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Abstract
Objective: The objective of this study was to investigate the prevalence of serious bacterial infection
(SBI) in febrile infants without a source aged 6–12 weeks who have received immunizations in the pre-
ceding 72 hours.

Methods: The authors conducted a medical record review of infants aged 6–12 weeks with a fever of
‡38.0�C presenting to the pediatric emergency department (ED) over 88 months. Infants were classified
either as having received immunizations within the 72 hours preceding the ED visit (recent immunization
[RI]) or as not having received immunizations during this time period (no recent immunization [NRI]).
Primary outcome of an SBI was based on culture results; only patients with a minimum of blood and
urine cultures were studied.

Results: A total of 1,978 febrile infants were studied, of whom 213 (10.8%) had received RIs. The overall
prevalence of definite SBI was 6.6% (95% confidence interval [CI] = 5.5 to 7.7). The prevalence of definite
SBI in NRI infants was 7.0% (95% CI = 5.9 to 8.3) compared to 2.8% (95% CI = 0.6 to 5.1) in the RI
infants. The prevalence of definite SBI in febrile infants vaccinated in the preceding 24 hours decreased
to 0.6% (95% CI = 0 to 1.9). The prevalence of definite SBI in febrile infants vaccinated greater than
24 hours prior to presentation was 8.9% (95 CI = 1.5 to 16.4). The relative risk of SBI with RI was 0.41
(95% CI = 0.19 to 0.90). All SBIs in the RI infants were urinary tract infections (UTI).

Conclusions: Among febrile infants, the prevalence of SBI is less in the initial 24 hours following immu-
nizations. However, there is still a substantial risk of UTI. Therefore, urine testing should be considered
in febrile infants who present within 24 hours of immunization. Infants who present greater than
24 hours after immunizations with fever should be managed similarly to infants without RIs.
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F ever is among the most common reasons for
infants to present to an emergency department
(ED).1 Infants less than 3 months of age present-

ing with fever pose a particular challenge because the
prevalence of serious bacterial infection (SBI) in this pop-
ulation is reported between 6% and 10%,2,3 and clinical
observational scales have been unable to differentiate
infants with SBI from those with simple viral infec-
tions.4,5 In response to this clinical challenge, numerous
guidelines have been published about the evaluation of

febrile infants in the ED.6–8 However, because these rec-
ommendations require invasive procedures, it is desir-
able to identify patient characteristics that may decrease
the risk of SBI in this population, which would allow for
a more limited evaluation of those at lower risk.

One possible risk modifier for SBI that has not been
investigated is recent vaccination. The prevalence of
fever after routine 2-month vaccinations is reported by
one recent source to be as high as 27.9%.9 Therefore, if
a well-appearing young infant presents to the ED with
fever after recent immunizations (RIs), physicians may
be inclined to attribute the fever to the vaccinations.
However, there have not been any published studies
assessing the prevalence of SBI in this population, and
recommendations for the evaluation of the recently vac-
cinated infant with fever are nonexistent. Herein, we
investigate the prevalence of SBI in young infants pre-
senting to the ED with fever and hypothesize that a his-
tory of RI decreases the prevalence of SBI. The
objective of this study was to investigate the prevalence
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of SBI in febrile infants aged 6–12 weeks without a
source of infection who have received immunizations
within the preceding 72 hours.

METHODS

Study Design
This was a medical record review of all infants present-
ing to the ED. The institutional review board approved
this study protocol. Data collection was compliant with
the Health Insurance Portability and Accountability Act
of 1996.

Study Setting and Population
Febrile infants aged 6–12 weeks who presented to an
urban academic pediatric ED between January 2000
and April 2007 were studied. The ED sees approxi-
mately 56,000 visits annually. Fever was defined as mea-
sured temperature ‡38.0�C (100.4�F).

Study Protocol
Infants were identified through an electronic dataset of
all patients seen in the ED. A query was performed to
identify infants aged 6–12 weeks (based on when
infants would likely receive their 2-month immuniza-
tions). All records were reviewed by the primary
author. Records were manually reviewed for docu-
mented fever (‡38�C) measured at home, the pediatri-
cian’s office, or the ED. Infants were excluded if the
physician note recorded birth at a gestational age less
than 32 weeks, a chronic illness, a surgery within
7 days, concurrent antibiotic use, or a focal bacterial
infection by examination other than otitis media. All
infants were seen by an attending pediatric emergency
physician. Data were collected on age, sex, presenting
symptoms, fever at home, sick contacts or exposures,
and immunization status. Infants were classified as ill-
appearing if the physician note described the infant as
ill-appearing, cyanotic, apneic, mottled, poorly per-
fused, unresponsive, or moribund. All other infants
were classified as well-appearing. Upper respiratory
infection (URI) symptoms were defined as the presence
of rhinorrhea, congestion, or cough, or documentation
of ‘‘URI symptoms’’ in the physician note. Infants were
classified either as having received immunizations
within the 72 hours preceding the ED visit (RI), or as
not having received immunizations during this time
period (no recent immunization [NRI]). The electronic
medical record of the study ED has a febrile infant tem-
plate that prompts physicians to enter immunization
status and any RIs. Given the importance of this infor-
mation in the care of a febrile infant, records that did
not specifically comment on RIs were declared to not
have RI (knowing that this critical information should
be recorded). To support this assumption, electronic
immunization records of the patients without explicit
documentation of immunization status that received
hospital-based primary care were reviewed. For the
infants who were recently vaccinated, the time intervals
were a priori defined as <12 hours, 12–24 hours, 1–2
days, or 2–3 days.

The Massachusetts Department of Public Health sup-
plied the Centers for Disease Control and Prevention

(CDC) recommended childhood vaccinations for the
state during this study period. The vaccines recom-
mended by the CDC during this study period at the
2-month well-child visit were inactivated polio virus,
hepatitis B, Haemophilus influenzae B, diphtheria-
tetanus-acellular pertussis, pneumococcal conjugate (as
of November 1, 2000), and rotavirus vaccines (as of
December 1, 2006).10–12 In July 2004, the Massachusetts
Department of Public Health began distributing
Pediarix, a pentavalent vaccine, for use at the 2-month
well-child visit.13

The usual evaluation of a febrile infant £90 days of
age at our institution includes complete blood count,
blood culture, urinalysis (UA), urine culture by bladder
catheterization, and cerebrospinal fluid (CSF) analysis
and culture. Chest radiographs, stool cultures, and
point-of-care testing, including respiratory syncytial
virus and influenza, were performed at the discretion of
the treating physician. Only patients with a minimum of
a blood and urine culture performed at the study insti-
tution were studied. All laboratory data and radiology
reports were directly downloaded from the hospital
information systems into the study database.

Outcome Measures
Patients were classified as having a definite SBI, possi-
ble SBI, or no SBI. Definite SBI was defined as follows:
1) bacterial pathogen isolated in blood; 2) bacterial
pathogen isolated in urine with ‡50,000 colony-forming
units (cfu) ⁄ mL of a pure pathogen, 10,000–50,000
cfu ⁄ mL if the UA was positive (dipstick testing with
positive leukocyte esterase and positive nitrite or >5
white blood cells per high-power field on a spun
urine); 3) bacterial pathogen isolated in the CSF;
4) pneumonia as identified by an attending radiologist
reading of a radiograph as definite pneumonia; or
5) bacterial pathogen isolated in stool culture. Possible
SBI was defined as follows: 1) chest radiograph read
by an attending radiologist as a possible pneumonia or
2) urine culture yielding a low colony count (10,000–
50,000 cfu ⁄ mL) of a single pathogen and a negative UA
or multiple pathogens with one dominant pathogen
(‡50,000 cfu ⁄ mL) regardless of the UA. Urine cultures
yielding nonenteric Gram-negative rods, Streptococcus
viridans, Staphylococcus saprophyticus, yeast, and
gardenella were considered contaminated. Only cul-
tures and radiologic studies performed at the study
institution were included. All other patients were clas-
sified as not having an SBI. Febrile infants who did
not have laboratory evaluation were reviewed for sub-
sequent ED visits within 1 week of index encounter and
are reported separately for completeness of the data set.
All cases of definite SBI and possible SBI were reviewed
independently by both authors for outcome classifica-
tion. Although not included in the calculation of SBI
prevalence, the records of infants with RI who did not
have a complete laboratory evaluation were reviewed for
any subsequent visits related to index encounter.

Data Analysis
Prevalence of SBI was compared for patients with and
without RI. Infants without specific documentation of
immunization status were analyzed separately. Median
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and interquartile ranges are used to describe nonnor-
mal distributions, and means and standard deviations
(±SD) are provided for normal distributions. Continu-
ous variables were analyzed using an independent sam-
ples test, and categorical data were analyzed using
Fisher’s exact test or chi-square analysis where appro-
priate. Nonparametric variables were analyzed with the
Mann-Whitney U-test. Statistical significance was des-
ignated at p £ 0.05. Statistical analysis was performed
using Statistical Package for the Social Sciences (SPSS
Version 16.0, SPSS Inc., Chicago, IL).

RESULTS

A total of 2,247 patients between the ages of 6 and
12 weeks with fever of ‡38.0�C were identified. A total
of 269 patients were excluded for the following reasons:
34 had a chronic disease, 16 had known vesicoureteral
reflux, four had surgery in the preceding 7 days, 79 had
received antibiotics in the preceding 72 hours, and
eight had a focal infection. An additional 128 patients,
including 10 patients with RI, were excluded because
they did not have the minimum evaluation of a blood
and urine culture performed at our institution. The
remaining 1,978 patients were studied. Of these, 213
(10.8%) patients had received immunizations in the
3 days prior to the index encounter. Table 1 lists patient
characteristics for the study population. The median
ages of patients in the RI group and the NRI group
were 64 and 65 days, respectively (p = 0.91). The mean
temperatures of patients with RI and NRI were 38.5 and
38.6�C, respectively (p = 0.03). Overall, 86% of the pop-
ulation had explicit documentation regarding immuni-
zation status. Of the 276 patients without explicit
documentation of immunization status, 51 received pri-
mary care at the study institution’s primary care center,
which has electronic immunization records. None of
the 51 patients followed at the primary care center

without ED immunization documentation had received
immunizations in the 72 hours preceding the ED visit.

The overall prevalence of SBI (definite and possible)
in the study population was 8.0% (95% confidence
interval [CI] = 6.8 to 9.2). Table 2 lists the characteristics
of infants with and without definite SBI. The prevalence
of SBI in the NRI cohort was 8.5% (95% CI = 7.2 to 9.8)
including 124 (7.0%, 95% CI = 5.9 to 8.3) with definite
SBI and 26 (1.5%, 95% CI = 0.9 to 2.0) with possible
SBI. The prevalence of SBI in the RI cohort was 3.7%
(95% CI = 1.2 to 6.3) including six (2.8%, 95% CI = 0.6
to 5.1) with definite SBI and two (0.9%, 95% CI = –0.3
to 2.2) with possible SBI. Table 3 lists the recently
immunized infants with SBIs.

The remainder of the analysis was performed using
only the cases of definite SBI, excluding cases of possi-
ble SBI. Table 4 lists the cases of definite SBI in RI and
NRI patients. The relative risk of definite SBI with RI
was 0.41 (95% CI = 0.19 to 0.90). Among RI patients,
157 (73.7%) presented within 24 hours of immunization,
33 (15.5%) presented 24–48 hours after immunization
and 23 (10.8%) presented 48–72 hours after immuniza-
tion. Among patients presenting within 24 hours of
immunization, the prevalence of definite SBI decreased
to 0.6% (95% CI = 0 to 1.9) with a relative risk of 0.09
(95% CI = 0.01 to 0.64) compared to the NRI group. The
prevalence of definite SBI in febrile infants vaccinated
greater than 24 hours prior to presentation was 8.9%
(95% CI = 1.5 to 16.4) with a relative risk of 1.25 (95%
CI = 0.53 to 2.9). The prevalence of definite SBI in each
group is summarized in Table 5. When only cases with
explicit documentation of immunization status are con-
sidered, the prevalence of definite SBI for RI and NRI
infants is 2.8% (95% CI = 0.6 to 5.1) and 7.1% (95%
CI = 5.8 to 8.4), respectively.

Patients with RI who did not have a complete labora-
tory evaluation (n = 10) were reviewed. None of these
patients returned with SBI. Therefore, if these patients
were included in the analysis, the prevalence of definite
SBI would decrease from 2.8% (95% CI = 0.6 to 5.1) to
2.7% (95% CI = 0.6 to 4.8) in the febrile infants with RI.

DISCUSSION

Due to the relatively high prevalence of SBI among
young febrile infants compared to older infants, multi-
ple decision rules recommending laboratory evaluations
have been developed to guide clinical decision-mak-
ing.2,7,14–16 However, these decision rules have
neglected to address the management of the recently
immunized febrile infant. This issue is important
because fever is a commonly reported adverse event
after vaccinations,9,17,18 and current immunization
schedules recommend vaccinations at 2 months.10–12 As
a result, studies have shown an increase in medical
utilization and procedures following vaccinations in
infants.18,19 In a study by Lieu et al.,18 fever after vacci-
nations in infants resulted in a twofold increase in med-
ical utilization. A recent study by Thompson et al.19

demonstrated a sevenfold increased risk of receiving a
full sepsis evaluation and a threefold increased risk of
receiving antibiotics within 7 days for infants receiving
a pentavalent vaccination. In addition to the cost

Table 1
Patient Characteristics

RIs
(n = 213)

NRIs
(n = 1,765)

Median age,
days (IQR)

64 (62–68) 65 (54–78)

Mean temperature,
�C* (±SD)

38.5 (0.7) 38.6 (0.5)

% URI symptoms�* 31.0 56.7
% Well-appearing� 100 98.7
Mean WBC
count, ·109 ⁄ L* (±SD)

13.5 (4.7) 11.9 (5.7)

Mean ANC, ·109 ⁄ L*
(±SD)

6.8 (2.4) 5.4 (2.7)

% CSF obtained 76.5 77.6
% CXR 14.5 27.4

ANC = absolute neutrophil count; CSF = cerebrospinal fluid;
CXR = chest radiograph; NRI = no recent immunization; RI =
recent immunization; URI = upper respiratory infection;
WBC = white blood cell.
*Statistically different p < 0.05
�As defined in text.
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associated with performing a sepsis evaluation, there
are also risks associated with these procedures20 and
the administration of antibiotics. When the results of
the diagnostic tests are equivocal or uninterpretable,
such as with a traumatic lumbar puncture, the infant
may then undergo additional testing or hospitalization.

Published guidelines recommend performing sepsis
evaluations on febrile infants given the prevalence of
SBI in this age group. However, our study demon-

strates that febrile infants presenting after RIs have a
decreased risk of SBI compared to those with fever but
NRI. This suggests that these infants may not require
routine fever evaluation, although these findings are
provisional and need to be confirmed in a larger pro-
spective cohort to guide clinical decision-making. We
found the prevalence of definite SBI in the recently
immunized infants was 2.8%, whereas the overall prev-
alence of definite SBI in the study population was 6.6%,
which is similar to rates documented in the literature.
Urinary tract infection (UTI) was the only SBI occurring

Table 2
Characteristics of Infants With and Without Definite SBIs, Excluding Infants With Possible SBI

All Infants Recently Immunized Infants

No SBI*
(n = 1,820)

SBI*
(n = 130)

No SBI*
(n = 205)

SBI*
(n = 6)

Median age, days (IQR) 65 (54–77) 67 (57–78) 65 (62–69) 67 (63–77)
Mean temperature, �C (±SD) 38.5 (0.5)� 38.7 (0.5) � 38.5 (0.7) 38.6 (0.7)
% URI symptoms* 55.0 41.8 31 16.7
% Well-appearing* 99.1 95.6 100 100
Mean WBC count, ·109 ⁄ L (±SD) 11.8 (5.3)� 16.0 (7.3) � 13.5 (4.6) 16.3 (5.4)
Mean ANC, ·109 ⁄ L (±SD) 5.4 (2.6)� 7.3 (3.1) � 6.7 (2.4) 8.7 (0.4)
% CSF obtained 76.8 85.4 75.6 100

ANC = absolute neutrophil count; CSF = cerebrospinal fluid; URI = upper respiratory infection; WBC = white blood cell.
*As defined in text.
�Statistically different p < 0.05.

Table 3
SBI in Recently Immunized Infants

SBI
Status

Age
(Days) Sex

Time from
Vaccination

(Hours)

Maximum
Temperature

(�C) Appearance*
URI

Symptoms

WBC
count

(·109 ⁄ L) Type of SBI

Culture Data
Urine

(cfu ⁄ mL)

Definite
SBI

77 Male 12–24 38.5 Well-appearing No 26.8 UTI 70,000 E. coli
68 Male 48–72 38.0 Well-appearing No 17.7 UTI >100,000 E. coli
63 Female 48–72 39.4 Well-appearing No 10.3 UTI >100,000 E. coli
64 Female 48–72 39.9 Well-appearing No 16.4 UTI >100,000 E. coli
67 Male 48–72 38.6 Well-appearing No 18.2 UTI >100,000 E. coli
77 Female 48–72 39.2 Well-appearing Yes 10.7 UTI >100,000 E. coli

Possible
SBI

71 Male 12–24 38.0 Well-appearing No 12.3 Possible UTI 30,000 E. coli�
68 Female 12–24 38.3 Well-appearing No 18 Possible

pneumonia
Negative
cultures

cfu = colony-forming units; URI = upper respiratory symptoms; UTI = urinary tract infection; WBC = white blood cell.
*Appearance as defined under Methods.
�Urinalysis negative.

Table 4
Definite SBI in Infants With RI and Infants With NRI, Excluding
Infants With Possible SBI

RI (n = 211),
n (%, 95% CI)

NRI (n = 1,739),
n (%, 95% CI)

Bacteremia 0 (0, 0–1.8)) 15*� (0.9, 0.4–1.3)
UTI 6 (2.8, 0.6–5.1) 99* (5.7, 4.6–6.8)
Bacterial meningitis 0 (0, 0) 3� (0.2, 0–0.4)
Pneumonia 0 (0, 0) 7 (0.4, 0.1–0.7)
Overall SBI 6 (2.8, 0.6–5.1) 124 (7.1, 5.9–8.3)

NRI = no recent immunization; RI = recent immunization;
SBI = serious bacterial infection; UTI = urinary tract infection.
*Four infants had UTI and concomitant bacteremia.
�One infant had meningitis and concomitant bacteremia.

Table 5
Summary of Definite SBI in Infants With NRI Compared to
Infants With RI

Prevalence of
SBI (95% CI)

Relative Risk
(95% CI)

NRI 7.1% (5.9–8.3) Reference group
RI (all) 2.8% (0.6–5.1) 0.41 (0.19–0.90)
RI < 24 hours 0.6% (0–1.9) 0.09 (0.01–0.64)

Infants with possible SBI were excluded in this analysis.
NRI = no recent immunization; RI = recent immunization;
SBI = serious bacterial infection.
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in these recently immunized infants; there were no
cases of bacteremia or meningitis, although the number
of recently immunized infants was relatively small for
these outcomes. In the infants who presented within
24 hours of receiving vaccinations, the prevalence of
definite SBI was reduced to 0.6%. Given the possible
complications and associated cost of a sepsis evalua-
tion, a modified evaluation may be appropriate in light
of the decreased prevalence of SBI in this population. A
modified approach to recently immunized infants with
fever follows the approach to febrile infants with
RSV.21

LIMITATIONS

This was a retrospective study, which limited the data
available to the information in the medical chart. The
exact timing of the immunizations required coding into
large blocks of time and was inconsistently recorded.
However, given the importance of this information in
the care of the febrile infant, it is unlikely that these
data would have been excluded from the medical
record if the infant had been recently immunized. In
addition, review of electronic immunization records at
the study institution supported the assumption that
infants without documentation of RIs did not have RIs.
Another potential limitation due to the retrospective
study design is the inability to follow up patient out-
comes.

This study population consisted of febrile infants
who presented to an academic medical center ED; this
may have created a referral bias given the influence of
local referral patterns and the opinions of the local
pediatricians on ED visits. However, it is unlikely that
RI febrile infants who did not present to the ED had
SBI. Anecdotally, many pediatricians counsel parents
regarding vaccine side effects including fever and
advise antipyretic administration. This anticipatory
guidance may decrease the rate of visits of these
patients to the ED. Therefore, if these infants had pre-
sented to the ED, the prevalence of SBI in this popula-
tion would be lower than demonstrated in this study.
Our study is also limited by the relatively small sample
size. Although the differences in SBI are significant, the
estimates of SBI prevalence should be interpreted cau-
tiously.

These results should be considered in context of the
current immunization schedule, as they may change as
the immunization schedule changes over time. The
immunization schedule during this study included a
vaccine with a relatively high rate of fever. If the immu-
nization schedule changes to include immunizations
with higher or lower rates of fever, the prevalence of
SBI in RI febrile infants presenting to the ED may sub-
sequently change.

CONCLUSIONS

Based on our findings, the prevalence of serious bac-
terial infections in recently vaccinated infants appears
to be lower than in infants with fever and no recent
immunization. However, there is still a significant
risk of urinary tract infections. Therefore, for

well-appearing infants presenting with fever within
24 hours after immunization, careful examination and
consideration of a urine culture and urinalysis might
be a reasonable strategy. Young febrile infants
presenting greater than 24 hours postimmunization
should be managed similarly to those without recent
immunization.

References

1. Alpern ER, Stanley RM, Gorelick MH, et al. Epide-
miology of a pediatric emergency medicine
research network: the PECARN Core Data Project.
Pediatr Emerg Care. 2006; 22:689–99.

2. Slater M, Krug SE. Evaluation of the infant with
fever without source: an evidence based approach.
Emerg Med Clin North Am. 1999; 17:97–126.

3. Bonadio WA, Smith DS, Sabnis S. The clinical char-
acteristics and infectious outcomes of febrile infants
aged 8 to 12 weeks. Clin Pediatr (Phila). 1994; 33:95–
9.

4. Bonadio WA. The history and physical assessments
of the febrile infant. Pediatr Clin North Am. 1998;
45:65–77.

5. Baker MD, Avner JR, Bell LM. Failure of infant
observation scales in detecting serious illness in
febrile, 4- to 8-week-old infants. Pediatrics. 1990;
85:1040–3.

6. Jaskiewicz JA, McCarthy CA, Richardson AC, et
al. Febrile infants at low risk for serious bacterial
infection–an appraisal of the Rochester criteria
and implications for management. Febrile Infant
Collaborative Study Group. Pediatrics. 1994;
94:390–6.

7. Baraff LJ, Bass JW, Fleisher GR, et al. Practice
guideline for the management of infants and chil-
dren 0 to 36 months of age with fever without
source. Agency for Health Care Policy and
Research. Ann Emerg Med. 1993; 22:1198–210.

8. Dagan R, Powell KR, Hall CB, Menegus MA. Identi-
fication of infants unlikely to have serious bacterial
infection although hospitalized for suspected sepsis.
J Pediatr. 1985; 107:855–60.

9. GlaxoSmithKline. PEDIARIX [Diphtheria and
Tetanus Toxoids and Acellular Pertussis Adsorbed,
Hepatitis B (Recombinant) and Inactivated Poliovi-
rus Vaccine Combined]. Prescribing Information.
Available at: http://us.gsk.com/products/assets/us_
pediarix.pdf. Accessed Sep 4, 2009.

10. CDC. Recommended childhood immunization sche-
dule–United States, 2000. MMWR Morb Mortal
Wkly Rep. 2000; 49:35–8, 47.

11. CDC. Recommended childhood immunization sche-
dule–United States, 2001. MMWR Morb Mortal
Wkly Rep. 2001; 50:7–10, 19.

12. CDC. Recommended immunization schedules for
persons aged 0-18 years, United States, 2007.
MMWR Morb Mortal Wkly Rep. 2007; 55:Q1–Q4.

13. Massachussetts Department of Public Health. Ped-
iarix Combination Vaccine Clinical Advisory. Avail-
able at: http://www.mass.gov/Eeohhs2/docs/dph/
cdc/immunization/alerts_alerts_pediarix_ca_200407.
rtf. Accessed Aug 25, 2009.

1288 Wolff and Bachur • SBI IN RECENTLY IMMUNIZED FEBRILE INFANTS



14. Bachur RG, Harper MB. Predictive model for seri-
ous bacterial infections among infants younger than
3 months of age. Pediatrics. 2001; 108:311–6.

15. Jaskiewicz JA, McCarthy CA. Evaluation and man-
agement of the febrile infant 60 days of age or
younger. Pediatr Ann. 1993; 22:477–80.

16. Baker MD, Bell LM, Avner JR. Outpatient manage-
ment without antibiotics of fever in selected infants.
N Engl J Med. 1993; 329:1437–41.

17. Ali SS, Chandrashekar SR, Singh M, Bansal RK,
Sharma DR, Arora D. A multicenter, prospective,
open-label, non-comparative study to evaluate the
immunogenicity and tolerance of a new, fully liquid
pentavalent vaccine (DTwP-HepB-Hib vaccine).
Hum Vaccin. 2007; 3:116–20.

18. Lieu TA, Black SB, Ray GT, Martin KE, Shinefield
HR, Weniger BG. The hidden costs of infant vacci-
nation. Vaccine. 2000; 19:33–41.

19. Thompson LA, Irigoyen M, Matiz LA, LaRussa PS,
Chen S, Chimkin F. The impact of DTaP-IPV-HB
vaccine on use of health services for young infants.
Pediatr Infect Dis J. 2006; 25:826–31.

20. Evans RW. Complications of lumbar puncture. Neu-
rol Clin. 1998; 16:83–105.

21. Levine DA, Platt SL, Dayan PS, et al. Risk of serious
bacterial infection in young febrile infants with
respiratory syncytial virus infections. Pediatrics.
2004; 113:1728–34.

ACAD EMERG MED • December 2009, Vol. 16, No. 12 • www.aemj.org 1289


