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Febrile illness in children younger than 36 months is common and has potentially serious consequences. With the
widespread use of immunizations against Streptococcus pneumoniae and Haemophilus influenzae type b, the epide-
miology of bacterial infections causing fever has changed. Although an extensive diagnostic evaluation is still recom-

mended for neonates, lumbar puncture and chest radiography are no
longer recommended for older children with fever but no other indi-
cations. With an increase in the incidence of urinary tract infections
in children, urine testing is important in those with unexplained
fever. Signs of a serious bacterial infection include cyanosis, poor
peripheral circulation, petechial rash, and inconsolability. Parental
and physician concern have also been validated as indications of seri-
ous illness. Rapid testing for influenza and other viruses may help
reduce the need for more invasive studies. Hospitalization and antibi-
otics are encouraged for infants and young children who are thought
to have a serious bacterial infection. Suggested empiric antibiotics
include ampicillin and gentamicin for neonates; ceftriaxone and cefo-
taxime for young infants; and cefixime, amoxicillin, or azithromycin
for older infants. (Am Fam Physician. 2013;87(4):254-260. Copyright
© 2013 American Academy of Family Physicians.)

he evaluation of febrile children

younger than 36 months has long

presented the challenge for physi-

cians of ensuring that children with
serious bacterial infection are appropriately
identified and treated, while minimizing the
risks associated with invasive testing, hos-
pitalization, and antibiotic treatment. The
epidemiology of febrile illness in children
has changed dramatically with the introduc-
tion of several vaccines targeted at this age
group, and with the use of antibiotic prophy-
laxis during childbirth. Because of this, ear-
lier guidelines have been questioned.”? This
article focuses on previously healthy febrile
children younger than 36 months. Those
with significant preexisting conditions (e.g.,
prematurity, immune compromise) should
be evaluated on a case-by-case basis.

Epidemiology
Studies of infants and young children pre-
senting with fever have documented a

dramatic reduction in the incidence of Strep-
tococcus pneumoniae and Haemophilus influ-
enzae type b (Hib) infections following the
widespread use of immunizations against
these organisms. Rates of invasive Hib infec-
tion, including meningitis, in children five
years and younger have fallen by more than
99 percent since the 1990s.* Invasive pneu-
mococcal infection in children declined
by 77 percent from 1998 to 2005,° and is
expected to decline further with the use of
the pneumococcal 13-valent conjugate vac-
cine (Prevnar 13).° Rates of invasive Hib and
S. pneumoniae infections have also decreased
in non- or partially vaccinated children,’
perhaps because of herd immunity.

Urinary tract infections (UTIs) are the
most common source of serious bacterial
infection in children younger than three
months, commonly from Escherichia coli
or Klebsiella species.”" A case series found
that pneumonia is the most common seri-
ous bacterial infection in children three
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to 36 months of age, followed by UTL" A large study
found that the rate of hospitalization for UTI, including
pyelonephritis and urosepsis, in children younger than
12 months has notably increased.” This increase coin-
cides with an increase in E. coli and other infections that
are resistant to penicillin and ampicillin.”** The cause for
this shift in infection and resistance patterns is not clear.

Clinically Significant Fever

A clinically significant fever in children younger than
36 months is a rectal temperature of at least 100.4°F
(38°C). Axillary, tympanic, and temporal artery mea-
surements have been shown to be unreliable.””'® Neonates
whose parents report a clinically significant fever may
have a serious bacterial infection, even if they do not have
a fever at the time of their initial medical evaluation.”

Age Stratification

Traditionally, guidelines for the management of fever
in children have been based on age groups: neonates
(younger than 30 days® or 28 days”*’); young infants (up
to two months?'* or three months'-2*242¢); and older
infants and young children (up to 36 months). The
precise boundaries delineating these groups are under
review.” Evidence supporting the use of particular age
ranges, especially in children not vaccinated according
to the recommended schedule, is limited.

History and Physical Examination

Initial history and physical examination in infants and
young children with fever is directed at recognition of
serious illness. Children known to be immunocom-
promised (e.g., those with cancer, asplenia, or human

Table 1. Clinical Red Flags for Serious Infection in Children

Older than One Month

Childhood Fever

immunodeficiency virus infection) need more extensive
evaluation and treatment. Conversely, findings that sug-
gest a benign cause for fever, such as vaccination in the
past 24 hours, are reassuring."” Teething is rarely asso-
ciated with a fever of more than 100.4°F?%; therefore,
teething should not prevent a thorough examination in a
young child with a fever.

A meta-analysis of febrile children older than one
month has identified red flags associated with a high
likelihood of serious infection (Table 1). The study
identified no findings with a negative likelihood ratio of
less than 0.1, which would help distinguish children at
low risk of serious infection.

Laboratory Testing and Imaging

History and physical examination cannot identify all
children with serious bacterial infections; therefore, judi-
cious use of imaging and laboratory testing is valuable.

URINALYSIS AND URINE CULTURE

Because UTI is a common cause of serious bacterial
infection, urinalysis is a key factor in the evaluation of
fever in infancy and early childhood. Although this test
is often omitted because of the difficulty with obtain-
ing a specimen, a clinically valid urine sample should
be obtained for all children younger than 24 months
with unexplained fever.”® The sample may be obtained
by catheterization or suprapubic aspiration. In children
with voluntary urine control, a clean catch method (uri-
nation into a specimen container after cleaning the area
around the urethra) may be used. Cultures of specimens
collected in a urine bag may have an 85 percent false-
positive rate,”® and urine dipstick testing has a 12 percent
false-negative rate.® All specimens should
be sent for formal urinalysis and culture.
UTI rates vary with patient sex and age. In
the first three months of life, UTIs are more

common in boys than in girls, and much

Global assessments Circulatory/respiratory Other factors more common in uncircumcised boys. After
Parental concerns Crackles Decreqsgd skin three months of age, UTIs are more common
Physician instinct Cyanosis elasticity in girls.?
Child behavior Decreased breath Hypotension
Changes in crying sounds Merjtingeal BLOOD CELL COUNTS AND BLOOD CULTURE

i irritation
Dz)itvt;;r;ss Pici)rrcsgtlg;]eral Petechial rash White blqod cell (WBC) counts and a}bsoh'lte
Inconsolability Rapid breathing Seizures negtrophll COL.lnts. have .been' used t.o identify
Moaning SreriinEss off e Unconsciousness serious bacterial infection, including occult

bacteremia. However, recent studies ques-

NOTE: These red flags are associated with a positive likelihood ratio of greater than 5

for serious infection in this population.

Information from reference 29.
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tion their utility after early infancy.®'233
Although various suggested cutoff values for
these tests have high sensitivity and reason-
ably high specificity, the rarity of bacteremia
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in this population leads to a low positive predictive value
(PPV). For example, the presence of an absolute neutro-
phil count of 15,000 per mm? (15 X 10° per L) has a PPV
of only 11 percent.® Blood cell counts have higher util-
ity in neonates than in older children.®* In a study of
neonates up to 28 days of age, a WBC count lower than
5,000 per mm? (5 X 10° per L) or more than 15,000 per
mm?® (15 X 10° per L) had a PPV of 44 percent for serious
bacterial infection, and an absolute neutrophil count of
more than 10,000 per mm? (10 X 10° per L) had a PPV of
71 percent.?

Current guidelines recommend a complete blood
count with differential and blood culture for infants
three months or younger with fever.>** However, some
experts recommend a more selective approach in infants
older than 28 days, limiting laboratory testing to those
with clinical signs of serious infection.?

STOOL TESTING

In neonates and young infants, diarrhea with fever sug-
gests a systemic illness, and therefore stool culture and
fecal WBC counts are recommended.?”***” There are
few studies that suggest the need for stool testing in the
absence of a localizing sign, such as diarrhea.

INFLAMMATORY MARKERS

The clinical utility of C-reactive protein levels in rec-
ognizing serious infection in neonates, infants, and
young children is being explored.”®'"* Initial studies
indicate that a C-reactive protein level of 2 mg per dL
(19 nmol per L) or greater has better sensitivity, speci-
ficity, and predictive value than a WBC count of greater
than 15,000 per mm’ or less than 5,000 per mm’."" A
C-reactive protein cutoff value as high as 50 mg per dL
(476.2 nmol per L) is also being investigated.”

Elevated levels of procalcitonin, another marker of
inflammation and bacterial infection, also appear to
have better sensitivity, specificity, and predictive value
than WBC counts.*® The theoretical advantages of pro-
calcitonin testing must be balanced against its higher
cost, reduced availability, and delay in the availability
of results.! Moreover, it is unclear whether procalcitonin
test results affect clinical decisions to administer antibi-
otics or hospitalize febrile children.*!

LUMBAR PUNCTURE

The success of infant vaccination for S. pneumoniae and
Hib has greatly reduced the incidence of meningitis,**
limiting the indications for lumbar puncture. The test is
recommended for all febrile neonates,”*? and for infants
and young children with clinical signs of meningitis,
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such as nuchal rigidity, petechiae, or abnormal neuro-
logic findings.>*

Lumbar puncture is not recommended for children
older than three months unless neurologic signs are pres-
ent.>*> The indications for lumbar puncture in young
infants (one to three months of age) are under examina-
tion. Research suggests that the test is not needed for all
febrile infants in this age group,'>*? but there is no con-
sensus on appropriate indications.>*** Two guidelines
suggest that a lumbar puncture may be omitted for well-
appearing, previously healthy young infants with no focal
signs of infection, a WBC count between 5,000 and 15,000
per mm?, and no pyuria or bacteriuria on urinalysis.”*’

Although low peripheral WBC counts (less than 5,000
per mm?) are more often associated with meningitis than
with bacteremia,* WBC counts should not be used alone
to determine which infants need lumbar puncture. Use
of a threshold WBC count of less than 5,000 per mm’®
would miss 2.1 cases of meningitis for each one detected,
and a WBC count of more than 15,000 per mm® would
miss 2.7 cases for each one detected.*

IMAGING

Chest radiography may be performed in all neonates
with unexplained fever, although supporting evidence
is limited.***” Chest radiography is also recommended
for young children older than one month demonstrat-
ing respiratory symptoms,* and for those with a fever
of more than 102.2°F (39°C) and a WBC count of more
than 20,000 per mm”’ (20 X 10° per L).*”

HERPES SIMPLEX VIRAL TESTING

Although herpes simplex virus infection in neonates
is uncommon (25 to 50 cases per 100,000 live births in
the United States*®*?), the prevalence of the infection
in febrile neonates is similar to that of bacterial men-
ingitis.*® Risk factors include invasive monitoring dur-
ing delivery,” seizures, cerebrospinal fluid pleocytosis,
and the presence of lesions.?” Birth by cesarean delivery
is somewhat protective against transmission of herpes
simplex virus.* Detection of herpes simplex virus DNA
in cerebrospinal fluid via polymerase chain reaction is
diagnostic.”® Use of high-dose intravenous acyclovir,
60 mg per kg per day in three divided doses, has been
shown to improve outcomes.”!

RAPID VIRAL TESTING

Rapid testing for influenza and other viruses is becom-
ing increasingly available. Children who test positive
for influenza are unlikely to have a coexistent serious
bacterial infection,”* although those who test positive
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I S ———
Management of Fever in Children Younger than 36 Months

N

o . . . . No . L
Younger than 29 days? —» Signs of serious illness (e.g., cyanosis, poor ——» Option: If it is influenza season, perform

Yes

Inpatient management

!

peripheral circulation, meningeal irritation,
neurologic changes, petechial rash)?

lYes

Inpatient management

rapid influenza testing in children older
than 3 months. If positive, initiate
appropriate treatment and exit algorithm.

Blood tests

CBC with differential
and blood culture for
all neonates

Urine tests

Urinalysis and urine
culture for all neonates

Lumbar puncture
For all neonates
Stool tests

Stool culture and fecal
WBC count if diarrhea
present

Chest radiography
For all neonates

Blood tests

1 to 36 months: CBC with differential and blood
culture

Urine tests
1 to 3 months: urinalysis and urine culture

3 to 24 months: urinalysis and urine culture;
consider in older children

Lumbar puncture
1 to 3 months: for all ill-appearing young infants

3 to 36 months: if neurologic or meningeal signs
are present

Stool tests

Stool culture, fecal WBC count if diarrhea present

Chest radiography

1 to 36 months: if fever > 102.2°F (39°C) and
WBC count > 20,000 per mm? (20 X 10° per L),
or respiratory signs are present

Blood tests

1 to 3 months: CBC with differential to evaluate
the need for lumbar puncture

3 to 36 months: not generally recommended
Urine tests

1 to 3 months: urinalysis and urine culture

3 to 24 months: urinalysis and urine culture
Lumbar puncture

1 to 3 months: may consider omitting if WBC
count > 5,000 per mm? (5 X 10° per L) or
< 15,000 per mm? (15 X 10° per L), and no
bacteriuria or pyuria

3 to 36 months: not recommended

Stool tests

Stool culture, fecal WBC count if diarrhea present
Chest radiography

1 to 36 months: if fever > 102.2°F and WBC
count > 20,000 per mm?, or respiratory signs

!

Begin empiric antibiotics
after cultures have been
obtained: ampicillin and
gentamicin, or ampicillin
and cefotaxime (Claforan)

'

Begin empiric antibiotics after cultures
have been obtained: ceftriaxone
(Rocephin; general) or cefotaxime (urinary)

are present

Consider empiric antibiotics: ceftriaxone (general),
cefixime (Suprax; urinary), amoxicillin (respiratory),
or azithromycin (Zithromax; respiratory)

Good outpatient follow-up available?

|
v s

Admit for Consider close
inpatient outpatient
monitoring monitoring

__________________________________________________________________________________________________________________________________________|
Figure 1. Algorithm for the management of unexplained fever (> 100.4°F [38°C]) in previously healthy children younger

than 36 months. (CBC = complete blood count; WBC = white blood cell.)
Information from references 1, 7 through 9, 11, 12, 22, 34, 35, 38, 42, 43, 45, 47, 52, and 56.

for respiratory syncytial virus may still have a signifi-
cant risk of UTL.>** Initial studies evaluating the use of
rapid viral testing for influenza during epidemics have
suggested that patients who test positive for influenza do
not need other, more invasive testing. In one case series,
40 percent of children younger than 36 months who pre-
sented to an emergency department with fever during
times of generalized influenza epidemics (100 cases per
100,000 persons) were positive for influenza using rapid
testing.”* However, a Cochrane review concludes that not
enough evidence exists to uniformly recommend rapid
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viral testing as part of an algorithmic approach to fever
in children younger than 36 months.”

Management Strategies

Figure 1 is an algorithm for the management of
unexplained fever in children younger than 36
months.1,7—‘),1l,l2,22,34,35,38,42,43,45,47,52,56 In those reCCiVII‘lg
inpatient evaluation, empiric antibiotics are recom-
mended after culture specimens have been obtained.
The choice of antibiotic is dependent on local resistance
patterns. The most common infectious organisms in
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Table 2. Recommended Empiric Antibiotic Therapy for Febrile Children Younger than 36 Months

Age/findings Therapy

Younger than one month

Ampicillin* (100 to 200 mg per kg per day IV or IM divided every six hours) plus gentamicinf

(2.5 mg per kg IV or IM every eight hours, with adjustments based on serum levels)°’

Alternative: ampicillin* (100 to 200 mg per kg per day IV or IM divided every six hours) plus
cefotaxime (Claforan; 50 mg per kg IV every eight hours)?’

Older than one month, urinary
findings

One to three months,
meningitis not suspected

One to three months,
meningitis is a concern

One to three months, Listeria or
Enterococcus is a concern

Older than three months,
suspected pneumonia

antibiotics®®

the next four days)?’

Cefotaxime* (50 mg per kg IV every eight hours)
Alternative: cefiximes (Suprax; 8 mg per kg twice on first day, then 8 mg per kg daily)*°
Ceftriaxone (Rocephin; 50 mg per kg per day IV or IM divided every 12 to 24 hours)?’

Ceftriaxone (100 mg per kg per day IV or IM divided every 12 to 24 hours)?’
Add ampicillin* (100 to 200 mg per kg per day IV or IM divided every six hours) to other

Amoxicillin (80 mg per kg per day divided every eight to 12 hours)
Alternative: azithromycin (Zithromax; 10 mg per kg orally on day 1, then 5 mg per kg daily for

IM = intramuscularly, 1V = intravenously.

*—Dosage for children older than seven days who weigh more than 2,000 g.

t—Dosage for children older than seven days.

—Cefixime therapy in children younger than six months is an off-label use.

Information from references 27, 30, 36, and 57.

SORT: KEY RECOMMENDATIONS FOR PRACTICE
Evidence
Clinical recommendation rating References
Evaluation of febrile infants younger than 29 days should include complete blood count with C 2,7, 36
differential, lumbar puncture, blood culture, chest radiography, urinalysis, and urine culture.
Stool testing should be performed if diarrhea is present.
Evaluation of febrile young infants (older than 28 days but younger than three months) should C 2,22, 35, 36,
include urinalysis and urine culture and complete blood count with differential. Omitting 43
lumbar puncture may be considered in well-appearing, previously healthy young infants with
no focal signs of infection, a white blood cell count between 5,000 per mm? (5 X 10° per L)
and 15,000 per mm? (15 X 10° per L), and no pyuria or bacteriuria on urinalysis. Stool testing
should be performed if diarrhea is present.
For febrile children older than three months but younger than 36 months, lumbar puncture C 2,36
is not appropriate unless neurologic signs are present.
In febrile infants older than 28 days, the need for chest radiography is determined by clinical C 36, 47
signs on physical and laboratory examinations.
Urinalysis and urine culture are recommended as part of the evaluation for all febrile infants C 30
24 months of age or younger with unexplained fever.
A = consistent, good-quality patient-oriented evidence, B = inconsistent or limited-quality patient-oriented evidence; C = consensus, disease-
oriented evidence, usual practice, expert opinion, or case series. For information about the SORT evidence rating system, go to http://www.aafp.
org/afpsort.xml.

neonates include group B streptococcus, E. coli, Listeria,
and Enterococcus. Intravenous ampicillin and gentami-
cin are recommended for these infections in neonates.***
Concerns about E. coli resistance to ampicillin have led
some to also recommend a third-generation cephalospo-
rin, such as cefotaxime (Claforan).>*3¢
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For most serious bacterial infections in young
infants, parenteral ceftriaxone (Rocephin) is effective,
although ampicillin may be added if Listeria or Entero-
coccus is suspected.”® In infants one month and older,
cefixime (Suprax) or cefotaxime is recommended for
UTI?; amoxicillin or azithromycin (Zithromax) may
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be used for pneumonia.*® Table 2 summarizes empiric
antibiotic therapy for febrile patients younger than
36 months. >

If close follow-up is available and there are no signs of
serious illness, outpatient management with oral antibi-
otics may be considered in infants. In infants older than
28 days of age without signs of serious illness or localiz-
ing findings on physical examination or laboratory eval-
uation, outpatient monitoring with close follow-up may
be considered in place of initial empiric treatment.?®*

Data Sources: A literature search was conducted using Medline/Ovid,
Cochrane, Essential Evidence Plus, and Web of Knowledge. Search terms
included neonatal fever, childhood fever, bacterial illness children, bacte-
rial infection children, axillary thermometer, temporal thermometer, and
thermometer accuracy. We also identified articles in which the pre-Hib,
pre-pneumococcal vaccine recommendations were originally published,
as well as recent studies and reviews that cite these articles. Search
dates: July 2011 and September 2011.
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