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Abstract

Objective　 To  analyze  the  epidemiological  characteristics  of  measles,  mumps,  and  rubella  (MMR)
between 2014 and 2021 and identify potential strategies and measures for the prevention and control
of MMR in China.

Methods　Data on MMR was obtained from China’s National Notifiable Disease Reporting System for
the  period  from  2014  to  2021.  Spatiotemporal  distributions  were  analyzed  using  SaTScan;  temporal
trends were analyzed using JoinPoint; and clusters were visualized using ArcGIS.

Results　A  total  of  1,808,067  cases  of  MMR  were  reported  from  2014  to  2021  in  China’s  mainland,
most of which were children and students under the age of 20. The incidence of measles declined during
2014–2021, whereas that of mumps and rubella peaked in 2019. MMR-reported cases generally peaked
from  March  to  July;  however,  high  numbers  of  mumps  cases  were  reported  from  September  to
November  in  2020–2021.  Measles  and  rubella  clusters  predominantly  occurred  in  Western  China,
whereas clusters of mumps were generally found in the southern region.

Conclusion　The relatively heterogeneous epidemiological characteristics of MMR have highlighted the
weaknesses and gaps in surveillance and timely control of MMR transmission in China’s mainland. Real-
time and intelligent monitoring data should be collected for evidence-based early interventions.
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INTRODUCTION

A lthough the incidence of measles, mumps,
and  rubella  (MMR)  has  significantly
declined  since  the  inclusion  of  the

combined MMR vaccine in the Expanded Program on
Immunization,  MMR  remains  a  major  cause  of
childhood  morbidity  and  mortality  worldwide[1,2].
The  World  Health  Organization  set  goals  to  achieve
and sustain regional measles and rubella elimination

in  all  six  regions  by  2020[3].  However,  the
reemergence  of  measles  in  countries  that  had
announced  the  elimination  of  measles  and  slow
progress  in  endemic  countries  have  thwarted
international control efforts[4]. Measles is one of the
most contagious diseases, with a basic reproduction
number of  12 to 18[5],  requiring the maintenance of
high  population  immunity  to  prevent  outbreaks.
Rubella  is  an  acute  contagious  viral  infection  that
remains  endemic  in  many  countries,  with  its
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incidence  increasing  slightly  worldwide  in  2018  and
2019[6].  Primary  rubella  viral  infection  in  early
pregnancy can result in congenital rubella syndrome,
which  can  have  serious  medical  and  public  health
consequences[7].  Mumps  is  a  common  childhood
infection caused by the mumps virus that spreads via
direct  contact  or  airborne  droplets  from  the  upper
respiratory  tract  of  infected  individuals[8].  People
who are not vaccinated are at high risk of infection.
Although  the  vaccinated  population  still  carries  the
risk  of  contracting  mumps,  clinical  symptoms  are
often  milder[9].  The  MMR  vaccine  is  highly
immunogenic,  and  two  doses  can  confer  97%
protection[10].  However,  to  prevent  outbreaks,
approximately  95% of  the  population  needs  to  be
vaccinated  or  have  natural  immunity  from  a  prior
disease[11].  When  non-vaccinated  individuals  are
geographically  clustered,  outbreaks  remain  possible
despite  national  vaccination  coverage  targets  being
met or exceeded[12].

In  China’s  mainland,  a  second  MMR  dose  was
introduced  in  2008.  The  incidence  of  MMR  has
decreased  to  a  very  low  level  in  the  past  10  years,
and  the  incidence  rate  of  measles  was  reduced  by
99% from  1978  to  2018[2,13].  However,  cases  of
mumps  are  not  rare[9,14],  and  a  significant  upward
fluctuation  in  rubella  incidence  was  observed  in
2019.  Similar  situations  were  also  reported in  other
member states in the Western Pacific  Region of  the
World Health Organization[6].

The  heterogeneous  epidemiological
characteristics  and  infectiousness  of  MMR  in
populations  suggest  an  increasing  outbreak  risk  for
vaccine-preventable  diseases,  which  may  be
obscured by the reported vaccination coverage rates
at  the  county  and  province  levels.  Studies  have
reported the epidemiological characteristics of MMR
over  a  certain  period  or  in  specific  areas[13-16].
However,  few studies have conducted simultaneous
cross-reference  analyses  of  the  three  diseases.  To
identify  the  potential  weakness  and  close  the
remaining  gaps  in  the  prevention  and  control  of
MMR  in  China’s  mainland,  we  analyzed  and
compared  the  epidemiological  characteristics  of
MMR  at  the  national  level,  identified  vulnerable
populations,  and  sought  the  mechanisms  by  which
clustering occurred. 

METHODS
 

Data Source

The  data  for  the  reported  cases  of  MMR  from

2014  to  2021  were  obtained  from  China’s  National
Notifiable  Disease  Reporting  System,  including
clinically  diagnosed  cases  and  laboratory-confirmed
cases,  which  were  classified  according  to  the
National  Measles  Surveillance  Guideline[17],  National
Diagnostic Criteria for Mumps (WS270-2007)[18],  and
National  Diagnostic  Criteria  for  Rubella  (WS297-
2008)[19]. Demographic data according to age and sex
were obtained from the National Bureau of Statistics
of  China  (https://www.stats.gov.cn/sj/tjgb/rkpcgb/;
accessed on April 20, 2023). The standard base map
of  China  [GS(2023)2767]  was  sourced  from  the
Standard  Map  Service  (http://bzdt.ch.mnr.gov.cn/,
accessed  on  October  20,  2023)  and  the  Ministry  of
Natural Resources of the People’s Republic of China. 

Study Area

In  addition  to  the  analysis  of  the  data  based  on
the  administrative  divisions,  regional  clustering
characteristics were analyzed based on geographical
distribution  and  the  results  of  prior  studies[20],
including  Northeast  China  (Heilongjiang,  Jilin,  and
Liaoning),  North  China  (Beijing,  Tianjin,  Shanxi,
Hebei, and the Inner Mongolia Autonomous Region),
Central China (Henan, Hubei, and Hunan), East China
(Shanghai,  Jiangsu,  Zhejiang,  Anhui,  Jiangxi,
Shandong,  and  Fujian),  South  China  (Guangdong,
Guangxi  Zhuang  Autonomous  Region,  and  Hainan),
Northwest  China  (Shaanxi,  Gansu,  Qinghai,  Ningxia
Hui  Autonomous  Region,  and  Xinjiang),  and
Southwest  China  (Chongqing,  Sichuan,  Guizhou,
Yunnan, and Xizang). 

Statistical Analysis

Descriptive  epidemiological  analyses  were
performed  using  Microsoft  Excel.  The  temporal
trends  of  the  incidence  of  MMR  (annual  percent
change,  APC)  and  the  average  annual  change
(average  APC,  AAPC)  were  calculated  and  analyzed
at  the  national  and  regional  levels  using  Joinpoint
regression software (version 4.9.0.0, National Cancer
Institute,  Rockville,  MD,  USA)[21].  The  increasing
(AAPC/APC > 0) or decreasing (AAPC/APC < 0) trend
was accepted when the P-value was less than 0.05.

Space-time  and  seasonal  scanning  analyses  at
the  prefecture  and  monthly  levels  were  performed
using  SaTScan  (10.1.2)  software.  The  maximum
scanning  window  was  set  to  30% of  the  entire
population,  the  maximum  temporal  clustering  scale
was  set  to  30% of  the  entire  study  length[22],  and
step  size  was  set  to  1  month.  The  Poisson
distribution  model  was  chosen,  and  log-likelihood
ratio (LLR) statistics were calculated. When P ≤ 0.05,
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a  statistically  significant  spatial  cluster  in  the  region
was  accepted.  The  clusters  were  identified  and
ranked  according  to  their LLR[23].  Annual  morbidity
clustering at the prefecture level was presented on a
map using the ArcGIS software (version 10.8.1).

Global  Moran’s I statistics  (spatial
autocorrelations)  were  calculated  using  ArcGIS  to
examine  the  presence  of  spatial  autocorrelations
across  the  entire  dataset.  The  critical  distance  was
determined  using  incremental  Moran’s I[24].  Anselin
Local  Moran’s I statistic  was  used  to  detect/map
hotspot  and  cold  spot  clusters  and  outliers,  and
outliers  were  identified  by  detecting  local  areas
where  high-incidence  regions  bordered  low-
incidence regions, and vice versa[25]. 

RESULTS

Between  2014  and  2021,  1,808,067  MMR  cases
were  reported  in  China’s  mainland,  of  which  7.43%
(134,337  cases)  were  measles,  88.94% (1,608,029
cases) were mumps, and 3.63% (65,701 cases) were
rubella.  The  average  annual  incidence  of  MMR  was
2.02/100,000,  peaking  in  2019  (2.38/100,000);
heterogeneous  incidences  were  observed,  and  the
incidence  of  mumps  was  much  higher  than  that  of
measles and rubella in the study period (Table 1). 

Temporal Trends

The incidence of  measles  decreased significantly
from  2014  to  2021  (AAPC  = –51.12%,  95%
confidence  interval  [CI]: –65.78% to  47.78%, P <
0.05).  Most  measles  cases  (52.92%)  were  reported
between  March  and  May  (RR =  3.34, LLR =
23,493.43, P < 0.01). A high incidence of measles was
observed  from  2014  to  2016,  with  an  average

incidence rate of  2.89/100,000,  with the peak value
occurring  from  March  to  May  (RR =  3.54, LLR =
23,006.66, P < 0.01). During 2017–2021, the average
incidence  reduced  to  0.21/100,000,  and  the  peak
value was observed from March to May (RR =  2.07,
LLR = 874.73, P < 0.01) (Figure 1A and Table 1).

The incidence of mumps remained at a relatively
high  level  of  fluctuation  during  2014–2021  (AAPC  =
–4.37%,  95% CI: –16.73% to  18.48%, P >  0.05).  An
upward trend was observed from 2014 to 2019 (APC
=  17.08%,  95% CI:  4.03% to  117.64%, P <  0.05),
which then significantly decreased during 2019–2021
(APC  = –42.35%,  95% CI: –66.33% to  10.23%, P <
0.05).  A  resurgence  of  mumps  was  observed  during
2017–2019,  with  an  average  incidence  rate  of
19.28/100,000,  which  was  much  higher  than  the
average  incidence  during  2014–2016  (13.15/
100,000) and 2020–2021 (8.83/100,000). The annual
incidence of mumps assumed a "double peak,” with
peak  values  appearing  in  May–July  and
September–November.  The  main  peak  appeared
from May to July during 2014–2016 (RR = 1.56, LLR =
11458.05, P < 0.01) and 2017–2019 (RR = 1.59, LLR =
18900.95, P <  0.01).  However,  that  was  observed
from  September  to  November  (RR =  1.34, LLR =
2213.94, P < 0.01) from 2020 to 2021 (Figure 1B and
Table 1).

In  general,  no  significant  change  in  rubella
incidence was calculated during 2014–2021 (AAPC =
16.69%,  95% CI: –13.98% to  72.69%, P >  0.05),
partially  due  to  the  rebounding  of  rubella  in  2019
(Figure  1C).  Rubella  incidence  rates  peaked  from
April  to  June (RR =  3.91, LLR =  14,769.10, P <  0.01),
accounting  for  56.46% of  total  cases  (Figure  1C).
From  2014  to  2016,  the  incidence  peaked  from
March to May (RR = 3.94, LLR = 5,562.76, P < 0.01),

 

Table 1. The incidence of measles, mumps, and rubella (MMR) during 2014–2021

Year
Measles Mumps Rubella MMR

N (1/100,000) N (1/100,000) N (1/100,000) N (1/100,000)

2014 52,651 (3.83) 187,674 (13.63) 11,796 (0.86) 252,121 (1.83)

2015 42,373 (3.06) 183,010 (13.23) 8,138 (0.59) 233,521 (1.69)

2016 24,839 (1.78) 175,225 (12.59) 4,533 (0.33) 204,597 (1.47)

2017 5,994 (0.43) 252,986 (18.07) 1,597 (0.11) 260,577 (1.86)

2018 3,971 (0.28) 259,343 (18.45) 3,933 (0.28) 267,247 (1.90)

2019 3,092 (0.22) 300,358 (21.30) 32,653 (2.32) 336,103 (2.38)

2020 866 (0.06) 129,308 (9.16) 2,203 (0.16) 132,377 (0.94)

2021 551 (0.04) 120,125 (8.50) 848 (0.06) 121,524 (0.86)

Total 134,337 (1.20) 1,608,029 (14.37) 65,701 (0.59) 1,808,067 (16.15)
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whereas the peak value was observed from April  to
June  (RR =  4.33, LLR =  10,736.80, P <  0.01)  during
2017–2021 (Figure 1C and Table 1). 

Population Distribution

From  2014  to  2021,  the  incidence  of  measles
decreased  in  all  age  groups  during  2014–2021
(Figure  2A).  The  0–4  age  group  experienced  the
highest  incidence  rate  (11.08/100,000),  accounting
for  52.15% of  all  cases.  The  proportion  of  cases  in
the age group of 0 to 4 years showed a rising trend,
except  in  2019,  when  it  decreased  to  45.60%,
whereas the proportion of cases in the age group of
5  to  19  years  increased  to  22.51%.  Children  under
two  years  of  age  accounted  for  approximately  80%
of  the  cases  in  the  age  group  of  0  to  5  years.  The
proportion  of  patients  aged  >  25  years  decreased
annually  from  36.88% in  2014  to  15.43% in  2021
(Figure 2A and B). Children living at home accounted
for 52.11% (70,004) of all measles cases.

For  mumps,  children  in  the  5–9  age  group  had
the  highest  incidence  (107.37/100,000),  accounting
for  42.85% of  all  cases.  In  2017–2019,  the
percentage of cases in the age group of 0 to 4 years
decreased (14.67% in 2019), whereas that in the age
group  of  10  to  19  years  increased  significantly
(38.26% in  2019)  (Figure  3C and  D).  Students
accounted for 54.96% (883,700) of cases.

The  age  distribution  of  rubella  cases  varied

significantly  during  the  eight  years.  The  15–19  age
group  experienced  the  highest  incidence  rate
(3.42/100,000),  accounting  for  30.72% of  all  cases.
The proportion of cases in the age group of 10 to 19
years  showed  a  rising  trend  in  2019,  increasing  to
69.04%, whereas the proportion of  cases in  the age
group of 0 to 9 years decreased to 3.11% (Figure 2E
and F).  Students  accounted for  56.25% (n =  36,955)
of the cases.

The  sex  ratio  for  measles  was  1.28,  and  the
ratio of 1.52 was highest in the 0–5 age group. The
sex ratio for mumps was 1.50, and the ratio of 1.71
was  the  highest  in  the  10–14  age  group,  whereas
more women cases were reported in the age group
above 20 years. The sex ratio for rubella was 1.36,
and the ratio of 1.55 was the highest in the 20–24
age group. 

Spatial Distribution

The spatial  distribution  of  MMR varied  between
2014  and  2021.  The  incidence  of  measles  in
Northwest  China  (2.28/100,000),  North  China
(2.00/100,000),  and  Northeast  China  (1.76/100,000)
was  higher  than  the  national  average,  and  more
cases  (21.35%,  28,680  cases)  were  reported  in
East  China.  Qinghai  (7.78/100,000),  Xizang
(7.37/100,000),  and  Xinjiang  (4.20/100,000)  were
the top three provincial-level administrative divisions
(PLADs)  with  the  highest  average  incidence  of

 

Measles

Mumps

Rubella C

B

A

0

1,000

2,000

4,000

8,000

12,000

0

8,000

16,000

24,000

32,000

0

1,000

2,000

6,000

8,000

2014 2015 2016 2017 2018 2019 2020 2021

0

1

2

3

4

0

5

10

15

20

2014 2015 2016 2017 2018 2019 2020 2021

2014 2015 2016 2017 2018 2019 2020 2021

0

0.5

1.0

1.5

2.0

N
u

m
b

e
r 

o
f 

ca
se

s 
(n

)

 Measles cases
 Incidence rate

 Mumps cases
 Incidence rate

 Rubella cases
 Incidence rate

In
ci

d
e

n
ce

 r
a

te
 (

1
/1

0
0

,0
0

0
)

Year

Figure 1. The monthly and annually incidence of measles, mumps, and rubella during 2014–2021.
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measles  from  2014  to  2021.  The  incidence  of
measles  showed  a  significant  downward  trend  in
most  regions,  except  in  Northwest  China,  where  a

marked  increase  was  observed  in  2014–2016,  with
Shaanxi  showing  the  highest  growth  rate  of
6.65/100,000 (Figure 3A and B).
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The  incidence  of  mumps  in  Northwest  China
(18.99/100,000),  South  China  (18.81/100,000),
Central China (20.52/100,000), and Southwest China
(16.57/100,000)  was  higher  than  the  national
average.  Central  China  accounted  for  22.77%
(366,083)  of  all  cases.  Hainan  (33.42/100,000),
Hunan (28.14/100,000), and Qinghai (27.67/100,000)
were  the  top  three  PLADs  with  the  highest  average
incidence  of  mumps  from  2014  to  2021.  Most
regions showed a similar trend in mumps incidence,
increasing  from  2014  to  2019,  then  declining  from
2020  to  2021  during  the  COVID-19  pandemic.  In
Northwest  China,  the  incidence  increased
significantly  in  2019  (Gansu  accounted  for  41.19%,
with  a  growth  rate  of  1.41).  In  Central  China,  a
significant increase of 88.34% was observed in 2017
(35.54/100,000)  compared  with  that  in  2016
(18.87/100,000),  Henan  accounted  for  38.87% of
cases,  with  an  increase  of  94.76%,  and  Hunan
accounted  for  39.59% of  cases,  with  an  increase  of
99.32% (Figure 3C and D).

The  incidence  of  rubella  in  Northwest  China
(1.17/100,000),  Southwest  China  (1.03/100,000),
and  South  China  (0.70/100,000)  was  above  the
national  average.  Most  cases  were  reported  in
Southwest China,  accounting for  25.49% (16,744) of
all  cases.  Chongqing  (2.78/100,000),  Gansu
(1.91/100,000), and Qinghai (1.42/100,000) were the
top three PLADs with the highest  average incidence
of rubella from 2014 to 2021. Rubella rebounded in
all  regions  in  2019,  especially  in  Southwest  and
Northwest  China.  In  Northwest  China,  Gansu
Province  accounted  for  64.40% of  the  cases,  which
was  approximately  130  times  higher  than  that  in
2018.  In  Southwest  China,  Chongqing accounted for
57.92% of  the  cases,  with  a  growth  rate  of  106.96
(Figure 3E and F). 

Spatiotemporal Distribution

The  Spatiotemporal  distribution  of  MMR  varied
between  2014  and  2021.  Spatiotemporal  clusters
were  identified  in  all  seven  regions,  with  a  gradual
decrease  over  the  eight  years.  The  most  likely
clusters of measles occurred in five regions, including
15  PLADs  and  102  prefectures  (P < 0.001).  From
2014 to 2021, the spatiotemporal trend of clustering
gradually  shifted  from  Northeast  and  Northwest  to
Southwest  and  Northwest  China  (Supplementary
Figure S1, available in www.besjournal.com).

The most likely clusters of mumps occurred in six
regions, including 20 PLADs and 201 prefectures (P <
0.001),  mainly  in  Central,  Southwest,  and  South
China,  showing  a  noticeable  geographic  expansion
trend over the study period. Following a resurgence
in  Central  China  in  2017,  clustering  expanded  from
2018  to  2019.  From  2014  to  2021,  the
spatiotemporal  clustering  of  mumps  gradually
shifted  from  central  to  southern  and  southwestern
China (Supplementary Figure S1).

The most likely clusters of rubella occurred in six
regions, including 16 PLADs and 153 prefectures (P <
0.001),  and  were  mainly  identified  in  the  western
regions  in  2015  and  2020.  From  2014  to  2021,  the
spatiotemporal  clustering  of  rubella  showed  a
gradual  expansion  trend  from  Southwest  and
Northwest  China  to  South,  Southwest,  and
Northwest China (Supplementary Figure S1). 

Spatial Autocorrelation Analysis

Global  spatial  autocorrelation  analysis  of  the
annual incidence of MMR from 2014 to 2021 showed
that  the  annual  Moran’s I was  significant  (Table  2),
with  annual  Moran’s I statistics  between  0.020  and
0.254 (P < 0.05).

 

Table 2. The Moran’s I statistics for incidence rates of measles, mumps, and rubella during 2014–2021

Year
Moran’s I Z-score P

Measles Mumps Rubella Measles Mumps Rubella Measles Mumps Rubella

2014 0.254 0.111 0.024 25.461 11.285 5.052 < 0.001 < 0.001 < 0.001

2015 0.129 0.119 0.020 15.673 11.765 2.677 < 0.001 < 0.001 0.007

2016 0.204 0.126 0.031 21.936 12.698 3.625 < 0.001 < 0.001 < 0.001

2017 0.188 0.158 0.018 20.231 2.222 15.614 < 0.001 < 0.001 0.026

2018 0.086 0.140 0.164 14.001 14.267 16.902 < 0.001 < 0.001 < 0.001

2019 0.057 0.096 0.072 7.082 9.944 9.313 < 0.001 < 0.001 < 0.001

2020 0.030 0.155 0.072 3.428 15.711 9.313 < 0.001 < 0.001 < 0.001

2021 0.065 0.112 0.045 7.017 11.501 6.565 < 0.001 < 0.001 < 0.001
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Supplementary  Figure  S2 shows  the  analysis
results of local spatial autocorrelation; hotspots and
potential risk areas of measles increased in the west,
and  high-risk  foci  existed  in  the  east  between  2014
and  2021.  Hotspots  and  potential  risk  areas  of
mumps  increased  in  the  southwest,  and  high-risk
foci  existed  in  the  east  between  2014  and  2021.
Hotspots  and  potential  risk  areas  of  rubella
increased in  the  northwest,  and  Low-Low (LL)  areas
were present in the east between 2014 and 2021. 

DISCUSSION

The combined vaccine for MMR can stimulate an
adequate  immune  response  in  children
simultaneously for the three infections and has been
widely  used  for  immunizing  children  in  China’s
mainland  since  2007.  This  has  resulted  in  a  very
obvious  downward  trend  in  the  incidence  rate.
However,  MMR remains a major cause of morbidity
in  childhood,  with  hundreds  of  thousands  of  cases
reported  annually.  In  2021,  China  extended the  age
for  vaccination,  allowing  individuals  under  18  years
who  had  not  completed  the  prescribed  doses
according  to  the  national  immunization  plan  at  the
recommended  age  to  continue  to  receive
vaccinations.  MMR  is  a  highly  contagious  disease
that  requires  maintaining  high  population  immunity
to  prevent  outbreaks.  Outbreaks  and  clusters  of
cases  can  serve  as  tracer  indicators  for  identifying
weaknesses and gaps in immunization programs and
public health systems.

In  this  study,  we  identified  hotspots  and
spatiotemporal  clusters  of  MMR  cases  through  an
analysis  of  the  cases  reported  from  2014  to  2021.
Heterogeneous  epidemiological  characteristics  in  the
incidences  of  MMR  were  revealed.  Although  measles
exhibited  a  significant  declining  trend,  cases  and
outbreaks continued to be reported from broad areas.
Meanwhile,  resurgences  of  mumps  and  rubella  in
different  regions were reported alternatively,  peaking
in  2019.  Similar  epidemiological  characteristics  of
these  three  diseases  have  been  reported  by  other
researchers[13-15].

The  population  seriously  affected  by  MMR  was
primarily  younger.  Most  reported  measles  cases
were  in  children  below  5  years  of  age,  especially
those  under  2  years  of  age.  Effective  prevention  of
measles  relies  on  extremely  high  population
immunization  rates[11],  which  are  not  equivalent  to
reported vaccination rates at the national or regional
level and are easily influenced by external factors[12].
The  number  of  children  susceptible  to  measles

increased  globally  by  millions  by  the  end  of  2020
compared  with  that  in  2019[26-29].  Therefore,  a  real-
time  and  intelligent  monitoring  system  should  be
established  to  provide  timely  evaluation  of  any
immediate elevated risk of measles transmission and
outbreaks for evidence-based early intervention.

Cases  of  mumps  have  been  observed  mainly
among  adolescents  and  young  adults  aged  10–19
years[30-33].  This  may  be  due  to  a  combination  of
incomplete  protection  offered  by  the  two  doses  of
the mumps component of the MMR vaccine and the
increased  intensity  of  social  contact  that  facilitates
viral  transmission[34-36].  The  humoral  immune
response to a  mumps-containing vaccine in  humans
is  lower  than  that  following  natural  infection  and
appears  to  wane  over  time[9,30-32,37].  In  addition,  the
genotypic  variation  between  the  vaccine  strain  and
the  circulating  virus  may  also  reduce  the
effectiveness of immune protection[34-36,38]. The MMR
vaccine  has  been  highly  effective  in  reducing  the
overall morbidity and mortality of the three diseases
it  protects  against[1].  Sustained  high  vaccination
coverage  lowers  the  likelihood  of  outbreaks  in  a
population[33],  and  vaccination  has  also  conferred  a
direct  protective  effect  on  the  severity  of  mumps
disease[1].  A  significant  proportion  of  rubella  cases
have been observed in adolescents and adults, which
may  be  partially  due  to  the  vaccination  policy  since
the  nationwide  vaccination  of  rubella-containing
vaccines began in 2008[15].

Clusters  of  cases  were  identified  every  year
during  the  study  period.  The  clustering  of  measles
and  rubella  was  mainly  in  the  western  areas,
whereas  mumps  was  more  likely  to  cluster  in  the
southern  areas.  Weaknesses  in  the  health  system
could  contribute  to  inadequate  vaccination
coverage, especially for measles-containing vaccines,
leading to  the appearance of  unimmunized children
and  emerging  immunity  gaps  in  older  children  and
adults.  During  the  COVID-19  pandemic  in
2020–2021,  a  decrease  in  the  number  of  mumps
cases  was  observed  worldwide[39].  Intervention
measures,  such  as  the  reduction  of  social  contact,
implemented  during  the  pandemic  could  have
contributed  in  reducing  the  transmission  of
mumps[40].  In  this  study,  it  was  suggested  that  the
risk of MMR outbreak was underestimated and local
transmission  could  occur  when  the  source  of
infection  was  introduced.  It  is  necessary  to
strengthen  the  monitoring  and  surveillance  systems
and the capacity to identify chains of transmission to
prevent and interrupt outbreaks in a timely manner.

Measles outbreaks occur mostly in unvaccinated
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or  under-vaccinated  individuals[41],  and  measles
vaccines are highly effective against circulating wild-
type  viruses[42].  However,  it  is  vital  to  be  cautious
about  incidence  fluctuations,  as  observed  in  other
countries  that  had  already  announced  the
elimination  of  measles  and  rubella[4,6].  Due  to  the
implementation  of  intensive  immunization  activities
in China’s mainland, the proportion of measles cases
above  10  years  of  age  has  been  decreasing  since
2020.  However,  cases  over  35  years  of  age  have
been  increasing,  which  requires  further
understanding  of  the  inadequate  mechanisms  of
vaccination for  catch-up vaccination to  fill  emerging
immunity  gaps  in  older  children  and  adults  through
surveillance  and  epidemiological  investigations.  A
resurgence of mumps has also been noted in several
countries with high vaccine coverage in recent years.
The periodicity  of  mumps epidemics  may be due to
waning  humoral  immunity  and  the  antigenic
variation  of  the  circulating  wild-type  mumps
virus[1,9,30-33,37,43].

The spatial and temporal distributions of these
three  diseases  vary  by  region,  and  the  underlying
mechanisms should be investigated and evaluated
to  optimize  strategies  and  measures  for  the
prevention  and  control  of  MMR.  Measles  and
rubella  clustered  predominantly  in  the  western
areas,  whereas  mumps  clustered  more  frequently
in the southern areas. The threat of increasing and
clustering measles faced by the northwest is more
noticeable  than  in  other  areas  in  China.  This  has
been  partially  attributed  to  sandstorms  and  wind
speed  in  several  studies[16,44].  Mumps  remains  a
public health problem that should not be ignored,
especially  in  Henan,  Hunan,  and  Gansu,  and  the
affected  areas  showed  a  trend  of  expansion.
Similar  to  other  reports[15],  rubella  clustered
mainly  in  western  areas,  especially  in  Chongqing
and  Gansu.  In  addition  to  environmental  factors,
the  meteorological  variables  proposed  in  other
studies[2],  vaccination  coverage,  surveillance
systems,  and  health  service  capabilities  play
important  roles  in  the  variability  of  MMR
clustering and outbreak potential. 

CONCLUSION

The  incidence  of  MMR  in  China’s  mainland
showed  a  significant  downward  trend  under  the
effects  of  comprehensive  prevention  and  control
measures, with a focus on vaccination. However, the
heterogeneous  epidemiological  characteristics  of
MMR  shed  light  on  the  weaknesses  and  gaps  in

surveillance  and  timely  control  of  MMR
transmission,  which  could  serve  as  cross-reference
tracer  indicators  for  optimizing  control  and
prevention  strategies  and  measures.  The
mechanisms  underlying  inadequate  immunization
should  be  investigated,  and  real-time  intelligent
monitoring  data  should  be  collected  for  early
evidence-based interventions. 
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