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Summary
What is already known about this topic?
Echinococcosis  is  hyperendemic  in  China,  but  its
spatiotemporal  epidemiology  within  oasis  ecosystems
remains poorly understood.
What is added by this report?
This  study  identified  temporal  uncertainty  and  spatial
heterogeneity,  and  evidence  of  dual  domestic  and
sylvatic  transmission  networks.  The  annual  reported
incidence  (ARI)  of  cystic  echinococcosis  (CE)  showed
nominal  associations  with  climatic  and  vegetation
factors  at  lags  of  7–8  years,  consistent  with  livestock
cycles, whereas the ARI of alveolar echinococcosis (AE)
showed  nominal  associations  at  lags  of  1–3  years,
consistent with rodent population dynamics.
What  are  the  implications  for  public  health
practice?
These  findings  support  a  tailored One Health  strategy
that distinguishes CE from AE. Aligning interventions
with disease-specific ecological lag periods may improve
precision and effectiveness of control in oasis regions.

 

ABSTRACT

Introduction:  Xinyuan  County,  a  representative
oasis  ecosystem,  has  a  high  burden  of  cystic
echinococcosis  (CE) and alveolar  echinococcosis  (AE).
Characterizing  spatiotemporal  patterns  is  essential  for
understanding  oasis  transmission  and  guiding
interventions.

Methods: We  used  2004–2025  surveillance  data  to
calculate  annual  reported  incidence  at  township  and
village  levels.  Joinpoint  regression,  spatial
autocorrelation  and  spatiotemporal  scan  analyses
characterized  temporal  and  spatial  patterns.  Pearson
correlation  analyses  and  random  forest  models
identified  key  factors  and  optimal  lag  periods  for
echinococcosis.

Results:  563  cases  were  reported  (average  annual
reported  incidence:  9.29  per  100,000  population),
exhibiting  substantial  annual  fluctuations.  CE  was
hyperendemic  and  AE  sporadic,  with  both  exhibiting
spatiotemporal  clusters  in  eastern  townships;  notably,
AE  showed  stronger  high-high  spatial  autocorrelation
in  eastern  villages  (Z=3.03,  P<0.01).  Climate,
hydrology,  vegetation,  and  livestock  factors  were
nominally associated with CE at lags of 7–8 years, and
vegetation  and  grazing  factors  with  AE  at  lags  of  1–3
years.  Medical  bed  availability  at  a  1-year  lag  was
nominally associated with more reported cases.

Conclusion:  Oasis  ecology  features  high  temporal
uncertainty and spatial heterogeneity in echinococcosis
endemicity  along  the  river-corridor,  with  long-lag
livestock-associated  patterns  for  CE  and  short-lag
wildlife-associated  patterns  for  AE.  Effective  control
requires  a  tailored  One  Health  strategy  aligning
interventions with disease-specific lag associations. 

 

Echinococcosis is a zoonotic parasitic disease caused
by  larval  Echinococcus  tapeworms.  Its  two  principal
forms  are  cystic  echinococcosis  (CE),  caused  by
Echinococcus  granulosus  sensu  lato,  and  alveolar
echinococcosis (AE), by Echinococcus multilocularis (1).
Globally, echinococcosis causes approximately 871,000
disability-adjusted life years and costs more than US$3
billion  annually.  China  bears  one  of  the  world's
heaviest  burdens  (2),  with  epidemiological  patterns
varying  substantially  among  regions  (3).  Xinyuan
County,  in  the  Ili  Kazakh  Autonomous  Prefecture  of
Xinjiang,  is  a  distinctive  oasis  ecosystem  where
irrigated  agriculture  coexists  with  mountainous
pastoralism.  The  county  is  a  high-intensity  mixed-
endemic  focus  for  CE  and  AE  and  among  the  most
severely  affected  in  Xinjiang  (4).  Characterizing  its
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long-term,  high-resolution  spatiotemporal  patterns  is
therefore  essential  for  elucidating  oasis  transmission
and informing targeted interventions.

We  analyzed  township-  and  village-level
echinococcosis surveillance data from Xinyuan County,
2004–2025.  All  cases  from passive  reporting  or  active
detection  were  verified  and  registered  under  the
national  Diagnostic  Criteria  for  Echinococcosis  (WS
257–2006).  Population  denominators  were  the  mean
of the 2010 and 2020 national census populations. We
calculated  the  annual  and  average  annual  reported
incidence  (ARI  and  AARI)  per  100,000  population,
with  the  standard  deviation  (SD),  coefficient  of
variation (CV), and 95% confidence interval (CI). We
assessed  temporal  trends  using  Joinpoint  6.1.0
(National  Cancer  Institute,  Rockville,  MD,  USA),
applying  a  grid-search  method  to  identify  inflection
points  and  estimate  annual  and  average  annual
percentage  change  (AAPC).  Spatial  analyses  were
performed in ArcGIS 10.8 (Esri, Redlands, CA, USA);
global  and  local  Moran's  I  statistics  assessed  spatial
autocorrelation  and  identified  local  clusters,
respectively.  Spatiotemporal  scan  analyses  in  SaTScan
10.3.2  (Information Management  Services,  Calverton,
MD,  USA)  used  a  discrete  Poisson  model  to  identify
significant  clusters  and  calculate  relative  risks  (RRs)
and log-likelihood ratios (LLRs). The analysis included
48 multisource  covariates  for  2000–2024 representing
climate,  hydrology,  vegetation,  land  use,  and
socioeconomic  conditions.  We  calculated  pairwise
Pearson  correlations  within  each  category.  Variable
pairs  with  |r|>0.7  were  submitted  to  a  two-round
Delphi  consultation  involving  three  experts,  who
reached  consensus  on  retention  based  on  biological
plausibility, data quality, and relevance to transmission.
For each retained variable, we correlated ARI with lags
of 0–8 years and defined the optimal exposure window
as the lag with the strongest correlation. Random forest
regression quantified variable importance.  We selected
the  10  highest-ranked  predictors  and  visualized  their
response  curves  with  partial  dependence  plots.  All
remaining  statistical  analyses  were  performed  in  R
4.5.1  (R  Foundation  for  Statistical  Computing,
Vienna, Austria).

From 2004 to  2025,  563 echinococcosis  cases  were
reported in Xinyuan County (AARI, 9.29 per 100,000
population;  95%  CI:  8.55–10.09).  Overall,  508  CE
cases  were  reported  (AARI,  8.38  per  100,000
population; 95% CI: 7.68–9.14) (Figure 1A). The ARI

of  CE  increased  despite  year-to-year  fluctuations
(AAPC=12.35%, P<0.05) (Figure 1B). In comparison,
55  AE  cases  were  reported  (AARI,  0.91  per  100,000
population, 95% CI: 0.67–1.15) (Figure 1C). The ARI
of AE also increased, with year-to-year fluctuations and
more  rapid  recent  growth  (AAPC=5.18%,  P<0.05)
(Figure 1D).

Spatially, 11 of 12 townships had an AARI of CE>5
and  four  an  AARI  of  AE>1  per  100,000  population.
Nalati  had  the  highest  AARI  for  both  CE  and  AE
(16.21 and 3.41 per 100,000 population, respectively).
The ARI was highly variable in Kansu and Tuergen for
both CE (SD>15.00;  CV>100.00) and AE (SD>3.00;
CV>200.00)  (Figure  2).  Spatiotemporal  scan  analysis
identified significant eastern clusters  for CE in Nalati,
Kansu,  Areletuobie,  and  Alemale  during  2014–2024
(RR=2.05; LLR=23.72; P<0.05) and for AE in Nalati,
Kansu,  Areletuobie,  Alemale,  and  Biesituobie  during
2013–2021  (RR=6.26;  LLR=20.26;  P<0.05).  At  the
village  level,  the  global  Moran's  I  for  CE  AARI  was
0.03 (Z=0.96; P=0.34), indicating no significant global
autocorrelation  and  suggesting  heterogeneity  within
townships. By contrast, AE showed significant positive
spatial  autocorrelation  (global  Moran's  I=0.11;
Z=3.03;  P<0.01).  Local  Moran's  I  identified  AE  hot
spots  (high-high)  in  the  east  and cold  spots  (low-low)
in the west. These clusters followed river-corridor near
the county's central east–west axis.

Of  the  48  candidate  predictors,  22  were  retained
after correlation analysis (Figures 3A, 3B, and 3D). In
the  random  forest  model  for  CE,  climatic,
hydrological, and vegetation factors at lags of 7–8 years
showed  the  strongest  nominal  associations  with  ARI
(R2=0.91),  then  socioeconomic  and  anthropogenic
factors  at  lags  of  2–4  years  and  land-cover  factors  at
0–1 year. A higher ARI of CE was positively correlated
with greater specific humidity and runoff at 8-year lags,
vegetation  coverage  at  a  7-year  lag,  sheep  density  at  a
4-year lag, and shrub area and medical bed availability
at  1-year  lags  (Figure  3C).  In  the  model  for  AE
(R2=0.91),  vegetation  factors  at  a  3-year  lag,  climatic
factors  at  lags  of  2–3 years,  and anthropogenic factors
at  lags  of  1–3  years  showed  the  strongest  nominal
associations  with  ARI.  The  ARI  of  AE  was  positively
correlated with a higher precipitation rate and grazing
intensity  at  3-year  lags,  specific  humidity  at  a  2-year
lag,  vegetation  coverage  at  an  8-year  lag,  and  medical
bed  availability  at  a  1-year  lag  (Figure  3E).  For
multiple  comparisons  across  198  factor-lag  tests,  we
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applied  a  global  Benjamini–Hochberg  false  discovery
rate correction. After correction, only specific humidity
at  an 8-year  lag  remained significantly  associated with
CE  (q=0.0055);  no  other  initially  significant
correlation  remained  significant.  Accordingly,  the
remaining  lag  patterns  should  be  interpreted  as
exploratory signals rather than robust relationships. 

DISCUSSION

This  study  characterized  mixed-endemic
echinococcosis  in  Xinyuan  County,  a  representative
Xinjiang  oasis  ecoregion.  The  county  had
hyperendemic  CE  foci  in  most  townships,  with
hyperendemicity  defined  by  the  World  Health
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FIGURE 1. Temporal  trends  in  reported  cases  and  annual  reported  incidence  (ARI)  for  cystic  echinococcosis  (CE)  and
alveolar echinococcosis (AE) in Xinyuan County, Xinjiang, 2004–2025. (A) Spatiotemporal distributions of CE cases across
12 townships. (B) ARI and temporal trends for CE. (C) Spatiotemporal distributions of AE cases across 12 townships. (D)
ARI and temporal trends for AE.
Note:  Annual  active  screening  in  Xinyuan  County  remained  stable  at  approximately  11,000–15,000  individuals  during
2007–2025.  In  (A)  and  (C),  the  upper  graph  shows  annual  county-level  case  counts,  the  right  sidebar  shows  cumulative
cases by township, and the lower graph shows the annual percentage distribution of cases by township. In (B) and (D), the
upper graphs show Joinpoint regression results, and the lower graphs show 3-year moving averages.
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Organization  as  >5  per  100,000  population  annually
(2), whereas AE was more concentrated in the east.

The  ARI  varied  substantially  among  years,
potentially  reflecting  oasis  ecosystems'  sensitivity  to
climatic  and  hydrological  perturbations  (5).  Spatially,
the  isolation  of  oasis  settlements  and  their  linear
distribution along river  systems may contribute  to the
marked  heterogeneity  in  disease  occurrence  (6).  Cases
clustered along the central river-corridor rather than in
the  extensive  contiguous  clusters  reported  on  the
Tibetan  and  Loess  Plateaus.  Endemicity  followed  a
pronounced  east–west  gradient,  with  the  highest
burden in eastern Xinyuan County, particularly Nalati
Township.  Extensive  alpine  meadows  here  support
intensive  livestock  production  and  wildlife  habitats,
consistent  with  overlapping  domestic  and  sylvatic
transmission networks.  These findings identify  eastern
Xinyuan County as  a  priority  for  targeted surveillance
and control.

Nominal  factors  associated  with  ARI  differed
between  CE  and  AE.  For  CE,  climatic,  hydrological,
and vegetation factors, including specific humidity and
runoff,  showed  nominal  associations  at  lags  of  7–8
years.  These  lags  are  consistent  with  livestock  (e.g.,
sheep,  cattle)  population  turnover  and  the  established
domestic  transmission  cycle  of Echinococcus  granulosus
sensu  lato  (7).  By  contrast,  environmental  factors
showed nominal associations with AE at shorter lags of
1–3  years.  These  patterns  are  consistent  with  small-

mammal  (mainly  vole)  sensitivity  to  microclimatic
variation  and  with  the  sylvatic  transmission  cycle  of
Echinococcus multilocularis (8). Sheep density correlated
more  strongly  with  CE  than  AE,  whereas  grazing
intensity  showed  the  opposite  pattern,  supporting
distinct  transmission  pathways.  Medical  bed
availability  at  a  1-year  lag  was  nominally  associated
with  both  diseases,  possibly  because  improved
healthcare  access  increased  detection  rather  than
transmission.  Although  exploratory,  these  disease-
specific  lag  patterns  suggest  plausible  temporal  scales
for future intervention studies.

Several  limitations  should  be  noted.  First,  the  22-
year  observation  period  may  be  insufficient  for  a
disease  with  long  latency.  In  addition,  denominators
derived  from  decennial  censuses  may  not  capture
migration,  and  ARI  reflects  variation  in  surveillance
and  diagnostic  practices  rather  than  true  incidence.
Second, the ecological, aggregate-level design could not
account  for  individual-level  confounders,  and
unmeasured  socioecological  factors  may  have
introduced  residual  confounding;  thus,  the  observed
associations should not be interpreted as causal. Third,
the  proposed  transmission  cycles  were  inferred  from
environmental  proxies  and  human  case  data  without
direct  animal-host  measurements.  Although  the
identified  lag  periods  are  epidemiologically  plausible,
further  field  and  experimental  studies  with
independent  or  prospective  validation  are  needed  to
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FIGURE 2. Average  annual  reported  incidence  (AARI),  standard  deviation  (SD),  and  coefficient  of  variation  (CV)  of
echinococcosis  at  the  county  and township  levels,  Xinyuan County,  Xinjiang,  2004–2025.  (A)  AARI,  SD and CV of  cystic
echinococcosis (CE). (B) AARI, SD and CV of alveolar echinococcosis (AE).
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define  exposure  windows  and  confirm  these
associations.

These  findings  support  a  tailored  One  Health
strategy  for  oasis  regions.  Control  programs  should
distinguish  CE  from  AE  and  account  for  the  distinct

ecological  settings  of  transmission.  Coordinated
interventions  should  address  domestic  and  sylvatic
cycles  across  human  settlements,  livestock-production
areas,  and  wildlife  habitats.  The  observed  disease-
specific lag periods may help time future interventions,
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FIGURE 3. Environmental  factors  associated  with  the  annual  reported  incidence  (ARI)  of  cystic  echinococcosis  (CE)  and
alveolar echinococcosis (AE) in Xinyuan County, Xinjiang, 2004–2025. (A) Pearson correlation matrix for 48 environmental
factors in Xinyuan County during 2000–2025. (B) Pearson correlation matrix between 22 selected environmental factors at
lags of 0–8 years and the ARI of CE. (C) Random forest importance scores for the 10 highest-ranked predictors at specific
lags for CE. (D) Pearson correlation matrix between 22 selected environmental factors at lags of 0–8 years and the ARI of
AE. (E) Random forest importance scores for the 10 highest-ranked predictors at specific lags for AE.
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but  their  effectiveness  should  be  evaluated
prospectively  before  these  exploratory  associations
determine control schedules. 
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