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BACKGROUND: Cerebrospinal ﬂuid (CSF) protein values decline over the ﬁrst few months of life as the infant’s blood-CSF
barrier matures. However, published studies differ in the reported rate, timing, and magnitude of this decline.

OBJECTIVE: To quantify the age-related changes in CSF protein concentration and to determine accurate, age-speciﬁc
reference values for neonates and young infants.
DESIGN, SETTING AND PATIENTS: This cross-sectional study included infants age 56 days or younger who had a lumbar
puncture performed in the emergency department of an urban tertiary care children’s hospital between January 1, 2005 and
June 30, 2007. Infants with conditions associated with elevated CSF protein concentrations, including traumatic lumbar
puncture and bacterial or viral meningitis, were excluded.
RESULTS: Of 1064 infants undergoing lumbar puncture, 375 (35%) met inclusion criteria. The median CSF protein value was
58 mg/dL (interquartile range: 48–72 mg/dL). In linear regression, the CSF protein concentration decreased 6.8% (95%
conﬁdence interval [CI], 5.4%-8.1%; P < 0.001) with each 1 week increase in age. The 95th percentile values were 115 mg/dL
for infants 28 days and 89 mg/dL for infants 29–56 days. The 95th percentile values by age category were as follows: ages
0–14 days, 132 mg/dL; ages 15–28 days, 100 mg/dL; ages 29–42 days, 89 mg/dL; and ages 43–56 days, 83 mg/dL.
CONCLUSIONS: We quantify the age-related decline in CSF protein concentration among infants 56 days of age and younger
and provide age-speciﬁc reference values. The values reported here represent the largest series to-date for this age group.
C 2011 Society of Hospital Medicine.
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Emergency department evaluation of a febrile neonate or
young infant routinely includes lumbar puncture and cerebrospinal ﬂuid (CSF) analysis to diagnose meningitis or encephalitis. In addition to CSF Gram stain and culture, clinicians generally request a laboratory report for the CSF cell
count, glucose content and protein concentration. Interpretation of these ancillary tests requires knowledge of normal reference values. In adult medicine, the accepted reference value for CSF protein concentration at the level of the
lumbar spine is 15 mg/dL to45 mg/dL.1 There is general
consensus among reference texts and published original
studies dating back to Widell2 in 1958 that adult CSF protein reference values are not valid in the pediatric popula2011 Society of Hospital Medicine DOI 10.1002/jhm.711
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tion. A healthy neonate’s CSF protein concentration is normally twice to 3 times that of an adult, and declines with
age from birth to early childhood. The most rapid rate of
decline is thought to occur in the ﬁrst 6 months of life as
the infant’s blood-CSF barrier matures.3 However, published studies4–7 differ in the reported rate, timing, and
magnitude of this decline; on close review these studies
have signiﬁcant limitations which call into question the
appropriateness of using these values in clinical practice.
Perhaps in recognition of the limited evidence, textbooks
of general pediatrics,8–10 hospital medicine,11–13 emergency
medicine,14,15 infectious diseases,16,17 neonatology,18 and
neurology19,20 frequently publish norms for pediatric CSF

protein concentration without reference to any original
research studies.
Because ethical considerations prohibit subjecting young
infants to a potentially painfully procedure (ie, lumbar
puncture) before they are able to assent, we sought to
deﬁne a study population that approximates a group of
healthy infants. Our objectives were to quantify age-related
declines in CSF protein concentration and to determine
accurate, age-speciﬁc reference values for CSF protein concentration in a population of neonates and young infants
who presented for medical care with an indication for lumbar puncture and were subsequently found to have no condition associated with elevated or depressed CSF protein
concentration.

Methods
Study Design and Setting
This cross-sectional study was performed at The Children’s
Hospital of Philadelphia (Philadelphia, PA), an urban, tertiary-care children’s hospital. The Committees for the Protection of Human Subjects approved this study with a waiver
of informed consent.

Study Participants
Infants 56 days of age or younger were eligible for inclusion
if they had a lumbar puncture performed as part of their
emergency department evaluation between January 1, 2005
and June 30, 2007. Children in this age range were selected
as they routinely undergo lumbar puncture when presenting
with fever at our institution.21,22 Patients undergoing lumbar
puncture in the emergency department were identiﬁed
using 2 different data sources to ensure accurate identiﬁcation of all eligible infants: (1) Emergency department computerized order entry records identiﬁed all infants with CSF
testing (including CSF Gram stain, culture, cell count, glucose, or protein) performed during the study period, and (2)
Clinical Virology Laboratory records identiﬁed all infants in
whom CSF herpes simplex virus or enterovirus testing was
performed. Medical records of infants identiﬁed by these 2
sources were reviewed to determine study eligibility.
Subjects with conditions known or suspected to cause
abnormal CSF protein concentration were systematically
excluded from the ﬁnal analysis. Exclusion criteria included
traumatic lumbar puncture (deﬁned as CSF sample with
>500 red blood cells per mm3), serious bacterial infection
(including meningitis, urinary tract infection, bacteremia,
pneumonia, osteomyelitis, or septic arthritis), congenital
infection, CSF positive for enterovirus by polymerase chain
reaction (PCR) testing, seizure prior to presentation, presence of a ventricular shunt device, elevated serum bilirubin,
and absent CSF protein measurements or CSF red blood
cell counts. The presence of lysed red blood cells in the CSF
secondary to a traumatic lumbar puncture or subarachnoid
hemorrhage alters the CSF protein.23 We also excluded subjects who had CSF assays done on samples drawn by

accessing a ventricular shunt device, as there may be up to
a 300% regional difference in CSF protein concentration
between the cranial and caudal ends of the neuroaxis.1 Bilirubin in the CSF sample at a concentration of 5 mg/dL
biases the CSF protein concentration measurement by an
average of 13.7 mg/dL.24 Quantitative protein assay was performed on the institution’s standard Vitros chemistry system; the protein assay is a modiﬁed biuret reaction.

Study Deﬁnitions
CSF pleocytosis was deﬁned as a CSF white blood cell count
(WBC) >22/mm3 (for infants age 28 days) or >15/mm3
(for infants 29–56 days of age).25 Bacterial meningitis was
deﬁned as isolation of a bacterial pathogen from the CSF.
Bacteremia was deﬁned as isolation of a bacterial pathogen
from blood culture, excluding isolates that reﬂected commensal skin ﬂora. Bacterial pneumonia was deﬁned as a
new discrete inﬁltrate on chest radiograph as documented
by an attending pediatric radiologist in conjunction with
growth of a respiratory bacterial pathogen from blood culture. Urinary tract infection was deﬁned as growth of a single known pathogen in culture as follows: (1) 1000 colonyforming units/mL for cultures obtained by suprapubic aspiration, (2) 50,000 cfu/mL from a catheterized specimen, or
(3) 10,000 cfu/mL from catheterized specimen in conjunction with a positive urinalysis.26 Positive urinalysis was
deﬁned as trace or greater leukocyte esterase by dip stick, or
>9 WBC per high-power ﬁled on standard microscopic
exam of centrifuged urine, or >10 WBC/mm3 by hemocytometer count of uncentrifuged urine.27,28 We deﬁned osteomyelitis as growth of pathogenic bacteria from blood, bone,
or subperiosteal aspirate culture in a subject with fever and
localized tenderness, edema or erythema at the site of bony
infection, and compatible imaging; and septic arthritis as
growth of pathogenic bacteria from synovial ﬂuid or blood
culture from a subject with purulent synovial ﬂuid or positive Gram stain of synovial ﬂuid.
A temperature 38.0 C by any method qualiﬁed as fever.
Prematurity was deﬁned as a gestational age less than 37
weeks. Seizure included any clinical description of the event
within 48 hours of presentation to the Emergency Department, or documented seizure activity on electroencephalogram. Enterovirus season was deﬁned as June 1st to October
31st of each year.29

Data Collection and Statistical Analysis
Information collected included the following: demographics,
vital signs, history of present illness, birth history, clinical
ﬁndings, results of laboratory testing and imaging within 48
hours of presentation, antibiotics administered, and duration of visit to the Emergency Department or admission to
the hospital.
Categorical data were described using frequencies and
percents, and continuous variables were described using
mean, median, interquartile range, and 90th and 95th
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FIGURE 1. Relationship of cerebrospinal ﬂuid protein
concentration and age. Each circle represents data from one
infant. A linear regression line shows the rate of decline in
protein concentration with age.
percentile values. Linear regression was used to determine
the association between age and CSF protein concentration.
Because the CSF protein concentrations had a skewed distribution (P < 0.001, Shapiro-Wilk test), our analyses were
performed using logarithmically transformed CSF protein
values as the dependent variable. The resulting beta-coefﬁcients were transformed to reﬂect the percent change in
CSF protein with increasing age. Two-sample Wilcoxon
rank-sum tests were subsequently used to compare the distribution of CSF protein concentrations amongst four predeﬁned age categories to facilitate implementation of our
results into clinical practice: 0–14 days, 15–28 days, 29–42
days, and 43–56 days. The analyses were repeated while
excluding preterm infants, patients receiving antibiotics
before lumbar puncture, and patients with CSF pleocytosis
to determine the impact of these factors on CSF protein
concentrations. Data were analyzed using STATA v10 (Stata
Corporation, College Station, TX). Two-tailed P values <
0.05 were considered statistically signiﬁcant.

Results
During the study period, 1064 infants age 56 days of age or
younger underwent lumbar puncture in the emergency
department. Of these, 689 (65%) met sequential exclusion
criteria as follows: traumatic lumbar puncture (n ¼ 330);
transported from an outside medical facility (n ¼ 90); bacterial meningitis (n ¼ 6); noncentral nervous system serious
bacterial infections (n ¼ 135); CSF positive for herpes simplex virus by PCR (n ¼ 2); CSF positive for enterovirus by
PCR (n ¼ 45); congenital syphilis (n ¼ 1); seizures (n ¼ 28);
abnormal central nervous system imaging (n ¼ 2); and ventricular shunt device (n ¼ 1). An additional 44 patients had
lumbar puncture and CSF testing but the protein assay was
never done or never reported and 5 patients did not have a
CSF red blood cell count available. No cases were excluded
for elevated serum bilirubin. Infants may have met multiple
2011 Society of Hospital Medicine DOI 10.1002/jhm.711
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FIGURE 2. Boxplot showing variation in cerebrospinal ﬂuid
protein concentrations by age category. The line in the
middle of the box denotes the median value. The ends of
the boxes represent the interquartile range (ie, 25th and
75th percentile) values. The whiskers extend 1.5 times the
interquartile range values and the circles denote extreme
outlying values.
exclusion criteria. The remaining 375 (35%) subjects were
included in the ﬁnal analysis. The median patient age was
36 days (interquartile range: 22–47 days); 139 (37%) were 28
days of age or younger. Overall, 205 (55%) were male, 211
(56%) were black, and 145 (39%) presented during enterovirus season. Most (43 of 57) preterm infants were born
between 34 weeks to 37 weeks gestation. Antibiotics were
administered before lumbar puncture to 42 (11%) infants
and 312 (83%) infants had fever.
The median CSF protein value was 58 mg/dL (interquartile range: 48–72 mg/dL). There was an age-related declined
in CSF protein concentration (Figure 1). In linear regression,
the CSF protein concentration decreased 6.8% (95% conﬁdence interval [CI], 5.4–8.1%; P < 0.001) for each 1-week
increase in age.
CSF protein concentrations were higher for infants 28
days of age than for infants 29–56 days of age (P < 0.001,
Wilcoxon rank-sum test). The median CSF protein concentrations were 68 mg/dL (95th percentile value, 115 mg/dL)
for infants 28 days of age and 54 mg/dL (95th percentile
value, 89 mg/dL) for infants 29–56 days. CSF protein concentrations by 2-week age intervals are shown in Table 1.
The 95th percentile CSF protein concentrations were as follows: ages 0–14 days, 132 mg/dL; ages 15–28 days, 100 mg/
dL; ages 29–42 days, 89 mg/dL; and ages 43–56 days, 83
mg/dL (Table 1). CSF protein concentration decreased signiﬁcantly across each age interval when compared with
infants in the next highest age category (P < 0.02 for all
pair-wise comparisons, Wilcoxon rank-sum test).
Age-speciﬁc 95th percentile CSF protein values changed
by <1% when infants receiving antibiotics before lumbar
puncture were excluded (Table 1). Age-speciﬁc CSF protein
values changed minimally when preterm infants were
excluded with the exception of infants 43–56 days of age

TABLE 1. Cerebrospinal Fluid Protein Concentrations in Infants Age 56 Days and Younger
Value

0–14 days (n ¼ 52)

15–28 days (n ¼ 87)

29–42 days (n ¼ 110)

43–56 days (n ¼ 126)

All Infants (n ¼ 375)

Mean (6SD)
Median (IQR)
90th percentile
95th percentile
95th percentile*
95th percentiley

79 (623)
78 (58–93)
106
132
132
132

69 (620)
65 (56–85)
95
100
101
100

58 (617)
55 (49–65)
79
89
89
87

53 (617)
50 (41–62)
75
83
82
74

62 (621)
58 (48–72)
91
99
97
97

NOTE: Cerebrospinal ﬂuid protein values presented as mg/dL.
Abbreviations: IQR, interquartile range; SD, standard deviation.
* Excluding patients with antibiotics before lumbar puncture.
y
Excluding preterm infants.

where the 95th percentile value was 9.7% lower than when
all infants were included (Table 1); the 90th percentile values in this age group were more comparable at 75 mg/dL
and 71 mg/dL, respectively, in the subgroups with and without preterm infants. Age-speciﬁc 95th percentile CSF protein values changes by <1% when patients with CSF pleocytosis were excluded.

TABLE 2. Summary of Prior Studies Reporting
Age-Speciﬁc Cerebrospinal Fluid Protein Concentrations
Author

Year

Bonadio et al.4

1992

Ahmed et al.5

1996

Biou et al.6

2000

Wong et al.7

2000

Discussion
We examined CSF protein values in neonates and young
infants to establish reference values and to bring the literature up to date at a time when molecular tools are commonly used in clinical practice. We also quantiﬁed the agerelated decline in CSF protein concentrations over the ﬁrst
two months of life. Our ﬁndings provide age-speciﬁc reference ranges for CSF protein concentrations in neonates and
young infants. These ﬁndings are particularly important
because a variety of infectious (eg, herpes simplex virus
infection) and noninfectious (eg, subarachnoid or intraventricular hemorrhage) conditions may occur in the absence
of appreciable elevations in the CSF WBC.
CSF protein concentrations depend on serum protein concentrations and on the permeability of the blood-CSF barrier.
Immaturity of the blood-CSF barrier is thought to result in
higher CSF protein concentrations for neonates and young
infants compared with older children and adults. Though
previous studies agree that CSF protein concentrations
depend on age, the reported age-speciﬁc values and rates of
decline vary considerably.4–7,30–32 Additionally, these prior
studies are limited by (1) small sample size, (2) variable
inclusion and exclusion criteria, (3) variable laboratory techniques to quantify protein concentration in a CSF sample,
and (4) presentation of mean, standard deviation, and range
values rather than the 75th, 90th, or 95th percentile values
necessary to deﬁne a clinically meaningful reference range.
The median and mean values found in this study were
generally comparable to previously published values (Table
2). In addition, we have quantiﬁed the age-related decline in
CSF protein concentrations identiﬁed in previous studies.
While our large sample size allowed us to deﬁne narrower

Number
of Infants

Age
(days)

Median
(mg/dL)

Mean 6 SD
(mg/dL)

35
40
17
33
25
33
26
76
155
99

0–30
30–60
0–7
8–14
15–21
22–30
1–8
8–30
30–60
0–60

—
—
—
—
—
—
71
59
47
60

84
59
81
69
60
54
—
—
—
59

6 45
6 25
6 31
6 23
6 23
6 16

6 21

NOTE: Ellipses indicate that the value was not reported by the authors.
Abbreviation: SD, Standard Deviation.

reference intervals than most previous studies, direct comparison of values used to deﬁne reference ranges was hampered by lack of consistent reporting of data across studies.
Ahmed et al.5 and Bonadio et al.4 reported only mean and
standard deviation values. When data are skewed, as is the
case for CSF protein values, the standard deviation will be
grossly inﬂated, making extrapolation to percentile values
unreliable. The 90th percentile value of 87 mg/dL reported
by Wong et al.7 for infants 0–60 days of age was similar to
the value of 91 mg/dL for infants 56 days of age and younger
found in this study. Biou et al.6 reported the following 95th
percentile values: ages 1–8 days, 108 mg/dL; ages 8–30 days,
90 mg/dL; and ages 1–2 months, 77 mg/dL. These values are
lower than those reported in our study. The reason for such
differences is not clear. The exclusion criteria were similar
between the two studies though Biou et al.6 did not include
preterm infants. When we excluded preterm infants from
our analysis, no age-speciﬁc result decreased by more than
5%, making the inclusion of this population an unlikely explanation for the differences between the two studies.
CSF protein concentration is a method-dependent value;
the results depend a great deal on what technique the
2011 Society of Hospital Medicine DOI 10.1002/jhm.711
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laboratory uses. Two common methods used in the past few
decades are Biuret Colorimetry and Turbidimetric; reported
values are approximately 25% higher with the Biuret method
compared with the Turbidimetric method.33 A CSF protein
reference value is only clinically useful if the method used
to deﬁne the norm is speciﬁed and equivalent to currently
used methods. Similar to our study, Biou et al.6 and Wong
et al.7 used the Biuret (Vitros) method. The method of protein measurement was not speciﬁed by other studies.4,5
This study had several limitations that could cause us to
overestimate the upper bound of the reference range. First,
spectrum bias is possible in this observational study. Individual physicians determined whether lumbar puncture was warranted, a limitation that could potentially lead to the disproportionate inclusion of infants with conditions associated
with higher CSF protein concentrations. We do not believe
that this limitation would meaningfully affect our results
because febrile infants 56 days of age or younger routinely
undergo lumbar puncture at our institution, regardless of illness severity, and patients diagnosed with conditions known
or suspected to increase CSF protein concentrations were
excluded. Second, infants with aseptic meningitis—a condition that can be associated with elevated CSF protein concentrations—may have been misclassiﬁed as uninfected. Though
we excluded patients with positive CSF enteroviral PCR tests,
some infants were not tested and other viruses (eg, parechoviruses)34 not detected by the enterovirus PCR may also cause
aseptic meningitis. Third, certain antibiotics including ampicillin and vancomycin are known to interfere with the CSF
protein assay used in our laboratory.24 Forty-two of the 375
subjects included in our ﬁnal analysis received antibiotics
prior to lumbar puncture. When receiving antibiotics prior to
lumbar puncture were excluded from analysis, the CSF protein concentrations were within 1% of the overall study population, suggesting that antibiotic administration before lumbar
puncture did not inﬂuence our results in any meaningful way.
We would not expect any of these limitations to disproportionately affect patients in 1 particular age category.
In conclusion, the CSF protein concentration values
reported here represent the largest series to-date for this
young age group. Our study quantiﬁes the age-related
decline in CSF protein concentration from birth to 56 days
of life. Our work designing this study, speciﬁcally the exclusion criteria, reﬁnes the approach to deﬁning normal CSF
protein values in children. As CSF protein values decline
steadily with increasing age, the selection of reference values is a balance of accuracy and convenience. Age-speciﬁc
reference values by 2-week increments would be most accurate. However, considering reference values by month of
age, as is the convention for CSF WBCs, is far more practical. The 95th percentile values by age category in our study
were as follows: ages 0–14 days, 132 mg/dL; ages 15–28
days, 100 mg/dL; ages 29–42 days, 89 mg/dL; and ages 43–
56 days, 83 mg/dL. The 95th percentile values were 115 mg/
dL for infants 28 days and 89 mg/dL for infants 29–56
days. We feel that either approach is reasonable. These val2011 Society of Hospital Medicine DOI 10.1002/jhm.711
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ues can be used to accurately interpret the results of CSF
studies in neonates and young infants.
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