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Abstract The presence of fever in the neonatal period demands urgent 

evaluation from healthcare providers since signs and symptoms of a serious 

bacterial infection in this age group can be nonspecific. 

Current practice guidelines recommend that febrile neonates should be 

presumed to have a serious bacterial infection and undergo a sepsis 

evaluation and hospitalization until the results of diagnostic testing are 

known. However, less than 50% of outpatient practitioners in a recent study 

followed these recommendations without apparent adverse outcomes even 

though the rate of serious bacterial infections in the neonatal period is higher

than febrile infants 1-3 months of age. In this article we examine various 

clinical scenarios that healthcare providers confront when caring for febrile 

neonates, including whether febrile neonates with respiratory syncytial virus 

are at increased risk for developing a serious bacterial infection and whether 

diagnostic testing and empiric antiviral therapy for herpes simplex virus 

should be part of the standard evaluation of febrile neonates. Although the 

discovery of inflammatory mediators that are elevated during the early 

stages of infection has the potential to improve diagnostic capabilities in this 

age group, there is enough evidence to support international guidelines 

recommending hospitalization and sepsis evaluations in febrile neonates. 

KEY WORDS: neonate, fever, sepsis, guidelines, infection Introduction Fever 

(temperature ? 38. 

0° C) in the neonatal period (? 0 days) can be an important underlying cause 

of severe infection because of the immaturity of the neonatal immune 

system. In fact, the annual incidence of severe sepsis in United States in 

children ? 19 years of age is highest in neonates (3. 60 per 1, 000 
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population) with over a 10% case fatality rate leading to an estimated 1361 

deaths per year [1] compared to 1. 6 million deaths annually in developing 

countries [2]. 

Infections during the neonatal period can also lead to adverse 

neurodevelopmental outcomes such as cerebral palsy [3, 4]. In 2003, revised

evidence-based guidelines recommended that because serious bacterial 

infections (SBIs) can present in otherwise well-appearing infants [5], febrile 

infants between 1-28 days of age should be presumed to have an SBI and 

undergo a complete sepsis evaluation, receive empiric antibiotics and be 

admitted to the hospital for further monitoring [6]. Recent guidelines from 

the United Kingdom continue to emphasize the potential risk of serious 

illness in febrile infants aged 0-3 months and recommend they be seen by a 

health care professional within 2 hours [7]. Recognizing that SBIs have been 

demonstrated to occur more frequently in neonates than in infants between 

1-3 months of age [8], these guidelines similarly recommend that infants < 1

month of age should be observed in the hospital with empiric antibiotic 

initiated until the results of blood, urine and cerebrospinal fluid (CSF) are 

known. These recommendations apply to neonates with a parental report of 

fever, even if they are afebrile at the time of evaluation, since the rate of SBI

is not necessarily lower in these patients [9]. 

Despite published guidelines, there is wide variation in levels of adherence to

these recommendations [6, 10-12]. In a study of 3066 infants 3 months of 

age and younger, of whom 775 infants were 0-1 month of age, the above 

guidelines were followed only 45. 7% of the time [6]. Hospitalization for rule-

out sepsis evaluation in these young infants can be associated with a high 
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level of parental stress, breastfeeding problems and iatrogenic complications

[13, 14]. Additionally, 42% of parents in one study would prefer outpatient 

therapy to being hospitalized for evaluation of febrile infants [13]. A 

management strategy that avoids hospitalizing every febrile neonate while 

not missing an SBI that could lead to an adverse outcome is needed. 

This article will examine the outcomes of term febrile neonates in developed 

countries and whether guidelines that are employed in febrile infants from 1 

month to 3 months of age are reliable in infants < 1 month of age. Recent 

data from the use of inflammatory markers in febrile infants will also be 

presented to examine whether they offer an improvement over traditional 

screening laboratories used to develop the guidelines and perhaps allow 

some febrile neonates to avoid hospitalization. Other controversies 

surrounding the management and treatment of febrile infants such as 

ancillary diagnostic testing in febrile neonates with RSV and when to 

consider empiric acyclovir for herpes simplex virus encephalitis will also be 

addressed. Early and late-onset neonatal sepsis Since the introduction of 

intrapartum antibiotic prophylaxis guidelines in 1996 to prevent early-onset 

Group B Streptococci (GBS) sepsis, the rate of early-onset GBS has declined 

50-80% to a rate of 0. 3 cases per 1, 000 live birth without an appreciable 

change in the rate of late-onset GBS disease [15-17]. 

Since the initiation of these guidelines there has been an improvement in 

mortality rates and greater survival of infants beyond 7 days of life 

suggesting an association with GBS disease prevention efforts [18]. In 2002, 

after results of a large US multistate, retrospective study demonstrated that 

routine screening for GBS during pregnancy prevented more cases of early-
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onset disease than a risk-based approach [19], the CDC recommended that 

all pregnant women at 35-37 weeks gestation should undergo rectal and 

vaginal screening for GBS [17]. Concerns arose that universal screening 

would lead to increased antibiotic usage and could result in an increased 

rate of early-onset disease attributable to other organisms, particularly 

Gram-negative organisms such as Escherichia coli [20], while increasing the 

likelihood of drug-resistant pathogens [21]. However, several multicenter 

studies have documented a stable rate of non-GBS pathogens in early onset 

neonatal sepsis with the widespread usage of intrapartum antibiotic 

prophylaxis administered to women at risk of delivering a GBS-infected 

infant [22-26]. 

The pathogens most responsible for early onset sepsis are GBS in 40% of 

cases, Escherichia coli in 16. 5%, Streptococcus viridans in 7. 4%, and 

Staphylococcus aureus in 6. 4% [27]. Another study reported GBS in 40. 

7% of cases, E. coli in 17. 2%, Streptococcus viridans in 16. 4% and 

Enterococcus species in 3. 

9% [23]. In developing countries Gram negative organisms such as 

Klebsiella, E. coli, Pseudomonas and Salmonella are more common, and 

while GBS is rare, other Gram positive organisms such as coagulase negative

staphylococci, Streptococcus pneumoniae, and Streptococcus pyogenes are 

more common [2]. In industrialized nations late onset sepsis Gram-positive 

cocci such as coagulase-negative Staphylococcus aureus and Gram-negative

rods such as Enterobacter species are common etiologies, particularly in 

neonatal units [28-30]. Guidelines for the management of febrile infants 
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Over the past fifteen years there have been several trials that have 

examined clinical criteria in assessing whether febrile infants <90 days can 

be reliably classified as being low risk for an SBI [31-34]. These low isk 

criteria can be found in Table 1 while the overall rate of SBI in low and high 

risk febrile infants can be found in Table 2. 

Five hundred three febrile infants between 28 to 89 days of age who were 

enrolled under the Boston criteria had a serious bacterial infection rate of 5. 

4% (27/503). The results of this study popularized the concept of 

administering outpatient ceftriaxone to febrile infants after a full sepsis 

evaluation was performed as an alternative to hospital admission since all of 

the enrolled patients under the Boston criteria were well on follow-up. 

Investigators were not able to identify a laboratory value or clinical score 

that would have reliably discriminated between infants with and without an 

SBI. 

In fact, only 13 of the 25 infants with an SBI who were able to be evaluated 

according to an earlier version of the Rochester criteria [35] would have 

been classified as being at high risk for an SBI. The Philadelphia criteria [32] 

were used to enroll 747 febrile infants 29 to 56 days of age. Two hundred 

eighty-seven infants met low-risk criteria and were assigned to either 

inpatient observation or outpatient observation status without antibiotic 

administration. The overall SBI rate was 8. 

7% but only 1 of the 287 low risk infants had an SBI (0. 03%). When a normal

band-to-neutrophil ratio (<0. 2) was added to the screening criteria to 

identify low-risk infants, every infant who had a SBI was identified. 
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This study enrolled infants with temperatures at least 38. 2? C and required 

infants to have a WBC count < 15, 000/mm3 while the Boston criteria 

allowed a WBC count of <20, 000/mm3 to be considered low risk for an SBI. 

Although there was not a significant difference in WBC count between the 

group who had an SBI and the group that didn’t have an SBI in the Boston 

study, at least 3 of the 9 infants who were bacteremic had a WBC count that 

would have placed them in the high risk group in the Philadelphia study 

which may partly explain the differences in the rate of SBI between the two 

studies. Although the Philadelphia and Boston criteria used formal infant 

observation scores [36], there was no significant difference in observation 

scores between infants who had a bacterial source of infection and those 

who didn’t. This demonstrates the subtlety in how an SBI can present in this 

age group and the need for a full sepsis workup to guide management 

strategies. 

Use of the Rochester criteria [33] identified 437 febrile infants ? 60 days who

were considered low-risk for developing an SBI. Five infants (1. 1%) 

developed an SBI, including 2 with bacteremia. There were 224 infants ? 30 

days of age who were classified as low risk and two (0. 

9%) developed an SBI. One was an E. coli UTI while the other developed 

Neisseria meningitidis, both of whom did well. The Pittsburgh criteria [34] 

utilized an enhanced urinalysis of uncentrifuged urine for hemocytometer 

cell count and Gram stain since previous work has reported that an 

enhanced UA had greater sensitivity and positive predictive value than a 

standard UA [37]. The overall rate of SBI in 404 eligible infants was 10. 
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1%, however, in the 127 infants ? 60 days that met low-risk criteria (well-

appearing, previously healthy, and normal screening labs) there was not a 

single reported SBI. These criteria demonstrated that a substantial number 

of 1-3 month old febrile infants who are well-appearing can avoid inpatient 

admission provided they have a normal sepsis workup and have close 

outpatient follow-up. Subsequently, practice guidelines were developed that 

supported this approach [38, 39]. The utility of viral testing in febrile infants 

during rule-out sepsis evaluations has also been examined [40-43]. The use 

of enterovirus polymerase chain reaction identified a significant portion of 

young febrile infants in two studies [40, 41], while human herpes virus 6 was

found in 10% of febrile infants ? 0 days of age in another study [43]. 

The applicability of these tests to assess whether antibiotics can be safely 

deferred in febrile infants is somewhat limited because of the time needed to

get results. However, testing for influenza A and B viruses during influenza 

season decreased the need for ancillary blood tests, urinalysis, chest 

roentgenogram, cerebrospinal fluid analysis and antibiotic treatment in a 

study of 206 infants 0 to 36 months of age. Although there were a total of 14

positive blood cultures in these infants all of them occurred among influenza-

negative patients [42]. Neonates with Serious Bacterial Infections Table 3 

lists the rate of serious bacterial infections in febrile neonates [44-51]. 

Comparing the rate of SBI in febrile neonates with rate of SBI in febrile 

infants 1-3 months of age in Table 2, febrile neonates are at a higher risk for 

SBI than older febrile infants. This supports some earlier studies which 

examined febrile neonates as a subgroup of older febrile infants [52-54] and 
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also demonstrates that febrile infants who fall into the low-risk screening 

categories can still have SBIs that are missed [55]. 

The overall rate of SBI in febrile neonates listed in Table 3 is 15. 8% 

(317/2006). The overall rate of SBI in the one-three month age group in 

Table 2 is 8. 9% (144 /1618). Neither the Boston criteria in Table 2 or Wu et 

al [50] in Table 4 were counted in the overall rate of SBI since they only 

enrolled low-risk infants. Marom et al [51] considered acute otitis media 

(AOM) as an SBI which is controversial since this has not been shown in other

studies to predict a higher risk of SBI in infants < 2 months of age [34, 56]. 

If the 36 patients who had AOM in Marom et al were not classified as an SBI 

the rate is 14. 0% (281/2006). Even in the low-risk category the rate of SBI is

higher in neonates compared to 1-3 month old infants (3. 1% vs 2. 9%, 

respectively), although the Pittsburgh and Rochester criteria did have low 

rates of SBI in neonates who met their strict screening criteria as part of a 

larger group of older febrile infants. However, the overall rate of neonatal SBI

in the Rochester criteria may be higher since investigators added 74 low-risk 

infants from the Febrile Infant Collaborative Study Group without stating how

many overall neonates were screened to arrive at these 74, since either ill-

appearance or abnormal labs would have automatically excluded these 

individuals. 

Additionally, the 72 ill-appearing infants in the study did not have a 

breakdown according to age so if any of these patients were neonates it 

would have impacted the overall rate of SBI in neonates as well. Another 

important aspect of these studies is that the majority of febrile infants fell 
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into the high-risk criteria after a complete history, physical exam and 

screening labs were performed, which makes it difficult to recommend 

anything other than a complete sepsis evaluation so that an SBI is not 

missed. It is important to note that all of the studies enrolled febrile infants 

through an emergency department where presenting infants may have been 

sicker than if they were seen in an outpatient setting. For example, a large 

prospective study enrolled 3, 066 febrile infants ? months of age from 573 

outpatient physicians in the United States and Puerto Rico. Seven hundred 

seventy-five of these infants were between 1-30 days of age. Only 45. 

7% of the time did practitioners follow the recommendations of a complete 

sepsis evaluation, hospitalization and antibiotics although these infants were 

more significantly more likely than older infants to have a WBC count, blood 

culture and lumbar puncture, empiric antibiotics initiated and be hospitalized

[8]. The overall rate of bacteremia or bacterial meningitis in infants 1-30 

days of age was 4. % (32/775) compared to a rate of 1. 9% (23/1220) in 

infants > 1-2 months of age and (8/1071) 0. 7% in infants 2-3 months of age.

The rate of bacteremia and meningitis in well or minimally ill-appearing 

infants < 25 days of age was 3. 

4% (13/384). Although practitioners initially treated 61 of the 63 infants with 

bacteremia or meningitis, the 2 infants not treated were both well-appearing 

infants < 30 days of age, one of whom had group B streptococci bacteremia 

and the other had a WBC count of 15300 cells/mm3 (< 1500 bands/mm3), 

which would have put the infant in the high-risk criteria. However, this 

patient was sent home without antibiotics and developed pneumococcal 

meningitis over the next day. Urinalysis was obtained in 54% of the subjects 
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with 10% of infants age ? 30 days diagnosed with a UTI with an associated 

17% bacteremia rate [57]. 

The predicted probability of a febrile infant who was not initially tested with a

urinalysis should have numbered an additional 61 cases. However, in 

patients who had follow-up available, there were only 2 additional infants 

who developed a UTI. There were a total of 76 infants who did not have 

follow-up available so the rate of UTI may have been higher. Neonates 

pretreated with antibiotics A delay in performing a lumbar puncture may 

complicate the diagnosis of bacterial meningitis, particularly in infants who 

have been pretreated with antibiotics. Delaying an LP can affect the results 

of CSF testing since sterilization of CSF has been shown to occur within 60 

minutes in patients with meningococcal meningitis and less than 5 hours in 

patients with pneumococcal meningitis. 

Although these are not the most common pathogens in neonatal meningitis, 

sterilization of the CSF in patients with GBS can occur between 24 and 48 

hours [58]. CSF parameters such as an abnormal glucose, protein and a low 

WBC count can not be used to definitively exclude meningitis since as many 

as 12. 6% of neonates with culture-proven meningitis may have ? 21 

WBC/mm3 [59, 60]. The use of cerebrospinal latex agglutination testing for 

the detection of bacterial antigens is not currently recommended in patients 

who have received antibiotics prior to lumbar puncture since testing did not 

identify any additional cases of bacterial meningitis in study of 176 pediatric 

patients [61]. 
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Blood cultures are positive in less than two-thirds of neonates with 

meningitis making the decision to defer an LP until a pathogen is isolated 

from the blood an unreliable clinical strategy [60, 62]. A promising technique

that utilizes PCR amplification to detect the 16S rRNA gene of bacteria has 

been clinically useful in analyzing CSF from patients who have been treated 

with antibiotics prior to lumbar puncture [63, 64]. However, until there is a 

reliable technique to exclude bacterial meningitis in infants pretreated with 

antibiotics, CSF cultures should be obtained prior to their initiation. Dilemma 

of when to test and empirically treat for herpes simplex virus (HSV) 

infections Neonatal herpes simplex virus is commonly acquired during birth 

from an infected maternal genital tract. Unfortunately, in more than 60% of 

infants with neonatal herpes simplex virus infection there has been no 

maternal history or physical signs present to suggest an active HSV infection.

Although the seroprevalence of HSV-2 in pregnant women is approximately 

20-30%, and the seroprevalence of HSV-1 is even greater in the general 

population, infection with either in the neonatal period is rare with incidence 

rates between 5. cases per 100, 000 live births in Canada and 20-50 cases 

per 100, 000 live births in the United States [65, 66]. Experts in the study of 

neonatal HSV infection do not suggest that acyclovir be routinely added to 

antibiotics in neonates who are admitted to rule out sepsis. HSV infections, 

however, should be considered in the differential diagnosis of acutely ill 

infants because of its significant morbidity and mortality. 

There is an approximately 15% mortality rate of HSV CNS infection with 70% 

of survivors having some degree of developmental impairment at 12 months 

of age [67]. Although neonates with HSV CNS involvement can present with 
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fever alone [68], typically there is an absence of fever but clinical signs such 

as skin vesicles [67], seizures [67, 69, 70], dysthermia [70], tachypnea [69], 

and lethargy [67, 70] are commonly present. Despite clinical suspicion of 

HSV CNS involvement, HSV PCR is only positive in approximately 2% of those

patients [68, 71]. Because HSV PCR testing can remain negative in the first 

few days of illness, testing of additional CSF samples may be necessary if a 

clinical suspicion of HSV CNS involvement remains high [72, 73]. Although 

there is typically a CSF pleocytosis with CNS involvement, this might not be 

present in the early stage of the infection. The occurrence of a bloody 

lumbar puncture is commonly associated with testing for HSV, however, 

traumatic lumbar punctures routinely occur in pediatric patients making 

interpretation difficult and should not be the sole determinant of whether to 

initiate therapy [67, 74]. 

Non-infectious causes of fever in the neonateAlthough the primary 

consideration of evaluating fever in the neonates is to evaluate for evidence 

of infection, there are multiple non-infectious causes of fever in the neonate 

(Table 4). Clinicians should ask about infant bundling and environmental 

conditions in febrile neonates, however, fever should rarely be attributed to 

bundling [75, 76]. Clinicians should also inquire whether neonates are 

receiving sufficient nutritional intake, particularly in breast-fed infants born 

to primiparous mothers. Nearly two percent of neonatal hospitalizations in 

one pediatric center were due to hypernatremic dehydration in breast-fed 

infants. 

Fever was a presenting symptom in 20% of these patients and 63% 

underwent a full sepsis evaluation including lumbar puncture and treatment 
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with antibiotics without any reported cases of bacteremia or meningitis [77]. 

Hereditary autoinflammatory syndromes are caused by mutations in genes 

that encode proteins which mediate inflammation and can present with fever

in the neonatal period. Characterized by recurrent fever and multisystemic 

inflammation that lack identifiable pathogens and don’t produce high-titer 

autoantibodies, unlike autoimmune disorders, they are a group of 8 diseases 

that all share similar clinical features such as cutaneous and musculoskeletal

involvement with varying degrees of ocular and abdominal involvement [78].

Tumor necrosis factor receptor-associated periodic syndrome (TRAPS) and 

neonatal-onset multi-system inflammatory disease (NOMID), also known as 

chronic infantile neurologic cutaneous articular syndrome (CINCA), have 

been reported in neonates [79]. Two autosomal recessive conditions that can

present with fever in the neonatal period include Crisponi and Stuve-

Wiedemann syndromes [80, 81]. 

The former is characterized by abnormal facial features, facial muscle 

contractions simulating tetany, camptodactyly, and is usually fatal within the

first few months of life. The latter is also associated with camptodactyly 

along with congenital bowing of the long bones of the lower limbs and 

cardiovascular abnormalities. Because fever can be caused by intracranial 

hemorrhage, hildren who present with lethargy and seizures and don’t have 

a readily identifiable diagnosis should undergo neuroimaging. The presence 

of a subdural hematoma is a cardinal sign of non-accidental injury, 

particularly if other clinical signs of abuse are not evident [82]. Spinal 

neurenteric cysts, resulting from an embryonic defect where an intraspinal 
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cyst is lined by alimentary tract mucosa, have been reported to cause fever 

in neonates and can lead to acute myelopathy [83]. 

Other rare reported non-infectious causes of fever in the neonate include 

hemophagocytic syndrome where upregulation of tissue macrophages result 

in uncontrolled hemophagocytosis and the release of inflammatory cytokines

that can present clinically like sepsis but can be rapidly fatal if not diagnosed

promptly [84], and anhidrotic ectodermal dysplasia, where affected neonates

have anhidrosis, hyptotrichosis and abnormal dentition [85]. Fever in 

neonates with respiratory syncytial virusA common dilemma practitioner’s 

face is whether to initiate a sepsis evaluation in a febrile neonate that has 

bronchiolitis since viruses may predispose infants to secondary bacterial 

infections due to a direct effect of viruses at infected tissues sites and 

alterations in neutrophil function [86]. Although no study has exclusively 

enrolled febrile neonates with documented RSV infection and examined the 

rate of SBI, Table 5 summarizes recent studies that have examined the rate 

of SBI in febrile infants where febrile neonates with RSV bronchiolitis were a 

subset of enrolled patients. Four of the studies [87-90] were retrospective in 

design and even though full sepsis evaluations occurred in only 

approximately 50% of febrile infants [87, 88, 90], two of the studies did not 

report a single case of bacteremia [87, 89] while the remaining two had 

bacteremia rates of <1. 0% [85, 88]. 

In these four studies there was only a single case of meningitis reported in 

an RSV-positive infant, a 45 day old who presented with apnea, fever and 

cyanosis while the rates of UTI ranged from 0 to 7. %. The specific 

documentation of RSV in a young febrile infant may be of help in determining
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whether a complete sepsis evaluation is warranted since the rate of SBI may 

be lower in these infants compared to patients who are RSV-negative [87, 

89, 91] In a three year, multicenter, prospective, cross-sectional study which 

enrolled 1248 infants younger than 60 days of age, the rate of SBI was 

significantly lower in RSV-positive patients compared to RSV-negative 

patients (7. 0% vs. 

12. 5%). The rate of UTI in RSV-positive patients was significantly lower than 

in RSV-negative patients (5. 4% vs 10. 

1%). The rate of bacteremia in RSV-positive patients was 1. 1% compared to 

2. 3% in RSV-negative patients and not a single RSV-positive patient had 

bacterial meningitis, although these rates did not reach statistical 

significance between groups [91]. 

Viral testing as part of a routine sepsis evaluation in patients with 

bronchiolitis can therefore be used to assist in the evaluation of these febrile 

infants. In a study of 1385 febrile infants 1 to 90 days of age who underwent 

some form of viral diagnostic testing and who were classified as either high-

risk or low-risk for SBI by Rochester criteria, infants with a documented viral 

infection were significantly less likely to have an SBI than infants without a 

documented viral infection (4. 2% vs 12. 3%). 

RSV was tested in 643 patients with 159 positive (25%). None of these febrile

RSV positive patients had bacteremia while 4 (2. 5%) had a SBI [92]. Despite 

the low rates of serious bacterial infection in RSV-positive febrile infants, 

particularly meningitis and bacteremia, caution should be used in 

extrapolating the data from these findings in young infants to an exclusive 
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neonatal population since two studies that enrolled RSV-positive febrile 

neonates ? 28 days of age did report a 6. 1% and 10% rate of UTIs [90, 91], 

with one study reporting a 3. 

7% rate of bacteremia [91]. At the minimum, we recommend obtaining a 

urine culture in febrile neonates with documented RSV infection. The use of 

inflammatory mediators in the evaluation of febrile neonates Inflammatory 

mediators are released as part of the host response to infection and have 

been studied in febrile infants and children to determine their effectiveness 

in identifying the likelihood of an SBI. In a study of 408 children aged 7-days 

to 36-months who presented to an emergency department with fever 

without a source the ability of procalcitonin (PCT), C-reactive protein (CRP), 

white blood cell (WBC) count and absolute neutrophil count (ANC) were 

assessed in predicting an SBI [Table 6]. A total of 94 children (23%) 

developed an SBI, and although all four variables were higher in patients 

with SBI, only CRP and PCT were significant predictors of an SBI when body 

temperature and Infant Observation Scores [35] were introduced in a 

multiple logistic regression analysis. 

Additionally, when CRP < 32 mg/L and PCT <0. 8 ng/mL were combined the 

sensitivity for ruling out an SBI increased to 92. 6%. PCT was higher in 

patients with more invasive infections and performed better in patients with 

fever < 8 hours. 

There was also not a difference in performance in infant < 3 months versus 

children aged 3-36 month [93]. Interleukin (IL)-6 levels > 95 pg/mL, an early 

mediator in the host’s initial response to bacteremia, were shown in a prior 

https://assignbuster.com/neonatal-fever-in-the-term-infant-evaluation-and-
management-strategies-flashcard/



Neonatal fever in the term infant: evalu... – Paper Example Page 18

study that enrolled 0-36 month of age to have a 99. 6% negative predictive 

value for bacteremia with a prior probability of 2. 5% [94]. Galetto-Lacour et 

al [95] enrolled 124 children 7 days of age to 36 months of age who 

presented to the emergency department with fever without a source and had

CRP, PCT, IL-6, IL-8 and IL-1Ra drawn to assess their ability to predict an SBI. 

A total of 28 (23%) developed an SBI. PCT, CRP and IL-6 were significantly 

higher in the group of children with an SBI compared to IL-8 and IL-1Ra while

PCT and CRP were superior to IL-6 in discriminating between SBI and benign 

infection. When PCT > 0. 9 ng/mL or CRP > 40 mg/L the sensitivity for 

detecting an SBI rose to 96% with a specificity of 67% and a negative 

predictive value of 98% [95]. There was no difference in performance of the 

tests between children < 1 year of age and > 1 year of age. 

In another study by Galetto-Lacour et al [96], 99 children were enrolled with 

a 29% rate of SBI. The sensitivity for diagnosing an SBI was 93% and the 

specificity was 74% for PCT > 0. 5 ng/mL. Both the sensitivity and specificity 

of CRP > 40 mg/L was 74%. 

The sensitivity increased to 97% when both were combined. Only 3% of 

enrollees with PCT <0. 5 ng/mL had an SBI, while 10% of enrollees with CRP 

< 40 had an SBI. However, there is a concern that inflammatory mediators 

may not perform as accurately during the immediate newborn period in 

detecting early onset sepsis since levels may be confounded by maternal 

factors, perinatal complications and severity of infection [97, 98]. In one 

study, different cut-off points for CRP, IL-6 and PCT were used within the first 

48 hours of life to improve sensitivities, with PCT superior to CRP or IL-6 [98].
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MxA protein is expressed in peripheral blood and has been shown to be a 

marker of viral infection since it is not induced by cytokines typical of 

bacterial infections. 

A level above 234 ng/mL it (remove) was shown to 92. 6% specific for viral 

infection while performing better than CRP and WBC count. Unfortunately, in 

the 30 infants < 3 months of age, 5 infants with a ormal MxA level had an 

SBI [99]. CD64 is expressed on the surface of neutrophils in response to 

bacterial infection and when a CD64 index of 2. 

30 was used in combination with ANC <7500 or > 14500/mm3, a recent 

study demonstrated a 95% sensitivity for diagnosis sepsis with a negative 

predictive value for ruling out sepsis of 93% [100]. However, this was utilized

in a neonatal intensive care unit with premature infants which may not be 

reproducible in outpatient term neonates presenting for evaluation of fever. 

The discovery of inflammatory mediators that are elevated during a febrile 

illness has the potential to predict which infants are at such low risk of 

developing an SBI that a full sepsis evaluation can be safely deferred. 

However, because of varying cut-off levels reported in these studies, 

conditions other than infection that can affect levels immediately after birth, 

the length of illness/fever/timing of blood sample, they have not replaced 

conventional strategies in the evaluation of febrile infants. Pharmacotherapy 

in febrile neonates evaluated for an SBI While a recent Cochrane review 

concluded no demonstrated superiority of one antibiotic regimen [101], 

empiric antibiotic coverage of these pathogens usually includes ampicillin 

and gentamicin or ampicillin and cefotaxime. Ampicillin is used for the rare 
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instance that Listeria monocytogenes is the offending pathogen, but also has

activity against Group B streptococci and many E. 

coli isolates. The addition of a second agent (gentamicin or cefotaxime) 

provides additional coverage for ampicillin-resistant E. coli. Cefotaxime 

utilization requires less laboratory monitoring (no serum concentrations 

needed) and is less nephro- and ototoxic, but may be more likely to pressure

bacterial flora towards resistant organisms [102]. A recent retrospective 

review comparing gentamicin and cefotaxime as secondary agents 

demonstrated an association between cefotaxime use and increased 

mortality although causality was not established [103]. A reasonable 

approach would be to use gentamicin with ampicillin except in the setting of 

renal dysfunction or inability to monitor serum concentrations. 

Historically, intramuscular ceftriaxone was occasionally used in the place of 

cefotaxime when intravenous access was not available as the agents have 

similar antimicrobial activity. This choice is limited by the fact that 

ceftriaxone may cause biliary sludging in neonates and also has the potential

to compete with bilirubin for binding sites on albumin, increasing the risk for 

kernicterus [104]. In addition, the US Food & Drug Administration recently 

released a report of five neonatal deaths associated with concomitant 

ceftriaxone and calcium use [105]. Ceftriaxone is a less than ideal antibiotic 

choice for neonatal sepsis as safer alternatives are available. Antibiotic 

dosing, pharmacokinetics and pharmacodynamics Beta lactam antibiotics 

(ampicillin, cefotaxime) have a wide therapeutic index and are generally 

well-tolerated with few side-effects. Maximizing the dose administered will 

ensure optimal penetration to the site of infection (table 7) [106]. 
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Beta lactams exhibit time-dependent killing of microorganisms; efficacy is 

predicted by the amount of time the antibiotic serum concentration is above 

the minimum inhibitory concentration (MIC) of that antibiotic with regards to 

the pathogen. Conversely, aminoglycosides (gentamicin) have a narrow 

therapeutic index and need to be carefully dosed taking renal function, age, 

fluid status, concomitant medications and disease states into consideration 

(table 7). Gentamicin displays concentration-dependant killing; efficacy is 

predicted by the ratio of peak concentration to MIC (i. . higher peak = better 

microbial kill). Target peak serum concentrations for gentamicin are 4-12 

mcg/mL and are guided by infection site. 

Higher peak concentrations are warranted for sepsis and meningitis while 

lower concentrations are acceptable for urinary tract infections or synergy 

for gram positive infections. Target trough concentrations are <1 mcg/mL 

but still detectable. Some sources recommend < 2 mcg/mL as a trough goal, 

but this provides no advantage over a goal of < 1 mcg/mL and may 

predispose to drug accumulation and renal injury. Conclusion Although not 

every infant < 1 month of age has an infection they should be considered to 

have one until proven otherwise. 

The results of several prospective clinical studies in febrile infants between 

the ages of 1-3 months has identified criteria that allow healthcare providers 

to categorize infants who are at low risk for developing an SBI and therefore 

do not automatically require hospitalization and empiric antibiotics provided 

that reliable follow-up can be ensured. Since febrile infants < 1 month of age

are at a higher risk of developing a serious bacterial infection than febrile 1-3

month infants, recommendations to perform a full sepsis evaluation and 
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hospitalize these infants until the results of diagnostic testing are known is 

an evidenced-based one that attempts to minimize potential adverse 

outcomes that can arise from missing a potentially serious infection. The 

discovery of various biochemical markers that are early mediators in 

response to bacterial infection represent an exciting development for 

practitioners who care for febrile infants since they may eventually allow 

more precise categorization of the risk for SBI in young, febrile infants than 

current strategies. Future prospective studies in the outcomes of febrile 

infants < 1 month of age utilizing biochemical markers as part of the criteria 

to assess risk for serious bacterial infections and/or assessing presenting 

location (office-based practitioners versus emergency department) of these 

infants may further refine the recommendations for management. Febrile 

infants who have RSV bronchiolitis appear to have an overall lower risk of SBI

than febrile infants without RSV bronchiolitis, however, obtaining a urine 

culture in febrile neonates with RSV should be strongly considered because 

the incidence of UTI in this clinical setting is not negligible. Finally, empiric 

testing and treatment for HSV infection is not indicated for every febrile 

neonate. 
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well 2. No antibiotics within preceding 48 hours 3. No immunizations with 
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diphtheria and tetanus toxoid and pertussis vaccine within 48 hours 4. No 

ear, soft tissue, joint, or bone infection on exam 5. Laboratory values: WBC 

<20000/mm3 <10 WBC per high- power field (if microscopy done) or dipstick

negative for leukocyte esterase CSF < 10 cells/mm3 No infiltrate on chest 

radiograph if obtained1. Infant appears well 2. No evidence of infection on 

physical exam 3. Laboratory values: WBC <15000/mm3 < 10 WBC on spun 

urine and few bacteria, or none, by microscopy CSF < 8 cells/mm3 No 

evidence of infiltrate on CXR1. Infant appears well 2. Infant previously 

healthy Born at term Didn’t receive antibiotics No prior hospitalizationsNo 

underlying illness Not hospitalized longer than mother 3. No evidence of skin,

soft tissue, bone, joint or ear infection 4. Laboratory values: WBC 5000-

15000/mm3 Band count ? 1500/mm3 ? 10 WBC on spun urine by microscopy

? 5 WBC on stool smear if diarrhea1. Infant healthy Full term No chronic 

illness Not hospitalized previously No perinatal antibiotics No antibiotics in 

past week No siblings with GBS 2. Well-appearing 3. Lab values: WBC 5000- 

15000/mm3 Band count ? 1500/mm3 WBC ? 9/mm3 enhanced UA & negative

Gram stain Stool WBC < 5 if diarrhea CXR normal if respiratory 

symptomsAbbreviations: SBI, serious bacteria infection; WBC, white blood 

cell; CSF, cerebrospinal fluid; UA, urinalysis; CXR, chest x-ray aSerious 

bacterial infection includes bacterial growth in blood, urine, spinal fluid, 

stool, skin or soft tissue Table 2 Results of common clinical criteria used to 

assessed the rate of SBI in febrile infants Study (Year) Age # enrolledOverall 

rate (%) of SBISBI rate (%) in low risk groupSBI rate (%) in high risk 

groupOverall rate (%) of SBI in neonatesSBI rate (%) in low risk neonates 

Boston (1992)28-89 days 503Not-applicable27/503 (5. )aNot-applicableNot-

applicableNot-applicable Philadelphia (1993)29-56 days 74765/747 (8. 
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7)1/287 (0. 3)a64/460 (13. 9)bNot-applicableNot- applicable Rochester 

(1994)? 60 days 1003 82/1003 (8. 2)5/437 (1. 1)a77/566 (13. 6)b32/436 (7. 

3)c2/227 (0. 9)c Pittsburgh (2001)? 60 days 40441/404 (10. 1)0/127 (0)a 

41/277 (14. 8)b12/110 (10. 9)0/43 (0) Abbreviations: SBI, serious bacteria 

infection awell-appearing and normal screening labs bnot-well appearing or 

abnormal screening labs cnumbers include 74 infants who were 

prospectively identified as already being at low risk for SBI. Table 3. Rate of 

SBI in febrile neonatesAuthor (Year) Number enrolledCharacteristics of 

studyNumber (%) and kind of SBI Overall rate (%) of SBI Bonadio (1990) 

[44]371Previously healthy; LP, CBC, Blood culture Urine culture, Chest 

radiograph, Stool culture6/371 (1. 6) meningitis 5/371 (1. 3) bacteremia 

11/355 (3. 1)UTI 2/92 (2. 2)enteritis24/371 (6. 5) Chiu (1994) [45]254WBC, 

CRP or ESR, UA, blood & urine culture, stool culture if diarrhea; No sign of 

infection on exam, WBC 5-15, 000/mm3, CRP <20 mg/l or ESR <30 mm/hr & 

normal UA considered low risk for bacterial infection13/254 (5. 1) bacteremia

or meningitis 16/254 (6. 3) UTI 16/254 (6. ) Other infections45/254 (17. 7) 

8/134 (6. 0) Low-risk 37/120 (30. 8) High-risk Ferrera (1997) [46]134CSF, 

Blood, urine cultures in all patients; classified as high-risk or low-risk based 

on Rochester criteria13/134 UTI 4/134 Bacteremia 4/134 Meningitis 1 

other22/119a (18. 5) 19/71(26. 8 ) High-risk 3/48 (6. 3) Low-risk Chiu (1997) 

[47]250Blood, Urine cultures in all. Patients who looked well, No sign of 

infection on exam, WBC 5-15000/mm3 & <1500 bands, CRP < 20 mg/L, and 

normal UA were considered low risk. 11/250 (4. 4) bacteremia or meningitis 

16/250 (6. 4) UTI 14/250 (5. 6)other41/250 (16. 4) 1/131 (0. 8)Low-risk 

40/119 (33. 6) High-risk Baker (1999) [48] 254CBC; UA; CXR; blood, urine 

and CSF cultures; stool culture obtained if diarrhea; Classified as high risk or 
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low risk based on Philadelphia criteria17/254 (6. 7) UTI 8/254 (3. 1)b 

bacteremia 4/254 (1. 6) meningitis 2/254 (0. 8) enteritis 5/254 (2. 0) 

other32/254 (12. 6) 5/109 (4. 6) Low-risk 27/145(18. 6) High-risk Kadish 

(2000) [49]372CBC; UA; CSF cell count; blood, urine, CSF cultures; Rates of 

SBI were assessed in low-risk infants according to Philadelphia and Boston 

Criteria32/372 (8. 6) UTI 12/372 (3. 2) bacteremia 5/372 (1. 3) 

meningitisc45/372 (12. 1) 8/231 (3. ) Boston 6/186 (3. 2) Philadelphia Wu 

(2004) [50]112 Looked well; no evidence of infection on exam; WBC 5, 000-

15, 000/mm3 & <1500 bands; CRP <20mg/L; UA <10 WBC; normal stool 

exam if diarrhea present were considered low risk 1/112 (0. 9) bacteremia 

and meningitis 2/112 (1. 8) UTI3/112 (2. 7) Low- risk Marom (2007) 

[51]386CSF , Blood, Urine cultures; Benign medical history; good 

appearance; no focal signs of infection; ESR < 30 mm at end of first hour; 

WBC 5-15, 000/mm3 and a normal UA were considered low risk. 54/386 (14. 

0) UTId 2/386 (0. 5) meningitis 52/386 (13. 5) other108/386 (28. 0) 1/166 (0. 

6 )Low-risk 107/220 (48. 6) High-risk Abbreviations: SBI, serious bacterial 

infection; LP, lumbar puncture; CBC, complete blood count; CPR, c-reactive 

protein; ESR, erythrocyte sedimentation rate; UA, urinalysis; CXR, chest x-ray

a15 infants were not classified and were not included in the low and high risk

% of SBI b four infants with bacteremia had other concominant bacterial 

diseases c10 infants has more than one serious bacterial disease d4 infants 

had bacteremia associated with UTI Table 4. Non-infectious causes of fever 

in the neonate Bundling in a warm environment Hypernatremic dehydration 

in breast-fed infantsHereditary autoinflammatory syndromes Tumor necrosis 

factor receptor-associated periodic syndrome (TRAPS) Neonatal-onset multi-

system inflammatory disease (NOMID)/ Chronic infantile neurologic 
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cutaneous articular syndrome (CINCA) Spinal neurenteric cyst Non-accidental

injury Stuve-Wiedemann syndrome Crisponi syndrome Hemophagocytic 

syndrome Anhidrotic ectodermal dysplasia Table 5. Rate of SBI in febrile 

infants with RSV bronchiolitis Author (Year)# enrolled (age) # neonates 

enrolled (%)# UTI (%) # bacteremia (%) # meningitis (%) Antonow [87] 

(1998) 282 (? 60 days) 146 RSV+ 90 febrile 59 (22. 5)2/59a (3. 4) 3/282b 

overall UTI (1. 1) 1/ 282 (0. 4)c overall 1/282 (0. 4)c overall Liebelt [88] 

(1999) 216 (? 90 days) 120 RSV+ 91 febrile 28 (13. 0)0/680/1000/53 Titus 

[89] (2003)174 (? 8 weeks) All RSV+ and febrileunknown2/147 (1. 

4)0/1700/111 Oray-Schrom [90] (2003)191 (0-90 days) All RSV+ 101 

febrile41/191 (22. 5)2/41 (4. 9)d 6/85 tested (7. 1) overall 1/1200/69 Levine 

[91] (2004)269/1248 RSV+ All febrile (? 60 days)411/1268 (33. 0) 82 

RSV+5/82 (6. 1) 14/261 (5. 4) 3/82 (3. 7) 3/267 (1. 1) 0/82 0/251 Byington 

[90] (2004)159/1385 RSV+ All febrile (0-90 days)unknown4/159 (2. 5)e0 

0Abbreviations: SBI, serious bacterial infection; RSV, respiratory syncytial 

virus; UTI, urinary tract infection a 1 of the 2 patients did not have RSV 

testing performed and neither neonate was febrile b Only 140/282 patients 

underwent sepsis evaluation c Neither bacteremia patient or meningitis 

patient was a neonate d Only 20/41 infants were tested. The percentage of 

febrile RSV neonates who had urine cultures obtained was 2/20 (10%). e 

Results reported as number and percentage of SBI which includes 

bacteremia, UTI, bacterial meningitis, soft tissue or bone infection, bacterial 

pneumonia, or bacterial enteritis. Table 6. Optimal statistical cutoff values 

for markers in detecting an SBI Diagnostic marker Optimal cutoff 

valueSensitivitySpecificity C-reactive protein32 mg/L 93; 40 mg/L94 

40mg/L9584. 0%93; 89%94 79%9575. 5%93; 75%94 79%95 Procalcitonin0. 
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8 ng/mL93; 0. 9 ng/mL94 0. 5ng/mL9569. 1%93; 93% 94 93%9585. 3%93; 

78%94 74%95 White blood cell count > 15, 000/mm351. 6%93; 68%94 

52%9575. 5%93; 77%94 74%95 Band count > 1500/mm329%94; 

11%9591%94; 93%95 Table 7. Dosages of drugs commonly used for 

neonatal infectionsa Ampicillin Postnatal Age < 7 days: Postnatal ? 7 days: 

WeightMax DoseFrequencyWeightMax DoseFrequency gt; 2000 grams50 

mg/kg/doseQ8H> 2000 grams50 mg/kg/doseQ6H ? Group B streptococcal 

meningitis: 200 mg/kg/day divided Q8H? Group B streptococcal meningitis: 

300 mg/kg/day divided Q6H Cefotaxime Postnatal Age < 7 days: Postnatal > 

7 days: WeightMax DoseFrequencyWeightMax DoseFrequency > 2000 

grams50 mg/kg/doseQ8H> 2000 grams50 mg/kg/doseQ6H Gentamicin 

Postnatal Age < 7 days: Postnatal > 7 days: 

WeightDoseFrequencyWeightDoseFrequency > 2000 grams4 

mg/kg/doseQ24H> 2000 grams4. 0 mg/kg/doseQ12-18H Acyclovir 

DoseFrequency 20 mg/kg/doseQ8H a assumes normal renal function Chart 

adapted from Ref 106. 
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