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Trends in US Hospital Stays for Listeriosis in
Infants
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ABSTRACT

BACKGROUND AND OBJECTIVES: Although listeriosis is rare in infants, it is common
for young infants with suspected serious bacterial infection to be treated empirically with
agents selected, in part, for their activity against Listeria monocytogenes. Our objectives were to
describe the recent epidemiology of hospital discharges for listeriosis among infants in the
United States and to precisely estimate the incidence of listeriosis according to infant age and
meningitis status.

METHODS: We generated national estimates for listeriosis discharges in each of the 6 years
for which samples were available in the Kids’ Inpatient Database during the period 1997–2012.
We used random-effects models to pool descriptive information and population rates across
study years.

RESULTS: The cumulative number of US hospital discharges for listeriosis in infants was 344
(95% conﬁdence interval [CI]: 290–397) over the 6 study years. The pooled annual incidence rate in
infants (per 100 000 births) was 1.41 (95% CI: 1.01–1.80) after accounting for marked ﬂuctuation in
annual rates (range: 0.66–1.86; I2 5 79.3%). Discharges for listeriosis without meningitis were
particularly rare after the ﬁrst week of life. Our models predicted only 2.7 (95% CI: 1.1–4.2) and
1.8 (95% CI: 0.0–3.6) such discharges per year in infants admitted at ages 7 to 28 days and
29 to 364 days, respectively.
CONCLUSIONS: From the perspective of providing coverage against listeriosis, the routine
practice of including ampicillin in the empirical treatment of febrile infants should be reevaluated
for those older than 1 week without clinical evidence of meningitis.
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Listeria monocytogenes infections are rare
in newborns and infants, but these
infections can cause sepsis, meningitis,
and death.1–6 Therefore, due in part to its
activity against Listeria,7,8 ampicillin is
commonly included in empirical therapy for
infants suspected of having a serious
bacterial infection (SBI).9–11 The rationale for
the routine use of ampicillin in this setting
has been questioned on the basis of the
following: (1) the extreme rarity of
listeriosis in case series of young infants
evaluated for SBI,5,7,9,12,13 (2) an apparent
secular decline in foodborne outbreaks due
to Listeria in the United States,14 and (3)
high levels of ampicillin resistance in Gramnegative pathogens isolated from newborns
and young infants.15,16
Each year in the United States, thousands of
newborns and young infants undergo
evaluation for SBI outside the newborn
nursery setting.11,16–18 Most of these infants
are older than 1 week and do not have
clinical signs of bacterial meningitis or
urinary tract infection (UTI).8,10,18 These
infants are often empirically treated for
possible late-onset sepsis with the use of
antimicrobial regimens that include
ampicillin,8,13,19 in part because of the
agent’s activity against Listeria and
Enterococcus.13,15 However, meningitis (not
isolated sepsis) is the expected
presentation on the rare occasion when
late-onset listeriosis actually occurs.5,20–22
To help evaluate the practice of routinely
prescribing ampicillin for suspected lateonset sepsis in infants, we used multiple
years of data in a national hospital discharge
database to assemble information on
.300 discharges of infants with listeriosis.
Our objectives were as follows: (1) to describe
a large, population-based series of hospital
stays of infants with this rare disease; (2) to
describe recent trends in the incidence of
listeriosis among infants in the United States;
and (3) to precisely estimate how often
listeriosis, with and without meningitis,
occurs in discrete age groups of infants.

METHODS
Data Source
This study is a retrospective analysis of
information on US hospital discharges in
the Kids’ Inpatient Database (KID). The KID is

a public-use administrative database
maintained by the Healthcare Cost and
Utilization Project under the sponsorship of
the Agency for Healthcare Research and
Quality.23 Beginning in 1997, a new KID data
set is released every 3 years and consists
of the following: (1) a 10% random sample
of discharge records for uncomplicated
births and (2) an 80% random sample of
discharge records for all other pediatric
inpatient stays in each nonfederal, shortterm general and specialty hospital in
participating states during the sample year.
The KID includes discharge-level information
on patient demographics, admission source,
payers, hospital-assigned diagnosis and
procedure codes, length of stay, total
hospital charges, and discharge disposition.
By accounting for its complex sampling
design and incorporating poststratiﬁcation
sampling weights, each KID data set can be
used to generate national estimates for
short-term hospital discharges of children
and adolescents in the United States during
the sample year. For 2012, the KID sample
contains information on 3.2 million
(unweighted) discharges from 4179 US
hospitals in 44 participating states, which
corresponds to a national estimate of
6.7 million (weighted) discharges in
persons under the age of 21 years.

Deﬁnitions
We deﬁned listeriosis and its manifestations
using discharge diagnosis codes based on
the International Classiﬁcation of Diseases,
Ninth Revision, Clinical Modiﬁcation (ICD9-CM). Listeriosis was deﬁned by the only
code (027.0) available to indicate infection
caused by L monocytogenes. This code
excludes, by deﬁnition, congenital listeriosis
(for which another, nonspeciﬁc code for
congenital infection is recommended). The
code for listeriosis does not indicate, by
itself, which disease manifestation (eg,
sepsis, bacteremia, or meningitis) occurred,
and a supplementary code or codes are
widely used to indicate their occurrence.
Accordingly, listeriosis with meningitis was
deﬁned by (1) the code for listeriosis (027.0)
and (2) a separate code for meningitis
(320, 320.7, 320.89, 322.9). Similarly,
listeriosis with bacteremia or sepsis was
deﬁned by (1) the code for listeriosis and

(2) a separate code for bacteremia/sepsis
(038, 038.9, 771.81, 771.83, 790.7, 995.91,
995.92). Due to a revision in ICD-9-CM coding
that was ﬁrst reﬂected in the 2003 KID
sample, we were only able to collect
consistent information about the occurrence
of bacteremia or sepsis in infants with
listeriosis for 2003–2012 discharges.

Analysis
We limited our analysis to discharges that
met the following inclusion criteria: (1)
inpatient hospital discharge, (2) a principal
or secondary diagnosis of listeriosis, and
(3) patient age (in years) ,1. To avoid
“double counting” episodes of care in
individual patients, we excluded records of
hospital stays for which the discharge
disposition was transfer (out) to another
acute care hospital.24
The ﬁrst step in our analysis was to
separately generate national estimates (and
their SEs) of listeriosis discharges in infants
from each of the 6 available KID samples.
Occasionally, a particular KID sample
contained no discharge record associated
with a particular event of interest (eg, in the
2012 sample, there was no discharge record
for listeriosis associated with in-hospital
death). In such cases, we used the
Wilson score method to derive SE estimates
from the corresponding 95% conﬁdence
intervals (CIs). The next step in our analysis
was to estimate annual incidence rates
(discharges per 100 000 live births) using
data from Centers for Disease Control
National Vital Statistics Reports for
denominators.25 We then applied standard
meta-analysis methods26 to pool national
estimates (counts and rates) generated
from each of the KID samples and relied on
random-effects models to account for
within-year variance (attributable to each
KID sample) and between-year variance
(attributable to any ﬂuctuation in true
incidence). The restricted maximum
likelihood method was used to estimate
model parameters. Due to the presence of
rare events in some strata, we used equal
weights to obtain unbiased estimates of
pooled counts and rates.27 Trends in
incidence rates across sample years were
evaluated with weighted least-squares
regression. Reported P values were 2-sided,
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and P , .05 was used to deﬁne statistical
signiﬁcance. Heterogeneity in rates across
sample years was assessed with the I2
statistic, which describes the proportion
(as a percentage) of total heterogeneity
attributable to between-year differences in
observed rates.28
Information was missing for several data
elements. Information on admission age (in
days) was missing for 10.6% (unweighted)
of records that met the selection criteria.
For these records, we were able to impute
(with certainty) that admission age was
0 days when Healthcare Cost and Utilization
Project data indicated a same-stay
hospital birth. Information on age in days
was administratively suppressed for all
discharges of infants in the KID sample
for 2012, which required us to rely on a
single categorical data element indicating
only whether admission age was neonatal
(0–28 days) or not. Accordingly, after
applying imputation and accounting for
changes in data elements over time, we
categorized patient age as follows: (1) 0 to
6 days, (2) 7 to 28 days, (3) 29 to 364 days,
and (4) missing. Information was also
missing for 2 other data elements, race/
ethnicity and household income quartile,
and we treated missing information
categorically for these elements to avoid
assuming that missingness was completely
at random.
All analyses were conducted with procedures
in SAS version 9.4 (SAS Institute, Cary, NC).
The University of Wisconsin Health Sciences
Internal Review Board determined that
formal review of the study protocol was not
required.

TABLE 1 Characteristics of US Hospital Discharges for Listeriosis in Infants Based on National
Estimates from 1997, 2000, 2003, 2006, 2009, and 2012
Characteristic

Aggregated Estimates for 6 Years
Discharges (N 5 344), n

Pooled Proportiona
%

(95% CI)

Discharge year
1997

61

17.7

(10.3–25.1)

2000

72

20.9

(12.4–29.5)

2003

52

15.1

(9.4–20.8)

2006

56

16.3

(10.6–22.0)

2009

77

22.4

(16.1–28.6)

2012

26

7.6

(4.1–11.0)

Age on admission
0–6 days

138

40.1

(31.5–48.6)

7–28 days

129

37.5

(27.8–47.2)

45

13.1

(6.3–19.9)

32

9.3

(4.2–14.4)

Female

150

43.6

(33.9–53.3)

Male

194

56.4

(45.0–67.8)
(22.6–42.0)

29–364 days
b

Data missing
Gender

Race/ethnicity
White

111

32.3

Black

31

9.0

(3.9–14.1)

Hispanic

80

23.3

(17.0–29.5)

Other

27

7.8

(4.4–11.3)

Data missingb

95

27.6

(19.6–35.6)

Medicaid

214

62.2

(50.3–74.2)

Private

105

30.5

(23.4–39.6)

Other

25

7.3

(3.6–10.4)

106

30.8

(22.8–38.8)

Second

90

26.2

(18.2–34.1)

Third

66

19.2

(12.9–25.5)

Fourth (highest)

65

18.9

(11.5–26.3)

Data missingb

17

5.2

(1.8–8.6)

Northeast

66

19.2

(12.9–25.5)

Midwest

65

18.9

(10.9–26.8)

South

138

40.1

(29.8–50.3)

West

75

21.8

(15.5–28.1)

Primary payer

Patient household income by zip code quartile
First (lowest)

Hospital region

RESULTS
There were 207 (unweighted) records for
discharges of infants with listeriosis in KID
samples for 1997, 2000, 2003, 2006, 2009, and
2012; and the corresponding national
(weighted) estimate was 344 (95% CI: 290–397)
discharges cumulatively over 6 years. Table 1
shows selected characteristics of these
discharges. Most discharges were for infants
admitted in the ﬁrst month of life, and
approximately half of the discharges in
neonates were associated with admission in
the ﬁrst week of life. A plot of discharges by
admission age in weeks (see Fig 1), shows that

Admission source
Same-stay hospital birth
Yes

86

25.0

(18.7–31.3)

No

258

75.0

(60.7–89.2)

Yes

94

27.3

(18.8–35.9)

No

250

72.7

(60.1–85.2)

Transfer from another hospital
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TABLE 1 Continued
Characteristic

statistically stable case-fatality rate could not
be estimated.

Aggregated Estimates for 6 Years
Discharges (N 5 344), n

Pooled Proportiona
%

(95% CI)

Additional indicated diagnoses
Bacteremia/sepsisc
Yes

119

56.4

(43.4–69.4)

No

92

43.6

(31.5–55.7)

Yes

207

60.2

(47.1–73.3)

No

137

39.8

(31.0–48.1)

#10

#2.9

—d

Meningitis

Same-stay hospital death
a
b
c
d

Estimated by pooling proportions across study years with a random-effects model (see Methods).
Age in days missing, age (in years) ,1.
Information limited to discharges in 2003–2012.
Data suppressed according to data use agreement with the Healthcare Cost and Utilization Project.

discharges rapidly declined in number after
week 1 and occurred only sporadically after
week 5. Disproportionately large numbers of
discharges occurred in male infants and in
infants with Medicaid (versus private)
insurance (see Table 1). We failed to ﬁnd a
statistically signiﬁcant difference in the relative
contributions of non-Hispanic white infants
and in Hispanic infants to total discharges,

although information was frequently missing
for race and ethnicity. Discharges of infants
from poorer households predominated
(linear trend across household income
quartiles, P 5 .01). Hospitals in the South
accounted for more discharges (40.1%) than
any of the other 3 census regions. The
cumulative number of in-hospital deaths was
low (#10) during the study period, and a

During the study period, annual discharge
rates for listeriosis in infants ranged
between 0.66 per 100 000 births (in 2012)
and 1.86 per 100 000 births (in 2009). The
pooled mean annual rate was 1.41 (95%
CI: 1.01–1.80) discharges per 100 000 births
per year, although there was considerable
heterogeneity in rates across study years
(I2 5 79.3%). Although discharges occurred
at their lowest rate in 2012, we failed to ﬁnd
a stepwise pattern or a statistically
signiﬁcant linear trend in rates (P 5 .12).
Notably, when discharges were stratiﬁed
by admission age and meningitis status,
there were striking age-related differences
(see Table 2). For discharges of infants
admitted at age 0–6 days, 26.8% (95% CI:
15.4%–38.2%) of records included a
separate code for meningitis. For
discharges of those admitted at age 7 to
28 days, 87.6% (95% CI: 63.3%–100%) of
records indicated meningitis. When agespeciﬁc incidence rates were applied to a
hypothetical US birth cohort of 4 million
(Table 2), the expected number of hospital

FIGURE 1 Age distribution of infants with a hospital discharge for listeriosis. Discharges are aggregated from national estimates for 6 years
spanning the period 1997–2012. Discharges by transfer to another hospital or with missing information on patient age in days were
excluded. *Indicates suppressed data (#10 discharges).
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TABLE 2 Hospital Discharge Rates for Listeriosis in Infants, by Age Group and Meningitis Status: United States, 1997–2012
Rate

Age Group
0–6 Days
Estimate

(95% CI)

7–28 Days
Estimate

(95% CI)

29–364 Days
Estimate

(95% CI)

Discharges per 100 000 births
With meningitis

0.15

(0.07–0.24)

0.46

(0.27–0.66)

0.14

(0.04–0.24)

Without meningitis

0.41

(0.28–0.54)

0.07

(0.03–0.11)

0.04

(0.00–0.09)

Discharges per 4 000 000 births in hypothetical US
birth cohort
With meningitis
Without meningitis

discharges for listeriosis without meningitis
declined with age on admission from
16.4 to 2.7 to 1.8 discharges per year in
infants admitted at age 0 to 6 days, 7 to
28 days, and 29 to 364 days, respectively.

DISCUSSION
We report results of a US population–based
analysis of listeriosis in infants that was
designed to collect information on a large
number of cases and to precisely estimate
the current incidence of this rare disease
according to infant age group and meningitis
status. Most previous epidemiologic
descriptions of listeriosis in infants were
statistically underpowered due to the rarity
of the condition.5,8,16,17,29,30 Our results failed to
show a decline in the incidence of listeriosis
in infants during 1997–2012, despite a
decline in overall rates of foodborne
listeriosis over the past decade.14,30–32 Our
results did show, however, that listeriosis
without meningitis is extremely rare among
US infants admitted after the ﬁrst week of
life, accounting for only 2.7 (95% CI: 1.1–4.2)
and 1.8 (95% CI: 0.0–3.6) discharges per year
in infants admitted at ages 7 to 28 days and
at 29 to 364 days, respectively.
The incidence of early-onset (0–6 days of
age) listeriosis in our study was 0.53 per
100 000 births, which is similar to an
aggregated rate of 0.92 per 100 000 based
on a total of 13 cases reported in 3 recently
reported population-based studies of earlyonset sepsis.33–35 The incidence of listeriosis
in older age groups (eg, 7–28 days,
29–89 days) has been estimated in previous
studies, but these estimates have generally
been based on extremely small or zero
numerators.8,16,20 Various studies have

6.1

(2.9–9.4)

18.5

(10.7–26.3)

5.5

(1.5–9.6)

16.4

(11.4–21.6)

2.7

(1.1–4.2)

1.8

(0.0–3.6)

reported the relative rarity of listeriosis
cases among newborns and infants
evaluated for SBI.7,33–38 The extreme rarity of
listeriosis without meningitis after the ﬁrst
week of life in our study is consistent with
and supported by previous studies that
analyzed fever evaluations in neonates and
young infants.9,13,16,17,39
Previous studies showed that listeriosis
disproportionately affects the poor, but these
did not speciﬁcally look at this phenomenon in
young infants.40,41 We found that infants with
Medicaid (versus private) insurance42 and
infants living in a lower-income household
were overrepresented among those
discharged for listeriosis (see Table 1). Multiple
studies have shown a relationship between
Hispanic ethnicity and listeriosis.2,29,31,32,43
Information on race/ethnicity is frequently
missing in KID data, however, and we were
unable to conﬁrm this association.
Current practice for empirical antibiotic
treatment of febrile infants includes
ampicillin in combination with gentamicin
or in combination with a third-generation
cephalosporin to maintain adequate
coverage of both Listeria and Enterococcus
while simultaneously providing effective
treatment of the more common causes of
neonatal sepsis.8,11,19,44,45 Current guidelines
for the prevention of perinatal group B
streptococcal disease recommend
intrapartum administration of either
penicillin or ampicillin to pregnant
women.46 Glasgow et al47 found that in
infants with late-onset sepsis, those with
ampicillin-resistant organisms were more
likely to have been exposed to intrapartum
antibiotics. The prevalence of ampicillin

resistance in infants with SBI has been
reported to be 36% to 62%, and the
widespread adherence to intrapartum
antibiotics guidelines for the prevention of
group B streptococcal disease will likely
result in increased prevalence of ampicillin
resistance.13,15,16 It has been repeatedly
questioned whether empirical treatment
with ampicillin is necessary for febrile
infants being evaluated for sepsis.8,9,12,13,15–17,47
Nevertheless, ampicillin is used frequently in
this scenario. Aronson et al11 found that
62% of febrile infants ,90 days of age
presenting with fever received ampicillin
empirically. In addition, almost 50% of infants
between 29 and 56 days of age received both
ampicillin and a third-generation
cephalosporin. Similarly, Sadow et al13 found
that .70% of the initial antibiotic
regimens for treatment of SBI in infants
,60 days of age included ampicillin, with
38% of these patients receiving ampicillin in
combination with a third-generation
cephalosporin. Cantey et al19 found that 78%
of infants younger than 28 days with SBI
received empirical ampicillin. Historically,
group B streptococcal isolates have been
broadly susceptible to third-generation
cephalosporins.48–50 Therefore, empirically
treating suspected sepsis in infants after the
ﬁrst week of life with cephalosporin
monotherapy may be a reasonable approach.
Because ampicillin is used to treat
infections due to Enterococcus as well as
those due to Listeria, we recognize that the
(extremely low) risk of listeriosis in infants
older than 1 week is not the only
determinant of empirical antibiotic
choice.8,15,19 However, many cases of
enterococcal infections in young infants
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include UTI, and isolated sepsis in the
absence of UTI or meningitis appears to be
extremely rare. Biondi et al9 found only
7 cases of enterococcal bacteremia (1 with
concomitant UTI and 1 with meningitis) out
of 2901 blood cultures from febrile infants
,90 days of age admitted to general
inpatient units. Greenhow et al17 reported
a total of 3 cases of enterococcal
bacteremia (with or without UTI) in
5396 febrile infants ages 1 week to
3 months from a total birth cohort of
224 553 (for an estimated incidence of
1.2 [95% CI: 0.4–3.6] per 100 000 infants).
Hassoun et al8 described 1192 infants aged
,28 days evaluated for SBI and found
1 case of enterococcal bacteremia without
UTI or meningitis. Similarly, Watt et al12
studied 668 infants ,90 days of age
presenting with fever and found a single
case of enterococcal bacteremia without UTI
or meningitis. On the basis of the results of
our study and the literature on isolated
sepsis due to enterococcus, the incidence of
isolated enterococcal sepsis is likely to be in
the same order of magnitude as that of
Listeria sepsis. Therefore, we propose that
the empirical use of ampicillin in infants
beyond the ﬁrst week of life undergoing
evaluation for sepsis be reconsidered,
particularly when there is no clinical
evidence of meningitis or UTI.
The use of a hospital discharge database is
subject to certain limitations. The KID
database is a discharge-level database and
does not contain identiﬁers for unique
patients or episodes of care. Accordingly, we
restricted our analysis to discharges of
infants who were not transferred (out) to
another hospital to avoid “double counting”
hospital stays by infants who were
transferred between hospitals. Age on
admission was missing for 9.3% of
discharges that were included in our
analytic data set; therefore, our age-speciﬁc
incidence estimates may be slightly low. In
addition, we were limited by the accuracy of
the various ICD-9-CM codes we used to
deﬁne the diagnostic groups. Although there
is only a single code available to indicate
listeriosis, the code excludes “congenital
infection” due to listeriosis. It is possible
that we failed to detect cases of listeriosis
that were coded (nonspeciﬁcally) as

congenital infection, which may have caused
us to underestimate the incidence of listeria
in the youngest age group (0–6 days).
Another limitation of the database is the
reliance on secondary codes for
bacteremia and meningitis, because
there is no way to validate these codes in
the context of listeriosis. However, the
proportion of discharges in the 7- to
28-day age group for which a secondary
code indicated meningitis was high,
which is consistent with previously
published case series based on direct
medical record review.5,22

CONCLUSIONS
By using a national hospital discharge
database to characterize a rare infection, we
report US population–based estimates for
the current incidence of listeriosis with and
without meningitis in discrete age groups of
infants. We conﬁrmed that listeriosis in
infants is rare and can conﬁdently state that
isolated Listeria bacteremia in infants after
the ﬁrst week of life occurs at extremely low
rates. Strictly from the perspective of
providing coverage for Listeria, ampicillin for
empirical therapy for infants older than
7 days with suspected sepsis may no longer
be warranted. Choosing an empirical therapy
for a febrile infant should take into
consideration the infant’s age, clinical status,
suspected etiology, local resistance patterns,
and care setting.
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