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Objective: To develop guidelines for the diagnosis and management of commu-
nity-acquired pediatric pneumonia.

Options: Clinical assessment, radiography, laboratory testing, and empirical an-
timicrobial therapy.

Outcomes: Increased awareness of age-related causes, improved accuracy of clini-
cal diagnosis, better utilization of diagnostic testing and the rational use of em-
pirical antimicrobial therapy resulting in more rapid diagnosis, initiation of ap-
propriate therapy and decreased morbidity and mortality.

Evidence: A MEDLINE search for relevant articles published from 1966 to Septem-
ber 1996 using the MeSH terms “pediatric,” “pneumonia,” “respiratory tract in-
fection,” “pneumonitis,” “etiology,” “diagnosis,” “therapy,” “antibiotics,” “resis-
tance,” “radiology,” “microbiology” and “biochemistry.”

Values: A hierarchical evaluation of the strength of evidence modified from the
methods of the Canadian Task Force on the Periodic Health Examination was
used. When application of the hierarchy was not feasible or appropriate, differ-
ent evaluation criteria were used.

Benefits, harms and costs: Increased awareness of the causes of pneumonia, accu-
rate diagnosis and prompt treatment should reduce costs associated with unnec-
essary investigations and complications due to inappropriate treatment.

Recommendations: Age is the best predictor of the cause of pediatric pneumonia,
viral pneumonia being most common during the first 2 years of life. The absence
of a symptom cluster of respiratory distress, tachypnea, crackles and decreased
breath sounds accurately excludes the presence of pneumonia (level Il evidence).
Bacterial cultures of samples from the nasopharynx and throat have no predictive
value; however, Gram staining and culture of sputum from older children and
adolescents are useful (level I1l evidence). Oral antimicrobial therapy will provide
adequate coverage for most mild to moderate forms of pneumonia in children
(level 1l evidence). Parenteral therapy is typically reserved for neonates and pa-
tients with severe pneumonia admitted to hospital (level IIl evidence).

Validation: These recommendations are based on consensus of Canadian experts
in infectious diseases and microbiology. They are the only guidelines to address
antimicrobial treatment from an age-related, etiologic perspective.

Sponsor: The development of these guidelines and the technical support and assis-
tance of Core Health Inc. in preparing this manuscript were funded through an
unrestricted educational grant from Abbott Laboratories Canada. The sponsoring
company was not involved in determining the membership of the consensus
group or the content of the guidelines.
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Objectif : Elaborer des lignes directrices sur le diagnostic et la prise en charge de la
pneumonie pédiatrique communautaire.

Options : Evaluation clinique, radiographies, tests de laboratoire et traitement anti-
microbien empirique.

Résultats : Sensibilisation accrue aux causes liées a I'age, précision améliorée du
diagnostic clinique, meilleure utilisation des tests de diagnostic et utilisation ra-
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tionnelle du traitement antimicrobien empirique qui entrainent un diagnostic
plus rapide, I'application d’un traitement approprié et une réduction de la mor-
bidité et de la mortalité.

Preuves : Recherche dans MEDLINE d’articles pertinents publiés de 1966 a sep-
tembre 1996 en utilisant les termes MeSH «pediatric», «pneumonia», «respira-
tory tract infection», «pneumonitis», «etiology», «diagnosis», «therapy», «antibi-
otics», «resistance», «radiology», «microbiology» et «biochemistry».

Valeurs : On a utilisé une évaluation hiérarchique de la solidité des preuves modi-
fiée par rapport aux méthodes du Groupe d’étude canadien sur I'examen médi-
cal périodique. Lorsqu’il n’a pas été possible ou approprié d’appliquer la mé-
thode de la hiérarchie, on a utilisé d’autres critéres d’évaluation.

Avantages, préjudices et coiits : Une sensibilisation accrue aux causes de la pneu-
monie, un diagnostic exact et un traitement rapide devraient réduire les cofits liés
aux examens inutiles et aux complications causées par un traitement inapproprié.

Recommandations : L'age est le meilleur prédicteur de la cause de la pneumonie pé-
diatrique, car la pneumonie virale est la plus fréquente au cours des 2 premieres
années de la vie. L’absence d’une grappe de symptomes comme la détresse respi-
ratoire, la tachypnée, les crépitements et une réduction des bruits respiratoires ex-
clut avec précision la présence d’une pneumonie (données probantes de niveau
). Les cultures bactériennes de spécimens prélevés dans le nasopharynx et la
gorge n’ont aucune valeur prédictive, mais la coloration de Gram et la culture de
crachats d’enfants plus dgés et d’adolescents sont utiles (données probantes de
niveau ). Un traitement antimicrobien par voie orale permettra de couvrir
comme il se doit la plupart des formes bénignes et modérées de pneumonie chez
les enfants (données probantes de niveau Ill). La thérapie parentérale est
habituellement réservée aux nouveau-nés et aux patients souffrant d’une pneu-
monie grave et hospitalisés (données probantes de niveau Il).

Validation : Ces recommandations sont fondées sur un consensus d’experts cana-
diens en maladies infectieuses et en microbiologie. Il s’agit des seules lignes di-
rectrices qui portent sur le traitement antimicrobien fondé sur |’age et I'étiologie.

Commanditaire : L'élaboration de ces lignes directrices et I'appui technique et
I'aide que Core Health Inc. a apportés a la préparation de ce manuscrit ont été
financés grace a une bourse d’études sans restriction des Laboratoires Abbott du
Canada. La société commanditaire n’a pas participé au choix des membres du
groupe consensuel ni aux décisions sur le contenu des lignes directrices.

neumonia occurs more often in early childhood

than at any other age. A large number of studies

in the past decade have addressed the problems of
diagnosis and management of pediatric pneumonia;
many of these have been conducted in developing coun-
tries, where acute respiratory infection is now the lead-
ing killer of young children.

Identifying the cause of pneumonia in children is dif-
ficult because of the lack of rapid, commercially avail-
able, accurate laboratory tests for most pathogens. Thus,
empirical therapy is the common course in most cases.

Children had previously been excluded from treatment
guidelines"” because of differences between adults and
children in frequency and type of underlying illness and
causative pathogens. In 1994 the Anti-infective Guidelines
for Community-acquired Infections were published as a guide
for primary caregivers in Ontario.” Although a section on
pediatric pneumonia was included, it did not reflect the
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varying severity and causes in different age groups. Little
direction was given to help clinicians diagnose viral pneu-
monia, for which antibiotics are not indicated.

Several experts in pediatric infectious diseases in
Canada approached a pharmaceutical company to support
the development of guidelines for the diagnosis and treat-
ment of pediatric pneumonia. The support comprised the
copying and distribution of articles identified by members
of the consensus group through MEDLINE searches and
the arranging of 2 consensus meetings and 4 teleconfer-
ences. Members of the consensus group — a medical mi-
crobiologist and specialists in pediatric infectious diseases
from across Canada — were selected by the infectious dis-
eases experts who initially approached the sponsoring
company. The sponsoring company was not involved in
determining the membership of the consensus group or
the content of the guidelines.

Relevant articles were retrieved from MEDLINE us-



” <« ” «

ing the MeSH terms “pediatric,
tory tract infection,” “pneumonitis,” “etiology,” “diag-
nosis,” “therapy,” “antibiotics,” “resistance,” “radiology,”
“microbiology” and “biochemistry.”

A hierarchical evaluation of the strength of evidence
modified from the methods of the Canadian Task Force
on the Periodic Health Examination* was used. 'To evalu-
ate studies on treatment, the consensus group considered
well-conducted randomized placebo-controlled trials as
level I (strong) evidence, well-designed controlled studies
without randomization (including cohort and case—
control studies) as level II (fair) evidence and expert opin-
ion, case studies and before—after studies as level IIT (poor)
evidence. The choice of antibiotics on the basis of various
organisms’ susceptibility to antimicrobial agents and the
generalization of experience from another clinical condi-
tion involving the same organism also constituted level IIT
evidence.

For studies examining other aspects of pediatric pneu-
monia (e.g., epidemiologic features, and clinical and labo-
ratory evaluation), the application of such a hierarchy of
evidence was not feasible or appropriate. Different criteria
were used instead. For epidemiologic studies, evidence
derived from a population-based sample was considered
superior to results from a hospital-based sample. In addi-
tion, studies that followed a population prospectively were
preferred over cross-sectional surveys. Several “viral-
watch studies” — involving the enrolment of neonates
and their families and follow-up over the first few years of
life with both telephone calls and office visits — provided
incidence data in a well-defined denominator population
and thus were considered superior to poorer quality stud-
ies. Analogous to the hierarchical criteria for evidence
on treatment, cohort studies were preferred over cross-
sectional studies or descriptive studies. For the review of
studies of clinical and laboratory diagnosis, the diagnostic
test and “gold standard” had to be determined indepen-
dently. A spectrum of illness severity was preferred. When
possible, a discussion of interrater or intrarater repro-
ducibility is included. Thus, cohort studies (level II evi-
dence) form the basis of review of the epidemiology and
diagnosis sections. These study designs usually constitute
the highest quality evidence for such aspects of a topic.

The consensus group considered only studies con-
ducted in developed countries because differences in or-
ganisms and outcomes reported in developing countries
may not accurately reflect disease characteristics in
Canada. Unfortunately, few studies have been conducted
involving children in developed countries, and many of
these have been limited by poor power and inappropriate
choice of antibiotic alternatives. Thus, the consensus
group developed antibiotic recommendations on the basis
of available clinical trials, however few, and the spectrum

pneumonia,” “respira-

Pediatric pneumonia

of activity against the most frequent pathogens in each
age group. The members selected the least expensive an-
tibiotic with the narrowest antibacterial spectrum unless
an agent with a broader spectrum was felt necessary. They
also considered minimization of side effects and maxi-
mization of compliance as important factors in recom-
mending specific agents. The paucity of well-conducted
clinical trials emphasizes that this is an area that should
have priority in future studies of pneumonia in children.

Burden of illness
Incidence

In North America, the annual incidence of pneumo-
nia per 1000 children ranges from 30 to 45 among those
less than 5 years old, 16 to 20 among those 5 to 9 years
old and 6 to 12 among older children and adolescents.™
In developing countries acute respiratory infections
cause up to 5 million deaths annually among children
less than 5 years old.’

Several risk factors increase the incidence or severity of
pneumonia in children: prematurity, malnutrition, low so-
cloeconomic status, passive exposure to smoke and atten-
dance at day-care centres."” Underlying disease, especially
that affecting the cardiopulmonary, immune or nervous
systems, also increases the risk of severe pneumonia; how-
ever, the consensus group focused on otherwise healthy
children with community-acquired pneumonia.

Causes

In most studies the specific cause of pneumonia could
not be identified in 40% to 60% of cases.”®'"*** Most of
the difficulty is in differentiating between viral and bac-
terial infections. Early studies required a positive blood
culture result for proven bacterial pneumonia.” More
recently, detection of a bacterial antigen or a convales-
cent antibody response to bacterial antigens has been
used to implicate Streprococcus pneumoniae, Haemophilus
influenzae type b (Hib), nontypable H. influenzae
(N'THI) and Moraxella catarrbalis.”*™"°

The best predictor of the cause of pediatric pneumo-
nia is age (Table 1). During the first 2 years of a child’s
life viruses are most frequently implicated.”* As age in-
creases, and the incidence of pneumonia decreases, bac-
terial pathogens, including S. pneumoniae and My-
coplasma pneumoniae, become more prevalent.

Infants and toddlers (1-24 months)

Pneumonitis syndrome: Infants (1-3 months) may pre-
sent with a characteristic syndrome of cough, tachypnea,
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progressive respiratory distress and radiologic evidence of
bilateral diffuse pulmonary infiltrates with air trapping.
Most are afebrile. Stagno and associates' found a single
pathogen in 76% of 104 patients and multiple pathogens
in the remaining 24%. The presence of more than one
pathogen was significantly associated with more frequent
requirements for oxygen and mechanical ventilation. The
most common pathogens included Chlamydia trachomatis
and respiratory viruses. A recent study involving Canadian
infants admitted to hospital with bronchiolitis or pneu-
monia confirmed the importance of C. trachomatis as a
cause of afebrile pneumonitis syndrome.” Ureaplasma
urealyticurn was also isolated; however, its role is not en-
tirely clear.” Bordetella pertussis may also be considered in
the differential diagnosis of this syndrome.

Mild and moderate pneumonia: Respiratory syncytial
virus, parainfluenza, influenza and adenovirus account for
most lower respiratory tract infections, including pneumo-
nia, in infants and toddlers (level II evidence).”®'>"*** Less
frequently isolated viruses include rhinovirus, coronavirus
and enterovirus.”® A single viral pathogen has been isolated
in 30% to 60% of cases, and multiple viruses or a combi-
nation of viruses and bacteria have been found in 7% to
30%."* In most cases illness begins as an upper respiratory
tract infection and progresses gradually over several days,
with increasing cough and respiratory distress. Scandina-
vian investigators''*"” have implicated S. preumonine and,
less often, Hib and NTHI in 4% to 20% of cases.

Severe pneumonia: Bacterial pneumonia due to S. preu-
moniae, Streptococcus pyogenes, Staphylococcus aureus or Hib
must be considered in severely ill infants and toddlers
with one of the following: rapid onset and progression of
symptoms, radiographic evidence of lobar or diffuse infil-
trates, large pleural effusion or lung abscess (level II evi-
dence).tV

Table 1: Age-specific causes of pneumonia in otherwise healthy
children

Age group Pathogen (in order of frequency)

1-3 mo Pneumonitis syndrome, usually afebrile: Chlamydia
trachomatis, respiratory syncytial virus (RSV), other
respiratory viruses, Bordetella pertussis

1-24 mo Mild to moderate pneumonia: RSV, other respiratory
viruses, Streptococcus pneumoniae, Haemophilus
influenzae type b (Hib), nontypable H. influenzae
(NTHI), C. trachomatis, Mycoplasma pneumoniae

2-5yr Respiratory viruses, S. pneumoniae, Hib, NTHI,
M. pneumoniae, Chlamydia pneumoniae

6-18 yr M. pneumoniae, S. pneumoniae, C. pneumoniae,
NTHI, influenza A or B, adenovirus, other respiratory
viruses

All ages Severe pneumonia requiring admission to ICU:

S. pneumoniae, Staphylococcus aureus, group A
streptococci, Hib, M. pneumoniae, adenovirus
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Preschool children (2-5 years)

The frequency of viral pneumonia is decreased among
children in this age group. The predominant bacterial
pathogen is S. pneumoniae. Others include Hib, NTHI,
group A streptococci and Staph. aureus. S>> M. pneuno-
niae has been found more frequently in recent studies.””

School-aged children and adolescents
(6-18 years)

In this age group the most common causes of com-
munity-acquired pneumonia in otherwise healthy chil-
dren are M. pneumoniae and S. pneumoniae.’” Respiratory
viruses, primarily influenza A and B, and adenovirus are
found in less than 15% of cases.

Impact of recent trends
Universal Hib vaccination of infants

Hib was responsible for 5% to 18% of cases of bacte-
rial pneumonia.”*'"="*" Since the introduction of the
Hib conjugate vaccine the number of cases of invasive
disease has markedly decreased, and Hib is now consid-
ered an unlikely cause of bacterial pneumonia in chil-
dren who have completed a primary series of Hib vacci-
nation.

However, the choice of empirical antibiotic therapy
for vaccinated children with suspected bacterial pneu-
monia does not change, because Hib vaccine offers no
protection against N'THI.

Chlamydia pneumoniae: an emerging pathogen

Recent studies have shown that C. pneumoniae is asso-
ciated with 15% to 18% of cases of community-acquired
pneumonia among children aged 3-12 years.""*?** An
excellent review of C. pneumoniae as a respiratory
pathogen in children has been recently published.” Most
infections are mild or asymptomatic: only 10% of cases
result in clinically apparent pneumonia.” Patients typi-
cally present with fever, malaise, cough and, frequently,
headache and pharyngitis.”

HIV infection

Although the guidelines in this article focus primarily
on otherwise healthy children, the first overt sign of HIV
infection may be an opportunistic infection such as Preu-
mocystis carinii pneumonia in a previously healthy child. In
this AIDS era, the possibility of unusual pathogens must
always be considered.



Resurgence of tuberculosis

Children with pulmonary tuberculosis may not differ
clinically from those with bacterial or viral pneumonia.”*
However, they are more likely to have a history of con-
tact with a person with pulmonary tuberculosis.

Invasive group A streptococcus

A resurgence of virulent group A streptococcus has
been associated with outbreaks of rheumatic fever and
streptococcal toxic shock syndrome and sporadic cases of
invasive disease.””” Necrotizing fasciitis and pneumonia
with empyema are two common clinical presentations.

Clinical assessment

Pneumonia can be defined clinically as the presence of
lower respiratory tract dysfunction in association with ra-
diographic opacity. The World Health Organization
(WHO) has promoted an algorithm to assess children
who present with cough and fever.” This algorithm, based
on the presence of tachypnea, considers an increased res-
piratory rate (more than 50 breaths/min in infants 11
months of age or less, and more than 40 breaths/min in
children over 11 months) to indicate pneumonia. The
presence of suprasternal, subcostal or intercostal retrac-
tions indicates greater severity. Radiographic confirma-
tion is necessary because there is frequent disagreement
between pneumonia diagnosed by clinical examination
and that diagnosed by chest roentgenography.” Radio-
graphic confirmation is considered the gold standard.”

Estimation of respiratory rates can vary depending on
the method of measurement.” Rates are lower when mea-
sured by observation than by electronic monitoring, which
in turn yields lower rates than auscultation. The duration
of measurement also affects the estimation of the rate:
rates are lowest when counted for 60 seconds and highest
when counted for 15 seconds. Another factor is the child’s
level of alertness: a sleeping child’s respiratory rate is lower
than that of a child who is awake and crying. Ideally, the
respiratory rate should be measured by observation for 60
seconds when the child is awake and not crying.

Pediatric pneumonia

Table 2 lists the sensitivity and specificity of clinical
findings. Measurement of tachypnea has good repro-
ducibility compared with observation of retractions or
auscultatory findings of crackles or wheezes (level II evi-
dence).”* However, no finding in itself can be used to di-
agnose or rule out pneumonia. The absence of the symp-
tom cluster of respiratory distress, tachypnea, crackles and
decreased breath sounds accurately (100% specificity) ex-
cludes the presence of pneumonia (level II evidence).***’

Assessment of oxygenation gives a good indication of
the severity of disease.'**** Cyanosis indicates severe hy-
poxia, but it is usually absent in children with hypoxia.’**
The respiratory rate is neither sensitive nor specific for
identifying hypoxia (level II evidence).***** However,
the child’s general well-being and ability to be consoled
indicate normal oxygenation.” Oximetry should be con-
sidered in the assessment of a child with suspected pneu-
monia and in all children admitted to hospital with pneu-
monia, because the results correlate well with clinical
outcome and length of hospital stay (level II evidence).”*

Two classic presentations have been described for
pneumonia:

* ’Typical pneumonia: fever, chills, pleuritic chest pain
and a productive cough.

* Atypical pneumonia: gradual onset over several days
to weeks, dominated by symptoms of headache and
malaise, nonproductive cough and low-grade fever.

Unfortunately, the overlap of microbial agents respon-
sible for these presentations thwarts identification of the
causal pathogen on the basis of clinical presentation.”

Investigation (Table 3)
Chest radiography

A confirmatory chest radiograph is necessary to diag-
nose pneumonia. Bronchiolitis and asthma may cause hy-
perinflation and atelectasis and must be distinguished from
pneumonia. Two main patterns of pneumonia are recog-
nized: interstitial and alveolar. However, these patterns can-
not be used to identify the cause. Peribronchial thickening,
diffuse interstitial infiltrates and hyperinflation tend to be
seen with viral infections (level III evidence).** Lobar infil-

Table 2: Sensitivity and specificity of clinical findings in patients with radiographic evidence of pneumonia

No. of Appearance Tachypnea Retractions Crackles
No. of patients with
Study patients Age range pneumonia Sens Spec Sens Spec Sens Spec Sens Spec
Berman et al’® 90 <4 mo 63 62 63
Leventhal* 133 3 mo-15yr 26 92 15 81 60 35 82 44 80
Zukin et al*® 125 <17 yr 18 50 68 17 84 57 75
Grossman et al*® 155 <19yr 51 67 40 64 54 43 77
Taylor et al’” 576 <2yr 42 75 70
*Sens = sensitivity, %; Spec = specificity, %.
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trates, particularly with pneumatoceles and pulmonary ab-
scesses, strongly suggest bacterial pneumonia.**

Half of patients with bacterial pneumonia will present
with a lobar infiltrate. Alveolar infiltrates, however, are also
seen in bacterial as well as viral disease and in Mycoplasma
pneumonia.** Circular infiltrates are seen in the early
stages of pneumococcal pneumonia.** M. pneumoniae in-
fection is typically associated with radiologic evidence of
diffuse infiltration out of proportion with the clinical find-
ings. Lobar consolidation, plate-like atelectasis, nodular in-
filtration and hilar adenopathy have also been described
with M. pneumoniae (level 111 evidence).* Chlamydial
pneumonia may be indistinguishable from mycoplasmal
pneumonia. P, carinii pneumonia is typically associated
with a reticulonodular infiltrate that progresses to alveolar
infiltrates. Hilar adenopathy strongly suggests tuberculo-
sis, especially if the patient has epidemiologic risk factors.

In patients with uncomplicated pneumonia, repeat chest
radiographs are unwarranted; however, in patients with cir-
cular infiltrates, pleural effusion, pneumatoceles or pul-
monary abscess, a repeat chest radiograph should be con-
sidered to ensure resolution. Patients with a complicated
course or persistent clinical abnormalities should have a re-
peat chest radiograph after 4 weeks (level III evidence).**

The presence of a foreign body, congenital malforma-
tion or asthma should be considered in patients with re-
current pneumonia or atelectasis in the same area of the
lung. Recurrences in different areas may suggest aspira-
tion, immunodeficiency or cystic fibrosis.

Table 3: Diagnostic tests in children with suspected pneumonia*

Physician’s Emergency
Test office department Hospital
Chest radiograph ++ ++ ++
Complete and
differential blood
counts + + ++
Blood cultures NR + ++
Gram staining and
culture of sputumt + + +
Antigen detection of
bacteria NR NR NR
Culture of throat
swab NR NR NR
Serologic test for
Mycoplasma
pneumoniae NR NR +
Culture and antigen
detection of viruses NR NR +
Serologic test for
viruses NR NR +
Tuberculin skin test + + +

*++ = strongly recommended, + = recommended, NR = not recommended; level Ill evidence.
tIn patients 6 years of age or more with productive cough.
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Laboratory tests

Laboratory tests are performed to identify the causal
agent. Unfortunately there are no gold standards. Thus,
the utility of most of these laboratory tests are imputed
from consensus and expert opinion. The inclusion of
these tests in the various settings are based on their
availability and feasibility rather than on evidence that
they will effect a change in management or follow-up.

Complete white blood cell (WBC) and differential
counts should be considered in patients with suspected
pneumonia (level IIT evidence).®* In cases of bacterial
pneumonia, the WBC count is usually increased, with a
predominance of polymorphonuclear cells.**" Leukocy-
tosis can occur with infections due to adenovirus and in-
fluenza virus or with Mycoplasma infections. Leukopenia
can also be seen in viral infections; however, its presence
in bacterial infections suggests severe or overwhelming
infection.”

Blood cultures should be performed in patients with
suspected bacterial pneumonia or in those admitted to
hospital”* because they may provide definitive proof of
the cause. Results will be positive in 10% to 30% of pa-
tients with pneumonia.”” Blood cultures do appear to
have a low sensitivity, but they are still worth while in or-
der to identify the causative pathogen. In bacterial endo-
carditis, the organism can be identified after the first
2 cultures.” With sepsis other than endocarditis, the sen-
sitivity of 1, 2 and 3 cultures is 80%, 89% and 99% re-
spectively.”* Thus, 2 blood cultures should be performed
in patients in hospital with pneumonia. Each blood sam-
ple should be drawn using aseptic technique from a sepa-
rate site suitably prepared with a skin disinfectant.” If a
pathogen is isolated, susceptibility testing should be per-
formed and the results used to adjust antimicrobial ther-
apy accordingly.

Bacterial cultures of samples from the nasopharynx
and throat have no predictive value.”"* However, Gram
staining and culture of sputum from older children and
adolescents may be useful (level III evidence).” Enzyme-
linked immunosorbent assay (ELISA) or direct immuno-
fluorescence can be considered in severe cases involving
patients at risk of complications or for infection-control
surveillance (level III evidence).”** Detection of My-
coplasma 1gM by ELISA is a sensitive technique and
should be considered for children aged 5 or more.**

Management

"Two major issues arise in the management of pediatric
pneumonia: (1) the difficulty of distinguishing patients
with bacterial pneumonia (who would benefit from antibi-
otics) from those with nonbacterial pneumonia (who



would not benefit from antibiotics) and (2) the dearth of
randomized controlled trials to guide antibiotic choice.
Thus, most guidelines are based on observations of the
organism’s in vitro susceptibility to the antibiotic rather
than on proof of benefit of one antibiotic over another.
Where stronger evidence is available, it is provided. How-
ever, most randomized trials of pediatric pneumonia have
significant flaws or have such limited power that they are
not informative.”

In general, oral antimicrobial therapy will provide ad-
equate coverage for most mild to moderate forms of pe-
diatric pneumonia (level III evidence).?*** Parenteral
therapy is typically reserved for neonates and patients
with pneumonia severe enough to warrant admission to
hospital (level III evidence).®

Indications to consider when contemplating admis-
sion to hospital are as follows:"*

* Age less than 6 months
* Joxic appearance
¢ Severe respiratory distress
* Oxygen requirement
* Dehydration
* Vomiting
* No response to appropriate oral antimicrobial therapy
* Immunocompromised host
* Noncompliant parents
These indications are only guidelines. The ultimate

Pediatric pneumonia

decision to admit a patient must be based on the overall
clinical picture.®**

Given the rise in incidence of organisms resistant to an-
timicrobial agents,” the prescription of antibiotics for non-
bacterial infections should be actively discouraged. The
choice of empirical antimicrobial therapy is based on sev-
eral factors, including the age of the patient, the clinical
presentation and the local resistance patterns of predomi-
nant bacterial pathogens.®*’" In Canada the prevalence
of moderately penicillin-resistant strains of S. preumoniae
(minimum inhibitory concentration [MIC] 0.1 to 1.0
pg/mL) is increasing; however, these strains are rarely as-
sociated with treatment failures.”*** Of greater concern
are the highly penicillin-resistant pneumococcal strains
(MIC greater than 1.0 pg/mL). Vancomycin remains the
only agent effective against this organism in vitro; how-
ever, high-dose ampicillin and penicillin regimens appear
to be effective in cases of pneumonia due to penicillin-
resistant pneumococci (level II evidence).™

"Table 4 summarizes the empirical antimicrobial agents
recommended for patients admitted to hospital and those
admitted to the intensive care unit (ICU) (level III evi-
dence).”* In infants with bacterial pneumonia the empiri-
cal therapy should be cefuroxime (level III evidence).” For
infants admitted to the ICU, therapy should include cov-
erage for Staph. aureus. Cefuroxime alone or cefotaxime
plus cloxacillin is recommended (level I1I evidence).”"

Table 4: Empirical antimicrobial therapy for pediatric pneumonia, by age group

Patients in intensive

Age group Patients in hospital* care unit* Outpatientst
1-3 mo
Pneumonitis Erythromycin 40 mg/kg daily Erythromycin 40 mg/kg daily Initial outpatient treatment
syndrome in 4 doses or clarithromycin in 4 doses or clarithromycin not recommended
15 mg/kg daily (orally) in 2 15 mg/kg daily (orally) in 2
doses, for 10-14 d doses, for 10-14 d
Other Cefuroxime 150 mg/kg daily Cefuroxime 150 mg/kg daily Initial outpatient treatment
in 3 doses, for 10-14 d in 3 doses or cefotaxime 200 not recommended
mg/kg daily in 3 doses, plus
cloxacillin 100-200 mg/kg
daily in 4 doses, for 10-14 d
3 mo-5yr Ampicillin 150 mg/kg daily Cefuroxime 150 mg/kg daily Amoxicillin 40 mg/kg daily
in 4 doses or cefuroxime in 3 doses, plus either in 3 doses or erythromycin
150 mg/kg daily in 3 doses, erythromycin 40 mg/kg daily 40 mg/kg daily in 4 doses or
for 7-10 d in 4 doses or clarithromycin clarithromycin 15 mg/kg daily
15 mg/kg daily (orally) in 2 in 2 doses, for 7-10 d
doses, for 7-10 d
5-18 Erythromycin 40 mg/kg daily in 4 Cefuroxime 150 mg/kg daily Erythromycin 40 mg/kg daily

doses or clarithromycin 15 mg/kg
daily (orally) in 2 doses, for 7 d,
with or without cefuroxime

150 mg/kg daily in 3 doses or
ampicillin 150 mg/kg daily in 4
doses, for 7-10 d

in 3 doses for 7-10 d, plus
either erythromycin 40 mg/kg
daily in 4 doses or
clarithromycin 15 mg/kg
daily (orally) in 2 doses, for
7d

in 4 doses or clarithromycin
15 mg/kg daily in 2 doses,
for 7 d

*Intravenous administration is indicated unless otherwise specified.
tOral administration is indicated.
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In infants with pneumonitis syndrome (typically
caused by C. trachomatis) the antimicrobial of choice is
erythromycin.” Two randomized trials revealed that
clarithromycin has an efficacy similar to that of ery-
thromycin but a lower rate of side effects in an adult and
a pediatric population with pneumonia.”** Although this
suggests that clarithromycin is equivalent to ery-
thromycin for treatment under these circumstances,
clarithromycin is significantly more expensive.

Most cases of bacterial pneumonia in older children
(3 months to 5 years) are caused by S. preumoniae and,
occasionally, Hib, NTHI or S. pyogenes. Antimicrobial
therapy can be initiated with ampicillin or cefuroxime
(level IIT evidence).” Children in this age group requir-
ing admission to the ICU should receive cefuroxime,
and the addition of either erythromycin or clar-
ithromycin should be considered (level I1I evidence).”*!

The organisms responsible for community-acquired
pneumonia in children aged 6-18 years are the atypical
pathogens M. pneumoniae and C. pneumoniae.”* Ery-
thromycin or clarithromycin is recommended for initial
empirical therapy (level III evidence).”” Cefuroxime or
ampicillin can be added (level III evidence).” For children
in this age group who are severely ill and require admis-
sion to the ICU, cefuroxime plus either erythromycin or
clarithromycin is recommended (level III evidence).”

Switching from parenteral therapy to oral therapy is a
key management issue. Patients receiving parenteral
therapy for 2—-4 days can usually be switched to oral
therapy provided they are afebrile, can tolerate medica-
tion orally, do not have diarrhea and have no relevant
complications such as empyema (level II evidence).”*

Empirical antimicrobial therapy recommended for
the treatment of outpatients with bacterial pneumonia is
listed in Table 4 (level III evidence).”

Close follow-up is most important because of the in-
creasing prevalence of penicillin-resistant S. preumoniae.
In 1994, 7.1% of S. pneumoniae strains collected in On-
tario demonstrated intermediate level resistance and 2.9%
were highly resistant.” In addition, surveillance studies
have demonstrated that 60% of S. pneumoniae strains re-
sistant to penicillin are also resistant to other unrelated
drugs.” Lack of improvement in a patient’s condition ne-
cessitates admission to hospital as well as appropriate bac-
terial cultures to identify a resistant organism. Admission
to hospital may also be required to drain an empyema and
to provide prolonged parenteral antimicrobial therapy.

Future research

Although recommendations about investigations and
antimicrobial therapy are given in this article, they are
generally weak, reflecting the paucity of well-conducted
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studies examining the problem of community-acquired
pediatric pneumonia. This relates in part to difficulties in
identifying the pathogen in each episode of pneumonia.
Priorities for future research into pediatric pneumonia in-
clude development of diagnostic tests to differentiate viral
from bacterial pneumonias.

Equally important, however, is the lack of well-
conducted randomized trials comparing the effectiveness of
different classes of antimicrobial agents, such as macrolides
and B-lactam agents. In the single comparative study in-
volving adults, no difference in effectiveness was observed;
however, the total sample size was less than 100 patients.”

Newer macrolide agents, which have fewer gastroin-
testinal side effects than erythromycin, are substantially
more expensive than erythromycin and amoxicillin.
Clinical evidence of benefit is necessary in addition to in
vitro evidence of greater activity against some of the
pathogens. Therefore, randomized trials comparing
macrolides with B-lactam agents are urgently needed.

Development of these guidelines and preparation of this manu-
script were funded through an unrestricted educational grant
from Abbott Laboratories Canada.
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