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A B S T R A C T OBJECTIVES: We aimed to describe the cerebrospinal fluid (CSF) profiles of infants #60 days old with bacterial
meningitis and the characteristics of infants with bacterial meningitis who did not have CSF abnormalities.

METHODS:We included infants #60 days old with culture-positive bacterial meningitis who were evaluated in
the emergency departments of 11 children’s hospitals between July 1, 2011, and June 30, 2016. From medical
records, we abstracted clinical and laboratory data. For infants with traumatic lumbar punctures (CSF red blood
cell count of $10 000 cells per mm3), we used a red blood cell count/white blood cell (WBC) count correction
factor of 1000:1 to determine the corrected CSF WBC count. We calculated the sensitivity for bacterial
meningitis of a CSF Gram-stain and corrected CSF pleocytosis ($16 WBCs per mm3 for infants #28 days old
and $10 WBCs per mm3 for infants 29–60 days old).

RESULTS: Among 66 infants with bacterial meningitis, the sensitivity of a CSF Gram-stain was 71.9% (95%
confidence interval [CI]: 59.2–82.4), and the sensitivity of corrected CSF pleocytosis was 80.3% (95% CI: 68.7–89.1).
The sensitivity of combining positive Gram-stain results with corrected CSF pleocytosis was 86.4% (95% CI:
75.7–93.6). Of 9 infants with meningitis who had a negative Gram-stain result and no corrected CSF pleocytosis, 8
(88.9%) had either an abnormal peripheral WBC count (.15000 or ,5000 cells per mL) or bandemia .10%.

CONCLUSIONS: Most infants #60 days old with bacterial meningitis have CSF pleocytosis or a positive Gram-
stain result. Infants with no CSF pleocytosis and a negative Gram-stain result are unlikely to have bacterial
meningitis in the absence of other laboratory abnormalities.

aSection of Pediatric
Emergency Medicine,

Departments of Pediatrics
and iEmergency Medicine,
Yale School of Medicine,

Yale University, New Haven,
Connecticut; bDivision of

Emergency Medicine,
Boston Children’s Hospital

and Harvard Medical
School, Boston,

Massachusetts; cDivision of
Pediatric Hospital

Medicine, Department of
Pediatrics, School of
Medicine, Stanford

University and Lucile
Packard Children’s Hospital

Stanford, Palo Alto,
California; dDivision of

Hospital Medicine,
Department of Pediatrics,

College of Medicine,
University of Cincinnati and

Cincinnati Children’s
Hospital Medical Center,

Cincinnati, Ohio; eDivision of
Hospital Medicine,

Department of Pediatrics,
Children’s Mercy Hospital,

Kansas City, Missouri;
fDivision of Hospital

Medicine, Department of
Pediatrics, Children’s
Hospital of The King’s
Daughters, Norfolk,
Virginia; gDivision of
Emergency Medicine,
Feinberg School of

Medicine, Northwestern
University and Ann and

Robert H. Lurie Children’s
Hospital of Chicago,
Chicago, Illinois; and
hDivision of Pediatric
Emergency Medicine,

Department of Pediatrics,
School of Medicine,

Vanderbilt University and
Monroe Carell Jr. Children’s

Hospital at Vanderbilt,
Nashville, Tennessee

www.hospitalpediatrics.org
DOI:https://doi.org/10.1542/hpeds.2019-0202
Copyright © 2019 by the American Academy of Pediatrics

Address correspondence to Paul L. Aronson, MD, MHS, Section of Pediatric Emergency Medicine, Yale School of Medicine, Yale University,
100 York St, Suite 1F, New Haven, CT 06511. E-mail: paul.aronson@yale.edu

HOSPITAL PEDIATRICS (ISSN Numbers: Print, 2154-1663; Online, 2154-1671).

FINANCIAL DISCLOSURE: The authors have indicated they have no financial relationships relevant to this article to disclose.

FUNDING: Supported by grant K08HS026006 (Dr Aronson) from the Agency for Healthcare Research and Quality and by Clinical and
Translational Science Awards grant KL2 TR001862 (Dr Aronson) from the National Center for Advancing Translational Sciences, a component
of the National Institutes of Health. The content is solely the responsibility of the authors and does not represent the official views of the
Agency for Healthcare Research and Quality or the National Institutes of Health. Funded by the National Institutes of Health (NIH).

POTENTIAL CONFLICT OF INTEREST: The authors have indicated they have no potential conflicts of interest to disclose.

Mr Fleischer contributed to the design of the study, interpreted the data, drafted the initial manuscript, and reviewed and revised the
manuscript critically for important intellectual content; Drs Neuman and Wang contributed to the design of the study, collected local data,
interpreted the data, and reviewed and revised the manuscript critically for important intellectual content; Drs Nigrovic, Desai, DePorre,
Leazer, Marble, and Sartori collected local data, interpreted the data, and reviewed and revised the manuscript critically for important
intellectual content; Dr Aronson conceptualized and designed the study, supervised data collection locally and nationally, performed the data
analyses, interpreted the data, helped draft the initial manuscript, and reviewed and revised the manuscript critically for important
intellectual content; and all authors approved the final manuscript as submitted and agree to be accountable for all aspects of the work.

Dr Desai’s current affiliation is Seattle Children’s Hospital, Seattle, WA.

Dr Sartori’s current affiliation is Children’s Hospital of Philadelphia, Philadelphia, PA.

HOSPITAL PEDIATRICS Volume 9, Issue 12, December 2019 979

www.hospitalpediatrics.org
https://doi.org/10.1542/hpeds.2019-0202
mailto:paul.aronson@yale.edu


Approximately 1% of infants #60 days of
age who undergo cerebrospinal fluid (CSF)
testing in the emergency department (ED)
have bacterial meningitis.1 While awaiting
bacterial culture results, which can take up
to 48 hours to return, clinicians need to
make treatment decisions on the basis of
the infant’s CSF profile. Young infants with
bacterial meningitis may have normal CSF
white blood cell (WBC) counts and protein
and glucose levels.2–4 However, in previous
studies, investigators frequently included
neonates during birth hospitalizations or
did not describe the characteristics of
infants with normal CSF profiles.2–4 An
improved understanding of the clinical and
laboratory features of infants with meningitis
and normal CSF profiles could help guide
management of young infants who undergo
CSF testing. Our objectives were to describe
the CSF profiles of infants #60 days of
age with bacterial meningitis evaluated in
the ED and to describe the characteristics of
infants with bacterial meningitis who did not
have CSF abnormalities.

METHODS
Study Design

We conducted a planned secondary analysis
of a cross-sectional study of infants
#60 days of age with bacteremia and/or
bacterial meningitis evaluated in the EDs at
11 geographically diverse US children’s
hospitals between July 1, 2011, and June 30,
2016.5 The current study was limited to
infants with culture-positive bacterial
meningitis. The study was approved by each
site’s institutional review board.

Study Sample

For the parent study, we queried each
hospital’s microbiology laboratory database
or electronic medical record system for
positive blood or CSF culture results
obtained in the ED from infants #60 days of
age.5 For this secondary analysis, we
selected infants with a positive CSF culture
result for an a priori–defined bacterial
pathogen5 with both CSF WBC and red blood
cell (RBC) counts available. We excluded
infants with ventriculoperitoneal shunts.
Given the diagnostic ambiguity, we also
excluded infants with growth of a bacterial
pathogen only from a CSF enrichment broth
culture,6 with the exception of 1 infant who

had CSF pleocytosis and growth of Listeria
monocytogenes from the CSF.

Data Collection

For each included infant, we abstracted
demographic, historical, physical examination,
and laboratory data, including results of a
complete blood cell count, the CSF profile (ie,
Gram-stain, WBC count and differential, RBC
count, and protein and glucose levels), and
bacterial cultures (ie, urine, blood, CSF).

Definitions

Bacterial meningitis was defined as a CSF
culture that grew a pathogen. The result of
the CSF Gram-stain was considered positive
if bacteria were identified (eg, Gram-positive
cocci, Gram-negative rods). We defined CSF
pleocytosis as a CSF WBC count $16 cells
per mm3 for infants #28 days and
$10 cells per mm3 for infants 29 to 60 days
of age.7 For infants with traumatic lumbar
punctures (ie, CSF RBC count $10 000 cells
per mm3), we used an RBC/WBC correction
factor of 1000:1 to determine the corrected
CSF WBC count.8 An abnormal CSF profile
was defined as a positive Gram-stain result,
CSF pleocytosis, neutrophil predominance
on the CSF WBC differential (.50%
neutrophils), an elevated CSF protein level
($128 mg/dL for infants #28 days and
$100 mg/dL for infants 29–60 days of age),7

or a low CSF glucose level (,25 mg/dL for
infants #28 days and ,27 mg/dL for
infants 29–60 days of age).7

Statistical Analysis

We calculated the sensitivity for bacterial
meningitis of the CSF Gram-stain and
corrected CSF pleocytosis, alone and in
combination. Proportions were compared
by using the x2 test or Fisher’s exact test.
Statistical analyses were performed by
using Stata version 15.0 (Stata Corp, College
Station, TX).

RESULTS

Over the study period, 10 635 infants
#60 days of age had CSF cultures obtained,
and 76 (0.7%) had positive culture results.
Ten of these 76 infants (13.2%) were
excluded: 3 had ventriculoperitoneal shunts,
and 7 did not have CSF cell counts
performed. Of the remaining 66 study
infants with bacterial meningitis, 44 (66.7%)
were #28 days, and 22 (33.3%) were 29 to

60 days of age; 32 (48.5%) were not ill
appearing. The most commonly isolated
pathogens were Group B Streptococcus (GBS)
(n 5 41 [62.1%]), Escherichia coli (n 5
8 [12.1%]), and L monocytogenes (n 5
4 [6.1%]). The distribution of pathogens was
slightly different between infants #28 days
and those 29 to 60 days of age (P 5 .03)
(Supplemental Table 3). Forty-eight infants
(72.7%) had concomitant positive blood culture
results with the same bacterial pathogen.

Overall, 62 of 66 infants with bacterial
meningitis had an abnormal CSF parameter
(93.9%; 95% confidence interval [CI]:
85.2–98.3) (Table 1). The sensitivity of the
CSF Gram-stain for bacterial meningitis was
71.9% (95% CI: 59.2–82.4). After correction of
CSF WBCs for CSF RBCs, the sensitivity of
CSF pleocytosis for bacterial meningitis was
80.3% (95% CI: 68.7–89.1). The sensitivity of
combining a positive Gram-stain result with
corrected CSF pleocytosis was 86.4% (95%
CI: 75.7–93.6). The proportion of infants with
a positive Gram-stain result or corrected
CSF pleocytosis was the same among
infants #28 days and infants 29 to 60 days
of age (86.4% vs 86.4%; P 5 1.0) (Table 1).
Among infants who were not ill appearing,
the sensitivity of combining a positive Gram-
stain result with corrected CSF pleocytosis
was 81.3% (95% CI: 63.6–92.8).

A total of 9 infants with bacterial meningitis
had a negative CSF Gram-stain result and no
CSF pleocytosis (3 of whom had no
pleocytosis only after correction of CSF
WBCs for CSF RBCs). Six infants (66.7%)
were #28 days, and 3 (33.3%) were 29 to
60 days of age. Pathogens isolated from the
CSF of these infants were GBS (5 infants), E
coli (2 infants), Staphylococcus aureus
(1 infant), and Klebsiella oxytoca (1 infant).
Five infants (55.6%) had concomitant
bacteremia. No infants had low CSF glucose
levels, whereas 5 (55.6%) had an elevated
CSF protein level (Table 2).

Of the 9 infants, 8 (88.9%) had either an
abnormal peripheral WBC count
(.15 000 or ,5000 cells per mL) or
bandemia .10% (Table 2). The other infant
was 42 days old and had E coli bacteremia
and meningitis and no CSF pleocytosis after
correction of CSF WBCs for RBCs. The infant
was not ill appearing, had a normal

980 FLEISCHER et al

http://hosppeds.aappublications.org/lookup/suppl/doi:10.1542/hpeds.2019-0202/-/DCSupplemental


peripheral WBC count, and had an absolute
neutrophil count of 4599 neutrophils per
mm3, without a band count performed.

DISCUSSION

In this multicenter cross-sectional study, the
majority of young infants with bacterial
meningitis who were evaluated in the ED
had either a positive Gram-stain result or
corrected CSF pleocytosis. Of the few infants
with bacterial meningitis without these
laboratory markers, all but 1 had either an
abnormal peripheral WBC count or
bandemia.

We found that CSF pleocytosis had a
sensitivity of 80.3%, which is higher than
reported in some recent studies.3,8 Our
study builds on this previous work by
revealing a higher sensitivity (86.4%) when

CSF pleocytosis was combined with a
positive CSF Gram-stain result.

The bacterial meningitis score combines
clinical and laboratory features to
accurately identify infants with CSF
pleocytosis at low risk for bacterial
meningitis.9 However, although this
validated score has 100% sensitivity in
infants #60 days of age, it has a specificity
of 1.6% and should not be applied clinically
in this age group.10 Therefore, these
youngest infants with CSF pleocytosis are
often treated presumptively for bacterial
meningitis until the results of CSF bacterial
cultures are available. Although a minority
of infants with bacterial meningitis in our
study had normal CSF profiles, they
frequently had either an abnormal
peripheral WBC count or bandemia. Our

results, combined with the overall low
prevalence of bacterial meningitis (1%)
among infants who undergo CSF
testing,1 reveal that infants with no CSF
pleocytosis and a negative Gram-stain result
are unlikely to have bacterial meningitis
in the absence of other laboratory
abnormalities.

Traumatic lumbar punctures artificially
elevate the CSF WBC count by introducing
peripheral blood into the spinal space
(which could have resulted in the positive
CSF culture result for the infant with no CSF
pleocytosis, a normal Gram-stain result, and
growth of E coli in the blood and CSF).
Correcting CSF WBCs for the presence of
RBCs reduces the sensitivity for bacterial
meningitis, whereas it increases the
specificity.8 In our study, applying a CSF

TABLE 1 CSF Parameters of Infants #60 Days of Age With Bacterial Meningitis

Positive CSF
Gram-stain

Result, n/N (%)

CSF
Pleocytosis
(Corrected),

n (%)

Neutrophil-
Predominant CSF
Among Infants With
CSF Pleocytosis

(Corrected), n/N (%)

Elevated CSF
Protein Levels,

n/N (%)

Low CSF
Glucose

Levels, n/N
(%)

CSF Pleocytosis
(Corrected) or Positive
CSF Gram-stain Result,

n (%)

Any Abnormal
CSF Parameter,

n (%)

Overall (N 5 66) 46/64 (71.9)a 53 (80.3) 46/51 (90.2)b 46/63 (73.0)c 31/63 (49.2)c 57 (86.4) 62 (93.9)

By age group

Age #28 d (n 5 44) 29/43 (67.4)a 35 (79.6) 29/33 (87.9)b 28/42 (66.7)c 18/42 (42.9)c 38 (86.4) 41 (93.1)

Age 29–60 d (n 5 22) 17/21 (81.0)a 18 (81.8) 17/18 (94.4) 18/21 (85.7)c 13/21 (61.9)c 19 (86.4) 21 (95.5)

P d .38 1.0 .65 .14 .15 1.0 1.0

a Two infants had missing CSF Gram-stain results.
b Two infants with corrected CSF pleocytosis had no CSF WBC differential.
c Three infants did not have a CSF protein or glucose level measurement.
d P value for comparison of parameter by age group (#28 vs 29–60 d).

TABLE 2 Characteristics of the 9 Infants With Bacterial Meningitis Who Had a Negative Gram-Stain Result and No Corrected CSF Pleocytosis

Age, d History of
Prematurity,
Yes or Noa

Ill
Appearing,
Yes or No

WBC Count,
Cells per mL

ANC, Cells
per mm3

Bands,
%

CSF WBC Count,
Corrected, Cells

per mm3

CSF RBC
Count, Cells
per mm3

CSF Protein
Level, mg/dL

CSF Glucose
Level, mg/dL

Blood
Culture
Result

CSF
Culture
Result

10 No No 23 900b 6955 0 8 2 684 58 No growth K oxytoca

11 No No 17 000b 9520 11c 4 2 73 52 GBS GBS

15 No Yes 12 000 4320 22c 0 53 805 199 51 S aureus S aureus

19 No No 3310b 1324 1 0 243 500 313 55 No growth E coli

23 No No 13 600 4216 20c 4 0 52 42 GBS GBS

28 Yes Yes 4870b 1768 0 0 3065 86 58 No growth GBS

36 Yes No 5630 1278 14c 3 225 197 52 GBS GBS

42 No No 10 950 4599 —d 0 62 778 589 41 E coli E coli

43 Yes Yes 21 500b 17 200 0 8 6 86 39 No growth GBS

ANC, absolute neutrophil count;—, not applicable.
a Prematurity was defined as gestational age ,37 wk.
b Abnormal values: WBC count .15 000 or ,5000 cells per mL.
c Abnormal values: band percentage .10%.
d Band count not performed at this site.
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RBC/WBC correction factor of 1000:1 classified
3 additional infants with bacterial
meningitis as having no CSF pleocytosis.
However, the peripheral WBC count, band
count, or CSF protein level was abnormal
in these infants. When applying a CSF RBC/
WBC correction to young infants with
traumatic lumbar punctures, clinicians
should consider additional laboratory
parameters when making management
decisions.

Our study has several limitations. First, in
contrast to the parent study, we only
included infants with a positive CSF bacterial
culture result. We excluded 13 infants with
bacteremia and CSF pleocytosis but negative
CSF culture results after antimicrobial
pretreatment because of potential
misclassification of these infants as having
bacterial meningitis. Second, CSF pleocytosis
and an abnormal peripheral WBC count or
elevated band count are not specific for
bacterial meningitis, and we do not know the
overall number of infants with these
laboratory abnormalities. Therefore, our
findings are most applicable when clinicians
have clinical concern for bacterial
meningitis, but the infant has a normal CSF
profile. Third, our study was conducted at
pediatric EDs, and our findings may not be
generalizable to other settings. Fourth, we
could not assess abnormalities in newer
biomarkers because only 4 infants had a
procalcitonin level measured, and 12 had a
C-reactive protein measurement obtained.

CONCLUSIONS

Most infants #60 days of age with bacterial
meningitis have either CSF pleocytosis or a
positive Gram-stain result. Among infants
with normal CSF profiles, bacterial
meningitis is rare, and clinicians should
consider the results of additional laboratory
parameters in making treatment decisions.
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