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ABSTRACT

Objective To evaluate the use of cerebrospinal

fluid (CSF) ferritin levels in the diagnosis of purulent
meningitis (PM).

Method We studied 81 children between 28 days and
12 years of age who presented with clinical suspicion

of meningitis to the emergency department. CSF ferritin
levels were measured and compared between diagnostic
groups (PM, aseptic meningitis (AM) and no meningitis).
Results The median age was 24 (IQR 8-69) months.
There were 32 patients with AM (39%), 23 with PM
(28%) and 26 with no meningitis (32%). Median CSF
ferritin was 4.2 ng/mL (IQR 3.0-6.5), 52.9ng/mL (IQR
30.7-103ng/mL) and 2.4ng/mL (IQR 2—4), respectively.
CSF ferritin was higher in children with PM compared
with AM (p<0.001) or no meningitis (p<0.001). There
was no difference between AM and no meningitis.
Conclusion CSF ferritin may be a useful biomarker to
discriminate PM in children with clinical symptoms of this
disease.

INTRODUCTION
Purulent meningitis (PM) is an important cause of
child morbidity and mortality. Early initiation of
treatment is critical, but establishing a definitive
diagnosis is difficult." > The gold standard test for
the diagnosis of PM is bacterial culture of cerebro-
spinal fluid (CSF). However, sensitivity is usually
low and it requires at least 24-48 hours for defin-
itive results. Presumptive diagnosis is made using
CSF analysis (cell count and differential, glucose
and protein, and Gram stains), but accuracy of
these tests is limited.® * CSF is often inconclusive (or
appears normal) in the more fulminant presenta-
tions of bacterial infections, as well as in more fragile
population (eg, children with immunosuppression).
Moreover, in underdeveloped or remote areas CSF
analysis can take hours or days to be performed.
A number of studies have evaluated performance
of classic and new CSF markers of meningitis,
but diagnosis accuracy for such devastating illness
remains a concern for paediatricians.’™

CSF ferritin has been studied as a possible
meningitis biomarker that can be rapidly and inex-
pensively performed.®® Ferritin is an acute phase
reactant that acutely rises in serum in response to
infection. If ferritin could be used as a diagnostic
test for meningitis, commercially available point-
of-care testing could be used for rapid diagnosis in

What is already known on this topic?

» Purulent meningitis is an important cause of
mortality. Diagnosis through cerebrospinal fluid
(CSF) may initially be difficult.

» The presumptive diagnosis by CSF analysis is
limited and the result may be inconclusive in
some cases.

» Ferritin is a promising biomarker increasingly
studied in acute infectious diseases.

What this study adds?

» Ferritin levels are elevated in the CSF of children
with purulent meningitis.

» CSF ferritin has a good discrimination for the
diagnosis of purulent meningitis and may be
useful as a screening or adjunctive test for
meningitis.

remote areas.” In this study we aimed to evaluate
CSF ferritin as a biomarker for the diagnosis of PM
and tested performance of the cut-off ferritin values
of commercially available point-of-care tests.

MATERIALS AND METHODS

We performed a cross-sectional study in two hospi-
tals in Brazil, Hospital Sdo Lucas da PUCRS and
Hospital Universitario de Santa Maria, from 2005
to 2015. Inclusion criteria were children aged 28
days to 12 years admitted to emergency depart-
ment with clinical suspicion of acute meningitis.
Exclusion criteria were traumatic lumbar punctures
(lumbar punctures with CSF containing more than
400 red cells x 10%L), malignancy, intracranial
bleed, Guillain-Barré syndrome and mycobacterial
or fungal infection, and previous use of antibi-
otics. We also excluded patients with screening for
other sources of infection, with borderline cellular
values in the CSF who were treated with antibi-
otics but had no clinical evolution compatible with
meningitis.

Patients were classified into three groups
according to their diagnosis: PM, aseptic meningitis
(AM) and no meningitis. The classification as PM
was: identification of a bacterium in the CSF and/
or presence of leucocyte count >500 x 10°/L with
predominance of neutrophils, protein >100 mg/dL
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Table 1  General characteristics of patients in three groups

Groups
Variable Aseptic (n=32) Purulent (n=23) No meningitis (n=26) P value
Male sex, n (%) 25 (78.1) 12 (52.2) 17 (65.4) 0.130
Age (months) 24 (8-11)° 30 (8-63)° 10 (4-62)° 0.213
Weight (kg) 15.0 (8.6-31.5)* 12 (8.2-25)* 9.3 (7.0-19.3) 0.172
Time from onset (days) 1(0-3)* 1(0-2)?° 1(0-2)* 0.76
Hospitalisation time (days) 3 (2-5)* 13 (10-14)° 1(1-3)° <0.01
Identification of virus/bacteria 17 (53.1) 16 (69.6) - 0.70
Death, n 0 1 0 -
Blood ferritin (ng/mL) 87.3 (50-157)° 289.8 (79-500)° 50 (38-224)* 0.46
Blood leucocytes (cells x 1 o 10.615 (8.020-14.710)* 17.820 (8.110-27.630)* 12.280 (7.830-17.020)° 0.32
Blood glucose (mg/dL) 93 (83-108)* 103 (91-144)* 85 (82-93)° 0.06
Haematocrit (%) 32.7 (30.7-37.2)° 30.5 (26.5-34)° 32.9 (29-35.6)° 0.56
Haemoglobin (g/L) 111 (101-128)* 103 (90-118)° 110 (97-122)° 0.52
Platelets (x107/L) 275 (220-384)° 249 (150-372)* 292 (205-342)* 0.76
C-reactive protein (mg/dL) 0.9 (0.5-2.2)° 2.1(0.0-15.7)* 3.1 (0.3-5.5)* 0.79

Categorical variables were expressed in percentages and compared using the * test and Fisher's exact test. The medians were expressed with the respective IQR and compared
using the Kruskal-Wallis test. Same letters (a,b) indicate no significant difference between the groups according to the Dunn'’s post hoc test (p<0.05).

and glucose <40mg/dL. AM was defined as: no detection of
bacteria in CSF, negative blood culture, confirmation of viral
aetiology by PCR and/or leucocyte count between 5 and 100
leukocytes x 10% L with predominance of lymphocytes and
monocytes, protein <100mg/dL and glucose >40mg/dL in
CSF. In addition, there was a need for compatible clinical evolu-
tion without the use of antibiotics. No meningitis was defined
as normal CSF tests and favourable clinical evolution, without
need for antibiotics.

CSF ferritin levels were determined by chemiluminescence
(IMMULITE 2000). Cytology, biochemical and bacteriological
tests were performed, along with culture. CSF samples were
assessed for direct detection of viral nucleic acid using PCR
for herpes simplex I/II, varicella zoster virus and reverse tran-
scriptase PCR for enterovirus as per protocol from Fundacio
Oswaldo Cruz (full methodology, primers and performance are
available at https://www.arca.fiocruz.br/handle/icict/28040).

Categorical variables were expressed as percentages and
compared using the Pearson y” test or Fisher’s exact test. Contin-
uous variables were expressed as medians and IQR and compared
using the Mann-Whitney tests. The predefined cut-off values of 20
and 30ng/mL were used to calculate the hypothetical sensitivity
and specificity of commercially available point-of-care tests.

The data were analysed in the program Statistical Package
for Social Sciences V.17.0. A significance level of 5% was used
for statistical decision criteria. Kruskal-Wallis test was used to

compare the three groups. Informed consent was obtained from
the parents or legal guardians to participate in the study.

RESULTS

We enrolled 91 children with suspected acute meningitis, of
whom 10 were excluded (two tumour, three traumatic tap, five
unclear diagnosis). From the 81 children included, 23 were PM,
32 were AM and 26 were no meningitis. The characteristics of
the children in each group are detailed in table 1.

In the PM group, Gram staining or CSF culture was posi-
tive in 16 patients (69.6%), with Neisseria meningitidis (n=7)
and Streptococcus pneumoniae (n=35) being the most common
pathogens. In the AM group, an aetiological agent was identified
in 17 (54%) patients (enterovirus n=14 and herpesvirus n=3).

CSF ferritin levels were significantly different between
groups (AM median 4.1 (3.0-6.5)ng/mL, PM median 52.9
(30.7-103) ng/mL and no meningitis median 2.4 (2-4)ng/mL,
p<0.001). CSF analyses according to groups are shown in
table 2. When comparing children in the PM group with the
remaining 58 children with non-PM (AM and no meningitis)
there was a significant difference in CSF ferritin levels (52.9
(30.7-103)ng/mL vs 3.9 (2.0-5.1)ng/mL, p<0.001). Similar
results were obtained when we analysed only children with posi-
tive cultures or PCR tests (figure 1). CSF ferritin had a strong
discriminatory capacity for PM, with area under the receiver

Table 2  Cerebrospinal fluid analyses according to groups

Groups
Aseptic Purulent No meningitis
Variable (n=32) (n=23) (n=26) P value
CSF ferritin (ng/mL) 4.2 (3.0-6.5) 52.9 (32-103)° 2.4 (2-4)° <0.01
CSF leucocytes (cells x 10° /L) 111 (22-215)° 1197 (400-2390)° 3(1-4) <0.01
CSF neutrophils (cells x10°/L) 27 (12-37)* 83 (70-85)° 0 (0-0)° <0.01
CSF lymphocytes (cells x10°/L) 60 (48-76)* 16 (11-25)" 0 (0-0)° <0.01
CSF protein (mg/dL) 47 (38-68)* 145 (127-240)° 27 (23-33)° <0.01
CSF glucose (mg/dL) 58 (49-68)° 22 (15-30)° 60 (54-64) <0.01

Medians are expressed with the respective IQR and compared using the Kruskal-Wallis test. Same letters (a,b,c) indicate no significant difference between the groups according

to the Dunn’s post hoc test (p<0.05).
CSF, cerebrospinal fluid.
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Figure 1  CSF ferritin levels (median IQR) according to clinical

diagnosis. CSF ferritin was significantly higher in children with purulent
meningitis (culture+ and culture—) when compared with children with
aseptic meningitis (PCR positive or PCR negative) or no meningitis. CSF
ferritin was not different between aseptic meningitis and no meningitis
groups (p=0.092). CSF, cerebrospinal fluid.

operating characteristic (ROC) curve of 0.993 (95% CI 0.973
to 1.000) (figure 2).

There were nine children with CSF leucocytes between 100
and 500 cells x 10°/L. Of these patients, four were excluded for
having an unclear diagnosis (ie, received a full course of anti-
biotics despite clinical doubts of a bacterial infection), one had
a culture-positive bacterial infection with high ferritin (44.6 ng/
mL) and four had viral infections with positive PCR and appro-
priate clinical evolution presenting with low ferritin levels (7.7,
7.06, 9.47 and 3.6 ng/mL).

10
08
> 06
:'§ z
.*i
c
3 04+
0,27
AUC=0.993
00 T T T T
00 02 04 06 08 1.0
Specificity

Figure 2 Performance of cerebrospinal fluid (CSF) ferritin in the
discrimination of children with or without purulent meningitis. The area
under the receiver operating characteristic (ROC) curve (AUC) is 0.993
(95% €1 0.973 to 1.000).

When analysing the predefined cut-off value of 20 ng/mL to
evaluate the possibility of using a commercially available point-
of-care test, we found a sensitivity of 100% and a specificity of
98.3% for the diagnosis of PM in our population, while a cut-off
value of 30 ng/mL had a sensitivity of 95.7% and a specificity of
98.3% for the diagnosis of PM.

DISCUSSION

Our study demonstrated that CSF ferritin is elevated in children
with PM, and measurement of CSF ferritin had a good perfor-
mance as a diagnostic test for PM in children with suspected
meningitis in the acute care setting. It also suggested that the use
of a point-of-care test with a ferritin cut-off of 20 ng/mL could
have an excellent performance as a screening test for PM.

The incidence of PM has decreased significantly over the last
years with the widespread introduction of effective vaccines
against Haemophilus influenzae type b and S. pneumonia. CSF
pleocytosis is now most commonly observed in children with
AM rather than PM." ? Despite these changes, accuracy of rapid
diagnostic methods remains low, and a large number of children
are exposed to unnecessary prolonged antibiotic treatment and
hospital admissions.” Several biomarkers have been studied in an
attempt to improve diagnosis of PM but have not translated into
clinical practice due to poor performance or lack of feasibility.
Clinical decision rules have improved sensitivity of diagnosis but
specificity remains very low.’ In our study, CSF ferritin had an
excellent discrimination capacity for diagnosis of PM. Ferritin
was previously described as a biomarker for the diagnosis of
meningitis by Kim and colleagues.® In their study, CSF ferritin
was significantly higher in children with PM (n=26) when
compared with children with AM (n=76). The authors suggested
a CSF ferritin level of 15.6 ng/mL as the ideal cut-off point for
the diagnosis of PM. In our previous pilot study, we found
similar results.” More recently, Sanaei Dashti and colleagues®
assessed CSF ferritin for diagnosis of meningitis in 50 children
(12 PM and 38 AM). The authors also reported higher values of
CSF ferritin among children with PM in comparison with AM,
however, ferritin had a poor diagnostic performance when the
chosen cut-off value of 35.5 ng/mL was used. Two aspects influ-
enced this result, first the focus of the study looking at a high
specificity biomarker, hence a higher cut-off was used; second,
the study had less strict diagnostic and exclusion criteria when
compared with our study, in special lack of information about
use of antibiotics. It is important to highlight that, outside that
acute care setting, CSF ferritin has a significantly worse perfor-
mance in diagnosing meningitis. '’

Our study went on to evaluate possible cut-off values for the
use of point-of-care ferritin tests. Basic CSF analysis in remote or
poor resource settings can be difficult. Results of CSF cytology
and biochemistry, when available, can take several hours and be
subject to time restrictions. Use of a point-of-care test would
provide invaluable information to clinicians in this difficult situ-
ation. Commercially available ferritin point-of-care tests use cut-
off values of 20 or 30ng/dL. In our study, using a cut-off value
of 20ng/dL would yield sensitivity of 100%, suggesting it could
be a very useful tool for screening of PM in remote and resource
poor areas. We are currently performing an accuracy assessment
of point-of-care ferritin kit to measure CSF ferritin, and plan-
ning a prospective evaluation of the use of point-of-care ferritin
as an adjunctive diagnostic tool for PM.

Our study has some limitations that need to be addressed.
First, patients with previous use of antibiotics or traumatic
lumbar puncture were not included in our analysis. These are
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known factors that reduce accuracy of CSF tests and may also
significantly affect accuracy of CSF ferritin. Second, we only
compared children with well-defined diagnoses. We chose this
approach to validate the accuracy of CSF ferritin, however,
its performance needs to be confirmed in children in the ‘grey
zone’ where current diagnostic tests are unclear. Third, we
only included children presenting to emergency department
with clinical suspicion of acute meningitis. Children with more
complex presentations (meningitis complicating a primary infec-
tion, meningococcal septic shock, children with haematologic
disorders) could have different ferritin levels in CSF. Finally, we
only identified bacterial and viral meningitis, and CSF ferritin
analysis in other types of meningitis (eg, tuberculosis) needs to
be further evaluated.

In conclusion, CSF ferritin showed a good performance for
the diagnosis of PM in our population, and use of a point-of-
care device with a cut-off value of 20 ng/mL may be an excellent
adjunctive tool to diagnose PM in remote and deprived areas.
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