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ABSTRACT. Background. Few data are available on
the outcome of neonatal sepsis evaluations in an era
when intrapartum antibiotic therapy is common.

Methods. We identified all newborns weighing
>2000 g at birth who were ever evaluated for suspected
bacterial infection at 6 Kaiser Permanente hospitals be-
tween October 1995 and November 1996, reviewed their
records and laboratory data, and tracked them to 1 week
after discharge. We analyzed the relationship between
key predictors and the presence of neonatal bacterial
infection.

Results. Among 18 299 newborns >2000 g without
major congenital anomalies, 2785 (15.2%) were evaluated
for sepsis with a complete blood count and/or blood
culture. A total of 62 (2.2%) met criteria for proven, prob-
able, or possible bacterial infection: 22 (.8%) had positive
cultures and 40 (1.4%) had clinical evidence of bacterial
infection. We tracked all but 10 infants (.4%) to 7 days
postdischarge. There were 67 rehospitalizations (2.4%; 2
for group B streptococcus bacteremia). Among 1568 in-
fants who did not receive intrapartum antibiotics, initial
asymptomatic status was associated with decreased risk
of infection (adjusted odds ratio [AOR]: .26; 95% confi-
dence interval [CI]: .11–.63), while chorioamnionitis
(AOR: 2.40; 95% CI: 1.15–5.00), low absolute neutrophil
count (AOR: 2.84; 95% CI: 1.50–5.38), and meconium-
stained amniotic fluid (AOR: 2.23; 95% CI: 1.18–4.21)
were associated with increased risk. Results were similar
among 1217 infants who were treated, except that mater-
nal chorioamnionitis was not significantly associated
with neonatal infection.

Conclusions. The risk of bacterial infection in asymp-
tomatic newborns is low. Evidence-based observation
and treatment protocols could be defined based on a
limited set of predictors: maternal fever, chorioamnioni-
tis, initial neonatal examination, and absolute neutrophil
count. Many missed opportunities for treating mothers
and infants exist. Pediatrics 2000;106:256–263; neonatal
sepsis, neonatal meningitis, neonatal intensive care, group
B streptococcus, streptococcus agalactiae, antibiotic ther-
apy, sepsis evaluations, neonatal infections.

ABBREVIATIONS. KPMCP, Kaiser Permanente Medical Care
Program; CBC, complete blood count; GBS, group B streptococ-
cus(al); CSF, cerebrospinal fluid; I:T ratio, ratio of immature to
total neutrophils; ANC, absolute neutrophil count; ROM, rupture
of membranes; SD, standard deviation; AOR, adjusted odds ratio;
CI, confidence interval; OR, odds ratio; CRP, C-reactive protein.

The frequency of neonatal bacterial infections
ranges from 1 to 5 per 1000 live births.1,2 How-
ever, between 4.4% and 10.5% of all infants

born in the United States (130 000–400 000/year) re-
ceive systemic antibiotics.3–6 General agreement
seems to exist with respect to management of infants
with proven infection.7,8 Controversy exists with re-
spect to newborns whose presentations are consid-
ered equivocal, high-risk newborns who are asymp-
tomatic, and newborns whose mothers received
intrapartum antibiotics.9–12

This article reports on the outcome of neonatal
sepsis work-ups in infants $2000 g at birth in an era
of widespread intrapartum antibiotic treatment. We
focused on the first evaluation performed for peri-
natally acquired non-nosocomial bacterial sepsis
shortly after birth. Our setting was the Kaiser Per-
manente Medical Care Program (KPMCP), a mature
managed care organization with integrated informa-
tion systems.

METHODS
This project was approved by the KPMCP Institutional Review

Board for the Protection of Human Subjects. An expert panel, the
Neonatal Infection Study Group, defined predictors and outcomes
and reviewed study data. The panel consisted of a pediatric in-
fectious disease specialist, a pediatric pathologist, and 9 neonatol-
ogists.

Infants were included if they: 1) weighed $2000 g at birth; 2)
were born in the hospital at the KPMCP Hayward, Oakland,
Sacramento, San Francisco, Santa Clara, and Walnut Creek facili-
ties between October 1995 and November 1996; 3) were ever
evaluated for bacterial infection during the birth hospitalization;
and 4) did not meet exclusion criteria. An infant was considered to
have been evaluated if a complete blood count (CBC) and/or a
blood culture was obtained. Infants were excluded if: 1) a major
congenital anomaly was present; 2) the first evaluation was for
suspected nosocomial infection; 3) the infant was born outside the
hospital; 4) the first evaluation occurred after discharge home; 5)
a CBC was performed for other reasons (eg, jaundice); or 6) the
CBC was obtained to evaluate for syphilis, gonorrhea, or human
immunodeficiency virus infection.

Study subjects were identified prospectively. Paper and elec-
tronic records were reviewed retrospectively. On-site research
assistants reviewed nursery logs, laboratory results, and patient
records. A complete chart review of maternal and neonatal
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records was performed for all newborns who ever had a CBC
and/or blood culture obtained.

The information systems of KPMCP use a common medical
record number and clinical data repository. These information
systems permit multiple linkages (eg, downloading all neonatal
CBCs and linking their results to hospitalization records). The
methods used for subject identification, data abstraction, and elec-
tronic linkage have been described in this journal13–16 and else-
where.17–20

We downloaded and manually reviewed the electronic results
of: 1) all maternal genital cultures for Streptococcus agalactiae
(group B streptococcus [GBS]) obtained during pregnancy; and 2)
all neonatal urine, blood, and cerebrospinal fluid (CSF) cultures
obtained on members of the study cohort. We also downloaded
and manually reviewed the following neonatal results: the first 3
CBCs; the first 3 arterial blood gas results; and the first 2 CSF cell
counts.

Infants born to women who are Kaiser Foundation Health Plan,
Inc members are automatically covered for the first month of life,
which permits very high follow-up rates during the immediate
neonatal period.16 We scanned all available KPMCP electronic
databases, including those tracking out-of-plan use, to define
whether study subjects: 1) left the health plan after discharge from
the birth hospitalization; 2) were rehospitalized during the first
week after discharge from the birth hospitalization; or 3) died
during the first week after discharge from the birth hospitaliza-
tion. We also contacted the families of all study subjects by mail at
14 to 60 days postdischarge to enquire whether their infant was
hospitalized or died during the first week after the birth hospital-
ization. If an infant’s outcome during the first week after the birth
hospitalization could not be ascertained using the above methods,
we attempted to contact the infant’s family by phone. We then
reviewed electronic hospitalization records, laboratory data, and
paper charts of all rehospitalized infants.

The ratio of immature to total neutrophils (I:T ratio) was cal-
culated in the same manner as described by Manroe et al21 and
Schelonka et al.22,23 Because neonatal leukocyte indices change
over time, we did not assess the predictive ability of a single
absolute neutrophil count (ANC) value. Rather, the ANC was
categorized as being abnormally high or low if it fell outside the
upper and lower 10th percentiles for chronological age. We used
results from recent studies,22–30 rather than the more commonly
cited study by Manroe et al,21 to define these percentile ranges,
which are provided in the “Appendix” (available to readers on
request).

We categorized chorioamnionitis as definite if an obstetrician
documented it, supporting evidence was provided (eg, uterine
tenderness or foul smelling amniotic fluid was present), and the
highest antepartum temperature exceeded 101.9°F. The definition
of probable chorioamnionitis was similar, except that the temper-
ature threshold used was .100.4°F. The definition of possible
chorioamnionitis only required an obstetrician’s note.

We considered an infant to be asymptomatic if no abnormali-
ties were recorded in the chart. An infant was defined as critically
ill if any of the following occurred: 1) assisted ventilation (nasal
continuous positive airway pressure or intermittent mandatory
ventilation), 2) chest compressions, 3) needling of the chest or
thoracostomy tube placement, 4) continuous infusion of vasoac-
tive drugs, and/or 5) transport to a higher level of care (eg, for
refractory persistent pulmonary hypertension).

Screening for GBS
Screening for GBS is not routinely performed in the KPMCP,

whose obstetricians endorsed a risk factor-based strategy in
1994.31,32 Screening is performed based on the discretion of indi-
vidual clinicians. Intrapartum therapy uses either ampicillin or a
cephalosporin.

Outcome Assignment
Outcome assignment was based on culture results or clinical

factors (eg, results of physical examinations or chest roentgeno-
grams). To avoid circular reasoning, we did not use CBC results or
treatment decisions to define outcome. A culture-proven infection
is defined as an infection confirmed by a positive culture from a
normally sterile site. A probable infection is one in which the
clinical course strongly suggested that infection was present, al-
though culture results were negative. An example of a probable

infection (meningitis) is an infant with clinical signs and CSF
pleocytosis (defined as having .30 white blood cells and ,45 000
red blood cells in the CSF33). A possible infection is one in which
an infant had negative cultures and equivocal clinical findings but
infection could not be excluded. An example of this category is an
infant who required assisted ventilation and had only a single
chest radiograph showing lung infiltrates. An infection was con-
sidered nosocomial if it could be ascribed to care processes (eg,
Staphylococcus epidermidis sepsis after prolonged intubation). Re-
hospitalization was defined as admission within 7 days after an
infant first went home.

Statistical Methods
Statistical analyses were performed using SAS (SAS, Cary,

NC).34 x2 or Fischer’s exact tests were used to compare categorical
predictors and Student’s t tests were used to compare mean dif-
ferences of continuous predictors. Least-square adjusted means
were produced using analysis of variance. Multivariate analyses
were performed using logistic regression after stratification by
maternal treatment. The area under the receiver operator charac-
teristic curve was calculated using the method of Hanley and
McNeil.35

RESULTS
A total of 19 043 birth hospitalizations occurred at

the 6 study sites. We excluded 744 infants for the
following reasons: 589 weighed ,2000 g at birth and
155 had major anomalies. Of the remaining 18 299
infants, 15 391 never had a CBC or blood culture
obtained during the birth hospitalization. Among the
2908 infants who had a CBC during the birth hospi-
talization, medical record review showed that the
CBC was obtained for reasons other than to rule out
sepsis in 123 cases: 5 were born out of asepsis; 78 had
a CBC as part of a jaundice evaluation; 4 had a CBC
and blood culture obtained as part of a syphilis
and/or human immunodeficiency virus evaluation;
and 36 had a CBC performed for some other reason.
Table 1 summarizes characteristics of the remaining
2785 infants, who constitute the study cohort.

A total of 67 infants met our criteria for infection.
Table 2 summarizes these infections and shows that
62 were non-nosocomial, 2 were nosocomial, and 3
were not under a caregiver’s control. The 62 infants
with non-nosocomial infections, thus, constitute the
numerator for this study. Of these 62 infants, 12 were
either asymptomatic or had transient clinical signs
(ie, they seemed to have bacteremia rather than sep-
sis) and 2 of these 12 infants were sent home before
confirmation of the diagnosis. Both of these infants
were rehospitalized and treated with systemic anti-
biotics.

Deaths and Postdischarge Outcomes
There were a total of 8 deaths in the cohort, includ-

ing 4 with infections mentioned above. We were
unable to track 10 infants to 1 week postdischarge.
These 10 infants were healthy at discharge, and 2 had
received antibiotic therapy.

The rehospitalization rate in the first week after
discharge was 2.4% (67/2785). Infants were rehospi-
talized for the following reasons: jaundice and/or
feeding difficulties, 52; confirmed infections (includ-
ed in Table 1), 4; rule out sepsis with negative cul-
tures, 4; and miscellaneous diagnoses, 7.
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Other Cases of Vertically Transmitted Sepsis or
Meningitis

We scanned the electronic records of the 15 391
infants who did not have a sepsis evaluation and of
the 123 infants who had a CBC obtained for other
reasons. Searches in KPMCP clinical, administrative,
and research databases showed that none of these
infants had sepsis or meningitis during the week
after discharge from the birth hospitalization.

Descriptions of deaths, infants with infections, and
infants lost to follow-up are provided in the “Appen-
dix.”

Neonatal Evaluation and Treatment
The majority of infants (75.8%) were first noted to

be at risk for sepsis before or at the moment of birth
and 91.2% were identified by 12 hours of age. The
same occurred with the 205 infants who experienced
assisted ventilation. Among these infants, 89.8% had
such therapy initiated by 12 hours of age. All 62 of
the infants with infections were identified by 10
hours of age.

A total of 1510 infants had clinical signs consistent
with infection. Among the remaining 1275 infants
who were initially asymptomatic, evaluations were
performed because of risk factors for sepsis. These
included maternal chorioamnionitis (425 infants or
33.3% of the asymptomatic infants); rupture of mem-
branes (ROM) .18 hours (432; 33.9%); fever
.100.4°F (315; 24.7%); GBS carriage (60; 4.7%); 188
prematurity; and foul smelling amniotic fluid (37;
2.9%)

Maternal Treatment
There were 1217 infants whose 1206 mothers were

treated with intrapartum antibiotics. Among these
1206 mothers, 435 had chorioamnionitis documented
by a physician’s note; 589 had ROM .18 hours; 487
had other clinical signs consistent with infection (eg,
temperature .100.9°F, ROM before delivery, and
foul smelling amniotic fluid); 279 delivered at ,37
weeks’ gestation; and 81 were GBS carriers. The rea-
son for intrapartum antibiotic therapy could not be
determined in 125 women. There were 1568 infants

TABLE 1. Description of Study Cohort

,37
Weeks

$37
Weeks

All

n 492 2293 2785
Maternal age (y)

Median 30 29 29
Range 15–46 15–47 15–47
Mean 6 SD 29.6 6 6.3 28.6 6 6.1 28.8 6 6.2

Maternal race
% white 42.8 42.9 42.9
% black 16.0 14.8 15.0
% Asian 21.3 20.3 20.5
% Hispanic 18.5 20.4 20.0
% other 1.4 1.6 1.6

% born by cesarean section 26.6 30.6 29.9
% who received any intrapartum

antibiotic treatment
58.4 40.5 43.7

% who received intrapartum
antibiotic treatment $4 h
before delivery

46.3 23.8 27.8

Birth weight
Median 2460 3549 3398
Range 2000–4133 2003–6130 2000–6130
Mean 6 SD 2515 6 360 3550 6 556 3367 6 658

Product of multiple gestation (%) 13.0 1.5 3.5
Sex (% male) 61.7 55.1 56.3
% of infants treated with

Systemic antibiotics
41.2 28.4 30.7

Supplemental oxygen 30.6 23.0 24.4
Assisted Ventilation 19.7 4.8 7.4

TABLE 2. Infants With Infections

No. of
Infants*

Asymptomatic† Pneumonia Sepsis Meningitis Other‡

Culture-positive infection 26 11 3 22 0 4
Probable infection 16 0 7 3 5 1
Possible infection 25 1 16 6 5 0
Total 67 12 26 31 10 5

* Infants can be categorized more than once.
† Asymptomatic includes infants who either had no clinical signs in first 12 hours of age or whose
signs were transient.
‡ Other infections include 2 nosocomial infections and 3 infections that could not be anticipated
(enterovirus, postdischarge urinary infection, postdischarge herpes simplex with no known maternal
risk factors).
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whose 1541 mothers did not receive intrapartum an-
tibiotics. Among these 1541 mothers, 121 had chorio-
amnionitis documented by a physician’s note; 148
had ROM .18 hours; 154 had other clinical signs
consistent with infection (eg, temperature .100.9°F,
ROM before delivery, and foul smelling amniotic
fluid); 194 delivered at ,37 weeks’ gestation; and 48
were GBS carriers.

Infection Rates in Specific Subgroups
Infection rates among specific infant subgroups

are shown in Table 3 (stratified by maternal charac-
teristics) and in Table 4 (stratified by neonatal char-
acteristics). Among treated infants, the highest infec-
tion rates observed were in those who were critically
ill (where the rate was 9.7%) and those whose moth-
ers’ highest antepartum temperature was $102°F
(6.1%). The infection rate was lowest among asymp-
tomatic infants (.9%). Among untreated infants, the
highest infection rates were among those whose
mothers’ highest antepartum temperature was
$101.5°F (12.0%) and those who were critically ill
(10.3%). The infection rate was lowest among asymp-
tomatic infants (1.0%). Likelihood of infection in-
creased with increasing temperature, more rigorous
documentation of chorioamnionitis, and increased
clinical signs. More detailed data are provided in the
“Appendix.”

Among the 853 infants who received antibiotic
therapy during the birth hospitalization, the first
CBC was obtained before antibiotics were given in
669 cases (78%), within 2 hours after treatment in 173
(20%), and .2 hours in 11 (2%). The median differ-
ence between the time of the first CBC and the initi-
ation of antibiotic therapy was 4 hours. All but 5 of
these infants had a blood culture obtained.

Among the 1932 infants who were not treated with

antibiotics during the birth hospitalization, 1492
(77.2%) had the first CBC obtained between 0 and
11.9 hours of age, 242 (12.5%) between 12.0 and 23.9
hours of age, and 194 (10.0%) at $24 hours of age.
Only 61.2% of these infants had a blood culture
obtained. There were 4 infants who only had a blood
culture result recorded, because CBC results were
lost.

A total of 68 asymptomatic infants experienced at
least 1 lumbar puncture. None had meningitis. There
were 10 cases of meningitis among the 153 symptom-
atic infants who experienced lumbar puncture.

Among the 1275 initially asymptomatic infants,
where the infection rate was 1.0%, the treatment rate
was 10.9%. If an infant had clinical signs but was not
initially critically ill, where the infection rate was
2.3%, the treatment rate was 38.2%. Among the 182
infants who were critically ill, the infection rate was
10.9%. Only 144 of these 182 infants (79.1%) were
treated with antibiotics. All 38 infants who were
initially critically ill and who did not receive sys-
temic antibiotics during the birth hospitalization
were discharged from the hospital in good condition.
We could not determine why physicians elected not
to treat these infants.

Overall Effect of Maternal Antibiotic Treatment
Compared with infants who did not receive intra-

partum antibiotics, infants whose mothers were so
treated were more likely to be asymptomatic (694/
1217 vs 781/1568; P 5 .001) and were less likely to be
critically ill (65/1217 vs 718/1568; P 5 .021). They
were also less likely to be infected (20/1217 vs 72/
1568; P 5 .066).

Infections Among Infants of Confirmed GBS Carriers
The neonatal infection rate among confirmed GBS

carriers was 11.5% (15/131). Among these women,
59/131 received antibiotic prophylaxis $4 hours be-
fore delivery. There were 5 infants with infections in
this group, but only 1 with a positive blood culture.
All 5 infants showed clinical signs of infection by 8
hours of age. There were 10 infections (6 with posi-
tive cultures) among the infants of the 72/131 GBS
carriers who did not receive antibiotic prophylaxis
$4 hours before delivery. All 10 infants showed
clinical signs of infection by 12 hours of age.

TABLE 3. Relationship Between Infection Rates and Maternal
Characteristics

Predictor Infection Rate* Among
Infants of

Treated
Mothers

Untreated
Mothers

All

Maternal chorioamnionitis
None documented 1.2% 2.3% 2.0%
Possible .6% 4.5% 2.4%
Probably 1.7% 5.5% 2.5%
Definite 8.6% 0† 8.1%
Any mention .8% 4.9% 2.9%

Length of ROM (h)
Not documented 0† 0† 0†
#12 2.3% 2.4% 2.4%
12–17.9 3.5% 4.6% 4.1%
$18 .8% 2.9% 1.3%

Highest antepartum temperature
Not documented 0† 0† 0†
,99.5°F 1.0% 2.3% 1.9%
99.5°F–100.4°F 1.3% 3.6% 2.5%
100.5°F–101.4°F 1.0% 4.1% 1.8%
101.5°F–101.9°F 3.9% 15.4% 5.5%
$102°F 6.1% 8.3% 6.4%

*Infection rate refers to the presence of any infection (n 5 62 in
cohort) in the subgroup. See text for definition of infection, cho-
rioamnionitis, and highest antepartum temperature.
† Number of infants in each cell is small (,150).

TABLE 4. Relationship Between Infection Rates and Neonatal
Characteristics

Predictor Infection Rate* Among
Infants of

Treated
Mothers

Untreated
Mothers

All

Birth weight ,2500 g 2.3% 1.3% 1.8%
Gestational age ,37 wk 1.7% 1.5% 1.6%
Initial clinical examination

Asymptomatic .9% 1.0% .9%
Some clinical signs 1.8% 2.8% 2.4%
Critically ill 9.0% 10.2% 10.0%

Initial ANC ,10th percentile 3.3% 4.7% 4.0%

* Infection rate refers to the presence of any infection (n 5 62 in
cohort) in the subgroup. See text for definition of infection, clinical
examination categories, and ANC percentile ranges.
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Neutrophil Kinetics
The 62 infants with infections had significantly

lower ANCs than those without infections, even after
controlling for age of the infant at the time the test
was obtained, whether the mother received intrapar-
tum antibiotics, cesarean section status, prematurity,
and presence of preeclampsia. The adjusted mean 6
standard deviation (SD) for the ANC in infected
infants was 6290 6 710, whereas that for noninfected
infants was 9610 6 230. Having a high ANC was not
associated with the presence of infection in multivar-
iate analyses.

Figure 1 shows the ANCs of the 62 infants with
infections superimposed on the 90th and 10th per-
centile bands. Figure 2 shows the ANCs of the 62
infants with infections superimposed on the 90th and
10th percentile bands according to Manroe et al.21

Nearly one half of the infants with infections would
not have been considered to have a low ANC using
these commonly used criteria. Table 5 compares the
sensitivity, specifity, positive predictive value, and
negative predictive value for the ANC, I:T ratio, and
clinical examination. The area under the receiver
operator characteristic curve for the I:T ratio was
.74 6 .03.

Multivariate Analyses (Table 6)
Evaluation of predictors for infection was per-

formed separately for infants who did and who did
not receive intrapartum antibiotics. The dependent
variable was the presence of any infection (n 5 42 for
the untreated group; n 5 20 for the treated group).
Logistic models included the following potential pre-
dictors: race (white, black, Hispanic, and all other),
maternal age (#20, 21–30, and $31 years); presence
of maternal chorioamnionitis; ROM length (#11, 12–
17, and $18 hours); infant asymptomatic status; use
of epidural anesthesia; history of diabetes; history of
illegal drug use in this pregnancy; preeclampsia;
whether the ANC was in the lowest 10th percentile
for age (both criteria); gestation (,37 vs $37 weeks);
birth weight (,2500 g vs $2500 g); and parity (pri-

migravidas vs all others). We added the following
predictors to models for the treated group: whether
antibiotic therapy occurred $4 hours before deliv-
ery; meconium-stained amniotic fluid; and placental
problems (oligohydramnios or polyhydramnios). In
light of the results of bivariate analyses (provided in
the “Appendix”), we added the following predictors
to models for the untreated group: obstetric catastro-
phe (placenta previa, placental abruption, uterine
rupture, and/or prolapsed umbilical cord); cesarean
section; and oligohydramnios.

Stepwise models showed that the following vari-
ables were significantly associated with an increased
risk of infection: ANC in lowest 10th percentile for
chronological age and presence of meconium in the
amniotic fluid. Initial asymptomatic status was pro-
tective. Maternal chorioamnionitis was significantly
associated with neonatal infection in the untreated
group but not in the treated group.

We tested 2 additional models, substituting 2 ob-
jective variables for chorioamnionitis: ROM length
and highest maternal antepartum temperature. The
first model included highest antepartum tempera-
ture $101.5°F; ROM $12 hours; ANC in lowest 10th

Fig 1. ANCs of infants with culture-proven (yellow diamonds),
probable (green triangles), and possible (teal squares) bacterial
infections as a function of infant age. Percentile bands are based on
the work of Schelonka et al22,23 and others.26–30,33 No infant with
an infection had a first CBC obtained after 16 hours of age.

Fig 2. ANCs of infants with culture-proven (yellow diamonds),
probable (green triangles), and possible (teal squares) bacterial
infections as a function of infant age. Percentile bands are those
defined by Manroe et al.21 No infant with an infection had a first
CBC obtained after 16 hours of age.

TABLE 5. Predictive Values of ANC, I:T Ratio, and Clinical
Examination

Sensitivity Specificity 1PV* 2PV†

Presence of clinical
signs‡

92% 53% 4% 99%

Baby critically ill§ 31% 6% 10% 98%
ANC ,10th percentile\ 48% 73% 4% 98%
ANC ,10th percentile¶ 16% 96% 8% 98%

Manroe et al21

I:T ratio, $.25 cutoff 45% 84% 6% 98%
I:T ratio, $.30 cutoff 35% 89% 7% 98%

* Positive predictive value.
† Negative predictive value.
‡ See text for exact definition; 1610/2785 infants had some clinical
signs on presentation.
§ See text for exact definition: 182/2785 infants were critically ill
on presentation.
\See text and references 22, 23, 26–30, and 33 for exact definition.
¶ See text and reference 21 for exact definition.
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percentile for chronological age; asymptomatic sta-
tus; and presence of meconium in the amniotic fluid.
Among infants of untreated mothers, all of these
predictors remained significant. Among infants of
treated mothers, only fever and low ANC remained
significant, although asymptomatic status ap-
proached significance (adjusted odds ratio [AOR]:
.42; 95% confidence interval [CI]: .16–1.11). The sec-
ond model used ROM $18 hours; this predictor was
not significant in either group.

We also forced race (white vs non-white), maternal
age (#20, 21–30, and $31 years), and parity (primi-
gravidas vs all others) into the models shown on
Table 4. The same variables remained predictive
without major changes in odds ratios (ORs). To as-
sess possible treatment bias in our infection defini-
tion, we tested the above models using modified
criteria (infants who received systemic antibiotics
and experienced assisted ventilation or received
pressors were considered to have an infection). Cho-
rioamnionitis, initial asymptomatic status, and low
ANC for age remained predictive.

We did not find significant associations between
time of maternal treatment and infection in bivariate
or multivariate analyses.

DISCUSSION

Rule out sepsis is one of the most common dis-
charge diagnoses in neonatology. We are not aware
of other population-based studies that provide ma-
ternal and neonatal data on all infants ever evaluated
or of any similar studies with postdischarge follow-
up.

We must stress certain limitations. Our study pop-
ulation is one of relatively low risk. However, less
controversy exists about treating high-risk infants, so
this limitation is not significant, and our findings can
be generalized to other insured populations. A sec-
ond limitation inherent in our study design is that we
cannot fully assess the effect of certain risk factors
(eg, prematurity) because women with such risk fac-
tors receive special treatment (eg, intrapartum anti-
biotics) in the KPMCP. Our retrospective methodol-
ogy may underestimate the true frequency of
infection attributable to false-negative culture results
and prompt resolution of clinical signs in some in-
fants. Because only 221/2785 newborns had one, our
study can only have a limited role in addressing
another controversial issue, whether all infants sus-
pected of sepsis should have a lumbar punc-

TABLE 6. Results of Multivariate Analyses

Infants of Mothers Who Did Not Receive Intrapartum Antibiotics
Denominator: 1568 Numerator: 42

Chorioamnionitis model

Predictor OR (95% CI)

Chorioamnionitis* 2.40 (1.15–5.00)
Low ANC for age† 2.84 (1.50–5.38)
Infant initially asymptomatic .26 (.11–.63)
Meconium in amniotic fluid‡ 2.23 (1.18–4.21)

Temperature 1 length of ROM model§

Predictor OR (95% CI)

Highest antepartum temperature $101.5°F\ 5.78 (1.57–21.29)
ROM $12 hours¶ 2.05 (1.06–3.96)
Low ANC for age† 2.82 (1.50–5.34)
Baby initially asymptomatic .27 (.11–.65)
Meconium in amniotic fluid‡ 2.24 (1.19–4.22)

Infants of Mothers Who Did Receive Intrapartum Antibiotics
Denominator: 1217 Numerator: 20

Chorioamnionitis model

Predictor OR (95% CI)

Low ANC for age† 3.55 (1.43–8.84)
Infant initially asymptomatic .36 (.14–.96)
Meconium in amniotic fluid‡ 2.73 (1.08–6.94)

Temperature 1 length of ROM model§

Predictor OR (95% CI)

Highest antepartum temperature $101.5°F\ 3.50 (1.30–9.42)
Low ANC for age† 3.60 (1.45–8.96)

* Compared with mothers who did not have any documentation of chorioamnionitis.
†Compared with infants whose ANCs were above the 10th percentile using our revised criteria (see
text). Having an ANC above the 90th percentile was not significant. This predictor was also significant
using the norms defined by Manroe et al,21 although CIs were much wider.
‡ Compared with infants whose amniotic fluid did not have meconium present.
§ Model substitutes highest temperature in 12 hours before delivery and length of ROM for the
chorioamnionitis variable in the previous model.
\ Compared with women whose temperature was ,101.5°F.
¶ Compared with women whose length of ROM was ,12 hours.
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ture.5,9,10,12 Finally, we did not use a test recom-
mended by some authors, C-reactive protein
(CRP).36–38 Use of CRP is not widespread in the
KPMCP because the existing literature does not per-
mit full assessment of its utility (eg, no data are
available comparing the predictive ability of CRP
with that of the clinical examination).

The risk of sepsis among asymptomatic infants is
very low.9,11,12 In our cohort, asymptomatic infants
had an infection rate of 1.0%. This low rate is still 10
times as high as the population rate (;1/1000 live
births in this birth weight range).1,2 This finding
supports the notion that screening, treatment, and
observation protocols cannot be based on asymptom-
atic status alone.

We found that outcomes among infants whose
mothers received intrapartum antibiotics are better
than among those whose mothers did not. Infants
whose mothers were treated were less likely to be
symptomatic, need assisted ventilation, or have bac-
terial infection. The rationale for intrapartum treat-
ment is based on randomized clinical trials.39,40

However, adoption of this strategy by obstetricians is
not uniform, and many pediatricians remain uncon-
vinced that maternal treatment obviates the need for
neonatal treatment.39–43 One key concern is that such
treatment may partly suppress bacterial growth lead-
ing to false-negative culture results.39,40,42

We did not find differences in outcome associated
with the timing of maternal treatment. This should
be interpreted carefully. Strong biologic reasons for
supporting early maternal antibiotic treatment ex-
ist.44–46 Similar caution should be exercised with
respect to conditions (eg, diabetes) associated with
perinatal morbidity, which, although predictive,
failed to reach statistical significance in our analyses
because of limited numbers.

Our findings with respect to the CBC suggest that
use of this test needs reassessment. Current recom-
mendations are vague and are based on small stud-
ies. They emphasize using CBC results obtained at 12
to 24 hours of age and the use of the I:T ratio, an
extremely subjective and statistically unreliable47 test
which Schelonka et al22,23 have shown to classify
large numbers of normal newborns as being at risk
for sepsis. A better way to use the CBC as a screening
tool would be to define likelihood ratios for ANC
percentile ranges based on an infant’s chronological
age.48 Our finding that the sensitivity of the physical
examination is greater than that of the I:T ratio or
ANC supports this approach.

Our finding that only 144/182 of initially critically
ill infants received systemic antibiotics suggests that
more variation exists in this area than has been pre-
viously suspected. Our data provide a hint as to
what may account for some of this variation. First,
some infants may be misclassified by existing ap-
proaches used to interpret CBC results. Second,
given limited data, clinicians are both overestimating
and underestimating infants’ risk for infection. Other
reasons may have played a role, but determining
these is outside the scope of this article. A recent
study suggests that what we are describing may not
be so uncommon. Baker et al49 developed and im-

plemented an evidence-based protocol and recently
reported that 28/422 febrile infants were not man-
aged according to a defined standard of care, includ-
ing 21/321 high-risk infants who did not receive
antibiotics.50 Clearly, more research is needed in the
areas of clinician compliance as well as clinician per-
ception of risk.

We were also surprised that many women with
clear indications for systemic antibiotics (eg, pres-
ence of chorioamnionitis) did not receive them.
These findings point out how clinician behavior de-
viates from what is considered appropriate in the
literature, and that nominal adherence to a given
strategy (such as the risk factor-based strategy pro-
posed by the Centers for Disease Control and Pre-
vention39) may be insufficient to change clinician
behavior. Screening for GBS is not universal in
the KPMCP. The fact that only 15% of women who
were screened tested positive suggests that cur-
rent KPMCP strategies may not be that effective.
This phenomenon has been documented in other
settings.39–41,43

A detailed assessment of how findings from this
study could help define strategies for evaluating
newborns at risk for sepsis is outside the scope of this
article. Such strategies should be based on combina-
tions of predictors, 4 of which are critical: chorioam-
nionitis; elevated maternal temperature; initial neo-
natal examination; and whether the mother received
intrapartum treatment. Coupled with judicious, em-
pirically defined time frames, it should be possible to
define rational recommendations for appropriate
neonatal antibiotic treatment and/or observation.
Such recommendations would undoubtedly lead to
increased treatment in some infants (eg, those expe-
riencing respiratory failure) and less treatment in a
larger group of infants (those with few or no clinical
signs).
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