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Relationship Between Drug Resistance and Death in HIV-Infected
Patients Receiving Antiretroviral Therapy — 7 PLADs,

China, 2010−2019
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Summary
What is already known about this topic?
With  increasing  coverage  of  antiretroviral  therapy
(ART)  for  HIV-infected  patients,  more  and  more
attention  has  been  paid  to  the  impact  of  HIV  drug
resistance on death in those patients in China.
What is added by this report?
Among  HIV-infected  patients  receiving  ART,  the  risk
of death is higher in patients with HIV drug resistance
[adjusted  odds  ratio  (AOR)=4.25,  95%  confidence
interval  (CI):  2.10–8.62],  with  viral  load  ≥1,000
copies/mL  but  drug  resistance  untested  (AOR=4.65,
95% CI:  1.74–12.39),  and with neither  viral  load nor
drug  resistance  being  tested  (AOR=17.52,  95%  CI:
8.73–35.19)  when  compared  with  drug-sensitive
patients.
What  are  the  implications  for  public  health
practice?
It  is  important  to  strengthen  drug  resistance
monitoring  and  prevention  in  HIV-infected  patients.
While performing ART for HIV-infected patients, viral
load  testing  and  drug  resistance  testing  should  be
carried out routinely and promptly.

 

To  reduce  the  mortality  rate  of  HIV-infected
patients  and  improve  their  quality  of  life,  China  has
launched the “Four Frees  and One Care” policy (Free
treatment,  free  voluntary  counseling  and  testing,  free
prevention  of  mother  to  child  transmission,  free
schooling  for  AIDS  orphans,  and  one  “Care”:
provision  of  social  assistance  for  HIV/AIDS  patients)
to provide lifelong free antiretroviral therapy (ART) for
HIV-infected  patients  who  meet  the  national
treatment  criteria  since  2003  (1).  In  response  to  the
Joint  United  Nations  Programme  on  HIV/AIDS’s
(UNAIDS)  “Treatment  2.0”  strategy,  China  has
implemented a number of targeted strategies to expand
the  ART  coverage  in  HIV-infected  patients  since
2010  (2).  By  the  end  of  2018,  a  total  of  83.4%

(748,499/861,042)  of  HIV-infected  patients  have
received  ART  (3).  However,  HIV  drug  resistance
(HIVDR)  inevitably  emerged  along  with  the  scale-up
of ART, and the drug resistance pattern varied a lot in
different regions of China (4). This study analyzed data
in  the  national  HIV/AIDS  Comprehensive  Response
Information  Management  System  (CRIMS)  to
investigate the relationship between HIVDR and death
in  HIV-infected  patients  receiving  ART  in  seven
provincial-level  administrative  divisions  (PLADs)  of
China.  The main finding is  that the risk of  death was
higher in patients with HIV drug resistance or untested
resistance  compared  with  drug-sensitive  patients.  This
helps provide a valuable reference for optimizing ART
regimens  and  patient  follow-up  management  in
practice.

This  study  selected  seven  PLADs that  reported  and
followed-up a large number of HIV/AIDS patients and
considered  geographical  location  (eastern  and  western
China)  and  economic  status.  Data  was  collected  for
patients  who  received  ART,  died  from  all-causes
during  2010–2019,  and  had  adequate  blood  samples
that were collected in twelve months prior to death and
after  ART initiation  date.  These  samples  could  satisfy
the volume requirements for performing viral load and
drug  resistance  tests  and  were  thus  selected  as  death
cases.  One or  two controls  were  selected for  each case
from surviving  patients  who received  treatment  at  the
same  ART  clinic  as  the  case  and  was  registered  right
before or after the case. The control should have blood
samples  collected  in  six  months  prior  to  or  after  the
death  cases’  blood  samples.  The  eligible  cases  or
controls  must  be  people  aged  18  years  or  over  when
ART initiated, began their ART treatment in 2010 or
later, and received ART for more than 6 months.

The  data  was  derived  from  the  CRIMS  whose
information  was  collected  by  local  CDCs  or  HIV
hospitals with questionnaires or medical records. Main
variables  were  survival  status,  gender,  age,  ethnicity,
marital  status,  education  level,  occupation,  residence,
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HIV  transmission  route,  ART  initiation  date,  clinic
stage  according  to  World  Health  Organization
(WHO) definition, CD4 cell count at the beginning of
ART,  primary  ART  regimen,  latest  ART  regimen,
ART adherence,  latest  viral  load  test  result,  and  latest
drug resistance test result.

“HIVDR  result”  was  defined  as  the  main
independent  variable  to  analyze  the  relationship
between  HIVDR  and  death  (by  combining  “Latest
Viral  Load test  result” and “Latest  drug resistance test
result,”  as  shown  in  Table 1).  Due  to  differences  of
HIVDR  prevalence,  quality  of  medical  care  services,
and  sample  sizes  in  regions,  multivariate  logistic
regression analysis was performed for each region, and
the adjusted odds ratio (AOR) was obtained. Then, the
AORs  in  different  regions  were  merged  by  meta-
analysis  to  represent  the  overall  relationship  between
HIVDR  and  death  in  those  HIV-infected  patients
receiving  ART.  Logistic  regression  analysis  was
performed  by  SAS  (version  9.4,  SAS  Institute,  Cary,
NC,  USA).  Meta-analysis  was  conducted  in  RevMan
(version  5.4,  Cochrane  Collaboration,  Oxford)  and
NCSS 2004 (Kaysville, UT, USA).

A  total  of  19,235  HIV-infected  patients  were
enrolled  from  7  PLADs  (Table 2),  with  5,719  in  the
case  group  (deaths)  and  13,516  in  the  control  group
(survived). The proportions of latest viral load untested
were  40.0%  in  the  case  group  and  17.2%  in  the
control  group,  while  65.6% of  case  group and 60.8%
of  control  group  were  latest  drug  resistance  untested.
For  the  HIVDR  result,  25.5%  of  case  group  and
44.2% of control group were deemed as drug sensitive,
and  5.0%  of  case  group  and  2.4%  of  control  group
were  drug  resistant.  The  proportions  of  patients  with
viral  load  ≥1,000  copies/mL  but  drug  resistance
untested were 8.6% in the case group and 2.7% in the

control  group.  The  proportions  of  patients  who  were
neither  viral  load  nor  drug  resistance  tested  were
28.7%  in  the  case  group  and  2.9%  in  the  control
group, respectively.

The  multivariate  logistic  regression  analysis
indicated  that  the  correlation  between  the  HIVDR
result and death was statistically significant (P<0.05) in
Anhui,  Sichuan,  Jiangsu,  and  Hunan  but  not  in
Guangdong (P>0.05). No data was shown on the latest
compound variable of viral load and drug resistance in
Chongqing  and Guangxi.  After  merging  AORs of  the
HIVDR result with deaths in Anhui, Sichuan, Jiangsu,
Guangdong,  and  Hunan,  the  result  suggested  that
compared  with  drug-sensitive  patients,  the  risk  of
death among patients with drug resistance [AOR=4.25,
95%  confidence  interval  (CI):  2.10–8.62],  with  viral
load  ≥1,000  copies/mL  but  drug  resistance  untested
(AOR=4.65,  95%  CI:  1.74–12.39),  and  with  neither
viral  load  nor  drug  resistance  being  tested
(AOR=17.52,  95%  CI:  8.73–35.19)  were  statistically
significantly higher (Table 3). 

DISCUSSION

A cross-control survey in seven PLADs in China was
conducted  to  investigate  the  relationship  between
HIVDR and death  in  HIV-infected  patients  receiving
ART.  A  total  of  19,235  participants  were  included  in
the  analysis.  Compared  with  drug-sensitive  patients,
the  risk  of  death  is  higher  in  patients  with  HIV drug
resistance or untested resistance.

In  this  large  sample  study,  case-control  analysis  of
patients  in  seven  PLADs  showed  that  HIVDR  is
significantly  associated  with  death  in  HIV-infected
patients receiving ART. Compared with drug-sensitive
HIV-infected  patients,  the  risk  of  death  is  3.25  times

TABLE 1. Operational definition and category of HIVDR result.
Primary results of viral load and drug resistance test

Redefined HIVDR categories
Latest viral load test result (copies/mL) Latest drug resistance test result

<1,000 Sensitivity or not be tested Drug sensitive

≥1,000 Sensitivity Drug sensitive

Not be tested Sensitivity Drug sensitive

<1,000 Resistance Drug resistant

≥1,000 Resistance Drug resistant

Not be tested Resistance Drug resistant

≥1,000 Not be tested Viral load ≥1,000 copies/mL but drug resistance untested

Not be tested Not be tested Neither viral load nor drug resistance being tested

Abbreviation: HIVDR=HIV drug resistance.
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higher  than  that  of  the  drug-resistant  HIV-infected
patients. Drug-resistant patients are prone to have poor
adherence to ART treatment (5)  and higher incidence
of virological failure (6), which could accelerate deaths
of HIV-infected patients. A previous study showed that
the risk of mortality in drug-resistant patients was 3.26
times higher than that of the drug-sensitive population
(95% CI: 1.77–6.01), which was similar to the results
of this study (7). This paper indicated that it is highly
important to strengthen the drug resistance monitoring
and  prevention  in  HIV-infected  patients  receiving
ART.

In accordance to the requirements of “Manual of the
National Free Antiretroviral Treatment” (8), all treated
HIV-infected  patients  with  viral  load  ≥1,000
copies/mL should get drug resistance tested. However,
the proportions of treated HIV patients with viral load
≥1,000 copies/mL but with drug resistance untested in
some  regions  remained  high  in  this  study.  Compared
with  drug-sensitive  HIV-infected  patients  receiving
ART,  the  risk  of  death  was  3.65  times  higher  in
patients  with  latest  viral  load  ≥1,000  copies/mL  but
drug resistance untested. This result suggested that for
those with viral load ≥1,000 copies/mL, drug resistance
tests  should  be  routinely  conducted  to  know patients’
most  updated  drug  resistance  status.  Therefore,  ART
regimens  could  be  adjusted  accordingly  to  improve
treatment effectiveness.

Constant  adherence  is  vital  to  effective  ART  for
reducing  viral  load  and  HIV/AIDS-related
opportunistic  infections  and  mortality  which  used  to
be assessed by self-reported data of “missed doses in the
past month” in previous studies (9–10).  In this  study,
required  viral  load  testing  was  used  as  a  proxy  for
treatment  compliance  as  it  could  promptly  detect
virological  failure and drug resistance.  The proportion
of  patients  with  latest  viral  load  untested  in  the  case
group was higher than that in control group (40.0% vs.
17.2%).  Compared  with  drug-sensitive  HIV-infected
patients  receiving  ART,  the  risk  of  death  was  17.52
times  higher  than  that  of  HIV-infected  patients  with
neither viral load nor drug resistance being tested (95%

CI:  8.73–35.19).  This  result  indicates  that  during  the
ART  follow-up  management  period,  more  attention
should be paid on improving the adherence of patients,
strengthening the follow-up quality of HIV clinics, and
performing  viral  load  and  drug  resistance  testing
promptly as required.

This study was subject to some limitations. First, the
case-control  design  limited  the  ability  to  make  causal
inference  about  the  proposed  association.  Second,
some  information  of  participants  was  not  collected  in
some regions.  Lack of these data may partly affect  the
analysis for the corresponding regions.

In  summary,  associations  between  drug  resistance
and death in HIV-infected patients receiving ART are
highly  related.  It  is  important  to  strengthen  the  drug
resistance monitoring and prevention in those patients.
When  conducting  follow-up  management  of  HIV-
infected  patients,  adherence  to  antiviral  treatment
should  be  improved  and  viral  load  testing  should  be
carried  out  as  required.  All  treated  HIV-infected
patients  with  viral  load ≥1,000  copies/mL  should  get
drug resistance tested in a timely manner.
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TABLE 3. Relationship between HIVDR and death in HIV-infected patients receiving ART.

HIVDR result AOR (95% CI)*

Sensitivity 1

Resistance 4.25 (2.10, 8.62)

Viral load ≥1,000 copies/mL but resistance not being tested 4.65 (1.74, 12.39)

Neither viral load nor drug resistance being tested 17.52 (8.73, 35.19)
Abbreviations: ART=Antiretroviral therapy; HIVDR=HIV drug resistance; AOR=multivariate adjusted odds ratio; CI=confidence interval.
* AOR was conducted by meta-analysis to merge the results of PLADs.
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Summary
What is already known about this topic?
Millettia pachycarpa belongs to the Fabaceae family and
is  widely  distributed in the southern China.  It  is  toxic
for  the  rotenone  contained  in  its  roots  and  seeds,  and
ingesting its seeds could result in poisoning.
What is added by this report?
In  December,  2020,  a  poisoning  from  plant  seeds
occurred  in  Chongqing  Municipality.  The  etiological
association  was  confirmed  based  on  epidemiological
investigation,  clinical  manifestation,  plant  species
identification,  and  rotenone  analysis.  The  patient
rapidly  developed  central  nervous  and  respiratory
depression  with  metabolic  acidosis.  The  plant  was
identified  as  Millettia  pachycarpa,  and  toxin  analysis
indicated  that  the  rotenone  content  contained  in  the
seeds was high enough to cause intoxication.
What  are  the  implications  for  public  health
practice?
Millettia pachycarpa poisoning is rare but could be fatal.
Efforts  should  be  made  to  educate  and  communicate
with the public, doctors, and public health practitioners
that  the  toxic  effects  the  seeds  could  be  life-threating
when swallowed, both accidentally or intentionally.

 

On  December  18,  2020,  the  National  Poison
Control  Center  received  notification  that  a  poisoning
accident occurred due to ingestion of plant seeds,  and
the patients were admitted to Fengdu County People’s
Hospital  of  Chongqing  Municipality.  The  plant
seemed to stem from the Millettia genus based on the
pictures  provided  by  one  patient’s  wife.  To  further
clarify  the  causality  of  the  intoxication  outbreak  and
provide  control  measures,  an  investigation  into  the
outbreak  was  conducted  in  collaboration  with
Chongqing  Poison  Control  Center.  The  plants  with
fruits  were  collected  at  the  site  where  the  poisoning
occurred,  and  the  doctors  and  patients  were
interviewed  to  obtain  the  clinical  course  and
treatments.  Then,  the  species  of  plants  was  identified,
and  the  rotenone  contents  of  the  seeds  and  gastric

lavage samples were analyzed. 

  INVESTIGATION AND FINDINGS

Around  11∶30  on  December  18,  2020,  2  workers
picked fruits  thinking they were  edible  on the  hillside
besides their workplace in a village in Fengdu County,
Chongqing  Municipality.  Subsequently,  they  grilled
the fruits and shared several fruits with another worker,
and all the three workers ate the seeds after peeling the
pericarp.  They  developed  discomfort  a  few  minutes
after  ingesting  the  seeds.  Two of  the  workers  spit  out
most  of  the  seeds  due  to  poor  taste  and  experienced
slightly  transient  nausea  and  dizziness  but  recovered
relatively  quickly.  In  contrast,  the  other  32-year-old
male  worker  who  swallowed  a  whole  seed
unsuccessfully tried to induce vomiting for himself. He
underwent  limb  weakness  and  dizziness  and  rapidly
lost  consciousness  and  progressed  to  coma  about  ten
minutes  later.  He  was  then  sent  to  Fengdu  County
People’s  Hospital  immediately.  The  patient  was
unconsciousness  on  the  way  to  the  hospital  and
admitted to hospital in about fifty minutes.

The  patient  experienced  central  nervous  system
depression and respiratory failure when arriving at the
hospital.  He presented deep coma, mydriasis,  and had
no  light  reflection.  His  breath  was  slow,  averaging  6
breaths  per  minute,  and  the  blood  oxygen  saturation
was  67%.  Physical  examination  showed  breathing
sounds  were  rough  and  that  wet  rales  (crackling
sounds) were present in both lower lungs. The patient
was  intubated  and  treated  with  ventilator-assisted
ventilation  to  stabilize  the  vital  signs  immediately,
during  which  scarlet  foam  was  ejected  from  the
trachea,  and  gastric  lavage  was  performed  to  decrease
toxin  absorption.  Chest  computed  tomography  (CT)
showed  patchy  shadows  and  pleural  effusion  in  both
lower  lungs.  Blood  gas  analysis  indicated  metabolic
acidosis with pH: 7.09; lactic acid: 11.76 mmol/L. The
patient  was  admitted  to  the  intensive  care  unit  after
emergency  treatment,  underwent  hemoperfusion
therapy  once,  and  was  administrated  intravenous

China CDC Weekly

298 CCDC Weekly / Vol. 3 / No. 14 Chinese Center for Disease Control and Prevention



sodium  bicarbonate  to  maintain  electrolyte  balance.
The  patient  took  off  the  ventilator  28  hours  after
admission and resumed spontaneous breathing, and his
consciousness  recovered.  He  was  treated  and observed
in the hospital until his chest CT completely recovered
and was discharged.

The  plant  specimens  were  collected  at  the  scene  of
the  poisoning  incident  and  testified  as  the  ingested
plants by the patient.  It  was identified as the Millettia
pachycarpa  (Figure 1)  using  morphological  and  DNA
barcoding  method,  which belongs  to  Fabaceae  family.
The  specimen  was  deposited  in  the  Poisonous  Plants
Herbarium affiliated with the National Poison Control
Center (No. 2020121801).

The  primary  toxin  rotenone  in Millettia  pachycarpa
seeds and biological samples were analyzed used liquid
chromatography  coupled  to  mass  spectrometry
method. The rotenone content in Millettia pachycarpa
seeds  (n=2)  were  1,389.46  mg/kg  and  928.88  mg/kg,
and  the  rotenone  content  in  gastric  fluid  sample  was
3.16  μg/mL.  In  addition,  there  were  others  rotenoid
compounds  found  in  the  seeds  with  untargeted
screening. 

  DISCUSSION

China  CDC  collaborated  with  the  local  poison
control  center  to  conduct  an  investigation  to  clarify

how  this  poisoning  occurred.  This  outbreak  was
exactly  attributed  to  the  ingestion  of  Millettia
pachycarpa  seeds,  and  the  etiological  association  was
confirmed  based  on  the  evidence  in  epidemiological
correlation,  clinical  manifestations,  plant  species
identification  and  rotenone  toxin  analysis.  This  work
demonstrated  that  Millettia  pachycarpa  has  potential
for  poisoning  and  that  the  public  should  be  warned
about the severe toxic effects and potential fatal effects.

Although  ingestion  of  Millettia  pachycarpa  seeds  is
relatively rare, it may be fatal without appropriate and
timely  treatment.  This  incident  involved  3  persons,  2
of  whom  experienced  slightly  transient  dizziness  and
recovered  fast,  while  the  other  suffered  severe  central
nervous  and  respiratory  depression,  due  to  the
difference  in  intake  amount.  The  neurological
symptoms  of  the  32-year-old  male  patient  progressed
rapidly  from  dizziness  to  coma  with  respiratory
depression  in  about  10  minutes  after  the  ingestion.
The scarlet foam ejected from the trachea and the chest
CT indicated  aspiration  pneumonia  developed,  which
was  accounted  for  the  central  nervous  depression  and
vomiting  caused  by  gastrointestinal  irritation.  The
patient was intubated and ventilated immediately after
admission  to  the  emergency  department,  then,  the
gastric  lavage  was  carried  out  to  break  off  more  toxin
absorption.  In  addition,  the  patient  underwent
hemoperfusion  therapy  and  administered  sodium

 

FIGURE 1. The leaves, fruits, and seeds of Millettia pachycarpa.
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bicarbonate to maintain acid-base balance.
The  toxicity  of  Millettia  pachycarpa  seeds  is

attributed  to  its  rotenone  and  rotenoids.  Rotenone
mainly  exerts  toxicity  to  the  nervous,  respiratory,  and
gastrointestinal  systems  when ingested  orally.  There  is
no  specific  antidote  available  for  rotenone  poisoning,
and  treatment  mainly  relies  on  symptomatic  and
supportive  measures  (1),  including  intubation,
mechanically-assisted ventilation, maintenance of acid-
base  balance,  and  stabilizing  the  vital  signs.
Gastrointestinal  decontamination,  such  as  emetic  and
gastric  lavage,  should  be  used  to  prevent  more  toxin
absorption  even  when  the  patient  is  unconsciousness.
There  is  insufficient  evidence  that  hemoperfusion
therapy  is  effective  for  eliminating  rotenone,  but  it  is
one  of  the  choices  for  the  treatment  of  rotenone
poisoning.  The  recognition  and  treatment  of  the
inhalation  of  pneumonia  should  be  a  priority  when
such patients are encountered.

Millettia  pachycarpa  is  a  rotenone-containing  plant
and  is  widely  distributed  in  the  south  of  China.
Reports  of  Millettia  pachycarpa  poisoning  were
uncommon  in  China,  but  2  incidents  occurred  in
Guizhou  and  Hunan  provinces  in  2020.  Another
rotenone-containing  plant,  Pachyrhizus  erosus,  has  an
edible root and is cultivated extensively in southeastern
China,  but  its  rotenone-containing  seeds  can  cause
occasional  poisonings  by  accidental  ingestion.
Additionally,  there  were  several  reports  of  poisonings
caused  by  rotenone-containing  plants  in  other
countries  and  regions.  In  China  (Taiwan)  (2–3)  and
Thailand (4), Pachyrhizus erosus seeds, also called “yam
beans,”  were  reported  to  result  in  life-threating
poisonings and deaths. In French Guiana (5), a woman
ingesting another rotenone-containing plant belonging
to  Lonchocarpus  genus  committed  suicide,  and  the
exact species was unable to be determined.

In  the  region  where Millettia  pachycarpa  and  other
rotenone-containing  plants  were  distributed,  ingestion
and  misuse  of  the  plants  should  be  prevented.
Therefore, the public should be educated to distinguish
the  plants  and  recognize  its  toxic  effects.  Clinicians
should  be  aware  and  trained  to  recognize  clinical
toxicological characteristics and treatment of rotenone-
containing  plants  intoxication.  In  addition,  the
pathophysiological,  toxicokinetic,  and  treatment
strategy  of  rotenone-containing  plants  poisoning
should be further reviewed and studied. 
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Summary
What is already known on this topic?
Brucellosis  is  a  zoonotic  infectious  disease  caused  by
Brucella  spp.  The  main  source  of  infection  in  human
brucellosis  is  sick  animals,  mainly  including  sheep,
goat, and cattle, but sika deer (Cervus nippon) can also
cause  human  brucellosis.  The  first  human  brucellosis
case in Guizhou Province was reported in 2009, and no
brucellosis  outbreak  was  reported  caused  by  sika  deer
ever before.
What is added by this report?
This is the first reported outbreak of human brucellosis
caused by sika deer in Guizhou Province. Inappropriate
regulation of animal movement may be the main driver
of  introducing  and  spreading  brucellosis  in  southern
areas.  The  ability  to  diagnose  brucellosis  in  both
humans and animals was weak in the county where the
outbreak took place.
What  are  the  implications  for  public  health
practice?
It  was  suggested  to  prioritize  occupational  protection
and  health  education  for  sika  deer  breeders.  The
inspection  of  the  movement  of  animals  and  the
reimbursement policy need to be improved.

 

On  June  24,  2019,  6  villagers  from  a  sika  deer
(Cervus  nippon)  farm  came  to  their  local  CDC  for
consultation  about  brucellosis.  After  onsite  inquiry,
three of the six villagers had repeated fever, joint pain,
low  back  pain,  and  other  symptoms.  Three  villagers
tested  positive  for  the  Rose  Bengal  precipitation  test
(RBPT)  for  brucellosis.  Two  of  the  three  villagers
tested positive in the standard agglutinating test (SAT).
According  to  the  national  diagnostic  standard  on
human  brucellosis  (1),  two  were  confirmed  cases  and
one was a clinical case. Therefore, they were considered
to  be  infected  with  human  brucellosis,  suspected
coming  from  sika  deer.  Since  sika  deer  were  rarely

reported  as  an  infection  source  to  human in  southern
provinces  and  even  none  in  Guizhou  Province  before
(2–3),  the  provincial  CDC  staff  conducted  an  onsite
epidemiological  investigation  to  verify  the  outbreak
and the infection source.

According to the earliest  date of  illness  onset  in the
three cases, investigators reviewed the outpatient log of
nearby hospitals with a period ranging from September
1,  2018  to  June  28,  2019.  This  study  also  conducted
interviews  with  a  uniform  questionnaire  and  used
RBPT  and  SAT,  to  identify  potential  cases  among
farm workers, the family members of the patients, and
other  people  who  had  contacted  sika  deer  and  other
livestock  in  the  village  during  this  period.  Lastly,  one
more clinical case was found according to the national
diagnostic  standard,  making the total  number of  cases
four  (1).  They were  3  males  and 1  female  breeders  in
the  sika  deer  farm.  None  of  the  patients’  family
members  and  other  villagers  were  found  to  have
human brucellosis.

The  earliest  illness  onset  time  of  the  patients  was
October 2018, while the latest onset time was February
2019, and three patients out of the total four presented
symptoms from October to November 2018. The 3 of
them first visited the local people’s hospital in October,
December 2018, and February 2019, respectively,  but
all  failed  to  be  confirmed  with  human  brucellosis
(Figure 1).  The  blood  samples  of  the  patients  were
collected for bacteria cultivation in June 2019, but the
results  were  negative  due  to  the  former  history  of
antibacterial drug use before diagnosis.

The  farm  was  separated  from  the  village  by  a  river
and a mountain (Figure 1).  Sika deer were introduced
in  two  batches:  the  first  batch  was  purchased  from
Guangxi  Zhuang  Autonomous  Region  in  June  2016
with  an  inspection  and  quarantine  certificate;  the
second  batch  was  introduced  in  January  2018  from
another  township  in  the  county  without  a  quarantine
certificate. The two batches of imported sika deer were
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kept separately in different but adjacent fences. In May
2018,  several  sika  deer  began  to  suffer  from  leg
suppuration, diarrhea, miscarriage, and even death.

A total of 7 staff were in the farm, and the incidence
of human brucellosis in the farm was 57.1% (4/7). All
staff  had no history  of  contact  with  other  livestock or
other animals except for sika deer since June 2016. All
denied ever drinking raw cow/goat milk or eating raw
meat.  During  the  breeding  process,  they  had  handled
the  abortion  placenta  of  the  sika  deer  by  bare  hands
without wearing any personal protection equipment. A
case-control study was conducted to determine the risk
factors  of  infection,  taking  people  who  had  contacted
sika  deer  but  not  diagnosed as  human brucellosis  case
as a control group and staff who had different exposed
channels  as  case  group.  The  study  indicated  that  the
regular  feeding  (OR=99,  95%  CI:  1.6–6,053.1)  and
treatment  of  abortion  placenta  exposure  (OR=99,  95
% CI:  1.6–6,053.1) were risk factors  for  the infection
in this cluster (Table 1).

The local animal CDC collected 9 blood specimens
of living sika deer from the first  batch in the farm for
Brucella  antibody  detection  and  cultivation  but  failed
to  have  positive  results.  No  specimen  could  be  taken
from the second batch of  the sika deer,  since the deer

were  all  sold  by  the  farm  owner  for  the  economic
incentive soon after the farm staff were confirmed with
brucellosis.  Local  health  department  disinfected  the
farm and educated the farm staff and the owner about
the  prevention  measures  of  brucellosis.  No  sika  deer
were killed as the farm owner sold out all the sika deer
at last for the reason of no reimbursement for the killed
sick  deer  paid  by  the  local  government.  The  local
animal CDC failed to trace the sika deer due to lack of
ability to contact the buyer. 

DISCUSSION

Human  brucellosis  is  common  zoonosis  and  is
currently  endemic  in  Asia,  the  Eastern  Mediterranean
Region,  and  the  Caribbean  Region  and  reemerges  in
developed  countries  with  the  rapidly  increasing
international travel and business (4–6). China faces an
increasing  burden of  human brucellosis  since  the  21st
century  (2–3).  The  majority  of  cases  emerged  in
northern  China,  where  husbandry  is  more  developed,
but the southern provinces were also increasing due to
the movement of ill  animals (7–8).  The disease causes
flu-like  symptoms,  including  fever,  weakness,  malaise,
and  weight  loss,  which  are  easy  to  be  neglected  and
misdiagnosed  by  patients  and  clinicians  (9–10).
Delayed  diagnosis  was  prone  to  cause  chronic
brucellosis,  leading  to  great  harm  to  the  patients  and
their  families  (10).  Brucellosis  is  caused  by  various
Brucella  species,  which  mainly  infect  cattle,  swine,
goats,  sheep,  and  dogs  (11).  However,  sika  deer  were
reported to cause cases in humans both internationally
and  domestically  (12–14).  Humans  become  infected
with  Brucella  species  mainly  by  contact  with  sick
animals and ingestion of contaminated milk and cheese
(12).  Having  contact  with  the  miscarriage  material  of
sick animals is a common infection channel as Brucella
is  prone  to  be  located  at  the  genital  tract  of  animals
and cause animal miscarriage (15).

TABLE 1. The case study of controlled exposure of an outbreak of brucellosis in Guizhou Province, China, 2019*.

Exposure pathway
Case group Control group

p OR
95% CI

Yes No Yes No Lower Upper

Breeding deer 4 0 2 3 0.14 12.6 0.4 356.4

Regular feeding 4 0 0 5 0.03 99 1.6 6,053.1

Treatment of abortion placenta 4 0 0 5 0.03 99 1.6 6,053.1

Treatment of sick and dead sika deer 3 1 1 4 0.12 12 0.5 280.1

Delivery 2 2 0 5 0.16 11 0.4 324.5

* Where zeros cause problems with computation of the odds or its standard error, 0.5 is added to all cells (a, b, c, d).

 

The fence where the
second batch of imported

sika deer were bred.

The other fence where the first 
batch of  imported sika deer were bred.

FIGURE 1. The farm where the sika deer were bred.
Note:  The  farm  was  located  at  the  foot  of  a  mountain,
which was separated from the village.
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Based  on  literature  review  and  the  results  of  the
investigation,  this  cluster  of  human  brucellosis  was
likely  caused  by  sika  deer.  First,  the  sika  deer  of  the
farm had typical  symptoms of  animal  brucellosis  such
as  miscarriage  before  the  patients  become  ill.  Second,
all four patients were staff of the sika deer farm. Except
for breeding sika deer, no other epidemiological history
of  infection  with  brucellosis  was  detected.  Third,  the
case-control study suggested that handling the abortion
placenta of sika deer and regular breeding of sika deer
were risk factors for infection.

This study was subject to some limitations.  Neither
serological  nor  etiological  evidence  of  brucellosis  for
the sika deer was required. The negative test results of
sika deer specimens in this investigation may be due to
insufficient  detection  capabilities  of  the  county-level
animal  CDC  or  sampling  bias  (that  is,  the  samples
collected  were  all  from  healthy  sika  deer).  Delays  in
diagnosis were also a prominent problem in this event
and were common in southern China, especially where
no  human  brucellosis  was  reported  before  like  in  this
county (2). It is important to strengthen the diagnostic
ability of both local veterinarians and clinicians.

This was the first report of human brucellosis caused
by deer in Guizhou Province. With the development of
sika  deer  breeding  industry  in  China,  sika  deer  are
increasingly  a  risk  factor  for  human  brucellosis.  The
occupational  protection  and  health  education  of  the
sika  deer  breeders  should  be  prioritized.  In  addition,
illegal  sales  of  sick  animals  were  also  found  in  this
investigation.  This  phenomenon is  the  main  driver  of
introducing  and  spreading  brucellosis  in  southern
areas.  Consequently,  the  inspection  of  the  movement
of  animals  needs  improvement,  as  does  the
reimbursement policy.
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Summary
Cardiac  arrest  (CA)  usually  occurs  out  of  hospitals,
comprising  approximately  50%  of  all  cardiovascular
deaths,  which  may  delay  achievement  for  Healthy
China  2030  goals  for  life  expectancy  and  premature
death  from  major  chronic  diseases.  In  this  review  of
Chinese  law  and  health  policy,  challenges  and
opportunities  are  explored  for  CA  prevention  and
control.  A  considerable  gap  would  remain  even  if  the
CA target in Healthy China 2030 are to be achieved on
schedule.  Therefore,  CA  should  be  included  in  the
national  disease  prevention  and  control  system  and
national  projects,  such  as  the  Healthy  Cities  Initiative
and  the  Primary  Public  Health  Services  to  accelerate
population-wide  Cardiopulmonary  Resuscitation
training  and  Automatic  External  Defibrillation
availability.  Principles  of  CA  prevention  and  control
should be integrated into all relevant policies.

   
BACKGROUND

Cardiac  arrest  (CA)  is  a  serious  clinical  condition
and  the  initial  symptom  in  one-fourth  of  cases  of
cardiac  disease,  contributing to  approximately  50% of
all  cardiovascular  deaths  worldwide  (1–2).  CA usually
occurs  out  of  hospitals  and  is  often  unrecognized  in
patients  with  a  low  risk  of  cardiovascular  disease  or
who  have  occult  heart  disease  (2).  The  rate  of
emergency  medical  services  (EMS)  attending  out-of-
hospital  cardiac  arrest  (OHCA)  varies  substantially,
from  20.9  per  100,000  people  in  Singapore  to  186.0
per  100,000  people  in  Rochester,  United  States.  The
estimated annual  mortality from CA is  as  high as  4–5
million  deaths  worldwide,  with  544,000  deaths  in
China (2–3). An autopsy study showed that only 20%
of  sudden  cardiac  deaths  —  a  common  outcome  of
CA — were associated with cardiovascular risk factors.
Therefore, much about the etiology of CA is unknown,
and CA remains unpredictable (4).

One  intervention  that  may  reduce  mortality  from
OHCA  in  non-hospital  scenarios  is  “bystander”

cardiopulmonary  resuscitation  (CPR).  However,
bystander  CPR  is  underutilized  in  China,  with
implementation  rates  of  only  11.4%  in  Beijing  and
4.2% in Shanghai, which are much lower than 46.1%
in  the  United  States  and  32.2%  in  Japan  (5).  As  a
result, the success rate of OHCA rescue is as low as less
than 1% in China, compared with approximately 10%
in other developed countries (6).

High incidence of and mortality from CA may delay
achievement  of  the  Healthy  China  2030  goals  on  life
expectancy  and  premature  mortality  from  major
chronic  diseases.  Here,  the  aim  of  this  article  is  to
discuss challenges and opportunities for CA prevention
and  control  by  reviewing  the  laws  and  health  policies
related to CA in China. 

KEY CONTENTS & TARGETS

The  Healthy  China  Initiative  (2019−2030),
including two government-driven campaigns related to
CA  —  health  literacy  and  cardiovascular/
cerebrovascular  disease  prevention  and  treatment  —
will  guide  our  work  over  the  next  10  years  (Table 1).
CA-related first aid is the first topic of the Campaign of
Cardiovascular  and  Cerebrovascular  Disease  Prevention
and  Treatment,  but  there  is  only  one  quantitative
assessment  indicator  monitored  by  the  government,
which  is  the  rate  of  emergency  rescue  training  among
residents,  with  training  of  teachers  being  the  primary
strategy  chosen  to  achieve  improvement  of  this
indicator.  In  2020,  the  Red  Cross  Society  and  the
Ministry of Education of China issued a joint notice to
strengthen CPR training and train teachers specialized
in  emergency  education.  The  plans  involve  installing
automatic  external  defibrillations  (AED)  in  crowded
places,  including  schools,  workplaces  and  institutions,
airports,  transport  stations,  shopping  malls,  and
cinemas. Organizations involved in implementation of
this  effort  include  the  National  Health  Commission,
the  Ministry  of  Education,  the  Ministry  of  Finance,
and the Red Cross Society of China. 
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STRATEGIES

Timely and effective bystander CPR may be the best
hope  for  survival  once  CA  occurs.  Initiating  CPR
within  1  minute  of  CA  and  use  of  AEDs  within  3–5
minutes  can  increase  CA  survival  rate  to  50%–70%
(7).  Currently,  there  are  four  national  laws  closely
related  to  increase  in  CA  survival  (Table 2).  Among
these,  the  Civil  Code  implemented  in  2021  is
particularly important for legally protecting bystanders
who  are  not  medical  staff  when  witnessing  a  CA  and
providing  onsite  first  aid.  The  Primary  Healthcare,
Medicine,  and  Health  Promotion  Law  implemented  in
2020  guarantees  comprehensive  measures  to  improve
onsite  first  aid  in  terms  of  training  potential
bystanders,  public  participation,  availability  of
equipment,  and  mechanisms  for  legal  protection.  The
ongoing Law for Medical Practitioners  is anticipated to
play a key role in encouraging and protecting medical
practitioners  to  implement  a  rescue  for  OHCA  by
exempting medical practices from restrictions on place,
category, and specialty. Lastly, the Law of the Red Cross
Society  revised  in  2017  authorizes  the  Red  Cross
Society  of  China — a  non-governmental  organization
(NGO) — to establish an emergency rescue system in
an  attempt  to  improve  likelihood  of  successful  rescue
from CA.

To  supplement  national  laws,  some  local
governments  have  enacted  detailed  regulations  to
support  CA  rescue.  For  example,  considering  people
who  are  likely  to  become  witnesses  of  a  CA,  public
transportation  drivers  and attendants,  teachers,  tourist
guides, firemen, policemen, security staff, and pension
service personnel are designated as specific recipients of
CPR  training  in  Hunan  Province,  Shanghai
Municipality,  Hainan  Province,  and  Nanjing  City.

The  Regulations  of  Hunan  Province  on  Spot  Rescue
stipulates  that  CPR training  should  be  included in  all
types of school curriculum. As the availability of AED
devices is essential for onsite first aid for CA, the above
regulations require or encourage provision of AEDs in
crowded or high-CA-risk places such as transportation
hubs,  tourist  attractions,  stadiums,  conference  and
exhibition centers, nursing homes, and schools. 

PERSPECTIVE

Considering  that  the  average  response  time  of  pre-
hospital  emergency  medical  services  is  usually  more
than  15  minutes  in  urban  areas  of  China,  earlier
initiation of high quality bystander CPR and AED use
are crucial for saving the lives of OHCA victims (6,8).
However,  the  current  CPR  training  rate  among
Chinese residents is less than 1%, much lower than the
33% reported in the United States and 40% in France
(5).  Moreover,  the  number  of  AEDs  per  100,000
Chinese  residents  is  dramatically  lower  than  that  in
many  industrialized  countries  (17.5,  13,  and  5  in  the
developed  Chinese  cities  of  Shenzhen,  Haikou,  and
Shanghai,  respectively,  vs. 700,  276,  and  as  high  as
3,399  in  the  United  States,  Japan,  and  in  parts  of
France,  respectively)  (7).  These  gaps  between  China
and  other  industrialized  countries  must  be  overcome
by developing laws and policies.  In particular,  the key
elements  of  CPR  training  and  provision  of  AED
equipment  specified  in  some  local  laws  should  be
raised to the level of national laws.

In  terms  of  CPR  training,  it  remains  to  be
determined  who  should  be  trained,  who  should
conduct  the  training,  and  who  should  support  the
training.  Health  practitioners  and  people  likely  to  be
first  to  witness  CA  events  are  prime  candidates  for

TABLE 1. Campaigns related to cardiac arrest in the Healthy China Initiative (2019−2030).

Campaign Government-monitored
indicators Main practices

Health literacy
campaign

Mastering  basic  knowledge
and  skills  on  of  first  aid
including CPR

Encouraging  professional  institutions  and  media  to  educate  the  public;
encouraging residents to master essential skills, such as making an emergency
call and CPR; encouraging families to have the first aid kits

Cardiovascular and
cerebrovascular
disease prevention and
treatment campaign

Percent  of  residents  with
certification  in  emergency
rescue training: ≥ 1%  in 2022
and ≥ 3% in 2030

Supporting  professional  institutions  to  carry  out  mass  emergency  rescue
training;  training teachers in  primary and secondary schools,  1  teacher  trained
for each 50 students in the first aid

Outside  the  monitored
indicator system

Providing  the  first  aid  drugs  and  AEDs  in  crowded  places;  providing  an
ambulance  for  every  50  thousand  people;  achieving  100%  of  10-second
answering rate for pre-hospital medical emergency institutions; increasing the 5-
minute departure rate of ambulances

Abbreviations: CPR=cardiopulmonary resuscitation; AED=automatic external defibrillation.
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CPR  training.  CA  training  should  be  considered  for
inclusion  in  the  national  disease  prevention  and
control  system,  where  professional  public  health
institutions  such  as  CDCs  can  more  effectively
organize  and  mobilize  the  general  population.  This
would not only be responsive to requirements of recent
legislation, but also helps offset  limitations of the Red
Cross  Society  as  an  NGO.  Establishing  permanent
professional  positions  for  CPR  trainers  will  help
address  deficiencies  in  the  availability  of  training  for
the public. In terms of AEDs, it is essential to increase
the  number  of  AEDs  and  optimize  the  placement  of
AED  sites.  For  example,  the  local  laws  noted  above
suggest  many  locations  for  AED  sites;  however,  in
communities  where  the  majority  of  OHCAs  occur  at
home  [e.g.,  84.7%  and  92%  before  and  after  the
COVID-19 pandemic in Lombardy, Italy, respectively
(9)],  this  may  be  insufficient,  as  community-based
AED placement does not feature in any of China’s laws
or policies.

Current  CA-related  policy  measures  in  the Healthy
China  Initiative  lag  behind  the  law,  despite  priority
being  placed  on  health  and  prevention  in  rapidly
developing  legislation  -  likely  due  to  the  locus  of  CA
prevention and control being largely beyond the reach
of  the  healthcare  system.  Even  if  the  2030  Healthy
China  targets  are  achieved  on  schedule,  a  significant
gap  with  other  countries  will  remain.  Therefore,  we
suggest  that  CPR training and placement  of  AEDs be
featured in the index systems of  the National  Healthy
Cities,  the  National  Demonstration  Areas  for  the
Comprehensive  Prevention  and  Control  of  Chronic

Diseases,  and  the  National  Primary  Public  Health
Services  projects.  These  projects  either  effectively
mobilize government resources or cover a large number
of  people,  which  will  help  to  dramatically  increase
coverage  of  CPR  training  and  AEDs  among  the
population. Furthermore, in adherence to the principle
of including health promotion in all policies, standards
for  the  placement  of  AEDs  should  be  considered  and
integrated  into  all  types  of  building  codes,  including
specifications  for  construction  of  civilized  cities  and
beautiful villages to improve AED coverage for CAs.

Since  the  beginning  of  the  COVID-19  pandemic,
CA cases  have  increased and the  rate  of  restoration of
spontaneous  circulation  (ROSC)  from  OHCA  has
dramatically  decreased.  This  may  be  because  the
coronavirus  attacks  the  cardiopulmonary  system  and
because  of  the  strain  the  pandemic  has  placed  on
medical resources. For example, 19.8% of patients with
severe  COVID-19  pneumonia  experienced  an  in-
hospital  CA  in  a  single-centered,  retrospective,
observational  study conducted in Wuhan City,  Hubei
Province; mortality due to CA increased by 58% in the
Lombardy region of Italy; and the ROSC rate dropped
to 0.4% in February 2020 from about 4.5% before the
COVID-19  outbreak  in  Hangzhou  City  (9–10).  It  is
therefore  urgent  to  add  CA  to  the  monitoring  and
early  warning  mechanisms  of  public  health
emergencies, required by the Central Committee of the
Communist  Party  of  China,  in  accordance  with  the
principle of “people first and life first.”

Conflicts  of  Interest:  No  conflicts  of  interest  were
reported.

TABLE 2. Current national laws closely related to cardiac arrest in China.
Name Basic description Function in cardiac arrest

Law for Medical
Practitioners

A  draft  of  this  law,  issued  on
January  27,  2021,  is  based  on
a revision of a similar 1999 law

We  suggest  that  medical  practitioners  should  be  encouraged  and  protected  to
implement OHCA by exemption from restrictions on their  medical  practice such as
place,  category,  and  specialty  by  this  law,  although  this  draft  includes  rescue  for
patients in case of emergency.

Civil Code

China's  first  law  named  after
the  code  occupies  a
fundamental  position  in  the
legal  system;  implemented  on
January 1, 2021

Articles 183 and 184 provide a basic guarantee of civil rights for any bystander who
conducts  out-of-hospital  CPR;  Article  1,005  requires  organizations  or  individuals
with legal obligations to fulfill their own rescue duties.

Primary Health
Care, Medicine
and Health
Promotion Law

China’s  first  basic  and
comprehensive  law  in  the  field
of health; implemented on June
1, 2020

Article 27 establishes and improves a pre-hospital first aid system, defining what the
jobs  of  the  government  as  following:  1)  carrying  out  first  aid  training  and  public
education;  2)  encouraging  onsite  first  aid;  3)  providing  first  aid  facilities  in  public
places; 4) forbidding refusal and delay from first aid centers due to fees.

Law of the Red
Cross Society

2017  revised  version  with
functions  of  the  Red  Cross
Society  in  non-war  or  non-
armed conflict scenes added.

Article 11 defines the functions of the Red Cross Society, including establishing an
emergency  rescue  system,  carrying  out  emergency  rescue  training,  popularizing
emergency rescue and health knowledge, and organizing volunteers to participate in
onsite rescue.

Abbreviations: OHCA=out-of-hospital cardiac arrest; CPR=cardiopulmonary resuscitation.
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Notifiable Infectious Diseases Reports

Reported Cases and Deaths of National Notifiable Infectious
Diseases — China, February, 2021

  

Diseases Cases Deaths

Plague 0 0

Cholera 0 0

SARS-CoV 0 0

Acquired immune deficiency syndrome 3,051 1,052

Hepatitis 101,058 36

　Hepatitis A 745 0

　Hepatitis B 83,014 30

　Hepatitis C 14,714 6

　Hepatitis D 23 0

　Hepatitis E 1,849 0

Other hepatitis 713 0

Poliomyelitis 0 0

Human infection with H5N1 virus 0 0

Measles 38 0

Epidemic hemorrhagic fever 365 1

Rabies* 14 10

Japanese encephalitis 0 0

Dengue 2 0

Anthrax 10 0

Dysentery 2,623 1

Tuberculosis 55,425 56

Typhoid fever and paratyphoid fever 327 0

Meningococcal meningitis 10 1

Pertussis 115 1

Diphtheria 0 0

Neonatal tetanus 3 0

Scarlet fever 989 0

Brucellosis 3,425 0

Gonorrhea 7,650 0

Syphilis 33,615 5

Leptospirosis 3 0

Schistosomiasis 1 0

Malaria 58 0

Human infection with H7N9 virus 0 0

COVID-19† 348 0

Influenza 10,894 1

Mumps 4,393 0
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Continued
Diseases Cases Deaths

Rubella 46 0

Acute hemorrhagic conjunctivitis 1,873 0

Leprosy 30 0

Typhus 37 0

Kala azar 15 0

Echinococcosis 224 0

Filariasis 0 0

Infectious diarrhea§ 144,447 0

Hand, foot, and mouth disease 18,529 1

Total 389,618 1,165
* Of the 10 reported death cases of rabies, there were 7 reported in Feburary, the other were reported previously.
† 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.
The number of cases and cause-specific deaths referred to data recorded in National Notifiable Disease Reporting System (NNDRS) in
China, which includes both clinically-diagnosed cases and laboratory-confirmed cases. Only reported cases of 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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