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Abstract

N
\\

Cerebrospinal fluid (CSF) protein values decline over the first few months of life as the infant’s blood-CSF barrier matures. However, |
published studies have not reported CSF protein reference values of Chinese infants and differ in the reported rate, timing, and
magnitude of this decline. The objective of this study was to determine reference intervals for CSF protein using available data of
children in southern China. This retrospective study included infants who had a lumbar puncture (LP) performed in the Department of
Pediatrics of Southern Medical University Affiliated Maternal and Child Health Hospital of Foshan of an urban tertiary care children’s
hospital between January 1, 2008 and May 31, 2018. Infants with conditions suspected or known to cause elevated CSF protein
concentrations were excluded. Of 3712 infants undergoing LP, 1043 (28.1%) met inclusion criteria. Results showed that there is an
age-related decline in CSF protein concentration. The median CSF protein value was 62 mg/dL [interquartile range (IQR): 47-81mg/
dL] ininfants aged 0 to 56 days (group 1). The 95th percentile values were 116 mg/dL for infants 0 to 28 days and 80 mg/dL for infants
29 to 56 days. The 95th percentile values by age category were as follows: ages 0 to 14 days, 117 mg/dL; ages 15 to 28 days, 107
mg/dL; ages 29 to 42 days, 96 mg/dL; and ages 43 to 56 days, 74 mg/dL. The median CSF protein value was 21 mg/dL (IQR: 16-31

mg/dL) in infants aged 2 months to <3 years (group 2). The 95th percentile values were 57 mg/dL for infants 2 to <6 months and 34
mg/dL for infants 6 to <24 months. The 95th percentile values by age category were as follows: ages 2 to <3 months, 66 mg/dL;
ages 3 to <4 months, 52 mg/dL; ages 4 to <5 months, 53 mg/dL; and ages 5 to <6 months, 42 mg/dL. We quantify the age-related
decline in CSF protein concentrations among infants 2 years of age and younger and provide age-specific reference values. The
values reported here can be used to interpret the results of LP in infants <2 years of age.

Abbreviations: CNS = central nervous system, CSF = cerebrospinal fluid, IQR = interquartile range, LP = lumbar puncture, WBC

= white blood cell.

Keywords: cerebrospinal fluid, infant, lumbar puncture, reference values

Editor: Lei Huang.

Availability of data and material: The datasets analyzed in the current study are
available from the corresponding author on reasonable request.

ZL, DJ, JD, and XZ contributed equally to this work.
The authors have no conflicts of interest to disclose.
Supplemental Digital Content is available for this article.

Department of Pediatrics, Foshan Women and Children Hospital Affiliated to
Southern Medical University, Guangdong, China.

) Correspondence: Xingguang Ye, Foshan Women and Children Hospital
Affiliated to Southern Medical University, 11 Renminxi Rd, Foshan, Guangdong
528000, China (e-mail: yestar1989@163.com), Ruiping Wan, Foshan Women
and Children Hospital Affiliated to Southern Medical University, 11 Renminxi Rd,
Foshan, Guangdong 528000, China (e-mail: imrp@163.com).

Copyright © 2019 the Author(s). Published by Wolters Kluwer Health, Inc.

This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial License 4.0 (CCBY-NC), where it is
permissible to download, share, remix, transform, and buildup the work provided
it is properly cited. The work cannot be used commercially without permission
from the journal.

How to cite this article: Liu Z, Jia D, Dai J, Zhou X, Qin Z, Chen L, Zhang J,
Chen G, He X, Wan R, Ye X. Age-specific reference values for cerebrospinal fluid
protein concentrations in children in southern China. Medicine 2019,98:41
(e17500).

Received: 20 August 2018 / Received in final form: 19 July 2019 / Accepted: 17
September 2019

http.//dx.doi.org/10.1097/MD.0000000000017500

1. Introduction

Lumbar puncture (LP) and cerebrospinal fluid (CSF) analysis is
crucial for the diagnosis of bacterial meningitis. This process
depends on having well-established reference (“normal”)
values.!" For ethical reasons, studies of CSF rarely use completely
healthy children. In fact, from a clinical standpoint, healthy
subjects may not represent the most desirable reference group, as
clinical decisions often rely on distinguishing between a serious
pathologic process and a benign self-limited condition, both of
which may theoretically alter CSF parameters. Thus, the most
clinically relevant reference group may vary depending on the
specific clinical scenario.”! To define accurate reference ranges
for CSF parameters, researchers have attempted to use neonates
and young infants undergoing LP during emergency
department evaluation of fever to established reference
(“normal”) values.” "% Although many previous studies provide
CSF reference values for young infants, the reported age-specific
values and rates of decline vary considerably and no previous
study has included a large number of Chinese infants for analysis
or stratified infants into narrowly defined age categories.l* 1!
Our objectives were to develop age-specific reference standards
for CSF protein concentrations in a population of neonates and
infants who presented for medical care with an indication for LP
and were subsequently found to have no condition associated
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with elevated or depressed CSF protein concentrations by using a
larger data to improve the precision and generalizability of
reference values.

2. Methods
2.1. Study design and setting

The retrospective study was conducted in the Department of
Pediatrics of Foshan Women and Children Hospital Affiliated to
Southern Medical University, China, a tertiary care hospital. The
hospital admits a total of approximately 450,000 children
annually. The Ethics Committee of Foshan Women and Children
Hospital Affiliated to Southern Medical University approved this
study with a waiver of informed consent. All experiments and
methods were performed in accordance with the relevant
guidelines and regulations.

2.2. Study participants

Children, who had an LP performed as part of their emergency
evaluation between January 1, 2008 and May 31, 2018, were
eligible for inclusion. To ensure accurate identification of all
eligible children, clinical and laboratory data were obtained from
the medical records of all patients with CSF testing performed.
Data included age, sex, laboratory data [CSF white blood cell
(WBC) counts, CSF glucose and protein concentrations, CSF
clarity, character and color, and CSF Gram stain]. The medical
records of all patients receiving CSF analysis were identified and
reviewed retrospectively using standardized criteria for classify-
ing patient diagnoses. Figure 1 outlines major exclusion criteria
that were used to derive the reference group 1. Patients were
excluded sequentially when missing any component of the CSF
profile (i.e., WBC count, protein, or glucose); the LP was
traumatic; pinocytosis (>50 WBCs/pL); prematurity (age at birth
<37 weeks and age <1 year) or patients with confirmed diagnosis
associated with increased protein level. In a traumatic LP, the
presence of red blood cells in the CSF alters WBC counts and
adjustment formulas cannot reliably approximate the actual
values."'' Confirmed diagnosis associated with increased
protein level include serious bacterial infection (including
meningitis, urinary tract infection, bacteremia, pneumonia,
osteomyelitis, or septic arthritis), congenital infection, seizure
before presentation, static encephalopathy, hydrocephalus, viral
central nervous system (CNS) infection, previous intracranial
infection, stroke, demyelinating disease, or ventricular shunt.!**!
Patients with acute or chronic systemic disease, for example,
cancer and hematologic or rheumatologic disorders, were also
excluded. CSF protein was analyzed on 2 different instruments
over the course of the 10 years included in the study as follows:
Beckman AU640, May 30, 2008 to December 5, 2012; Beckman
AU5821, December 5, 2012 to date. In all cases, analyses were
performed according to manufacturer’s directions. One thousand
forty-three (28.1%) patients were assigned to the reference
group. For initial analysis of the age dependence of CSF protein
concentrations, patients were first categorized according to the
following age groups: 0 to younger than 14 days, 15 days to
younger than 28 days, 29 days to younger than 42 days, 43 days
to younger than 56 days; monthly for the remainder of the first
and the second year (i.e., 2-3, >3-4, >4-35, ... >23-24 months),
and annually (i.e., 2, >2-3, >3-4 vyears,...) thereafter. To
facilitate the implementation of our results into clinical practice,
age groups were subsequently condensed into 2 groups: group 1
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(0-14, 15-28, 29-42, 43-56 days) and group 2 (2-<6, 6-<12,
12-<18, 18-<24, and 24-<36 months).

2.3. Statistical analysis

Statistical analysis was performed using the SPSS Statistics 19.0
for Windows (SPSS Inc, Chicago, IL) program. Categorical data
were described using frequencies and percentages, and continu-
ous variables were described by using mean, median, inter-
quartile range (IQR), and 90th and 95th percentile values.
Linear regression was used to determine the associations
between age and CSF protein concentrations. Because the
relationship between CSF protein values and age appeared to be
nonlinear for children aged <36 months, exponential curve
analysis was performed using logarithmically transformed CSF
protein values as the dependent variable in group 2 (Table 1).
Figures are created using SPSS. The distribution of residuals is
normal. Kruskal-Wallis H tests were subsequently used to
compare the distribution of CSF protein concentrations
amongst the predefined age categories to facilitate implementa-
tion of our results into clinical practice: group 1 (0-14, 15-28,
29-42, and 43-56 days) and group 2 (2-<6, -<12, 12-<18,
18-<24, and 24-<36 months). Two months also include 57,
58, 59, and 60 days.

3. Results
3.1. Study cohort

A total of 3712 children presented to the department of pediatrics
and had a CSF culture obtained within 24 hours of presentation.
Of these, 2669 (71.9%) met sequential exclusion criteria as
follows: missing any component of the CSF profile (274);
traumatic LP (n=355); serious bacterial infection (n=717);
congenital infection (n=48); seizure before presentation, static
encephalopathy, and hydrocephalus (n=309); virus CNS
infection (n=3588); pinocytosis (n=63); and prematurity (n=
315). The remaining 1043 (28.1%) subjects were included in the
final analysis (Fig. 1). The median patient age was 13 days (IQR:
3-16 days) in group 1 (0-56 days); 74.5% (n=307) were 28 days
or younger, 66.0% (n=272) were boys. The median patient age
was 7 months (IQR: 3-14 months) in group 2 (2-<24 months);
46.2% (n=231) were 6 months or younger, 58.6% (n=293)
were boys. The median patient age was 3 years (IQR: 2-5 years)
in group 3 (2-<9 years); 46.2% (n=123) were 6 months or
younger, 68.0% (n=123) were boys. The CSF protein concen-
trations are shown in Tables 2 and 3. The other parameters are
shown in Supplemental Tables S1 (http:/links.lww.com/MD/
D274) and S2 (http://links.lww.com/MD/D274).

3.2. Age dependence of CSF protein concentrations for
infants 56 days or younger

The median CSF protein value was 62 mg/dL (interquartile range:
47-81mg/dL) in group 1. There was an age-related decline in CSF
protein concentration (Fig. 2A). The median CSF protein
concentrations declined from a high value of 75.0mg/dL at 0
to 1 week to a low value of 47.0 mg/dL at 8 weeks of age. CSF
protein concentrations were higher for infants <28 days of age
than for infants 29 to 60 days of age (P <.05, Kruskal-Wallis
test). The median CSF protein concentrations were 68 mg/dL
(95th percentile value, 116 mg/dL) for infants <28 days of age
and 50 mg/dL (95th percentile value, 80 mg/dL) for infants 29 to
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Figure 1. Flow chart of patient inclusion and exclusion criteria. CNS = central nervous system, CSF = cerebrospinal fluid.

56 days. CSF protein concentrations by 2-week age intervals are
shown in Table 2. The 95th percentile CSF protein concen-
trations were as follows: ages 0 to 14 days, 117 mg/dL; ages 15 to
28 days, 107 mg/dL; ages 29 to 42 days, 96 mg/dL; and ages 43 to
56 days, 74mg/dL (Table 2). CSF protein concentration
decreased across each age interval when compared with
infants in the next highest age category [P <.05 for all pairwise
comparisons except for group (15-28 days) versus group (29-42
days), Kruskal-Wallis test] (Fig. 2B).

3.3. Age dependence of CSF protein concentrations for
infants younger than 36 months

The median CSF protein value was 21 mg/dL (interquartile
range: 16-31mg/dL) in group 2. Exponential curve of CSF
protein values versus age are shown in Figure 2C, and no other
predictor variables was used. In this group, the CSF total
protein concentrations fell rapidly with a maximal decrease
during 2 to <6 months of life. Thereafter, the decline in CSF
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Results of regression analysis for cerebrospinal fluid protein concentrations in infants.

Intercept X (Age) CV (95% Cl)
Model Dependent variable (y) Independent variable (x) cv SE cv Intercept X R? values
Linear regression model ~ CSF protein values Age (0-<56 d) 1.606 7590 0.062 —0.533 72.743-79.057 —0.655to —0.412 0.155
Exponential curve model  Log10 (SF protein values) - age (236 mo) 0.011 1506 0.001 —0.015 1.484-1.528 —0.017 to —0.014  0.369

Cl=confidence interval, CSF=cerebrospinal fluid, CV = coefficient value, R =coefficient of determination, SE=standard error.

protein was less pronounced in the 6 to <18 months age range.
Over an average 18 to <36 months age range, a plateau was
reached. The 95th percentile values were 57 mg/dL for infants 2
to <6 months and 34 mg/dL for infants 6 to <24 months. The
95th percentile values by age category were as follows: ages 2
to <3 months, 66 mg/dL; ages 3 to <4 months, 52 mg/dL; ages
4 to <5 months, 53 mg/dL; and ages 5 to <6 months, 42 mg/dL.
As summarized in Table 2, patients between ages 2 and 6
months had a higher mean concentrations, accompanied by
greater variability of protein values, compared with older
patients (P <.001, Kruskal-Wallis test). The patients’ mean CSF

protein concentrations dropped rapidly during the first 6
months of life, reaching a minimum value of <26 mg/dL. After
dividing the data into the 5 age groups of 2 to younger than 6
months, 6 to younger than 12 months, 12 to younger than 18
months, 18 to younger than 24 months, and 24 to younger
than 36 months (Table 2), multiple comparisons statistical
analysis found the first 2 groups to be statistically significantly
(P<.001, Kruskal-Wallis test) different from each other. The
group (24-36 months) was statistically significantly (P <.001,
Kruskal-Wallis test) different from the first and second age
group (2-<6 and 6-<12 months), but was not statistically
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Cerebrospinal fluid protein concentrations in infants aged 2 years and younger*.

Age N Mean (+SD) Median (IQR) 90th Percentile 95th Percentile Upper bound

Group 1
0-14d 221 73 (+25) 73 (54-88) 105 117 146
15-28 d 86 65 (+25) 65 (46-79) 99 107 122
29-42 d 38 58 (+17) 57 (44-67) 85 96 108
43-56 d 67 48 (+13) 47 (41-57) 66 74 79
0-56 d 412 66 (+25) 62 (47-81) 99 113 146

Group 2
2—-<6 mo 197 34 (+12) 33 (25-40) 50 57 76
6—-<12 mo 127 21 (x6) 20 (16-24) 30 34 44
12-<18 mo 107 19 (+8) 18 (14-21) 31 39 47
18-<24 mo 69 17 (£5) 15 (13-18) 26 29 35
24-<36 mo 70 16 (+7) 15 (12-20) 27 32 41
2-36 mo 570 24 (+12) 21 (16-31) 40 46 76

IQR = nterquartile range, N=number, SD=standard deviation.
?old values indicate combined groups.
Cerebrospinal fluid protein values presented as mg/dL.

different from the other 2 groups (12-<18 and 18-<24
months) by nonparametric testing (Fig. 2D).

4. Discussion

Currently there is no consensus on the use of age-specific
reference values for CSF protein concentrations in Chinese

children. The reference values for CSF protein concentrations for
children used in children’s hospitals in China are adult reference
values. Because of the higher permeability of the immature
barrier of neonate and young infants, their CSF has higher
protein content than that of children and adults. In addition,
maturation of the barrier gradually increases after birth, reaching
its maximum at the third month of life."®! This was shown by the

Cerebrospinal fluid protein concentrations in infants monthly*.

Age N=1043 Mean (+SD) Median (IQR) 90th Percentile 95th Percentile Upper bound
0-28 d 307 70 (£25) 68 (52-87) 102 116 146
29-56 d 105 52 (£16) 50 (42-60) 74 80 108
0-56 d 412 66 (+25) 62 (47-81) 99 113 146
2-3 mo 73 39 (x13) 38 (32-45) 58 66 76
34 mo 53 33 (x11) 33 (24-40) 48 52 60
4-5 mo 44 31 (+10) 28 (25-36) 45 53 67
5-6 mo 27 26 (+8) 24 (19-33) 38 42 45
3-6 mo 124 31 (x10) 30 (23-38) 45 50 67
6-7 mo 34 23 (+7) 21 (17-27) 32 36 44
7-8 mo 32 21 (+5) 21 (18-23) 27 35 35
8-9 mo 21 22 (+8) 21 (15-28) 34 40 40
9-10 mo 18 19 (+5) 17 (16-22) 22 29 30
10-11 mo 12 20 (+5) 19 (16-25) 28 NA 29
11-12 mo 10 21 (x7) 19 (18-22) 38 NA 39
12-13 mo 20 20 (+9) 18 (16-21) 23 55 57
13-14 mo 20 19 (+10) 17 (14-20) 25 58 60
14-15 mo 15 21 (+10) 19 (13-26) 39 NA 51
15-16 mo 23 19 (+8) 17 (13-23) 35 38 39
16-17 mo 12 16 (+3) 16 (14-18) 21 NA 22
17-18 mo 17 20 (x10) 17 (12-24) 39 NA 41
18-19 mo 16 18 (+7) 15 (14-22) 33 NA 35
19-20 mo 11 16 (+5) 15 (13-19) 25 NA 26
20-21 mo 16 17 (+6) 16 (12-23) 28 NA 30
21-22'm 10 16 (+5) 15 (13-17) 25 NA 26
22-23 mo 6 15 (+2) 16 (13-17) NA NA 18
23-24 mo 10 16 (+3) 16 (14-18) 21 NA 22
6-24 mo 373 19 (+7) 17 (14-22) 29 34 60
2-3yr 70 16 (+7) 15 (12-20) 27 32 41
36 yr 85 17 (+8) 15 (13-21) 28 36 45
6 mo—6 yr 458 19 (+8) 17 (14-22) 29 34 60
6-9 yr 26 21 (+7) 20 (16-25) 32 39 43

IQR = nterquartile range, N=number, NA=not available, SD =standard deviation.
?old values indicate combined groups.
Cerebrospinal fluid protein values presented as mg/dL.
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Summary of prior studies reporting age-specific cerebrospinal fluid protein concentrations’.

Author Year N Age Mean (+SD) Median (range) 90th Percentile 95th Percentile
Biou et al'® 2000 26 1-8 d NA 71 (26-135) NA 108
76 8-30 d NA 59 (26-115) NA 90
155 1-2 mo NA 47 (18-86) NA 77
115 2-3 mo NA 35 (10-74) NA 60
66 3-6 mo NA 23 (10-54) NA 40
Wong et al? 2000 99 0-2 mo 59+ 21 (20 110) 87 NA
36 2-4 mo 37+15 7 (9-78) 55 NA
77 4 mo-14 yr 26+6 (9 33) 25 NA
Byington et al”! 2011 278 1-28 d 75.4 (NA) 73 (15.8-131) NA NA
318 29-60 d 58.9 (NA) 54 (5.5-105.5) NA NA
81 61-90 d 39.2 (NA) 38 (7-71) NA NA
Shah et al® 2011 52 0-14d 79+23 (NA) 106 132
87 15-28 d 68+20 5 (NA) 95 100
110 29-42 d 58 +17 (NA) 79 89
126 43-56 d 53+17 50 (NA) 75 83
Thomson et al® 2018 3467 0-28d 69.9+25.7 66 (~127) 102 118
4029 29-60 d 532+21.2 49 (~99) 79 91

g:days, mo=months, N=number of infants, SD=standard deviation, yr=years; range.
* Cerebrospinal fluid protein values presented as mg/dL.

age distribution of the values in the reference population, with a
maximal decrease during the first 6 months of life./*!%! Therefore,
CSF protein concentrations measurement has little value in
diagnosing neurological diseases in this age category. Although
several previous studies provide age-specific reference values for
CSF protein concentrations, the reported values vary considerably
and no reference values were reported for Chinese infants.!>~'"!
In this study, we established age-specific reference values for
CSF protein concentrations from presumptively uninfected
infants by using sequential, stringent exclusion criteria. We were
further able to quantify the age-related decline in CSF protein
concentrations over the first 2 months of life and the first 2 years
of life. We determined that infants 0 to 28 days of age have higher
CSF protein concentrations than infants 29 to 60 days of age. The
patients’ mean CSF protein concentrations dropped rapidly
between the third and sixth month of life and reached a minimum
of <25mg/dL by approximately 6 months. Thereafter, the
decline in CSF protein was less pronounced and from 3 to 9 years,
a slight increase was observed for CSF protein concentrations.
As shown in Table 4, the CSF protein concentrations values
provided in our study are generally comparable to previously
published reference values. In a single-center analysis of 1074
infants, Biou et al''® defined the upper limit of CSF protein
reference intervals as the 95th percentile. On the basis, the upper
limit values for CSF protein are 108 mg/dL for infants <28 days
and 77mg/dL for infants 1 to 2 months of age, which were
marginally lower than our 95th percentile values of 116 and 80 mg/
dL, respectively. By comparison, Wong et al’®! reported an even
lower range of up to 100 mg/dL for infants 0 to 28 days in a single-
center analysis of 906 infants. In addition, Byington et al”! defined
the upper limits at 131 mg/dL for infants 0 to 28 days and 106 mg/
dL for infants 29 to 60 days of age, which were marginally lower
than our upper limit values of 146 and 108 mg/dL, respectively.Ina
single-center analysis of 375 infants, Shah et al’®! defined normative
CSF protein concentrations using 95th percentile values (0-14
days: 132 mg/dL; 15-28 days: 101 mg/dL; 29-42 days: 89 mg/dL;
43-56 days: 82mg/dL), which were similar with our 95th
percentile values of 117, 107, 96, and 74 mg/dL, respectively. In
a multicenter analysis of 7766 infants, Thomson et al®! defined

normative CSF protein concentrations using 95th percentile values
(0-28 days: 118 mg/dL; 29-60 days: 91 mg/dL). We included
infants up to 56 days of age; our 95th percentile values for CSF
protein concentrations are similar for infants 0 to 28 days: 116 mg/
dL and lower for infants 29 to 56 days: 80 mg/dL. Furthermore,
Michael et al’®! reported that cerebrospinal fluid protein
concentration decreased rapidly to a lowest point by 6 months
and remained low throughout childhood, rarely exceeding 30 mg/
dL and, finally, increasing in adolescence toward adult values. Biou
et al'” defined the upper limits at 60 mg/dL for infants 2 to 3
months of age, 40 mg/dL for infants 3 to 6 months of age, and 32
mg/dL for infants older than 6 months. On this basis, our upper
limits for CSF protein values are 66, 50, and 34mg/dL,
respectively. We included infants aged 2 to 24 months, the
patients’ mean CSF protein concentrations dropped rapidly
between the second and sixth month of life and reached a
minimum of <36 mg/dL by approximately 6 months and the CSF
protein concentrations was rarely >34mg/dL (95th) for infants
older than 6 months in our study. Thus, based on our data and
previous studies, CSF protein levels >116 mg/dL in neonates, 80
mg/dL ininfants 29 to 56 days, 0.57 mg/dL ininfants 2 to 6 months,
and 0.34mg/dL in infants older than 6 months should raise
concerns about a pathologic process.

One of the limitations in our study must be addressed. The
infants in this study received LP for a clinical indication (e.g.,
fever or other concern for infection). Therefore, our findings do
not represent normal values per se but reasonable reference
standards to facilitate the interpretation of CSF parameters for
infants who require LP as part of initial evaluation in the
department of pediatrics.

In conclusion, the age-dependent reference values presented in
this study will be used to provide guidance to clinicians when
interpreting the CSF parameters of infants in southern China.
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