Role of neonatal cerebrospinal fluid cytology in
correlation to C-reactive protein, blood culture, risk
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ABSTRACT

Introduction: The number of neonatal cerebrospinal fluid (CSF) samples sent from the neonatal intensive care unit (NICU)
for cytologic examination is rising, warranting accurate analysis and interpretation of the same. This study was taken up to
assess the usefulness of CSF cell count and cytology in NICU settings, as it can be used even in a resource-limited setting.
Aim and Objective: 1) To study the prevalence of cell count and cytologic changes in CSF from NICU and assess their usefulness in
correlation to C-reactive protein, CSF neutrophil percentage, blood, CSF culture, and other biochemical parameters. 2) To correlate
cell counts and cytology with age, period of gestation, presence, and absence of sepsis, seizures, intracranial hemorrhage, and their
clinical follow-up. Materials and Methods: A retrospective study was done on neonatal CSF samples submitted for cytology over
one year (January-December 2016) in the Department of Pathology. CSF cell counts were retrieved, and cytosmears were reviewed
for cellularity, cell type, proportion, and background and correlated with the biochemical, microbiological, and clinicoradiological
findings. Results: A total of 213 samples were included with 140 males and 73 females with an age range of 0-28 (mean: 7.3) days.
The mean CSF cell count was 5.48/cu.mm (0-90 cells/cu.mm). The most frequent cytologic finding was occasional lymphocytes or
acellular CSF (63.9%). The CSF leucocyte count and protein levels showed a significant correlation with s C-reactive protein. The CSF
cytology showed a significant correlation between the age of the neonate and blood neutrophil percentage (P = 0.0158). History of
intracranial hemorrhage showed a significantly higher frequency of the presence of red blood cells (P=0.0147). Conclusion: Accurate cell
counts, cytology of neonatal CSF, and biochemical and microbiological workup can help diagnose and manage neonates in intensive care.
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Introduction and the neonatal cerebrospinal fluid (CSF) samples sent for

cytologic examination is rising. It needs timely and accurate

Neonatology is a vast expanding subject. So, the number of analysis and interpretation of the CSF analysis. In neonates,
newborns admitted to the neonatal intensive care unit (NICU)  they pose great challenges regarding the procedure, the number

of samples available for various investigations, and the technical
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Figure 1: CSF of a neonate with no CNS abnormality showing
occasional lymphocytes only (Leishman stain, 1000X)

Figure 2: Smear showing numerous RBCs with upper inset showing
few macrophages in aggregates. The lower inset highlights hemosiderin
laden macrophages. (Leishman stain 40X; upper inset: Leishman stain
1000X and lower inset Perls stain, 1000X)
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Figure 3: Cytocentrifuged CSF of a case of meningitis showing
numerous neutrophils with few lymphocytes (Leishman stain, 1000X)
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staining set-up, which requires the technical expertise of a good
cytotechnologist and cytopathologist.!!)

The blood-brain barrier (BBB) of children is different from that
of adults.> Neonates are often admitted with sepsis, respiratory
distress, birth asphyxia, and neonatal seizures.”) Equally important
are those with risk factors for meningitis, particularly preterm
neonates, which can result in neurodevelopmental issues on
follow-up.! Hence, the indications for neonatal CSF cytologic
assessment are diverse. The use of antibiotics in these babies,
causing no growth on CSF culture, has increased the need for
other diagnostic methods to clinch meningitis. A frequent query is
whether the mere cell counts should suffice or is the CSF whether
the CSF cytologic assessment in neonates is to add any further
useful information. Also, can a simple CSF study suffice in case
of paucity of access to other biochemical and microbiological
tests in resource-limited settings? Furthermore, there are limited
studies comparing the CSF findings of NICU nconates with
those of healthy neonates. To address these questions, this
study was done: 1) to study the prevalence of cell count and
cytologic changes in CSF from NICU and assess their usefulness
in correlation to C-reactive protein, CSF neutrophil percentage,
blood, and CSF culture, and other biochemical parameters; 2) to
correlate cell counts and cytology with age, period of gestation,
presence and absence of sepsis, seizures, intracranial hemorrhage,
and their clinical follow-up.

Materials and Methods

This was a hospital-based retrospective cross-sectional archival
study on archival records performed while maintaining
confidentiality in accordance with the standard institutional
ethical guidelines in compliance with the Helsinki Declaration of
1964, as revised in 2013. All the consecutive neonatal CSF samples
received from NICU over one year (January—December 2016)
in the cytology section, Department of Pathology of a tertiary
care centre, were included in the study. As the study focussed
on diagnostic usefulness, insufficient samples and repeat samples
on follow-up were excluded from the study. The relevant clinical
details from the medical records were retrospectively extracted
from the archives, including age at admission, sex, inborn or
referred, singleton or multiple gestations, term/pre-/post-term,
gestational age, type of delivery, and diagnosis at the time of
admission and discharge.

CSF cell counts were extracted from the cytology records. The
air-dried and fixed, stained cytocentrifuged smears of CSF were
reviewed for cellularity, cell type, proportion, and background.
The biochemical findings included were CSF glucose, protein
and serum, highly sensitive C-reactive protein (CRP), and
procalcitonin levels. The microbiological findings documented
were CSF gram stain findings along with CSE, blood culture, urine,
and other fluid/swab sent for culture. As indicators of sepsis, the
total leucocyte count and neutrophil percentage in blood were
noted. The CSF cell count and cytology were correlated with
clinicoradiological, biochemical, and microbiological findings.
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Subgroup analysis was done in ‘term’ versus ‘preterm’, ‘sepsis’
versus ‘non-sepsis’, and ‘seizure present’ versus ‘seizure absent’.
The findings in cases with intracranial hemorrhage and those
with structural abnormalities were compared with those having
no central nervous system (CNS) abnormalities on imaging.
The Chi-square test was used for comparing the categorical
variables, and the unpaired #test was used for the comparison
of continuous variables. Statistical analysis was done using Pad
Prism 7 and MedCalc. P value of <0.05 was taken as significant.

Results

A total of 213 neonatal CSF samples satisfying the inclusion and
exclusion criteria during the study period were studied.

Demographic data

The age range was from 0 to 28 days (mean age, 7.3 days),
including 140 males and 73 females, with 70.4% of the babies
in the first week of life. The cases referred from other centres
for further treatment constituted 67%. The singleton pregnancy
comprised 88%. The distribution of neonates based on
maturity at birth and the different clinical diagnosis are shown
in Graphs 1 and 2, respectively. The number of term neonates
was comparable with the preterm. Sepsis was the most frequent
clinical diagnosis at admission. 85.6% of the newborns admitted
had already received antibiotics for various indications at the
time of admission before the CSF was tapped. Radiological
abnormalities were seen in 16 cases, and eight cases each of
meningitis and intracranial hemorrhage were noted.

CSF sample

The physical examination, cell count, and biochemical findings
of the 213 samples are summarised in Table 1. The mean CSF
cell count was 5.48/cu.mm. Neither the Grams stain nor the
CSF culture showed any bacteria in any of the cases. Acinetobacter
banmanni was the most frequently isolated organism in blood
culture.

CSF cytologic findings

Overall, the most frequent cytologic finding was occasional
lymphocytes with or without RBCs (63.9%) [Graph 3
and Figurel]. One sample from a preterm baby showed
hemosiderin-laden macrophages along with numerous RBCs,
while another sample from another preterm showed arachnoid
and choroid plexus cells in a background of many RBCs,
respectively.

Correlation between CSF cell count, cytology and
clinicoradiological, biochemical and microbiological
findings

The period of gestation of the neonates ranged between 27 and
42 weeks (mean 35.9 £ 3.6). The birth weight ranged between
640 and 4500 g (mean 2393.3 £ 795.9 g). CSF cell count, as
well as CSF neutrophil percentage, did not show a significant
correlation with birth weight or period of gestation [Graph 4].
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Graph 1: Distribution of cases based on maturity at birth
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Graph 2: Distribution of cases based on the clinical diagnosis at the
time of admission into the neonatal intensive care unit
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Graph 3: Showing cellular composition of the cytocentrifuged
cerebrospinal fluid smears. (Others include two samples from two
preterm babies. One showed hemosiderin-laden macrophages along
with numerous RBCs, while the other showed arachnoid and choroid
plexus cells in a background of many RBCs)

The CSF leucocyte count and protein levels showed a significant
correlation with highly sensitive CRP. The CSF cytologic findings
showed a significant correlation between the age of neonate and
blood neutrophil percentage. (P = 0.0158).

Subgroup analysis of various categories

a. Term versus preterm: The mean CSF cell counts did not show a
significant difference in ‘preterm’ versus ‘term’ (P = 0.8578),
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b.  Presence and absence of seizure: The mean CSF cell counts did
not show a significant difference in the presence or absence
of seizure (P = 0.1555)

. Sepsis versus non-sepsis: 'The mean CSE cell counts did not
show a significant difference in sepsis versus non-sepsis.

(P = 0.3230) [Graph 5].

d. Intracranial hemorrhage: The neonates with intracranial
hemorrhage showed a significantly higher frequency of RBCs
Table 1: Summary of the physical examination, cell

count, biochemical and microbiological findings of
neonatal cerebrospinal fluid (CSF) findings (n=213)

Parameter Findings

Physical examination

Quantity Mean: 0.5 mLL
Range: 0.2-1.2 mL

Colour Coloutless 25%
Pale yellow 69%
Reddish 06%

Appearance Clear 72%
Hazy 28%

Cell count
CSF cell count Mean: 5.48/cu.mm

Range: 0-90 cells/cu.mm
Biochemical evaluation

CSF glucose Mean: 66.9 mg/dL
Range: 12-337 mg/dL
CSF protein Mean: 86.8 mg/dL

Serum C-reactive
protein

Range: 30.7-390 mg/dL
Mean: 1.8 mg/dL
Range: 0.01->16.7 mg/dL

Microbiological findings

Gram stain
Pus cellstRBCs Six cases (0-6/0il immersion field)
Bacteria Absent in all

CSF culture

Bacterial growth Absent in all
Blood culture
Bacterial growth Enterococcus fecium 01
Acinetobacter baumanni 03
Serratia plymuthica 01
Klebsiella pneumonia 01

Enterobacter cloacae 01

100 4
90 ¢ CSF Cell count
| ¢ (/cu.mm)
80+ ® CSF neutrophil %
70
A Period of gestation
601 (weeks)
501 —_Linear (CSF Cell
40+ AA A count(/cu.mm))
304 a —Linear (CSF
20 neutrophil %)
O A curosni
10{ ¢ mf ——Linear (Period of
0 gestation (Weeks)

Graph 4: Relationship between cerebrospinal fluid (CSF) cell count,
CSF neutrophil percentage, and period of gestation
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on cytology. One case, in addition, showed the presence of
hemosiderin laden macrophages too, who on, at the time of
discharge, showed significant neurological deficits [Table 2
and Figure 2].

e.  Meningitis. The cytological patterns seen in cases of confirmed
meningitis were significantly different from those of the
control group [Table 2 and Figure 3]. Details of the cases of
meningitis are discussed in Table 3. Five out of eight cases
were preterm, and many of them had risk factors, including
a history of maternal chorioamnionitis.

Discussion

Cytological evaluation of the CSF and assessment of its cellular
composition provide valuable first information regarding the
underlying pathology."! As is highlighted by this study, there are
varied CNS and extra-CNS conditions in neonates that necessitate
it. There are many ways in which the neonatal CSI analysis is
unique compared to that of adults. The BBB between brain
parenchyma, cerebral vessel lumen, and epithelial cells by tight
junctions plays a significant role in the normal maturation and
development of the brain.” The neocortex, as studied in rodents,
has shown vasculatity only after birth.”l The new hypothesis is that
the varied CSF composition at various stages of CNS maturation
represents the evolving barrier mechanism during neurogenesis.”!
As is highlighted by this study, babies are admitted for various
indications in NICU, with preterm babies constituting a sizeable
bulk of cases. Among these, sepsis is the most common, followed
by respiratory distress, birth asphyxia, and hypoxic-ischemic
encephalopathy.’! Overall, the incidence of meningitis is
maximum in the neonatal period, with greater predilection in
preterm neonates resulting in severe neurodevelopmental issues
on follow-up.*3All of these require CSF assessment.

The quality of the CSF is crucial during evaluation. In this study,
6% of hemorrhagic samples were seen though the actual cases
with intracranial hemorrhage (ICH) constituted only 3.8%.
Lumbar puncture, being blinded, is prone to microtrauma
resulting in contamination by peripheral blood." The incidence

14 -
12
uMean
uSD
uSEM
Preterm Term  Seizure  Seizure Sepsis Non
present absent sepsis

Graph 5: Subgroup analysis of cerebrospinal fluid (CSF) cell count
in various clinical categories (x axis: clinical categories; y-axis shows
CSF cell count/cu.mm)
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Table 2: The relationship between cytologic and clinicoradiologic findings

Radiologic imaging findings Parameters Observations P
Abnormalities on imaging (n=16) Age (in days) 10.25 (2-27) P=0.9849
M: F 7:9
TLC
Mean (/cu.mm) 6.7
Range (/cu.mm) 0-40
SD (/cu.mm) 9.30
DILC Lymphocyte 92.5
Mean (%) 40-100
(Range in %) Neutrophil 08.5
Mean (%) 0-60
(Range in %)
Cytology findings Number of cases P=0.5489
Lymphocytes only 10
Neutrophils, lymphocytes, and RBCs 06
Intracranial hemorrhage (n=8) Age P=0.8232
Mean (days) 6.5
Range (days) 3-13
M: F 6:2
TLC
Mean (/cu.mm) 6
Range (/cu.mm) 2-12
SD (/cu.mm) 6.36
Cytology Number of cases P=0.0147
Lymphocytes only 1
Neutrophils, lymphocytes, and RBCs 7
Meningitis (n=8) Age P=0.0794
Mean (days) 9.87
Range (days) 2-26
M: F 7:1
TLC
Mean (/cu.mm) 27.75
Range (/cu.mm) 2-90
DLC
Mean (%) Lymphocyte 60.43
SD % 37.12
Mean (%) Neutrophil 32.43
SD % 26.98
Cytology Number of cases P=0.0147
Lymphocytes only 01
Neutrophils, lymphocytes, and RBCs 07
No central nervous system abnormalities Age (in days) 6.75 (2-21)
(n=8) (control group used for comparison)
M: F 5:3
TLC
Mean (/cu.mm) 6.75
Range (/cu.mm) 0-25
SD (/cu.mm) 6.11
DLC
Mean (%) Lymphocyte
(Range in%) 88.75 30-100
Mean (%) Neutrophil 22.25
(Range in%) 0-70
Cytology Number of cases

Lymphocytes only
Neutrophils, lymphocytes, and
RBCs

06
02

of traumatic CSF taps in children ranges from 12% to 26% in
studies and can be as high as 47.7% amongst neonates.>® These
are affected by the experience of the performer as well as the age
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and position of the child. Younger neonates tend to have more
traumatic punctures due to procedural difficulties.l” In traumatic
taps, the source of WBCs, particulatly the polymorphs, is difficult
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Table 3: Cytologic details of neonates with meningitis

Term Clinical diagnosis CSF cell CSF
count neutrophil
(/cu.mm) (%)
Term Perinatal depression; sepsis 90 55
Preterm  Septic shock with pneumonia 40 60
Term Seizure; jaundice 10 10
Preterm  Maternal chorioamnionitis 2 0
Term Methylmalonic aciduria 8 0
Preterm  Klebsiella sepsis 0
Preterm  Thigh-staphylococcal abscess 16 2
Preterm  Acinetobacter sepsis 52 0

CSF=Cerebrospinal fluid

to identify.! CSF from cases with ICH showed a significantly
higher frequency of RBCs on cytology but no difference in cell
counts as compared with those having normal imaging findings.
Monocytes with phagocytosed RBCs or erythrophages are
formed 12—18 hours after ICH. An occasional case in this study
showed the presence of erythrophages with a poor neurological
outcome. They are a sign of 7 vive rather than 7r vifro hemorrhage,
likely formed and activated by the injury to the choroid plexus
and ependymal lining.!"! There could also be differences in the
temperature and incubation time in iz vivo versus in vitro settings,
which cause them to form only in 7z 2iv0.”¥ These erythrophages,
after 36 to 48 hours, form hemosiderin deposits and are called
siderophages. They persist months after the bleeding.®” In
cases of intracranial bleeding, the presence of frank RBCs with
erythrophages or siderophages indicates a long-standing 1C
bleed with a poor neurological outcome and discriminates from
a traumatic tap.

The mean leucocyte count in CSF in this study was 5.48/cu.mm,
with no significant difference between the term or preterm
neonates. Though findings have been found in other studies,
this could be due to the smaller sample size in the study, and
larger studies are required to confirm the same.'™'? Another
interesting finding in this study is that a seizure history before the
procedure did not affect the CSF cell count. Studies with similar
findings have proposed that though theoretically, post-ictal CSF
pleocytosis can hamper CSF evaluation, practically, it is seen in
only 3%—5% of neonates. Further, the degree of pleocytosis
in such cases is very mild and about 8/cu.mm. Undetlying
neurologic disease, concurrent meningitis, and a traumatic tap
may be actual contributors to pleocytosis rather than actual
postictal effects.’!

Sepsis was a forthcoming indication for CSF assessment in the
present study because of its association with meningitis. But there
is conflicting evidence on the nondescript use of lumbar puncture
in all cases of sepsis."! Lumbat puncture, especially if prolonged,
has been found to cause hypoxemia.['! Also, here, no statistically
significant difference was seen in the CSF cell count between
sepsis and non-sepsis. So, CSF cytology becomes crucial. This is
made further complex by the lack of specific manifestations in
neonatal meningitis and may even be sine pleocytosis.'*'! CSF
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biomarkers pose a higher cost burden and are confounding due
to wide variation in neonates." What compounds the problem,
as highlighted here, is the administration of antibiotics for various
indications, including a positive septic screen. This is particularly
seen in babies referred from peripheral centres. Though Klebsiella,
Enterobacter, and _Acinetobacter are common causes of neonatal
meningitis, here, none of the cases showed any growth in the CSF
culture.'"™ Khater 7 /") concluded that the use of antibiotics
could lead to CSF-culture-negative meningitis, wherein the use
of molecular techniques could prove useful. In this study, the
CSF leucocyte count and protein levels showed a significant
correlation with highly sensitive CRP. CSF cytology correlated
with the blood neutrophil percentage, and a higher incidence of
CSF neutrophils was seen in cases of confirmed meningitis. CRP
is an acute phase reactant having a homopentameric structure.
It is transcriptionally induced in the liver by the CRP gene
present at 1g23.2 in response to inflammatory cytokines, IL6. It
is increased in various inflammatory conditions like theumatoid
arthritis and the presence of infections. Deviation occurs by
25% in inflammatory conditions and may vary depending on
the nature and severity of the underlying disease, as seen in
this study.” Significantly higher CRP levels are associated with

[16

bactetial pathogens.!' Blood neutrophil percentage is a hallmark

of ongoing bacterial infections and sepsis.

So, CSF cytology offers a low-cost alternative in resource-limited
settings.

Around 22% prevalence of meningitis is seen in cases of
late-onset sepsis, though the incidence of meningitis in neonatal
sepsis is 0.3%-3%.%1 In this study also, the preterm neonates
and those with a risk factor including chorioamnionitis or abscess
have shown coexistence of meningitis. The CSF cytology and
cell count, CSF neutrophils, blood neutrophil percentage, and
CRP showed to have a good correlation with meningitis in this
study, particularly in the appropriate clinical setting, This study
throws light upon the common causes of CSF abnormalities in
a neonatology unit of a tertiary care centre.

A lot of upcoming research has been done on the usefulness
of procalcitonin in neonatal meningitis. Studies have shown
that CSF procalcitonin is more associated with meningitis
in neonates.’” It can serve as an add-on to the diagnostic
marker.” Studies have even found them to be more useful than
serum-based assays.”! Howevert, this pose acts as an expensive
affair. This study is, therefore, of importance for the primary care
physicians (PCPs) who, with the help of a simple, low-cost test,
can provide insight into a likely cause for the newborn illness.
The CSF cytology and blood neutrophils percentage can simulate
the more expensive CRP levels and procalcitonin, which needs
more advanced laboratory investments, serving as a cost-effective
alternative. Clinical correlation and the presence of risk factors
should direct the PCPs to rule out various treatable conditions.

Despite its limitations, the study has its own merits. Firstly, it
shows that the clinical, radiological, and biochemical inputs
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are very important in interpreting the CSF abnormality,
implying the need for multimodality data integration. Secondly,
the study showcases that a cytological assessment has an
independent bearing on the diagnosis and follow-up. Thirdly
the antibiotic-treated culture-negative cases showed significant
abnormalities in CSF cytology which can guide therapy. Next, the
significant correlation between blood neutrophil percentage and
CRP shows how the CSF mirrors acute changes in meningitis.
Lastly, the presence of a good number of RBCs in association
with hemosiderin-laden macrophages helps diagnose cases of
intracranial hemorrhage in atraumatic cases.

The demerits of this study are that it is a retrospective
record-based study. Despite the large sample size, the individual
groups had only a few participants per group. So, larger
prospective studies on defined cohorts can help understand the
complex relationships between CSF abnormalities and other
biochemical and microbiological parameters. A longer follow-up
period would have been more useful in predicting the impact of
CSF cytology on the neurodevelopmental outcomes.

Conclusion

Most studies in the literature on neonatal CSF focus on the role
of cell counts only, with limited studies attempting to correlate
neonatal CSF cytology with other parameters. Most previous
studies have been confined only to meningitis or sepsis alone.
Here a broader study has been attempted to cover the role of
CSF cytology on the various diagnoses affecting neonates in a
NICU. A basic cytologic evaluation of the CSF provides more
clinically useful information than mere counts and differentials
can provide. It gives a significant insight into an underlying
pathology with a low cost and quick method. Accurate cell
counts and cytology of neonatal CSE, along with radiological,
biochemical, and microbiological workup, can help diagnose
and manage neonates in intensive care, especially useful in
antibiotic-treated cases.

Key points

1. This study highlights a low-cost alternative in the form of
CSF cytology and blood neutrophils percentage for neonatal
meningitis.

2. Clinical correlation and the presence of risk factors should
direct the primary care physicians to rule out vatious treatable
conditions- clinical, radiological, and biochemical inputs
being very important.

3. CSF cytology can guide therapy even in antibiotic-treated
culture-negative cases.
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