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Abstract

punctures (LP) (RBCs > 500/mm3) using WBC to RBC (500:1) ratio.

negative predictive value for bacterial meningitis.

increase in false negatives.

Background: A cerebrospinal fluid (CSF) red to white cell correction ratio of 500:1 is often quoted as a preliminary result for determining
potential positive/negative CSF cultures. The aim of this study is to examine the diagnostic utility of correcting the white blood cell (WBC) counts
in traumatic Cerebrospinal fluid based on 500:1 ratio and to evaluate this adjustment in identifying bacterial meningitis.

Method: We performed a cohort study on children <3 months who were admitted to Our Lady’s Children’s Hospital, Crumlin, with suspected
sepsis from the 1st October 2017 to the 5th October 2018. Cerebrospinal fluid WBC counts were adjusted downward for traumatic lumbar

Result: A total of 117 infants (age: 39.4+21.7 days, male: 85(72.6%), traumatic LP: 35(29.9%)) were enrolled in this study. Among 117 infants,
3 (2.6%) had positive CSF cultures for bacterial meningitis, 28 (23.9%) had viral meningitis. Compared with the unadjusted cerebrospinal fluid
WBC count, the adjusted one had substantially better specificity (by 8.4%) and positive predictive value (by 30%) with a similar sensitivity and

Conclusion: Adjustment of WBC counts in traumatic LPs is associated with a significant reduction in the false positive cases without an
Keywords: Bloody Cerebrospinal fluid; Infant; Meningitis; Traumatic Lumbar Puncture

Abbrevations: CSF: Cerebrospinal Fluid; LP: Lumbar Puncture; RBCs: Red Blood Cells; PPV: Positive Productive Value; NPP: Negative Productive
Value; WBC: White Blood Cell; ED: Emergency Department; IQR: Interquartile Range; HHV-6: Human Herpesvirus-6

Introduction

Acute meningitis is a common infection of the meningeal
membrane lining the brain. It is predominantly viral in etiology and
is responsible for approximately 82-94% of cases of meningitis
in children. It is also considered a mild form of meningitis that
often resolves spontaneously with supportive care only [1,2].
Bacterial meningitis however, despite advances in medical care
including empirical antibiotics and vaccines, is still associated
with serious sequalae and mortality rates of 10-50% of patients,
depending on the causative organism [3]. Therefore, a rapid and
accurate diagnosis of acute bacterial meningitis is vital to prevent
the serious sequelae, and also to avoid unnecessary exposure to
antibiotics or prolonged hospitalisation [4,5]. Examination of the

cerebrospinal fluid (CSF) through lumbar puncture (LP) remains
the gold standard method to confirm bacterial meningitis in any
patient with suspected meningitis, as the clinical symptoms and
signs are often nonspecific and unreliable [6,7]. Traumatic LPs
however, are common in children (10-40%) and complicate the
clinician’s ability to interpret CSF white blood cell (WBC) counts
[6,8]. Although there were several methods for correction of WBC
count in a traumatic LP, a CSF red to white cell correction ratio of
500:1 is the most used method for adjustment of the white cell
count in traumatic CSF. The reliability of this approach to rule out
bacterial meningitis remains controversial. A large retrospective
study showed that adjustment of CSF WBC using 500:1 ratio does
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not aid in the diagnosis of bacterial meningitis in neonates [9].
Another multicentre study found that correction of the CSF WBC
count reduces the number of infants with CSF pleocytosis while
it can underestimate the number of white cells in the CSF and
therefore under diagnose meningitis [8]. The aim of the present
study to examine the ability of the ability of corrected CSF WBC to
identify infants with bacterial meningitis.

Methods

This was a single centre cohort study of children who were
admitted to Our Lady’s Children’s Hospital, Crumlin, with
suspected sepsis between the 1st October 2017 to the 05th October
2018. We included infants <60 days of age who presented to the
emergency department (ED) and who had an LP performed with
CSF culture and CSF cell counts. Infants with incomplete CSF data
were excluded from the study. In infants with more than one LP
only the first LP was included in the study. Our primary outcome
was bacterial meningitis, as defined by an infant with a positive CSF
culture for a bacterial pathogen. We defined traumatic LP as a CSF
RBC count 2500cells/mm3 [9,10]. CSF WBC counts were adjusted
downward for traumatic lumbar punctures using white to red cells
(500:1) ratio. For example, if the CSF RBC count was 10,000 and
the CSF WBC count was 70, then the adjusted CSF WBC count of
50 would be used (70-10,000/500). Demographics (age, gender),
CSF parameters including RBC, WBC, protein, glucose and CSF
culture, and blood inflammatory markers (WBC, CRP), and blood
culture result were collected for each baby. Statistical analysis was
performed using SPSS statistical software version 22.0. Descriptive
statistics were used for all demographic variables of interest
using frequency distribution and percentage. Mean and standard
deviation (SD) were used for parametric numeric data, while
non-parametric numeric data were summarised using median
and interquartile range (IQR). Receiver operating characteristic
(ROC) curves were constructed for unadjusted and adjusted WBC
count. We calculated sensitivity, specificity, positive productive
value (PPV) and negative productive value (NPV) of unadjusted
and adjusted WBC count in traumatic and non-traumatic CSF for
predicting bacterial meningitis. We used a CSF WBC count cut-
off value of 10cells/mm3 and this was considered as significant
CSF pleocytosis. We examined the ability of the adjusted CSF WCC
count to detect infants with bacterial meningitis. Our results were

Table 1: Demographic characteristics of the study cohort.

summarized using p-value and 95% confidence intervals. P-values
< 0.05 was be considered statistically significant.

Results

During the study period, a total of 117 infants who had a
LP, were included in this study. Median patient age was 39 days
(Interquartile Range (IQR) 24-35 days) and there were 85 males
(72.6%) and with a male to female ratio 2.6:1. Among 117 infants,
3 (2.6%) had positive CSF cultures for bacterial meningitis (group
B streptococcus was detected from a CSF of 2 (1.7%) infants and
1 (0.9%) had pneumococcal bacterial meningitis) and 28 (23.9%)
had viral meningitis (11 (9.4%) had Enterovirus RNA meningitis,
10 (8.5%) had parechovirus and 7 (6%) had Human Herpesvirus-6
(HHV-6). Table 1 shows the demographic characteristics of our
cohort. Of the 117, 35 (29.9%) infants had a traumatic LP, and
infants with a traumatic LP were older than those with non-
traumatic LP (42 (27-58) vs 35 (22-56), P: 0.094). The median
CSF RBC count for infants with traumatic LPs was 4,100 (1,281~
6,900), while for those without traumatic LPs was 5 (0-80). The
median CSF WBC count for infants with traumatic LPs was 10
(5-15) and for infants with non-traumatic LPs was 3 (1-6.75)
(p:0.5) (Table 2). Before the adjustment of CSF WBC count, infants
with bacterial meningitis had significant higher CSF WBC count
of 3,990 (1,997-4,825), than those without meningitis, 4 (2-10),
(p<.045). However, after adjustment, the difference of WBC count
in CSF between two groups were not statistically significant
(p:0.057) (Table3). The sensitivity, specificity, and positive and
negative predictive values for the non-traumatic and traumatic
LPs for prediction of bacterial meningitis at different cut-offs
are presented in Table 3. In comparison with the unadjusted CSF
WBC count, the adjusted LPs had similar sensitivity and NPV for
bacterial meningitis, while specificity and PPV slightly improved
after correction. NPV and PPV of adjusted CSF WBC count at cut
off value of 10 were 100% and 14.2%, respectively (sensitivity
100%, specificity 82%), while NPV and PPV of unadjusted one
were 100% and 5.8%, respectively (sensitivity 100%, specificity
52%). Similarly, at cut off value of 20, NPV and PPV of adjusted
CSF WCC count were 97.1% and 25%, respectively (sensitivity
100%, specificity 91.1%), while NPV and PPV of unadjusted one
were 97.1% and 10%, respectively (sensitivity 100%, specificity
73%) (Table 3).

Variable Traumatic LP (n=35) Non-Traumatic LP (n=82) p-value
Male Sex n (%) 24 (68.6%) 61(74.4%) 0.51
Age, days Median (IQR) 42 (27-58) 35 (22-56) 0.094
Viral Meningitis n (%) 7 (20%) 21 (25.6%) 0.6
Bacterial Meningitis n (%) 1(2.9%) 2 (2.4%) 0.8
Bacteraemia n (%) 2 (5.8%) 5 (6%) 0.5

LP: Lumbar Puncture; IQR: Interquartile Range
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Table 2: Secondary outcomes of our study.

Variable Traumatic LP (n=35) Non-Traumatic LP (n=82) p-value
RBC WBC Median (IQR) 10.15 (8.10-15.6) 10.1 (8.10-13.2) 0.75
CRP Median (IQR) 5 (4-10) 6.5 (4-17.5) 0.42
CSF RBC count Median (IQR) 4,100 (1,281-6,900) 5 (0-80) 0.004
CSF WBC count Median (IQR) 10 (5-15) 3 (1-6.75) 0.59
CSF protein Median (IQR) 0.78 (0.55-0.82) 0.51 (0.43-69) 0.055
CSF glucose Median (IQR) 2.7 (2.4-2.85) 2.8 (2.6-3.10) 0.01
CSF: Cerebrospinal Fluid; RBC: Red Cell Count; WBC: White Cell Count; IQR: Interquartile Range
Table 3: Comparison of adjusted and unadjusted approaches for the detection of bacterial meningitis
Cut-off Sensitivity specificity PPV NPV
10 100% 52% 5.8% 100%
Unadjusted CSF WCC count
20 100% 73% 10% 97.1%
10 100% 82% 14.2% 100%
Adjusted CSF WCC count
20 100% 91.1% 25% 97.1%

PPV: Positive Productive Value; NPP: Negative Productive Value; CSF: Cerebrospinal Fluid; Cl: Confidence Interval

Discussion

The presence of blood in CSF is associated with increased
protein levels and cell count which leads to a reduction in the
diagnostic value of LP. The prevalence of traumatic lumbar
puncture in our study was (29.9%), which is similar to that which
has previously been reported [9-12]. The RBC cut-off values for of
traumatic LP varies in previous studies. For example, some studies
defined the traumatic LP as a CSF RBC 210,000 cells/mm3, [8,13]
while other defined as CSF specimens with 2500 RBCs/mm3
[9,10,14]. In our study, CSF with RBC count 2500 cells/mm3 was
considered a traumatic LP as this is the cut off value that is used
in our institution. Several studies assessed different approaches to
correct the WCC count in traumatic CSF. Some authors used ratio
500 or 1000 RBCs to 1 WBC in the CSE. While other adjusted CSF
WCC by using the ratio of RBCs to WBCs in the peripheral blood
[8,9,15]. We found that application of the 500 CSF RBCs per 1 CSF
WBC correction ratio for infants with a traumatic LP does not
reduce the sensitivity of the CSF WCC for bacterial meningitis. In
addition to this, our study revealed that using a 500:1 correction
substantially reduced the number of infants who were classified
as having CSF pleocytosis without misclassifying any case of
bacterial meningitis. In other words, CSF WCC correction reduced
the false positives (patients without bacterial meningitis who
unnecessarily receive antibiotics) without an increase in false
negatives. Greenberg et al. [9] conducted a large study including
2519 neonates (<28 days) with a traumatic lumbar puncture.
On contrary to our findings, they found that correction for a

traumatic LP using a 500:1 correction substantially reduced the
sensitivity of CSF WBC for bacterial meningitis by 4%. Moreover,
another study included examined the 500:1 ratio method for
prediction of meningitis in children from 1-month to 18-year-old
with traumatic LP (RBCs 2500 cells/mm3). They found that the
adjusted CSF WCC was not significantly better than the unadjusted
one [14]. Our study revealed that increasing the cut-off from 10
to 20 WCC associated with an increase in the specificity by 9.1%
and the PPV by 10.8%, while the NNP decreased by 2.9% and the
sensitivity remained the same. These finding are like that showed
by Greenberg et al, [9] who found that increasing the cut-off to 20,
increasing the specificity but the sensitivity was decreased. There
are a couple of limitations in this study. Firstly, the sample size was
small, as the sample was drawn from one hospital and only over
a limited time period. Secondly, we assessed only a 1:500 ratio
method to adjust CFS WCC and no other methods were examined
in our study. Thirdly, although a clinician usually does LP prior to
administering antibiotics, it was not always clear which infants
received antibiotics prior to LP. Lastly, we included infants with
traumatic LP with no upper limit of RBC count in CSF. However,
the strength of our study relates to the fact that it utilised a recent
data set obtained from a setting with strict guidelines for the
management of infants with suspected meningitis.

Conclusion

The results of this study indicate that application of a 500 CSF
RBCs per 1 CSF WBC adjustment for the traumatic LP significantly
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increases specificity without reducing the sensitivity. Therefore,
utilisation of the corrected CSF WBC count could lead to a
reduced rate and duration of unnecessary antibiotic exposure and
associated with a reduced hospitalizations rate for many infants
without bacterial meningitis. However, all available data should
be used when deciding whether to initiate treatment in an infant
with suspected meningitis and bloody CSF. We believe that further
larger studies are required in this area to examine the best method
of WBC correction in traumatic LPs.
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