and aspergillus species

Adapted from reference 3.

Table 2. Predisposing Factors in CAP

Smoking

Alcoholism

Alterations in level of consciousness (eg, stroke, seizures), 
which predispose to aspiration

Immunocompromised state (eg, HIV infection, transplant 
recipients, patients on chemotherapy)

Age > 65 years

Chronic obstructive pulmonary disease 

Influenza infection

Lung cancer

Acid-reducing agents (eg, proton pump inhibitors and  
H2 blockers) 

Adapted from references 12 and 13. 
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There are case reports and case series demonstrating 
false-negative plain chest radiographs existing in dehy-
drated patients [18] or in neutropenic state. However, 
animal studies have shown that dogs challenged with 
pneumococcus showed abnormal pulmonary shadow, 
suggestive of pneumonia, regardless of hydration status 
[19]. There is also no reliable scientific evidence to sup-
port the notion that severe neutropenia can cause false-
negative radiographs because of the inability to develop 
an acute inflammatory reaction in the lungs [20]. 

A chest CT scan is more sensitive than a plain chest 
radiograph in detecting pneumonia. Therefore, a chest 
CT should be performed in a patient with negative 
plain chest radiograph when pneumonia is still highly 
suspected [21]. A chest CT scan is also more sensitive 
in detecting cavitation, adenopathy, interstitial disease 
and empyema. It also has the advantage of better defin-
ing anatomical changes than plain films [22]. 

Because improvement of pulmonary opacities in 
patients with CAP lags behind clinical improvement, 
repeating chest imaging studies is not recommended in 
patients who demonstrate clinical improvement. Some-
times clearing of pulmonary infiltrate or consolidation 
can take 6 weeks or longer [23]. 

Laboratory Evaluation 
Generally the etiologic agent of CAP cannot be 
determined solely on the basis of clinical signs and 
symptoms or imaging studies. Although routine mi-
crobiological testing for patients suspicious for CAP is 
not necessary for empirical treatment, by determining 
the etiologic agent of the pneumonia, a clinician will 
be able to narrow the antibiotics from a broad-spec-
trum empirical regimen to specific pathogen-directed 
therapy. Determination of certain etiologic agents 
causing the pneumonia can have important public 
health implications (eg, Mycobacterium tuberculosis and 
influenza virus) [24]. 

Sputum Gram Stain and Culture
Sputum Gram stain is an inexpensive test that may 
identify pathogens that cause CAP (eg, S. pneumonia 
and Haemophilus influenzae). A quality specimen is re-
quired. A sputum sample must contain > 25 neutrophils 
and < 10 squamous epithelial cells/low power field on 
Gram stain to be considered suitable for culture. 

The sensitivity and specificity of sputum Gram stain 
and culture are highly variable in different clinical set-

tings (eg, outpatient setting, nursing home, ICU). Reed 
et al’s meta-analysis of patients diagnosed with CAP in 
the United States showed the sensitivity and specificity 
of sputum Gram stain (compared with sputum culture) 
ranged from 15% to 100% and 11% to 100%, respec-
tively [24]. In cases of proven bacteremic pneumococcal  
pneumonia, positive cultures from sputum samples 
were positive less than 50% of the time [25]. 

For patients who cannot provide sputum samples or 
are intubated, a deep-suction aspirate or bronchoalveo-
lar lavage through a bronchoscopic procedure might 
be necessary to obtain pulmonary secretion for Gram 
stain and culture. Besides bacterial culture, sputum 
samples can also be sent for fungal and mycobacte-
rial cultures and acid-fast stain if deemed clinically  
necessary. 

Blood Culture
Because the positivity rate of blood culture in patients 
who are suspected to have pneumonia but not ex-
posed to antimicrobial agents is disappointingly low 
(5%–14%), blood cultures are no longer recommended 
in patients hospitalized for CAP. Another reason for 
not recommending blood culture is positive culture 
rarely leads to changes in antibiotic regimen in patients 
without underlying diseases [26]. However, high-risk 
patients, including patients with severe CAP or in im-
munocompromised patients (eg, patients with neutro-
penia, asplenia or complement deficiencies) should have 
a blood culture done [24]. 

A multinational study published in 2008 examined 
125 patients with pneumococcal bacteremic CAP 
versus 1847 patients with non-bacteremic CAP [27]. 
Analysis of the data demonstrated no association of 
pneumococcal bacteremic CAP and time to clinical 
stability, length of hospital stay, all-cause mortality or 
CAP-related mortality. The authors concluded that 
pneumococcal bacteremia does not increase the risk of 
poor outcomes in patients with CAP compared to non-
bacteremic patients, and the presence of pneumococcal 
bacteremia should not deter de-escalation of therapy in 
clinically stable patients.

Urinary Antigen Tests
Urinary antigen tests may assist clinicians in narrowing 
antibiotic therapy when test results are positive. There 
are 2 U.S. Food and Drug Administration–approved 
tests available to clinicians for detecting pneumococcal 
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and Legionella antigen in urine. The test for Legio-
nella pneumophila detects disease due to serogroup 1 
only, which accounts for 80% of community-acquired 
Legionnaires disease. The sensitivity and specificity of 
the Legionella urine antigen test are 90% and 99%, re-
spectively. The pneumococcal urine antigen test is less 
sensitive and specific than the Legionella urine antigen 
test (sensitivity 80% and specificity > 90%) [28,29]. 

Advantages of the urinary antigen tests are that they 
are easily performed, results are available in less than an 
hour if done in-house, and results are not affected by 
prior exposure to antibiotics. However, the tests do not 
meet Clinical Laboratory Improvements Amendments 
criteria for waiver and must be performed by a techni-
cian in the laboratory.

Polymerase Chain Reaction 
There are several FDA-approved polymerase chain 
reaction (PCR) tests commercially available to as-
sist clinicians in diagnosing pneumonia. PCR test of 
nasopharyngeal swabs for diagnosing influenza have 
become standard in many medical U.S. facilities. The 
great advantage of using PCR to diagnose influenza is 
its high sensitivity and specificity and rapid turnaround 
time. PCR can also be used to detect Legionella spe-
cies, S. pneumonia, Mycoplasma pneumoniae, Chla-
mydophila pneumonia and mycobacterial species [24]. 

One limitation of using PCR tests on respiratory 
specimens is that specimens can be contaminated with 
oral or upper airway flora, so the results must be in-
terpreted with caution, bearing in mind that some of 
the pathogens isolated may be colonizers of the oral or 
upper airway flora [30]. 

Biologic Markers
Two biologic markers—procalcitonin and C-reactive 
protein (CRP)—can be used in conjunction with his-
tory, physical examination, laboratory tests and imaging 
studies to assist in the diagnosis and treatment of CAP 
[24]. Procalcitonin is a peptide precursor of the hor-
mone calcitonin that is released by parenchymal cells 
into the bloodstream resulting in increased serum level 
in patients with bacterial infections. In contrast, there 
is no remarkable proclacitonin level increase with viral 
or noninfectious inflammation. The reference value 
of procalcitonin in the blood of an adult individual 
without infection or inflammation is < 0.15 ng/mL. 
In the blood, procalcitonin has a half-life of 25 to 30 

hours. The quantitative immunoluminometric method 
(LUMI test, Brahms PCT,  Berlin, Germany ) is the 
preferred test to use because of its high sensitivity [31]. 

A 2012 Cochrane meta-analysis that involved 4221 
patients with acute respiratory infections (with half of 
the patients diagnosed with CAP) from 14 prospective 
trials found the use of procalcitonin test for antibiotic 
use significantly decreased median antibiotic exposure 
from 8 to 4 days without an increase in treatment 
failure, mortality rates in any clinical setting (eg, outpa-
tient clinic, emergency room), or length of hospitaliza-
tion [32]. A prospective study conducted in France on 
100 ICU patients showed that increased procalcitonin 
from day 1 to day 3 has a poor prognosis factor for 
severe CAP whereas decreasing procalcitonin levels is 
associated with a favorable outcome [33]. 

CRP is an acute phase protein produced by the liver. 
CRP level in the blood increases in response to acute 
infection or inflammation. Use of CRP in assisting di-
agnosis and guiding treatment of CAP is more limited 
in part due to its poor specificity. A prospective study 
conducted on 168 consecutive patients presented with 
cough showed that a CRP > 40 mg/L had a sensitivity 
and specificity of 70% and 90%, respectively [34]. 

Treatment
Site of Care Decision
For patients with CAP, the clinician must decide 
whether the patient will be treated in an outpatient 
or inpatient setting, and for those in the inpatient set-
ting, whether they can safely be treated on the general 
medical ward or should be the ICU. Two common 
scoring systems that can be used to aid the clinician 
in determining severity of the infection and guiding 
site-of-care decisions are the Pneumonia Severity Index 
(PSI) and CURB-65 scores. 

The PSI score uses 20 different parameters, includ-
ing comorbidities, laboratory parameters and radio-
graphic findings to stratify patients into 5 mortality 
risk classes [35]. On the basis of associated mortality 
rates, it has been suggested that risk class I and II 
patients should be treated as outpatients, risk class III 
patients should be treated in an observation unit or 
with a short hospitalization, and risk class IV and V 
patients should be treated as inpatients [35].

The CURB-65 method of risk stratification is 
based on 5 clinical parameters: confusion, urea level, 
respiratory rate, systolic blood pressure and age ≥ 65  
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(Table 3) [36]. A modification to the CURB-65 algo-
rithm tool was CRB-65, which excludes urea nitrogen, 
making it optimal for determinations in a clinic-based 
setting. It should be emphasized that these tools do 
not take into account other factors that should be 
used in determining location of treatment, such as 
stable home, concerns about compliance, mental ill-
ness, or concerns about compliance with medications. 
In many instances it is these factors that preclude low 
risk patients from being treated as outpatients [37,38]. 
Similarly, these scoring systems have not been validated 
for immunocompromised patients or those who would 
qualify as having healthcare-associated pneumonia. 

Patients with CURB-65 scores of 4 or 5 are con-
sidered to have severe pneumonia and admission to the 
ICU should be considered. Aside from the CURB-
65 score, anyone requiring vasopressor support or 
mechanical ventilation merits admission to the ICU 
[16]. IDSA/ATS guidelines also recommend the use 
of “minor criteria” for making ICU admission deci-
sions; these include respiratory rate ≥ 30 breaths / 
minute, PaO2 fraction ≤ 250, multilobar infiltrates, 
confusion, blood urea nitrogen ≥ 20 mg/dL, leukope-
nia, thrombocytopenia, hypothermia and hypotension 
[16]. These factors are associated with increased mor-
tality due to CAP and admission to an ICU is indicated 
if 3 of the minor criteria for severe CAP are present. 

Similar to CURB-65, another clinical calculator that 
can be used for assessing severity of CAP is SMART-
COP [39]. This scoring system uses 8 weighted criteria 
to predict which patients will require intensive respira-

tory or vasopressor support. SMART-COP has a sen-
sitivity of 79% and specificity 64% in predicting ICU 
admission, whereas CURB-65 had a pooled sensitivity 
of 57.2% and specificity of 77.2% [40].

Antibiotic Therapy
Antibiotics are the mainstay of treatment for CAP, 
with the majority of patients with CAP treated em-
pirically taking into account the site of care, likely 
pathogen, and antimicrobial resistance issues. Patients 
with pneumonia who are treated as outpatients usu-
ally respond well to empiric antibiotic treatment and a 
causative pathogen is not usually sought. Patients who 
are hospitalized for treatment of CAP usually receive 
empiric antibiotic on admission. Once the etiology has 
been determined by microbiologic or serologic means, 
antimicrobial therapy should be adjusted accordingly. 
As noted previously, a CDC study found that the 
burden of viral etiologies was higher than previously 
thought, with rhinovirus and influenza accounting 
for 15% of cases and S. pneumoniae for only 5% [9]. 
This study highlighted the fact that despite advances 
in molecular techniques, most patients with pneumo-
nia have no pathogen identified [9]. Given the lack of 
discernable pathogens in the majority of cases, unless a 
nonbacterial etiology is found patients should continue 
to be treated with antibiotics. 

Outpatients without comorbidities or risk factors 
for drug-resistant S. pneumoniae (Table 4) can be 
treated with monotherapy. Hospitalized patients are 
usually treated with combination intravenous therapy, 

Table 3. CURB-65 Severity Scoring for CAP

Factor Points

Confusion 1

Blood urea nitrogen > 19 mg/dL 1

Respiratory rate ≥ 30 breaths per minute 1

Systolic blood pressure < 90 mm Hg or diastolic blood pressure ≤ 60 mm Hg 1

Age ≥ 65 years 1

CURB-65 Score Mortality Risk (%) Recommendation 

0 0.6 Low risk; consider outpatient treatment

1 2.7 Low risk; consider outpatient treatment

2 6.8 Short inpatient or outpatient treatment with close observation 

3 14 Inpatient, consider intensive care unit 

4 or 5 27.8 Inpatient; consider intensive care unit

Adapted from references 36 and 68.
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although non-ICU patients who receive a respiratory 
fluoroquinolone can be treated orally. 

As previously mentioned, antibiotic therapy is typi-
cally empiric; neither clinical features nor radiographic 
features are sufficient to include or exclude infectious 
etiologies. Epidemiologic risk factors should be consid-
ered and, in certain cases, expanded antimicrobial cov-
erage to include those entities; for example, treatment 
of anaerobes in the setting of lung abscess and antip-
seudomonal antibiotics for patients with bronchiectasis. 

Of concern in the treatment of CAP is the increased 
prevalence of antimicrobial resistance among S. pneu-
moniae. The IDSA guidelines report that drug-resis-
tant S. pneumoniae is more common in persons aged 
< 2 or > 65 years, and those with ß-lactam therapy 
within the previous 3 months, alcoholism, medical co-
morbidities, immunosuppressive illness or therapy, or 
exposure to a child who attends a day care center [16]. 

S. aureus should be considered during influenza 
outbreaks, with either vancomycin or linezolid being 
the recommended agents in the setting of methicillin-
resistant S. aureus (MRSA). In a study comparing van-
comycin versus linezolid for nosocomial pneumonia, the 
all-cause 60-day mortality was similar for both agents 
[41]. Datpomycin is another agent used against MRSA; 
however, its use in the setting of pneumonia is not indi-
cated as daptomycin binds to surfactant, yielding it inef-
fective in the treatment of pneumonia [42]. Ceftaroline 
is a newer cephalosporin with activity against MRSA; 
its role in treatment of community-acquired MRSA 
pneumonia has not been fully elucidated, but it appears 
to be a useful agent for this indication [43,44]. Simi-
larly, other agents known to have antibacterial properties 
against MRSA, such as TMP-SMX and doxycycline 
have not been studied for this indication. Clindamycin 
has been used to treat MRSA in children, and IDSA 

guidelines on the treatment of MRSA lists clindamycin 
as an alternative [45] if MRSA is known to be sensitive. 

A summary of recommended empiric antibiotic 
therapy is presented in Table 5. 

Antibiotic Therapy for Selected Pathogens
S. pneumoniae

Patients with pneumococcal pneumonia who have 
penicillin-susceptible strains can be treated with intra-
venous penicillin (2 or 3 million units every 4 hours) 
or ceftriaxone. Once a patient meets criteria of stabil-
ity, they can then be transitioned to oral penicillin, 
amoxicillin, or clarithromycin. Those with strains with 
reduced susceptibility can still be treated with penicillin 
but at a higher dose (4 million units IV every 4 hours) 
or a third-generation cephalosporin. Those whose 
pneumococcal pneumonia is complicated by bacteremia 
will benefit from dual therapy if severely ill, requiring 
ICU monitoring. Those not severely ill can be treated 
with monotherapy [46]. 

S. aureus 

S. aureus is more commonly associated with hospital-ac-
quired pneumonia but may also be seen during the influen-
za season and in those with severe necrotizing CAP. Both 
linezolid and vancomycin can be used to treat MRSA CAP. 
As noted above, ceftaroline has activity against MRSA and 
is approved for treatment of CAP, but is not approved by 
the FDA for MRSA CAP treatment. Similarly, tigecycline 
is approved for CAP and has activity against MRSA, but 
is not approved for MRSA CAP. Moreover, the FDA has 
warned of increased risk of death with tigecycline and has 
a black box warning to that effect [47]. 

Legionella 

Treatment of legionellosis can be achieved with tetra-
cyclines, macrolides, or fluoroquinolones. For non-
immunosuppressed patients with mild pneumonia, 
any of the listed antibiotics is considered appropriate. 
However, patients with severe infection or those with 
immunosuppression should be treated with either levo-
floxacin or azithromycin for 7 to 10 days [48]. 

C. pneumoniae 

As with other atypical organisms, C. pneumoniae can 
be treated with doxycycline, a macrolide, or respiratory 
fluoroquinolones. However, length of therapy varies 
by regimen used; whereas treating with doxycycline 

Table 4. Risk Factors for Drug-Resistant  
S. pneumoniae Infection

Age > 65 

ß-lactam, macrolide, or fluoroquinolone use within the last  
3 to 6 months 

Alcoholism

Medical comorbidities

Immunosuppressive therapy or illness 

Exposure to a child in a daycare center 

Adapted from reference 2.
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100 mg twice daily generally requires 14–21 days, 
moxifloxacin 400 mg daily only requires 10 days [49]. 

M. pneumoniae

As with C. pneumoniae, length of therapy of M. pneu-
moniae varies by antimicrobial used. Shortest courses are 
seen with the use of macrolides for 5 days, whereas 14 
days is considered standard for doxycycline or a respirato-
ry fluoroquinolone [50]. It should be noted that there has 
been increasingly documented resistance to macrolides, 
with known resistance of 8.2% in the United States [51]. 

Duration of Treatment
Most patients with CAP respond within 72 hours to 
appropriate therapy. IDSA/ATS guidelines recom-
mend that patients be treated for a minimum of 5 days, 
and before discontinuing antibiotics patients should be 

afebrile a minimum of 48-72 hours and be clinically 
stable (Table 6) [16]. The recommended minimum 
5 days of therapy is valid for routine cases of CAP. 
Despite this, a majority of patients are treated for an 
excessive amount of time, with over 70% of patients 
reported to have received over 10 days for uncom-
plicated CAP [52]; however, there are instances that 
require longer courses of antibiotics (eg, cases caused 
by P. aeruginosa, S. aureus, Legionella spp; patients 
with lung abscesses or necrotizing infections, among 
others) [53]. CRP has been postulated as an additional 
measure of stability, specifically monitoring for > 50% 
reduction in CRP; however, this was validated only for 
those with complicated pneumonia [54]. 

Hospitalized patients do not need to be monitored 
for an additional day once they have reached clinical 
stability (Table 6), are able to maintain oral intake, and 

Table 5. Recommended Empiric Antibiotic Therapy

Outpatient

Previously healthy Macrolide (azithromycin, clarithromycin or erythromycin) OR 
doxycycline 

Risk for drug-resistant S. pneumoniae, comorbidities  
(chronic heart/lung/liver/lung disease), alcoholism,  
malnutrition, immunosuppression)

Respiratory fluoroquinolone (levofloxacin, moxifloxacin) 

OR

ß-lactam (high-dose amoxicillin, amoxicillin-clavulanate, 
ceftriaxone, cefpodoxime, cefuroxime) PLUS 
macrolide OR doxycycline

Inpatient

General medical floor Respiratory fluoroquinolone

OR

ß-lactam (ceftriaxone, cefotaxime, ampicillin) PLUS a macrolide 
OR doxycycline

ICU without concerns for P. aeruginosa ß-lactam (ceftriaxone, cefotaxime, ampicillin-sulbactam) PLUS 
a macrolide OR fluoroquinolone

ICU with concerns for P. aeruginosa Antipseudomonal ß-lactam (piperacillin-tazobactam, imipenem, 
meropenem, ceftazidime, cefepime) PLUS ciprofloxacin

OR

Antipseudomonal ß-lactam PLUS an aminoglycoside AND 
azithromycin

OR

 Antipseudomonal ß-lactam PLUS an aminoglycoside AND 
ciproflaxcin 

Adapted from reference 16.
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have normal mentation, provided that other comor-
bidities are stable and social needs have been met [16]. 
Patients discharged from the hospital with instability 
have higher risk of readmission or death [55]. 

Transition to Oral Therapy
IDSA/ATS guidelines [16] recommend that patients 
should be transitioned from IV to oral antibiotics when 
they are improving clinically, have stable vital signs, 
and are able to ingest food/fluids and medications.

Management of Nonresponders
Although the majority of patients respond to antibi-
otics within 72 hours, treatment failure occurs in up 
to 15% of patients [45]. Nonresponding pneumonia 
is generally seen in 2 patterns: worsening of clinical 
status despite empiric antibiotics OR delay in achieving 
clinical stability as defined in Table 5 after 72 hours 
of treatment [13]. Risk factors associated with nonre-
sponding pneumonia [56] are: 

• Radiographic: multilobar infiltrates, pleural effusion, 
cavitation

• Bacteriologic: MRSA, gram-negative or Legionella 
pneumonia

• Severity index: PSI > 90 
• Pharmacologic: incorrect antibiotic choice based on sus-

ceptibility 

Patients with acute deterioration of clinical status 
will prompt transfer to a higher level of care and may 
require mechanical ventilator support. In those with 
delay in achieving clinical stability, question centers on 
whether the same antibiotics can be continued while 
doing further radiographic/microbiologic workup 

and/or changing antibiotics. 
History should be reviewed with particular attention 

to exposures, travel history, and microbiologic and ra-
diographic data. Clinicians should recall that viral causes 
account for up to 20% of pneumonias and there are also 
noninfectious causes that can mimic pyogenic infections 
[57]. If adequate initial cultures were not obtained, they 
should be obtained; however, care must be taken in re-
viewing new sets of cultures while on antibiotics as they 
may reveal colonization selected out by antibiotics and 
not a true pathogen. If repeat evaluation is unrevealing, 
then further evaluation with CT scan and bronchoscopy 
with bronchoalveolar lavage and biopsy is warranted. CT 
scans can show pleural effusions, bronchial obstructions 
or pattern suggestive of cryptogenic pneumonia. A bron-
choscopy might yield a microbiologic diagnosis and with 
biopsy can also evaluate for noninfectious causes. 

As with other infections, if escalation of antibiotics 
is undertaken, clinicians should be mindful to ensure 
that efforts are being made to elucidate the reason for 
nonresponse. To simply broaden antimicrobial therapy 
without attempts at establishing a microbiologic or 
radiographic cause for nonresponse may lead to inap-
propriate treatment recurrence of infection. Aside from 
patients who have bacteremic pneumococcal pneumo-
nia in an ICU setting, there are no published reports 
pointing to superiority of combination antibiotics [46]. 

Other Treatment
Because of the inflammatory response associated with 
pneumonia, several agents have been evaluated as 
adjunctive treatment of pneumonia to decrease this 
inflammatory state; namely, steroids, macrolide anti-
biotics and statins. To date, only the use of steroids 
(methylprednisolone 0.5 mg/kg every 12 hours for 5 
days) in those with severe CAP and high initial anti-
inflammatory response (CRP > 150) was shown to 
decrease treatment failure, decreased risk of ARDS, 
possibly reduce length of stay, duration of intravenous 
antibiotics and clinical stability, without effect on mor-
tality or adverse side effects [58,59]. 

Other adjunctive methods have not been found to 
have significant impact [16]. 

Prevention of Pneumonia 
Prevention of pneumococcal pneumonia is twofold: 
prevention of infection caused by S. pneumoniae and  
prevention of influenza infection. As influenza infec-
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Table 6. Criteria for Clinical Stability

Temperature ≤ 37.8°C 

Heart rate ≤ 100 beats/min 

Respiratory rate ≤ 24 breaths/min 

Systolic blood pressure ≥ 90 mm Hb

Arterial oxygen saturation ≥ 90%

Ability to maintain oral intake 

Normal mental status 

Adapted from reference 16.
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tion is a risk factor for bacterial infection, specifically 
with S. pneumoniae, influenza vaccination can prevent 
bacterial pneumonia [60]. In their most recent recom-
mendations, the CDC continues to recommend rou-
tine influenza vaccination for all persons aged greater 
than 6 months, unless otherwise contraindicated [61].

There are 2 vaccines for prevention of pneumococ-
cal disease: the pneumococcal polysaccharide vaccine 
(PPSV23) and a conjugate vaccine (PCV13). Following 
vaccination with PPSV23, 80% of adults develop anti-
bodies against at least 18 of the 23 serotypes [62]. De-
spite this response, PPSV23 is reported to be protective 
against invasive pneumococcal infection; yet there is no 
consensus regarding PPSV23 leading to decreased rates 
of pneumonia [63]. On the other hand, PCV13 vacci-
nation was associated with prevention of both invasive 
disease and community-acquired pneumonia in adults 
65 years or older [64]. The CDC recommends that all 
children aged 2 or under receive PCV13, whereas those 
aged 65 or older should receive PCV13 followed by a 
dose of PPSV23 [65]. The dose of PPSV23 should be 
given  ≥1 year following the  dose of PCV13 [66].Per-
sons < 65 years of age with immunocompromising and 
certain other  conditions should also receive vaccination 
[67] (Table 7). Full details, many scenarios, and timing 
of vaccinations can be found at www.cdc.gov/vaccines/
schedules/downloads/adult/adult-schedule.pdf.  

Cigarette smoking increases the risk of respiratory 
infections as evidenced by smokers accounting for al-

most half of all patients with invasive pneumococcal 
disease [11]. As this is a modifiable risk factor it should 
be a goal of a comprehensive approach towards preven-
tion of pneumonia. 

Summary 
CAP remains a leading cause of hospitalization and 
death in the 21st century. Traditionally, pneumococ-
cus has been considered the major pathogen causing 
CAP; however, the 2015 EPIC study found that in 
only 5% of patients diagnosed with CAP was S. pneu-
moniae detected. Despite the new findings, it is still 
recommended that empiric treatment for CAP target  
common typical bacteria (pneumococcus, H. influen-
zae, Moraxella catarrhalis) and  atypical bacteria (M. 
pneumonia, C. pneumoniae, L. pneumophila). 

Because diagnosing pneumonia through history and 
clinical examination is less than 50% sensitive, a chest 
imaging study (a plain chest radiograph or a chest CT 
scan) is usually required to make the diagnosis. Labora-
tory tests, such as sputum Gram stain/culture, blood 
culture, urinary antigen tests, PCR test, procalcitonin, 
and CRP are important adjunctive diagnostic modali-
ties to assist in the diagnosis and management of CAP. 
However, no single test is sensitive and specific enough 
to be a stand-alone test. They should be used in con-
junction with history, physical examination, and imag-
ing studies. Because vaccination (PPSV23, PCV13, and 
influenza vaccine) remains the most effective tool in 

Table 7. Indications for PCV13 and PPSV23 Vaccine Administration—Persons Aged 2–64 Years

Risk Group
PCV – 13 

Recommended
PPSV – 23 

Recommended

Chronic heart, lung disease X

Chronic liver disease, alcoholism X

Diabetes X

Tobacco use X

Cerebrospinal fluid leak X X

Cochlear implant X X

Functional/anatomic asplenia X X

HIV X X

Congenital/acquired immunodeficiency X X

Chronic renal failure, nephrotic syndrome X X

Neoplastic disease/hematologic malignancy X X

Adapted from reference 67.
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preventing the development of CAP, clinicians, should 
strive for 100% vaccination rates in appropriate persons. 
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