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Notes from the Field

The First Case of New Variant COVID-19 Originating in
the United Kingdom Detected in a Returning Student
— Shanghai Municipality, China, December 14, 2020

Hongyou Chen1,&;  Xiaoyan Huang1,&;  Xiang Zhao2;  Yang Song2;  Peter Hao3;  Hui Jiang1;  Xi Zhang1;  Chen Fu1,#

 

On  December  14,  2020,  a  23-year-old  female
returning from the United Kingdom (UK) via airplane
was  tested  by  the  laboratory  of  Shanghai  Customs
using  nose  swab  to  test  for  coronavirus  disease  2019
(COVID-19).  At  20:30  on  December  14,  Shanghai
CDC received notification from the Shanghai Customs
that  the  patient  tested  positive  for  COVID-19.  By
22:00, the patient was transported by ambulance from
the isolation point to the fever clinic of Jiading District
Central  Hospital.  Due  to  travel  history  from  the  UK
and  abnormalities  in  nucleic  acid  test  results,  the
hospital  organized  a  consultation  with  experts  and
formed  a  recommendation  to  transfer  the  patient  to
Fudan  University’s  Public  Health  Clinical  Center  for
further diagnosis and treatment, which was carried out
the  following  day.  On  December  15,  Jiading  District
CDC retested using a nasopharyngeal swab sample and
the nucleic acid result was positive for COVID-19.

An  epidemiological  investigation  revealed  that  the
patient  had  a  negative  COVID-19  test  result  on
December  12,  2020,  two  days  before  her  flight  to
return  to  China.  According  to  her  statement,  she  had
no  exposure  to  symptomatic  individuals  and  had  not
purchased or been exposed to frozen food products or
raw  meat.  While  remaining  in  the  UK,  the  patient
described running in a nearby park without wearing a
mask  and  taking  off  her  mask  to  eat  and  drink  while
waiting  to  board  the  plane.  These  are  all  potential
situations  for  exposure,  especially  with  1.86  million
confirmed cases of COVID-19 having been reported in
the UK as of December 15, 2020. At the time of case
report,  the  patient  was  diagnosed  as  a  mild  case
according  to  the  epidemiological  investigation,
symptoms and laboratory test.

On  December  24,  the  sample  of  the  COVID-19
patient  was  sequenced  using  MGI  MGISEQ-200
platform  (Sequence  ID:  NC20SCU2740-1).  This
strain was dissimilar with the previous Shanghai strain
detected  in  the  Shanghai  outbreak  in  November,

suggesting  different  route  of  transmission  (1)
(Figure 1).  Compared  with  the  Wuhan  reference
sequence  (EPI_ISL_  402119)  (2),  this  new  Shanghai
strain showed 32 nucleotide variation sites, containing
the  single  nucleotide  polymorphisms  (SNPs)  that
defined  L-lineage  European  branch  I.  This  Shanghai
strain  shared  all  28  variation  sites  (C241T,  C913T,
C3037T,  C3267T,  C5388A,  C5986T,  T6954C,
C14408T,  C14676T,  C15279T,  T16176C,
A23063T, C23271A, A23403G, C23604A, C23709T,
T24506G,  G24914C,  C27972T,  G28048T,
A28111G,  G28280C,  A28281T,  T28282A,
G28881A,  G28882A,  G28883C,  and  C28977T)  that
were  first  detected  in  the  VUI202012/01  (Pangolin
lineage B.1.1.7) variant from the UK (3–4). It also had
2  specific  variation  sites  (C3177T,  A28271del),  from
which  site  C3177T  was  also  detected  in  the
VUI202012/01 variants that has been circulating since
late  October  in  the  UK (Figure 1).  Just  like  the  other
VUI202012/01 variants, the Shanghai strain also had 3
amino  acid  deletions  (H69del,  V70del  and  Y144del)
and  7  amino  acid  mutations  (N501Y,  A570D,
D614G, P681H, T716I, S982A and D1118H) in the
spike  protein.  The  Shanghai  strain  NC20SCU2740-1
is  the  first  imported  VUI202012/01  variant  in  China
and poses a great potential threat to the prevention and
control of COVID-19 in China.

Several  control  measures  have been implemented in
the  response  to  this  case.  The  patient  has  been
transferred  to  the  designated  medical  institution  for
isolation  and  treatment.  Due  to  the  closed-loop
management  upon  passenger’s  arrival  at  the  airport,
close contact investigation has been initiated according
to national and municipal work plans: 1) close contacts
currently  include  passengers  with  seats  in  the  same
row,  passengers  within  3  rows  of  seats  of  the  patient,
and  flight  attendants  providing  cabin  services  to  that
section;  2)  medical  personnel  at  the  point  of  isolation
and  at  the  central  hospital  are  not  deemed  closed
contacts  due  to  the  effective  personal  protective
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FIGURE 1. Phylogenetic tree based on the full-length genome sequences of the COVID-19 virus.
The VUI-202012/01 variants are highlighted in dark green and the first imported VUI-202012/01 variant of China detected in
Shanghai is indicated by a red dot. The strains associated with specific outbreaks in China are as follows: Manzhouli City
(burgundy/darker red); Shanghai Municipality in November (red); Kashgar Prefecture (yellow); Urumchi City (blue); Beijing
Municipality Xinfadi Wholesale Market (light green);  northeastern China including Heilongjiang Province (pink) and Shulan
(orange)  related  to  imported  cases;  Dalian  City  (brown);  Wuhan  City  in  December  2019  (dark  gray).  The  S(A)-  or  L(B)-
lineage and sublineages of the COVID-19 virus were marked and colored on the right.
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measures; and 3) other possible close contacts are being
investigated. Specific venues associated with the patient
are  being  comprehensively  disinfected.  Experts  have
been  assembled  to  supervise  relevant  work  including
disinfection,  personal  protection,  and  nosocomial
infection control in areas in the medical facilities. 
doi: 10.46234/ccdcw2020.270 
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ABSTRACT

Introduction: Mosquito-borne flavivirus  can lead to
serious  infectious  diseases  worldwide  and  cause  high
mortality  and  disability.  In  order  to  strengthen
epidemiological investigation of flavivirus and meet the
needs of early warning of diseases, a simple, rapid, and
sensitive  detection  method  needs  to  be  established  to
prevent and control mosquito-borne diseases.

Methods:  Using  the  NS5  gene  of  flavivirus  in
GenBank,  3  universal  primers  targeting  the  conserved
regions  were  designed.  The  complementary  DNAs
(cDNAs)  of  Japanese  encephalitis  virus  (JEV),  dengue
virus  (DENV),  West  Nile  virus  (WNV),  and  yellow
fever virus (YFV) were used as the template to optimize
the  reaction  conditions.  A  heminested  reverse-
transcriptase  polymerase  chain  reaction  (hnRT-PCR)
was  established  to  verify  the  sensitivity  and  specificity
of this method and to detect field-caught mosquitoes.

Results:  Our  results  showed  that  this  method
exhibited  better  specificity,  higher  sensitivity,  and  the
ability  to  detect  multiple  viruses  simultaneously.  The
lowest  detection  limit  of  JEV,  DENV-2,  YFV,  and
WNV was 3×104, 3×106, 3×105, and 3×104 copies/μL,
respectively. Mosquito-borne flavivirus was successfully
detected  in  the  field-caught  mosquito  samples  using
the method established in this study.

Discussion: The  hnRT-PCR  method  established  in
this  study  can  be  employed  for  the  rapid  detection  of
flavivirus  and  provide  technical  support  for  early  and
rapid diagnosis of mosquito-borne flavivirus.

INTRODUCTION

Mosquito-borne viruses  can be  transmitted through
mosquito  bites  on  sensitive  vertebrates  and  cause
natural-focus  infection  diseases  worldwide  (1).
Flavivirus  is  one  of  the  most  important  mosquito-
borne  viruses,  including  Japanese  encephalitis  virus
(JEV),  dengue  virus  (DENV),  West  Nile  virus

(WNV), yellow fever virus (YFV), etc., which can lead
to fever, headache, hemorrhagic fever, and encephalitis
(2).  Flaviviruses  therefore  are  responsible  for
considerable morbidity and mortality and have become
a serious public health problem worldwide (3).

It  was  reported  that  dengue  fever  was  endemic  in
more  than  100  countries  worldwide,  threatening  the
health  of  more  than  2.5  billion  people  (4).  JE  had
occurred  everywhere  in  China  except  for  Xinjiang,
Tibet,  and  Qinghai,  and  it  was  the  most  harmful
mosquito-borne infectious disease with high morbidity
and mortality (3). WNV was imported into New York
city  in  1999  and  spread  widely  in  the  neighboring
states  for  5  years  (5).  In  recent  years  due  to  global
warming,  the  rapid  development  of  tourism,  and
continuous changes in the ecological environment, the
incidence  of  mosquito-borne  diseases  has  been  on  the
rise, which brings new challenges to the prevention and
control  of  mosquito-borne  diseases  (6).  Therefore,
efficient  detection  and  diagnosis  of  mosquito-borne
viruses  is  urgently  needed  to  prevent  and  control
mosquito-borne  diseases.  Currently,  conventional
flavivirus  diagnostic  methodologies  include  virus
isolation  and  culturing  methods,  serological  methods,
and  nucleic  acid  detection  methods.  However,  virus
culture is relatively laborious and time-consuming, and
serological methods lack of specificity and are prone to
cross-reactions  between  viruses  (7–8).  Compared  with
traditional  virus  isolation  and  serological  methods,
nucleic  acid  detection  technology  has  unique
advantages  in  early  detection  of  mosquito-borne
viruses.

METHODS

Primer Design
The complete genomic sequences of mosquito-borne

flavivirus  were  downloaded  from  the  GenBank
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database  and  aligned  using  the  Clustal  W  program
(Table 1).  A  stretch  of  nucleotides  conserved  in  the
strains  was  identified  and  the  primers  were  designed
using  the  Primers  Express  software.  The  primer
sequences and characteristics are shown in Table 2.

Viruses, Viral RNA Extraction,
and Reverse Transcription

Viral strains, including JEV, DENV-2, YFV, WNV,
Sindbis  virus  (SINV),  and  chikungunya  virus
(CHIKV), were provided by the National Institute for
Viral Disease Control and Prevention of China CDC.
Viral  RNA  was  extracted  using  the  Rneasy  MiNi  Kit
(QIAGEN,  Germany)  and  used  directly  for
complementary  DNA  (cDNA)  synthesis  using
QuantiNovaTM Reverse Transcription Kit (QIAGEN,
Germany)  according  to  the  manufacturer’s
recommendations.  Flaviviruses  NS5  gene  fragments
were  amplified  from  cDNA  employing  the
oligonucleotide  primers  shown  in  Table 2.  The
amplicons  were  purified  (TransGen,  Beijing,  China)
and then each cDNA was cloned into the pEASYR-T1
Simple  Cloning  Vector  (TransGen,  Beijing,  China)
and transformed into E.  coli Trans1-T1 cells.  Plasmid
DNAs  were  purified  using  the  EasyPureR  Plasmid
MiniPrep Kit (TransGen, Beijing, China) according to
the  manufacturer’s  instructions.  The  DNAs  were
quantified  by  a  NanoDrop-1000  spectrophotometry
(Thermo  Fisher  Scientific,  USA).  The  copy  numbers
of  the  DNA  were  calculated  based  on  the
concentration, and 10-fold serial dilutions of this DNA
from  109  to  100  copies  per  reaction  were  used  as  a
standard  in  all  heminested  reverse  transcriptase
polymerase chain reactions (hnRT-PCR).

Sensitivity and Specificity of
the hnRT-PCR Assay

The  analytical  sensitivity  of  the  hnRT-PCR  assay
was  determined  by  quantification  with  external
standards  using  serially  diluted  plasmids  (109–
100 copies/μL) containing JEV, DENV-2, WNV, and
YFV.  For  specificity  testing,  we  used  cDNA  of  JEV,
DENV-2,  YFV,  WNV,  SINV,  and  CHIKV.  We  also
used  mosquito  samples  spiked  with  cDNA  of  JEV,
DENV-2,  YFV,  and  WNV,  and  the  cDNA  of
mosquito samples was used as control.

Field-caught Mosquitoes
Mosquito samples were collected at different sites in

Guizhou  Province  between  July  to  August  2018.  The

collected  mosquitoes  were  frozen  and  identified
quickly  and  then  pooled  by  species  into  groups  of  up
50 individuals.  Viral RNAs were extracted and reverse
transcribed  into  cDNA  and  the  hnRT-PCR  was
performed using designed primers shown in Table 2.

RESULTS

In  order  to  determine  the  sensitivity  of  the  hnRT-
PCR,  we  examined  the  lowest  detection  limits  with
external  standards  employing  serial  dilutions  of
quantified plasmid DNAs. The lowest detection limits
in the first round PCR for JEV, YFV, and WNV were
3×107,  3×109,  and  3×107  copies/μL.  DENV-2  had
never  been  detected.  In  the  second round PCR,  there
was  a  substantial  increase  in  sensitivity  and the  lowest
detection  limits  of  JEV,  DENV-2,  YFV,  and  WNV
were  3×104,  3×106,  3×105,  and  3×104  copies/μL,
respectively (Figure 1). Therefore, through two rounds
of  amplification,  the  sensitivity  of  hnRT-PCR  was
increased  10,000  times,  which  greatly  improved  the
sensitivity  and  made  up  for  the  possibility  that
conventional  PCR  could  not  be  detected.  For
specificity  testing,  we  used  cDNA  of  JEV,  DENV-2,
YFV,  WNV,  SINV,  and  CHIKV.  We  also  used
mosquito samples spiked with cDNA of JEV, DENV-
2,  YFV,  and  WNV  (JEV+mosquito  cDNA,  DENV-
2+mosquito  cDNA,  YFV+mosquito  cDNA,  and
WNV+mosquito  cDNA),  and  cDNA  of  mosquito
samples  as  control.  The  results  showed  that  only  the
target  bands  appeared  in  the  flavivirus  and  that  no
bands appeared in the control, suggesting that the test
was  100%  specific  for  the  detection  of  flavivirus
(Figure 2).

Overall, a total of 96 pools of mosquitoes belonging
to  4  species  of  3  genera  were  used  to  examine  the
sensitivity  of  the  hnRT-PCR  assay.  Among  all
mosquitoes  collected,  34%  were  Culex
tritaeniorhynchus,  2.3%  were  Culex  pipiens  pallens,
24.7% were Anopheles sinensis, and 39% were Armigeres
subalbatus.  JEV was  detected in  2 mosquito  pools  out
of  96  from  Culex  tritaeniorhynchus  and  Armigeres
subalbatus. One was identified as type JEV-Ⅰ isolated
from  Culex  tritaeniorhynchus,  and  the  other  was
identified  as  type  JEV-Ⅲ isolated  from  Armigeres
subalbatus.

DISCUSSION

Flaviviruses  are  single-stranded  RNA  viruses  with
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TABLE 1. Sequence alignment of oligonucleotide XF-F1, XF-F2, and XF-R with 36 flavivirus NS5 gene conserved regions.

Sequence of oligonucleotide*,†

Region XF-F1 (8916−8938) XF-F2 (8964−8985) XF-R (9153−9178)

Primer AACATGATGGGVAARMGWGARAA AARGGMAGYMGNGCHATHTGGT GTRTCCCANCCDGCDGTRTCATCNGC

Nakayama AACATGATGGGAAAAAGAGAGAA AAGGGAAGCAGGGCCATTTGGT GCTGATGATACCGCCGGGTGGGACAC

SA(A) - - - - - - - - - - - A- - AA-A- - G- - - - A- - A- - CA- G- - C- - T- - - - - - T- - - - - T- - C- - C- - G- - - - - C- -

Beijing-1 - - - - - - - - - - - A- - AA- A- - A- - - - A- - A- - CA- G- - C- - T- - - - - - T- - - - - T- - C- - T- - G- - - - - C- -

GP78 - - - - - - - - - - - A- - AA- A- - G- - - - A- - A- - CA- G- - C- - C- - - - - - T- - - - - C- - C- - C- - G- - - - - C- -

HVI - - - - - - - - - - - A- - AA- A- - G- - - - A- - A- - CA- G- - C- - T- - - - - - T- - - - - T- - C- - C- - G- - - - - C- -

JaGAr01 - - - - - - - - - - - A- - AA- A- - G- - - - A- - A- - CA- G- - C- - T- - - - - - T- - - - - T- - C- - C- - G- - - - - C- -

JaOArS982 - - - - - - - - - - - A- - AA- A- - G- - - - A- - A- - CA- G- - C- - T- - - - - - T- - - - - C- - C- - C- - A- - - - - C- -

K94P05 - - - - - - - - - - - A- - AA- A- - G- - - - A- - A- - CA- G- - C- - T- - - - - - C- - - - - C- - C- - C- - G- - - - - C- -

SA-14 - - - - - - - - - - - A- - AA- A- - G- - - - A- - A- - CA- G- - C- - T- - - - - - T- - - - - T- - C- - C- - G- - - - - C- -

HawO3663 - - - - - - - - - - - A- - GA- A- - G- - - - A- - A- - TC- C- - A- - A- - - - - - A- - - - - C- - A- - C- - A- - - - - C- -

71/02GZ - - - - - - - - - - - A- - GA- A- - G- - - - A- - A- - TC- C- - A- - A- - - - - - A- - - - - C- - A- - C- - A- - - - - C- -

Nauru Island - - - - - - - - - - - A- - GA- A- - G- - - - A- - A- - TC- C- - A- - A- - - - - - A- - - - - C- - A- - C- - A- - - - - C- -

16681 - - - - - - - - - - - A- - AA- A- - G- - - - A- - C- - CA- A- - C- - A- - - - - - C- - - - - C- - C- - A- - A- - - - - C- -

New Guinea C - - - - - - - - - - - A- - AA- A- - G- - - - A- - C- - CA- A- - C- - A- - - - - - C- - - - - C- - C- - A- - A- - - - - C- -

PUO-218 - - - - - - - - - - - A- - AA- A- - G- - - - A- - C- - CA- A- - C- - A- - - - - - C- - - - - C- - C- - A- - A- - - - - C- -

H87 - - - - - - - - - - - C- - GA- A- - G- - - - A- - C- - TA- G- - T- - A- - - - - - T- - - - - C- - A- - C- - T- - - - - C- -

80-2 - - - - - - - - - - - C- - GA- A- - G- - - - A- - C- - TA- G- - T- - A- - - - - - T- - - - - C- - A- - C- - T- - - - - C- -

P4 - - - - - - - - - - - A- - AC- T- - G- - - - G- - A- - CC- A- - A- - C- - - - - - T- - - - - C- - A- - A- - C- - - - - C- -

P75-215 - - - - - - - - - - - A- - AC- T- - G- - - - A- - A- - CC- G- - A- - T- - - - - - T- - - - - C- - A- - A- - T- - - - - C- -

11070 - - - - - - - - - - - A- - AC- T- - G- - - - G- - A- - CC- A- - A- - C- - - - - - T- - - - - C- - A- - A- - C- - - - - C- -

serum - - - - - - - - - - - A- - GA- A- - G- - - - G- - A- - CA- A- - C- - T- - - - - - T- - - - - C- - A- - T- - C- - - - - C- -

FtC-3699 - - - - - - - - - - - A- - GA- A- - G- - - - G- - A- - CA- A- - C- - T- - - - - - T- - - - - C- - A- - T- - C- - - - - C- -

385-99 - - - - - - - - - - - A- - GA- A- - G- - - - G- - A- - CA- A- - C- - T- - - - - - T- - - - - C- - A- - T- - C- - - - - C- -

ARC13-12 - - - - - - - - - - - A- - GA- A- - G- - - - G- - A- - CA- A- - C- - T- - - - - - T- - - - - C- - A- - T- - C- - - - - C- -

Chin-01 - - - - - - - - - - - G- - GA- A- - A- - - - G- - A- - CA- A- - C- - A- - - - - - T- - - - - C- - A- - T- - C- - - - - C- -

33-G8 - - - - - - - - - - - A- - GA- A- - G- - - - A- - C- - CA- A- - C- - C- - - - - - T- - - - - T- - C- - A- - C- - - - - C- -

HNY1999 - - - - - - - - - - - A- - GA- A- - G- - - - G- - A- - CA- A- - C- - T- - - - - - T- - - - - C- - A- - T- - C- - - - - C- -

17D vaccine - - - - - - - - - - - G- - AA- A- - G- - - - G- - A- - CC- T- - C- - A- - - - - - G- - - - - C- - C- - T- - A- - - - - C- -

French
viscerotropic - - - - - - - - - - - G- - AA- A- - G- - - - G- - A- - CC- T- - C- - A- - - - - - G- - - - - C- - C- - T- - A- - - - - C- -

17D vaccine - - - - - - - - - - - G- - AA- A- - G- - - - G- - A- - CC- T- - C- - A- - - - - - G- - - - - C- - C- - T- - A- - - - - C- -

17DD - - - - - - - - - - - G- - AA- A- - G- - - - G- - A- - CC- T- - C- - A- - - - - - G- - - - - C- - C- - T- - A- - - - - C- -

17D-213 - - - - - - - - - - - G- - AA- A- - G- - - - G- - A- - CC- T- - C- - A- - - - - - G- - - - - C- - C- - T- - A- - - - - C- -

85-82H - - - - - - - - - - - G- - AA- A- - G- - - - A- - A- - CC- T- - C- - C- - - - - - G- - - - - T- - C- - T- - G- - - - - C- -

French
viscerotropic - - - - - - - - - - - G- - AA- A- - G- - - - G- - A- - CC- T- - C- - A- - - - - - G- - - - - C- - C- - T- - A- - - - - C- -

Trinidad 79A - - - - - - - - - - - G- - AA- A- - G- - - - G- - A- - CC- T- - C- - A- - - - - - G- - - - - C- - C- - T- - A- - - - - C- -
French
viscerotropic
virus

- - - - - - - - - - - G- - AA- A- - G- - - - G- - A- - CC- T- - C- - A- - - - - - G- - - - - C- - C- - T- - A- - - - - C- -

* N=A+G+C+T, V=G+A+C, R=A+G, M=A+C, W=A+T, Y=C+T, H=A+T+C, D=G+A+T.
†  DNA sequence were obtained from the GenBank databases. Accession numbers are as follows: Nakayama, EF571853.1; SA(A),
D90195.1;  Beijing-1,  L48961.1;  GP78,  AF075723.1;  HVI,  AF098735.1;  JaGAr01,  AF069076.1;  JaOArS982,  M18370.1;  K94P05,
AF045551.2; SA-14, M55506.1; HawO3663, DQ672564.1; 71/02GZ, EF025110.1; Nauru Island, U88535.1; 16681, U87411.1; New Guinea
C, AF038403.1; PUO-218, AF038402.1; H87, M93130.1; 80-2, AF317645.1; P4, AY648301.1; P75-215, EF457906.1; 11070, M14931.2;
serum, AY646354.1; FtC-3699, KR868734.1; 385-99, AY842931.3; ARC13-12, KM012188.1; Chin-01, AY490240.2; 33-G8, M12294.2;
HNY1999, AF202541.1; 17D vaccine, X03700.1; French viscerotropic, U21056.1; 17D vaccine, NC_002031.1; 17DD, U17066.1; 17D-213,
U17067.1; 85-82H, U54798.1; French viscerotropic, U21055.1; Trinidad 79A, AF094612.1; French viscerotropic virus, U21056.1.
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various  species  and  are  widely  distributed  worldwide.
Most  flaviviruses  are  pathogens  causing  natural
infectious  diseases,  which  can  lead  to  fever,
hemorrhage,  and  encephalitis  with  a  high  mortality

rate  (9).  In  this  study,  four  flaviviruses  were  screened
based  on  the  epidemic  situation,  pathogenicity,  and
risk  of  disease,  including  JEV,  DENV-2,  WNV,  and
YFV.  Among  them,  JEV  and  DENV-2  are  the

TABLE 2. Nucleotide sequences and positions of primers used in the heminested RT-PCR (hnRT-PCR) assay for detection
of mosquito-borne flavivirus.

Primer Sequence (5′−3′)* Nucleotide position Annealing temperature ( ℃) Length (bp)

1st round PCR
XF-F1 AACATGATGGGVAARMGWGARAA 8916−8938

52 263
XF-R GTRTCCCANCCDGCDGTRTCATCNGC 9153−9178

2nd round PCR
XF-F2 AARGGMAGYMGNGCHATHTGGT 8964−8985

54 215
XF-R GTRTCCCANCCDGCDGTRTCATCNGC 9153−9178

*N=A+G+C+T, V=G+A+C, R=A+G, M=A+C, W=A+T, Y=C+T, H=A+T+C, D=G+A+T.
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8 7 6 5 4 3 2 1 M 6 5 4 3 2 1 M

7 6 5 4 3 2 1 M

7 6 5 4 3 2 1 M 8 7 6 5 4 3 2 1 M

8 7 6 5 4 3 2 1 M
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bp

bpbp

bp
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FIGURE 1. Sensitivity of heminested RT-PCR (hnRT-PCR) for detection of mosquito-borne flavivirus.
A, B, C, and D show the lowest limit for JEV, DENV-2, YFV, and WNV, respectively; 1 and 2 denote the lowest limit for the
first and second round PCR, respectively. The numbering 1−8 refers to 109−103 copies/μL and negative control, respectively.
M: DL2000 DNA markerr.
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common  mosquito-borne  viruses,  and  associated
outbreaks occur almost every year in China. Therefore,
the  rapid  and  accurate  high-throughput  detection
method  for  flavivirus  is  of  great  significance  for  the
prevention and control of mosquito-borne diseases.

The  traditional  methods  for  detecting  mosquito-
borne  viruses  are  isolation  and  culturing  method,  but
virus culturing is relatively time-consuming and cannot
be  used  for  early  diagnosis  of  disease.  Serological
detection is a classical virus detection method, which is
mainly used to detect specific antibodies or antigens in
specimens, and it is indispensable in the diagnosis and
identification  of  virus  infection.  But  serological
methods  lack  of  specificity  and  are  prone  to  cross-
reactions  between  viruses.  Traditional  species-specific
RT-PCR  and  real-time  RT-PCR  based  on  Taq-Man
Probe  are  rapid  and  sensitive,  but  only  detect  single
pathogens.

Wu  et  al.  (10)  established  a  method  for  screening
samples by multiplex real-time RT-PCR and the lower
limit  of  detection  of  this  method  was  11  copies/μL.
However,  compared  with  singleplex  real-time  PCR,
multiplex  real-time  PCR  requires  multiple  pairs  of
primers  and  probes  in  a  single  reaction  tube  and,
therefore,  will  have  to  account  for  competition
between  reactants  resulting  in  significantly  increased
difficulty  of  primer  design.  Gao  et  al.  (11)  used  the
established  RT-PCR  method  to  detect  JEV,  and  the
lower  limit  of  detection  was  10  pg/μl  but  could  only
detect a single flavivirus.

In  this  study,  a  new  hnRT-PCR  method  for  the
simultaneous  detection  of  various  flaviviruses  was
established.  The  performance  of  the  new  hnRT-PCR
method  was  evaluated  including  specificity  and
sensitivity.  In  the  specificity  testing,  only  the  target

bands  appeared  in  the  flavivirus,  and  no  bands
appeared in control, which indicated high specificity in
detecting  mosquito-borne  flavivirus.  In  the  sensitivity
testing,  the  lowest  detection  limits  of  JEV,  DENV-2,
YFV,  and  WNV  were  3×104,  3×106,  3×105,  and
3×104  copies/μL,  respectively.  When  testing  field-
caught  mosquito  samples,  2  strains  of  JEV  were
detected  by  the  method  established  in  this  study.
Other  flaviviruses  had  not  been  detected,  which  may
be  related  to  the  species  and  quantity  of  mosquitoes
collected,  and  the  epidemic  situation  of  the  virus.
However, considering that the variety and high genetic
diversity of flavivirus, whether the hnRT-PCR method
established in this study had a good detection effect for
all  flavivirus  viruses  needs  to  be  further  validated  by
other  flavivirus  viruses.  In  summary,  the  hnRT-PCR
established in this study possessed both high specificity
and  sensitivity  and  could  simultaneously  be  used  for
detection  of  multiple  flaviviruses.  This  can  be
effectively used to detect the pathogen of flavivirus and
provide technical support for early and rapid diagnosis
of mosquito-borne flavivirus.
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In  the  1950s,  shortly  after  the  founding  of  the
People’s  Republic  of  China  (PRC),  the  central
government  created  the  Patriotic  Health  Campaign
(PHC) in order to standardize and disseminate health-
focused  educational  materials  intended  to  control  and
prevent  infectious  diseases  (1).  “Water  improvement”,
meaning  measures  aimed  at  providing  safe  drinking
water for households in China, was an important part
of  the  PHC.  After  60  years  of  water  improvement
policies,  programs,  and  investments,  the  rural  water
supply  sanitation  and  hygiene  in  China  has  improved
dramatically,  and  water-related  diseases  no  longer
negatively  impact  the  rural  population  as  they  once
did.  In  addition  to  improvements  related  to  the
quantity  and  quality  of  the  rural  water  supply,  water
improvement  programs  also  promoted  improved
hygiene,  sanitation,  and other  health-related behaviors
among  rural  households.  Together,  such  initiatives
have  improved  the  quality  of  life  and  the  health  of
hundreds  of  millions  of  rural  residents,  while  also
contributing  to  economic  and  social  advancement
across rural China (2). The purpose of this article is to
describe  how the  PHC served  as  a  foundation  for  the
expansion  and  improvement  of  drinking  water  supply
in  rural  China,  and  to  summarize  the  key  programs,
projects,  and  initiatives  that  followed  over  the  last  60
years.

BACKGROUND

China is a large, still developing country with a total
rural population of 564 million, accounting for 40.4%
of the country's total population as of 2018/2019 (3).
At the time of the country’s  founding in 1949, nearly
all  rural  residents  collected  their  drinking  water  from
rivers,  lakes,  ponds,  and  relatively  shallow  hand-dug
wells,  as  they  had  done  for  generations  before.  Not
surprisingly  then,  early  surveillance  studies  revealed  a
relatively  high  incidence  of  various  gastrointestinal
infections and other water-related endemic diseases (4).
The  associated  burden  of  disease  threatened  people’s

health  and  hindered  socioeconomic  development  in
rural  areas.  This  dynamic  wherein  “poverty  begets
disease,  and  disease  begets  poverty”  was  widespread
prior  to  the  implementation  of  China’s  water
improvement  programs  and  other  health-focused
campaigns in rural areas.

Central  to  the  PHC  was  an  emphasis  on  health-
focused  education  and  the  construction  of  health-
related  infrastructure.  Importantly,  the  PHC  also
fostered  improved  collaboration  among  government
agencies at different levels of governance (e.g., national,
provincial,  county  levels)  and  between  agencies  with
overlapping  or  complementary  mandates  to  improve
the  well-being  and  health  of  rural  households.  As  a
result,  PHC initiatives  were  successful  in  reaching  the
rural  population  and  encouraging  them  to  adopt
improved health-related attitudes and behaviors (1).

RURAL WATER IMPROVEMENT
IN PRACTICE

Since the founding of the PRC, China’s government
recognized  the  importance  of  rural  water  supply  and
sanitation  and  sought  to  promote  the  development  of
improved  water  and  sanitation  infrastructure  and
management  (5).  Water  improvement  actions  were
specifically  embedded  in  China’s  National  Social  and
Economic  Five-Year  Development  Plans  as  early  as
1986.

Water Quality Improvement
In  broad  terms,  China’s  rural  water  supply

development  evolved  over  the  course  of  four  stages  as
summarized  in  Table 1.  As  a  consequence  of  these
decades of deliberate and planned efforts — especially
the  implementation  of  the  Rural  Water  Supply  Five
Year Plans starting in 2005 — more than 520 million
rural  residents,  including  more  than  47  million  rural
schoolteachers  and  students,  now have  access  to  some
form of  piped  water  supply.  By  2019,  the  proportion
of  the  rural  population  covered  by  centralized
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drinking  water  treatment  and  distribution  had
reached 82% (6).

Establishment and Improvement of the
National Rural Drinking Water Quality

Monitoring Network
Furthermore,  the  National  Rural  Drinking  Water

Quality  Monitoring  Network  (NRDWMN)  was
created  in  the  1990s  and  included  Rural  Drinking
Water Projects from Five-Year Plans through 2003 (8).
From 2004 to 2007, the NRDWMN was incorporated
into  the  National  Health  Risk  Factor  Monitoring
System,  an  internet-based  information  system  which
covers  all  provincial-level  administrative  divisions
(PLADs), cities, and counties. By the end of 2019, data
collected  for  the  NRDWMN  covered  >98%  of  the
townships  in  China.  As  one  of  China’s  largest  public
health  monitoring  systems,  NRDWMN  provides
information  related  to  water  and  sanitation
management  and  serves  to  help  safeguard  drinking
water safety around the country.

From Water Quality Monitoring to Water
Quality Management

To  improve  the  management  and  quality  of  rural
drinking  water  supply,  China  has  expanded  from  a
focus on water quality testing to a more holistic water
quality  management  model  based  on  strengthening
preventive measures across the water supply process. In

recent  years,  several  PLADs have  started to  use  Water
Safety  Plans  (WSP),  a  drinking  water  quality
management  approach  and  toolset  promoted  by  the
World  Health  Organization’s  (WHO)  Guidelines  for
Drinking  Water  Quality  (9).  The  WSP  is  a
comprehensive drinking water management framework
which  encompasses  all  steps  of  water  supply  from
source  to  consumer.  Although  the  implementation  of
WSPs in China is not yet widespread, the Ministry of
Health (now called the National  Health Commission,
NHC)  proposed  Technical  Rules  for  Sanitary
Evaluation (TRSE) (for rural drinking water safety) in
2008 which were  in  developed in  part  based on WSP
principles  (10).  Much  like  the  WSPs  rationale,  the
TRSE  was  designed  to  support  the  systematic
identification  of  potential  water  quality  risks  in  water
systems  and  to  help  establish  control  measures  to
responsibly manage such risks (11).

EXPANDING ACCESS TO SAFE WATER
AND IMPROVING HEALTH IN

RURAL AREAS

From 1990 to 2012, close to 500 million people in
China received access to improved sources of drinking
water (12). Over the same period (1990 to 2013), the
age-standardized death rate from (mostly water-related)
diarrheal disease decreased by 95% (13). Alongside the
rapid  expansion  of  piped  water  access  in  rural  China,

TABLE 1. The four  primary  stages of  rural  water  supply,  time period,  and primary  water  improvement  programs in  China,
1949–2020.

Stage Period Primary water improvement programs Additional Details

Initial development and
improvement of
decentralized water supply

1949 to early
1980s

Basic water improvement measures (e.g.,
building well protection platforms and/or
covers, separating drinking water sources
used for people and livestock)

Most measures were improvements to existing
water supply systems; reservoirs, irrigation
infrastructure, and some new drinking water
facilities were also constructed during this period.

Construction of centralized
water supply infrastructure

Early 1980s
to early
2000s.

● International Drinking Water Supply and
Sanitation Decade (7)
● The Rural People/Livestock Drinking Water
Program
● China Rural Water and Sanitation Program
(supported by the World Bank and Asian
Development Bank).

The central government creates long-term
strategies and plans for rural water supply,
including the establishment of national water
standards, and collaborates with international
agencies.

Rapid development of
drinking water supply in
rural areas

2000 to 2015

● Rural Drinking Water Emergency Project
Plan
●Rural Drinking Water 11th Five-Year Plan
● Rural Drinking Water 12th Five-Year Plan

Government agencies at all levels emphasize the
importance of rural water supply, which is also
incorporated into the National Socioeconomic
Development Plan. These efforts are accompanied
by a focus on sustainable development goals.

The consolidation,
improvement, and
promotion of rural water
supply

2015 to
present

● Rural Drinking Water Supply Consolidation
and Improvement Plan

Focus on upgrading existing rural water supply
projects and improving management and operation
systems to further expand piped water supply in
rural areas, with an emphasis on consistent
compliance with national water supply and quality
standards.
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the  incidence  of  reportable  water-associated  infectious
diseases  also  decreased  dramatically.  For  example,
typhoid  and  paratyphoid  dropped  from  a  rate  of
10.32/100,000 population in 1990 to 0.66/100,000 in
2019,  the  incidence  of  dysentery  decreased  from
127.44/100,000  in  1990  to  5.81/100,000  in  2019,
and  the  incidence  of  viral  hepatitis  A  decreased  from
7.37/100,000  in  2003  to  1.38/100,000  in  2019
(Figure 1).

Since  2005,  the  central  government  has
implemented the 2005–2006 Plan for Rural Drinking
Water  Safety  Emergency  Projects,  the  11th  and  12th

Five-Year  National  Plans  for  Rural  Drinking  Water
Safety  Projects,  and  the  13th  Five-Year  Plan  for
National  Rural  Drinking  Water  Safety  Consolidation
and  Promotion  Projects—all  of  which  also  prioritized
efforts  to  address  areas  with  endemic  fluorine  and
arsenic  exposures.  These  projects  adopted  a  variety  of
technical  and  management  approaches,  including
fluorine  and  arsenic  remediation,  which  in  turn
improved  the  drinking  water  quality  dramatically  in
areas  historically  suffering  from  arsenicosis  and
fluorosis.  Consequently,  the  number  of  patients  with
dental fluorosis decreased from 21.0 million in 2003 to
1.3 million in 2018, a decrease of 93.8%. The number
of  patients  with  skeletal  fluorosis  decreased  from  1.3
million in 2003 to 0.09 million in 2018, a decrease of
93.1%.

The  main  experiences  of  rural  water  supply
development  in  China  could  be  summarized  as  the
following:  1)  The  government  attached  great
importance  to  rural  water  supply  development  in
addition to the wide participation of the pubic; 2) The
‘3-in-1’  concept  combining  rural  water  improvement,
sanitation,  and  health  education  had  promoted  the
improvement of water and sanitation infrastructure, as
well as popularization of health knowledge.

CHALLENGES AND PROSPECTS

Water  improvement  programs  in  China  have
evolved  considerably  over  the  last  60  or  so  years  and
rural  water  supply  infrastructure  has  been  improved
significantly.  However,  considering  China’s  vast  size,
varied  topography,  regional  disparities  in  the
distribution  of  natural  water  resources,  and  other
constraints,  the  challenge  of  addressing  all  of  China’s
drinking  water  related  problems  remains  a  long-term
and dynamic one.

During  the  13th  Five-Year  Plan  period,  enormous
effort  will  be  made  to  boost  capacity  for  further
expanding  safe  drinking  water  access  in  rural  China.
The  country  will  strive  to  move  towards  the
equalization  of  rural-urban  water  supply  by
supplementing,  upgrading,  and  establishing  new  rural
networks alongside existing drinking water projects. At

 

100%

80%

60%

40%

20%

0%

1990
1991

1992
1993

1994
1995

1996
1997

1998
1999

2000
2001

2002
2003

2004
2005

2006
2007

2008
2009

2010
2011

2012
2013

2014
2015

2016
2017

2018
2019

2020

Pr
op

or
tio

n 
of

 ru
ra

l p
op

ul
at

io
n 

w
ith

 a
cc

es
s t

o 
pi

pe
d 

w
at

er
*

Proportion of rural population with access to piped water
Total incidence of reportable water-related infectious diseases (1/105)

To
ta

l i
nc

id
en

ce
 o

f r
ep

or
ta

bl
e 

w
at

er
-r

el
at

ed
in

fe
ct

io
us

 d
is

ea
se

s†  (
1/

10
5 )

120

100

80

60

40

20

0

FIGURE 1. Proportion  of  rural  population  with  access  to  piped  water  and  mean  incidence  of  reportable  water-related
infectious diseases in china: 1990 to 2020.
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  †   Data  source:  National  Health  and  Family  Statistical  Yearbook;  including  typhoid  fever,  paratyphoid  fever,  dysentery,
hepatitis A.
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the  time  of  writing  of  this  article  (towards  the  end  of
2020),  the  coverage  ratio  of  centralized  water  supply
projects in rural areas is estimated to be 87%,  and the
proportion  of  the  country’s  rural  population  with
access  to  piped  water  supply  is  estimated  to  exceed
82% (6).

Looking  to  the  years  ahead,  in  addition  to
infrastructure  construction,  the  management  of  water
supply  quality  needs  to  be  strengthened  further.
Comprehensive  and  routine  evaluation  of  rural
drinking  water  supply  management  via  the  use  of
WSPs should be expanded to more rural water supply
systems  (11).  In  addition  to  continued  progress  in
water  supply  infrastructure  and  management,  health
education  and  health  behavior  promotion  programs
remain a crucial element of water improvement, just as
they were during the early years of the PHC. 
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Summary
Environmental  pollution,  aging,  emerging  infectious
diseases,  and  unhealthy  lifestyles  are  affecting  human
health  and  resulting  in  serious  social  and  economic
burdens.  The  government-led  healthcare  big  data
platform in  Yichang  has  continuously  worked  towards
exploring  the  use  of  comprehensive  health-related
information  through  top-level  design  and  scientific
planning.  The  platform  is  based  on  the  following
principle:  “Openness,  inclusiveness,  and  win-win
cooperation.”  So  far,  by  relying  on  one-to-one
verification,  comparison,  correlation,  and  correction
with  the  source,  the  platform  has  succeeded  in
establishing a unique foundation to benefit the people,
government,  medical  care,  and  health  service.  Its
successes  can  hopefully  act  as  a  positive  case  for
exploring domestic healthcare big data.

To  solve  challenges  brought  forth  by  economic
development,  social  transformation,  environmental
pollution,  aging,  and  poor  lifestyles  on  population
health and disease burdens,  Healthy China 2030 Plan
proposed promoting the application of  healthcare  and
medical  big  data  (1).  The  Chinese  government  also
lists the application and development of healthcare big
data  as  an  important  national  task  (2).  The  Alibaba
Health  Strategy  Platform (3),  Tencent  Smart  Medical
Platform,  and  regional  healthcare  big  data  centers  (4)
such  as  Shanghai,  Ningbo,  Fujian,  and  Jiangsu  have
emerged  to  explore  how  big  data  can  help  solve
problems people encounter in their everyday lives.

Lying  in  the  western  part  of  China’s  Hubei
Province, Yichang City is located at the conjunction of
the  middle  and  upper  reaches  of  the  Yangtze  River.
Yichang has five districts, three county-level townships,
five  counties  and one national-level  high-tech zone.  It
covers  an  area  of  21,000  square  kilometers  and  has  a
population  of  4.1379  million,  including  a  registered
population  of  3.9094  million.  As  one  of  the  first
National  Pilot  City  and  Healthy  City  Using
Information  to  Benefit  the  People,  Yichang  began  to

explore  the  construction  of  a  big  data  platform  from
2014,  formed  the  current  platform  in  2016,  and
consistently improved it over the last 3 years.

The  government-led  Yichang  Healthcare  Big  Data
Center  adopts  the  cloud  model  under  an  urban
framework  that  breaks  barrier  of  information  sharing
among different sectors (Figure 1) in China for the first
time  (5–6).  There  are  over  4  billion  pieces  of  stored
data in Yichang Healthcare Big Data Center and more
than  1.8  million  pieces  of  data  being  generated  daily
covering  all  13  counties  and  districts  and  the  4.1
million  residents.  The  Yichang  regional  public  health
information  platform  passed  the  Assessment  of
Standardization  Maturity  of  National  Medical  and
Health  Information  Interconnection  and  achieved  the
highest  grades.  After  nearly  four  years  of  practice  and
exploration, disease discovery and reporting and health
management and delivery has changed dramatically.

Based  on  one-to-one  sources  and  information
sharing, new technologies such as artificial intelligence
were  used  to  monitor  and  report  specified  infectious
diseases,  tumors,  cardiovascular  and  cerebrovascular
events, hypertension, and diabetes in real time (Figure 2).

Figure 3  shows  the  in-patient  and  out-patient
admission  among  total  and  special  populations
(children  under  5  years  old,  middle  school  students,
and  people  older  than  65  years  old),  number  of
vaccinations,  4  categories  of  disease  event  reports
(cardiovascular  and  cerebrovascular  diseases,  tumors,
causes  of  death,  and  infectious  diseases),  daily  births
and  deaths,  and  other  medically  related  events  (for
example,  first-aid,  blood donation and transfusion).  It
also  outlines  the  follow-up  of  hypertension  and
diabetes required by Basic Public Health Services.

Yichang’s  healthcare  big  data  platform  has
transformed  the  city’s  data  collection,  integration,
sharing,  and analysis  of  population health  and health-
related  information,  which  contains  medical  and
environmental indicators, birth and death registrations,
insurance  claims,  and  other  important  health
indicators.  Successful  information  sharing  among
different  departments  is  meaningful  for  policymaking
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and  resource  allocation.  Many  innovations  have  been
made,  especially  in  disease  monitoring,  health
management,  and  “healthy  city”  construction.  First,
intelligent discovery and reporting systems of notifiable

infectious  diseases,  hypertension,  diabetes,  tumors,
cardiovascular  and  cerebrovascular  events  have  been
developed.  Similar  systems  can  lay  a  solid  foundation
for  the  full  coverage  of  disease  monitoring  on  health

 

Bank
Government

Commercial
insurance

Payment
platform

Health insurance

Full coverage services (Data+Application)

Comprehensive supervision

Whole chain business
collaboration

Pharmaceutical
company

E-business

Operators

Logistics

Public
security

NHC Community
Unified Standardized

People

Medical & health
management needs

One card Full serviceCDC

Hospital

MCH

Emergency center

Physical center

Insurance
claims

Medical

Integrated smart health

Policy Industry

FIGURE 1. The regionally integrated smart healthcare big data platform in Yichang, Hubei province, 2020.

 

HYpertension

Diabetes

Upper respiratory
infection

Coronary
heart disease

Insomnia

Somnipathy

Dermatitis

Conjunctivitis

Pregnant
state

Vaginosis

Gastritis COPD

Urinary 
system

infection
Gerebral
infarction

Health
examination

Eczema

Bronchitis

Osphyalgia

Irregular
menstruation

Hyperlipemia

Anxiety state

Urinary
infection

Antenatal
care

Antenatal
care

Infertinity

Ametropia

Iumbar 
disc

hemiation

Xerophthsimia

Acute throat
infection

Trachelitis

Acute
bronchitis

Acute
rhinitis

Abactio Gyne
cology

Thyrold
dyefun
ction

Metrorrhagia

Carbunculosis

Acne

Asteoporosis

Phary
mgitis

Rhinits Vaccina…

Chronic…Const…

Hypothy
roidism

Impacted
tooth

Thy… Pros… Brea…

Myopia

35,000

30,000

25,000

20,000

15,000

10,000

5,000

0
201908 201908 201908 201910 201912 202001 202002 202003 202004 202005 202006 202007

Hypertension visits of outpatient
(in the last year)

18,000

15,000

12,000

9,000

6,000

3,000

0

5-14 15-44 45-59 60+

Age group of hypertension visits
(in the last year)

Hypertension visits of outpatient in different hospitals
(in the last year)

Gezhouba Central Hospital
Affiliated Renhe Hospital of the Three Gorges Universily

The First People’s Hospital of Yichang

Yichang Special careHospital

Yichang’s Chinese Traditional Medical Hospital

Yichang Central People’s Hospital

The Second People’s Hospital of Yichang

The Third People’s Hospital of Yichang
Yichang Women’s & Children’s Hospital

The Community Health Centers

0

2,889

Visits

Area of hypertension visits
(in the last year)

FIGURE 2. The monthly out-patient admissions of Yichang City displayed in real-time on the Healthcare Big Data Platform,
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risk  factors,  diagnosis,  treatment,  etc.  and  allow  for
deep  exploration  of  disease  occurrence  and
development.  Second,  combined  with  personal
electronic health records and mobile applications, a full
lifecycle  and  full  chain  of  healthcare  information
application  platform  can  be  built  for  all  permanent
residents.  Third,  integrated  department  data  will  also
benefit  “healthy  city”  construction  by  allowing  for
enhanced urban construction planning and city health
evaluation. Functions and advantages of healthcare big
data  on  emergent  events  of  public  health  such  as  the
coronavirus  disease  2019  (COVID-19)  pandemic,
which emerged in Hubei Province, were also crucial to
the response.

One of the most efficient ways to prevent the spread
and prevalence of disease is to carry out a detailed and
thorough epidemiological  investigation to uncover the
characteristics  of  outbreaks.  The  onset  time,
symptoms,  diagnosis,  treatment,  laboratory  testing,
results,  underlying  diseases  of  the  patient,  the
departments  and  doctors  involved,  and  other  helpful
information  can  be  obtained  from  the  healthcare  big
data platform to help quickly ascertain the index case,
disease  characteristics,  susceptible  populations,  and
other  important  evidence.  Using  big  data  to  assist
epidemiological investigations efficiently and accurately
has  also  protected  investigators  and  provided  an
important basis for government decisions in Yichang.

Another  application  related  to  COVID-19  is  the
Grid  Management  Information  System  for  joint
prevention and control of major epidemics, which was
developed  by  integrating  the  information  data  of
multiple  channels  such  as  the  national  temperature

detection  platform,  short  message  reporting  platform,
and  the  grid  agent  reporting  system  to  collect
information  including  dynamic  temperature  data  and
information  of  key  prevention  and  control  personnel
including  those  returning  or  coming  to  Yichang,
members  of  these  families,  close  contacts,  and  pyrexia
patients.  Intelligent  prevention  and  control  programs
were  set  up  for  different  personnel  and  automatically
distributed to each township and urban neighborhood
office  for  isolation  management  and  medical
observation. The dynamic supervision applied in urban
areas  in  Yichang  has  avoided  heavy  and  complicated
reports,  provided  strong  evidence  for  emergency
management  and  early  warnings,  and  allowed  for
closed-loop management of all personnel.

By  using  the  aspects  of  the  big  data  platform  for
patient  data,  improvements  in  timeliness,  accuracy,
and  integrity  of  data  can  be  tracked  and  displayed.
Missing,  delayed,  and  repeated  reports  can  be
prevented.  The  medical  records  of  patients  who  were
diagnosed as COVID-19 in the big data platform were
also  useful  for  doctors  to  make  more  informed
treatment plans.

In  the  big  data  era,  accurate,  comprehensive,  and
available  data  will  be  the  source  of  high-quality
developments of healthcare in the future and the basis
and key to decision making (7). To construct a “smart
and  healthy  city,”  Yichang’s  Healthcare  Big  Data
Center  has  carried  out  some  beneficial  practices  and
explorations  in  data  standardization,  interconnection,
and  sharing.  However,  further  effort  should  be  taken
to  guarantee  long-term,  stable,  high-quality  data
sources.  In  addition,  deeper  and  broader  explorations

 

FIGURE 3. Healthcare big data information integration display platform in Yichang City, Hubei Province, 2020.
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are needed to use big data for monitoring diseases and
health,  allocating  public  resources,  supporting
government decisions, and serving people’s health. 
doi: 10.46234/ccdcw2020.254 
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Notifiable Infectious Diseases Reports

Reported Cases and Deaths of National Notifiable Infectious
Diseases — China, November, 2020

 

Diseases Cases Deaths

Plague 0 0

Cholera 0 0

SARS-CoV 0 0

Acquired immune deficiency syndrome 5,824 1,738

Hepatitis 125,059 55

　Hepatitis A 1,243 0

　Hepatitis B 100,561 37

　Hepatitis C 20,801 16

　Hepatitis D 22 0

　Hepatitis E 1,639 1

Other hepatitis 793 1

Poliomyelitis 0 0

Human infection with H5N1 virus 0 0

Measles 118 0

Epidemic hemorrhagic fever 1,796 14

Rabies§ 12 20

Japanese encephalitis 10 0

Dengue 63 0

Anthrax 22 0

Dysentery 3,568 0

Tuberculosis 69,640 126

Typhoid fever and paratyphoid fever 517 2

Meningococcal meningitis 5 0

Pertussis 291 0

Diphtheria 0 0

Neonatal tetanus 2 0

Scarlet fever 1,925 0

Brucellosis 3,611 0

Gonorrhea 11,260 0

Syphilis 45,305 7

Leptospirosis 31 1

Schistosomiasis 6 0

Malaria 63 0

Human infection with H7N9 virus 0 0

COVID-19* 545 0

Influenza 22,783 1

Mumps 15,211 0
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Continued
Diseases Cases Deaths

Rubella 276 0

Acute hemorrhagic conjunctivitis 2,538 0

Leprosy 35 0

Typhus 131 0

Kala azar 10 1

Echinococcosis 403 1

Filariasis 0 0

Infectious diarrhea† 83,209 1

Hand, foot, and mouth disease 189,017 1

Total 583,286 1,968
* The data were extracted from the website of the National Health Commission of the People’s Republic of China.
† Infectious diarrhea excludes cholera, dysentery, typhoid fever, and paratyphoid fever.
§ Of the 20 reported death cases of rabies, there were 7 reported in November, the others were reported previously.
The number of cases and cause-specific deaths referred to data recorded in National Notifiable Disease Reporting System (NNDRS) in
China, which include both clinically-diagnosed cases and laboratory-confirmed cases. Only reported cases in the 31 provincial-level
administrative divisions in the mainland of China are included in the table, whereas data of Hong Kong Special Administrative Region,
Macau Special Administrative Region, and Taiwan, China are not included. Monthly statistics were calculated without annual verification,
which is usually conducted in February of the next year for de-duplication and verification of reported cases in annual statistics. Therefore,
12-month cases could not be added together directly to calculate the cumulative cases because the individual information might be verified
via NNDRS according to information verification or field investigations by local CDCs.
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