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Acute lower respiratory tract illness is common among children seen in primary
care. We reviewed the accuracy and precision of the clinical examination in de-
tecting pneumonia in children. Although most cases are viral, it is important to
identify bacterial pneumonia to provide appropriate therapy. Studies were iden-
tified by searching MEDLINE from 1982 to 1995, reviewing reference lists, re-
viewing a published compendium of studies of the clinical examination, and
consulting experts. Observer agreement is good for most signs on the clinical
examination. Each study was reviewed by 2 observers and graded for
methodologic quality. There is better agreement about signs that can be
observed (eg, use of accessory muscles, color, attentiveness; k, 0.48-0.66) than
signs that require auscultation of the chest (eg, adventitious sounds; k, 0.3).
Measurements of the respiratory rate are enhanced by counting for 60 seconds.
The best individual finding for ruling out pneumonia is the absence of tachypnea.
Chest indrawing, and other signs of increased work of breathing, increases the
likelihood of pneumonia. If all clinical signs (respiratory rate, auscultation, and
work of breathing) are negative, the chest x-ray findings are unlikely to be posi-
tive. Studies are needed to assess the value of clinical findings when they are
used together.
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CLINICAL SCENARIO
A mother brings her 8-month-old in-

fant to your office in midwinter with a
cough. She reports that the illness began
4 days ago with a runny nose. Two days
ago, the baby developed a fever. Now
the baby’s symptoms are getting worse.
The baby has become more irritable, is
eating less, and seems to be having more
difficulty breathing. This is the third
child you have seen today with a cough.

Why Is This an Important Question
to Answer With a Clinical
Examination?

Acute respiratory illnesses are among
the most common conditions of infants
seen in primary care offices. Although
the majority of respiratory illnesses in-
volve infections of the upper respiratory
tract, most infants will experience a
lower respiratory tract illness (LRI) in
the first year of life. Of those with LRIs,
about 30% visit a physician,1,2 and about
2% are hospitalized.3

Lower respiratory tract illnesses can
be defined simply as infections at an ana-

tomic level below the vocal cords. The
majority of LRIs in infants are caused
by viruses; only a small proportion are
due to bacteria. The differential diagno-
sis for cough is long (Table 1).

Therapies are available to treat a va-
riety of manifestations of lower respira-
tory tract disease, so it is important to
diagnose these complaints accurately
andestimatetheirseveritytodeliverthe
appropriate treatment. Identifying in-
fants at lower risk of bacterial disease
may help clinicians avoid the unneces-
sary use of antibiotics. This may reduce
the risk of subsequent bacterial infec-
tion and slow the emergence of resistant
strains of bacteria within the popula-
tion.4 Greater certainty about the pres-
ence of a viral LRI may also help clini-
cians avoid additional testing such as ra-
diography or blood culture.

This overview focuses on the history
and physical examination findings of in-
fants that distinguish pneumonia from
other LRIs.

METHODS
We conducted a MEDLINE search

from 1982 to 1995 to identify articles
about the diagnosis of pneumonia in chil-
dren. We searched for articles with any
of the following Medical Subject Head-
ing(MeSH)terms:pneumonia,diagnos-

tic tests, sensitivity and specificity, re-
producibilityofresults,physicalexami-
nation, or medical history taking. This
search was further limited to studies
published in English about humans that
involved children. This search strategy
identified 38 articles. Four more articles
were identified by reviewing a compen-
dium of references prepared by the
World Health Organization.5 Etiologic
studies, which did not include a chest
x-ray examination as part of the “gold
standard,” involved only inpatients.
Studies of illness in families’ homes,
rather than in clinical settings, were ex-
cluded (n=29).

All the articles were reviewed by the
authors and disagreements were re-
solved by discussion. We used the meth-
ods developed for this series to assess
the quality of the articles. The highest-
quality studies are emphasized in the
“Results” section. We did not aggregate
statistically the results of the studies be-
cause of differences in the ages of the
study samples and differences in cut off
points of key variables, such as respira-
tory rate. Confidence intervals were cal-
culated according to the method sug-
gested by Koopman.6,7

Reference Standard
for Diagnosing Pneumonia

The reference standard for diagnos-
ing pneumonia is an aspirate from the
lower respiratory tract obtained by
bronchoaveolar lavageor lungpuncture.
The use of bronchial lavage is appropri-
ate in guiding antibiotic choice in pa-
tients with refractory or complicated
pneumonia. In general practice, chest x-
ray films are readily obtained and can be
considered a pragmatic reference stan-
dard for pneumonia.

A number of studies evaluated the ac-
curacy of the chest x-ray film in differen-
tiating viral from bacterial disease in chil-
dren.8-13 It is difficult to determine the ac-
curacy of the chest x-ray film from these
studies because of methodologic limita-
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tions,aswellaschallengestostudydesign
introduced by the biology of pneumonia.
It is not possible to obtain cultures from a
lung in most patients. Therefore, investi-
gators have had to use combinations of
other clinical features as a proxy for bac-
terial pneumonia. Reliance on less than
perfectgoldstandardsfordiagnosingbac-
terial pneumonia may produce over- or
underestimates of the association of a
positivechestx-rayfindingwithbacterial
pneumonia. Two studies used the same
definition of bacterial pneumonia (dura-
tion of symptoms ,2 days, temperature
.39.5°C, total white blood cell count
.15.03109/L).8,9 Both found the sensitiv-
ity of the chest x-ray film for diagnosing
bacterial vs viral pneumonia to be ap-
proximately75%.However,onereported
a specificity of 100%, the other, a specific-
ity of 63%. The reported sensitivity for
studies with varying definitions ranges
from 42% to 80% and the specificity from
42% to 100%. Studies of the accuracy of
chest x-ray films have also been compro-
mised by other methodologic problems,
such as interobserver variability in the
interpretation of the x-ray film, oversam-
pling patients with relatively severe dis-
ease, and the relatively small numbers of
patients with bacterial pneumonia. Such
problems make estimates of chest x-ray
film accuracy unreliable.

Variation in the biologic manifesta-
tions of bacterial pneumonia also pre-
sents challenges in the interpretation of
published studies. For example, bacterial
pneumonia isclassicallyassociatedwithlo-
bar consolidation on the x-ray film. How-
ever, studies report that bacterial pneu-
monia may be associated with infiltrates
that are lobar, perihilar, segmental, inter-
stitial, or nodular infiltrates.14-16 Consoli-
dation can also be seen with viral pneu-
monia, but it is unclear if this radiologic
appearance is due to segmental consoli-

dation, atelectasis, or bacterial coinfec-
tion. Such variability in the radiographic
appearance of bacterial pneumonia may
produceover-orunderestimatesof theas-
sociation of a positive chest x-ray finding
with bacterial pneumonia.

Clinicians should be aware that the
chest x-ray finding may be negative in pa-
tients with early bacterial pneumonia.17

The sensitivity of the chest x-ray filmwill
bereduced inthisgroup.The implications
ofthisobservationareimportantforstud-
ies of the clinical examination. For the
purposesof thissystematicreview,wein-
cluded studies that used the chest x-ray
film as the reference standard. Studies
that combined the clinical diagnosis with
the chest x-ray film results as the refer-
ence standard were excluded because
inclusion of the diagnostic test in the ref-
erence standard may overestimate the
accuracy of clinical findings. The signifi-
cance of clinical findings of pneumonia in
the absence of a positive chest x-ray find-
ings remains to be studied.

Normal Anatomy and
Pathophysiology of Pneumonia

Lower respiratory tract infections oc-
cur at or below the larynx and include
epiglottitis, laryngitis, laryngotracheo-
bronchitis (croup), bronchiolitis, and
pneumonia (Figure 1). Pneumonia typi-
cally follows an upper respiratory tract
illness in which the lower respiratory
tract is invaded by bacteria, viruses, or
other pathogens that trigger the im-
mune response and produce inflamma-
tion. Histamines, leukotrienes, and che-
motactic factorsarereleasedthatrecruit
white blood cells to the area. This re-

sponse fills the air spaces of the lower
respiratory tract with white blood cells,
fluid, and cellular debris. This process
reduces lung compliance, increases re-
sistance, obstructs smaller airways, and
mayresult incollapseofdistalairspaces.

The resultant physical findings vary
with the site of infection, ranging from
coarse breath sounds or rhonchi in bron-
chopneumonia to crackles in the alveoli in
cases of pneumonia or bronchiolitis.
Crackles are the result of the explosive
equalization of gas pressure between the
terminal bronchiole and the alveoli.18

Wheezes result from the oscillation of air
through a narrowed airway that pro-
duces a musical sound likened to a vibrat-
ing reed.19 Decreased breath sounds may
also be noted in areas of consolidation.

How to Elicit the Relevant
Symptoms and Signs

There are 2 goals of the history and
physical examination in a child who pre-
sents with a cough. The first is to iden-
tify the clinical syndrome; the second is
to estimate the severity of the illness. In
taking the history, the examiner should
ask the parent about symptoms associ-
ated with pneumonia, as well as those
that may discriminate pneumonia from
other lower respiratory tract diseases.
Inadditiontocough,symptomsthatmay
increase the likelihood of pneumonia in-
clude trouble breathing, rattling in the
chest, noisy breathing, trouble feeding,
fever, rapid breathing, anxiety, or rest-
lessness. Clinicians working in different
regions, or with different cultures, need
to familiarize themselves with local ter-
minology for lower respiratory tract
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Figure 1.—Clinical syndromes of acute respiratory infections. Acute upper respiratory tract infections include
cold, otitis media, and pharyngitis. Acute lower respiratory tract infections causing stridor include epiglot-
titis, laryngitis, and laryngotracheitis. Other lower respiratory tract infections include bronchitis, bronchiolitis,
and pneumonia. Reprinted with permission from the World Health Organization.5

Table 1.—Differential Diagnosis of Cough in Infants

Anatomic
Foreign body
Congenital malformation (eg, vascular ring,

cystic adenomatous malformation,
bronchogenic cyst, tracheomalacia)

Inflammatory
Reactive airway disease or asthma

Infectious
Viral

Croup
Laryngotracheobronchitis
Bronchiolitis
Viral pneumonia

Bacterial
Epiglottitis
Tracheitis
Bronchitis
Bacterial pneumonia

Chlamydia
Tuberculosis

Other
Cystic fibrosis
Congestive heart failure
Gastroesophageal reflux
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symptoms. It may also be useful to ask
about prior episodes of these chest
symptoms because recurrent bouts of
pneumoniaorbronchitismaysuggestre-
active airway disease. In early infancy
(,2 months), infants of mothers who had
chlamydia during pregnancy may de-
velop afebrile pneumonia. Clinicians
should note that infants only rarely pro-
duce sputum. In older infants, foreign
body ingestion and salicylate poisoning
should be considered. Although clinical
experience suggests that the history of
pneumonia may be of acute or gradual
onset and that bacterial pneumonia
tends to be associated with fever, we
were unable to find any studies substan-
tiating these observations.

The physical examination should in-
clude an assessment of the child’s general
appearance, measurement of the respira-
tory rate, evaluation of the work of
breathing, and auscultation of the chest.
The child’s general appearance may pro-
vide important clues about the presence
of bacterial illness and its severity. In-
fants can exhibit a wide range of behav-
iors and mood changes during the paren-
tal interview, while being undressed, and
during the physical examination. There-
fore, it is important to take a nonthreat-
ening approach with the young child. In-
fants should be observed initially at a dis-
tance, while they are comforted, usually
in the caretaker’s lap. The assessment of
general appearance should include an
evaluation of a number of factors: atten-
tiveness to the environment, ability to
breast-feed or drink, ability to sustain
sucking,vocalization,smiling,movement,
color, and consolability. If there is uncer-
tainty about particular findings, it may be
helpful to try to elicit them. For example,
encouraging the child to smile, having the
mother offer the breast, or showing the
child a toy to engage his or her attention.

Respiratory rates change considerably
in the first year of life, decreasing from a
mean in awake babies of about 50/min at 1
week of age to about 40/min at 6 months of
age.20-23 Therespiratoryrateinchildrencan
also vary over brief intervals as the child’s

level of interest in the environment
changes,orwhilethechild isasleeporfeed-
ing.24 Polygraphic studies of infants
younger than 6 months have demon-
strated that mean respiratory rates were
4/minto13/minhigherinactivesleep(rapid
eye movement) than in quiet sleep.23,25 Fe-
ver can also increase an infant’s respira-
tory rate by 10/min per degree centigrade
in children without pneumonia.26 How-
ever, the effects of fever in the presence
of pneumonia have not been studied.

The respiratory rate is best measured
by observing chest wall movements over
1 minute.27-29 Listening to the chest with a
stethoscope may stimulate the child and
lead to a falsely elevated measurement.
Measurement errors in counting the res-
piratory rate are greater when children
are agitated or crying compared with
when they are calm, feeding, or sleeping.
The examiner should count the respira-
tory rate before conducting other parts of
theexamination.Respiratoryratecutoffs
that are commonly used to indicate an el-
evated rate are greater than 60/min in in-
fantsyoungerthan2months,greaterthan
50/min in infants 2 through 12 months of
age, and greater than 40/min in children
older than 12 months.30

Assessing an infant’s work of breath-
ing is important to estimate the severity
of LRI. This assessment includes evalu-
ation of chest wall movements, nasal flar-
ing, and grunting. Chest wall movements
include retractions or chest indrawing,
best observed with the chest fully ex-
posed. Supraclavicular retractions may
be observed as indrawing of the soft tis-
sue above the clavicle or above the ster-
nalnotch.Intercostalretractionsareseen
as indrawing of skin between the ribs.
Subcostal retractions occur on or just
below the costal margin. Many experts
suggest that these types of retractions,
involving only the soft tissue, should be
distinguished from chest wall indrawing,
defined as an inward movement of the
lower chest wall (ie, ribs) when the child
breathes in. Chest indrawing is more
likely to be observed in infants younger
than 18 to 24 months whose chest walls
are more compliant. The finding may be
appreciatedbestbyviewingthechest lat-
erally and looking for indrawing of the
ribs and/or lower sternum with inspira-
tion, relative to a fixed point beyond the
child’s chest that is set as a mental refer-
ence point (Figure 2). Normally, the cos-
tal margin moves little during quiet
breathing. If it does, it moves up and out-
ward because the normal diaphragm lifts
the costal margin outward. In disease
states, the depressed diaphragm may ap-
ply an inward traction on the chest re-
sulting in paradoxical movement of the
chest wall during inspiration.31 There-
fore, in airway obstruction, the costal

margin tends to move paradoxically (ie,
down and inward). Sometimes, the abdo-
men moves outward while the chest
moves inward during inspiration. This
hasalsobeencalledHooversign32 orpara-
doxical or seesaw breathing.

Nasal flaring is enlargement of both
openings of the nose during inspiration.
It is due to constriction of anterior and
posterior dilators naris muscles. Grunt-
ing is a repetitive short upper respira-
tory tract sound produced by partial vo-
cal cord closure during expiration.33

Grunting slows expiratory flow and in-
creases lung volume and alveolar pres-
sures.34 It can be a sign of severe disease
andsuggests impendingrespiratoryfail-
ure.Examinersshouldbeawarethatthe
presence of signs of increased work of
breathing may change with the state of
the child. For example, chest wall in-
drawing may be present only when the
child is awake or more active.

Adventitioussoundsthatcanbeappre-
ciated on auscultation include discontinu-
ous or popping sounds, sounds that occur
throughout the inspiratory or expiratory
phase,orcontinuoussounds.35 Discontinu-
ous sounds have been called crackles,
rales, or crepitations. They typically oc-
cur at the end of inspiration. Continuous
sounds include wheezes and rhonchi and
can be musical, high- or low-pitched, in-
spiratory or expiratory, short or long, or
monophonic or polyphonic.18 Clinicians
should try to distinguish whether sounds
are continuous or discontinuous before
applying a name. Many clinicians differ-
entiate continuous sounds that are whis-
tling or high-pitched (usually called
wheezes) from low-pitched, snoring or
rattling sounds (usually called rhonchi).
Many experts consider wheezes to reflect
smallairwayobstruction(ie,bronchioles),
while rhonchi reflect obstruction of the
large airways (ie, bronchi).

It is interesting to note that the lan-
guage used to describe auscultatory
findings can be a source of confusion. For
example, rhonchi and rales are, respec-
tively, the Latin and French words for
crackles. Indeed, Laënnec (the inventor
of thestethoscope)distinguished6types
of crackles.36 He believed that only 1 of
these was associated with pneumonia.

Auscultation of the chest is often more
difficult in infants when they are crying.
For this reason, it should be performed af-
ter the visual inspection of the child. It is
important to listen to the front, back, and
sides of the infant’s chest because adven-
titious sounds may only be heard in 1 lo-
cation. Even when the infant is crying, ad-
ventitious sounds may be heard at the end
of inspiration when the infant is quiet and
about to take a breath. Examiners should
also be aware that wheezes can often be
appreciated by listening to the sounds of

Figure 2.—Chest indrawing. Inward movement of
the lower chest wall (ie, ribs) when the child
breathes in. Chest indrawing is best appreciated by
viewing the chest laterally and looking for indrawing
of the ribs and/or lower sternum with inspiration
Reprinted with permission from the World Health
Organization.5
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breaths from infants’ mouths (audible
wheezing). Finally, infants may have sev-
eral types of adventitious sounds present
(although this is more common in reac-
tive airway disease or viral LRI). Text-
booksdonotrecommendpercussionof the
chest in infants because it is difficult to get
infants to cooperate with this maneuver.

Are These Symptoms or
Signs Ever Normal?

Prematureinfantsandneonatesmayap-
pear to have chest indrawing during nor-
mal breathing or exertion. Grunting and
groaning noises occur from time to time in
normal healthy infants. An infant who is
very playful may demonstrate increased
respiratory rate, intercostal retractions,
and increased work of breathing.

RESULTS
The Precision of Symptoms
and Signs

A total of 56 patients with lower res-
piratorytractsymptomswereexamined
by pairs of general pediatricians from a
group that included academic pediatric
generalists, pediatric residents, and pe-
diatricians in community practice.37

Agreement was good for most signs on
physical examination that could be ob-
served by inspection, including the so-
cial interactionmarkersofattentiveness
(k, 0.49), smiling (k, 0.51), quality of cry
(k, 0.63); physical appearance and move-
ment (k, 0.54), color (k, 0.66), respiratory
effort retractions (k, 0.48), and use of ac-
cessory muscles (k, 0.59). There was only
fair agreement about most auscultatory
findings: prolonged expiratory phase (k,
0.22), adventitious sounds (k, 0.3), and
inspiratory wheezing (k, 0.29). Agree-
ment was good for audible wheezing (k,
0.7) and for expiratory wheezing (k,
0.63). Ingeneral,physiciansagreedmore

often that a finding was present than
when it was absent. A second study in-
dicated that observers are less likely to
agree about the severity of findings than
about their presence or absence.38

Several studies of the precision of the
respiratory rate suggest that respira-
tory rates counted over 30 seconds av-
erage 2/min to 4/min faster than respi-
ratory rates counted over 60 seconds.29

Counting the respiratory rate over 30
seconds will lead to more abnormal rates
and may spuriously increase the number
of children diagnosed as having pneumo-
nia. More accurate results are obtained
if the average of two 30-second counts is
taken or one 60-second count.

Observer agreement is good for most
signsonthephysicalexamination.There
is better agreement about signs that can
be observed than signs that require aus-
cultation of the chest.

The Accuracy of Signs of Pneumonia
The reported accuracy of clinical find-

ings varies considerably among studies
because of methodologic limitations and
differences in the spectrum of illness se-
verity among sites in which the studies
were conducted. In most reports, chest
x-ray films were used as the gold stan-
dard and children who had clinical find-
ingssuggestiveofpneumoniaweremore
likely to have had an x-ray examination
than those who did not (Table 2). Al-
though this approach makes sense clini-
cally, it introduces verification bias that
tends to overestimate a test’s sensitiv-
ity and underestimate its specificity.40

Two studies, both of which were con-
ducted in developing countries, at-
tempted to overcome the problem of se-
lective ordering of the gold standard by
obtainingchestx-rayfilmsonallchildren
with abnormal clinical findings (eg, el-

evated respiratory rate), as well as a
sampleofchildrenwithoutabnormalfind-
ings.41-43 The reported accuracy was then
adjusted statistically for the fraction of
patients sampled in each group. These 2
studies found that there was no single
sign that could be used to rule in or rule
outpneumoniadefinitively.Inthesestud-
ies, children with elevated respiratory
rates were about twice as likely to have
pneumonia (positive likelihood ratio
[LR+], 1.5-2.1) as children without el-
evated respiratory rates (Table 3). Con-
versely, those without elevated respira-
tory rates were only about 0.36 to 0.5
times as likely to have pneumonia. These
studies also found that the presence of
chest indrawing (retractions) increased
the likelihood of pneumonia (LR+, 2.4-
2.5). However, normal chest movements
didnotruleoutpneumonia(negativelike-
lihood ratio [LR−], 0.7-0.78). Other useful
findings that increased the likelihood of
pneumonia included nasal flaring (LR+,
3.0), and crepitations (LR+, 3.5). Once
again, the absence of nasal flaring and
crepitations did not effectively lower the
likelihood of pneumonia: no nasal flaring,
LR−, 0.71; no crepitations, LR−, 0.69.
Other studies in developing countries,
eventhoughlessmethodologicallysound,
found the accuracy of clinical signs to be
more or less in the same range as that
found in the 2 more well-designed inves-
tigations (Table 3).44-47

The lower prevalence of bacterial dis-
ease and severe pneumonia found in de-
veloped countries48,49 might suggest that
the accuracy of physical examination
signs would be lower than that reported
in studies from developing countries.
However, the few studies performed in
developed countries reported results
similar to those cited above.50-52 These
studies may have overestimated the ac-

Table 2.—Characteristics of Studies Included in Systematic Review

Source, y Country Department Inclusion and Exclusion Criteria Age Range

Pneumonia
Prevalence,
% (No./Total)

Definition of
Pneumonia

Redd et al,41,42 1994 Lesotho outpatient
department

1A Children with cough, upper respiratory
tract infection, trouble breathing,
and ear pain

3 mo to 5 y 17 (65/382) Parenchymal infiltrate on
chest x-ray film

Harari et al,43 1991 New Guinea outpatient
department

1A Cough exclusion: wheeze, stridor,
measles, and pertussis

8 wk to 6 y 30 (56/185) Radiographic pneumonia

Crain et al,52 1991 US emergency
department

1A Infants with temperature .38°C 1 d to 2 mo 12 (27/228) Positive chest x-ray
examination result

Lozano et al,44 1994 Columbia emergency
department

4C Respiratory signs and symptoms,
cough ,7 d

1 wk to 3 y 65 (130/200) Radiographic pneumonia

Leventhal,50 1982 US emergency
department

4C Children with fever or respiratory
symptoms for whom chest x-ray
film was ordered

Excluded: major chronic disease,
asthma, croup, and trauma

3 mo to 15 y 19 (26/136) Abnormal chest x-ray
examination result

Taylor et al,51 1995 US emergency
department

4C Temperature .38°C
Excluded: infants with chronic lung
disease, bronchopulmonary
dysplasia, wheezing, and stridor

1 d to 2 y 7.3 (42/572) Positive chest x-ray
examination result

Zukin,39 1986 US emergency
department

4C Children with chest x-ray examination
as part of emergency department
evaluations

1 d to 17 y 14 (18/125) Radiographic pneumonia
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curacy of clinical findings because chest
x-ray films were more likely to be ob-
tained in patients with signs and symp-
toms of disease. In a study by Leven-
thal,50 the absence of tachypnea, as ob-
servedbytheclinicianexaminingthepa-
tient, was useful for ruling out
pneumonia (LR−, 0.32), while the pres-
ence of tachypnea somewhat increased
the odds of pneumonia (LR+, 2.03).
Grunting and crepitations were more
useful in ruling in disease (LR+, 3.17 and
2.1, respectively). Their absence did not
appreciably lower the likelihood of dis-
ease (LR−, 0.86 and 0.73). The study by
Taylor et al51 reported a somewhat
higher LR+ for tachypnea (LR+, 3.22),
but this study included only febrile chil-
dren and chest x-ray films were not ob-
tained for all study patients.

A study by Crain et al52 included only
infants with fever younger than 8 weeks
who were seen in an emergency depart-
ment. The authors reported that tachy-

pnea (LR+, 8.0; 95% confidence interval
[CI],5.3-12.1)andchest indrawing(LR+,
26.0; 95% CI, 2.7-118.8) substantially in-
creased the likelihood of pneumonia. Al-
though these likelihood ratios are quite
high, the number of patients with pneu-
monia in this study was small and the
reported estimates are imprecise (as in-
dicated by the wide 95% CIs). In addi-
tion, the high likelihood ratios also re-
flect the high specificity of tachypnea
and indrawing in a particular group of
patients (early infants). The value of the
clinical examination may differ in this
group of children. As in other studies,
the absence of these findings did not dra-
matically lower the likelihood of disease
for tachypnea (LR−, 0.55) or for indraw-
ing (LR−, 0.75).

Accuracy of Combinations
of Findings

Clinicians typically evaluate the pres-
ence of many findings simultaneously to

rule in or rule out pneumonia. Despite
the large number of studies, few have
examined the value of clinical findings
when they are used together. Two stud-
ies assessed the value of combinations of
clinical findings. Leventhal50 found that
the absence of pulmonary findings de-
fined as respiratory distress (nasal flar-
ing, grunting, retractions), tachypnea,
rales, or decreased breath sounds ruled
out pneumonia (LR−, 0.0; 95% CI, 0.0-
0.4).Whenpresent, these findingsraised
the likelihood of pneumonia to 1.6 (95%
CI, 1.3-31.3). In this study, information
about the presence or absence of respi-
ratory symptoms was used in the deci-
sion to obtain the gold standard exami-
nation (a chest x-ray examination).
Thus, the reported data are likely to
overestimate the diagnostic accuracy of
these combinations of findings so that
the true LR− is not as good as reported
and the LR+ is better than reported.

In a study of children younger than 2
months, Crain et al52 found that the ab-
sence of any respiratory findings (rhi-
norrhea, cough, adventitious sounds, or
retractions) lowered substantially the
likelihood of a positive chest x-ray find-
ing (LR−, 0.10; 95% CI, 0.03-0.4). The
presence of any of these findings in-
creased the likelihood of pneumonia to
3.4 (95% CI, 2.6-4.3). Again, since this
studyincludedonly infantsyoungerthan
8 weeks, it is not clear how well the re-
sults apply to older age groups. Crain et
al52 also found that as the number of posi-
tive respiratory findings increased, so
did the probability of an abnormal chest
x-ray finding.

To summarize, physical examination
findings can help primary care physi-
cians be more certain that an infant does
or does not have pneumonia. In devel-
oped countries, where the prevalence of
bacterial pneumonia is lower, pneumo-
nia is unlikely if all signs are negative.
The presence of a positive sign will be
more useful in increasing clinicians’ cer-
tainty that an infant has pneumonia in
developing countries as compared with
developed countries because the preva-
lence of bacterial pneumonia is higher.
In developed countries, clinicians will be
more certain if multiple findings are
positive. Further studies are needed to
examine the diagnostic accuracy of the
chest x-ray examination, the value of
certain signs (such as fever and toxic ap-
pearance), as well as how to best take
advantage of combinations of clinical
findings.

THE BOTTOM LINE
First, the initial observation of the in-

fant may be the most critical component
of the examination. Observation is im-
portant before interacting with a child.

Table 3.—Operating Characteristics of Selected Clinical Findings*

Source, y Item
Likelihood Ratio Positive
(95% Confidence Interval)

Likelihood Ratio Negative
(95% Confidence Interval)

Description of Breathing (Time or Explanation)

Redd et al,41,42 1994 Respiratory rate $50/min
(3-11 mo)

1.93 (. . .) 0.36 (. . .)

Harari et al,43 1991 Respiratory rate $50/min 2.17 (. . .) 0.52 (. . .)

Crain et al,52 1991 Respiratory rate $60/min
(,8 wk)

8.00 (5.3-12.1) 0.55 (0.4-0.8)

Lozano et al,44 1994 Respiratory rate $50/min
(0-11 mo)

1.67 (1.2-2.3) 0.52 (0.4-0.7)

Leventhal,50 1992 Tachypnea (clinician
judgment of fast
breathing)

2.03 (1.5-2.7) 0.32 (0.1-0.7)

Taylor et al,51 1995 Tachypnea (maximal
sensitivity and
specificity in different
age strata)

3.22 (2.5-4.1) 0.34 (0.2-0.6)

Zukin,39 1986 Tachypnea
($SD for age)

1.56 (0.9-2.6) 0.75 (0.5-1.2)

Work of Breathing

Redd et al,41,42 1994 Chest indrawing 2.39 (. . .) 0.70 (. . .)

Harari et al,43 1991 Chest indrawing 2.46 (. . .) 0.78 (. . .)

Lozano et al,44 1994 Chest indrawing 1.27 (1.0-1.5) 0.53 (0.3-0.9)

Crain et al,52 1991 Chest indrawing 26.00 (5.7-118.8) 0.75 (0.6-0.9)

Redd et al,41,42 1994 Nasal flaring (3-11 mo) 6.60 (. . .) 0.71 (. . .)

Lozano et al,44 1994 Nasal flaring 1.19 (0.9-1.6) 0.83 (0.6-1.1)

Leventhal,50 1992 Nasal flaring 1.94 (1.0-3.8) 0.79 (0.6-1.1)

Lozano et al,44 1994 Grunting 1.21 (0.8-1.8) 0.89 (0.7-1.1)

Leventhal,50 1992 Grunting 3.17 (1.1-9.2) 0.86 (0.7-1.0)

Temperature

Harari et al,43 1991 .Î38° C 1.15 (. . .) 0.95 (. . .)

Zukin,39 1986 Fever† 1.47 (1.3-1.7) 0.17 (0.02-1.1)

Auscultation

Leventhal,50 1992 Crepitations 2.10 (1.2-3.8) 0.73 (0.5-1.0)

Lozano et al,44 1994 Crepitations 1.78 (1.4-2.3) 0.36 (0.2-0.5)

Crain et al,52 1991 Crepitations 15.00 (2.9-78.0) 0.86 (0.7-1.0)

Zukin,39 1986 Crepitations 2.90 (1.4-3.7) 0.57 (0.3-0.97)

Lozano et al,44 1994 Wheezes 0.63 (0.4-1.1) 1.12 (1.0-1.3)

Crain et al,52 1991 Wheezes 4.00 (0.4-37.1) 0.97 (0.9-1.1)

Zukin,39 1986 Wheezes 0.19 (0.03-1.3) 1.30 (1.2-1.5)

*The quality scores, sample sizes, and prevalence of pneumonia for each study, respectively, are as follows: Redd
et al,41,42 1A, 382, and 0.17; Harari et al,43 1A, 185, and 0.3; Crain et al,52 1A, 228, and 0.12; Lozano et al,44 4C, 200,
and 0.65; Leventhal,50 4C, 136, and 0.19; Taylor et al,51 4C, 545, and 0.16; and Zukin,39 4C, 125, and 0.14. Ellipses
indicate confidence intervals could not be calculated because insufficient information was reported.

†Fever defined as 2 SD for age.
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Second, because of its moment-to-mo-
ment variability, the respiratory rate
shouldbecountedbyobservingthechest
while the child is quiet over two 30-sec-
ond intervals or over a full minute. Cli-
nicians need to be especially aware of the
variability of the examination as the
child’s level of activity changes.

Third, auscultation is relatively unre-
liable when examining infants. Clini-
ciansneedbettertrainingandbetterter-
minology to describe abnormal chest

sounds. The overall clinical appearance
may be accurate but the delineation of
its value needs more study.

Fourth, the best individual finding for
ruling out pneumonia is the absence of
tachypnea. Chest indrawing and other
signs of increased work of breathing (eg,
nasal flaring)andabnormalauscultatory
findings are better for ruling in pneumo-
nia. In developed countries, multiple
findings must be present to be more cer-
tain about the presence of pneumonia.

Fifth, if all clinical signs (respiratory
rate, auscultation, and work of breath-
ing) are negative, the chest x-ray finding
is unlikely to be positive.
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