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Japanese encephalitis (JE) was first discovered in
Japan  in  1871;  in  1924,  a  major  outbreak  occurred,
with 6,000 JE cases reported and a mortality rate of
approximately  60%[1,2].  Later  studies  showed that  JE
is  caused  by  the  Japanese  encephalitis  virus  (JEV),
which is spread by mosquitoes. JEV can be carried by
a  variety  of  mosquitoes  (Culex,  Anopheles,  Aedes,
and Mansonia),  and there are several hosts, namely
aquatic  wading  birds  as  reservoir  hosts  of  JEV,  pigs
(including  wild  boar  and  domestic  pigs)  as
amplification  hosts,  and  humans  and  equids  as
terminal  hosts. Culex  tritaeniorhynchus,  a  mosquito
species  that  mainly  breeds  in  rice  paddies,  is  the
most  important  vector  of  JEV[1-3].  Since its  discovery
in  Japan,  JE  has  gradually  spread  to  South  Korea  in
East Asia, mainland China, the Philippines, Indonesia,
Thailand, and Vietnam in Southeast Asia, and then to
India and Sri Lanka in South Asia. JE has also spread
to Papua New Guinea in the Pacific and to northern
Australia[4-6].  Although  it  is  a  vaccine-preventable
disease[1,2],  JE  is  currently  prevalent  in  24  countries
and  regions  in  Asia  and  Oceania,  with  an  annual
incidence  of  approximately  69,000  cases  and  a
mortality  rate  of  30%;  70%  of  survivors  have
neurological sequelae of varying severity. Therefore,
JE  is  a  vector-borne  viral  infectious  disease  with  a
huge burden[5-7].

The  spread  of  JE  from Japan  to  China  began  in
the  1930s.  In  1934,  two  cases  of  acute  viral

encephalitis in children in Beijing were confirmed to
be  JEV  infection  by  neutralization  experiments[8,9],
and  these  could  therefore  be  considered  the  first
laboratory-confirmed  JE  cases  in  China.  JE  was
subsequently  reported  in  the  southeastern  city  of
Amoy  and  the  eastern  city  of  Shanghai[9,10],  and
then  in  Shenyang  and  Tianjin  in  northern  and
eastern  China,  respectively.  In  1939,  the
epidemiological  data,  clinical  manifestations,  and
outcomes of  six  cases  of  acute viral  encephalitis  in
Beijing  were  recorded[11],  and  neutralizing
antibodies  against  JEV  in  the  serum  of  these
patients  were  detected  by  neutralization  tests,  all
of which were confirmed to be JEV infections[12]. An
epidemiological  investigation  of  JE  conducted  in
Beijing during the 3-year period from 1948 to 1950
identified  a  total  of  729  cases  and  330  deaths
(fatality  rate,  45.3%):  137  cases  and  71  deaths  in
1948,  225  cases  and  110  deaths  in  1949,  and  367
cases  and  149  deaths  in  1950[13].  JE  became  a
serious  public  health  problem  in  China  in  the  late
1940s and was associated with a huge public health
burden. As there was no national infectious disease
reporting  system  in  China  at  that  time,  the
epidemiological  characteristics  of  JE  were  only
detailed  in  scientific  research  papers,  and  the
overall  prevalence  of  JE  in  China  could  not  be
determined.

The  People’s  Republic  of  China  was  founded  in
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1949. On November 25, 1950, the Interim Measures
for  the  Prevention  and  Treatment  of  Infectious
Diseases  classified  13  infectious  diseases,  including
JE.  Therefore,  since  1950,  JE  has  been  a  nationally
notifiable  disease,  and  the  national  annual  JE
incidence and mortality rates have been recorded[14].
We collected JE annual incidence and mortality data
for  China  from  1950  to  2018,  including  its
spatiotemporal  distribution,  to  characterize  the
process  beginning  when  JE  first  entered  China,
followed  by  the  nationwide  JE  pandemic,  and
decades  of  efforts  to  effectively  control  JE  in  China
by vaccination. This study summarizes JE prevention
and control efforts in China and serves as a valuable
reference  for  the  prevention  and  control  of  JE  in
other areas around the world. 

Overall Trends of JE in China During 1950–2018

In  China  (excluding  regions  of  Taiwan,  Hong
Kong, and Macao), a total of 2,364,177 JE cases and
275,792  deaths  were  reported  between  1950  and
2018,  with  an  average  annual  incidence  of  34,263
and an average annual mortality of 3,997 (Table 1).

The  history  of  JE  in  China  can  be  divided  into
four periods (Table 1 and Figure 1). The period from
1950  to  1962  was  the  invasion  period,  with  the
cases  therein  accounting  for  8.1%  of  the  total
(191,413/2,364,177),  with  an  average  annual
incidence  of  2.59/100,000.  The  cases  in  the
pandemic period (1963–1975) account for 60.0% of
the total (1,407,865/2,364,177) and this period has
the  highest  annual  incidence  of  13.65/100,000.
During  the  30-year  period  from  1976  to  2007,  the
incidence  and  mortality  rates  decreased  annually;
this period accounts for 31.5% (744,238/2,364,177)
of  all  cases,  with  an  average  annual  incidence  of
2.23/100,000. During the 10-year period from 2008
to  2018,  during  which  the  JE  vaccine  was  included
in  China’s  Expanded  Program  on  Immunization
(EPI),  the  average  annual  incidence  fell  to
0.14/100,000.  Epidemiological  information on JE  in
China  from  1950  to  2018  is  shown  in  Table  1  and
Figures 1 and 2.

JE is a natural focal disease, and its prevalence is
related  to  the  local  natural  environment.  China  is
located  in  the  eastern  region  of  Asia,  with  a  land
area  of  9.6  million  km2,  including  high  mountains
and  plains,  and  can  be  roughly  divided  into
southeastern  and  northwestern  regions  based  on
geoclimatic  conditions  and  residential  populations
(Figure  3A).  The  southeastern  region  includes  the
Yunnan-Guizhou  Plateau  (Yunnan,  Guizhou,
Sichuan, Guangxi, and Chongqing), the North China

Plain (Hebei, Beijing, Tianjin, Shanxi, Shandong, and
Henan),  the  Yangtze  River  Plain  (Hunan,  Hubei,
Anhui,  Jiangsu,  Zhejiang,  Jiangxi,  Shanghai,  and
Fujian), and the Pearl River Delta Plain (Guangdong
and  Hainan),  while  the  northwestern  region
includes  the  Loess  Plateau  (Shaanxi,  Gansu,  and
Ningxia),  the  Northeast  China  Plain  (Heilongjiang,
Jilin,  and  Liaoning),  the  Inner  Mongolian  Plateau
(Inner  Mongolian  Autonomous  Region),  the
Qinghai-Tibet  Plateau  (Qinghai  and  Tibet),  and
Xinjiang Province[15-17].

Table 1 shows the endemicity of JE by region and
period  in  China.  Between  1950  and  2018,
southeastern  China  accounted  for  92.7%
(2,192,685/2,364,177)  of  all  JE  cases,  while  the
northwestern  region  accounted  for  only  7.3%
(171,492/2,364,177). During the JE pandemic period
(1963–1975),  cases  in  the  southeastern  region
accounted  for  93.2%  (1,312,412/1,407,865)  of  all
cases in this period. Cases of JE in the Yangtze River
Plain accounted for 44.6% (627,706/1,407,865) of all
cases  in  this  period,  and 47.8% (627,706/1,312,412)
of  those  in  the  southeastern  region.  The  Yangtze
River  Plain  has  historically  been  a  highly  endemic
area  for  JE  in  China.  The  cases  of  JE  in  the  Yunnan-
Guizhou  Plateau  area  of  the  southeastern  region  of
China  accounted  for  12.3%  (173,635/1,407,865)  of
all  cases  nationwide  during  the  pandemic  period
(1963–1975),  and  43.8%  (9,058/20,661)  of  those
during  the  period  of  routine  JE  vaccination
(2008–2018).  The  Yunnan-Guizhou  Plateau  has  the
highest JE rate in China. The proportion of JE cases in
the  Loess  Plateau  (northwestern  China)  increased
from  2.4%  in  1950–1962  to  12.2%  in  2008–2018
(Table 1). 

Invasion of China by JE (1950–1962)

JE  has  been  a  nationally  notifiable  disease  in
China  since  1950.  JE  was  mainly  reported  in  10
provinces,  typically  in  eastern  China,  with  Beijing
(25.39/100,000),  Tianjin  (21.16/100,000),  Liaoning
(3.80/100,000),  Jiangsu  (1.35/100,000),  and
Shandong  (0.86/100,000)  accounting  for  90.2%
(2,725/3,021)  of  all  cases  in  1951  (Figure  3A).  Since
then, the number of provinces reporting JE cases has
increased  each  year,  with  the  disease  gradually
spreading to central and east-central China and was
seen in 25 provinces nationwide in 1956 (Figure 3B).
By  1958,  JE  had  been  reported  in  all  provinces  of
China  except  Xinjiang,  Tibet,  and Qinghai,  and were
thus classified as JE-free areas (Figure 3C).  With the
expansion  of  endemic  JE  areas,  the  number  of  JE
cases in this period also increased (Table 1). 
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Pandemic of JE in China (1963–1975)

Two epidemics of JE occurred in China during the
period  of  1963–1975:  one  in  1966  and  the  other  in

1971  (Figures  1  and  4).  During  1963  and  1964
(before  the  two  peak  years),  the  average  annual  JE
incidence  rate  in  China  (except  Xinjiang,  Tibet,  and
Qinghai)  varied  between  0.01  and  20.00/100,000,
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Figure 1. Overall  trends  of  Japanese  encephalitis  in  China  for  the  period  of  1950–2018.  The  bars
represent the annual  incidence of Japanese encephalitis  (JE),  while the orange and blue blocks indicate
the  number  of  JE  cases  and  the  number  of  JE  deaths  in  four  distinct  periods.  The  arrows  denote  the
introduction of the P3 inactivated JE vaccine in 1968 (stage 2) and the live attenuated JE vaccine in 1988
(stage 3), and the inclusion of the JE vaccine in China’s Expanded Program on Immunization (EPI) in 2008
(stage 4). The figure covers the invasion of JE into China in 1950–1962, the pandemic in 1963–1975, the
decline in 1976–2007, and effective control in 2008–2018.
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Figure 2. Japanese  encephalitis  (JE)  in  China  for  the  period  of  1950–2018.  (A)–(D)  show the  geographic
changes  in  JE  endemic  areas  in  China  in  the  four  periods,  1950–1962,  1963–1975,  1976–2007,  and
2008–2018, respectively. The colors indicate the average annual JE incidence rates by province.
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Figure 3. Invasion  of  China  by  Japanese  encephalitis  (JE)  (1950–1962).  (A)–(C)  show  the  geographic
changes  in  the  JE  endemic  areas  in  China  in  1951,  1956,  and  1958,  respectively.  The  line  in  Figure  3A
represents the approximate boundary between southeast and northwest China.
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and  the  provinces  with  incidence  rates  between
10.00  and  20.00/100,000  were  mainly  in
southeastern  China  (Figure  4A).  The  first  JE
pandemic  in  China  occurred  in  1966–1967,  which
had  a  significantly  higher  incidence  than  that  in
1963–1964. The incidence rates increased during this
period:  six  provinces  showed  incidence  rates  of
10.01–20.00/100,000 (Figure 4B, orange area), while
seven  showed  incidence  rates  of  20.01–30.00/
100,000 (Figure 4B, red area) and five had incidence
rates  exceeding  30.00/100,000  (Figure  4B,  blue
area).  Another  JE  pandemic  occurred  in  China  in
1970–1971; only six provinces had incidence rates of
0.01–5.00/100,000 (Figure 4C,  green area),  with the
remaining provinces having significantly higher rates.
Only  Fujian,  Jiangsu,  and  Henan  Provinces  had
average  annual  incidence  rates  exceeding
30.00/100,000  (Figure  4C,  blue  area),  but  the
average  annual  incidence  rate  increased  greatly  in
east-central  Chinese  provinces,  including  Shandong,
Hubei, Hunan, Anhui, Jiangxi, Zhejiang, Guangxi, and
Guangdong,  to 20.00–30.00/100,000 (Figure 4C,  red
area).

After the two peaks in JE incidence, the number
of cases decreased annually, and the national annual
incidence  became  9.74/100,000  by  1975.  The
incidence of JE ranged between 0.01–20.00/100,000
in  most  provinces  from  1974  to  1975;  only  Jilin
Province in northeast China had an incidence of over

20.00/100,000 (Figure 4D). 

Decline of JE in China (1976–2007)

From 1976 to 1977, the average annual incidence
rates  of  JE  were  20.00–30.00/100,000  in  Anhui
Province  and  10.00–20.00/100,000  in  Henan,
Jiangsu,  and  Jiangxi  Provinces;  the  remaining
provinces  had  incidence  rates  below  10.00/100,000
(Figure 5A). In the 5-year period from 1980 to 1985,
the  average  annual  incidence  rate  of  JE  was
0.01–5.00/100,000  in  all  provinces  except  Jiangsu,
Anhui,  Jiangxi,  and  Guizhou  (Figure  5B,  yellow
region).  The  average  annual  incidence  rate  of  JE  in
Henan Province (Figure 5C, yellow region) remained
at 5.00–10.00/100,000 between 1990 and 1995, and
the  incidence  rates  in  the  other  provinces  were  all
between 0.01 and 5.00/100,000. From 2000 to 2005,
the  annual  average  incidence  rates  of  JE  for  all
provinces  in  China  were  less  than  5.00/100,000
(Figure 5D). 

Effective Control of JE in China (2008–2018)

The  incidence  of  JE  has  sharply  decreased  in
China since 2008, when the JE vaccine was included
in China’s EPI (Figure 2D). A total of 20,661 JE cases
and 901  deaths  were  reported  during  the  period  of
2008–2018,  i.e.,  an  average  of  1,878  cases  and  82
deaths per year. The average annual incidence rates
of  JE  in  the  central  and  eastern  provinces  of  China,
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Figure 4. Pandemic  of  Japanese  encephalitis  (JE)  in  China  (1963–1975).  (A)–(D)  show  the  geographic
changes in JE endemic areas in China in the periods 1963–1964, 1966–1967, 1970–1971, and 1974–1975,
respectively.
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Figure 5. Decline  of  Japanese  encephalitis  (JE)  in  China  (1976–2007).  (A)–(D)  show  the  geographic
changes in JE endemic areas in China in the periods 1976–1977, 1980–1985, 1990–1995, and 2000–2005,
respectively.
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which historically had high incidence rates, were less
than  0.20/100,000,  while  the  rates  were  0.20–
0.30/100,000  in  Ningxia,  Shaanxi,  and  Henan,  and
0.40–0.50/100,000  in  Gansu,  Yunnan,  Guizhou,  and
Chongqing. 

Why did JE Become an Endemic Disease in China?

JE  was  imported  into  China  in  the  1930s[8–10].
Why  did  the  endemic  JE  area  expand,  and  the
number of  cases increase annually  in China? A total
of  1.4  million  cases  of  JE  occurred  in  the  period  of
1963–1975  in  China,  and  it  has  become  an
entrenched  infectious  disease.  This  may  be  due  to
factors such as China’s natural environment, farming
culture,  population  density,  and  sociodemographic
characteristics.

First,  due  to  the  Tibetan  Plateau  and  Tianshan
Mountains, China is characterized by high elevations
in  the  west  and  low  elevations  in  the  east.  The
western  region  has  a  high  average  elevation,  many
mountains  and  deserts,  and  a  cold  climate,  and
experiences drought and very little rain; meanwhile,
the southeastern region has a low average elevation,
vast  plain  area,  and  high  average  rainfall  and
temperature,  such  that  it  is  rich  in  vegetation
conducive  to  the  presence  of  multiple  species  of
mosquitoes and contains ample breeding sites. Thus,
the  natural  environment  in  southeastern  China
provides  ideal  natural  conditions  for  the  local
multiplication of JEV[15-19].

Second,  JE  is  a  vector-borne  natural  epidemic
disease, with Culex (Cx.) tritaeniorhynchus being the
main  vector,  and  pigs  being  the  main  amplification
hosts[1-3,20].  The  southeast  is  rich  in  water  networks,
and for thousands of years,  farming in this  area has
been dominated by the cultivation of rice (the main
breeding  site  of  Cx.  Tritaeniorhynchus).  The  local
population  is  mainly  of  Han  ethnicity,  and  pork  is
favored.  Domestic  animals  (mainly  pigs)  are  reared
for  personal  consumption  or  sold  for  income.
Pigsties  are  usually  located in  residential  courtyards
for  convenience.  Cx.  tritaeniorhynchus  breeding  in
rice  fields  results  in  JEV  infection  of  swine,  which  is
transmitted  through  biting[18,19,21].  Mosquitoes
carrying JEV can also spread the virus to people living
in  nearby  villages.  This  is  an  important  reason  why
JEV  became  established  in  southeastern  China,  and
why  the  majority  of  JE  cases  in  China  are
concentrated in  rural  areas.  The Yangtze  River  Plain
is a typical example of large-scale farmland irrigation
that  also  facilitates  the  natural  circulation  of  JEV,
which  is  one  reason  why  this  area  has  the  largest
proportion of JE cases in China[21-23].

Third,  due  to  the  low  average  elevation  of
southeastern China, the geographical environment is
characterized  by  plain  areas  that  are  suitable  for
human  habitation.  In  total,  96%  of  China’s
population  resides  in  the  southeast  region,  which
accounts for 36% of China’s total land area; only 4%
of  the  population  resides  in  the  northwest  region,
which  accounts  for  64%  of  the  land  area[15-17].  The
huge population in southeastern China accords with
the  continually  high  incidence  of  JE  in  this  region.
Between  1950  and  2018,  JE  cases  in  southeastern
China accounted for 92.7% of the cases nationwide,
while  northwestern  China  accounted  for  only  7.3%
of  all  cases  (Table  1).  The  relatively  well-developed
highway,  railway,  and  waterway  transportation
systems  in  southeast  China  also  provide  a
convenient  means  for  the  transmission  and  spread
of JEV throughout this region.

Fourth,  China  developed  an  inactivated  JE
vaccine  (P3)  in  1968[24]  and  a  live  attenuated  JE
vaccine (SA14-14-2) in 1988[25]. However, due to the
inability  to  produce  vaccines  in  the  required
amounts  in  China at  that  time,  and to technological
limitations,  full  protection of  the population against
JEV  infection  was  impossible[18,26].  A  JE  pandemic
occurred in China between 1963 and 1975, when no
JE  vaccine  immunization  was  available[16].  The
numbers  of  JE  cases  and  deaths  during  this  period
accounted  for  60%  (1,407,865/2,364,177)  and  62%
(169,714/275,792)  of  the  total  between  1950  and
2018,  respectively  (Table  1).  During  this  period,  the
World Health Organization (WHO) reported that 90%
of  JE  cases  worldwide  occurred  in  China[27].  In
addition,  China  was  undergoing  the  Cultural
Revolution  from  1966  to  1976,  which  was
characterized by  social  turmoil,  near-collapse of  the
economy,  and  an  almost  complete  absence  of
national control measures for JE that contributed to
the JE pandemic during this period.

Because JE has existed in China for  decades and
China  has  a  vast  territory,  the  epidemic
characteristics  of  JE in different periods and regions
may still have varying local characteristics. However,
we  did  not  conduct  a  detailed  spatiotemporal
distribution  analysis  due  to  space  and  data
limitations, which is also a limitation of this study. 

Vaccination has Led to Effective Control of JE

Japan  began  a  JE  vaccination  program  in  1954,
and  the  prolonged  vaccination  campaign  has
ultimately led to only a few JE cases being reported
annually  since  the  1990s[28,29].  In  Korea,  the  JE
vaccine  was  introduced  in  1971  and  has  been

180 Biomed Environ Sci, 2021; 34(3): 175-183



included  in  national  vaccination  programs  since
1983;  few  JE  cases  have  been  reported  annually
since  2000[30,31].  Although  they  are  traditionally
endemic  areas,  vaccination  programs  have
essentially eliminated JE in Japan and Korea. China’s
EPI involved three implementation periods. In 1978,
two  viral  disease  vaccines,  oral  polio  vaccine  (OPV)
and  measles  vaccine  (MV),  and  the  diphtheria-
pertussis-tetanus  triple  vaccine  were  provided[32].
The hepatitis B vaccine was included in 2002[33], and
the  meningitis,  JE,  hepatitis  A,  rubella,  and  mumps
vaccines were included in 2008[26,34].

China developed inactivated and live attenuated
vaccines for JE in 1968 and 1988, respectively. Given
the limited capacity  to produce the vaccine and the
low  economic  status  of  China  at  the  time,  the  JE
vaccine  was  not  included  in  the  1978  EPI.
Nevertheless, the national EPI of 1978 was followed
by  the  implementation  of  EPI  for  vaccine-
preventable  infectious  diseases  at  the  local
government  level  (i.e.,  at  the  province/autonomous
region  level).  Since  the  1980s,  provincial
governments,  especially  in  the  coastal  areas  of
southeast  China,  have  made  great  progress  in  JE
vaccination.  In Shandong,  Jiangsu,  and Zhejiang,  the
JE  vaccine  is  included  in  the  EPI[35-37].  A  number  of
other provinces subsequently included the JE vaccine
in their  EPI  strategies  (11 and 16 provinces  by 2005
and 2006,  respectively).  The incidence rates of  JE in
these  provinces  have  been  consistently  high[26,38].  In
2008,  the  Chinese  government  included  the  JE
vaccine in its EPI, targeting children <15 years of age
in  using  a  two-dose  schedule  of  live  attenuated  JE
vaccine  at  8  months  and  at  2  years,  and  the
incidence  of  JE  among  children  <15  years  old
decreased  dramatically,  from  1.63/100,000
population  in  2004  to  0.16/100,000  in  2018[38,39].
Following its addition to the EPI, one- and two-dose
coverage increased from 97.0% and 89.5% in 2011[40]

to  99.6%  and  99.4%,  respectively,  in  2015[41].  The
vaccine  is  now  an  effective  means  of  JE  prevention
and control  at  the national  level[26,34,38].  Accordingly,
the incidence of JE has dropped to its lowest level in
history  since  its  introduction  into  China,  with  an
average annual incidence rate of 0.14/100,000 from
2008 to 2018 (Table 1). Moreover, the improvement
of China’s economy, and major investment in public
health  management  coupled  with  improvements  in
living  standards  (e.g.,  removal  of  sewage  to  reduce
mosquito  breeding  sites,  changes  in  pig-rearing
practices  in  courtyards,  and  keeping  pigsties  away
from  villages  to  reduce  JEV  transmission),  have
played important roles in the control of JE[38,42].

Although  JE  has  been  effectively  controlled  in
China,  JEV  remains  the  arbovirus  most  commonly
isolated  from  mosquitoes  collected  in  natural
environments; there is still a large reservoir of JEV in
natural  mosquitoes  in  China[18,19].  The  number  of  JE
cases in China varies annually,  and cases in Guizhou
and  Yunnan  in  southwestern  China  accounted  for
43.8%  of  all  cases  nationwide  in  the  period  of
2008–2018 (Table  1).  In  addition,  the  emergence  of
JE  epidemics  in  traditionally  low-incidence  areas  in
northern  China,  such  as  Shaanxi  and  Gansu[23,43],
presents  new  challenges  for  JE  prevention  and
control in China. 

Beware  of  JE  Outside  Asia  (in  Africa,  Europe,  and
elsewhere)

According  to  the  WHO,  JE  is  endemic  in  24
countries or regions in Asia and the Pacific, but it has
not  been  reported  in  Africa,  the  Americas,  and
Europe[5-7].  However,  genotypes  of  JEV  and  its
geographical  distribution  have  changed  significantly
due  to  climate  change[44].  Genotype  3  JEV  has
recently  been  found  in  mosquitoes  and  birds  in
Europe[45,46].  In  addition,  a  patient  in  Africa  was
infected with both yellow fever  and genotype 3 JEV
during a  yellow fever  epidemic;  the patient  had not
left  his  hometown  before  his  illness,  indicating  the
emergence of  JE  in  Africa[47].  It  is  likely  that  JEV has
spread to regions outside of Asia and the Pacific. JEV
can  also  be  carried  and  transmitted  by  migratory
birds  and  many  Culex  species  other  than  Cx.
tritaeniorhynchus  can  act  as  vectors.  Therefore,  JEV
is likely to spread from traditionally endemic areas in
Asia to the rest of the world, which would impose a
major  public  health  burden,  followed  by  the  West
Nile  virus[48]  and  the  Zika  virus[49].  Viral  encephalitis
caused by JEV is similar in terms of clinical symptoms
and onset season to other types of viral encephalitis,
such  as  the  West  Nile  virus,  making  it  important  to
improve  surveillance  of  JEV  outside  traditionally
endemic  areas  to  facilitate  early  detection  and
diagnosis,  and  thus  control  the  worldwide  spread
of JE. 
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