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Background:  Streptococcus  pneumoniae  infection  is a leading  cause  of bacterial  meningitis  in  children
with  severe  sequelae.  Cytokines  are  important  molecules  in  regulating  of  host  inflammatory  and  anti-
inflammatory  responses.  So  far,  the cytokine  profile  of  bacterial  meningitis  caused  by  single  pathogen
has  been  rarely  reported.  The  aim of  this  study  was  to explore  serum  cytokine  profile  in  pediatric  patients
with  pneumococcal  meningitis  (PM)  and  its clinical  relevance  which  could  be  considered  as  a valuable
tool  for  differential  diagnosis  of PM.
Methods:  During  2015–2018,  95  children  with laboratory-confirmed  PM  were  included.  Of  them,  63  had
serum  samples  at admission.  Ten  cytokines  including  TNF-�,  IL-12p40,  IL-17A,  IL-1�,  IFN-�,  GM-CSF,
IL-10,  CXCL-1,  IL-8 and  IL-13  were  measured  by multiplex  immunoassay  in  sera  of  63  PM  patients  and
55  age-matched  healthy  controls  (HCs).  Level  of  serum  cytokines  was  compared  with  different  clinical
features  of  patients.
Results: Significantly  higher  level  of  IL-10  was  observed  in patients  than  HCs  (median,  2.19  vs.  1.92  pg/mL,
p =  0.017).  Significantly  lower  levels  of serum  IL-12p40,  IL-17A  and  IL-1�  were  observed  in  patients  than
HCs  (median,  0.68  vs. 10.12  pg/mL,  p <  0.0001;  1.14  vs. 1.14  pg/mL,  p =  0.004;  1.00  vs.  5.09  pg/mL,  p  <
0.0001,  respectively).  No  difference  was  found  in  levels  of  other  cytokines  between  patients  and  controls.
A  negative  correlation  was  noticed  between  percentages  of  blood  neutrophils  and  concentrations  of  IL-10
(p =  0.048,  r = −0.25).  Significantly  lower  levels  of IL-12p40  and  CXCL-1  were  observed  in  PM patients
with  sepsis  than those  without  (median  0.68  vs. 1.64  pg/mL,  p =  0.026;  7.25 vs.  12.84  pg/mL,  p =  0.043,

respectively).
Conclusions:  Our  results  suggested  that  there  might  be  significant  changes  in  serum  pro-inflammatory
and  anti-inflammatory  cytokines  in  PM children  and  that  the  determination  of  these  cytokines  may  have
limited value  for evaluation  of clinical  outcome  of pediatric  PM.

© 2021  The  Author(s).  Published  by  Elsevier  Ltd on  behalf  of  King  Saud  Bin  Abdulaziz  University  for
Health  Sciences.  This  is  an  open  access  article  under  the CC  BY-NC-ND  license  (http://creativecommons.
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Introduction
Streptococcus pneumoniae (S. pneumoniae) infection is a lead-
ing cause of bacterial meningitis (BM) in children younger than 5
years, resulting in a high case-fatality rate globally [1]. In China,
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uring follow-up after discharge, 30% of patients found to have
ocal neurological deficits including mental retardation and hear-
ng impairment [2]. Colonization of S. pneumoniae in the mocosa of
he upper respiratory tract is one prerequisite for the development
f pneumococcal meningitis (PM) in the carrier. After the coloniza-
ion, S. pneumoniae can bind to platelet-activating factor receptor
PAFR) and polymeric immunoglobulin receptor through phospho-

ylcholine (ChoP) and choline-binding protein A, or directly damage
he epithelium through pneumolysin (Ply). The consequence is that
he S. pneumoniae penetrates the epithelium into the blood through
ndocytosis, leading to the occurrence of invasive diseases. On the
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other hands, S. pneumoniae can also transmigrate from nasopha-
ryngeal epithelium to the central nervous system through olfactory
nerves and mastoid without going through the bloodstream [3].

Cytokines are molecules involved in the regulation of immune
and inflammatory processes. When S. pneumoniae are killed by neu-
trophils or macrophages, its ply is released to form pores in the
cell membrane, allowing bacterial products to access the host cell,
causing the production of inflammatory cytokines and chemokines
such as interleukin (IL)-1�,  interferon (IFN)-�  and IL-8 [4–6]. These
inflammatory cytokines may  increase the expression of PAFR so
that the ChoP–PAFR-mediated invasion can be amplified [7,8].
Toll-like receptors (TLRs) recognize S. pneumoniae through antigen-
presenting cells, resulting in the release of inflammatory cytokines
such as IL-17A, tumour necrosis factor (TNF)-�,  IL-1� and IL-23.
While recruiting neutrophils, these cytokines also participate in
the process of endothelial cell damage [9–11]. Srinivasan et al.
recently reported that TNF-� in cerebrospinal fluid (CSF) can be
considered as a biomarker for the diagnosis of BM in infants [12].
Experiments in PM rat model have also shown that TNF-� was
increased in CSF, which might be associated with BBB disruption
[13]. IL-1� could stimulate the expression of a series of inflamma-
tory factors including IL-17A, TNF-�, IL-6, IFN-�, IL-8 and CXCL-1,
and it might be associated with brain edema [14,15]. IL-23 could
activate signal transducer and activator of transcription (STAT) 3,
and initiate the expression of IL-17A [16]. IL-17A can participate
in the promotion and synergy of the pro-inflammatory factors in
the central nervous system (CNS), and stimulates the production of
the downstream chemokines such as IL-8 and CXCL-1 and induces
the infiltration of immune cells into the CNS, further promoting the
destruction of the BBB [11]. The anti-inflammatory cytokine IL-10,
however, could decrease the release of pro-inflammatory cytokines
by inhibiting Th1 and/or Th17 reactions and thereby promoting
tissue repair and protecting the CNS [17]. However, there were
differences observed between cytokine levels induced by distinct
pathogens. It was reported that elevated levels of cytokines in CSF
were observed in BM patients but not in those with viral encephali-
tis [18]. Moreover, among subjects with BM,  patients infected with
S. pneumoniae had significantly higher levels of IFN-� and TNF-� in
CSF than those with meningococcal meningitis [19].

Recent animal experiments have also found that endothelial
cells, microglia and astrocytes could produce IL-6, TNF and IL-1�
before leukocyte infiltration [20]. However, the cytokine profile of
patients with BM caused by S. pneumoniae is rarely reported, espe-
cially in children. In this present study, we aimed to determine
serum levels of 10 cytokines including pro-inflammatory cytokines
such as TNF-�, IL-12p40, IL-17A, IL-1�, IFN-� and GM-CSF, anti-
inflammatory cytokines such as IL-10 and IL-13 and chemokines
such as CXCL-1 and IL-8 in order to understand serum cytokine pro-
files in pediatric patients with PM and its clinical relevance, which
could be considered as a tool for differential diagnosis of PM.

Materials and methods

Human subjects

During 2015–2018, 95 children with laboratory-confirmed PM
in the Department of Infectious Diseases, Beijing Children’s Hospi-
tal were included in the study. All PM patients met  the standards
PM diagnosis established by the World Health Organization (WHO),
that is, CSF or peripheral blood of S. pneumoniae culture and/or
specific antigen are positive, coupled with any of the following

symptoms: fever (axillary temperature >38.0 ◦C), headache, neck
stiffness, disturbed consciousness, or other meningeal irritation
signs. PM patients with viral meningitis were excluded [21]. Of the
95 patients with PM,  63 had serum samples and were thus included.
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nfortunately, CSF samples of these patients were not available for
his analysis. The median age of patients was 18 months (interquar-
ile range (IQR), 8.5–57 months), and the male-to-female sex ratio
as  2.3. All the PM patients included in the study were found to
ave good clinical responses (e.g, fever curve, resolution of symp-
oms) after 24–36 hours of empirical antibiotics therapy. Fifty-five
era randomly selected from serum samples obtained from 600
hildren who  attended routine physical examination in 2018 were
sed as the control group. The median age of these 55 healthy
ontrols (HCs) was 11 months (IQR, 5.5–30 months), and male-
o-female sex ratio was  1.39. The guardians of these HCs were
nterviewed and did not report that these children had meningi-
is or other severe infectious diseases before. Written informed
onsent was obtained prior to the study from all guardians of the
tudy subjects and controls in the case of young children who  were
nable to write or consider consent independently. All study sub-

ects and controls were Chinese from different families and are thus
onsidered to be unrelated.

This study was  approved by the Ethics Committee of the Capi-
al Medical University and the Beijing Children’s Hospital, Beijing,
hina.

ample collection

In the first three days of admission, peripheral blood samples
ere taken aseptically, and serum samples were obtained by cen-

rifuging (3000 rpm, 10 min) of the blood samples and stored at
80 ◦C until tested.

etermination of serum cytokines

Serum levels of TNF-�, IL-12p40, IL-17A, IL-1�, Interferon-
(IFN-�), granulocyte-macrophage colony stimulating factor

GM-CSF), IL-10, C-X-C motif chemokine ligand 1 (CXCL-1), IL-8 and
L-13 were determined using the multiplex immunoassay based on
uminex MAGPIX system (Invitrogen, Vienna, Austria) according
o the manufacturer’s instructions. Each sample was  performed in
uplicates with 50 �L per well. The lower detection limits (LOD)
or each cytokines were: TNF-�, 8.59 pg/mL; IL-12p40, 1.35 pg/mL;
L-17A, 2.27 pg/mL; IL-1�, 1.99 pg/mL; IFN-�, 15.00 pg/mL; GM-
SF, 15.00 pg/mL; IL-10, 1.70 pg/mL; CXCL-1, 3.00 pg/mL; IL-8, 2.76
g/mL and. IL-13, 3.37 pg/mL. Values lower than LOD were reported
s being half of the LOD.

tatistical analysis

Continuous variables were presented as medians and interquar-
ile range (IQR), and were compared by Mann-Whitney U test.
ategorical variables were analyzed by the �2 test. The spearman
r pearson correlation coefficient was used to evaluate the relation
etween different variables. A two-tailed p value less than 0.05 was
onsidered as significant. All analyses were performed by SPSS 23.0
oftware (IBM, Armonk, NY, USA).

esults

emographic and clinical features of patients

Clinical and laboratory information of 63 patients with
aboratory-confirmed PM was summarized in Table 1. Of 63

atients, 23 were CSF culture positive for S. pneumoniae, 34 were
oth CSF positive for specific pneumococcal antigen and blood cul-
ure positive for S. pneumoniae, and 6 were only blood culture
ositive for S. pneumoniae.
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Table  1
Clinical and laboratory information of study subjects.

Characteristics Patients with PMa

Clinical features
Feverb 63 (100%)
Seizures 30 (47.6%)
Sepsis 30 (47.6%)
Hearing loss 18 (28.6%)
Hospitalization time (days) 21 (16-32)

Level of consciousness at admission
Normal consciousness 33 (52.4%)
Disturbed consciousness 30 (47.6%)

Laboratory variables
CRP (mg/L) 78.0 (27.1–143.9)
Glucose in CSF (mmol/L) 1.1(0.3–2.6)
Proteins in CSF (mg/L) 1790.7 (812.0–2669.0)
White cell count in CSF (×106/L) 857.5 (136.3–2565.8)
Polymorphonuclear cells (%) 71.7 (55.0–80.0)
Lymphocytes (%) 65.0 (45.3–80.0)
White blood cell count (×109/L) 15.1 (9.8–20.7)
Neutrophils (%) 78.1 (53.0–89.5)
Lymphocytes (%) 17.2 (5.5–38.8)

a Absolute count (%) for categorical variables and median (IQR) for continuous

F
c
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i
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T
patients than HCs (median,7.68 vs. 4.30 pg/mL, p = 0.008; 2.27 vs.
data, unless otherwise stated.
b Axillary temperature >38.0 ◦C.

Comparison of serum cytokine profiles between PM patients and
healthy controls

Significantly lower detection rates of IL-12p40, IL-17A and IL-
1� were found in the PM patients compared to the HCs (number of
subjects with detectable cytokine/total number of study subjects,
27/63, 42.9% vs. 54/55, 98.2%, p < 0.001; 0/63, 0.0% vs. 7/55, 12.7%,
p = 0.011; 9/63, 14.3% vs. 49/55, 89.1%, p < 0.001, respectively). Ten
of the 63 patients and 3 of the HCs had detectable TNF-� (15.9% vs.
5.5%, p = 0.071). None of the 63 PM patients had detectable IFN-
� and only one case had detectable IFN-� in HCs. None of the 63
PM patients had detectable GM-CSF and IL-13 and only two cases
had detectable GM-CSF and IL-13 in the HCs. Significantly lower
levels of pro-inflammatory cytokines IL-12p40, IL-17A and IL-1�
were observed in patients than HCs (median, 0.68 vs. 10.12 pg/mL,
p < 0.0001; 1.14 vs. 1.14 pg/mL, p = 0.004; 1.00 vs. 5.09 pg/mL, p <
0.0001, respectively) (Table 2, Fig. 1). Significantly higher level of
anti-inflammatory cytokine IL-10 was found in PM patients than
HCs (median 2.19 vs. 1.92 pg/mL, p = 0.017) (Fig. 2). There were no
significantly differences in the serum levels of IFN-�, TNF-�, GM-
CSF, IL-13, IL-8 and CXCL-1 between PM patients and HCs (Table 2,
Fig. 3).

We  next compared serum cytokine profiles between controls
and PM patients confirmed by only CSF culture positive for S. pneu-
moniae or both CSF positive for specific pneumococcal antigen and
blood culture positive for S. pneumoniae. For 14 patients with a
clear meningitis diagnosis by CSF analysis (elevated CSF cell count,
high protein and low glucose), significantly lower levels of pro-
inflammatory cytokines IL-12p40, and IL-1� were still observed in
patients than HCs (median, 0.68 vs. 10.12 pg/mL, p < 0.0001; 1.00
vs. 5.09 pg/mL, p < 0.0001, respectively), and significantly higher
level of anti-inflammatory cytokine IL-10 was also found in PM
patients than HCs (median 3.49 vs. 1.92 pg/mL, p = 0.007) (Sup-
plementary Table 1). Moreover, when the data from 23 patients
who were CSF culture positive for S. pneumoniae were analyzed,
significantly lower levels of pro-inflammatory cytokines IL-12p40
and IL-1� were still observed in patients than HCs (median, 0.68
vs. 10.12 pg/mL, p < 0.0001; 1.00 vs. 5.09 pg/mL, p < 0.0001, respec-
tively), and significantly higher level of anti-inflammatory cytokine

IL-10 was still found in PM patients than HCs (median 3.03 vs. 1.92
pg/mL, p = 0.027) (Supplementary Table 2). For the 34 patients who
were both CSF positive for specific pneumococcal antigen and blood

1
f
(
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ig. 1. Serum levels of IL-12p40, IL-17A and IL-1� in children with laboratory-
onfirmed PM and HCs. Data were shown as median (IQR) (**p < 0.01, ****p < 0.0001).

ulture positive for S. pneumoniae, significantly lower level of pro-
nflammatory cytokine IL-12p40, IL-1� and IL-17A were observed
n patients than HCs (median, 0.68 vs. 10.12 pg/mL, p < 0.0001; 1.00
s. 5.09 pg/mL, p < 0.0001, 1.14 vs. 1.14 pg/mL, p = 0.031; respec-
ively), and significantly higher levels of pro-inflammatory cytokine
NF-� and anti-inflammatory cytokine IL-10 were observed in
.92 pg/mL, p = 0.023) (Supplementary Table 3). When the data
rom the 57 patients were combined, similar trends were also found
Supplementary Table 4).
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Table  2
Cytokine concentrations in sera of patients with laboratory confirmed PM and HCs.

Cytokinesa PM n = 63 HCs n = 55 p Value

Median (IQR) Rangeb Median (IQR) Rangeb

IL-12p40 (pg/mL) 0.68 (0.68–2.12) 1.39–13.30 10.12 (6.06–15.00) 1.89–54.69 <0.0001
IL-17A (pg/mL) 1.14 (1.14–1.14) – 1.14 (1.14–1.14) 2.55–10.70 0.004
IL-1�  (pg/mL) 1.00 (1.00–1.00) 2.56–135.95 5.09(3.06–8.62) 2.56–51.74 <0.0001
IL-10 (pg/mL) 2.19 (0.85–4.70) 1.77–105.88 1.92 (0.85–2.39) 1.72–6.73 0.017
IFN-�  (pg/mL) 7.50 (7.50–7.50) – 7.50 (7.50–7.50) – 0.466
TNF-�  (pg/mL) 4.30 (4.30–4.30) 15.73−87.95 4.30 (4.30–4.30) 11.24–13.84 0.052
GM-CSF (pg/mL) 7.50 (7.50–7.50) – 7.50 (7.50–7.50) – 0.132
IL-13  (pg/mL) 1.69 (1.69–1.69) – 1.69 (1.69–1.69) – 0.132
IL-8  (pg/mL) 24.19 (5.89–124.10) 2.82–2240.44 11.21 (7.10−18.36) 3.84–3772.24 0.089
CXCL-1 (pg/mL) 9.78 (4.330–19.75) 3.41–351.30 8.22 (1.50–15.49) 3.68–39.00 0.511

a Of ten cytokines studied, IL-17, IFN-�, GM-CSF and IL-13 were all lower than the LOD
the  LOD in HCs.

b Range of positive values (values higher than the LOD).
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Fig. 2. Serum levels of IL-10 in patients with laboratory-confirmed PM and HCs.
Data were shown as median (IQR) (*p < 0.05).

Correlation between level of cytokines and clinical features of
patients

We  evaluated the possible associations of levels of serum
cytokines with glucose in CSF, proteins in CSF, white cell count in
CSF, polymorphonuclear cells in CSF, lymphocytes in CSF and in
blood, white blood cell count in blood, neutrophils in blood and C-
reactive protein (CRP) listed in Table 1. A negative correlation was
noticed between percentages of blood neutrophils and concentra-
tions of IL-10 (p = 0.048, r = −0.25). Besides, significantly lower
levels of IL-12p40 and CXCL-1 were observed in PM patients with
sepsis than those without (median 0.68 vs. 1.64 pg/mL, p = 0.026;
7.25 vs. 12.84 pg/mL, p = 0.043, respectively) (Fig. 4). No signifi-
cant differences were observed in other cytokines or chemokines
between PM patients with and without seizures, sepsis and hearing
loss.

Discussion

In this study, we compared serum cytokine profiles between
pediatric patients with laboratory-confirmed PM and age-matched
HCs and evaluated the association of these serum cytokine levels
with clinical outcome of patients. All patients had undetectable
serum IL-13 and IFN-�. It is known that IL-13 promotes the pro-
liferation and differentiation of B cells, and IFN-� induced by IL-12

can increase the production of IgG2 [22]. Immunoglobulin secre-
tion by B cells is a direct result of cytokine-induced responses.
Insufficient expression of IL-13, IFN-� and IL-12p40 in these chil-
dren may  influence activation and differentiation of B cells and
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 in patients. Only one case of IFN-� and two cases of GM-CSF and IL-13 were above

esult in the insufficient production of immunoglobulin. In fact,
ne third (21/63) patients studied had been treated with gamma
lobulin because of persistent high fever, CRP and/or white blood
ell count. Recognition of bacteria by the innate immune system
eads to the release of pro-inflammatory cytokines. Interleukin-
3, which shares the same p40 subunit with IL-12, promotes the
tabilization of IL-17A in early stages of infection. Production of
L-17A further activates nuclear factor-kappa B (NF-�B) signal-
ng pathway, and thus induces the production of downstream
nflammatory cytokines such as TNF-�, IL-1�, GM-CSF, IL-8 and
XCL-1, which promote neutrophil recruitment and activation
23]. In this study, we  found that the serum levels of IL-12p40,
L-17A and IL-1� were significantly lower in children with PM
ompared to controls, suggesting a down-regulated activation of
he NF-�B signaling pathway. Since crucial steps of activating
he pathway depend on antigen presentation and T cell differ-
ntiation, which require a complement-sufficient environment,
nsufficient expression of IL-12p40, IL-17A and IL-1� might imply

 lack of complement to some extent [24]. Notably, a recent study
eported that about one third of children with invasive pneumococ-
al disease have meningitis, and these children most likely suffer
rimary immunodeficiency (PID) like deficiency of immunoglob-
lin, pneumococcal antibody and complements (C2 and C3) [25].

t remains to be shown how many patients in this study have
ID.

Srinivasan et al. recently reported that level of CSF IL-23 was
ositively correlated with CSF white blood cell and protein values,
nd negatively correlated with CSF glucose levels in infants with
M [26]. However, serum IL-23 was  not determined in this study.
e measured serum IL-12p40 in these subjects and found that only

7 (42.9%) subjects had detectable IL-12p40. Interestingly, serum
evel of IL-12p40 was  significantly lower in PM children with sepsis
han those without. It should be kept in mind that the sample type
sed between the two  studies was  different.

Ye et al. compared the levels of six cytokines including IFN-�,
L-2, IL-4, IL-6, IL-10 and TNF-� in both CSF and serum samples
etween Chinese pediatric patients with BM and controls [27]. Of
40 patients with BM,  20 were caused by S. pneumoniae. Signif-

cant difference was  only found in IL-6 and IL-10 in CSF but not
n serum samples between patients and controls. Xu et al. also
ound elevated IL-6, TNF-�, IFN-� and IL-10 in CSF but not in serum
amples between BM patients and controls, indicating meningeal
nflammation could trigger a unified pro- and anti-inflammatory
esponse [28]. Similar to their findings, we found an increased
evel of IL-10 in patients in this study. Further, serum concen-

rations of IL-10 observed in these PM patients were inversely
orrelated with percentages of blood neutrophils, suggesting that
L-10 could play an important role in the modulation of neutrophils
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Fig. 3. Serum levels of TNF-�, CXCL-1 and IL-8 in PM children and HCs. Data were
shown as median (IQR).

recruitment and anti-inflammation during PM.  A recent animal
study showed that IL-10 deficiency can increase expression of
pro-inflammatory cytokines such as IL-6, TNF-� and IL-1�, cause
exacerbated neutrophil infiltration, reduce load of S. pneumoniae,
but can result in increased mortality due to immuno-pathological
damage [29].

Our present study has several limitations. First, the sample

size was small and only two third of studied patients had serum
samples. Second, CSF samples were not available for cytokine mea-
surement and thus a direct comparison in cytokines between serum
and CSF samples was not possible. Third, although blood samples
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ig. 4. Serum levels of IL-12p40 and CXCL-1 in PM children with and without sepsis.
ata were shown as median (IQR) (*p < 0.05).

ere collected within the first few days after admission, 28 children
ad already been treated with antibiotics before hospitalization
nd 42 children had been treated with glucocorticoid during hospi-
alization. However, no significant differences were found in these
ytokines between the patients who  were treated with or without
ntibiotics or glucocorticoid. Fourth, since the onset of disease at
he time of blood sampling was  unknown among the study sub-
ects, we cannot exclude the possibility that some blood samples

ight not be taken in acute phase and concentrations of some
nflammatory cytokines were thus not in peak. However, all the PM
atients had fever (axillary temperature >38.0 ◦C) and obvious pos-

tive signs such as headache, abnormal consciousness and nuchal
igidity when sampling. Fifth, the pneumococcal colonisation sta-
us of the healthy controls in this study were unknown and its
ossible effect on production of serum cytokines and chemokines
etermined in this study was not clear.

onclusions

Our results suggested that there might be significant changes in

erum pro-inflammatory and anti-inflammatory cytokines in PM
hildren and that the determination of these cytokines may have
imited value for evaluation of clinical outcome of pediatric PM.
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