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1. Introduction

The World Health Organization (WHO) has reported that
pneumonia continues to be a significant cause of mortality in the
pediatric age group for children under five years of age, where it
accounts for nearly one-fifth of childhood deaths worldwide [1]. In
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this report, we provide the most up to date guidelines for the
management of community-acquired pneumonia (CAP) in infants
and children aged over 90 days. The current recommendations
given by the Pediatric Infectious Diseases Society and Infectious
Diseases Society of America 2011 Practice guidelines, WHO, and
other international guidelines are considered as well as regional
variations in susceptibility patterns and resources [1e6]. Some
published and unpublished antibiograms from several tertiary care
organizations in the regions comprising Saudi Arabia, United Arab
Emirates, Kuwait, and Oman have shown significant improvements
in the susceptibility pattern of Streptococcus pneumoniae to peni-
cillin for the last three years, so the current recommendations have
been customized accordingly [2,3]. These guidelines cover the
diagnosis and therapeutic options for the management of CAP in
children. The definition of children-specific guidelines for the
management of CAP can reduce morbidity and mortality. We pre-
sent a clinical statement from the Saudi Pediatric Infectious Dis-
eases Society (SPIDS) concerning the management of CAP in
children.
e (General Organization), Saudi Arabia.

pecialist Hospital & Research Centre (General Organization), Saudi Arabia. This is an
s/by-nc-nd/4.0/).

mailto:daalshahrani@kfmc.med.sa
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijpam.2017.12.002&domain=pdf
www.sciencedirect.com/science/journal/23526467
http://www.elsevier.com/locate/ijpam
https://doi.org/10.1016/j.ijpam.2017.12.002
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ijpam.2017.12.002
https://doi.org/10.1016/j.ijpam.2017.12.002


Table 1
Criteria to consider hospitalization for pediatric CAP*.

� Hypoxemia (oxygen saturations <90% in room air)
� Infants (3e6) months of age with suspected bacterial community-acquired

pneumonia
� Tachypnea:

o Infants <12 months of age: respiratory rate >70 breaths per min
o Children: respiratory rate >50 breaths per min

� Respiratory distress: apnea, grunting, difficulty breathing, and poor feeding
� Signs of dehydration or inability to maintain hydration or oral intake
� Capillary refill time >2 s
� Infants and children with toxic appearance

o Suspected or confirmed to have infection with a virulent organism
(community-acquired methicillin-resistant Staphylococcus aureus or
group A Streptococcus)

� Underlying conditions/comorbidities that:
o May predispose patients to a more serious course (e.g., cardiopulmonary

disease, genetic syndromes, neurocognitive disorders, neuromuscular
disorders)

o May be worsened by pneumonia (e.g., metabolic disorder)
o May adversely affect response to treatment (e.g., immunocompromised

host, sickle cell disease)
� Complications (e.g., effusion and/or empyema)
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2. Definition

A. CAP: Defined as chest infection acquired outside a hospital or
long-term care facility. CAP occurs within 48 hours of hospital
admittance or in a patient presenting with pneumonia who has
no features of healthcare-associated pneumonia (i.e., admission
to hospital for two or more days within three months of infec-
tion; resident in long-term care facility; received recent
chemotherapy, or wound care within the past 30 days of the
current infection; or attended a hospital or hemodialysis clinic)
[7].

B. Complicated pneumonia: Chest infection associated with a
complication such as parapneumonic effusion, empyema, lung
abscess, or necrotizing pneumonia [4]. According to this
guideline, we consider a patient with severe pneumonia (pa-
tient who requires intermediate or intensive care unit (ICU),
nasal intermittent positive pressure ventilation, or invasive
mechanical ventilation, or with fluid refractory shock) as a part
of complicated pneumonia.
� Failure of outpatient therapy (48e72 h with no clinical response)
� Caretaker unable to provide appropriate observation or to comply with

prescribed home therapy

*Adapted from Messinger AI, Kupfer O, Hurst A, Parker S. Management of Pediatric
Community-acquired Bacterial Pneumonia. Pediatrics in review. 2017 Sep;
38(9):394 [8].

Table 2
Criteria to Consider IMCU/ICU admission for Pediatric CAP*.

� A child should be admitted to an ICU or IMCU:
o if the child acutely requires use of noninvasive positive pressure ventilation

(e.g., continuous positive airway pressure (CPAP), or bilevel positive airway
pressure (BIPAP).

o If the child has impending respiratory failure.
o If the child has sustained tachycardia, inadequate blood pressure or need

for pharmacologic support of blood pressure or perfusion.
o If the child has altered mental status, whether due to hypercarbia or

hypoxia, because of pneumonia.
� A child should be admitted to an ICU:

o Pulse oximetry measurement of <92% on fractional inspired oxygen
concentration of >0.50.

o If the child requires invasive ventilation via a non-permanent artificial
airway (e.g., endotracheal tube).

*Adapted with modification from Messinger AI, Kupfer O, Hurst A, Parker S. Man-
agement of Pediatric Community-acquired Bacterial Pneumonia. Pediatrics in re-
view. 2017 Sep; 38(9):394 [8].
2.1. Outpatient vs. inpatient management

A. Consider hospitalization for an infant or a child with suspected
CAP if their condition is associated with one or more of the
manifestations in Table 1 [8].

B. An infant or a child with CAP should be admitted to an ICU or
intermediate care unit with continuous cardiorespiratory
monitoring if the illness is associated with any manifestation
presented in Table 2 [8].

C. Consider ICU admission if (Table 2) [8]:
� The child needs invasive ventilation via a non-permanent
artificial airway (e.g., endotracheal tube);

� If pulse oximetry is <92% based on a fraction of inspired ox-
ygen� 0.50, i.e., patient who needs a high fraction of inspired
oxygen> 0.50 [8].

3. Diagnostic testing

A. Complete blood count: Routine estimation of the complete
blood count is not essential in all cases of suspected CAP
managed in an outpatient setting but it may be helpful for the
assessment of patients who require hospital admission.

B. Acute-phase reactants such as the erythrocyte sedimentation
rate and C-reactive protein can support a clinical assessment for
managing the development strategy and in a response to ther-
apy evaluation, particularly for complicated CAP.

C. Serum procalcitonin (PCT)
� PCT does not need to be measured routinely. However, if
available, it may be helpful for differentiating the etiology of
pneumonia and severity when used in addition to clinical,
epidemiological, and other diagnostic testing.

� PCT concentrations <0.25 ng/mL are strongly associated with
a decreased likelihood of detecting common typical bacteria
and reduced disease severity [9,10].

� PCT concentrations< 0.1 ng/mL have a very high negative
predictive value, where they efficiently exclude typical bac-
terial CAP [9].

D. Blood culture
� Blood culture (outpatient): Blood culture is not necessary
routinely unless the patient's condition is deteriorating post-
antibiotic therapy.

� Blood culture (inpatient): Blood culture should be conducted
for childrenwho require hospitalization for assumed bacterial
CAP.
� Sufficient volumes of blood will probably yield a pathogen, so
the microbiology laboratory should be contacted for the rec-
ommended blood volume required according to the age of the
patient [11].

E. Respiratory viral studies
� Tests for influenza virus infection and other respiratory vi-
ruses ((i.e., direct fluorescent antibody or enzyme immuno-
assay tests) should be utilized as a part of the assessment of
children with CAP, if available.

� If available, nasopharyngeal aspiration for viral multiplex PCR
may help to determine a viral cause and reduce the need for
antibiotics.

F. Chest radiography
� Chest radiographs (outpatient): Posteroanterior chest radio-
graphs are not required to confirm the CAP diagnosis but they
should be performed for patients with suspected or recorded
hypoxia or those with significant respiratory distress, as well
as for patients who fail to respond to initial antimicrobial
treatment to check for pneumonia complications.



Table 3
Empiric therapy for pediatric community-acquired pneumonia (CAP) e outpatient.

Site of Care
(outpatient)

Empiric Therapy for Presumed Bacterial Pneumonia Empiric Therapy for Presumed Atypical Pneumonia Empiric Therapy for Presumed
Influenza Pneumonia

Antibiotic Route Regimen Antibiotic Route Regimen Antiviral

Initial therapy Amoxicillin **PO 90 mg/kg/day divided 3 times daily Azithromycin PO Given as a single daily dose;
10 mg/kg on day 1;
5 mg/kg on days 2e5

Oseltamivir

Alternative *Amoxicillin
clavulanate

PO Amoxicillin component,
90 mg/kg/day divided 3 times daily

Clarithromycin PO 15 mg/kg/day in 2 doses
for 7e14 days

Or
*Cefuroxime

PO 30mg/kg/day divided q12h Erythromycin PO 40mg/kg/day in 4 doses

*Consider in children whom not completing Haemophilus influenzae type b (Hib) vaccines series (three doses). **PO Orally. Doses was adapted from 2017 Nelson's Pediatric
Antimicrobial Therapy, 23rd Ed.
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� Chest radiographs (Inpatient): Perform chest radiographs for
all patients hospitalized with CAP to outline the size and
characteristics of parenchymal infiltrates, and to recognize
complications of pneumonia that may require prompt inter-
vention rather than antimicrobial therapy.

� Follow-up chest radiographs
o Repeat chest imaging in individuals who do not exhibit
improvement within 48e72 hours following initiation of
appropriate antimicrobial therapy.

o For complicated pneumonia with parapneumonic effusion
status post-therapeutic intervention, repeated imaging is
not recommended daily if the patient is clinically stable.

o Repeat chest radiography if a patient with complicated
pneumonia becomes unstable, worsens clinically, or has
persistent fever for over 48e72 hours while receiving
appropriate antimicrobial therapy.
4. Treatment

- Table 3 lists he preferred empiric therapeutic agents and
alternative agents for children with CAP when managed as an
outpatient.

- Table 4 lists the preferred empiric therapeutic agents and
alternative agents for children with CAP when managed as an
inpatient.

- Fig. 1 shows the SPIDS recommendations for the management
of CAP in children aged >3 months.

A. Anti-infective therapy (outpatient)
le 4
piric therapy for pediatric community-acquired pneumonia (CAP) e inpatient.

te of Care (Inpatient). Empiric Therapy for Presumed Bacterial Pneumonia

Antibiotic Route Regimen

ncomplicated
CAP.

Initial therapy Ampicillin IV 200 mg/kg/day divided every
Or Penicillin G IV 250,000-400,000 U/kg/day

divided every 4e6h
Alternative *Amoxicillin

clavulanate
IV 90 mg/kg/day divided every 8

Or *Cefuroxime IV 150 mg/kg/day divided every
omplicated CAP. Ceftriaxone IV 75mg/kg/day every 24 hr.

**Clindamycin IV 40mg/kg/day divided every q
Or**Vancomycin IV 60mg/kg/day divided every q

es was adapted from 2017 Nelson's Pediatric Antimicrobial Therapy, 23rd Ed.
nsider in children whom not completing Haemophilus influenzae type b (Hib) vaccin
onsider if infection suspected due to community-associated methicillin-resistant Stap
current skin infection due to MRSA, and/or Previous MRSA colonization. IV Intraven
� Antibiotic treatment is not required regularly for preschool
aged children with CAP because most cases are due to viral
infections.

� SPIDS recommends amoxicillin as a first-line therapy for
immunized individuals with bacterial CAP due to its favorable
pharmacokinetic profile against susceptible and intermediate
strains of the most common causative agent Streptococcus
pneumoniae (where the dose is 90 mg/kg/day divided TID)
[4,8].

� SPIDS recommends amoxicillin-clavulanate or second-
generation cephalosporin (cefuroxime) as an alternative for
inappropriately immunized infants and children, i.e., children
who have not completed Haemophilus influenzae type b (Hib)
vaccine series (three doses).

� Consider macrolide antibiotics for the treatment of in-
dividuals (primarily school-aged children and adolescents)
with suspected atypical pneumonia.

� Influenza antiviral therapy should be ordered as soon as
possible for children with CAP consistent with clinical influ-
enza virus infection [5].

B. Anti-infective therapy (inpatient)
� SPIDS recommends penicillin G or ampicillin for an infant or
child admitted to a hospital ward with CAP.

� Amoxicillin-clavulanate or second-generation cephalosporin
(cefuroxime) should be considered as an alternative for
inappropriately immunized infants and children, i.e., children
who have not completed Hib vaccine series (three doses).

� Consider a third-generation parenteral cephalosporin (ceftri-
axone or cefotaxime) for hospitalized infants and children
admitted with complicated pneumonia.
Empiric Therapy for Presumed Atypical Pneumonia Empiric Therapy for
Presumed Influenza
Pneumonia

Antibiotic Route Regimen Antiviral

6 hr. Azithromycin IV/PO Given as a single daily dose;
10 mg/kg on day 1;
5 mg/kg on days 2 to ss 5

Oseltamivir

hr. Clarithromycin PO 15 mg/kg/day in 2 doses
for 7e14 days.

8 hr. Or Erythromycin IV/PO 40mg/kg/day in 4 doses
Same Empiric Therapy for Presumed
Atypical Pneumonia in Uncomplicated Pneumonia.

8h
8h

es series (three doses).
hylococcus aureus (CA-MRSA) especially in cases of Necrotizing pneumonia, Sepsis,
ously; PO Orally.



Fig. 1. Saudi Pediatric Infectious Diseases Society recommendations for the management of community-acquired pneumonia in children aged >3 months.
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� Add macrolide in addition to a B-lactam antibiotic for hospi-
talized child with suspected atypical pneumonia.

� Clindamycin or vancomycin should be provided in addition to
B-lactam therapy if clinical, laboratory, or imaging character-
istics are consistent with infection caused by Staphylococcus
aureus.

C. Measures to minimize antibiotic resistance
� Limiting antibiotic exposure whenever possible is highly
recommended.

� Using the most narrow-spectrum antibiotic for the suspected
or identified pathogen is a primary goal of therapy.

� Treating for the shortest possible duration will minimize
antibiotic exposure and selection for resistance.

D. Duration of antimicrobial therapy
� SPIDS recommends treatment courses of 5e7 days for most
cases of mild, uncomplicated disease managed on an outpa-
tient basis [10].

� SPIDS recommends a treatment duration of 7e10 days for
more severe uncomplicated cases.

� Long treatment courses may be required for complicated CAP
(see parapneumonic effusion management).
� Infections caused by specific pathogens, especially
community-associated methicillin-resistant Staphylococcus
aureus, may requiremore prolonged treatment than those due
to Streptococcus pneumoniae.

� For patients managed with intravenous antibiotics, switching
to oral therapy should be considered as soon as clinically
possible [11,12].

E. Parapneumonic effusion management
� The child's degree of respiratory compromise and the size of
the effusion are important factors that determine the man-
agement plan. Follow Fig. 2 [13,14] for details of the assess-
ment and management of pneumonia with parapneumonic
effusion.

� Patients with clinically significant hypoxemia, hypercapnia,
and positive pressure requirements, or with complete respi-
ratory failure requiring intubation and ventilation will prob-
ably benefit from drainage [8].

� Other indications for drainage of the pleural space include the
finding of thick pus during diagnostic thoracentesis, presence
of fever and systemic illness after 5e7 days of therapy, pres-
ence of effusion for more than 10 days, and in cases of toxic



Fig. 2. Saudi Pediatric Infectious Diseases Society recommendations for the management of pneumonia with parapneumonic effusion.
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shock with Staphylococcus aureus, debulking disease and thus
toxins [8].

� If pleural fluid aspiration is successful, then consider bacteri-
ological examinations (Gram staining and culture).

� Pleural fluid white blood cell count with white cell differential
analysis are recommended mainly to help differentiate bac-
terial, mycobacterial, and malignant etiologies.

� Analyses of pleural liquid parameters, i.e., pH, glucose, protein,
and lactate dehydrogenase, rarely change the management
plan and they are generally NOT suggested [4].

� Consider removing a chest tube in the absence of an intra-
thoracic air leak and when pleural fluid drainage is less than 1
mL/kg/24 hours [4].

� Antibiotic therapy for parapneumonic effusions:
o Empirical therapy should be applied as suggested for cases
with complicated CAP. The appropriate regimen may need
to be adjusted according to the susceptibility pattern if the
organism is isolated from blood or pleural fluid culture.

o The period of antibiotic treatment depends on the effec-
tiveness of drainage and the clinical response by each child
with complicated CAP. In most cases, antibiotic therapy for
2e4 weeks is sufficient.
- Fig. 2 [13,14], shows the SPIDS recommendations for the
management of pneumonia with parapneumonic effusion.

F. Clinical course and follow-up for uncomplicated CAP
� Clinical improvement usually noted in the first three days
after starting appropriate antibiotic treatment.

� Failure to respond to initial therapy after three days of anti-
biotics requires clinical, radiological, and laboratory reas-
sessment to determine the current severity of the illness and
to anticipate progression in order to determine whether
higher levels of care or support are needed.

G. Discharge criteria discharge criteria from healthcare institutes
are as follows.
� Improvement in the general clinical condition in the form of
good activity, appetite, baseline respiratory status, and fever
resolved for at least one day.
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� Documented resolution of hypoxia with constant measure-
ments by pulse oximetry of >90% in room air for at least 24
hours [1,5].

� Compliance with oral antimicrobial thereby if it needs to be
continued after discharge.
5. Prevention

A. SPIDS recommends strict adherence to the Saudi national im-
munization program.

B. SPIDS recommend annual influenza vaccine for all infants and
children aged 6 months or older.

C. SPIDS recommends respiratory syncytial virus (RSV) mono-
clonal antibody for high-risk infants to minimize the occurrence
and sequelae of RSV infection.
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