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Management of Neonates and Young Infants with Fever without a Source
or Suspected Serious Bacterial Infection

Objective To develop guidelines for prescribers within the Seton Healthcare Network for the empiric
antimicrobial treatment of infants with fever without a source (FWS) or suspected serious bacterial
infections (SBI). This guideline excludes patients admitted to any of the Neonatal Intensive Care Units.

Introduction Approximately 20% of infants and young children with fever have no identifiable source of
infection following a thorough history and physical examination." Of these, a small percentage may
have a serious bacterial infection such as bacteremia, urinary tract infection, pneumonia, sepsis and
rarely meningitis. There is a considerable difference in the management and prescribing of
antimicrobial agents in infants with FWS or suspected SBI. The reasons for this are varied; but
ultimately depend on the physician’s overall clinical assessment, based on the patient’s past medical
history, physical examination, clinical status, and age. Other factors which may influence treatment
include intravenous access, reliability of caregivers to follow up, and current antimicrobial
susceptibilities (at the institution when available). In general, the physician will need to determine
whether the patient is at low or high risk for SBI based on the history, physical exam, clinical status, and
medical evaluation. Patients at high risk for SBI may be treated with empiric antimicrobial agents until
the workup is complete. Due to the possibility of life-threatening infections (e.g. sepsis and meningitis)
in this high-risk patient population, empiric treatment should focus on providing medications which
have the ability to reach potential sequestered sites of infection (i.e. central nervous system).

Definition of Serious Bacterial Infection (SBI) For the purposes of this guideline, serious bacterial
infection includes possible or suspected meningitis, sepsis, bacteremia, urinary tract infections (UTI),
and pneumonia, as well as positive cultures of urine, blood, and/or cerebrospinal fluid.

Definition of Fever For the purposes of this guideline, a fever is defined as a temperature of 38°C
(100.4°F) or greater taken rectally.” Some patients with serious and/or life-threatening infectious diseases,
especially young infants, may not have fever to this degree, but may actually be hypothermic (below 36°C
or 96.8°F); however, most of these patients will have other signs of serious illness." Tympanic membrane
temperatures should be considered unreliable.! In infants and young children, axillary temperatures do
not reliably reflect rectal/oral temperatures and should be interpreted with caution as they may
underestimate a rectal temperature by 0.4° C to more than 1°C.?

Age Stratification Infants and children have traditionally been stratified in the medical literature into
the following age groups: neonates (0-28 days), young infants (29-90 days), older infants and young
children (3-36 months), and older children (3-18 years).

Prepared by Ronda Machen, PharmD

Reviewed and edited by PCRS (Mark Shen, MD, Lynn Campbell, MD, Lynn Thoreson, DO), DCMC ED (Eric Higginbotham, MD), and
Pediatric Infectious Disease (Natascha Ching, MD, Sarmistha Hauger, MD, Marisol Fernandez, MD).

Last Revised 2/6/11



This guideline is to be used, viewed, and posted within the Seton Healthcare Network only.
This guideline has been created to assist prescribers and should not replace clinical judgment.

Literature Analysis

The management of neonates and young infants is particularly challenging because of the
relatively high prevalence of SBI and the inability to quickly and accurately determine the source
of infection (i.e. bacterial vs. viral). Although several studies and protocols have been published
to stratify risk criteria, as well as determine which patients should be empirically treated, no
single study or protocol has been universally recognized as being a comprehensive resource.
This is primarily due to the debate over the differences between the studies, and includes
factors such as age, definition of fever, clinical and laboratory criteria, and criteria to distinguish
infants at low or high risk for SBI.* The four common published approaches to managing febrile
neonates and young infants under 3 months of age without a fever source are the Philadelphia
protocol for infants 29-60 days old,” the Rochester criteria for infants < 60 days old,® the Boston
criteria for infants 28-89 days of age,” and the Pittsburgh criteria for infants < 60 days old.? See
Table 1 for a comparison of these approaches. The common goal of these approaches is to
identify febrile neonates and young infants at low-risk for infection who can be managed as
outpatients with or without antibiotics, and those at high-risk requiring hospitalization for
empiric treatment with intravenous antibiotics. Refer to Table 2 for the types of infections and
organisms identified in these studies.

Infants 0-28 days of age Neonates are most commonly infected via perinatal vertical
transmission or postnatal exposure to organisms. Perinatal vertical transmission usually
manifests within 48 to 72 hours after birth. Early-onset sepsis is defined as occurring
within the first week of life and late-onset sepsis occurs beyond 7 days of age. Although
the risk of SBI in low-risk infants under 28 days is very small (0.2%),>® all high-risk
patients in this age group should be hospitalized and empirically treated while awaiting
culture results. The initiation of empiric therapy is especially critical in the high risk
population because the signs and symptoms of sepsis may be subtle and the patient may
rapidly deteriorate.? Alternatively, low-risk patients may be admitted and observed
closely without antibiotics, while hospitalized, pending culture results.>*

The most common organisms identified in term infants of this age with SBI are
Group B streptococcus, Escherichia coli, Listeria monocytogenes, and Klebsiella
pneumoniae (refer to Table 2 and Table 3). The recommended first-line empiric
treatment for patients of this age is ampicillin and gentamicin.'® Group B streptococcus
and Listeria monocytogenes are widely susceptible to ampicillin,'® and the other targeted
gram-negative organisms are covered with gentamicin. When the cerebrospinal fluid
(CSF) is indicative of bacterial meningitis, or there is concern for infection of the central
nervous system (CNS) with gram-negative bacilli, treatment with cefotaxime and
ampicillin is preferred as aminoglycosides exhibit poor penetration into the CSF. Of note,
at Dell Children’s Medical Center, recent antibiograms show poor susceptibility of E. coli
to ampicillin at approximately 44%.*'? When there is concern for infection with
methicillin resistant S. aureus (MRSA), treatment with vancomycin and cefotaxime is
preferred.’® Vancomycin and gentamicin can be also used as an alternative in this
situation; however, due to the poor penetration of vancomycin (in the absence of
meningeal irritation) and gentamicin into the CSF,™ this regimen is not preferred. When
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CSF pleocytosis is suggestive of viral meningoencephalitis, acyclovir should be added to
the regimen.? Refer to Table 3 for antimicrobial dosing.

The targeted organisms for preterm infants are Escherichia coli, Group B
streptococcus, Haemophilus influenzae type b, Coagulase-negative staphylococcus, and
Staphylococcus aureus.**** The recommended treatment for patients of this age is the
same as for term infants mentioned above.”**'”  However, it is important to note that
antimicrobial dosing in preterm infants differs from term infants due to a larger volume
of distribution and slower clearance in these patients. Please see Table 4 for drug dosing
in preterm infants.

Maternal risk factors also play a significant role in the selection of empiric
antimicrobials in both term and preterm infants. Early-onset sepsis should be considered
in those infants with a maternal history of traumatic or difficult deliveries, and gram
negative organisms should be considered. Early, late or very late-onset infection with
Group B streptococcus (GBS) should also be considered.

The risk criteria for early-onset neonatal sepsis with GBS are maternal
colonization with the organism, gestational age less than 37 weeks, rupture of
membranes greater than 12 hours prior to delivery, intra-amniotic infection, intra-
partum fever greater than 37.5°C, young maternal age, black race, low maternal levels of
GBS-specific anti-capsular antibody, and previous delivery of an infant with invasive GBS
disease.™ The most significant risk factor is maternal colonization with GBS; mothers
who are colonized are at a much higher risk for having infants with infection than those
with one risk factor but no colonization.*® Risk factors for late-onset neonatal sepsis with
GBS are not well understood. Late-onset sepsis due to GBS is most common in babies
who are born prematurely (< 37 weeks), and those whose mothers tested group B strep
positive. * The current CDC guidelines recommend the screening of all pregnant women
between 35 and 37 weeks gestation for GBS; and colonized women should all be offered
intrapartum antibiotic prophylaxis (IAP) during labor.*®

A thorough patient history should be obtained regarding maternal GBS status and
risk factors, adequate IAP, and risks for early onset sepsis, in infants presenting with
FWS. Late or very late onset sepsis should still be considered as a possible source of
infection, regardless of maternal GBS or IAP.

While IAP has dramatically reduced the incidence of perinatal GBS infections,
there has been an increase in the number of gram-negative, ampicillin-resistant
organisms causing early-onset neonatal sepsis born to mothers who received IAP.*® Most
of the initial studies were small and these infections were found to be limited to preterm
or low-birth-weight infants."® The recent literature now shows a significant increase in
late onset sepsis with E.coli in both preterm and term infants, with intrapartum
ampicillin exposure determined to be an independent risk factor.'® Another study found
that 53% of the mothers received intrapartum antibiotics, and of those, 70% received
ampicillin or penicillin. Risk factors for early onset E.coli infection were low gestational
age (£33 weeks), intrapartum fever, and membrane rupture >18 hours).?’ Based on
expert consensus, it is currently recommended to begin empiric antimicrobial therapy
with ampicillin and cefotaxime for infants born to mothers known to be GBS positive

with unknown sensitivities or resistant to ampicillin. Ampicillin remains in the treatment
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plan because it covers L. monocytogenes and GBS. Cefotaxime covers all other targeted
organisms with the exception of MRSA.

Infants 29-90 day of age Patients in this age group are also stratified by high and low
risk. Low risk patients are most often managed in the outpatient setting because SBl in
low-risk patients is minimal (0.67-2.23%)."° While empiric drug therapy is not always
necessary, when given, intramuscular ceftriaxone is the most common agent used in the
outpatient setting. At a minimum, urine and blood cultures should be taken prior to
initiating empiric drug therapy. Some physicians may also choose to perform a lumbar
puncture to culture the CSF prior to initiating antibiotic treatment and pending culture
results. High-risk patients must be admitted to the hospital for empiric intravenous
antibiotics.

The most common organisms identified in patients of this age with SBI are
Streptococcus pneumoniae, Neisseria meningitides, Haemophilus influenzae type b and
non-typeable, Group B streptococcus, and Escherichia coli (refer to Table 2 and Table 3).
The recommended first-line empiric treatment for patients of this age is ceftriaxone.
Ceftriaxone has been used safely in this age group in several studies, covers the targeted
organisms, and penetrates well into the CSF. *”*'%12 See Table 5 for the CSF penetration
values of the antibiotics listed in this guideline. Due to the extremely rare occurrence of
meningitis due to Listeria monocytogenes in the United States, and even lower possibility
of infection in infants of this age (i.e. older than 1 month), the use of ampicillin is not
necessary unless this particular organism is suspected.21 Alternatively, cefotaxime,
another third generation cephalosporin, can be used.'® However, ceftriaxone is
considered to be equivalent to cefotaxime in terms of activity, and can be dosed once or
twice daily vs. four times daily with cefotaxime. When there is concern for infection with
MRSA or penicillin-resistant S.pneumoniae, the addition of vancomycin to ceftriaxone is
preferred.10 Risk factors for infection with MRSA include close skin-to-skin contact with a
person who is colonized with or who has recently been infected with MRSA (including
maternal history of mastitis due to known or suspected MRSA), openings in the skin such
as cuts or abrasions, exposure to contaminated items and surfaces, crowded living
conditions, poor hygiene and those who attend athletic facilities, dormitories, and
daycare centers.*

It is important to note that at the Dell Children’s Medical Center of Central Texas, where

most neonatal and pediatric cultures are taken within the Seton Healthcare Network, there have
been some recent changes in the resistance patterns to antimicrobials — specifically, MRSA, S.
pneumoniae, and H. influenzae non-typable isolates. Please refer to Table 6 for specific
meningitis and non-meningitis antibiogram data. Due to the dynamic nature of the
antibiograms, the antimicrobial resistance patterns may change annually. Consequently, it is
strongly recommended that each prescriber take care to reference the most current
antibiogram for accurate antimicrobial sensitivity prior to initiating empiric drug therapy.
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This guideline is to be used, viewed, and posted within the Seton Healthcare Network only.
This guideline has been created to assist prescribers and should not replace clinical judgment.

Table 7. Risk criteria for Term Infants with Fever without a Source or Suspected Serious Bacterial
Infection®

Low-risk clinical criteria

o  Well-appearing
e Previously healthy?
e No focal source of infection

Low-risk laboratory criteria

e <10 WBC/hpf

Urinalysi
rinalysts e No bacteria on Gram stain (if available)
CBC e WBC 5,000 to 15,000/mm®
e <1,500 band cells/mm?
Chest radiograph (IF obtained) e No evidence of discrete infiltrate

0-89 days e Negative for blood

Stool smear (when diarrhea is present) e  <5WBC/hpf

High-risk clinical criteria

e |ll-appearing
e Known Group B Strep exposure (based on mother’s history) or unknown history

High-risk laboratory criteria

CBC e WBC > 15,000/mm?

e Pleocytosis
CSF e QOrganisms on Gram stain
e Unable to obtain CSF fluid

9 Born at term (> 37 weeks gestation), not treated for unexplained hyperbilirubinemia, not hospitalized longer than the mother,
no current or previous antimicrobial therapy, no previous hospitalization, and no chronic or underlying illness

Prepared by Ronda Machen, PharmD

Reviewed and edited by PCRS (Mark Shen, MD, Lynn Campbell, MD, Lynn Thoreson, DO), DCMC ED (Eric Higginbotham, MD), and
Pediatric Infectious Disease (Natascha Ching, MD, Sarmistha Hauger, MD, Marisol Fernandez, MD).
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