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Preplanned Studies

Late HIV Diagnosis and Associated Factors Among Newly
Reported HIV/AIDS Cases Aged ≥50 Years

— China, 2022–2024

Duo Shan1;  Yalan Wang1;  Yuan Zhao1;  Chunpeng Zang1;  Juan Yang1;  Hui Li1;  Jiarong Ren1; 
Mengchi Liu1;  Yufen Liu1,#

 

Summary
What is already known about this topic?
Late  human  immunodeficiency  virus  (HIV)  diagnosis
remains  prevalent  among  older  adults  in  China;
however,  recent  national-level  evidence  characterizing
its correlates remains limited.
What is added by this report?
Using  nationwide  surveillance  data  spanning
2022–2024  and  employing  two  complementary
analytical approaches, this study identified transmission
route  and  geographic  region  as  primary  correlates  of
late  HIV  diagnosis.  Decision-tree  analysis  further
identified  two  distinct  subgroups  in  eastern  China
exhibiting  particularly  elevated  proportions  of  late
diagnosis.
What  are  the  implications  for  public  health
practice?
These  findings  provide  epidemiological  evidence  to
inform more targeted HIV screening strategies tailored
to  specific  population  subgroups,  geographic  regions,
and diagnostic settings.

 

ABSTRACT

Introduction:  Late  HIV  diagnosis  represents  a
critical  public  health  challenge  among  older  adults  in
China.  Identifying  its  correlates  is  essential  for
enhancing  timely  detection  and  improving  health
outcomes.

Methods:  We  analyzed  newly  reported  human
immunodeficiency virus (HIV)-infected cases aged ≥50
years using national surveillance data from 2022–2024.
Logistic  regression  was  employed  to  examine  factors
associated  with  late  diagnosis,  while  decision  tree
modeling captured complex variable interactions.

Results:  Among  162,026  cases,  77.78%  were
diagnosed  late.  Late  diagnosis  was  more  frequently
observed  among  males,  older  individuals,  non-

migrants,  ethnic  minorities,  those  without  sexually
transmitted  disease  (STD)  history,  individuals  with
higher  education,  cases  diagnosed  in  medical
institutions,  residents  of  eastern  China,  and  those
infected through non-marital  commercial  heterosexual
contact (adjusted odds ratio=1.05–1.60). The decision-
tree model identified transmission route and region as
primary  stratifiers.  Within  the  eastern  China  branch,
two  terminal  subgroups  exhibited  particularly  high
proportions  of  late  diagnosis:  individuals  infected
through  non-marital  commercial  heterosexual  contact
(74.6%) and those infected through other heterosexual
or  men  who  have  sex  with  men  (MSM)  routes  who
were diagnosed in medical institutions (73.0%).

Conclusions: Late HIV diagnosis among older adults
in  China  remains  persistently  high.  These  findings
identify  specific  population  subgroups  and  diagnostic
settings with elevated proportions of late diagnosis and
underscore  the  need  for  targeted  screening
interventions,  strengthened  testing  protocols  in
medical  settings,  and  enhanced  risk  awareness  among
older heterosexual adults. 

 

Late  human  immunodeficiency  virus  (HIV)
diagnosis  remains  a  major  global  challenge,  despite
substantial  progress  in  HIV prevention  and  treatment
(1). The European Late Diagnosis Consensus Working
Group (2) defines late HIV diagnosis as an initial HIV
diagnosis  with  a  CD4  count  <350  cells/μL  or  the
presence  of  an  acquired  immunodeficiency  syndrome
(AIDS)-defining  event,  regardless  of  CD4  level.  This
phenomenon  is  particularly  prevalent  among  adults
aged  ≥50  years,  who  often  underestimate  their
infection  risk  and  may  engage  in  high-risk  sexual
behaviors  without  seeking  timely  testing  (3).  Among
older  adults,  late  diagnosis  leads  to  compromised
immune  recovery,  increased  susceptibility  to
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opportunistic infections, and elevated mortality. At the
population  level,  delayed  diagnosis  undermines  the
public  health  benefits  of  Treatment  as  Prevention,
increases  healthcare  expenditures,  and  heightens  the
risk  of  ongoing  transmission  (4).  Although  numerous
studies  have  examined  late  HIV  diagnosis,  most  have
been  regional  or  population-specific,  leaving  a  gap  in
recent  national-level  evidence.  Furthermore,  prior
national investigations have predominantly focused on
individual  risk  factors  without  exploring  interaction-
based risk stratification among older adults. To address
these  limitations,  we  analyzed  recent  nationwide
surveillance  data  from  adults  aged  ≥50  years  using  a
classification  and  regression  tree  (CRT)  model.  Our
objectives were to identify high-risk subgroups through
interaction-based  analysis  and  to  characterize  factors
associated with late diagnosis, thereby informing more
targeted screening and intervention strategies.

Data  were  obtained  from  the  Chinese  HIV/AIDS
Comprehensive  Response  Information  Management
System.  Among  newly  reported  cases  from January  1,
2022 to December 31, 2024 with a final review status
of  “approved”  and  aged  ≥50  years  at  diagnosis,  late
diagnosis was defined using five established criteria (5):
1)  HIV/AIDS  deaths  from  non-accidental  causes;  2)
surviving  or  accidental-death  HIV/AIDS  cases  with
CD4  count  <350  cells/μL;  3)  surviving  or  accidental-
death  AIDS  cases  with  CD4 count  between  350–499
cells/μL;  4)  surviving  or  accidental-death  AIDS  cases
without  CD4 testing;  5)  surviving  or  accidental-death
HIV cases without CD4 testing. For the fifth category,
late  diagnosis  status  was  estimated  based  on  the
proportion  of  CD4  <350  cells/μL  among  tested  cases
within  the  same  demographic  stratum.  Because  this
estimation  approach  could  not  be  verified  at  the
individual level and introduced potential measurement
error,  we  excluded  the  fifth  category  from  the
multivariable analysis to ensure diagnostic accuracy.

Regions  were  grouped  into  eastern,  central,  and
western  zones  according  to  economic  development
level. The variable ‘source of detection’ was included as
a surveillance-based classification to capture differences
in  case-finding  contexts.  “Transmission  route”  was
classified  using  standardized  categories  from  the
national  HIV  surveillance  system  at  the  time  of  case
reporting. Variables were selected for analysis based on
two  criteria:  their  established  relevance  in  prior
surveillance-based  studies  of  late  HIV  diagnosis  and
their  availability  within  the  national  HIV  surveillance
system  with  standardized  reporting  protocols.  Data

were  cleaned  using  Excel  2021  (Microsoft
Corporation,  Redmond,  Washington,  USA)  and
analyzed  in  R  version  4.2  (version  4.2,  R  Foundation
for  Statistical  Computing,  Vienna,  Austria).  Chi-
square  tests  were  used  for  group  comparisons,  and
logistic  regression was  applied  for  both  univariate  and
multivariate analyses. Adjusted odds ratios (aORs) and
95%  confidence  intervals  (CIs)  were  calculated.
Statistical  significance  was  set  at  P<0.05.  A
classification  and  regression  tree  (CRT)  model  was
developed  to  predict  late  diagnosis  using  recursive
binary  splitting,  which  partitions  data  based  on
variables  that  maximize  homogeneity  within  resulting
subgroups (measured by reduction in Gini impurity, a
metric  quantifying  classification  accuracy).  Data  were
randomly  divided  into  training  (70%)  and  validation
(30%)  sets,  with  cross-validation  pruning  applied  to
prevent  overfitting.  Variable  importance  was  assessed
by  evaluating  each  variable’s  split  frequency  and
contribution  to  model  performance,  with  region  and
transmission route emerging as key stratifiers.

A total of 162,026 newly reported HIV/AIDS cases
aged ≥50 years were included in the analysis, of whom
71.13%  were  male  (115,279/162,026).  Overall,
77.78%  (126,018/162,026)  were  diagnosed  late.
Demographic  characteristics  revealed  that  nearly  half
were aged 50–59 years (47.09%), 65.0% were farmers,
and the majority were of Han ethnicity (87.93%), had
education  below  primary  school  level  (61.45%),  and
were married (57.10%). Geographically, eastern China
accounted  for  48.45%  of  all  cases,  and  96.19%  were
non-migrants.  Heterosexual  transmission  was  the
predominant  route  (90.23%),  with  non-marital  non-
commercial  contact  representing  the  most  common
subtype  (42.03%,  68,106/162,026).  Most  cases  were
identified  through  medical  institutions  (69.51%,
112,619/162,026).

After  excluding  individuals  without  CD4  results,
145,741  cases  remained  for  multivariable  analysis.
Among  these  cases  with  complete  CD4 data,  75.29%
(109,733/145,741)  were  diagnosed  late,  a  slightly
lower  proportion  than  the  overall  sample  due  to  the
exclusion  of  estimated  late  diagnoses  without
laboratory  confirmation.  Late  diagnosis  demonstrated
positive  associations  with  male  sex  (aOR=1.13),  non-
migration  status  (aOR=1.18),  absence  of  STD history
(aOR=1.11),  higher  educational  attainment
(aOR=1.08–1.10),  and  residence  in  eastern  China
(aOR=1.14).  Weaker  positive  associations  were
observed  for  ethnic  minority  status  (aOR=1.06)  and
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older  age  (aOR=1.08–1.11).  Regarding  transmission
routes,  non-marital  commercial  heterosexual  contact
exhibited the highest risk relative to injection drug use
(IDU)  (aOR=1.60,  95%  CI:  1.25,  2.05).  Cases
detected  in  medical  institutions  also  demonstrated
elevated  odds  of  late  diagnosis  compared  with  those
identified  through  key  population  screening
(aOR=1.05, 95% CI: 1.02, 1.08) (Table 1).

The  decision-tree  model  identified  transmission
route,  region,  migration  status,  sex,  and  source  of
detection  as  the  primary  stratifiers  of  late  diagnosis,
yielding  14 terminal  subgroups  (referred  to  as “nodes”
in  tree-based  classification).  The  overall  proportion  of
late  diagnosis  at  the  root  node  was  67.7%.  Following
stratification  by  region,  the  model  identified  two
particularly high-risk terminal nodes within the eastern
China  branch  (Node  3).  The  first  high-risk  pathway
comprised  individuals  in  eastern  China  infected
through  non-marital  commercial  heterosexual  contact
(Node  7),  with  a  late  diagnosis  proportion  of  74.6%.
The  second high-risk  pathway  included  individuals  in
eastern  China  infected  through  transmission  from  an
HIV-positive  spouse/regular  partner,  men  who  have
sex with men (MSM), or non-marital non-commercial
heterosexual contact, who were subsequently diagnosed
in medical institutions (Node 11), with a late diagnosis
proportion of 73.0% (Figure 1).

The  logistic  regression  and  decision-tree  models
demonstrated  comparable  overall  discrimination,  with
AUCs  of  0.710  (95%  CI:  0.708–0.713)  and  0.718
(95%  CI:  0.715–0.721),  respectively  (P<0.001).
However,  the  decision-tree  model  exhibited  superior
sensitivity (0.976 vs. 0.859) and a larger Youden index
(0.451  vs.  0.326),  indicating  moderately  better
performance in identifying late diagnosis among adults
aged ≥50 years (Figure 2). 

DISCUSSION

Based on nationwide surveillance data from 2022 to
2024, a substantial proportion of adults aged ≥50 years
were diagnosed at a late stage (77.78%), a rate that has
remained  persistently  elevated  compared  with  earlier
reports  in  which  late  diagnosis  consistently  exceeded
65%  during  2015–2019  (3).  Although  internal  data
suggested  a  temporary  decline  during  2020–2021,
potentially  attributable  to  coronavirus  disease  2019
(COVID-19)  pandemic-related  disruptions  in  testing
services,  the  persistently  high  proportion  observed  in
recent years indicates that timely HIV diagnosis among

older adults continues to present significant challenges.
Previous  studies  have  generally  demonstrated  that  late
HIV diagnosis among older adults is associated with a
range  of  demographic  and  epidemiological  factors,
including  male  sex,  heterosexual  transmission,  and
facility-based  diagnosis,  most  often  identified  through
logistic  regression  analyses  (3,6).  Consistent  with  this
literature,  our  regression  results  confirmed  similar
associations.  Through  decision-tree  modeling,  we
extended these findings by illustrating how such factors
co-occur within the observed data. Beyond identifying
independent  associations,  the  decision-tree  model
delineated  two  high-risk  terminal  nodes  in  eastern
China  —  non-marital  commercial  heterosexual
transmission  and  other  heterosexual  or  MSM
transmission  routes  combined  with  diagnosis  in
medical institutions — thereby uncovering interaction-
based risk  patterns  not  captured by regression analysis
alone.

Notably,  the  eastern  region  exhibited  the  highest
proportion  of  late  diagnosis,  contrasting  with  earlier
studies  that  reported  greater  risks  in  southwestern
China  (7–8).  This  regional  difference  likely  reflects
variation  in  HIV  service  delivery  pathways.  Long-
standing  high-burden  areas  in  the  southwest  have
developed  more  established  surveillance  systems  and
proactive  testing  practices,  whereas  routine  HIV
screening  remains  less  systematically  integrated  into
outpatient  care  across  many  eastern  settings  (9).
Additionally, a higher proportion of late diagnosis was
observed among cases detected in medical institutions,
suggesting  persistent  reliance  on  symptom-driven
testing  rather  than  routine  screening  protocols.  Non-
migrants  demonstrated  a  higher  proportion  of  late
diagnosis,  potentially  reflecting  reduced  access  to
testing  opportunities  or  support  services.  The  variable
“no  history  of  sexually  transmitted  disease”  showed
only  weak  associations  and  did  not  emerge  as  a
splitting variable in the decision-tree model, indicating
limited contribution to risk stratification. While earlier
studies  predominantly  identified  individual-level
factors  such  as  sex,  education,  and  transmission  route
(3,8),  the  decision-tree  analysis  in  this  study  further
delineated  specific  factor  combinations — particularly
heterosexual  transmission in eastern regions combined
with  diagnosis  in  medical  institutions  —  thereby
providing  a  more  nuanced  characterization  of
heterogeneity in late diagnosis patterns.

This  study has  several  limitations.  First,  reliance  on
case-reporting  data  without  serological  markers  for
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TABLE 1. Factors associated with late diagnosis among cases aged ≥50 years, 2022–2024 (n=145,741).

Variables
Late diagnosis Multivariate analysis

N Proportion (%) β S.E. Z P aOR (95% CI)

Sex

Female 30,393 70.51 1.00 (Reference)

Male 79,340 77.30 0.13 0.01 8.90 <0.05 1.13 (1.10, 1.16)

Age (years)

50–59 50,996 76.08 1.00 (Reference)

60–69 35,961 80.54 0.10 0.01 8.28 <0.05 1.11 (1.08, 1.13)

70–79 19,092 78.34 0.08 0.02 5.15 <0.05 1.08 (1.05, 1.11)

≥80 3,684 73.34 0.03 0.03 −4.87 <0.05 0.87 (0.82, 0.92)

Migration status

Yes 3,932 75.27 1.00 (Reference)

No 105,801 76.02 0.17 0.03 6.05 <0.05 1.18 (1.12, 1.25)

Occupation

Farmer 71,656 75.64 1.00 (Reference)

Others 38,077 74.64 −0.03 0.01 −2.22 <0.05 0.97 (0.95, 0.99)

Ethnicity

Han 96,299 74.31 1.00 (Reference)

Ethnic minorities 13,434 75.43 0.05 0.02 3.16 <0.05 1.06 (1.02, 1.09)

History of sexually transmitted diseases (STDs)

Yes 14,126 75.08 1.00 (Reference)

No 87,098 75.35 0.10 0.02 6.63 <0.05 1.11 (1.08, 1.14)

Unknown 8,509 75.05 0.07 0.02 3.06 <0.05 1.08 (1.03, 1.13)

Education level

Illiterate 12,952 74.08 1.00 (Reference)

Primary school 54,191 75.06 0.09 0.02 5.13 <0.05 1.09 (1.06, 1.13)

Junior high school 31,131 75.85 0.10 0.02 4.98 <0.05 1.10 (1.06, 1.14)

Senior high school or above 11,459 74.63 0.07 0.02 3.04 <0.05 1.08 (1.03, 1.13)

Source of detection

Key population screening 21,291 71.75 1.00 (Reference)

Medical institutions 76,576 76.99 0.05 0.01 3.43 <0.05 1.05 (1.02, 1.08)

Others 11,866 71.49 −0.03 0.02 −1.26 0.207 0.97 (0.94, 1.01)

Regional distribution

Western 51,944 74.12 1.00 (Reference)

Central 17,544 74.78 0.04 0.02 2.49 <0.05 1.06 (1.03, 1.09)

Eastern 40,245 76.49 0.13 0.01 10.38 <0.05 1.14 (1.11, 1.17)

Route of transmission

Injecting drug use 157 72.59 1.00 (Reference)

Others or unknown 998 70.66 −0.26 0.13 −1.92 0.055 0.77 (0.59, 1.01)

Male-to-male sexual contact 9,407 73.42 0.33 0.13 2.63 <0.05 1.40 (1.09, 1.79)

Unclassified heterosexual transmission 5,451 71.04 −0.18 0.13 −1.40 0.161 0.84 (0.65, 1.07)

HIV-positive spouse or regular partner 8,747 75.21 0.37 0.13 2.91 <0.05 1.45 (1.13, 1.86)

Non-marital commercial heterosexual contact 39,201 77.92 0.47 0.13 3.73 <0.05 1.60 (1.25, 2.05)

Non-marital non-commercial heterosexual contact 45,772 74.81 0.34 0.13 2.72 <0.05 1.41 (1.10, 1.80)

Abbreviation: aOR=adjusted odds ratio; CI=confidence interval; S.E.=standard error; Z=Z statistic.
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recent  infection  (e.g.,  limiting  antigen  avidity  assays)
may  introduce  misclassification  bias  in  distinguishing
recent  from  long-standing  infections  at  the  time  of
diagnosis.  Although excluding estimated cases reduced
measurement  error,  this  approach  may  have  also
reduced  statistical  power  and  limited  generalizability.
Second,  potential  misclassification  of  sexual
transmission categories may exist  (10),  as self-reported
behavioral information is susceptible to recall bias and
non-disclosure.  Third,  the  cross-sectional  design
precludes  causal  inference.  Furthermore,  key
behavioral,  psychosocial,  and  healthcare  access–related
factors  were  not  captured  in  the  surveillance  dataset
and  therefore  could  not  be  assessed.  Despite  these

limitations, the use of nationwide surveillance data and
complementary  analytic  approaches  strengthens  the
robustness  of  the  findings.  In  conclusion,  this  study
identified  substantial  heterogeneity  in  late  HIV
diagnosis  among  older  adults  in  China,  providing
epidemiologically  grounded  evidence  to  inform
targeted  early  testing  strategies  and  prioritize
interventions for high-risk subgroups. 
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Summary
What is already known about this topic?
The impact of hepatitis C virus (HCV) co-infection on
antiretroviral therapy (ART) outcomes in people living
with  human  immunodeficiency  virus  (HIV)  remains
controversial across studies.
What is added by this report?
Using stratified matching methods, we constructed two
cohorts —  one  with  HIV/HCV  co-infection  and  one
with  HIV  mono-infection  —  to  compare  ART
outcomes.  Our  analysis  revealed  that  HIV/HCV  co-
infected individuals faced significantly elevated risks of
mortality,  virological  failure,  and  attrition  relative  to
their HIV mono-infected counterparts.
What  are  the  implications  for  public  health
practice?
Enhanced  prevention,  screening,  and  management
(including treatment) of hepatitis C virus within people
living  with  human  immunodeficiency  virus  should  be
prioritized  and  strengthened  as  part  of  routine  clinical
care.

 

ABSTRACT

Introduction:  Human  immunodeficiency  virus
(HIV)  and  hepatitis  C  virus  (HCV)  represent  two
major  public  health  threats  worldwide.  However,  the
impact  of  HCV  co-infection  on  HIV  antiretroviral
therapy (ART) outcomes remains debated.

Methods:  Using  data  from  the  National  Free
Antiretroviral  Treatment  Program  database,  we
employed  stratified  matching  methods  to  extract  two
cohorts:  HIV/HCV  co-infected  individuals  and  HIV
mono-infected  individuals.  We  compared  differences
in  their  ART  outcomes  —  mortality,  virological
failure,  and  attrition  —  through  stratified  Cox
regression and conditional logistic regression analyses.

Results:  A  total  of  10,953  HIV/HCV  co-infected
and  17,348  HIV  mono-infected  individuals  were
included.  Across  all  baseline  CD4  strata,  HIV/HCV
co-infected  individuals  demonstrated  a  significantly

higher  risk  of  mortality,  virological  failure,  and
attrition compared to HIV mono-infected individuals.
The  risks  were  highest  for  all  ART  outcomes  in  the
group with a baseline CD4 count of 200–349 cells/μL.

Conclusion: Given  the  adverse  impact  of  HCV co-
infection  on  treatment  outcomes  among people  living
with  HIV  (PLWH),  enhanced  prevention,  screening,
and  management  (including  treatment)  of  HCV
within PLWH should be  prioritized and strengthened
as part of routine clinical care. 

 

The  epidemics  of  human  immunodeficiency  virus
(HIV)  and  hepatitis  C  virus  (HCV)  continue  to
impose  substantial  disease  burdens  worldwide  (1–2),
with  both  viruses  facing  the  goal  of  ending  epidemics
and  eliminating  public  health  threats  by  2030  (3–4).
Due  to  similar  transmission  pathways,  people  living
with  HIV  (PLWH)  are  prone  to  co-infection  with
HCV (5–6).  However,  evidence  regarding  the  impact
of  HCV  co-infection  on  antiretroviral  therapy  (ART)
outcomes  in  PLWH  remains  debated  across  studies
(7–8),  and  high-quality  evidence  to  guide  clinical
practice is  lacking. To address this knowledge gap, we
utilized  nearly  two  decades  of  national  ART  data  to
investigate how HCV co-infection may influence ART
outcomes in PLWH.

We conducted a retrospective cohort study using the
National  Free  Antiretroviral  Treatment  Program
database,  with  follow-up  extending  from  ART
initiation  through  December  31,  2023.  This  database
provided  comprehensive,  long-term,  real-world  data
that  accurately  captured  the  complete  treatment
trajectory  for  PLWH.  Participant  inclusion  criteria
were:  1)  age  ≥18  years;  2)  HBsAg  negative;  3)  ART
initiation  before  2023;  and  4)  availability  of  baseline
CD4  count.  Participants  were  stratified  by  baseline
CD4  count  into  four  groups:  0–199,  200–349,
350–499, and ≥500 cells/μL. Within each stratum, we
performed individual matching, pairing HIV/HCV co-
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infected  individuals  with  HIV  mono-infected
individuals.  To enhance study efficiency, we applied a
1:2 matching ratio for the CD4 count strata of 0–199
and  200–349  cells/μL;  for  the  remaining  two  strata
with  relatively  fewer  participants,  we  adopted  a  1:1
matching ratio. Based on previous research identifying
major  factors  influencing  HIV  treatment  outcomes,
matching  variables  included  sex,  ART  initiation  date,
ART  initiation  institution,  ART  regimen,  and  age
(8–9)  (Supplementary  Figure  S1,  available  at  https://
weekly.chinacdc.cn/).  Unmatched  individuals  were
excluded from the analysis.  Due to limited availability
of  HCV-RNA  data  in  the  database,  anti-HCV
positivity  served  as  the  indicator  of  HCV infection  in
this  study.  Consequently,  we  were  unable  to
distinguish  between  past  and  active  HCV  infection.
We  assessed  three  outcomes:  mortality  (all-cause
mortality),  virological  failure  (viral  load  >400
copies/mL  after  6  months  of  ART),  and  attrition
(including  death,  loss-to-follow-up,  and  treatment
withdrawal).  We  evaluated  the  association  between
HCV seropositivity and both mortality and virological
failure  using  stratified  Cox  regression  models,  while
conditional  logistic  regression  was  applied  to  assess
attrition  due  to  its  composite  nature.  Since  major
confounding  factors  influencing  HIV  treatment
outcomes  were  controlled  through  stratification  and
matching,  HCV  status  served  as  the  sole  covariate  in
both  the  Cox  and  logistic  regression  models.  In
sensitivity  analyses,  we  redefined  virological  failure
using  different  viral  load  thresholds  (>50,  >400,  and
>1,000 copies/mL) within the stratified Cox regression
framework.  All  statistical  analyses  were  performed
using  SAS  software  (version  9.4,  SAS  Institute  Inc.,
Cary, NC, USA), with statistical significance defined as
P<0.05.

This  study  included  10,953  HIV/HCV co-infected
and  17,348  HIV mono-infected  individuals.  The  two
groups  demonstrated  excellent  comparability,  with
well-balanced distributions of sex, ART initiation date,
ART  initiation  institution,  ART  regimen,  and  age
across  all  baseline  CD4  cell  count  strata  (Table  1).
Across  all  baseline CD4 strata,  HIV/HCV co-infected
individuals  exhibited  a  higher  proportion  of  adverse
ART  outcomes  compared  to  HIV  mono-infected
individuals,  and  both  Cox  and  logistic  regression
analyses  confirm  the  significance  of  this  difference
(Supplementary Table S1, Figure 1). When comparing
co-infected to mono-infected groups, the odds ratio for
attrition was lowest in the ≥500 cells/μL stratum (1.42)
and  highest  in  the  200–349  cells/μL  stratum  (1.92).

Correspondingly,  the  hazard  ratios  for  virological
failure were 1.20 and 1.47, while those for death were
1.44  and  2.13,  respectively.  All  differences  achieved
statistical  significance  (Figure  1).  The  effect  size  of
HCV  co-infection  on  ART  outcomes  varied
substantially  across  baseline  CD4  strata,  with  the
highest  risks  for  all  outcomes  observed  in  the  group
with baseline CD4 counts of 200–349 cells/μL.

Sensitivity  analysis  revealed  a  consistent  pattern  in
which  HCV co-infection  remained  associated  with  an
increased  risk  of  virological  failure  across  subgroups.
Hazard ratio values ranged from 1.10 to 1.47, with the
exception of  one  subgroup characterized  by  a  baseline
CD4  count  ≥500  cells/μL  and  a  viral  load  threshold
>50  copies/mL.  The  results  achieved  statistical
significance in the remaining 11 subgroups (Figure 2). 

DISCUSSION

This nationwide cohort study, spanning two decades
and  encompassing  over  28,000  participants,
demonstrates  that  HCV  co-infection  significantly
increases  the  risks  of  death,  virological  failure,  and
attrition  among  PLWH.  The  elevated  risk  was  most
pronounced  in  individuals  with  baseline  CD4  counts
of 200–349 cells/μL. Our findings regarding mortality
and  attrition  align  with  both  domestic  and
international  research.  However,  some  studies  have
reported  no  significant  difference  in  virological  failure
risk  between  HIV/HCV  co-infected  and  HIV  mono-
infected  individuals  —  discrepancies  that  may  stem
from  variations  in  study  populations,  follow-up
duration,  and  analytical  approaches  (8,10).  The  effect
magnitude  of  HCV  co-infection  on  treatment
outcomes  varied  across  baseline  CD4  strata,  with  the
strongest associations observed in the 200–349 cells/μL
group. Furthermore, sensitivity analyses confirmed the
robustness  of  the  relationship  between  HCV  co-
infection  and  virological  response,  consistently
demonstrating  elevated  failure  risk  among  co-infected
individuals across different viral load thresholds.

This study leverages large-scale real-world data from
the nationwide ART database. Through rigorous study
design,  we  employed  stratification  and  matching
methods  to  balance  major  confounding  factors  —
rather  than relying solely  on statistical  adjustments —
and  carefully  selected  eligible,  high-quality  data  to
construct  two  comparable  observational  cohorts.  This
methodology  enables  relatively  precise  estimation  of
the  “net  effect”  of  HCV  co-infection  on  HIV
treatment  outcomes.  Although  observational  studies
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cannot control all potential confounders with the same
rigor as a two-arm randomized controlled trial (RCT),
our  approach  represents  an  innovative  strategy  to
enhance  research  efficiency  by  controlling  major
confounders  through  thoughtful  study  design.  This  is
particularly valuable given that conducting an RCT to
evaluate  the  impact  of  HCV  co-infection  on  HIV
outcomes would be neither ethical nor feasible.

Several  limitations  warrant  consideration.  First,  the
absence of  HCV-RNA testing data  prevented us  from

distinguishing  between  active  and  resolved  HCV
infections.  Anti-HCV  positivity,  which  encompasses
both  HCV-RNA  negative  and  HCV-RNA  positive
individuals,  may  attenuate  the  observed  impact  of
active  HCV  infection  on  adverse  ART  outcomes.
Second,  HCV  treatment  status  can  influence  HIV
treatment  outcomes,  but  we  were  unable  to  analyze
this  variable  due  to  its  absence  from  our  database.
Third, as a retrospective observational study, we could
not  control  for  all  possible  residual  confounders  (e.g.,
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FIGURE 1. Impact of hepatitis C virus co-infection on antiretroviral therapy outcomes in people living with HIV.
Abbreviation:  OR=odds  ratio;  HR=hazard  ratio;  CD4=cluster  of  differentiation  4  T-lymphocyte;  HIV=human
immunodeficiency virus.
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Baseline CD4 (cells/μL) HR (95% CI )

≥500

350–499

200–349
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1.20 (1.04–1.38)
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1.28 (1.15–1.42)
1.11 (1.02–1.20)

FIGURE 2. Sensitivity analysis of hepatitis C virus co-infection on virological failure in people living with HIV.
Abbreviation:  VL=HIV  viral  load;  HR=hazard  ratio;  CD4=cluster  of  differentiation  4  T-lymphocyte;  HIV=human
immunodeficiency virus.
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tuberculosis  co-infection,  liver  disease  severity,
socioeconomic  factors).  Nevertheless,  by  employing
stratification  and  matching  in  our  study  design,  we
successfully  controlled  for  major  confounding  factors.
In the absence of available RCTs, this study represents
a  valuable  contribution  to  understanding  HCV’s
impact on HIV treatment outcomes.

In conclusion, given the substantial negative impact
of  hepatitis  C  virus  co-infection  on  antiretroviral
therapy  outcomes  among  people  living  with  human
immunodeficiency  virus,  enhanced  prevention,
screening,  and comprehensive  management  (including
treatment)  of  hepatitis  C  virus  infection  within  this
population  should  be  prioritized  and  strengthened  as
an integral component of routine clinical care. 
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SUPPLEMENTARY MATERIAL

 

SUPPLEMENTARY TABLE S1. Antiretroviral therapy outcomes of HIV/HCV co-infected and HIV mono-infected individuals
by baseline CD4 count.

ART outcomes

Baseline CD4:
0–199 cells/μL

Baseline CD4:
200–349 cells/μL

Baseline CD4:
350–499 cells/μL

Baseline CD4:
≥500 cells/μL

HIV/HCV
(N=3,793, %)

HIV
(N=7,586, %)

HIV/HCV
(N=2,602, %)

HIV
(N=5,204, %)

HIV/HCV
(N=2,783, %)

HIV
(N=2,783, %)

HIV/HCV
(N=1,775, %)

HIV
(N=1,775, %)

ART Status

Retention 2,587 (68.2) 6,084 (80.2) 2,014 (77.4) 4,590 (88.2) 2,257 (81.1) 2,441 (87.7) 1,471 (82.9) 1,561 (87.9)
Loss to follow-
up 70 (1.8) 83 (1.1) 74 (2.8) 97 (1.9) 68 (2.4) 65 (2.3) 59 (3.3) 49 (2.8)

Withdrawal 46 (1.2) 48 (0.6) 36 (1.4) 42 (0.8) 50 (1.8) 34 (1.2) 42 (2.4) 32 (1.8)

Death 1,090 (28.7) 1,371 (18.1) 478 (18.4) 475 (9.1) 408 (14.7) 243 (8.7) 203 (11.4) 133 (7.5)

Virological failure

No 2,419 (63.8) 5,439 (71.7) 1,687 (64.8) 3,858 (74.1) 1,695 (60.9) 1,916 (68.8) 1,022 (57.6) 1,160 (65.4)

Yes 783 (20.6) 1,324 (17.5) 707 (27.2) 1,121 (21.5) 901 (32.4) 727 (26.1) 633 (35.7) 523 (29.5)

VL missing 591 (15.6) 823 (10.8) 208 (8.0) 225 (4.3) 187 (6.7) 140 (5.0) 120 (6.8) 92 (5.2)
Abbreviation:  HIV=human immunodeficiency  virus;  HCV=hepatitis  C  virus;  ART=antiretroviral  therapy;  CD4=cluster  of  differentiation  4  T-
lymphocyte; VL=HIV viral load.

 

Without HBsAg testing or with a
positive HBsAg test (n=476,887)

PLWH aged 18 or older receiving ART
(n=1,357,741)

Without baseline CD4
testing (n=82,56l)

PLWH with negative HBsAg and
available baseline CD4 results

(n=798,293)
Stratified Stratified

Baseline CD4: 0–199
(n=302,702)

Baseline CD4: 200–349
(n=263,489)

Baseline CD4: 350–499
(n=142,016)

Baseline CD4: ≥500
(n=90,086)

HIV/HCV
(n=3,793)

HIV
(n=7,586)

HIV/HCV
(n=2,602)

HIV
(n=5,204)

HIV/HCV
(n=2,783)

HIV
(n=2,783)

HIV/HCV
(n=1,775)

HIV
(n=1,775)

Matching ratio 1:2 Matching ratio 1:2 Matching ratio 1:1 Matching ratio 1:1

SUPPLEMENTARY FIGURE S1. Introduction of sampling steps.
Note: Matching variables included sex, ART initiation date, ART initiation site, ART regimen, and age.
Abbreviation:  PLWH=people  living  with  human  immunodeficiency  virus;  ART=antiretroviral  therapy;  HBsAg=hepatitis  B
surface antigen; CD4=cluster of differentiation 4 T-lymphocyte; HIV=human immunodeficiency virus; HCV=hepatitis C virus.

China CDC Weekly

Chinese Center for Disease Control and Prevention CCDC Weekly / Vol. 8 / No. 4 S1



 

Preplanned Studies

Increasing Uptake of Pre-Exposure Prophylaxis and Associated
Behavioral Changes Among Men Who Have Sex with Men

— Qingdao City, Shandong Province, China, 2024–2025

Ruzhuo Liu1;  Peilong Li1;  Lin Ge1;  Meizhen Liao2;  Xin Song3;  Yong Fu3;  Houlin Tang1;  Dongmin Li1,#

 

Summary
What is already known on this topic?
Pre-exposure  prophylaxis  (PrEP)  effectively  prevents
human  immunodeficiency  virus  (HIV)  infection
among men who have sex with men (MSM); however,
its uptake in China remains low.
What is added by this report?
In  a  prospective  cohort  of  MSM  in  Qingdao,  recent
PrEP use  doubled  from 4.6%  in  June  2024 to  10.4%
in  June  2025,  which  was  accompanied  by  decreased
condomless anal intercourse and increased HIV testing.
MSM who seek sexual partners online are less likely to
use PrEP.
What  are  the  implications  for  public  health
practice?
Public health strategies should prioritize targeted digital
interventions  for  MSM  who  primarily  seek  sexual
partners  online,  reinforce  health  education  on  the
benefits  of  PrEP,  and  institutionalize  PrEP  referral
pathways to accelerate PrEP scale-up.

 

ABSTRACT

Introduction:  Pre-exposure  prophylaxis  (PrEP)
coverage  among men who have  sex  with men (MSM)
in  China  is  suboptimal,  and  longitudinal  data  on
uptake  dynamics  are  scarce.  This  study  describes
temporal trends in PrEP use and identifies correlates of
recent uptake among MSM in Qingdao, China.

Methods:  Prospective  cohort  study  conducted  on
MSM in Qingdao. Participants were enrolled between
January  2024  and  June  2024,  with  follow-up  surveys
conducted  every  six  months  until  June  2025.  The
primary outcome was PrEP use in the past six months.
Cochran–Armitage  tests  and  generalized  estimating
equations were used for analysis.

Results: Among 580 MSM enrolled at baseline, 518
(89.3%) completed all follow-up visits. In this sample,
recent  PrEP  use  doubled  from 4.6%  in  June  2024  to

10.4%  in  June  2025,  which  was  accompanied  by
decrease  in  condomless  anal  intercourse  and  an
increase  in  human  immunodeficiency  virus  testing.
The  multivariate  analysis  revealed  that  MSM  who
primarily sought sexual partners online were less likely
to  use  PrEP  [adjusted  odds  ratio  (aOR)=0.32,  95%
confidence  interval  (CI):  0.15,  0.67],  whereas
perceived  PrEP  effectiveness  (aOR=7.43,  95%  CI:
3.29,  16.81)  and  prior  post-exposure  prophylaxis
(PEP)  use  (aOR=2.20,  95%  CI:  1.28,  3.71)  were
strong predictors of uptake.

Conclusion: PrEP uptake is increasing among MSM
in Qingdao, complemented by positive shifts in sexual
health  behaviors.  Public  health  strategies  must
prioritize  innovative  digital  interventions  to  reach
MSM who  are  active  online,  reinforce  the  benefits  of
PrEP, and institutionalize the PEP-to-PrEP pathways. 

 

Pre-exposure  prophylaxis  (PrEP)  is  the  use  of
antiretroviral  medication  against  the  human
immunodeficiency virus (HIV), and it has been proven
to  be  highly  effective  in  diverse  populations.  As  a
critical  component  of  combination  HIV  prevention,
PrEP  is  instrumental  in  achieving  the  Joint  United
Nations Program on HIV/AIDS (UNAIDS)’s “95-95-
95” targets to end the HIV epidemic.  However,  PrEP
coverage  among men who have  sex  with men (MSM)
remains suboptimal in China, despite increasing policy
attention  and  pilot  implementation  (1).  Previous
studies  have  relied  mainly  on  cross-sectional  designs
and “ever used” metrics that obscure temporal patterns
of  engagement.  To  address  this  gap,  we  used
longitudinal  data  to  characterize  the  dynamic  changes
in PrEP use and identify its correlates among MSM in
Qingdao, Shandong Province, China.

We  conducted  a  prospective  cohort  study  among
MSM  in  Qingdao  to  analyze  the  temporal  trends  in
PrEP  use  and  identify  the  key  factors  influencing
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recent  uptake.  Participants  were  recruited  using
snowball  sampling  through  community-based
organizations (CBOs) between January and June 2024.
Eligible  participants  were  HIV-negative,  aged  ≥18
years,  and reported having sex with a  man in the past
six  months.  Following  a  baseline  survey,  participants
were  followed up every  six  months,  and the final  visit
was  completed  in  June  2025.  Data  on
sociodemographics,  risk  behaviors,  and  healthcare
utilization  were  collected  via  face-to-face  interviews
using  structured  questionnaires.  Data  entry  was
performed  using  the  EpiData  software  (version  3.1,
EpiData  Assoc.,  Odense,  Denmark).  The  primary
outcome  of  interest  was  “recent  PrEP  use”,  which  is
defined as self-reported use in the six months preceding
the survey. In addition, “ever used” was defined as any
use  of  PrEP  at  any  point  up  to  the  survey  date.
Reporting was consistent with the STROBE checklist.
This  study  was  approved  by  the  Ethics  Committee  of
the  National  Center  for  AIDS/STD  Control  and
Prevention  and  the  Chinese  Center  for  Disease
Control  and  Prevention  (Approval  No.  X151113388,
dated  June  18,  2024),  and  conformed  to  the  ethical
principles  of  the  Declaration  of  Helsinki  (2024).
Written  informed  consent  was  obtained  from  all
participants before enrollment.

Temporal  trends  in  PrEP use  and  related  behaviors
were  analyzed  using  the  Cochran-Armitage  test,  and
correlates  of  recent  PrEP  use  were  identified  using
generalized  estimating  equations  (GEE).  The  model
included  a  study  visit  to  explicitly  model  the  time
trend.  Other  covariates  selected  based  on  univariate
analyses  (P≤0.2)  were  also  included  to  identify
independent  predictors  of  recent  PrEP  use.  A
sensitivity  analysis  was  performed  to  assess  the
potential  impact  of  attrition  bias,  which  included  all
baseline  participants  and  all  available  follow-up  data.
All  analyses  were  performed in  SAS (version  9.4,  SAS
Institute Inc., Cary, NC, USA), and a P-value of ≤0.05
(two-tailed) was considered statistically significant.

A  total  of  580  MSM  were  enrolled  at  baseline,  of
which 518 (89.3%) completed all  follow-up visits and
were  included  in  the  primary  analysis.  Participants
were  predominantly  aged  ≥30  years  (71.0%),  highly
educated  (79.0%  college  graduates  or  above),  and
sexually  active,  with  87.1%  reporting  three  or  more
casual partners in the past six months at baseline. More
than  two-thirds  (66.7%)  perceived  PrEP  to  be
effective,  and  20.9%  had  previously  used  PEP
(Table 1).

The percentage of the study group reported to have

ever  used  PrEP  increased  from  8.7%  at  baseline  to
19.3% by June 2025, whereas the group who reported
recent PrEP use doubled from 4.6% to 10.4%.  In the
same  period,  the  prevalence  of  condomless  anal
intercourse  (CAI)  decreased  (from  97.1%  to  90.0%),
while the proportion reporting frequent HIV testing (≥
3 times  in  the  past  six  months)  increased significantly
(from 85.7% to 93.1%) (Table 2).

The  multivariate  GEE  model  revealed  that  after
accounting  for  covariates,  recent  PrEP  use  was
significantly  higher  at  the  12-month  follow-up
compared to baseline [adjusted odds ratio (aOR)=1.76,
95%  confidence  interval  (CI):  1.15,  2.69],  while  no
significant change was observed at six months.  Several
factors  were  independently  associated  with  PrEP
uptake. Participants who perceived PrEP to be effective
(aOR=7.43,  95%  CI:  3.29,  16.81)  and  those  with  a
history  of  PEP  use  (aOR=2.20,  95% CI:  1.28,  3.71)
were  significantly  more  likely  to  report  recent  PrEP
use.  In  contrast,  MSM  who  primarily  sought  sexual
partners  online  had  significantly  lower  odds  of  using
PrEP recently compared to those who sought partners
offline (aOR=0.32, 95% CI: 0.15, 0.67) (Table 3).

A  sensitivity  analysis  that  included  all  580  baseline
participants  yielded  findings  consistent  with  the
primary analysis.  The temporal trends in PrEP uptake
(e.g., recent PrEP use increased from 4.5% to 10.4%),
CAI,  and HIV testing  remained significant.  Similarly,
the  multivariate  GEE  model  identified  the  same  four
factors  —  study  visit,  perceived  PrEP  effectiveness,
prior PEP use, and seeking sexual partners online — as
significant  correlates  of  recent  PrEP  use  with
comparable effect sizes. 

DISCUSSION

This  report  on  a  prospective  cohort  in  Qingdao
provides  crucial  longitudinal  evidence  of  the  evolving
landscape  of  PrEP  use  among  Chinese  MSM.  The
modest but steady increase in PrEP engagement was a
positive  signal,  suggesting  that  ongoing  promotional
efforts  have  been  successful.  The  proportion  of  the
study group reporting an “ever used” rate of 19.3%  is
comparable to that of a recent multi-city online survey
in China (17.9%) and higher than the rates reported in
Shandong Province (9.2%) and Beijing (12.9%) (2–4).
Nevertheless,  these  rates  remain well  below those seen
in  high-income  countries,  where  uptake  can  exceed
40%, and are still below rates in some Latin American
settings,  such as  Brazil  (19.5%),  indicating  substantial
room for programmatic expansion (5–6).
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TABLE 1. Baseline characteristics of MSM participating in the PrEP in Qingdao (January–June 2024).

Variables
Participants Follow-up Lost to Follow-up

χ² P
N=580 N1=518 (89.3%) N2=62 (10.7%)

Age, years

18–29 168 (29.0) 155 (29.9) 13 (21.0)

≥30 412 (71.0) 363 (70.1) 49 (79.0) 2.15 0.142

Marital status

Single 449 (77.4) 396 (76.5) 53 (85.5)

Married 131 (22.6) 122 (23.5) 9 (14.5) 2.59 0.108

Education level

High school graduates or below 122 (21.0) 115 (22.2) 7 (11.3)

College graduates or above 458 (79.0) 403 (77.8) 55 (88.7) 3.97 0.046

Monthly income, CNY

<5,000 263 (45.3) 244 (47.1) 19 (30.7)

≥5,000 317 (54.7) 274 (52.9) 43 (69.3) 6.05 0.014

Avenues for seeking sexual partners

Offline 23 (4.0) 23 (4.4) 0 (0)

Online 557 (96.0) 495 (95.6) 62 (100) 2.97 0.090

HIV infection risk perception

Low/Moderate 565 (97.4) 506 (97.7) 59(95.2)

High 15 (2.6) 12 (2.3) 3 (4.8) 1.40 0.237

Sexual partners’ HIV serostatus

Negative 426 (73.4) 382 (73.7) 44 (71.0)

Unknown/Positive 154 (26.6) 136 (26.3) 18 (29.0) 0.219 0.640

Recreational drug usage in the past six months

No 148 (25.5) 126 (24.3) 9 (14.5)

Yes 445 (76.7) 392 (75.7) 53 (85.5) 2.98 0.084

CAI in the past six months

No 18 (3.1) 15 (2.9) 3 (4.8)

Yes 562 (96.9) 503 (97.1) 59 (95.2) 0.70 0.404

Number of casual sexual partners in the past six months

<3 75 (12.9) 64 (12.4) 11 (17.7)

≥3 505 (87.1) 454 (87.6) 51 (82.3) 1.43 0.232

Commercial sex in the past six months

No 466 (80.3) 409 (79.0) 57 (91.9)

Yes 114 (19.7) 109 (21.0) 5 (8.1) 5.90 0.016

Group sex in the past six months

No 113 (19.5) 103 (19.9) 10 (16.1)

Yes 467 (80.5) 415 (80.1) 52 (83.9) 0.497 0.480

STIs in the past six months

No 565 (97.4) 506 (97.7) 59 (95.2)

Yes 15 (2.6) 12 (2.3) 3 (4.8) 1.40 0.237

Perceived PrEP effectiveness

Not good 193 (33.3) 175 (33.8) 18 (29.0)

Good 387 (66.7) 343 (66.2) 44 (71.0) 0.56 0.453
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Notably,  the  simultaneous  reduction  in  CAI  and
increase in HIV testing contradict concerns about “risk
compensation”  (7).  Instead,  the  observed  pattern
suggests  that PrEP engagement may encourage greater
overall  health-seeking  behaviors.  MSM  who  initiate
PrEP are more likely to be health-conscious, motivated
to  test  regularly,  and  engaged  in  community
prevention services. Although PrEP users exhibit more
positive  health  behaviors,  it  is  still  necessary  to
integrate  these  in  interventions  targeting  the  MSM
populations.  For  instance,  PrEP  use  should  be
combined  with  safer  sexual  practices  (e.g.,  correct
condom  use)  to  form  a  dual  protection  model.
Interventions,  such  as  this  “PrEP  +  safer  sex” model,
will  further  improve  the  effectiveness  of  HIV
prevention  and  control  and  reduce  the  risk  of  other
sexually transmitted infections (STIs).

The  strong  association  between  perceived  PrEP
effectiveness  and  uptake  highlights  the  importance  of

accurate,  persuasive  health  communication,  aligning
with  core  tenets  of  behavioral  theories,  such  as
Protection  Motivation  Theory,  where  the  perceived
efficacy  of  a  preventive  action  is  a  primary  driver  of
behavior change (8). Equally important is the “PEP-to-
PrEP” transition. Individuals who have previously used
PEP often have a repeated risk of HIV exposure. Their
experience  with  antiretroviral  medications  provides
them  with  familiarity  in  adherence  routines  and
healthcare  engagement,  making  them ideal  candidates
for PrEP initiation (9). Therefore, multichannel health
education  should  be  conducted  to  clearly  convey  the
high effectiveness of PrEP and correct cognitive biases.
In  particular,  in  PEP  outpatient  services,  PrEP
publicity  and  education  should  be  provided
simultaneously  to  individuals  seeking  consultation.
Combined  with  an  assessment  of  exposure  risk,  PrEP
should be proactively recommended to build a seamless
“PEP-to-PrEP” intervention pathway.

Continued

Variables
Participants Follow-up Lost to Follow-up

χ² P
N=580 N1=518 (89.3%) N2=62 (10.7%)

Number of HIV testing in the past six months

<3 83 (14.3) 74 (14.3) 9 (14.5)

≥3 497 (85.7) 444 (85.7) 53 (85.5) 0.01 0.961

Ever used PEP

No 459 (79.1) 411 (79.3) 48 (77.4)

Yes 121 (20.9) 107 (20.7) 14 (22.6) 0.12 0.724
Note: P≤0.05 were considered statistically significant and are shown in bold.
Abbreviation:  PrEP=pre-exposure  prophylaxis;  PEP=post-exposure  prophylaxis;  CAI=condomless  anal  intercourse;  STIs=sexually
transmitted infections; CNY=Chinese Yuan.

 

TABLE 2. Temporal trends of PrEP use and related behaviors among MSM in Qingdao (2024–2025).

Variables Baseline
(2024/06)

6-month follow-up
(2024/12)

12-month follow-up
(2025/06) Ztrend P

Ever used PrEP 45 (8.7) 60 (11.6) 100 (19.3) 5.05 <0.001

Recent PrEP use 24 (4.6) 30 (5.8) 54 (10.4) 3.67 <0.001

Recent PEP use 16 (3.1) 12 (2.3) 15 (2.9) −0.19 0.850
Sexual partners who are HIV-positive or of unknown

status in the past six months 136 (26.3) 96 (18.5) 134 (25.8) −0.15 0.884

Recreational drug use in the past six months 392 (75.7) 398 (76.8) 386 (74.5) −0.43 0.664

CAI in the past six months 503 (97.1) 507 (97.9) 466 (90.0) −5.26 <0.001

Number of casual partners ≥3 in the past six months 454 (87.6) 461 (89.0) 452 (87.3) −0.19 0.848

Engagement in commercial sex in the past six months 109 (21.0) 105 (20.3) 99 (19.1) −0.77 0.438

Participation in group sex in the past six months 415 (80.1) 426 (82.2) 410 (79.1) −0.39 0.695

Diagnosis of STIs in the past six months 12 (2.3) 16 (3.1) 7 (1.3) −1.05 0.295

Frequent HIV testing (≥3) in the past six months 444 (85.7) 479 (92.5) 482 (93.1) 4.01 <0.001
Note: P≤0.05 were considered statistically significant and are shown in bold.
Abbreviation:  PrEP=pre-exposure  prophylaxis;  PEP=post-exposure  prophylaxis;  CAI=condomless  anal  intercourse;  STIs=sexually
transmitted infections.
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TABLE 3. Factors associated with recent PrEP use identified by GEE among MSM in Qingdao (2024–2025).

Variables
Recent PrEP use

OR (95% CI) P aOR (95% CI) P
No (N1=1,446) Yes (N2=108)

Age, years

18–29 388 (93.0) 29 (7.0) 1.00

≥30 1,058 (93.1) 79 (6.9) 0.98 (0.60, 1.59) 0.935

Marital status

Single 1,107 (92.4) 91 (7.6) 1.00 1.00

Married 339 (95.2) 17 (4.8) 0.59 (0.32, 1.11) 0.103 0.67 (0.36, 1.27) 0.218

Education level

High school graduate or below 324 (93.9) 21 (6.1) 1.00

College graduate or above 1,122 (92.8) 87 (7.2) 1.19 (0.66, 2.15) 0.562

Monthly income, CNY

<5,000 689 (93.7) 46 (6.3) 1.00

≥5,000 757 (92.4) 62 (7.6) 1.16 (0.71, 1.91) 0.553

Avenues for seeking sexual partners

Offline 63 (85.1) 11 (14.9) 1.00 1.00

Online 1,383 (93.4) 97 (6.6) 0.33 (0.18, 0.63) <0.001 0.32 (0.15, 0.67) 0.002

HIV infection risk perception

Low/moderate 1,420 (93.3) 102 (6.7) 1.00 1.00

High 26 (81.2) 6 (18.8) 3.40 (1.06, 10.86) 0.038 2.99 (0.96, 9.33) 0.059

Sexual partners’ HIV serostatus

Negative 1,109 (93.3) 79 (6.7) 1.00

Unknown/positive 337 (92.1) 29 (7.9) 1.30 (0.78, 2.16) 0.318

Recreational drug usage in the past six months

No 352 (93.1) 26 (6.9) 1.00

Yes 1,094 (93.0) 82 (7.0) 0.93 (0.55, 1.58) 0.791

CAI in the past six months

No 75 (96.1) 3 (3.9) 1.00

Yes 1,371 (92.9) 105 (7.1) 1.65 (0.54, 5.02) 0.381

Number of casual sexual partners in the past six months

<3 177 (94.6) 10 (5.4) 1.00

≥3 1,269 (92.8) 98 (7.2) 1.16 (0.62, 2.16) 0.646

Commercial sex in the past six months

No 1,154 (93.0) 87 (7.0) 1.00

Yes 292 (93.3) 21 (6.7) 0.96 (0.51, 1.81) 0.908

Group sex in the past six months

No 286 (94.4) 17 (5.6) 1.00

Yes 1,160 (92.7) 91 (7.3) 1.09 (0.65, 1.81) 0.745

STIs in the past six months

No 1,413 (93.0) 106 (7.0) 1.00

Yes 33 (94.3) 3 (5.7) 0.87 (0.23, 3.29) 0.840

Perceived PrEP effectiveness

Not good 472 (98.7) 6 (1.3) 1.00 1.00

Good 974 (90.5) 102 (9.5) 7.34 (3.12, 17.25) <0.001 7.43 (3.29, 16.81) <0.001

China CDC Weekly

96 CCDC Weekly / Vol. 8 / No. 4 Chinese Center for Disease Control and Prevention



The most urgent finding for public health practice is
the  “online  paradox”.  Digital  platforms  that  facilitate
sexual networking for the majority of MSM appear to
fail  as  conduits  for  biomedical  prevention.  In  China,
online platforms have become the dominant venue for
partner-seeking,  representing  both  opportunities  and
challenges  for  HIV prevention.  Digital  spaces  are  vast
but  fragmented  and  often  lack  structured  health
promotion.  While  offline  venues,  such  as  bars  and
community events, facilitate peer outreach and CBOs-
led  interventions,  online  users  may  remain
disconnected from prevention services (10).  To bridge
this  gap,  it  is  necessary  to  fully  leverage  the
communication  advantages  of  digital  channels.  Based
on  existing  HIV  testing  service  functions,  additional
popular  PrEP  science  columns,  user  guides,  and
consultation portals should be set up to develop online
platforms as important carriers for PrEP publicity and
service connections.

This  study had four main limitations.  First,  the use
of  snowball  sampling  may limit  the  generalizability  of
our  findings  to  the  broader  MSM  population  in
Qingdao. Second, the primary outcome, any PrEP use
in  the  past  six  months,  is  a  broad  measure  of
engagement and does not quantify adherence, which is
the  ultimate  determinant  of  efficacy.  Therefore,  the
10.4%  recent  use  rate  should  be  interpreted  as  a

measure  of  engagement  rather  than  as  full  protective
coverage.  Additionally,  measures  such  as  perceived
PrEP  effectiveness  were  limited  to  binary  scales,
precluding  a  detailed  understanding  of  the  specific
reasons  driving  these  perceptions,  which  warrants
further  qualitative  investigation.  Finally,  although  we
used  a  prospective  study  design,  the  analysis  of
associations  remained  cross-sectional,  precluding  a
definitive causal inference.

Sustained efforts are required to integrate PrEP into
combination  prevention  strategies  to  achieve  the
national  goal  of  ending  the  HIV  epidemic.  Based  on
these findings, public health strategies in China should
prioritize  strengthening  health  education,
institutionalizing  the  PEP-to-PrEP  bridge,  and
developing  targeted  digital  interventions  to  close  the
gap  between  online  social  networking  and  access  to
biomedical prevention. 
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Continued

Variables
Recent PrEP use

OR (95% CI) P aOR (95% CI) P
No (N1=1,446) Yes (N2=108)

Number of HIV testing in the past six months

<3 145 (97.3) 4 (2.7) 1.00 1.00

≥3 1,301 (92.6) 104 (7.4) 3.13 (0.77, 12.68) 0.109 2.86 (0.77, 10.62) 0.117

Ever used PEP

No 1,172 (94.4) 69 (5.6) 1.00 1.00

Yes 274 (87.5) 39 (12.5) 2.28 (1.33, 3.91) 0.003 2.20 (1.28, 3.80) 0.005

Study visit

Baseline (2024/06) 494 (95.4) 24 (4.6) 1.00

6-month follow-up (2024/12) 488 (94.2) 30 (5.8) 0.79 (0.55, 1.13) 0.201 0.79 (0.54, 1.17) 0.235

12-month follow-up (2025/06) 464 (89.6) 54 (10.4) 1.89 (1.25, 2.86) 0.003 1.76 (1.15, 2.69) 0.009
Note: The study design consisted of a baseline visit followed by visits at 6-month intervals. “6-month follow-up” refers to data collected in
December 2024, and “12-month follow-up” refers to data collected in June 2025. The columns “Recent PrEP Use: No and Yes” represent
the pooled number of  observations (person-visits)  across three study visits,  consistent  with the GEE analysis structure.  The percentages
represent the proportion of observations within each category (row percentages). Variables included in the multivariate model were: marital
status, venues for seeking sexual partners, HIV infection risk perception, perceived PrEP effectiveness, number of HIV testing in the past
six  months,  ever  PEP  use,  and  study  visit,  whose  P-values  were  ≤0.2  in  the  univariate  analyses.  P-values  ≤0.05  were  considered
statistically significant and are shown in bold.
Abbreviation:  GEE=generalized  estimating  equation;  PrEP=pre-exposure  prophylaxis;  PEP=post-exposure  prophylaxis;  CAI=condomless
anal  intercourse;  STIs=sexually  transmitted  infections; OR=odds  ratio;  aOR=adjusted  odds  ratio; CI=confidence  interval;  CNY=Chinese
Yuan.
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Outbreak Reports

Imported Cases of Monkeypox Virus Clade Ⅰa — China, 2025
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Summary
What is already known about this topic?
Monkeypox  virus  (MPXV)  is  an  orthopoxvirus
comprising two  major  genetic  clades:  clade   Ⅰ
(subclades Ⅰa and  Ⅰb) and  clade  Ⅱ (subclades Ⅱa
and  Ⅱb).  The  2022–2023  global  outbreak  was
predominantly driven  by  clade  Ⅱb. Clade  Ⅰ viruses
remain  endemic  in  Central  Africa,  particularly
Democratic  Republic  of  the  Congo  (DRC),  and  are
historically associated with higher virulence and fatality
rates.
What is added by this report?
Two imported MPXV cases were detected in Shanghai
via real-time polymerase chain reaction (PCR) in 2025,
both  originating  from  DRC.  Clade-specific  PCR  and
whole-genome sequencing identified clade Ⅰa.
What  are  the  implications  for  public  health
practice?
These  cases  underscore  the  ongoing  risk  of  MPXV
importation  through  international  travel.  The
successful detection and management of these clade Ⅰa
infections  demonstrate  the  critical  importance  of  port
entry  screening,  enhanced  surveillance  systems,  and
coordinated  multi-agency  prevention  and  control
strategies.

 

ABSTRACT

Introduction:  Monkeypox  virus  (MPXV),  an
emerging  zoonotic  pathogen,  comprises  two  main
clades  with  distinct  epidemiological  and  clinical
characteristics.  This  study  reports  the  epidemiological
investigation and genomic characterization of imported
MPXV clade Ⅰa cases detected in China during 2025.

Methods:  During  March  and  April  2025,  two
travelers  arriving  at  Shanghai  Pudong  International
Airport  from  the  Democratic  Republic  of  the  Congo
(DRC)  underwent  screening  for  MPXV  infection.
Clinical  specimens  were  analyzed  using  real-time
polymerase  chain  reaction  (PCR),  clade-specific  PCR,
and whole-genome sequencing to characterize the viral
genomes.

Results:  Both  cases  tested  positive  for  MPXV
infection.  Clade-specific  PCR  and  whole-genome
sequencing confirmed infection with MPXV clade Ⅰa.
The  first  case  yielded  partial  viral  genome  data
(approximately  7.2  kb;  3.64%  genome  coverage),
whereas  the  second  case  produced  near-complete
genome sequences (196.7 kb; >99% coverage) through
combined  second-  and  third-generation  sequencing
platforms.  Phylogenetic  analysis  revealed  that  these
sequences clustered  closely  with  clade   Ⅰa  strains
currently circulating in the DRC.

Conclusions:  These  findings  demonstrate  the
effectiveness  of  port-based  infectious  disease
surveillance  and  multi-agency  joint  prevention  and
control  mechanisms  in  identifying  and  managing
imported MPXV cases. Enhanced surveillance capacity,
rapid  laboratory  confirmation,  and  robust  multi-
agency collaboration are essential  for preventing cross-
border transmission of emerging infectious diseases. 

 

Monkeypox  virus  (MPXV),  a  zoonotic  pathogen
belonging to the genus Orthopoxvirus, has emerged as a
significant  global  public  health  threat  following  its
unprecedented  multi-country  outbreak  (1).
Genetically,  MPXV comprises two major clades:  clade
I  (Central  African  clade),  encompassing  subclades  Ia
and Ib, and clade Ⅱ (West African clade), comprising
subclades  Ⅱa and   Ⅱb  (2).  The  2022–2023  global
outbreak, driven  predominantly  by  clade   Ⅱb,
disseminated to  over  100 countries  and prompted the
World  Health  Organization  (WHO)  to  declare  a
Public  Health  Emergency  of  International  Concern
(PHEIC) (3).

Prior  to  2024,  all  confirmed MPXV cases  in China
were attributed to clade Ⅱb, consistent with the global
transmission  pattern  of  the  2022  outbreak  (4–5).  In
late  2024,  China  reported  its  first  clade  Ib  outbreak
event,  originating  from  the  Democratic  Republic  of
the  Congo  (DRC),  which  underscored  the  potential
for  introduction  of  clade  I  viruses  from  endemic
regions  (6).  Given  the  increasing  volume  of
international  travel  between  China  and  African
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countries,  the  risk  of  importing  clade  I  strains
(including Ⅰa) has become increasingly significant.

Herein,  we  report  two  imported  cases  of  MPXV
clade Ⅰa detected in travelers returning from the DRC
in 2025.  This  report  characterizes  the  epidemiological
features,  laboratory  findings,  and  genomic  profiles  of
these  cases,  with  the  primary  objective  of
demonstrating  the  critical  role  of  port  health
surveillance  and  multi-agency  joint  prevention  and
control  mechanisms  in  enabling  timely  detection  and
response to imported emerging infectious diseases. 

INVESTIGATION AND RESULTS
 

Epidemiological Investigation
Case  1:  A  33-year-old  Chinese  male  arrived  at

Shanghai  Pudong International  Airport  on March 28,
2025,  aboard  Flight  ET684  from  Addis  Ababa,
Ethiopia,  after  departing  from Kinshasa,  DRC.  Upon
arrival, he wore a mask and presented without fever or
other  apparent  symptoms.  The  patient  reported
employment  as  a  security  guard  in  Africa,  where  his
duties  involved  direct  contact  with  multiple  animal
species,  including  vipers,  baboons,  caracals,  raptors,
pangolins,  and  crocodiles.  He  denied  human
immunodeficiency  virus  (HIV)  infection,  sexual
contact  with men, or exposure to known or suspected
MPXV cases.

Case  2:  A  39-year-old  Chinese  male  arrived  at
Shanghai  Pudong  International  Airport  on  April  13,
2025,  aboard  Flight  ET684  from  Addis  Ababa  after
departing  from  Kinshasa,  DRC.  Upon  arrival,  he
presented  with  papular  rash-like  lesions  distributed
across  the  face,  arms,  fingers,  and  chest,  accompanied
by  dry  cough  and  sore  throat.  Epidemiological
investigation  identified  him  as  a  close  contact  and
workplace colleague of Case 1, whose MPXV clade Ⅰa
infection had been laboratory-confirmed by Shandong
CDC on March 31, 2025 (7). 

Laboratory Testing
Clinical specimens, including throat swabs, vesicular

fluid,  whole blood, and serum samples,  were collected
from  both  cases  and  tested  for  MPXV  using
quantitative  PCR detection  kits  (DaanGene  Co.,  Ltd.
and BioGerm Co., Ltd.). In Case 1, MPXV DNA was
detected in serum (cycle threshold [Ct] values: 36, 34)
and  whole  blood  (Ct  values:  38,  35),  whereas  the
throat  swab,  which  was  the  sole  specimen  type
subjected  to  testing  at  the  time  of  entry,  tested
negative.  In  Case  2,  MPXV  DNA  was  detected  in
vesicular fluid samples (vesicular fluid 1: Ct values 22,

20; vesicular fluid 2: Ct values 33, 36) and throat swab
samples  (Ct  values  30,  30),  while  whole  blood  and
serum  samples  tested  negative.  Subsequent  clade-
specific  PCR  assays  performed  on  Case  2  specimens
identified MPXV  clade   Ⅰa  in  vesicular  fluid  (Ct
values:  22  and  33)  and  throat  swab  (Ct  value:  31)
samples;  whole  blood  and  serum  samples  remained
negative.

Whole-genome  sequencing  of  MPXV  was
performed  using  a  multiplex  PCR  amplification
strategy  combined  with  high-throughput  sequencing
(8).  Viral  nucleic  acids  extracted  from  clinical
specimens  were  amplified  using  multiplex  PCR
targeting  overlapping  genomic  regions  spanning  the
entire  MPXV  genome  (approximately  197  kb).  The
resulting amplicons were prepared for sequencing using
two  distinct  platforms:  Illumina  (second-generation
sequencing)  and  QITAN-Gene  (third-generation
sequencing).  Genome  assembly  quality  was  evaluated
based on coverage depth (mean sequencing depth) and
genome  completeness  (percentage  of  the  reference
genome  covered).  Clade  assignment  and  phylogenetic
analysis were conducted using the Nextclade platform.
For  Case  1,  Illumina  sequencing  produced  a  partial
MPXV genome of  approximately  7.2 kb,  representing
3.64%  of  the  197  kb  reference  genome,  with  a  mean
sequencing  depth  of  1,533×.  For  Case  2,  Illumina
sequencing yielded a near-complete MPXV genome of
196.6  kb  (99.6%  coverage,  mean  depth  about
18,320×),  while  QITAN-Gene  sequencing
independently  generated  a  196.6  kb  genome  (99.6%
coverage, approximately 3,885× depth).

Phylogenetic  analysis  was  performed  using
Nextclade (https://clades.nextstrain.org).  The resulting
maximum-likelihood  tree  positioned  the  Case  2
sequence in close proximity to recent clade Ⅰa strains
circulating  in  the  DRC,  clearly  distinguishing  it  from
clade Ⅱb strains that have dominated global outbreaks
since  2022  (Figure  1A).  The  high-quality  near-
complete  genome  from  Case  2  shared  99.8%
nucleotide identity  with  an  MPXV  clade   Ⅰa  isolate
from  the  DRC  (DRC/PP_0012WRG/2024-09-10)
(Figure 1B), while demonstrating 96.2% similarity to a
clade  Ⅰb  sequence  associated  with  the  concurrent
outbreak  in  Kinshasa,  DRC  (DRC/PP_004B9Y2.
1/2025-04-05). 

PUBLIC HEALTH RESPONSE

Shanghai  Port  maintained  rigorous  health

China CDC Weekly

100 CCDC Weekly / Vol. 8 / No. 4 Chinese Center for Disease Control and Prevention



surveillance  protocols  for  arriving  international
travelers,  encompassing  temperature  monitoring,
symptom  assessment,  and  detailed  epidemiological
interviews.  Although  Case  1  presented  with  normal
body  temperature  and  declared  no  symptoms  upon
arrival, the individual subsequently sought medical care
in  Shandong  Province,  where  MPXV  infection  was
laboratory-confirmed  by  Shandong  CDC  (7).
Following notification from Shandong CDC, Shanghai
Customs immediately  initiated comprehensive  contact
tracing,  identifying  and  monitoring  all  passengers
seated within three rows of  the confirmed case during
the  inbound  flight.  All  identified  close  contacts
underwent  specimen  collection  and  medical
observation according to established protocols.

Case  2  was  detected  during  routine  entry  screening
when  port  health  officers  observed  characteristic  skin
lesions.  Subsequent  epidemiological  investigation
established  the  epidemiological  link  to  Case  1.  Upon
laboratory  confirmation  of  both  cases,  Shanghai
Customs  promptly  notified  the  Shanghai  Municipal
Health  Commission  and  Shanghai  CDC,  triggering  a
coordinated  multi-agency  response.  A  comprehensive
joint  risk  assessment  was  conducted  to  evaluate

potential  community  transmission  risks,  laboratory
diagnostic  capacity,  and  emergency  response
preparedness.

In  response  to  these  imported  cases,  Shanghai  Port
enhanced  surveillance  measures  for  travelers  arriving
from  high-risk  countries,  intensified  epidemiological
screening  of  returning  residents  with  potential
exposure  histories,  and  strengthened  quarantine
inspection  procedures.  Medical  patrols  and  targeted
health  education  campaigns  were  implemented  for
high-risk  flights.  All  suspected  cases  underwent
immediate  specimen collection  and laboratory  testing,
establishing  a  robust  frontline  defense  system  against
cross-border pathogen introduction. 

DISCUSSION

MPXV,  an  emerging  zoonotic  orthopoxvirus,  has
attracted  sustained  global  attention  as  outbreaks  have
occurred  in  both  endemic  and  non-endemic  regions.
Historically  confined  to  Central  and  West  Africa,
MPXV infections are now increasingly detected among
international  travelers,  underscoring the persistent risk
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FIGURE 1. Maximum-likelihood phylogenetic tree generated using Nextclade.
Note: The viral sequences from Case 2 (highlighted in red) cluster within clade I (Central African clade) and exhibit closest
genetic similarity to an MPXV strain isolated in the DRC (PP_0012WRG, GenBank accession: OZ254474, collection date:
September 10, 2024).
Abbreviation: MPXV=monkeypox virus; DRC=Democratic Republic of the Congo.
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of  cross-border  transmission  in  an  era  of  global
mobility  (1).  This  report  documents  two  imported
MPXV clade   Ⅰa  infections  detected  in  China,
representing  a  Central  African  lineage  historically
associated  with  higher  virulence  and  elevated  case
fatality rates (2,9). These findings reinforce the critical
need  for  sustained  vigilance  at  international  points  of
entry to intercept pathogens originating from endemic
regions.

Given  the  increasing  volume  of  international  travel
between  China  and  MPXV-endemic  regions,
maintaining and strengthening port health surveillance
remains  essential  (9).  The  primary  public  health
significance of these cases extends beyond the rarity of
the  viral  lineage  to  demonstrate  the  effectiveness  of
coordinated  multi-agency  response  systems  (10).
Through  collaboration  among  customs  authorities,
health  commissions,  and  CDCs,  this  integrated
approach plays a pivotal role in coordinating resources,
ensuring  rapid  response,  and  achieving  closed-loop
management of cases and their contacts.

Laboratory  assays  of  these  cases  showed  that
pathogen-detectable  sample  types  vary  depending  on
the infection stage and further underscored the critical
importance  of  integrated  laboratory  capacity  and
genomic  characterization  within  port  health
surveillance  systems.  The  application  of  clade-specific
PCR  and  whole-genome  sequencing  enabled  precise
lineage  identification  and  comprehensive  risk
assessment,  directly  supporting  evidence-based
decision-making  for  public  health  interventions.
Notably,  genomic  analysis  provided  essential  context
for  distinguishing  imported  high-virulence  lineages
from strains associated with ongoing global outbreaks,
thereby enhancing situational awareness and improving
response precision.

In conclusion,  these  imported  MPXV  clade   Ⅰa
cases  provide  compelling  evidence  that  well-
functioning port health quarantine systems, supported
by robust laboratory and genomic surveillance coupled
with  multi-agency  coordination,  effectively  mitigate
the  risk  of  cross-border  transmission  of  emerging
infectious  diseases.  Continued  investment  in  port
biosecurity  infrastructure  and  diagnostic  capacity  will
be  essential  for  safeguarding  public  health  security.
Such  investments  are  particularly  critical  amid
increasing global population mobility and the ongoing
threat of pathogen importation from endemic regions. 

Conflicts  of  interest:  The  authors  declare  no
conflicts of interest. 

Funding:  Supported  by  the  National  Key  Research

and  Development  Program  of  China  (grant  number
2024YFC2310205) and the General Administration of
Customs  Project  (grant  numbers  2024HK299  and
2025HK106).
doi: 10.46234/ccdcw2026.013 
# Corresponding authors: Zilong Zhang, zhangzilong@customs.gov.cn;
Zhengan Tian, tianzhengan@customs.gov.cn.
 
1 Shanghai International Travel Healthcare Center, Shanghai Customs
District, Shanghai, China; 2 Center for Global Health, School of Public
Health,  Nanjing  Medical  University,  Nanjing  City,  Jiangsu  Province,
China.

Copyright  ©  2026  by  Chinese  Center  for  Disease  Control  and
Prevention.  All  content  is  distributed  under  a  Creative  Commons
Attribution Non Commercial License 4.0 (CC BY-NC).

Submitted: November 24, 2025
Accepted: January 15, 2026
Issued: January 23, 2026

REFERENCES 

 Al-Tawfiq  JA,  Barry  M,  Memish  ZA.  International  outbreaks  of
Monkeypox  virus  infection  with  no  established  travel:  a  public  health
concern  with  significant  knowledge  gap.  Travel  Med  Infect  Dis
2022;49:102364. https://doi.org/10.1016/j.tmaid.2022.102364.

1.

 Harapan  H,  Ophinni  Y,  Megawati  D,  Frediansyah  A,  Mamada  SS,
Salampe  M,  et al.  Monkeypox:  a  comprehensive  review.  Viruses
2022;14(10):2155. https://doi.org/10.3390/v14102155.

2.

 Kinganda-Lusamaki  E,  Amuri-Aziza  A,  Fernandez-Nuñez  N,
Makangara-Cigolo JC, Pratt C, Vakaniaki EH, et al. Clade I mpox virus
genomic  diversity  in  the  Democratic  Republic  of  the  Congo,  2018-
2024:  predominance  of  zoonotic  transmission.  Cell  2025;188(1):4  −
14.e6. https://doi.org/10.1016/j.cell.2024.10.017.

3.

 Huang  BY,  Zhao  H,  Song  JD,  Zhao  L,  Deng  Y,  Wang  W,  et al.
Isolation and characterization of Monkeypox virus from the first case of
Monkeypox  —  Chongqing  municipality,  China,  2022.  China  CDC
Wkly 2022;4(46):1019 − 24. https://doi.org/10.46234/ccdcw2022.206.

4.

 Du M, Liu J. Mpox added to national  notifiable  infectious  diseases  in
China  since  September  2023.  Lancet  Reg  Health  West  Pac  2023;39:
100932. https://doi.org/10.1016/j.lanwpc.2023.100932.

5.

 Sun  JM,  Zhou  L,  Wu  BB,  Chen  ZW,  He  YD,  Wang  XX,  et al.
Characteristics  of  the  first  confirmed  case  of  human  infection  with
mpox virus clade Ib in China. Nat Commun 2025;16(1):4888. https://
doi.org/10.1038/s41467-025-60217-2.

6.

 Yin  CH,  Li  Y,  Duan  Q,  Xu  DL,  Li  CYX,  Liu  T,  et al. Genomic  and
phenotypic  insights  into  the  first  imported  monkeypox  virus  clade  Ia
isolate in China, 2025. Front Public Health 2025;13:1618022. https://
doi.org/10.3389/fpubh.2025.1618022.

7.

 Isabel S, Eshaghi A, Duvvuri VR, Gubbay JB, Cronin K, Li AM, et al.
Targeted  amplification-based  whole  genome  sequencing  of Monkeypox
virus  in  clinical  specimens. Microbiol  Spectr 2024;12(1):e02979 − 23.
https://doi.org/10.1128/spectrum.02979-23.

8.

 Karagoz A, Tombuloglu H, Alsaeed M, Tombuloglu G, AlRubaish AA,
Mahmoud  A,  et al.  Monkeypox  (mpox)  virus:  classification,  origin,
transmission,  genome  organization,  antiviral  drugs,  and  molecular
diagnosis. J Infect Public Health 2023;16(4):531 − 41. https://doi.org/
10.1016/j.jiph.2023.02.003.

9.

 Xu JG, Shu YL, Yi ZJ, Tian ZG, Li ZJ, Wang XL, et al. Modernization
of  national  border  biosecurity  defense  system.  Strategic  Study  CAE
2023;25(5):21 − 9. https://doi.org/10.15302/j-sscae-2023.05.001.

10.

China CDC Weekly

102 CCDC Weekly / Vol. 8 / No. 4 Chinese Center for Disease Control and Prevention

mailto:zhangzilong@customs.gov.cn
mailto:tianzhengan@customs.gov.cn
mailto:zhangzilong@customs.gov.cn
mailto:tianzhengan@customs.gov.cn
https://doi.org/10.46234/ccdcw2026.013
mailto:zhangzilong@customs.gov.cn
mailto:tianzhengan@customs.gov.cn


Director　Lei Zhou
Vice Directors　Jue Liu Tiantian Li Tianmu Chen
Members of Youth Editorial Board
Jingwen Ai Li Bai Yuhai Bi Yunlong Cao　
Liangliang Cui Meng Gao Jie Gong　 Yuehua Hu
Jia Huang Xiang Huo Xiaolin Jiang Yu Ju
Min Kang Huihui Kong Lingcai Kong　 Shengjie Lai
Fangfang Li Jingxin Li Huigang Liang　 Di Liu
Jun Liu Li Liu Yang Liu Chao Ma
Yang Pan　 Zhixing Peng Menbao Qian　 Tian Qin
Shuhui Song Kun Su Song Tang Bin Wang
Jingyuan Wang Linghang Wang Qihui Wang　 Xiaoli Wang
Xin Wang Feixue Wei Yongyue Wei　 Zhiqiang Wu
Meng Xiao Tian Xiao Wuxiang Xie　 Lei Xu
Lin Yang Canqing Yu Lin Zeng　 Yi Zhang
Yang Zhao Hong Zhou

Youth Editorial Board

China CDC Weekly



Responsible Authority
　　National Disease Control and Prevention Administration

Sponsor
　　Chinese Center for Disease Control and Prevention

Editor-in-Chief
　　Jianwei Wang

Editing and Publishing
　　China CDC Weekly Editorial Office
　　No.155 Changbai Road, Changping District, Beijing, China
　　Tel: 86-10-63150501, 63150701
　　Email: weekly@chinacdc.cn

Printing: Beijing Kexin Printing Co.，Ltd

Complimentary Access

CSSN
　　ISSN 2096-7071 (Print)
　　ISSN 2097-3101 (Online)
　　CN  10-1629/R1

The inauguration of China CDC Weekly is in part supported by Project 
for Enhancing International Impact of China STM Journals Category
D (PIIJ2-D-04-(2018))  of China Association for Science and Technology
(CAST).

Indexed by Science Citation Index Expanded (SCIE), Social Sciences Citation Index 
(SSCI), PubMed Central (PMC), Scopus, Chinese Scientific and Technical Papers 
and Citations, and Chinese Science Citation Database (CSCD)

Copyright © 2026 by Chinese Center for Disease Control and Prevention
Under the terms of the Creative Commons Attribution-Non Commercial License 4.0 (CC BY-NC), it is permissible to download, share, remix, 

transform, and build upon the work provided it is properly cited. The work cannot be used commercially without permission from the journal.
References to non-China-CDC sites on the Internet are provided as a service to CCDC Weekly readers and do not constitute or imply endorse-

ment of these organizations or their programs by China CDC or National Health Commission of the People’s Republic of China. China CDC is not 
responsible for the content of non-China-CDC sites.

Vol. 8  No. 4 Jan. 23,  2026


	ccdcw-26-04ML Contents
	Late HIV Diagnosis and Associated Factors Among Newly Reported HIV/AIDS Cases Aged ≥50 Years — China, 2022–2024
	Impact of Hepatitis C Virus Co-infection on Antiretroviral Therapy Outcomes in Adults Living with HIV — China, 2002–2023
	Increasing Uptake of Pre-Exposure Prophylaxis and Associated Behavioral Changes Among Men Who Have Sex with Men — Qingdao City, Shandong Province, China, 2024–2025
	Imported Cases of Monkeypox Virus Clade Ⅰa — China, 2025

