
ORIGINAL ARTICLE

Eosinopenia as a marker of diagnosis and prognostic to distinguish
bacterial from aseptic meningitis in pediatrics

Agathe Debray1 & Sylvie Nathanson2
& Florence Moulin3

& Jérome Salomon1
& Benjamin Davido1

Received: 27 May 2019 /Accepted: 11 June 2019 /Published online: 22 June 2019
# Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract
Procalcitonin (PCT) has proven its efficacy to distinguish bacterial from aseptic meningitis in children. Nevertheless, its use in
routine is limited by its cost and availability, especially in low- and middle-income countries. It is now acknowledged that
eosinopenia is a marker of infection and/or severity of the systemic inflammatory response. Although no study ever demonstrated
that eosinopenia could differentiate bacterial from viral infection, we decided to conduct a study concerning meningitis in
children. This bicentric and retrospective study was conducted between January 2012 and October 2018, in children hospitalized
for meningitis. The white blood cell was systematically gathered at the admission to evaluate the eosinophil count. Characteristic
data were compared between 2 groups: documented bacterial meningitis (DBP) and aseptic meningitis which includes docu-
mented viral meningitis (DVM) and non-documented meningitis (ND). Among 190 patients admitted for meningitis, 151 were
analyzed, including DBM (n = 45), DVM (n = 73), and ND (n = 33) meningitis. Groups were comparable. Mean age was 33 ±
48 months with a sex ratio of 1.6. Mean of eosinophil count was 15 ± 34/mm3 in the DBM group versus 132 ± 167/mm3 for the
aseptic meningitis group (p < 0.0001). Best threshold for the diagnosis of bacterial meningitis was an eosinophil count < 5/mm3

with a sensitivity of 80% and specificity of 73% and a likelihood ratio of 2.9. Eosinopenia seems to be a reliable and non-invasive
marker of bacterial meningitis in pediatrics. The absence of extra cost makes it very interesting in low- and middle-income
countries or when usual biomarkers such as PCT are unavailable.
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Introduction

Eosinopenia has been firstly described in 1893 by Zappert
et al. in response to a systemic infection [1]. Thereafter in
1975, numerous studies confirmed that a decrease in eosino-
phil count was observed in case of acute inflammation, where-
as we observe a normalization of the eosinophil count in case

of healing [2–4]. Currently, this marker has been repurposed
by specialists as an alternative to new and costly biomarkers.

Up to day, there is no consensual definition of eosinopenia.
Threshold may vary among different studies in the literature,
with cutoff values from 10 to 140 eosinophil per cubic milli-
meter. Conversely, the normal value of eosinophil count
ranges from 1 to 3% of the total leukocytes [5]. Therefore,
we decided to choose a threshold of 1% namely below 100
eosinophils/mm3 as the definition of eosinopenia in our work.

The physiopathology of eosinopenia during the acute in-
fection is not well documented. It might be related to several
factors involving chemokines responsible for a sequestration
of eosinophils into the site of inflammation or a deflate of
production of eosinophils from the bone marrow [3, 4, 6].

Eosinopenia has been already studied in the literature
as a marker of infection, including in pediatrics. Indeed, a
retrospective study with 34 hospitalized children suffering
from infection (bacterial or viral) and 66 healthy volun-
teers showed that a decrease of eosinophil count was pre-
dictable of an acute infection (46 ± 58/mm3 versus 288 ±
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248/mm3); meanwhile, the normalization of eosinophil
count was associated with a favorable outcome (252 ±
162/mm3) [7]. Another work recently published con-
firmed those observations in the diagnosis of early-onset
neonatal sepsis [8] with a threshold of 140 eosinophils/
mm3. Authors found a relatively good specificity of this
marker (90%) despite a moderate sensitivity (60%).

In an adult ward of internal medicine, an eosinophil count
≤ 10/mm3 was considered of interest for the diagnosis of in-
fection [9]. Recently, a new score called “CIBLE” (French
translation of TARGET) has been proposed to guide the diag-
nosis of bacterial infection with a better sensitivity (72%) and
a good specificity (77%) but requiring numerous medical in-
formation including past medical history [10].

To our knowledge, there is no study that evaluated the
impact of eosinopenia to distinguish bacterial from viral in-
fection. We decided to evaluate eosinopenia in case of men-
ingitis, considering such condition is commonly documented
by PCR and culture in the cerebrospinal fluid (CSF). The aim
of our study is to evaluate whether the eosinophil count sig-
nificantly differs between bacterial from viral meningitis in
pediatrics.

Material and methods

We conducted a bicentric and retrospective study, from
January 2012 to October 2018. We screened all the hos-
pitalized children aged below 15 years and 3 months old,
who presented a meningitis and where admitted in general
pediatrics (Hôpital André Mignot, Le Chesnay, France) or
in intensive care unit (ICU) (Hôpital Necker-Enfants mal-
adies, Paris, France). Diagnosis of meningitis was based
on the presence of a clinical suspicion (meningeal syn-
drome) and confirmed by the lumbar puncture showing
a pleiocytosis (> 5 leukocytes/mm3) [11]. We excluded

medical charts that were lacking eosinophil count in the
white blood cell (WBC) count performed immediately at
the emergency department before admission.

Thereafter, we divided our cohort into 3 groups depending
on the analysis of the CSF: documented bacterial meningitis
(DBM), documented viral meningitis (DVM), and non-
documented meningitis (ND). In order to define a reproduc-
ible threshold of eosinopenia for the diagnostic of bacterial
meningitis, we merged the DVM and ND into a group of
aseptic meningitis. Secondary objective was to evaluate
whether eosinopenia was associated with the severity of the
infection, namely meningitis, and could be helpful to refer the
patient to ICU.

Statistical analysis

Quantitative variables were expressed using mean and stan-
dard deviation. Qualitative variables were described by per-
centage. As the eosinophil count does not follow a normal
distribution, comparisons were performed using non-
parametric tests using the Kruskal-Wallis test for qualitative
variables and theWilcoxon test for binary variables. Statistical
significance was defined for p ≤ 0.05.

Results

Demographic data

During the study, 190 children were admitted for meningitis.
Among them, 39 patients had no information on eosinophil
count at admission due to the absence of a completeWBC count.

Overall, the flowchart was the following: 151 children
were included and analyzed including 30% of DBM (n =
45), 48% of DVM (n = 73), and 22% of ND (n = 33) (Fig. 1).

Fig. 1 Flowchart of the described
population with meningitis
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Patient characteristics were comparable between groups
(see Table 1). Sex ratio was of 1.6. Microorganisms involved
in meningitis and methods used for their documentation are
summarized in Table 2.

Impact of eosinophil count on the diagnosis
of meningitis

Between groups of DBM, DVM, and ND meningitis, the
mean of eosinophil count was statistically different (p =
0.0001) and confirmed between bacterial and aseptic menin-
gitis (Fig. 2).

The usual markers performed for the diagnosis of bacterial
meningitis, namely CRP, procalcitonin (PCT), proteinorachia,
glycorachia, and lactatorachia, are reported in Table 3. For a
threshold of eosinopenia defined < 100/mm3, the area under

the curve (AUC) was of 0.79 when dealing with absolute
values of eosinophils and 0.80 in case of percentage. For com-
parison, AUC of CRPwas better at 0.91 whereas PCT reached
a value of 0.93 (Fig. 3).

For a lower threshold of eosinophil count < 5/mm3, we
obtained a high sensitivity (80%) with a 95% CI [65–90%]
but a far better specificity (73%) with a 95% CI [63–81%]
resulting in a likelihood ratio of 2.9.

Prognostic value of eosinophil count

Considering all individuals, 46% were hospitalized in general
pediatrics whereas 54% required ICU. Interestingly, the eosin-
ophil count was significantly lower for the children admitted
in ICU (p < 0.0001) (Fig. 4).

Table 2 Microbiological features
of meningitis Meningitis Microorganism Diagnostic method

Bacterial Streptococcus pneumoniae 40% CSF culture 60%

Neisseria meningitidis 18% CSF soluble antigen 31%

Streptococcus agalactiae 16% CSF direct examination 9%

E. coli K1 7% Blood culture 9%

Listeria monocytogenes 4% CSF PCR 7%

Haemophilus influenzae b 4% CSF serology 2%

Staphylococcus aureus 2% Skin biopsy 2%

Enterococcus faecalis 2%
Borrelia burgdorferi 2%

Viral Enterovirus 85% CSF PCR 100%

Parechovirus 10%
Epstein-Barr virus 4%

Herpes simplex virus-1 1%

Table 1 Demographic
characteristics of patients
included

Bacterial
meningitis

Non-documented
meningitis

Viral
meningitis

p value

n = 45 (%) n = 33 (%) w = 73 (%)

Sex p = 0.28
Girls 19 (42) 8 (24) 31 (42)

Boys 26 (58) 25 (76) 42 (58)

Age

Mean inmonth (SD) 31.7 (48.12) 64.28 (66.43) 19.78 (28.9) p = 0.0005*

Prematurity 2 (4) 1 (3) 5 (7) p = 0.72

Allergy 0 2 (6) 3 (4) p = 0.31

Corticosteroid
therapy

2 (4) 1 (3) 1 (1) p = 0.57

Blood disorders 0 (0) 0 (0) 0 (0) p = 1

Immunosuppression 2 (4) 2 (6) 1 (1) p = 0.38

*No difference between bacterial meningitis and aseptic meningitis (including non-documented and viral men-
ingitis) (p = 0.82)
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Also the duration of hospitalization (mean of 6 versus
3 days) and of antimicrobial therapy (mean of 3 versus 2 days)
was significantly higher between eosinopenic children (< 100/
mm3) than the ones without eosinopenia (p < 0.001 and p =
0.01, respectively).

Subgroup analyses

Further analyses have been performed to ensure that the find-
ings were still relevant to distinguish bacterial from aseptic
meningitis in children with general pediatrics and ICU.
Results are summarized in Table 4.

Discussion

Our study seems to support that the deeper the eosinopenia is,
the higher the specificity is to distinguish bacterial from asep-
tic meningitis in pediatrics. Indeed, an eosinophil count < 100/

mm3 has a sensitivity of 87% and a specificity of 44% which
can reach up to 73% if the eosinophil count is below 5/mm3.
Such marker is easily obtained with a simple blood sample
without the need to wait for complementary biochemical tests
which makes it helpful for a rapid orientation diagnosis of
bacterial meningitis before the realization of a lumbar punc-
ture. We believe that the presence of eosinopenia should guide
the physician to determine whether the patient is deemed to
require a rapid initiation of antimicrobial therapy, in addition
to usual signs of orientation in case of meningitis. On one
hand, the benefit of this particular marker is its early onset,
in contrast with the microbiological cultures on CSF that re-
quire an average delay of 48 h [12]. On the other hand, nu-
merous biomarkers are validated to differentiate bacterial from
viral meningitis. For instance, several studies have demon-
strated the usefulness of the PCT in children, including for
the diagnosis of bacterial meningitis [13–15], with a very high
sensitivity (99%) and specificity (83%) for a threshold of
0.5 ng/mL [14]. Yet in our study, only 64% of the cases with

Table 3 Comparison of
meningitis biomarkers Eosinopenia CRP PCT CSF

protein
CSF glucose CSF lactate

Threshold 100/mm3 5 mg/L 0.5 ng/mL 0.5 g/L 2/3 blood glucose
(mmol/L)

3.2 mmol/L

Se (%) 87 100 91 88 93 67

Sp (%) 44 40 86 53 22 83

PPV (%) 40 40 67 43 28 44

NPV (%) 89 100 97 92 91 93

Se sensibility, Sp specificity, PPV positive predictive value, NPV negative predictive value

p=0.0001
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Fig. 2 Eosinophil count
according to microbiological
documentation. a Eosinophil
count in absolute value. b
Eosinophil count in percentage.
DBM documented bacterial
meningitis, ND non-documented,
DVM documented viral
meningitis
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a DBM had an elevated PCT. Moreover, false positive are
possible [16] and its elevated cost limits its use in routine.
Likewise, CRP is known to be elevated in case of infection,
but failed to distinguish clearly bacterial from viral meningitis
[17]. Other common markers such as PMN in the CSF [18],
glycorachia, proteinorachia, or lactatorachia [19–21] require
the realization of a lumbar puncture and thus cannot be direct-
ly compared to eosinopenia. Moreover, hypoglycorachia and
hyperproteinorachia commonly a good sign of bacterial

meningitis in adults are often missing in children [22] and
can be encountered in case of viral meningitis [18].

Furthermore, scores have been developed but most of them
also require some items from the CSF. In 1989, Spanos et al.
proposed a complicated calculation hardly applicable in clin-
ical practice [23]. In addition in 1995, Hoen et al. suggested
the use of a new and simpler score, with a very high negative
predictive value (NPV) of 99% for the diagnosis of bacterial
meningitis in adults and children [24]. Later on in 2002,
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according to hospitalization ward.
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as a diagnostic tool. a Eosinophil
count in absolute value (/mm3). b
Eosinophil count in percentage

Eur J Clin Microbiol Infect Dis (2019) 38:1821–1827 1825



Nigrovic et al. published the Bacterial Meningitis Score
(BMS) which is only validated in children and can exclude
the diagnosis of bacterial meningitis with about 100% of NPV
[25–27]. Also, Chavanet et al. proposed in 2007 the
Meningitest, a repurposed BMS with a 100% NPV but posi-
tive predictive value of only 54% [28].

Interestingly, a number of studies compared eosinopenia to
CRP and PCT for the diagnosis of sepsis [29, 30] or bacter-
emia [31] and concluded that eosinopenia was not the best
biomarker.

Other studies intend to show the interest of eosinophil
count for the diagnostic of infection without success
[32–34]. However, its prognostic value at admission in pedi-
atric ICU [32] and in adults [35, 36] to predict mortality. In our
work, eosinopenia also revealed to be a relevant prognostic
biomarker and was significantly associated with the severity
and the orientation between ICU and general pediatrics in the
limit of our small sample size.

Our study has several limitations. First, it is a retrospective
study with a limited sample size (n = 151). Second, we could
not evaluate if the normalization of the eosinophil count op-
erated after an effective antimicrobial therapy for the DBP, as
previously described [37] which would have supported our
findings. Third, it would have been insightful to conduct such
a study in low- and middle-income countries, where
helminthes are endemic and responsible of hypereosinophilia.
Indeed, our results might not be extrapolated to such coun-
tries, where the cost-effectiveness of our marker is crucial. In
the same way, we did not exclude on purpose allergic patients,
the ones with a hematological disorder, immunodepression, or
under corticosteroids, considering that those data are often
lacking at the emergency department. However, it has been
shown that eosinophil count of allergic children has the same
kinetic over time than healthy individuals [38].

In conclusion, the presence of eosinopenia at the admission
of children presenting meningitis is a simple diagnostic and
prognostic tool to differentiate quickly bacterial from aseptic
meningitis. Although its sensitivity remains lower than the
PCT, eosinopenia has not competitor when such biomarkers
are unavailable or doable in routine. We believe its cost-
effectiveness makes it particularly attractive in low- and
middle-income countries. A larger study is necessary to

confirm those findings that are only applicable to meningitis
and pediatrics.
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