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ABSTRACT : Viral encephalitides (VE) are excluded in the list of notifiable infectious diseases for lack of systemic monito-
ring and specific laboratory test methods in China. In this study, the etiological profile of patients with unknown fever and viral
encephalitides was investigated in three prefectures in Fujian Province between January and December, 2010. Among the 382
patients, serum specimens from 128 unknown fever cases and 176 viral encephalitis cases, and cerebrospinal fluid specimens
from 78 viral encephalitis cases were collected. Five causative agents for viral encephalitides including Japanese encephalitis vi-
rus (JEV), echovirus (ECHOV), coxsackie virus (CoxV), herpes simplex virus (HSV), and mumps virus (MuV) were de-
tected by virus-specific IgM antibody enzyme-linked immunosorbent assays (ELISA) and nucleic amplification tests (NAT).
Eighty-one specimens were detected positive in either one test, with positive rates of 37/128 in unknown fever cases and 44/176
in viral encephalitis cases, respectively. It was revealed by NAT that 8 specimens were positive, including 7 infection cases of
ECHOV and CoxV, and one HSV infection. Remarkably, the infection rate of enteroviruses (EVs) ranked (54/382) on top of
the virus panel, accounting for 74. 4% (29/39) in positive cases of the 0-10 year-old group. Apart from JE that had a single ep-
idemic peak in July and August, no seasonal cluster was observed from March to December by epidemiological analysis. There-
fore, four viruses, i.e. , EVs, JEV, MuV and HSV, contributed to unknown fever and viral encephalitis cases in Fujian Prov-
ince, 2010, while EV infections were predominant.
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More than 100 viruses can invade the central nerv- Infections of Japanese encephalitis virus

ous system and cause viral encephalitis (VE) in
human. It is estimated that the overall incidence
rate of viral meningitis or VE ranged 3. 5-7. 5 per
100 K, therefore, millions of victims worldwide
suffer from nervous system infections annually .
Due to its high morbidity, mortality, and serious
sequelae, VE has been a heavy burden to families
and societies for decades and continues as a serious
public health problem. In China, the predominant
VE cases were caused by arboviruses and entero-
viruses (EVs), while sporadic VE cases were at-

021 How-

tributed to Herpes and Rubella viruses
ever, the nation-wide annual incidence data and
relevant epidemiological information are currently
incomplete in that VE is not a notifiable infectious
disease. . lacking .systemic, monitoring, and  virus-

specific laboratory diagnostic tests in China 7.

(JEV) used to contribute considerable VE cases in
China in the past decades, the predominant geno-
types were G1 and G3. In recent years, less than
100 JE cases are reported annually in Fujian Prov-
ince, G3 strains were the sole genotype identified
thus far, although G1 strains have now been detec-
ted in mosquito pools !, Moreover, several VE
outbreaks associated with ECHO virus (ECHOV)
6 and 19 were documented in Fujian several years
ago 7%,

etiological profile of VE in Fujian, serum and cere-

In this study, in order to investigate the

brospinal fluid (CSF) specimens were collected
from patients with unknown fever or VE in three
prefectures, i.e. , Fuzhou, Longyan and Nanping,
from January to December in 2010, Laboratory di-
agnostic tests  for five viruses, including JEV,

ECHOV, coxsackie virus (CoxV), herpes simplex
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virus (HSV) and mumps virus (MuV) were con-
ducted. These results would reveal the etiological
characterization of current VE cases, and facilitate
the control, prevention, and clinical diagnosis of

VE in Fujian as well as other regions in China.

Materials and methods

Patients and specimens

A total of 382 patients with unknown fever or
VE (age range, 13 days-84 years old) enrolled in
this study between January and December 2010 in
Fujian Province, from Tingzhou Hospital in
Fuzhou, the First Hospital of Longyan in Longy-
an, and the First Hospital of Nanping in Nanping.
Three hundred and four serum and 78 CSF speci-
mens were collected within 0-30 days of illness on-

set.

Viral IgM antibody tests

All serum and CSF specimens were screened
initially for JEV-specific IgM with a JEV IgM-cap-
ture enzyme-linked immunosorbent assay (ELISA)
kit (Lot No. 1110-1, Shanghai B&.C Biological
Technology Co., Ltd., Shanghai, China). The
JEV IgM-negative samples were tested for the oth-
er VE pathogens, including ECHOV, CoxV,
HSV, and MuV using virus-specific IgM-ELISA
kits ( Virion/Serion Co., Wurzburg, Germany;
Lot No. : LOT: SDB. DZ/SGB. CG, LOT. SCA.
DE / SMA. CD, LOT: SFB. AV and LOT. SKA.
DE. , respectively). Any specimen that was posi-
tive in one assay was excluded in the following
tests, although antibodies for ECHOV and CoxV
were tested simultaneously. All assays were per-
formed in accordance with the manufacturer’s in-

structions.

Nucleic acid amplification tests

Total RNA and DNA were extracted from ser-
um or CFS specimens using the QIAamp Viral
RNA and DNA Simultaneous Extraction kit (QIA-
GEN, Valencia, CA, USA), in accordance with
the manufacturer’s protocol, and first-strand cDNA
was prepared using Ready-To-Go You-Prime First-
Strand beads (Amersham Pharmacia Biotech, Pis-
cataway, NJ, USA), as described in the kit's man-

ual() Vivds?§pecificnfragmentsic weren amphifiedn by

polymerase chain reaction for JEVI, EVs [,

HSV Y, and MuVH™,

one assay was excluded in the rest tests. PCR am-

any positive specimen in

plicons were recovered and sequenced at Biomed

Biological Technology Company (Beijing, China).

Results

Evidence for viral infections

Virus infections were demonstrated in 81 spec-
imens including 73 viral IgM-positive cases and 8
viral NAT-positive cases, and the positive rates
were 28. 9% (37/128) in unknown fever cases and
17. 3% (44/254) in viral encephalitis cases, re-
spectively (Table 1). Out of the 78 CSF specimens
from VE patients, seven specimens were positive
for EVs and one was HSV-positive. Subsequent
sequencing revealed that viruses associated with
these cases were ECHO6, ECHO9, ECHOI16,
CoxA9, CoxB5, and HSV5 (Tables 1 and 2, Fig-
ure 1). Particularly, the 73 IgM-positive serum
ECHOV and/or

CoxV was the most common pathogen which ac-

samples were NAT-negative,

counting for 66. 7% (54/81) in this positive popu-
lation, followed by MuV (13. 6%, 11/81), JEV
(11.1%, 9/81), and HSV (8.6%, 7/81).
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Fig. 1 Phylogenetic analysis of EVs strains in Fujian Province

Epidemiological characterization

The epidemiological characterization of this
population was analyzed in the wake of laboratory
tests. Among the 81 laboratory-confirmed patients,

the male to.female ratio . was 1.,88 1.1 (47 : 34).
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Tab. 1

Virus screening of unknown fever or VE cases in Fujian Province, 2010

Clinical cases

Laboratory detection

Unknown . . . . .
fever Viral encephalitis Unknown fever Viral encephalitis Total (positive/total)
Location
Serum (IgM-+) Serum (IgM-+)/
Serum Serum CSF CSF (PCR+) IgM (+) PCR (+)
JEV EVs MuV HSV JEV EVs MuV HSV
Fuzhou 46 54 2 3 11 4 1 1/0 5/0 0/0 1/1 26 1
Longyan 6 92 50 0 0 0 0o 1/0 19/6 5/0 2/0 27 6
Nanping 76 30 26 4 11 2 1 0/0 1/1 0/0 1/0 20 1
Total 128 176 78 7 22 6 2 2/0  25/7 5/0 4/1 73 8
Positive 28.9% 17.3% 20.5%(36/176)
rate (%) (37/1;;> <44/2g;> 28 97 (BT/128) /10.;;6(é;78> 2127 (817562

Ratio

45.7% (37/81)

90. 1% 9.9%
54.3% (44/81)
b (4t (73/81)  (8/8D)

Note: CSF (cerebrospinal fluid); JEV (Japanese encephalitis virus); EVs (Enterovirus): including ECHO and CoxV;

MuV (Mumps virus) ; HSV (Herpes simplex Virus).

Tab.2 Summary of the NAT positive cases

Case Gender Age Onset/collection date Interval Clinical Diagnosis Virus
1 Male l-year 2010. 5. 28/2010. 6. 3 6 d Central Nervous System Infections CoxA9
2 Male 3-year  2010.5.24/2010. 6. 24 30 d Central Nervous System Infections ECHOV 6
3 Male 4-year 2010.6.1/2010.6.11 10d Central Nervous System, drowsiness ECHOV 6
4 Male 12-year  2010.6.11/2010. 6. 24 13 d Central Nervous System Infections ECHOV 16
5 Male 3-year  2010.6.20/2010. 6. 23 3d Viral encephalitis ECHOV 6
6 Female 6-year  2010.6.10/2010.6.13 3d Viral encephalitis ECHOV 9
7 Male 7-year  2010.9.11/2010.9.13 2d Viral encephalitis CoxB5
8 Male l-year 2010.10.12/2010. 10. 16 4d Convulsion HSV1
For age group distribution, two peaks wereob- IO i s iy i e ol Letion Hashe
served in two age groups, 1. e., <_ 10 years-old lﬁ() '
group and 20-60 years-old group (Figure 2). Be- i‘é iég N
sides two pediatric JE cases, another seven adults ‘E 100 .
over 20 years-old were detected positive for JEV- s 80
IgM. Although the 11 MuV cases were scattered E 60 e
in every age group, the four HSV-positive patients 218 '/\"—_’-/-\.
were solely aged between 1-10 years, while EV in- e “-_m—-—:’_—':—'-— p—

fection was predominant (74. 4%, 29/39) in pa-
tients aged 0-10 years.

As for seasonal distribution of the 81 patients,
which was either viral IgM-positive or NAT-posi-
tive, nine JEV IgM-positive cases occurred in July
and August. The 54 ECHOV and/or CoxV IgM-
positive or NAT-positive cases were distributed
from March to December, although a peak between
May to September was observed. On the other
hand, the 11 MuV IgM-positive cases were distrib-
uted from April to November, the onset time of

the seven HSV positive cases was irregular (Figure

3).

Fig. 2 Age distribution of cases positive for virus infection

Discussion

In this study, the etiological profile of 382 ca-
ses with unknown fever and VE in Fujian, 2010,
was investigated by ELISA assays and NATs. It
was indicated by laboratory tests that considerable
viral infections were associated with unknown fe-
ver or VE patients, and that EVs (ECHOV and
CoxV) were the predominant causative agents in

this population, exceeding other viruses such as

MuV, JEV, and HSV. MuV and JEV are vaccine
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Fig.3 Mouth distribution of positive cases with virus infec-

tion

preventable diseases; however, effective vaccines
for EVs and HSV are not available yet.

The clinical manifestation of virus infection
ranged from latency, mild febrile to systemic infec-
tion, hence, VE cases are largely underestimated
unless acute fever and neck stiffness are presented.
From our observation, the infection rate in patients
with unknown fever was relatively high of 28. 9%
(37/128), accounting for 45. 7% (37/81) of the
positive cases, suggesting a large number of pa-
tients infected with common VE viruses were in-
correctly classified as unknown fever cases. There-
fore, it is critical to launch laboratory diagnosis of
in medical facili-

acute encephalitis syndrome

ties!'?), especially for cases of idiopathic fever.
Undoubtedly, timely identification of the etiologi-
cal spectrum in sporadic or clustered unknown fe-
ver and VE cases would prevent large autochtho-
nous VE outbreaks.

The etiological spectrum of VE differs among
regions. It was reported in a domestic study in
2008 that VE pathogens in certain provinces in
China were JEV, MuV, EVs, HSV, MV, Vari-
cella-Zoster virus, Epstein-Barr virus, and cyto-
megalovirus"*. In this study, however, the order
was EV, MuV, JEV, and HSV in Fujian Prov-
ince. Similar to observations from other countries,
EVs are predominant agents for VE', indeed,
several VE epidemics in Fujian in last decade were
caused by EVs 180 MuV, which ranked the sec
ond, is also an important pathogen in Beijing chil-
dren with increasing incidence rates '™, As for the
other two viruses, the low positive rate of JEV is
consistent with the low incidence rate of JE in Fu-
L8  while HSV is responsible for a-
United

Thus, to certain extent, the etiological

jian Province
cute. sporadic  encephalitis cases in the

States ",

spectrum of VE reflected the situation in Fujian at
the post vaccine era, when national Expanded Pro-
gram on Immunization (EPD) for Japanese enceph-
alitis and measles launched in Fujian Province early
in 2000s.

Infections of any EVs such as ECHOV 6, 9,
30, 33, 32, 4, 5, CoxB3, B5, and EV71 are com-
mon causes in VE cases, in particular, the predom-
inant pathogenic EV types in Fujian Province are
ECHOV 30, 25, 19, and 6 ", It was indicated by
sequencing data that amplified viral fragments from
CSF specimens belonging to ECHOV 6, 9, 16,
and Cox A9 and B5, respectively. Both Cox A9
and B5 are rarely emerging types for VE in recent
years "% Cox B5 and ECHOV 9 were isolated
from hand-foot-and-mouth disease cases in Fujian

0t*21, In this study, the nucleotide

Province in 201
sequence of an ECHOV 6 showed high homology
with that of FJLY2010327 (GenBank Accession
No: JQ729993), a representative isolate during an
0 . These

findings indicated the emergence of rare EV types

outbreak in Fujian Province in 201

in VE patients in Fujian Province in recent years.
VE is common in Chinese children . Al
though no children’s hospital was investigated in
the present study, two peaks were observed in the
1-10 years-old group and the >>20 years-old group,
accounting for 47. 0% (38/81) and 45. 7% (37/81)
of the positive cases. Nation-wide EPI for JE im-
munization has protected the majority of children,
however, the number of adult JE cases has been

25240 " and it is not surprising

increasing in China
that five adults aged between 21 to 60 years old
were JEV-IgM positive among the nine confirmed
JE cases. These results suggested that the JE epi-
demic trend is shifting from children to adults in
Fujian, which has not been demonstrated yet by
statistical data available, and that extensive sur-
veillance of JE cases is required.

The seasonal distribution of JEV and EVs in-
fections mainly occur during summer and autumn,
while MuV is actively circulating in winter and

and HSV is

. In this study, the onset of viral infections

spring, sporadic throughout the

year?
other than JEV was documented between March to
December, whereas EVs infections were mainly in
July-August, and most MuV infections occurred in
no, significant seasonal

June-August,  therefore,

cluster was observed in VE cases. Despite limited
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time span, geographic coverage, and case numbers
in this study, the observation highlighted the etio-
logical characterization of patients with unknown
fever or VE in Fujian will contribute to laboratory
diagnosis, control and prevention of VE cases in

the future.
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