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Swiftly Decreasing Cerebrospinal Fluid Cathelicidin Concentration
Predicts Improved Outcome in Childhood Bacterial Meningitis

Okko Savonius,a,b Otto Helve,a,b Irmeli Roine,c Sture Andersson,a,b Josefina Fernández,d Heikki Peltola,a,b Tuula Pelkonena,b

Children’s Hospital, Helsinki University Hospital, Helsinki, Finlanda; University of Helsinki, Helsinki, Finlandb; University Diego Portales, Santiago, Chilec; Clínica Infantil Dr.
Robert Reid Cabral, Santo Domingo, Dominican Republicd

We investigated cerebrospinal fluid (CSF) cathelicidin concentrations in childhood bacterial meningitis on admission and dur-
ing antimicrobial treatment. CSF cathelicidin concentrations on admission correlated with CSF white cell counts and protein
levels but not with bacterial etiology. A greater decrease in the concentration in response to treatment was associated with a bet-
ter outcome. Since the CSF cathelicidin concentration reflects the degree of central nervous system (CNS) inflammation, it may
be used as a novel biomarker in childhood bacterial meningitis. An early decrease during treatment likely signals more rapid
mitigation of the disease process and thus a better outcome.

Acute bacterial meningitis (BM) accounts globally for 2% of
deaths in children younger than 5 years (1). BM triggers a strong

inflammatory reaction in the central nervous system (CNS), and the
extent of this reaction is associated with adverse outcomes (2, 3).
Cathelicidins make up an antimicrobial peptide family, which plays
an important role in innate and adaptive host defense. The only hu-
man cathelicidin, LL-37, is best known for its antimicrobial proper-
ties, although it also exerts multiple immunomodulatory effects (4).
In cathelin-related antimicrobial peptide (CRAMP) knockout mice,
induced pneumococcal meningitis increased the numbers of bacteria
and decreased neutrophil infiltration in the CNS, which led to a mor-
tality rate higher than that in wild-type mice (5). Moreover, intrathe-
cally administered CRAMP reduced the meningitis-related mortality
rate in wild-type mice, suggesting cathelicidin as a possible adjuvant
medication (6). Elevated cerebrospinal fluid (CSF) cathelicidin levels
have been reported in patients with tuberculous meningitis and BM
(7, 8), but no studies so far have assessed the dynamics of CSF cathe-
licidin in BM in response to treatment.

(The preliminary results of this study were presented orally at
IDWeek 2015, San Diego, CA, 7 to 11 October 2015.)

Study setup. The patient data were collected during a multi-
center clinical trial on childhood BM in Latin America between
1996 and 2003 (9). All the patients received ceftriaxone for 7 to 10
days, and CSF samples were collected on admission (CSF1) and 12
to 24 hours later (CSF2). On admission, the pretreatment condi-
tion was graded using the Glasgow Coma Scale (GCS). At dis-
charge, a complete neurological examination was carried out, and
an audiological evaluation was performed shortly thereafter. The
criteria for severe neurologic sequelae were severe psychomotor
retardation, quadriparesis or quadriplegia, hydrocephalus requir-
ing a shunt, and/or blindness. Deafness was defined as a bilateral
hearing threshold of �80 dB. The study protocol was approved
by the ethics committees of all 10 institutions involved in Latin
America. If the patient’s guardian was illiterate, oral consent
was obtained after thorough information had been given. This
analysis comprised patients at a university hospital in the Do-
minican Republic (Clínica Infantil Dr. Robert Reid Cabral,
Santo Domingo) who fulfilled the criteria for BM and had at
least one frozen CSF sample available for further analysis. Their
outcomes were graded retrospectively with the Glasgow Out-
come Scale (GOS) (10).

Laboratory measurements and statistical analysis. Cathelicidin
concentrations in CSF were assessed by using a commercial enzyme-
linked immunosorbent assay kit (USCN Life Science, Wuhan, China)
(8). All values below 0.1 ng/ml were given a predefined value of 0.05
ng/ml. The data were analyzed with StatView software, version 5.0.1
(SAS Institute, Cary, NC). The Wilcoxon signed-rank test, Spear-
man’s rank correlation, the Mann-Whitney U test, the Kruskal Wallis
test, and logistic regression were used when appropriate.

Patient demographics. A total of 99 patients (median age, 8
months) fulfilled the inclusion criteria. The most common caus-
ative agent was Haemophilus influenzae type b (n � 40) followed
by Streptococcus pneumoniae (n � 26) and Neisseria meningitidis
(n � 7). Four patients with Gram-negative enteric bacilli were
identified, one patient with Streptococcus agalactiae was identified,
and one patient had H. influenzae type a meningitis. The etiology
for 20 patients remained unknown, but they all fulfilled the strict
criteria for BM set in the original trial (9). As for the adjuvant
treatment, 20 patients received dexamethasone, 25 received glyc-
erol, 32 received both agents, and 22 received a placebo. The case
fatality rate in our series was 14%, severe neurologic sequelae on
discharge were detected in 4%, and deafness was detected in 18%.

Cathelicidin concentrations versus other findings. The CSF
cathelicidin concentrations varied overall from 0.05 to 1,258 ng/
ml, with medians of 27.9 ng/ml for CSF1 (n � 89; interquartile
range [IQR], 93.6 ng/ml) and 9.5 ng/ml for CSF2 (n � 77; IQR,
43.4 ng/ml). A significant difference existed between the CSF1 and
CSF2 cathelicidin concentrations (P � 0.006). The CSF cathelici-
din concentrations on admission did not differ in terms of patient
age (Table 1) or causative agent. However, patients who presented
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with a lower GCS score tended to show higher CSF cathelicidin
concentrations in both samples (Table 1). CSF1 concentrations
correlated with the CSF1 white cell count and protein level, whereas
the CSF2 cathelicidin levels were associated with the CSF2 protein
level but not with the leukocyte count of the same sample (Table 1).
No differences emerged between the CSF2 cathelicidin concentra-
tions and the specific adjuvant used in treatment (P � 0.05).

Prognostic value. Although no statistical significance was
reached, higher CSF cathelicidin concentrations on admission were
typically associated with better outcomes (higher GOS score at dis-
charge from hospital) (Table 1). That said, lower ratios of CSF2 to
CSF1 cathelicidin correlated with higher GOS scores, suggesting that
a clear decrease in the CSF cathelicidin concentration during treat-
ment predicted a better outcome (Table 1). No similar correlation
between outcome and the ratio of CSF white cell counts was ob-
served. In addition, a decrease in CSF cathelicidin concentration (44
patients), compared with either no change (3 patients) or an increase
(18 patients), predicted a better recovery (GOS score 5) (odds ratio
[OR], 3.75; 95% confidence interval, 1.19 to 11.81; P � 0.02).

In this retrospective analysis of 99 children with BM, we demon-
strated that an early decrease in the CSF cathelicidin concentration
during the first 12 to 24 hours of antimicrobial treatment was associ-
ated with a better outcome. To our knowledge, this is the first study in
which CSF cathelicidin, measured twice during the course of BM, is
related to the outcome in patients with this severe disease. Further-
more, the CSF cathelicidin concentration on admission reflected the
degree of CNS inflammation in BM, correlating very clearly (P �
0.001) with the CSF white cell count and protein level.

There were limitations of this study. The samples were stored fro-
zen for several years before cathelicidin was measured, and CSF sam-
ples were not available from all the patients. However, because all the
samples were treated and stored similarly, a possible degradation pro-
cess would presumably have had a minor effect on the ratio of CSF2
to CSF1 cathelicidin. While we acknowledge these problems, our
findings are consistent with previously reported research results.

Our study’s findings indicate that CSF cathelicidin can be used
as a novel biomarker of the inflammatory process in BM, since its
dynamics in the early course of the disease predict the outcome.

However, further studies are needed to uncover the mechanisms
behind these interesting observations.

ACKNOWLEDGMENTS

We thank Sari Lindén for excellent technical assistance and Claire Foley
for language editing.

FUNDING INFORMATION
This work, including the efforts of Sture Andersson, was funded by SalWe
Research Program (3986/31/2013). This work, including the efforts of
Okko Savonius, was funded by Finska Läkaresällskapet. This work, in-
cluding the efforts of Okko Savonius, was funded by Stiftelsen Dorothea
Olivia, Karl Walter och Jarl Walter Perkléns minne. This work, including
the efforts of Otto Helve, was funded by Emil Aaltosen Säätiö (Emil Aal-
tonen Foundation). This work, including the efforts of Sture Andersson
and Tuula Pelkonen, was funded by Päivikki ja Sakari Sohlbergin Säätiö
(Päivikki and Sakari Sohlberg Foundation). This work, including the ef-
forts of Otto Helve and Tuula Pelkonen, was funded by Lastentautien
Tutkimussäätiö (Foundation for Pediatric Research).

The funders had no role in study design, data collection and interpreta-
tion, or the decision to submit the work for publication.

REFERENCES
1. Liu L, Johnson HL, Cousens S, Perin J, Scott S, Lawn JE, Rudan I,

Campbell H, Cibulskis R, Li M, Mathers C, Black RE; Child Health
Epidemiology Reference Group of WHO and UNICEF. 2012. Global,
regional, and national causes of child mortality: an updated systematic
analysis for 2010 with time trends since 2000. Lancet 379:2151–2161. http:
//dx.doi.org/10.1016/S0140-6736(12)60560-1.

2. Mustafa MM, Lebel MH, Ramilo O, Olsen KD, Reisch JS, Beutler B,
McCracken GH Jr. 1989. Correlation of interleukin-1 beta and cachectin
concentrations in cerebrospinal fluid and outcome from bacterial meningitis.
J Pediatr 115:208–213. http://dx.doi.org/10.1016/S0022-3476(89)80067-8.

3. Roine I, Peltola H, Fernández J, Zavala I, González Mata A, González
Ayala S, Arbo A, Bologna R, Miño G, Goyo J, López E, Dourado de
Andrade S, Sarna S. 2008. Influence of admission findings on death and
neurological outcome from childhood bacterial meningitis. Clin Infect
Dis 46:1248 –1252. http://dx.doi.org/10.1086/533448.

4. Vandamme D, Landuyt B, Luyten W, Schoofs L. 2012. A comprehensive
summary of LL-37, the factotum human cathelicidin peptide. Cell Immu-
nol 280:22–35. http://dx.doi.org/10.1016/j.cellimm.2012.11.009.

5. Merres J, Hoss J, Albrecht LJ, Kress E, Soehnlein O, Jansen S, Pufe T,
Tauber SC, Brandenburg LO. 2014. Role of the cathelicidin-related an-
timicrobial peptide in inflammation and mortality in a mouse model of
bacterial meningitis. J Innate Immun 6:205–218. http://dx.doi.org/10
.1159/000353645.

6. Dörr A, Kress E, Podschun R, Pufe T, Tauber S, Brandenburg LO. 2015.
Intrathecal application of the antimicrobial peptide CRAMP reduced mortal-
ity and neuroinflammation in an experimental model of pneumococcal men-
ingitis. J Infect 71:188–199. http://dx.doi.org/10.1016/j.jinf.2015.04.006.

7. Brandenburg LO, Varoga D, Nicolaeva N, Leib SL, Wilms H, Podschun
R, Wruck CJ, Schröder JM, Pufe T, Lucius R. 2008. Role of glial cells in
the functional expression of LL-37/rat cathelin-related antimicrobial pep-
tide in meningitis. J Neuropathol Exp Neurol 67:1041–1054. http://dx.doi
.org/10.1097/NEN.0b013e31818b4801.

8. Visser DH, Solomons RS, Ronacher K, van Well GT, Heymans MW,
Walzl G, Chegou NN, Schoeman JF, van Furth AM. 2015. Host immune
response to tuberculous meningitis. Clin Infect Dis 60:177–187. http://dx
.doi.org/10.1093/cid/ciu781.

9. Peltola H, Roine I, Fernández J, Zavala I, Ayala SG, Mata AG, Arbo A,
Bologna R, Miño G, Goyo J, López E, de Andrade SD, Sarna S. 2007.
Adjuvant glycerol and/or dexamethasone to improve the outcomes of child-
hood bacterial meningitis: a prospective, randomized, double-blind, placebo-
controlled trial. Clin Infect Dis 45:1277–1286. http://dx.doi.org/10.1086
/522534.

10. Jennett B, Bond M. 1975. Assessment of outcome after severe brain
damage. Lancet 1:480 – 484.

TABLE 1 Correlations between CSF cathelicidin, patient characteristics
and outcome

Variable

CSF1
Cathelicidin

CSF2
Cathelicidin

CSF2/CSF1
Cathelicidin

� P value � P value � P value

CSF1 cathelicidin 0.543 �0.001 �0.405 0.001
Age �0.158 0.14 �0.063 0.59 �0.049 0.69
GCS score on

admission
�0.192 0.08 �0.301 0.01 �0.169 0.18

CSF1 white cell
count

0.528 �0.001 0.278 0.04 �0.275 0.06

CSF1 protein
level

0.618 �0.001 0.600 �0.001 �0.001 0.99

CSF2 white cell
count

0.342 0.009 0.206 0.12 0.019 0.89

CSF2 protein
level

0.346 0.006 0.466 �0.001 0.161 0.24

GOS score on
discharge

0.209 0.05 �0.092 0.44 �0.278 0.03
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