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VIRAL PATHOGENICITY

Secretion of the chemokine interleukin-8 during
Japanese encephalitis virus infection
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Japanese encephalitis (JE) virus infection induces infiltration of neutrophils in neural as
well as extraneural tissues in patients. As interleukin-8 (IL-8) has inflammatory
properties, the present study was undertaken to investigate the IL-8 concentrations in
cerebrospinal fluid (CSF) and serum from patients with JE and correlate them with
neutrophil counts. IL-8 was measured in the CSF or serum of 30 patients with
confirmed JE. The majority (92%) of the acute CSF samples showed raised levels of IL-
8 with raised numbers of polymorphonuclear leucocytes. Similarly, significantly higher
serum IL-8 concentrations were detected in the acute phase of illness than in
convalescent JE patients or normal healthy controls. Twenty-one of 25 patients with high
concentrations of IL-8 showed significantly increased neutrophil counts in acute phase
sera. A gradual decline in neutrophil counts was observed in the convalescent phase of
patients who recovered. There was a significant correlation between IL-8 level and the
severity of illness, as all severely ill and fatal cases showed higher levels of IL-8 in acute
CSF or serum than the levels found in those who recovered. IL-8 concentrations
remained high for a longer period in patients with prolonged severe illness than in those

who made a complete recovery.

Introduction

Japanese encephalitis (JE) is an acute viral zoonotic
infection that commonly affects children and is a major
cause of acute encephalopathy in India [1]. After entry
into the host, JE virus (JEV) induces a polymorpho-
nuclear leucocytosis with variable effects on different
components of peripheral blood leucocytes [2], repli-
cates in a number of organs and generates a rapid
inflammatory response [3]. In JEV infection, the
inflammatory cells predominantly consist of T lym-
phocytes, macrophages and neutrophils [3,4]. JEV
targets the central nervous system (CNS), clinically
manifesting with fever, headache, vomiting, signs of
meningeal irritation and altered consciousness leading
to high mortality and neurological sequelae in some of
those who survive [1]. An earlier study demonstrated
that, in mice, JEV induces a neutrophil leucocytosis [5]
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and activates neutrophil metabolism to degrade the
phagocytosed JE viral protein and nucleic acid [6].

The inflammatory response observed within the CNS in
aseptic meningitis or viral encephalitis is mediated by
chemotactic cytokines or chemokines, which are
released by various cells of the CNS. The inflammation
results in an increased level of these cytokines in the
cerebrospinal fluid (CSF) [7]. Chemokines fall into
four categories which are defined by a cysteine motif:
CXC, CC, C and CX;3C — where C is cysteine and X is
any amino-acid residue [8]. They appear to play a
protective role or initiate an irreversible immune
response leading to cell death [9]. The CXC chemokine
subfamily includes interleukin-8 (IL-8), which regu-
lates selective chemotaxis, degranulation, activation of
neutrophils [10] and neutrophil adhesion to endothelial
cells [11]. Van Deuren et al. [12] have shown a
correlation between production of pro-inflammatory
cytokines, including IL-8, and the severity of disease in
meningococcal infections. As IL-8 is an important
mediator of neutrophil recruitment and JE infection is
known to cause leucocytosis with neutrophilia, the
present study examined IL-8 levels in the CSF and in
the acute and convalescent phase sera of confirmed JE
patients.
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Materials and methods
Study group

Sixty-nine patients (aged 3—20 years) admitted with
acute encephalopathic illness (acute, non-transient
alteration of consciousness with or without fever, or
other neurological symptoms) at GM and Associated
Hospital, Lucknow and Sanjay Gandhi Postgraduate
Institute of Medical Sciences, Lucknow from July 1997
to March 1998 were the subjects of the present study.
The duration of illness on admission was <5 days.
JEV infection was confirmed by isolation and identi-
fication of the virus from CSF, or by its detection in
CSF cells by the indirect immunofluorescence tech-
nique [13], or by measuring JEV-specific [gM antibody,
or by a four-fold or greater rise in JEV-specific HAI
antibody titre in the serum [14]. The acute stage sera
were collected on admission to hospital and convales-
cent phase sera were collected after a 2-week interval
from those patients whose parents agreed to participate
in the study. The study included 30 patients in whom
JEV infection was confirmed. Seven patients died
within a week of admission, six showed prolonged
illness and 17 recovered completely. The control group
consisted of serum samples from 27 normal healthy
individuals of matching age and sex, and CSF samples
from 10 patients with symptoms other than acute
encephalitis.

Assessment of the severity of disease

A proforma-directed history was taken and examina-
tion was performed on admission. A careful record
of each patient’s progress in hospital was maintained.
Evaluation of the severity of disease was based on
the staging of altered sensorium, a modification from
the classification of progressive cerebral dysfunction
of Plum and Posner [15]: grade I, drowsy but
responsive to voice commands; grade II, unresponsive
to voice but responsive to pain (light coma); and
grade III, unresponsive to pain (deep coma).
Prolonged illness was defined as those patients in
whom coma and other neurological manifestations
persisted and the patients needed hospitalisation for
=3 weeks.

Animals

Suckling Swiss albino mice (1-2 days old) obtained
from the mouse colony maintained in this department
were used for isolation of virus.

Serological study

The titres of JEV-specific HAI antibodies in the sera of
patients were estimated by microtitration assay as
described previously [14]. A four-fold or greater rise in
antibody titre was considered positive. The JEV-specific
IgM antibodies in blood were measured by antibody
capture ELISA [14].

CSF examination

CSF samples were collected in sterile containers by
lumbar puncture at the time of admission and
immediately transferred to the laboratory. The CSF
was centrifuged and the cell pellet was collected.
Smears were prepared and differential leucocyte counts
were made visually on smears stained by Leishman’s
stain.

Determination of IL-8 in CSF or serum

The quantitative determination of human IL-8 in the
acute CSF or acute and convalescent phase sera of
patients with confirmed JE was performed with an
IL-8 enzyme immunoassay kit (Immunotech, Mar-
seille, France). The assay was a sandwich-type ELISA
to capture IL-8. The intensity of the colour produced
is proportional to the IL-8 concentration in the sample.
The results of the unknown samples were calculated
by interpolation from a standard curve generated with
control samples assayed in the same assay as the
sample. The values were expressed as pg/ml. A cut-off
value of 50 pg/ml was chosen as the upper limit of
normal values. The minimum detectable concentration
of IL-8 was 8 pg/ml in plasma. The intra- and inter-
assay coefficients of variation were +2.3% and
+7.6%, respectively. There were no cross-reactions
with IL-1a, IL-14, IL-3, IL-4, IL-5, IL-6, IL-7, IL-10,
GM-CSF, M-CSF, G-CSF, PF4 and f-thromboglobulin
as specified in the instruction protocol by the
manufacturer.

Statistical analysis

Data were analysed by Student’s ¢ test; p<<0.05 was
considered significant.

Results
Study group

A total of 30 patients with confirmed JE was included
in the study (Table 1). The CSF showed marked
leucocytosis (241 SD 15 cells/ul) in 92% of JE
patients, which was significantly (p <0.0001) higher
than in controls (5 SD 0.2 cells/ul). It was observed
that JEV infection induced neutrophil leucocytosis in
the early phase of the illness. The maximum neutrophil
count was 70 SD 1.2% of the total count (mean
neutrophil count 47 SD 1%). After the fifth day of
illness, a greater percentage of CSF cells was made up
of mononuclear cells (mean lymphocyte count 82 SD
2%) (Fig. 1).

IL-8 levels in CSF

The CSF samples from 30 patients with confirmed JE
and 10 controls were evaluated for IL-8 levels. In the
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Table 1. Results obtained from CSF and serum from 30 patients with confirmed

JE
Acute phase CSF
Serum HAI antibody titre
Subject Virus Immuno- IgM AC-
no. isolation fluorescence ELISA Acute Convalescent
1 - - + 80 1280
2 - — + 20 320
3 - - + 80 640
4 - - + 160 640
5 - — + 80 1280
6 - - + 20 320
7 + 80 640
8 - - + 20 80
9 + + - 80 Died
10 - - - 20 160
11 — — + <10 640
12 + + - <10 Died
13 - - + <10 80
14 + <10 80
15 - - + 20 80
16 — — — 20 1280
17 - - + 10 160
18 - - + <10 640
19 + + - <10 Died
20 - - + 20 320
21 - - + 320 1280
22 + + - 80 Died
23 - - - 80 1280
24 - - + 80 1280
25 - - + 20 320
26 - - + 40 320
27 - + - 20 Died
28 + + - 80 Died
29 + + - <10 Died
30 - - + 160 640

IgM AC-ELISA, IgM antibody-capture ELISA on serum.
Died, patient died before the collection of a second sample.
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Fig. 1. Differential leucocyte count (%) in CSF of JE patients at various time points: B, polymorphonuclear cells; K,
mononuclear cells. Data are expressed as the mean and SD (p < 0.0001).

majority (92%) of JE patients, CSF showed signifi- difference between the levels of IL-8 in JE patients
cantly greater levels of IL-8 — mean 846.75 (SD who died or had prolonged illness and in patients who
259.56) pg/ml — than controls — mean 35.85 (SD 10.8) recovered (p <0.01) or in controls (p <0.0001) (Fig.
pg/ml (p <0.001). Furthermore, there was a significant  2a).
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Fig. 2. IL-8 levels in (a) CSF and (b) serum from patients with JEV infection: fatal cases ([J), patients with prolonged
illness () and patients who recovered completely (). Controls consisted of CSF (7) from patients with symptoms
other than acute encephalitis and serum () from normal healthy individuals. Data are expressed as mean and SD.

Correlation between neutrophil counts and IL-8
levels in CSF

Elevated levels of IL-8 in the acute CSF correlated
with high neutrophil counts as well as with severe
illness (Table 2).

IL-8 levels in serum of JE patients

The IL-8 level was measured in 30 acute phase sera, 23
convalescent phase sera from JE confirmed patients and
27 serum samples from normal healthy individuals.

The IL-8 level in acute phase sera was significantly
elevated — 1415 (SD 933.9) pg/ml — compared with
that in the convalescent phase — 817.04 (SD 510.12)
pg/ml (p<0.05) — or controls — 25.97 (SD 2.23)
pg/ml (p <0.0001). There was a significant correlation
between IL-8 values in the sera and the severity of
clinical illness. The values were higher in acute serum
samples from 7 of 30 patients who died and 6 of 30
severely ill patients than in samples from 12 cases who
showed complete recovery (p<<0.001) (Fig. 2b).
Circulating IL-8 could not be detected in 5 of 30
acute serum samples. IL-8 levels remained high in the

Table 2. Correlation of IL-8 levels and neutrophil counts with the severity of
illness in the acute CSF of patients with confirmed JE

Grade of illness

Mean (SD) IL-8 (pg/ml)

Mean (SD) neutrophil
count (%)

I 546.22 (325.4) 29 (1.6)*
II 859.75 (458.61) 43 (1.1)
I 1128.43 (598.11) 61 (2.1)
Control 35.85 (10.80) 2 (0.01)f

*p<0.05.
fp<0.001.



second sample of five of six severely ill patients
(83.3%), with a mean value of 1261.72 (SD 822.71)
pg/ml as compared with the levels in patients who
recovered — 464.33 (SD 325.7) pg/ml.

Relationship between IL-8 levels and neutrophil
counts

Fig. 3 shows a significant correlation between IL-8
levels and neutrophil counts in the acute phase sera of
JE patients (p <0.001). Convalescent phase sera of
patients who had recovered showed a gradual decline in
neutrophil counts. Twenty-one of the 25 samples with
high IL-8 concentrations in the acute phase showed
significantly increased peripheral blood neutrophil
counts with the highest level of IL-8 (3141.0 pg/ml)
in the patient who had 85% neutrophils in the total
peripheral leucocyte count.

Discussion

After haematogenous spread in the host, JEV replicates
in a number of organs and generates a rapid
inflammatory response [3, 4]. However, the mechanism
involved in producing this inflammatory state is not
clearly understood. IL-8, a chemotactic cytokine, has
inflammatory and growth-regulating properties. It
recruits neutrophils to the brain parenchyma [16] and
is a potent chemo-attractant and activator of neutrophils
[17]. The present study showed very high concentra-
tions of IL-8 in CSF during the acute stage of the
illness in the majority of the patients with JE, which
corresponded with the degree of severity of the disease.
Although a transient increase in the level of IL-8 in

Mean IL-8 level (pg/ml)
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CSF has been observed in patients with viral aseptic
meningitis [18], bacterial pyogenic meningitis [7] or
self-resolving aseptic meningitis [19], its role in viral
encephalitis is not clear.

The present study found a significant relationship
between IL-8 levels and neutrophil counts in CSF and
the severity of illness in patients with JE. In severely ill
patients (grades III and II), the CSF showed raised
neutrophil counts as well as high IL-8 levels, as
compared with the patients who made a complete
recovery (grade I). Previous studies have demonstrated
that JEV initiates a rapid inflammatory response with
mononuclear and polymorphonuclear cell infiltration of
the brain [3, 4] and pleocytosis with increased neutro-
phils in the CSF of patients with JE [20].

This is the first report describing IL-8 release in the
CSF in JE. The source of IL-8 in CSF is likely to be
multicellular. IL-8 protein or mRNA expression, or
both, in the CNS by endothelial cells, microglia, the
resident macrophage of brain [21], astrocytes [22] and
glioblastoma cell lines in response to IL-13 and TNF-a
have been identified. This production could be
inhibited by pre-treatment of microglia by anti-
inflammatory cytokines, i.e., IL-4, IL-10 or TGF-g.
Ishiguro and his co-workers [7] have also shown the
production of IL-8 in CSF during meningitis in
children. IL-8 induces chemotaxis of neutrophils,
releases intracellular enzymes from neutrophils and
up-regulates cell adhesion molecules, potentially aiding
leucocyte trafficking across the blood—brain barrier
(BBB) [23]. Once neutrophils have crossed the BBB, it
induces degranulation of neutrophils to release chemo-
attractants for T lymphocytes [24] and primes them for
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Fig. 3. Relationship between IL-8 levels and neutrophil counts in acute (x) and convalescent (L1) sera of patients with

JE (p < 0.001).
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superoxide production [25]. Thus, an excess of
activated neutrophils may have a detrimental effect
and regulation of IL-8 chemotactic activity may be
necessary to reduce the negative effects of neutrophil
influx.

In this study, JEV significantly increased serum levels
of IL-8 during the acute stage of illness as compared
with the convalescent stage. The level of IL-8 was
dependent on the severity of disease, as in convalescent
phase serum it declined markedly in patients who
recovered completely whereas it remained high in
patients with prolonged severe illness. All acute
samples had significantly increased levels of IL-8 in
fatally ill as well as in severely ill patients. This
difference may be due to the response of the cells
synthesising IL-8 to JEV. The present study showed a
good correlation between IL-8 and neutrophil counts in
patients with JE. Many pro-inflammatory cytokines,
including IL-8, have been shown before neutrophil
influx, e.g., during bacterial meningitis [19] and
pregnancy [26]. The role of neutrophils in providing
the first line of defence against bacterial infections is
clear [27]. A recent study demonstrated the ability of
neutrophils to degrade phagocytosed JEV, via triggering
the respiratory burst and the generation of toxic oxygen
radicals [6].

The interactions between monocytes/macrophages,
IL-8 and neutrophils appear to be important in
understanding the pathogenesis of inflammatory lesions
in JE. Studies in vitro have shown that IL-8 can
enhance the growth of astrocytes and microglia, which
are major immunocompetent cells in the nervous
system [28]. In conclusion, the data show that IL-8
plays an important role in inflammatory responses
involving insults to the brain. Studies are in progress to
determine the precise pathophysiological role of IL-8
during JEV infection.
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