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Abstract Community-acquired pneumonia (CAP) is the
most common acute infectious cause of death in children
worldwide. Consequently, research into the epidemiology, di-
agnosis, treatment, and prevention of pediatric CAP spans the
translational research spectrum. Herein, we aim to review the
most significant findings reported by investigators focused on
pediatric CAP research that has been reported in 2014 and
2015. Our review focuses on several key areas relevant to
the clinical management of CAP. First, we will review recent
advances in the understanding of CAP epidemiology world-
wide, including the role of vaccination in the prevention of
pediatric CAP. We also report on the expanding role of
existing and emerging diagnostic technologies in CAP classi-
fication and management, as well as advances in optimizing
antimicrobial use. Finally, we will review CAP management
from the policy and future endeavors standpoint, including the
influence of clinical practice guidelines on clinician manage-
ment and patient outcomes, and future potential research di-
rections that are in the early stages of investigation.
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Introduction

Pneumonia is the single greatest cause of death due to infection
in children worldwide, accounting for roughly 15 % of deaths
among children <5 years old [1]. Nearly one in 500 children
under the age of 5 years will be hospitalized for community-
acquired pneumonia (CAP) annually [2]. The costs to treat one
case of pediatric CAP can exceed US $11,000 [3], and the bur-
den to diagnose and treat pediatric CAP in 66 of the 75
Bcountdown to 2015: countries for maternal, newborn, and child
survival^ is approximately US $109 million annually [1]. Thus,
pediatric CAP is a widespread problem of profound economic
and social importance to children and communities worldwide.

Despite the high prevalence of CAP in children, clinicians
and public health experts face ongoing challenges in regards to
the accurate diagnosis, optimal management, and prevention of
CAP. Consequently, research in pediatric CAP is a broad-based,
global endeavor encompassing a wide array of disciplines.
Medline indexed more than 200 new articles focused on pediat-
ric CAP from 2014 through the first half of 2015. These articles
ranged from early translational research focused on pneumonia
pathophysiology, diagnostic test development, and identification
of potential therapeutic agents, to clinical trials of existing and
newer antimicrobials and management strategies, to population-
level studies of CAP epidemiology, resource use, health out-
comes, and cost. Herein, we attempt to summarize the most
salient and momentous recent findings in pediatric CAP.

Advances/Developments in CAP Epidemiology

New Insights into Microbiological Epidemiology of CAP

The widespread implementation of PCR-based respiratory path-
ogen testing has prompted a flurry of reports describing the
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epidemiology of viral and bacterial infections in CAP. The
Etiology of Pneumonia in the Community (EPIC) study, involv-
ing three US health systems, found that the annual incidence of
CAPwas 15.7 cases/10,000 children, with viral pathogens alone
responsible for 66 % of cases, bacterial pathogens in 8 % of
cases, and mixed bacterial-viral infections in 7 % of cases [4•].
A single-site study in France using bacterial cultures and biplex
rt-PCR tests for common respiratory viral pathogens,
Mycoplasma pneumoniae (MP) and Chlamydia pneumoniae
(CP) found that, of children evaluated in the emergency depart-
ment (ED) for CAP, 4.7 % had exclusive bacterial infection,
62.4 % had exclusive viral infections, and 28.2 % were co-
infected [5]. In a study of Swedish children ≤5 years diagnosed
with viral CAP [6], influenza virus, human metapneumovirus
(hMPV), and respiratory syncytial virus (RSV) accounted for
60 % of identified viruses [7], which were similar to findings
reported from the EPIC study. Conversely, a recently published
meta-analysis of viral CAP incidence as determined by PCR-
based methods found that rhinovirus and human bocaviruses
were more commonly identified than influenza viruses [8]. A
systematic review of reports on CAP etiology across Southeast
Asia found that the most common bacterial pathogens identified
in pediatric CAP remained pneumococcus andH. influenzae, but
that Klebsiella pneumoniae and Burkholderia pseudomallei
were also detected in more severe cases, though these organisms
were primarily identified in adult patients [9]. Several studies
reported the incidence of atypical pathogens, all of which found
MP to be most commonly identified [10, 11]. Children diag-
nosed with CAP due to MP were reported to more often present
with wheezing and headache [12], and a Taiwanese study found
that children <5 years old with MP CAP may develop more
severe illness [13]. However, findings from a Chinese study
suggest this risk may be attenuated in children <5 months old
[14]. Finally, enterovirus D-68 was responsible for multiple out-
breaks of acute LRTI in 2014 [15–18], which previously had
been described to cause only sporadic infection.

Reports of antibiotic resistance among common bacterial
pathogens vary widely by region. Six years of pneumococcal
isolates from a tertiary health center in rural India found 100%
susceptibility to penicillin and macrolides [19], whereas resis-
tance was reported in up to 35 % of isolates from Cambodia,
Thailand, and Vietnam [9]. Macrolide resistance was only
3.5 % among the 176 isolates of M. pneumoniae from the
CDC EPIC study [20], which is similar to rates reported in
2014 among Swiss children (2.0 %) [21].

Effects of Vaccination on CAP Epidemiology

Multiple recent reports document a significant reduction in
both CAP and invasive pneumococcal disease (IPD) after
widespread uptake of pneumococcal conjugate vaccine
(PCV). Vaccination with the 10-valent conjugated pneumococ-
cal vaccine (PCV-10) in a randomized trial of Argentinian,

Panamanian, and Colombian infants demonstrated efficacy
against bacterial CAP of 18–23 % [22]. A Brazilian study
found a 40 % decrease in CAP incidence after introduction of
PCV-10 [23], and an observational study of eight pediatric EDs
in France before and after PCV-13 introduction found a 16 %
decrease in cases of CAP, with the greatest reduction among
infants (32 %) [24]. Cases involving pleural effusions and con-
firmed pneumococcal cases also declined significantly after
PCV-13 vaccine implementation. Reductions in pneumococcal
pneumonia incidence after PCV-13 release, particularly
vaccine-covered strains, were reported in Israel [25], Japan
[26], and Uruguay [27]. A Belgian study also found that most
cases of pneumococcal pneumonia were caused by non-PCV-7
strains after widespread introduction of the vaccine [28].
Finally, a cost-effectiveness analysis of expanding influenza
vaccination to all children and adolescents in Germany estimat-
ed that, with only 50 % vaccine uptake, roughly 130,000 cases
of CAP would be prevented annually [29••].

Insights into Epidemiological Risk Factors

Several demographic and clinical factors were reported to po-
tentially indicate children at increased risk for severe CAP. The
EPIC study team reported that smoking exposure was associ-
ated with patients experiencing longer length of stay (LOS) and
a greater likelihood to receive intensive care [30]. Smoking,
low maternal education, low family income, and poor access
to medical care were also identified as risk factors for severe
CAP in a prospective longitudinal cohort study of Egyptian
children [31]. In a prospective study of CAP in children
≤6 years old conducted at 11 hospitals in Northern England,
researchers identified presence of confirmed bacterial infection
and prior use of ibuprofen as potential risk factors for develop-
ing empyema [32]. Premature birth was associated with in-
creased risk of RSV-associated CAP [33]. Finally, a genetic
study evaluating the potential association of allelic differences
in the gene encoding interleukin-6 (a pro-inflammatory cyto-
kine that plays a role in the response to pulmonary infections)
with risk of developing CAP found that the presence of the GG
allele wasmore likely among Egyptian children diagnosedwith
CAP, but that this allele was conversely less likely to present
among patients who developed sepsis [34].

Access to a primary care provider may also influence CAP
management and clinical outcomes. In a case-control study of
risk factors for pneumonia hospitalization conducted in New
Zealand, children were more likely to present to the ED if they
lacked a general practitioner (GP) or if their GPworked ≤20 h/
week, but were less likely to be hospitalized [35]. Conversely,
outpatient antibiotic therapy prescribed prior to ED presenta-
tion was associated with greater odds of hospital admission. A
co-diagnosis of acute asthma among children hospitalized for
CAP was associated with increased variability in care and
overall costs [36].
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The Continuing Challenge of Accurate CAP
Diagnosis

The clinical diagnosis of CAP remains challenging. Gold-
standard microbiological testing often fails to identify a path-
ogen, and the optimal role and modality for imaging, micro-
biological, and supplemental biomarker testing remains un-
clear. Consequently, clinician practice in the evaluation and
management of CAP varies widely. For example, a recent
evaluation of ED physician versus pediatric hospitalist man-
agement of suspected pediatric CAP highlights this issue. In a
retrospective analysis of ED versus inpatient physician diag-
nosis of CAP from the US, researchers found that hospitalists’
diagnosis of CAP differed from ED physician diagnosis in
47 % of admissions for acute respiratory illness, and
hospitalists stopped ED-initiated antibiotics in 62 % of cases
[37]. Research on both existing and emerging diagnostic tech-
nologies now aims to reduce uncertainty in CAP diagnosis
and etiology.

The Ongoing Debate over Blood Cultures

Several studies have recently examined the practice and clin-
ical implications of blood culture collection. In a prospective
study of blood culture obtainment in 171 children hospitalized
with CAP at a tertiary medical center in Malaysia, researchers
found the pathogen detection rate was 1.2 % and the contam-
ination rate was 1.8 %, with only one patient having antibi-
otics changed in response to blood culture results [38]. A
retrospective review of children hospitalized for acute infec-
tions, including CAP in otherwise well children, found that
99 % of blood cultures were either negative or grew a con-
taminant [39]. A systematic review of studies of blood culture
findings in pediatric CAP from 1970 to 2013 found that over-
all rates of blood cultures positive for a pathogen was 5.1 %,
with higher rates of identification among children with severe
CAP (9.9%) and an overall contamination rate of 14.7% [40].
Furthermore, a four-site retrospective analysis of the associat-
ed impact of blood culture obtainment on clinical course and
outcomes found that, compared to children who did not have
blood cultures obtained, patients hospitalized for CAP who
had blood cultures obtained stayed in the hospital 0.8 days
longer [41].

New and Emerging Diagnostic and Prognostic Assays

Diagnostic capabilities for identifying causative pathogens in
pediatric CAP have rapidly expanded in the past several years
for viral pathogens. In particular, the use of multiplex PCR
testing for respiratory viruses, MP, and CP has allowed for
improved identification of CAP etiology, as noted above.
Although multiplex PCR testing for respiratory viral patho-
gens has enhanced detection rates of pathogens for CAP, its

role in affecting clinical management remains uncertain [42,
43]. A recent study also demonstrated the potential of testing
parapneumonic effusions using uniplex PCRs for common
bacterial pathogens. Investigators identified a causative organ-
ism in 82% of 56 children who had parapneumonic effusions,
versus only 25 % using pleural fluid culture [44]. Loop-
mediated isothermal amplification (LAMP) may prove useful
in rapidly identifyingMP, based on a Japanese study reporting
that 96 % of cases of MP diagnosed by paired serology were
found using LAMP testing, with only a 2.5-h turn-around time
[45].

Several candidate biomarkers, assay panels, and clinical fac-
tors for diagnosing and predicting severe or complicated pneu-
monia have also recently been evaluated. Proadrenomedullin
was reported to have a sensitivity and specificity for bacteremic
pneumonia diagnosis of 100 and 70 %, respectively in a study
of 88 children hospitalized with CAP [46]. A study of CAP
etiology at two hospitals in the UK found that, among 401
children with CAP, a combination of age, CRP, and neutrophil
count differentiated viral from bacterial CAP with a 75.7 %
sensitivity and 89.4 % specificity [47], and CRP elevation
may predict LOS and fever duration [48]. Procalcitonin was
reported to be more highly elevated among children with CAP
and pleural effusion than those without [49], and may help
distinguish viral from bacterial CAP [50]. Other biomarkers
under investigation include soluble plasminogen activator re-
ceptor [51] and copeptin [52].

The Role of Chest Ultrasound

Ultrasound (US) evaluation for pneumonia has the benefit of
sparing a child exposure to X-ray radiation, which may ex-
plain why several studies have recently reported on the per-
formance characteristics of chest US in diagnosing CAP.
Compared to chest radiography, studies have reported nega-
tive predictive values of 93–94.0 % and positive predictive
values of 98.1–100 % with enhanced detection of pleural ef-
fusion [53–56]. Chest US findings of impaired perfusion cor-
related well with CT findings of necrotizing pneumonia [57].

Antimicrobial Therapy

The 2011 Pediatric Infectious Diseases Society and Infectious
Diseases Society of America (PIDS/IDSA) guidelines
outlined recommendations for the management of CAP in
children, including the avoidance of antibiotics in preschool-
aged children without clear evidence of bacterial infection,
using narrow-spectrum antibiotics (ampicillin and penicillin)
in most mild to moderate cases, and reserving macrolide ther-
apy for school-age children with suspected atypical pneumo-
nia [58]. As noted above, clinicians face persistent difficulty
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accurately identifying the specific etiology of CAP, resulting
in significant variability in prescribing practices.

The rationale for using narrow-spectrum therapy is to help
reduce bacterial resistance and decrease the use of unnecessary
broad-spectrum antibiotics. When comparing the clinical out-
comes of narrow-spectrum to broad-spectrum antibiotic use in
hospitalized children with pneumonia, no significant differ-
ences were found in LOS, duration of intravenous therapy,
readmission rates, or overall costs [59, 60••, 61]. Conversely,
Breuer et al. found that treatment with broad-spectrum antibi-
otics resulted in a shorter hospital stay, shorter duration of fever,
and shorter duration of IV treatment in children who received
oral therapy for CAP prior to hospitalization [62].

The clinical benefit of azithromycin use for the treatment of
MP remains inconclusive, based on two recently published
systematic reviews [63, 64]. Ambroggio et al. compared the
efficacy of beta-lactam andmacrolidemonotherapy in children,
and found no differences in the likelihood of treatment failure
regardless of age [65]. Conversely, the addition of macrolide
use was shown to result in a shorter LOS in school-aged chil-
dren, but not in younger children [66]. Overall, azithromycin
use for CAP treatment remains controversial due to unclear
efficacy, high rates of S. pneumoniae resistance [67], and the
potential for unnecessary adverse effects.

In cases of complicated pneumonia and/or concern for resis-
tant-S. pneumoniae, levofloxacin remains a potential treatment
option. Practitioners continue to be hesitant in prescribing
fluoroquinolones in children due to the risk of developing fluo-
roquinolone resistance [68], aswell as the risk for adverse events,
such as Clostridium difficile colitis [69]. Additionally, although
the US Food and Drug Administration has placed a black-box
warning regarding the risk of tendon disorders and fluoroquino-
lone use, clinical evidence to support this link in children is
conflicting [70]. A 5-year follow-up study evaluating the pres-
ence of musculoskeletal adverse events (MSAEs) in children
receiving levofloxacin for CAP treatment found no clinically
detectable difference in MSAEs between levofloxacin and com-
parator groups. Furthermore, no cases ofMSAEwere thought to
be related to use of the study drug, suggesting that the risk of
cartilage injury with levofloxacin use is low [71].

The role of adjunctive therapy with corticosteroids is a new
area of interest. In the setting of refractory MP pneumonia,
three-day methylprednisolone pulse therapy has been sug-
gested to help suppress hyperactive cellular immunity and
the associated inflammatory response [72, 73]. A case report
has also suggested potential use in pneumococcal pneumonia;
however, further prospective trials are needed [74].

Due to the lack of comparative studies, there is insufficient
evidence to support an optimal duration of antibiotic therapy
for CAP. A recent randomized trial by Greenberg et al. found
that a 5-day oral treatment with amoxicillin was as effective as
a 10-day course in children 6–59 months old with non-severe
CAP [75]. Additionally, a systematic review on antibiotic

therapy for CAP in children 2–59 months suggests that non-
severe CAP can be treated with a course as short as 3 days
[76]. The potential benefits of a shorter antibiotic course in-
clude lower costs, reduction of antimicrobial resistance, im-
provement in patient compliance, and reduction of associated
adverse effects. The appropriate duration remains unknown
for severe pneumonia [77].

Clinical Practice Guidelines and Their Role
in Changing Practice

Evidence of Variation in Care for Pediatric CAP

Multiple recent studies have documented significant variation
of care in CAP management. A study of US hospital admis-
sions from 2007 to 2010 found that among 17,299 pneumonia
patients diagnosed at a broad array of hospitals of varying size
and geographic location, three-fourths of children had blood
cultures obtained, 88 % underwent chest radiography and had
complete blood counts, and up to 20 % had a CRP obtained,
with significant variation in utilization identified across hos-
pitals [78]. Only 0.2 % of patients received narrow-spectrum
antibiotics. A retrospective study of outpatient antibiotic pre-
scribing in a large Midwest health system found that 47 % of
children <5 years of age treated for CAP were prescribed a
macrolide [79], and a study of antibiotic prescribing for severe
pneumonia in Sudanese children found only 18 % concor-
dance with WHO guidelines, which represents significant op-
portunities for improvement [80].

Impact of Guidelines on Clinical Care and Outcomes

Several recent studies have been published that support the
utility and potential benefits of local and national clinical prac-
tice guidelines. First, a prospective observational study of 11
hospitals in Northern England between time periods before
and after release of a national CPG in 2002 found that, for
children treated empirically for CAP, rates of diagnostic test
performance generally fell and oral antibiotic use increased, in
accordance with guideline recommendations [81]. In a single-
site, retrospective study of inpatient CAP management,
guideline-concordant antibiotic therapy did not compromise
clinical outcomes, hospital LOS, or affect patient costs [82].
Adherence to guidelines was also not associated with changes
in treatment failure rates in one Kenyan study [83]. A retro-
spective study of antibiotic prescribing practices for inpatients
with CAP at 43 children’s hospitals found that use of narrow-
spectrum antibiotics for treating CAP increased from 28 to
43 % after the 2011 PIDS/IDSA guidelines were released
[84], and similar increases were reported in the EPIC study
[85]. Finally, use of quality improvement methods was report-
ed to increase the proportion of children hospitalized with

14 Page 4 of 7 Curr Infect Dis Rep (2016) 18: 14



CAP who had blood cultures obtained at a tertiary children’s
hospital from 53 to 90 % over a 6-month period, demonstrat-
ing the potential utility of these methods to help translate
clinical practice guidelines into changes in patient care [86].

Future Directions

Emerging avenues for research in CAP continue to span the
spectrum from bench to bedside applications. Advances in
gene expression profiling have been proposed as a future
means to improve the diagnosis and management of children
with CAP by determining the etiology and severity of infec-
tion, though issues of cost, utility, and logistics must first be
addressed [87]. A small study has reported that shared
decision-making as a bedside intervention may aid in optimiz-
ing antibiotic use and improve parent/patient satisfaction
when treating children with CAP [88], although future
larger-scale studies are needed to fully evaluate this interven-
tion. Finally, although recent reports of efforts to reduce anti-
biotic use in non-bacterial CAP through the implementation of
combined clinical/laboratory result-based decision rules dem-
onstrate promising results [89], larger-scale studies and new
approaches that leverage newer diagnostic technologies and
antimicrobial stewardship efforts have yet to be performed.

Conclusions

Our review of recent advances in pediatric CAP has revealed
that this common and costly cause of infectious morbidity and
mortality in children remains the focus of multidisciplinary
research and health policy intervention. The years 2014–
2015 have yielded new insights into the effectiveness of cur-
rent prevention and treatment strategies. Results from recent
large-scale studies have enhanced our understanding of the
myriad of bacterial and (especially) viral etiologies responsi-
ble for pediatric CAP and the role of newer molecular diag-
nostic techniques in determining CAP etiology. Efforts to har-
monize clinical practice with existing and emerging evidence
and improving diagnostic technologies appear to be having an
effect on clinical practice, although further efforts are clearly
needed to optimize care delivery and clinical outcomes.
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