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Preplanned Studies

Patient, Diagnosis, and Treatment Delays Among Tuberculosis
Patients Before and During COVID-19 Epidemic

— China, 2018–2022

Tao Li1,2;  Xin Du1;  Jiaojie Kang1;  Dan Luo3;  Xiaoqiu Liu1;  Yanlin Zhao1,#

 

Summary
What is already known about this topic?
The coronavirus disease (COVID-19) pandemic could
have a damaging impact on access to tuberculosis (TB)
diagnosis and treatment.
What is added by this report?
The  overall  delay  experienced  by  TB  patients  during
the COVID-19 pandemic has shown a modest decrease
in  comparison  to  the  period  before  the  pandemic.
Notably,  higher  patient  delays  were  observed  among
agricultural  workers  and  those  identified  through
passive case-finding methods. Furthermore, the patient
delay  in  eastern  regions  was  shorter  compared  to
western and central regions.
What  are  the  implications  for  public  health
practice?
The observed increase in patient delay in 2022 should
be  of  concern  for  ongoing  TB  control  efforts.  Health
education  and  active  screening  initiatives  must  be
enhanced and broadened among high-risk populations
and regions characterized by extended patient delays.

 

Patients  with  tuberculosis  (TB)  may  experience
delays  in  seeking  care  for  their  illness,  as  well  as  in
obtaining  accurate  diagnoses  and  timely  treatments.
The  coronavirus  disease  (COVID-19)  pandemic  has
the  potential  to  exacerbate  these  issues,  negatively
impacting  access  to  TB  diagnosis  and  treatment.
Between  2018  and  2022,  the  number  of  reported
incident TB cases has declined, while trends regarding
delays  among  TB patients  remain  unclear.  This  study
analyzed records of TB patients reported between 2018
and  2022  across  32  provincial-level  administrative
divisions  (PLADs)  in  China  to  determine  the  long-
term  trends  in  delays  experienced  by  TB  patients
before  and  during  COVID-19  epidemic  in  China.
There were 3,270,346 TB patients involved in the final
analysis. The median interquartile range (IQR) of total
delay  was  29  (12–59)  days.  Patient  delay,  diagnosis
delay,  and  treatment  delay  were  20  (6–46)  days,  1

(0–8) days and 0 (0–0) days, respectively. TB patients
who  were  agriculture  workers,  minorities,  detected
through  passive  case  finding  methods,  complicated
with  comorbidities,  and  human  immunodeficiency
virus (HIV) positive had relatively higher patient delays
than  other  subgroups.  Patient  delay  was  shorter  in
eastern  regions  than  in  western  and  central  regions.
Health  education  and  active  screening  need  to  be
promoted  and  expanded  among  high-risk  groups  and
regions with prolonged patient delay.

TB  is  a  major  public  health  problem.  In  China,
there  were  an  estimated  about  780,000  incident  TB
patients and 30,000 died from the disease in 2021 (1).
Prompt diagnosis and treatment are crucial for effective
TB  management  and  control;  however,  delays  in
seeking  care  are  common  among  TB  patients.  Delays
can  occur  at  any  stage  from  symptom  onset  to
treatment  initiation  and  are  typically  classified  into
patient  delay  (from  symptom  onset  to  first  medical
consultation),  diagnostic  delay  (from  first  medical
consultation  to  confirmed  diagnosis),  treatment  delay
(from confirmed diagnosis to treatment initiation), and
total  delay  (from  symptom  onset  to  treatment
initiation).  Prolonged  delays  in  TB  diagnosis  and
treatment can lead to adverse  outcomes,  spread of  the
TB bacteria within communities, and the emergence of
multidrug-resistant TB (2–3).

Globally, the COVID-19 pandemic had a damaging
impact  on  access  to  TB  diagnosis  and  treatment  and
the  burden  of  TB  disease  (1).  Many  factors  like
nonpharmaceutical  interventions  (NPIs)  and  declines
in  income  may  affect  patients’  health  care  seeking
behavior  when  people  become  unwell,  causing  delays
in  TB  diagnosis  and  treatment.  A  previous  study
conducted  in  2020  showed  that  in  early  period  of
pandemic, delays for TB patients had not been deeply
affected  in  China.  Nevertheless,  notification  and
follow-up examinations were affected significantly (4),
and these still continue to impact China’s TB control.
The  notification  number  of  incident  TB  patients  has
declined  by  26.4%  between  2018  and  2021  (1,5).
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Whether  this  effect  will  have  an  impact  on  delays  is
worrying.  This  study  aimed  to  analyze  long-term
trends  of  delays  in  TB  patients  before  and  during
COVID-19 epidemic in China, and describe the socio-
demographic, clinical, and tempo-geographic variances
of delays among them.

Records  of  TB  patients  in  32  PLADs  in  China,
including  the  Xinjiang  Production  and  Construction
Corps,  were  examined  between  January  1,  2018,  and
December 31, 2022. These records were extracted as a
Comma-Separated Values (CSV) file from the Chinese
Disease  Control  and  Prevention  Information  System.
The  analysis  included  cases  with  accurate  dates  of
symptom  onset,  initial  medical  consultation,  and
treatment  initiation.  Data  variables  were  processed  in
an  Microsoft  Excel  (version  2016;  Microsoft
Corporation,  WA,  USA)  spreadsheet.  Median  and
IQR  were  used  to  summarize  delays.  Delays  were
derived  from  different  dates  recorded.  Illogical  delay
results (e.g., negative numbers) were excluded from the
final analysis. Case finding pathways were derived into
two  categories:  1)  active  for  those  detected  through
active  screening  and  physical  examination;  and  2)
passive  for  those  detected  through  direct  visiting  to
designated  health  facilities,  referral,  tracing,  and
recommendation  by  general  health  facilities.
Descriptive  and statistical  analysis  was  done  with  SAS
(version  9.4,  SAS  Institute,  NC,  USA).  Figures  were
created  using  R  software  (version  4.0.3;  R  Core
Team,Vienna, Austria).  The medians of patient delays
in different  regions were assessed with Kruskall-Wallis
independent-samples  median  test,  and  pairwise
comparisons  were  further  assessed  with  Dwass,  Steel,
Critchlow-Fligner  (DSCF)  tests.  A  two-sided  P-value
of 0.05 or less was regarded as significant. 

RESULTS

A  total  of  3,270,346  TB  patients  were  included  in
the  final  analysis,  representing  99.6%  of  reported  TB
cases  between  January  1,  2018,  and  December  31,
2022.  Sociodemographic,  clinical,  and  management
characteristics of the patients are presented in Table 1.

The  median  and  IQR  of  total  delay  and  its
components  among  TB  patients  notified  between
January  1,  2018,  and  December  31,  2022  was  29
(12–59)  days,  with  patient  delay  constituting  the
largest  component  at  20  (6–46)  days.  Median  (IQR)
diagnosis and treatment delays were 1 (0–8) days and 0
(0–0)  days,  respectively.  Male  and female  TB patients
exhibited  similar  delays.  Patients  aged  65  and  older

experienced  longer  delays  than  younger  age  groups.
Among various  occupations,  agricultural  workers  such
as  farmers,  herdsmen,  and  fishermen  experienced  the
longest  total  (30,  13–62)  and  patient  delays  (22,
7–50),  while  students  had  the  shortest  (20,  9–41  and
14,  4–32,  respectively).  Ethnic  minorities  experienced
higher total (31, 13–64) and patient delays (25, 8–53)
compared  to  the  Han population  (28,  12–58 and 19,
6–45).  Migrants  from  other  PLADs  had  the  shortest
patient delay (14, 3–37) but the longest diagnosis delay
(3,  0–12)  compared  to  local  residents  and  migrants
within  PLAD.  Longer  total  delays  were  observed
among  TB  patients  detected  through  passive  case-
finding  (29,  12–60),  those  who  were  retreated  (31,
13–73),  bacteriologically  positive  (30,  12–63),  with
radiological TB lesions (29, 13–60), rifampin-resistant
(31,  11–70),  with  comorbidities  (32,  14–67),  and
HIV-positive (33, 15–66) patients, with similar patient
delays.  Patients  with  only  pulmonary  lesions
experienced  shorter  delays  compared  to  those  with
both  pulmonary  and  extrapulmonary  lesions,  though
patients  with  only  extrapulmonary  lesions  had  the
shortest delays.

Trends  in  diagnosis,  treatment,  and  patient  delays
have not changed within a 5-year period. Patient delay
showed  a  moderate  decrease  from  22  (7–48)  days  in
2018  to  18  (6–43)  days  in  2021,  before  increasing
slightly to 20 (6–47) days in 2022. These trends were
observed  in  most  subgroups,  with  migrants  and
individuals  identified  through  active  TB  screening
experiencing  a  decline  over  the  5-year  period  from
2018 to  2022.  Conversely,  patient  delay  among those
without bacteriological or radiological results exhibited
minimal  decline  and  even  increased  in  some  years
(Table 2).

The  distribution  of  patient  delay  varied  across  32
PLADs,  ranging  from 5  (0–28)  days  in  Beijing  to  31
(10–72) days in Chongqing. Overall, patient delay was
shorter  in  eastern  regions  (27,  11–55)  compared  to
western  (30,  13–64)  and  central  regions  (29,  13–56),
with  significant  differences  (DSCF  values  =112.0,
59.2; P<0.001). Central regions also had fewer patient
delays  than  western  regions  (DSCF  value  =56.5;
P<0.001).  However,  among  eastern  regions,  Hainan
had the longest patient delay (30, 8–60), while within
western regions,  Xinjiang Corps exhibited the shortest
patient delay (10, 3–31) (Figure 1). 

DISCUSSION

The overall delay experienced by TB patients during
the  COVID-19  pandemic  has  slightly  decreased
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TABLE 1. Baseline characteristics and timeliness of TB patients notified in 32 PLADs in China, 2018–2022.

Group Number and
percentage (%)

Patient delay
Median (IQR)

Diagnosis delay
Median (IQR)

Treatment delay
Median (IQR)

Total delay
Median (IQR)

Total 3,270,346 (100) 20 (6–46) 1 (0–8) 0 (0–0) 29 (12–59)

Gender

Male 2,239,756 (68.5) 20 (6–46) 1 (0–8) 0 (0–0) 29 (12–59)

Female 1,030,590 (31.5) 20 (6–47) 1 (0–8) 0 (0–0) 29 (12–60)

Age group (years)

0–14 33,680 (1.0) 15 (5–35) 0 (0.7) 0 (0–0) 22 (10–44)

15–64 2,369,406 (72.5) 20 (6–45) 1 (0–8) 0 (0–0) 28 (12–58)

65 and above 867,260 (26.5) 21 (7–49) 1 (0–8) 0 (0–0) 30 (14–62)

Occupation

Agriculture workers 2,027,622 (62.0) 22 (7–50) 1 (0.7) 0 (0–0) 30 (13–62)

Houseworkers or unemployees 463,394 (14.2) 19 (5–45) 2 (0–11) 0 (0–0) 28 (12–59)

Industrial workers 140,458 (4.3) 16 (4–39) 2 (0–10) 0 (0–0) 24 (10–51)

Students 200,555 (6.1) 14 (4–32) 1 (0–8) 0 (0–0) 20 (9–41)

Retirees 167,760 (5.1) 18 (6–43) 2 (0–13) 0 (0–0) 28 (12–58)

Others 270,557 (8.3) 15 (4–38) 2 (0–12) 0 (0–0) 24 (10–51)

Ethnics

Han 2,724,054 (83.3) 19 (6–45) 1 (0–9) 0 (0–0) 28 (12–58)

Minorities 546,292 (16.7) 25 (8–53) 1 (0–6) 0 (0–1) 31 (13–64)

Residence

Local 2,571,272 (78.6) 21 (7–47) 1 (0–7) 0 (0–0) 29 (13–60)

Migrant–within province 519,054 (15.9) 19 (5–45) 2 (0–12) 0 (0–0) 28 (12–59)

Migrant–out of province 180,020 (5.5) 14 (3–37) 3 (0–12) 0 (0–0) 23 (10–51)

Case finding

Active 125,664 (3.8) 15 (4–34) 2 (0–10) 0 (0–1) 23 (9–52)

Passive 3,144,682 (96.2) 20 (7.47) 1 (0.8) 0 (0–0) 29 (12–60)

Classification

Pulmonary TB solo 2,829,581 (86.5) 20 (6–46) 1 (0–8) 0 (0–0) 29 (12–59)
Pulmonary TB complicated with
extrapulmonary TB 264,018 (8.1) 22 (8–53) 2 (0–11) 0 (0–0) 31 (14–63)

Extrapulmonary TB solo 176,747 (5.4) 19 (7–39) 1 (0–9) 0 (0–0) 27 (14–50)

Treatment history

New 3,012,678 (92.1) 20 (6–45) 1 (0–8) 0 (0–0) 28 (12–58)

Retreated 257,668 (7.9) 23 (7–60) 1 (0–8) 0 (0–0) 31 (13–73)

Bacteriological results

Positive 1,606,960 (49.1) 21 (7–53) 1 (0–8) 0 (0–0) 30 (12–63)

Negative 1,605,704 (49.1) 19 (6–42) 1 (0–8) 0 (0–0) 28 (12–54)

Unknown 57,682 (1.8) 16 (4–40) 0 (0–5) 0 (0–0) 24 (9–52)

Radiological examination

With TB lesion 2,830,766 (86.6) 20 (7–46) 1 (0–8) 0 (0–0) 29 (13–60)

Without TB lesion 15,973 (0.5) 19 (5–52) 0 (0–7) 0 (0–0) 28 (10–64)

Unknown 423,607 (12.9) 18 (5–44) 1 (0–8) 0 (0–0) 25 (10–55)

Drug resistance

Rifampin resistant 49,593 (1.5) 22 (6–61) 1 (0–8) 0 (0–0) 31 (11–70)
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TABLE 1. (Continued)

Group Number and
percentage (%)

Patient delay
Median (IQR)

Diagnosis delay
Median (IQR)

Treatment delay
Median (IQR)

Total delay
Median (IQR)

Rifampin sensitive 1,174,187 (35.9) 21 (6–52) 1 (0–8) 0 (0–0) 29 (12–62)

Unknown 2,046,566 (62.6) 19 (6–43) 1 (0–8) 0 (0–0) 28 (13–56)

Comorbidities

Yes 383,161 (11.7) 23 (7–59) 2 (0–10) 0 (0–0) 32 (14–67)

No 1,734,878 (53.1) 20 (6–46) 1 (0–8) 0 (0–0) 28 (12–59)

Unknown 1,152,307 (35.2) 19 (6–43) 1 (0–8) 0 (0–0) 28 (12–56)

HIV

Positive 25,512 (0.8) 27 (9–57) 1 (0–10) 0 (0–0) 33 (15–66)

Negative 1,905,867 (58.3) 20 (6–46) 1 (0–9) 0 (0–0) 28 (12–60)

Unknown 1,338,967 (40.9) 20 (6–45) 1 (0–7) 0 (0–0) 29 (12–59)
Note: Patient delay means from symptom onset to first seeking medical care; Diagnosis delay means from first seeking medical care to
diagnosis confirmation; Treatment delay means from diagnosis confirmation to treatment initiation; Total delay means from symptom onset
to treatment initiation.
Abbreviation: TB=tuberculosis; PLADs=provincial-level administrative divisions; HIV=human immunodeficiency virus; IQR=interquartile
range.

TABLE 2. Patient delays among TB patients across various groups, stratified by year, in 32 PLADs in China, 2018–2022.

Group 2018
Median (IQR)

2019
Median (IQR)

2020
Median (IQR)

2021
Median (IQR)

2022
Median (IQR)

Total 22 (7, 48) 21 (7, 46) 19 (6, 46) 18 (6, 43) 20 (6, 47)

Gender

Male 21 (7, 28) 21 (7, 46) 19 (6, 46) 18 (6, 43) 20 (6, 47)

Female 22 (7, 49) 21 (7, 47) 19 (6, 47) 18 (6, 43) 19 (6, 47)

Age groups (years)

0–14 16 (5, 37) 16 (5, 36) 15 (5, 34) 14 (5, 33) 15 (5, 37)

15–64 21 (7, 47) 20 (6, 45) 19 (6.46) 18 (6, 43) 19 (5, 47)

65 and above 24 (8, 52) 23 (7, 49) 21 (7, 49) 20 (7, 45) 21 (7, 48)

Occupation

Agriculture workers 25 (8, 54) 23 (8, 51) 21 (7, 51) 20 (7, 46) 21 (7, 50)

Houseworkers or unemployees 20 (6, 44) 20 (6, 45) 18 (5, 46) 18 (5, 43) 19 (5, 46)

Industrial workers 16 (5, 40) 17 (5, 40) 15 (4, 39) 15 (4, 37) 15 (4, 40)

Students 14 (4, 33) 14 (4, 32) 14 (4, 32) 13 (4, 31) 14 (4, 34)

Retirees 19 (6, 45) 18 (6, 42) 18 (6, 43) 17 (5, 41) 19 (6, 45)

Others 16 (5, 38) 15 (4, 37) 14 (4, 38) 14 (3, 36) 16 (4, 41)

Ethnics

Han 20 (6, 46) 20 (6, 45) 19 (6, 45) 18 (6, 43) 19 (6, 47)

Minorities 30 (10, 59) 28 (9, 53) 22 (7, 52) 20 (7, 45) 20 (6, 48)

Residence

Local 23 (7, 49) 22 (7, 47) 20 (7, 27) 19 (6, 44) 20 (6, 48)

Migrant-within province 19 (6, 46) 19 (5, 44) 19 (6, 46) 17 (5, 41) 15 (3, 38)

Migrant-out of province 15 (3, 38) 15 (3, 39) 14 (3, 37) 13 (3, 34) 13 (2, 34)

Case finding

Active 21 (6, 38) 21 (6, 38) 12 (4, 31) 10 (2, 27) 8 (1, 24)

Passive 22 (7, 49) 21 (7, 47) 20 (6, 47) 19 (6, 44) 20 (6, 48)

Classification

Pulmonary TB solo 22 (7, 48) 21 (7, 46) 19 (6, 46) 18 (6, 43) 19 (5, 47)
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compared  to  pre-pandemic  levels.  The  patient  delay
was the primary factor contributing to the total delay.
TB  patients  who  were  agricultural  workers,  from
minority  populations,  identified  through  active
screening,  and  those  with  comorbidities  or  who  were
HIV  positive  experienced  relatively  longer  patient
delays  compared  to  other  subgroups.  Additionally,
patient  delay  was  shorter  in  the  eastern  regions  of  the
study  area  compared  to  the  western  and  central
regions.

A  previous  study  conducted  in  2021  (6)
demonstrated  that  COVID-19  can  influence  the
behavior  of  TB  patients  seeking  medical  care.  Over
twenty  percent  of  patients  might  postpone  seeking
medical  care  due  to  transportation  restrictions,

disruptions  in  TB  services,  and  personal  reasons.
However, the current study did not find any significant
increase  in  delays  after  2019.  Given  that  TB  is  a
respiratory  disease  with  symptoms  similar  to  those  of
COVID-19, the heightened attention paid by patients,
communities,  and  healthcare  facilities  could  be  the
primary  reason  for  the  absence  of  additional  delays.
Another  contributing  factor  is  China’s  strict  NPIs
strategy  during  the  pandemic  period,  which  caused
COVID-19 not to reach true nationwide transmission
until  the end of 2022. Its impact can vary across time
and  region  according  to  COVID-19  epidemic  and
different public health responses. Ningxia has reported
a  longer  patient  delay  during  early  2020 compared  to
pre-pandemic period (7). On the contrary, pulmonary

TABLE 2. (Continued)

Group 2018
Median (IQR)

2019
Median (IQR)

2020
Median (IQR)

2021
Median (IQR)

2022
Median (IQR)

Pulmonary TB complicated with
extrapulmonary TB 23 (8, 55) 23 (8, 53) 22 (8, 55) 22 (8, 50) 22 (8, 52)

Extrapulmonary TB solo 20 (8, 40) 19 (7, 39) 18 (7, 38) 18 (7, 38) 18 (7, 40)

Treatment history

New 21 (7, 47) 20 (7, 45) 19 (6, 45) 18 (6, 42) 19 (6, 46)

Retreated 27 (8, 61) 25 (7, 61) 23 (7, 61) 21 (7, 53) 20 (6, 58)

Bacteriological results

Positive 24 (7, 59) 22 (7, 54) 21 (7, 54) 20 (6, 48) 21 (6, 52)

Negative 21 (7, 44) 20 (7, 42) 18 (6, 41) 17 (6, 39) 18 (5, 41)

Unknown 16 (4, 41) 17 (5, 41) 17 (4, 38) 15 (2, 38) 16 (2, 43)

Radiological examination

With TB lesion 22 (7, 48) 21 (7, 46) 19 (6, 47) 19 (6, 43) 21 (7, 49)

Without TB lesion 23 (7, 59) 18.5 (4, 49) 16 (5, 49) 16 (5, 50) 15 (4, 47)

Unknown 14 (1, 36) 13 (1, 35) 15 (2, 39) 14 (3, 35) 19 (5, 46)

Drug resistance

Rifampin resistant 24 (7, 61) 24 (7, 60) 22 (6, 61) 20 (6, 59) 22 (5, 62)

Rifampin sensitive 24 (7, 59) 22 (7, 54) 21 (6, 55) 20 (6, 47) 20 (6, 51)

Unknown 21 (7, 46) 20 (7, 43) 18 (6, 42) 17 (6, 40) 18 (5, 43)

Comorbidities

Yes 27 (9, 61) 25 (8, 61) 22 (7, 60) 21 (7, 52) 23 (7, 57)

No 21 (7, 50) 20 (7, 47) 19 (6, 46) 18 (6, 42) 19 (6, 46)

Unknown 21 (7, 43) 20 (6, 41) 18 (6, 42) 18 (6, 41) 19 (5, 46)

HIV

Positive 30 (10, 61) 28 (10, 59) 26 (9, 60) 25 (9, 52) 24 (8, 51)

Negative 22 (7, 49) 21 (7, 47) 19 (6, 47) 18 (6, 43) 19 (6, 46)

Unknown 21 (7, 47) 20 (7, 44) 20 (6, 46) 19 (6, 43) 20 (5, 47)
Note: Patient delay means from symptom onset to first seeking medical care; Diagnosis delay means from first seeking medical care to
diagnosis confirmation; Treatment delay means from diagnosis confirmation to treatment initiation; Total delay means from symptom onset
to treatment initiation.
Abbrevieation: TB=tuberculosis; PLADs=provincial-level administrative divisions; HIV=human immunodeficiency virus; IQR=interquartile
range.
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TB  patients  in  Tianjin  experienced  a  shorter  patient
delay during almost the same period (8). Nevertheless,
the  continuous  low  level  of  diagnosis  and  treatment
delays  can  also  be  evidence  for  generally  non-serious
interruption  of  TB  service  during  COVID-19
epidemic.

Compared  to  other  occupations,  agricultural
workers  often  experience  poorer  health  equity.  Their
remote  living  conditions  and  relatively  lower  income
make it more challenging for them to access healthcare
facilities  when  TB  symptoms  arise.  However,  the
shorter  patient  delay  observed  among  students  may
suggest  that  TB  education  and  control  efforts  in
schools have been effective in recent years. Migrant TB
patients  have  also  had  less  patient  delay  than  local
residents  in  this  analysis.  Generally,  migrant
population  was  considered  as  one  of  three  major
challenges in TB control.  Stigma, poor accessibility to
health  service  and  many  other  factors  may  influence
their  health-seeking  behavior  (9).  The  National  TB
Program  (NTP)  started  focusing  on  this  vulnerable
population  since  the  early  21st  century.  Many  active
screening  and  health  promotion  activities  have  been
implemented and a specific guideline for cross-regional
management  of  TB  patients  (10)  was  launched  in
2009. The patient delays were much shorter in eastern

regions  especially  in  the  biggest  cities.  It  is  not
surprising  that  Beijing,  Shanghai,  and  Tianjin  had
shorter  patient  delays  than  most  other  regions  since
they  have  the  richest  medical  resources  and  people
living  in  these  regions  may  have  higher  health
knowledge.  Besides  changing  individuals’  personal
perspectives  through  health  education,  active  case-
finding  is  the  most  useful  method  to  reduce  patient
delay  (11).  Results  from  this  study  further  confirmed
its  effectiveness.  However,  the  proportion  of  patients
detected through active  screening still  accounted for  a
minority  in  all  patients.  NTP  should  consider
promoting the strategy in larger coverage.

The  present  study  has  certain  limitations.  First,  we
were  unable  to  quantify  the  correlation  between  the
COVID-19  pandemic  and  changes  in  delays.
Furthermore,  it  is  important  to  note  that  the  number
of  TB  notifications  declined  by  more  than  a  quarter
from  2018  to  2021  (1),  which  could  suggest  that
patients seeking treatment at health facilities exhibited
more  severe  symptoms.  In  addition,  as  our  study  is  a
retrospective  analysis  utilizing  surveillance  data,  we
could  not  determine  the  existence  of  undetected
patients or the impact of these undetected patients on
average  delays.  Lastly,  our  dataset  did  not  include
various social and environmental factors, such as health
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service  accessibility  and  income,  which  may  have
affected  the  results.  Future  research  should  be
conducted  to  identify  potential  risk  factors,  especially
in different settings, to provide a more comprehensive
understanding of the situation.

There  is  no  evidence  indicating  that  delays  for  TB
patients worsened during the COVID-19 pandemic in
China.  However,  the  observed  increase  in  patient
delays  in  2022  warrants  attention  for  ongoing  TB
control  efforts.  Health  education  and  active  screening
should  be  enhanced  and  expanded  among  high-risk
populations  and  in  regions  experiencing  prolonged
patient delays. 
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Summary
What is already known about this topic?
Tuberculosis  (TB)  is  often  referred  to  as  “a  disease  of
poverty,”  yet  the  information  regarding  the  financial
burden  of  TB  care  is  limited  and  regionally
representative.
What is added by this report?
This  manuscript  reported  the  national  representative
total  and  breakdown  costs  associated  with  TB  care  in
China.  The  total  cost  per  patient  was  1,185  USD,  of
which 88% was direct cost and 37% was incurred prior
to TB treatment.
What  are  the  implications  for  public  health
practice?
TB  patients  experience  a  significant  financial  burden,
and  disparities  exist  among  different  regions  and
populations. Current TB care policies and packages are
not sufficient to address this issue.

 

Tuberculosis  (TB) is  often regarded as “a  disease  of
poverty”.  In  China,  a  basic  package  of  free  services
(including  chest  radiography,  sputum  smear  test,  and
first-line  drugs)  is  provided  to  TB  cases,  while  other
costs  are  covered  by  public-funded  medical  insurance
schemes.  However,  there  is  limited  information
available on whether the current policy is  sufficient to
avoid  the  heavy  economic  burden  of  TB  care.  To
address  this,  a  cross-sectional  study  involving  primary
data collection was conducted in 41 counties in China
in  2020  to  obtain  a  nationally  representative
assessment  of  the  financial  burden  of  TB  care.  The
results showed that the direct costs, indirect costs, and
total  costs  due  to  TB  care  were  1041.3  USD,  12.7
USD,  and  1185.5  USD  per  patient,  respectively.
Direct  costs  accounted  for  88%  and  37%  of  costs
incurred  before  patients  arrived  at  TB-designated
hospitals.  Governments  need  to  increase  TB
investment  and  improve  medical  insurance  levels.
Doctors from TB-designated hospitals should conduct
TB diagnosis and treatment in accordance with norms
and  guidelines  to  reduce  total  costs.  Health  staff  of

general hospitals should also improve awareness of TB
and  refer  presumptive  TB  patients  to  TB-designated
medical  facilities  in  a  timely  manner,  thus  reducing
delays  in  TB  care  and  costs  before  they  reach  TB-
designated hospitals.

The End TB Strategy aims to ensure  that  by 2020,
no  households  affected  by  TB  will  experience
catastrophic costs due to the disease (1). This is in line
with the World Health Organization’s  (WHO) policy
to  move  health  systems  closer  to  universal  health
coverage (UHC) (2). Despite the availability of free TB
care  services  and  public-funded  medical  insurance
systems, TB patients in some regions still  face a heavy
financial  burden.  However,  there  is  no  nationally
representative data on this issue in China.

This  TB  patient  cost  survey  was  part  of  a
comprehensive evaluation of the National Tuberculosis
Prevention and Control Plan (2016–2020). The survey
was conducted between October and December 2020,
in  accordance  with  the  WHO  recommended
methodology (3). The study population was defined as
drug-susceptible  pulmonary  TB  patients  who  had
received  at  least  two  weeks  of  therapy  under  the
National Tuberculosis Programme (NTP). Assuming a
catastrophic cost due to TB of 50%, a relative precision
of  0.2,  and an alpha error  of  0.05,  the  average  cluster
size  (defined  at  the  county  level)  for  each  designated
TB medical institution was calculated as 0.83, and the
effective  response  rate  was  set  at  80%.  Thus,  the
sample  size  was  determined  to  be  a  total  of  2,250
patients  in  41  institutions.  The  main  stratification
factors  considered  in  multistage  stratified  sampling
were  urban  and  rural  areas.  According  to  the
proportion of  registered tuberculosis  patients  in urban
and  rural  areas  in  2019  (51.9%  and  48.1%),  the
number  of  designated  medical  institutions  in  urban
and  rural  areas  was  determined  to  be  21  and  20,
respectively. Face-to-face interviews were conducted by
trained  investigators  using  a  structured  questionnaire.
Patients  presented  health  insurance  cards  and
treatment  fee  documents,  if  available.  Data  were
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double-entered  and  validated  using  EpiData  (version
3.1  EpiData  Association,  Odense,  Denmark).  The
analysis  was  conducted  using  STATA  (version  12.1,
copyright 1985–2011 StataCorp LP USA). A currency
exchange  rate  of  645  CNY  to  100  USD  (December
2020)  was  used.  The  operational  definitions  were  as
follows: 1) Direct medical costs: Out-of-pocket (OOP)
medical  expenditures  associated  with  TB  diagnosis,
treatment,  and  treatment-seeking;  2)  Direct  non-
medical  costs:  OOP  costs  for  transportation,
accommodation,  and  food  of  the  patients  and  family
members;  3)  Direct  costs:  Direct  medical  and  direct
non-medical  costs  combined;  4)  Indirect  costs:
Productivity and economic costs of a patient and their
household  incurred  as  a  result  of  TB  care  visits  and
hospitalization  during  the  TB episode;  5)  Total  costs:
Direct and indirect costs combined.

A  total  of  3,286  TB  patients  were  surveyed,  of
whom  2,201  (67.0%)  were  male.  The  median
(interquartile  range,  IQR)  monthly  income  per  capita
was  148  USD  (61.7–246.7).  The  incomes  of  704
(21.4%)  households  were  below the poverty  line.  The
New  Rural  Cooperative  Medical  Scheme  (NRCMS)
covered  2,394  (72.8%)  of  the  patients  (Table 1).  The
total TB care costs were 1185.5 USD (596.0–2230.8).
The  total  TB  care  costs  were  relatively  high  among
people  over  65  years  old  (χ2=50.3,  P<0.0001),
divorced and widowed (χ2=52.6, P<0.0001), those in
the  western  region  (χ2=14.4,  P=0.0008),  those  in
rural  areas  (χ2=9.2, P=0.0025),  those with education
below  primary  school  (χ2=16.6,  P=0.0023),  those
without insurance (χ2=44.9, P<0.0001), and those in
low-income  household  (χ2=40.6,  P<0.0001)  (Table
1).  The median (IQR) direct,  indirect,  and total  costs
due  to  TB  care  were  1041.3  USD  (534.5−1965.0),
12.7  USD  (0.2–194.3),  and  1185.5  USD
(596.0–2230.8)  per  patient,  respectively  (Table 2).
The direct costs accounted for 88.0% of the total costs,
while  the  direct  medical  costs  accounted  for  69%  of
total  costs.  Of  the  total  costs,  37%  were  incurred
before  patients  arrived  at  TB-designated  hospitals
(Figure 1). 

DISCUSSION

The  national  representative  TB  cost  survey  showed
that  the  total  costs  and  direct  medical  costs  of  TB
patients  in  China  are  relatively  high  despite  the  basic

free-TB  care  package  and  public-funded  medical
insurance schemes in China. Besides the first-line drugs
and  smear  sputum  tests,  the  government  needs  to
expand free TB care package to include some adjuvant
drugs,  bacteriological  examinations,  and  adverse
reaction  therapy  support.  Also,  the  reimbursement
level  for  TB  care  should  be  increased.  The  economic
burden  differed  among  different  groups,  regions,
insurance schemes, and incomes. People older than 65
years, divorced and widowed, residing in west regions,
residing in rural areas, having education below primary
school,  having no insurance,  and those in low-income
households  incurred  a  heavier  economic  burden.
Medical  and  social  assistance  policies  are  needed  to
improve  the  equity  of  TB  services  and  reduce  the
economic burden of vulnerable groups in key areas and
populations, especially for vulnerable populations such
as those with income below poverty line, a wider health
welfare  is  needed.  The  cost  before  referral  to  the  TB-
designated  medical  institution  accounts  for  a  large
proportion  of  the  total  cost,  which  suggests  a
significant delay in TB diagnosis  and transfer.  On the
one hand, further training for the general hospital (that
are  not  authorized  to  diagnose  and  treat  TB)  doctors
are  needed  to  improve  the  identification  capacity  and
referral  awareness  for  TB  and  presumptive  TB  cases.
Health  promotion  for  the  public  also  needs  to  be
enhanced to reduce delays in seeking medical consults.
The  median  costs  that  TB patients  incurred  in  China
(1185.5  USD)  were  higher  than  those  in  Vietnam
(1,054  USD)  (4),  Ghana  (429.6  USD)  (5),  and
Indonesia  (133  USD)  (6).  Nearly  40%  of  the  costs
were  spent  before  TB treatment  initiation,  which  was
higher  than  in  Ghana  (7%)  and  Indonesia  (11%)
(5–6),  but  was  consistent  with  findings  from  the
systematic  reviews  by  Tanimura  T,  et  al.  (7)  and
Ukwaja  KN,  et  al.  (8).  The  most  significant  driver  of
costs was direct medical costs (69%) which were much
higher  than  in  Vietnam  (44%)  and  Ghana  (18.2%)
(4–5). In August 2021, the Ministry of Finance of the
National  Medical  Insurance  Administration  issued
“Establishment  of  a  medical  security  benefits  list
system”. Tuberculosis was listed as a chronic disease in
outpatient  department,  which  can  refer  to  the
management  and  reimbursement  of  hospitalization,
thus improving the reimbursement ratio of tuberculosis
to a certain extent and reducing the economic burden
of  patients.  The  data  was  collected  through  a  face-to-
face  questionnaire  survey.  Some  patients  may  not
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TABLE 1. Demographic  of  the  patients  and  costs  due  to  TB care  incurred  by  patients  enrolled  in  TB patient  cost  survey,
China, 2020 (N=3,286).

Variable
Demographic profile Costs (USD) Kruskal-wallis test

N Prevalence (%) Median (IQR) χ2 value P value
Total 3,286 100.0 1185.5 (596.0–2230.8)

Age (years)

<15 51 1.6 1079.9 (444.0–2597.2) 50.3 <0.0001

15–44 1,155 35.2 1016.5 (468.7–1960.5)

45–64 1,211 36.9 1234.7 (621.6–2299.6)

≥65 869 26.5 1342.2 (737.8–2366.0)

Gender

Male 2,201 67.0 1141.6 (585.8–2166.7) 4 0.0443

Female 1,085 33.0 1273.7 (610.3–2381.0)

Marital status

Unmarried 689 21.0 931.8 (428.1–1801.0) 52.6 <0.0001

Married 2,296 69.9 1235.9 (635.6–2293.8)

Divorced 105 3.2 1378.4 (676.7–3057.5)

Widowed 195 5.9 1477.1 (804.2–2510.1)

Region

East 986 30.0 1107.9 (441.1–2251.1) 14.4 0.0008

Middle 1,270 38.7 1152.1 (689.4–2105.9)

West 1,030 31.4 1288.1 (602.1–2325.9)

Residence

Urban 1,564 47.7 1170.6 (490.0–2209.3) 9.2 0.0025

Rural 1,718 52.4 1192.4 (645.8–2246.0)

Education

Illiterate or not completed primary school 517 15.7 1416.0 (697.4–2299.6) 16.6 0.0023

Completed primary school 1012 30.8 1218.0 (615.0–2314.9)

Completed middle school 962 29.3 1116.3 (574.0–2089.5)

Completed high school 444 13.5 1081.5 (516.3–2071.7)

Completed college and above 350 10.7 1168.8 (558.5–2330.6)

Insurance

None 85 2.6 1704.4 (713.8–3655.8) 44.9 <0.0001

UEBMI 771 23.5 972.7 (279.9–2325.9)

NRCMS 2,394 72.8 1223.5 (657.9–2180.5)

Other insurance 36 1.1 943.4 (444.8–1349.5)

Economic activity

Formal sector 671 20.4 1211.3 (634.5–2370.7) 4.3 0.1189

Informal sector 1,660 50.5 1133.9 (566.5–2145.8)

Economically inactive 954 29.1 1245.9 (618.5–2264.4)

Migrant status (Yes)* 59 1.8 1106.7 (614.0–1941.4) 0 0.8594

Low income line (Yes)† 704 21.4 972.3 (360.7–1956.0) 40.6 <0.0001
Prime income earner (Yes) 1,269 38.6 1153.7 (604.2–2325.9) 0.6 0.4384
Abbreviation: TB=tuberculosis; USD=US dollar; IQR=interquartile range; UEBMI=urban employee basic medical insurance; NRCMS=new
rural cooperative medical scheme.
* Migrant stays for less than six months at the residence at the time of diagnosis.
† Low income line in China is annual per capita household income less than 430 USD.
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accurately  remember  the  exact  costs  incurred.  We
attempted  to  minimize  recall  limitations  by  surveying
patients  still  on  treatment  and  imputing  costs  to  the
entire  episode  assuming  that  all  patients  would
complete treatment. This might overestimate the costs

considering some patients may fail treatment or be lost
to  follow-up.  Most  patients  could  not  provide  the
breakdown of direct medical costs. Therefore, detailed
information  on  components  of  direct  medical  costs  is
not presented.

TABLE 2. Costs  due  to  TB  care  incurred  by  patients  at  different  stages  enrolled  in  TB  patient  cost  survey,  China,  2020
(N=3,286).

Costs (USD)
Before-TB designated hospital After-TB designated hospital TB care overall

Median (IQR) Median (IQR) Median (IQR)

Direct costs* 210.2 (34.0–747.4) 494.0 (206.5–1154.3) 1041.3 (534.5–1965.0)

Direct medical costs† 148.8 (22.2–579.1) 369.4 (149.8–883.0) 786.8 (385.6–1520.6)

Direct non-medical costs§ 26.6 (2.2–133.2) 104.8 (33.8–268.4) 206.9 (89.1–443.7)

Transport 5.9 (0–22.2) 25.2 (12.1–59.2) 39.9 (18.2–91.4)

Food 7.4 (0–77.0) 33.8 (7.7–149.3) 113.5 (32.6–249.3)

Accommodation 0 (0–0) 0 (0–1.6) 0.1 (0–7.3)

Nutritional supplement 0 (0–14.8) 5.7 (0–29.5) 17.2 (0.5–48.8)

Indirect costs¶ 0 (0–29.6) 2.8 (0.1–64.2) 12.7 (0.2–194.3)

Total costs** 230.1 (38.5–849.5) 551.0 (223.5–1297.6) 1185.5 (596.0–2230.8)
Abbreviation: TB=tuberculosis; USD=US dollar; IQR=interquartile range.
* Direct medical and direct non-medical costs combined.
† Out of pocket (OOP) medical expenditures associated with TB diagnosis, treatment and treatment seeking.
§ OOP costs for transportation, accommodation and food of the patients and family members.
¶ Productivity and economic costs of a patient and his/her household incurred as a result of TB care visits and hospitalization during the TB
episode.
** Direct and indirect costs combined.
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FIGURE 1. Contribution of each component of costs due to TB care as a proportion of total costs among patients enrolled in
TB patient cost survey, China, 2020 (N=3,286).
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The costs of TB patients in China are relatively high
despite  the  basic  free  TB  care  package  and  public-
funded  medical  scheme.  The  significant  differences
among  different  regions  and  populations  indicate  the
geographic  and  economic  disparities  in  health  equity.
It  is  urgent  to  increase  government  investment  and
social security measures to reduce the economic burden
of  TB  patients  and  move  health  systems  closer  to
UHC. 
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Summary
What is already known on this topic?
Pneumococcal  diseases  (PDs)  are  serious  threats  to
child  health.  Although  vaccination  is  one  of  the  most
effective  ways  to  prevent  these  diseases,  the
pneumococcal  vaccination  coverage  rate  is  still
relatively low in China.
What is added by this report?
This  study  investigated  the  factors  associated  with  13-
valent  pneumococcal  conjugate  vaccine  (PCV13)
vaccine  hesitancy  in  parents  under  an  innovative
immunization strategy. This study found that 29.7% of
the  participants  hesitated  to  vaccinate  their  children
against  PCV13  and  the  main  reasons  for  vaccine
hesitancy were individual and group influences.
What  are  the  implications  for  public  health
practice?
This  study  can  provide  scientific  evidence  for  further
improving  children’s  PCV13  vaccination  rate  and
improving the prevention and control strategy for PDs.

 

Pneumococcal diseases (PDs) have become a serious
public  health  problem  worldwide.  According  to  the
latest  research  data  released  by  the  World  Health
Organization  (WHO)  in  2018,  about  294,000
children  under  the  age  of  5  died  from  Streptococcus
pneumonia (Spn) infection globally (1).  WHO asserts
that  pneumococcal  vaccination  is  the  most  cost-
effective  way  to  prevent  pneumococcal  diseases.  The
infrequent  occurrence  of  adverse  vaccine  side  effects,
lack  of  understanding,  and  distribution  of
misinformation,  however,  have  led  to  a  decline  in  the
public’s trust in vaccines in recent years, an increase in
parents’  vaccine  hesitancy,  and  even  more  vaccine
hesitancy in non-national immunization programs (2).
In  China,  the  13-valent  pneumococcal  conjugate
vaccine  (PCV13)  was  officially  launched  in  2020.
Until  now,  no  study  has  focused  on  PCV13  vaccine

hesitancy  in  China.  In  2021,  the  Government  of
Weifang  City,  Shandong  Province,  launched  the  first
program in China to vaccinate registered children from
6 months  to  2  years  old  with  a  free  dose  of  domestic
PCV13.  Based  on  this  innovative  immunization
strategy,  we  analyzed  PCV13  vaccine  hesitancy  and
influential  factors  for  parents  when  making  vaccine
decisions  for  their  children.  The  study  found  that
29.7%  of  participants  were  hesitant  to  vaccinate  their
children  against  PCV13.  The  most  important  reason
for  vaccine  hesitancy  is  lack  of  knowledge  about  the
vaccine.

Based  on  data  from  the  children’s  vaccination
information  management  system  in  Weifang
City, Shandong  Province,  this  study  calculated  the
birth  population and the  children  being  vaccinated  in
each  vaccination  clinic  in  2021.  By  systematic
sampling  method,  this  study  selected  a  total  of  57
vaccination clinics from 12 counties as survey sites. All
participants  were  surveyed  after  their  informed
consent.  The  sample  size  required  for  this  survey  was
estimated  according  to  the  cross-sectional  survey
formula  with  an  absolute  tolerance  error  of  d=3.0%.
Considering  that  participants  might  reject  the  survey
because  their  children  were  too  young,  the  rejection
rate  was  estimated  to  be  10.0%.  Therefore,  the  final
sample  size  was  estimated  to  be  1,174.  The  specific
calculation  formula  and  the  inclusion  and  exclusion
criteria  of  participants  are  outlined  in  a  previously
published article (3).

After literature screening, research group discussions,
and  expert  consultation,  we  designed  the
questionnaire. Pre-investigation was conducted prior to
a formal investigation and all investigators were trained
uniformly  to  the  same  standards.  The  investigators
used  the  Pad  that  had  been  imported  into  the
questionnaire  to  conduct  the  investigation.  The
questionnaire  included  six  main  aspects:
sociodemographic  characteristics  of  participants,
participants’  perceptions  of  vaccine  knowledge,
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knowledge  of  pneumonia  and  pneumococcal  vaccine,
willingness  to  receive  pneumococcal  vaccine,
willingness  to  pay  for  pneumococcal  vaccine,  visiting
behavior  of  children  with  pneumonia.  It  is  important
to  note  that  if  participants  had  multiple  children,  the
study was aimed at the youngest child in the family.

SPSS  (version  22.0;  SPSS  Inc.,  Chicago,  IL,  USA)
was used to complete all data sorting, and classification
variables  were  expressed  in  frequency  (percentage).
Chi-square  test  was  used  for  comparison.  Binary
logistic  regression  model  was  used  to  analyze  the
related factors of pneumococcal vaccine hesitation. All
statistical methods were adopted by the two-tailed test,
and P<0.05 was considered statistically  significant.  To
analyze  the  reasons  for  vaccine  hesitancy,  the  WHO
vaccine  hesitancy  determinants  matrix  was  used  for
judgment (4),  which mainly included three categories:
contextual,  individual  and  group,  and
vaccine/vaccination-specific influences.

A total of 1,195 questionnaires were collected in this
survey,  of  which  1,110  were  valid,  with  an  effective
questionnaire  rate  of  93.0%.  Among  the  1,110
participants,  more  than  half  were  31  to  40  years  old
(52.1%),  35.4%  were  fathers,  61.0%  were  mothers,
and 3.5% were grandparents. Among the participants,
780  (70.2%)  were  willing  to  vaccinate  their  children
against  PCV13,  121  (10.8%)  participants  were  not
willing to vaccinate their children against PCV13, and
209  (18.8%)  participants  were  not  sure  whether  to
vaccinate  children  against  PCV13.  Therefore,  70.2%
of  participants  were  identified  as  PCV13  vaccine

recipients  and  29.7%  were  identified  as  vaccine
hesitators.

A  total  of  308  parents  were  unwilling  to  vaccinate
their  children  against  PCV13  due  to  individual  and
group  influences,  which  accounted  for  the  largest
portion (Figure 1). As presented in Table 1, among the
vaccine hesitators, 249 people did not know about the
vaccine  (A1),  92  people  were  uncertain  about  the
vaccine’s  effects  (C2)  and  84  people  were  uncertain
about the safety of the vaccine (C3).

As  presented  in  Table 2,  PCV13  vaccine  hesitancy
among  participants  who  thought  vaccination  was
important  was  significantly  lower  than  among  those
who thought vaccination was not important (28.5% vs.
64.1%,  P<0.001).  PCV13  vaccine  hesitancy  among
participants  who  were  willing  to  pay  for  the  PCV13
vaccine  also  was  significantly  lower  than  among  those
who  were  not  willing  to  pay  (19.6%  vs.  55.6%,
P<0.001).  Participants  who  could  clearly  distinguish
between  the  PCV13  vaccine  and  the  COVID-19
vaccine  were  less  hesitant  toward  the  PCV13  vaccine
(25.2% vs. 39.9%, P<0.001).

The statistically significant variables in Table 2 were
incorporated  into  the  logistic  multi-factor  regression
model for further analysis. As presented in Table 3, the
participants  who  were  not  willing  to  pay  for  the
PCV13  vaccine  for  their  children  [OR=3.85,  95%
confidence  interval  (CI):  2.81–5.25)],  who  thought
vaccination  was  not  important  (OR=3.54,  95%  CI:
1.66–7.56),  and  who  were  not  willing  to  pay  for  all
self-funded  vaccines  (OR=1.98,  95%  CI:  1.35–2.93)
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FIGURE 1. Reasons of hesitancy in 13-valent pneumococcal conjugate vaccines in Weifang, Shandong Province, China.
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TABLE 1. Distribution  of  reasons  for  13-valent  pneumococcal  conjugate  vaccine  hesitancy  among  study  participants  in
Weifang City, Shandong Province, China.

Reason No. of
participants

Proportion
(%)

A: Individual and group influences

A1: I don’t know much about 13-valent pneumococcal conjugate vaccine 249 75.5

A2: I don’t know where to get 13-valent pneumococcal conjugate vaccine 1 0.3

A3: The children are healthy and do not need the 13-valent pneumococcal conjugate vaccine 45 13.6
A4: Children with allergies or contraindications cannot receive the 13-valent pneumococcal conjugate
vaccine 9 2.7

A5: Children were considered too young to receive the 13-valent pneumococcal conjugate vaccine 4 1.2

B: Contextual influences
B1: Participants’ work schedule or traveling distance from home to vaccination clinic prevent them from
having their children receive the 13-valent pneumococcal conjugate vaccine 13 3.9

B2: Whether children should receive the 13-valent pneumococcal conjugate vaccine should be discussed
with family members 7 2.1

B3: Participants are not willing to pay the vaccination fee on their own 1 0.3

C: Vaccine/vaccination-specific influences

C1: The 13-valent pneumococcal conjugate vaccine is expensive 33 10.0

C2: The efficacy of 13-valent pneumococcal conjugate vaccine is uncertain 92 27.9

C3: The safety of 13-valent pneumococcal conjugate vaccine is uncertain 84 25.5

C4: The 13-valent pneumococcal conjugate vaccine is not included in the immunization program 2 0.6

C5: The 13-valent pneumococcal conjugate vaccine is not mandatory 1 0.3
Note: The study used multiple-choice questions to analyze the reasons for vaccine hesitancy, so the sum of these three categories was not
100%.

TABLE 2. Characteristics of 1,110 participants in the 13-valent pneumococcal conjugate vaccine hesitancy study in Weifang
City, Shandong Province, China.

Characteristic N (%)

PCV13 vaccine hesitancy

χ2 PYes No

N % N %

Relationship between participant and child

Mother 677 (60.9) 198 29.2 479 70.8

1.499 0.473Father 394 (35.4) 117 29.7 277 70.3

Grandparent 39 (3.5) 15 38.5 24 61.5

Participants’ medical education background

Yes 142 (12.7) 38 26.8 104 73.2
0.687 0.407

No 968 (87.2) 292 30.2 676 69.8

Participants’ age (years)

≤30 454 (40.9) 115 25.3 339 74.7

7.655 0.02231–40 579 (52.1) 187 32.3 392 67.7

≥41 77 (6.9) 28 36.4 49 63.6

Participants’ education level

Elementary school and below 23 (2.0) 12 52.2 11 47.8

18.619 0.001

Junior high school 256 (23.0) 92 35.9 164 64.1

High school/technical school/technical secondary school 271 (24.4) 88 32.5 183 67.5

Junior college/bachelor’s degree 529 (47.6) 132 25.0 397 75.0

Graduate degree 31 (2.7) 6 19.4 25 80.6
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TABLE 2. (Continued)

Characteristic N (%)

PCV13 vaccine hesitancy

χ2 PYes No

N % N %

Children’s gender

Male 585 (52.7) 176 30.1 409 69.9
0.075 0.793

Female 525 (47.2) 154 29.3 371 70.7

Type of family

Single child family 472 (42.5) 121 25.6 351 74.4
6.589 0.012

Non-single child family 638 (57.4) 209 32.8 429 67.2

Average annual family income (CNY)

<50,000 207 (18.6) 81 39.1 126 60.9

14.431 0.00150,000–150,000 (not contained) 669 (60.2) 196 29.3 473 70.7

≥150,000 234 (21.0) 53 22.6 181 77.4

Number of family members

≤3 232 (20.9) 56 24.1 176 75.9
4.390 0.036

≥4 878 (79.0) 274 31.2 604 68.8

Religious belief

Conflict 6 (0.5) 1 16.7 5 83.3
0.493 0.676

No conflict 1,104 (99.4) 329 29.8 775 70.2

High importance of vaccination

Yes 1,071 (96.4) 305 28.5 766 71.5
22.859 <0.001

No 39 (3.5) 25 64.1 14 35.9

High safety of domestic vaccines

Yes 1,010 (90.9) 298 29.5 712 70.5
0.271 0.647

No 100 (9.0) 32 32.0 68 68.0

High safety of imported vaccines

Yes 559 (50.3) 138 24.7 421 75.3
13.708 <0.001

No 551 (49.6) 192 34.8 359 65.2

High efficacy of domestic vaccines

Yes 1,005 (90.5) 289 28.8 716 71.2
4.820 0.028

No 105 (9.4) 41 39.0 64 61.0

High efficacy of imported vaccines

Yes 660 (59.4) 163 24.7 497 75.3
19.738 <0.001

No 450 (40.5) 167 37.1 283 62.9

Trust in vaccine-related information provided by doctors or nurses

Yes 1,048 (94.4) 301 28.7 747 71.3
9.132 0.003

No 62 (5.5) 29 46.8 33 53.2

Willingness to take children for self-funded vaccinations

Yes 940 (84.6) 234 24.9 706 75.1
68.712 <0.001

No 170 (15.3) 96 56.5 74 43.5

Attitudes to the degree of harm to children’s health caused by pneumonia

Serious 1,054 (94.9) 300 28.5 754 71.5

19.041 <0.001General 44 (3.9) 26 59.1 18 40.9

Light 12 (1.0) 4 33.3 8 66.7
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were more likely to be vaccine hesitant.
 

DISCUSSION

This  study  found  that  29.7%  of  participants
hesitated  to  vaccinate  their  children  against  PCV13,

which was lower than the vaccine hesitancy rates found
in  previous  studies  investigating  varicella  vaccine
(51.2%),  enterovirus  71  inactivated  vaccine  (33.8%),
and HPV vaccine (37.2%) (5–7). This finding may be
related  to  effective  advertising  of  the  innovative
vaccination  strategy  of  Weifang  City,  Shandong
Province.  The  results  showed  that  the  main  channels

TABLE 2. (Continued)

Characteristic N (%)

PCV13 vaccine hesitancy

χ2 PYes No

N % N %

Risk of pneumonia in children

Serious 601 (54.1) 138 23.0 463 77.0

33.350 <0.001General 343 (30.8) 119 34.7 224 65.3

Light 166(14.9) 73 44.0 93 56.0

Whether the pneumococcal vaccine is COVID-19 vaccine

Yes or unknown 343 (30.9) 137 39.9 206 60.1
24.779 <0.001

No 767 (69.0) 193 25.2 574 74.8
Willingness to vaccinate your child with PCV13 if you pay
your own expenses
Yes 799 (71.9) 157 19.6 642 80.4

138.702 <0.001
No 311 (28.0) 173 55.6 138 44.4

Whether your children had pneumonia before

Yes 26 (2.3) 6 23.1 20 76.9
0.560 0.454

No 1,084 (97.6) 324 29.9 760 70.1
Note:  As  defined by  the  World  Health  Organization,  a  question  will  be  used in  the  study  to  assess  participants’  hesitation  about
pneumococcal vaccine: “Would you be willing to vaccinate pneumococcal vaccine for your child?” The options are Yes, No, and Not Sure. If
participants chose either of the latter two options, they were considered to have vaccine hesitancy.
Abbreviation: PCV13=13-valent  pneumococcal  conjugate  vaccine; CNY=Chinese Yuan.

TABLE 3. Logistic  regression  analysis  of  children  pneumococcal  vaccine  hesitancy  in  Weifang  City,  Shandong  Province,
China.

Independent variables Category β Sx̄ Wald χ2 P OR (95% CI)

High importance of vaccination Yes −

No 1.265 0.387 10.692 0.001 3.542 (1.660–7.558)

High efficacy of imported vaccines Yes −

No 0.346 0.149 5.403 0.020 1.413 (1.056–1.892)

Willingness to take children for self-funded vaccinations Yes −

No 0.685 0.198 11.934 0.001 1.984 (1.345–2.927)

Risk of pneumonia in children Serious −

General −0.218 0.216 1.025 0.311 0.804 (0.527–1.227)

Light −0.679 0.205 10.917 0.001 0.507 (0.339–0.759)

Whether the pneumococcal vaccine is COVID-19 vaccine Yes or
Unknown −

No −0.809 0.154 27.732 <0.001 0.445 (0.329–0.602)
Willingness to vaccinate your child with PCV13 if you pay
your own expenses Yes −

No 1.346 0.159 71.795 <0.001 3.842 (2.814–5.245)
“–” means reference category.
Abbreviation: OR=odds ratio; CI=confidence interval.
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for  participants  to  acquire  information  about  PCV13
were  community  or  hospital  advocacy  (45.2%),
followed  by  the  internet  (36.8%),  suggesting  that
participants  may  have  a  relatively  high  understanding
of the vaccine due to these advertisements, thus leading
to a relatively low degree of vaccine hesitation.

This study shows that the older the participants are,
the more likely they are to be hesitant about vaccines,
which  is  contrary  to  the  results  of  a  Swiss  study  (8).
This  may  be  related  to  China’s  national  conditions.
The results  also showed that participants  with a lower
cultural  degree  are  more  prone to  be  vaccine  hesitant,
which was consistent with the research results of Rosso
(9) but was contrary to the research results of Van (10).
This  may  be  explained  by  China’s  overall  level  of
education.  Participants  with  lower  levels  of  education
have fewer opportunities to learn about pneumococcal
vaccines  and  related  topics,  which  makes  them  more
likely to become vaccine hesitant.

The  survey  also  showed  that  participants  were
relatively  hesitant  to  pay  for  the  full  pneumococcal
vaccine fee by themselves. This can be explained by the
fact  that  PCV13 is  still  a  non-immunization  program
vaccine in China. Previous studies have also shown that
non-programmed  vaccines  experience  higher  rates  of
hesitancy  than  programmed  vaccines  (11).  Logistic
regression  showed  that  total  self-expenditure  was  the
risk  factor  for  participants’ PCV13 vaccine  hesitation,
reflecting  the  importance  of  vaccine  price  in  their
decisions to vaccinate.

Globally,  2  to  3  million  deaths  from  infectious
diseases  can  be  prevented  by  vaccination  every  year.
Vaccination  is  the  most  cost-effective  method  for
prevention  and  treatment  of  infectious  diseases.  In
order  to  further  reduce  the  burden  of  pneumococcal
diseases in China and similar countries,  it  is  suggested
to take the following measures to improve the PCV13
vaccination rate in children:

Carry  out  multi-channel  publicity  and  vaccine
promotion  campaigns  to  improve  parental  awareness
and  communicate  the  importance  of  PCV13  for
children. This  study  showed  that  the  most  important
reason  for  participants’  vaccine  hesitancy  was lack
of knowledge about PCV13. Gilkey stated that medical
workers  can  directly  influence  the  vaccination
information  of  children  and  parents,  which  can
promote  vaccination  to  some  extent  (12).  Therefore,
publicity  channels  can  focus  on  medical  workers,
emphasize  the  standard  training  of  medical  workers,
and  provide  information  about  the  safety  and
effectiveness  of  PCV13  to  vaccination  groups.

Secondly,  internet  platforms  can  be  used  to  promote
PCV13  and  PCV13-related  knowledge.  Fundamental
working  units  can  also  organize  health  education
activities  to  make  parents  aware  of  the  importance  of
vaccination, so as to further improve parents’ awareness
of PCV13 and reduce vaccine hesitancy.

Standardize  and  optimize  vaccine  management
regulations to enhance public confidence regarding the
quality  and  safety  of  PCV13.  In  recent  years,  there
have  been  many  incidents  of  vaccine  hesitancy.  For
example,  parents’  trust  in  vaccines  declined
significantly after the illegal management of vaccines in
Jinan  in  2016  (13).  Relevant  departments  should
strictly  obey  the  regulations  of  the  Vaccine
Administration Law of the People’s Republic of China,
strictly  supervise  the  production  of  vaccines  in
enterprises,  and  strengthen  the  management  of  all
circulation  links.  It  is  suggested  that  government
organizations  will  play  an  important  role  in  PCV13
vaccination mobilization.

Build the appropriate financial  support mechanisms
in China to incentivize PCV13 vaccinations effectively
and  at  scale.  At  present,  the  price  of  PCV13  in  the
Chinese  vaccine  market  is  relatively  high,  which  leads
to  higher  vaccine  hesitancy  (14).  Therefore,  local
governments  should  provide  appropriate  financial
support  to  reduce  the  burden  of  PCV13  vaccination
costs  for  parents.  Secondly,  it  is  possible  to  include
PCV13  vaccination  costs  in  the  resident  medical
insurance system and explore different payment modes
to promote non-immunization program vaccines.  The
government  can  also  get  the  best  price  for  its  citizens
through  centralized  bidding  processes.  PDs  have
brought  a  heavy  burden of  disease  to  China.  In  order
to  solve  this  problem  to  the  greatest  extent,  it  is
suggested  to  include  PCV13  into  the  national
immunization program as soon as possible.

Earlier  in  2022,  China  CDC  Weekly  published  an
article  which  analyzed  the  factors  associated  with
PCV13  vaccine  willingness  in  parents  (3).  Although
vaccine  willingness  and  vaccine  hesitancy  are  opposite
concepts,  they  display  similar  factors.  This  study
further discussed the reasons for participants’ concerns
about  vaccine  safety  suggested similar  interventions  to
the  previously  published  study.  This  study  also
discussed  the  appropriate  financial  support
mechanisms  for  society.  These  two  articles  are
synergistic and complementary.

This study is subject to some limitations. Firstly, this
study is based on a cross-sectional survey, so it may not
be  representative  of  all  of  China.  Secondly,  this  study
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only  selected  participants  from  Weifang  City,  so  it
needs to be cautious when extrapolating its conclusions
to  broader  contexts.  Given  that  PCV13  is  a  newly
marketed  vaccine  in  China,  more  epidemiological
studies  investigating  the  surveillance  of  pneumococcal
disease  risks  among  pediatric,  adult,  and  elderly
populations are required to evaluate the immunization
efficacy  of  PCV13.  In  addition,  safety  monitoring  of
this vaccine is recommended. 
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ABSTRACT

Introduction:  This  report  analyzes  the  national
surveillance  data  for  schistosomiasis  in  2021  to
understand the current status and provide evidence for
further  policy  actions  to  promote  elimination.  This
analysis  is  in  line  with  the  National  Surveillance  Plan
of Schistosomiasis, which was revised in 2020 to adapt
to the new stage of moving towards elimination.

Methods:  Data  from  the  2021  national
surveillance  of  schistosomiasis  in  humans,  livestock,
and  snails  were  collected  from  13  provincial-level
administrative  divisions  (PLADs)  and  analyzed  using
descriptive  epidemiological  methodology.  The
antibody-positive rate and area of newly discovered and
re-emergent snail habitats were calculated.

Results:  In  2021,  a  total  of  31,661 local  residents
and  101,558  transient  population  were  screened  for
antibodies  using  indirect  hemagglutination  assay
(IHA).  Of  those  who  tested  positive,  745  local
residents  and  438  transient  population  underwent
further  parasitological  examination,  with  only  one
stool-positive  result  in  the  transient  population.
Additionally, 12,966 livestock were examined using the
miracidia hatching test, with no positives detected. The
total  area  of  newly  discovered  and  re-emergent  snail
habitats  was  957,702  m2  and  4,381,617  m2,
respectively.  No  infected  snails  were  found  using  the
microscopic  dissection  method,  but  six  pooled  snail
samples  were  reported  as  positive  using  the  loop-
mediated  isothermal  amplification  method  for
detecting specific  sequences  of Schistosoma.  japonicum,
in Anhui and Jiangxi Provinces.

Conclusions:  The  prevalence  of  schistosomiasis
among  humans  and  livestock  was  found  to  be  low,
however, a potential transmission risk was identified in
certain  areas.  To  reduce  the  risk  of  transmission,  a
comprehensive  control  strategy  should  be  continued
and  new  techniques  should  be  implemented  in  the
surveillance and early warning system. 

 

Schistosomiasis,  one  of  the  20  neglected  tropical
diseases  listed  by  the  World  Health  Organization,  is
classified  as  a  Category  B  infectious  disease  and  given
high  priority  in  China.  It  is  a  water-borne  infectious
disease caused by infection with blood-dwelling flukes
of  the  genus  Schistosoma.  In  China,  only
schistosomiasis  japonica,  caused  by  S.  japonicum,  is
prevalent,  with  more  than  40  mammals  serving  as
potential  definitive  hosts  (1).  In  the  mid-1950s,
schistosomiasis  japonica  was  a  severe  public  health
issue,  with  11.6  million  patients  and  1.2  million
infected  cattle  (2).  After  70  years  of  control
interventions,  there  have  been  significant  decreases  in
the  prevalence  and  intensity  of  schistosome  infection
(3).  In  light  of  this  success  and  progress,  the  "Health
China  2030"  plan  has  set  the  goal  to  eliminate
schistosomiasis  in  all  endemic  counties,  transitioning
from transmission control to elimination (4).

Since the 1990s, China has implemented a national
surveillance  project  to  understand  the  transmission
patterns and trends of schistosomiasis (5). In 2020, the
National  Surveillance  Plan  of  Schistosomiasis  was
revised and published to adapt to the current status of
low  endemicity  and  to  identify  more  settings  with
potential  risk of transmission (3,6).  2021 was the first
year  the  plan  was  strictly  adhered  to.  To  assess  the
prevalence  and  explore  areas  with  potential  risk  of
schistosomiasis  transmission,  descriptive
epidemiological  methodology  was  used  to  analyze  the
national  schistosomiasis  surveillance  data  from  2021.
The  results  will  provide  basic  evidence  for  future
policy-making  and  assessments  of  elimination.
Surveillance  results  showed  that  infection  was  rarely
found  in  humans,  while  no  infected  livestock  was
reported.  However,  potential  transmission  risk  existed
in  some  areas,  suggesting  that  further  interventions
should  be  strengthened  to  consolidate  the
achievements to date and accelerate the elimination of
schistosomiasis. 

METHODS

According  to  the  National  Surveillance  Plan  of
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Schistosomiasis  (version  2020),  455  counties  in  13
provincial-level  administrative  divisions  (PLADs)  were
surveyed,  including  Anhui,  Chongqing,  Fujian,
Guangdong, Guangxi, Hubei, Hunan, Jiangsu, Jiangxi,
Shanghai,  Sichuan,  Yunnan,  and  Zhejiang.  The
counties  surveyed were classified into four types based
on  their  transmission  status  at  the  end  of  2019,  as
defined by the Criteria of Schistosomiasis Control and
Elimination  (7):  Type  I,  21  counties  at  the  stage  of
transmission control; Type II, 263 counties with snails,
at  the  stage  of  transmission  interruption  or
elimination;  Type  III,  167  counties  with  no  snails,  at
the  stage  of  transmission  interruption  or  elimination;
and Type IV, 4 counties in the Three Gorges Reservoir
area with potential transmission risk of schistosomiasis.

In  Type  I  counties,  surveys  for  infection  of
schistosomes  in  local  residents,  local  and  imported
livestock,  and  for  Oncomalania  hupensis  were
conducted  in  three  to  five  villages  that  had  relatively
higher  prevalence  of  schistosomiasis  in  the  previous
year. Two to three villages with a high snail burden or
with a  high risk of  snail  re-emergence or  introduction
were  selected  in  each  Type  II  or  Type  III  county  to
conduct  a  snail  survey,  while  county-level  surveillance
on  the  introduction  of  snails  was  conducted  in  Type
IV  counties.  Additionally,  a  survey  on  schistosomiasis
in the transient population was conducted in the entire
administrative area of counties for all four types, while
a survey on imported livestock was only conducted in
Type I and Type II counties.

At  least  300  local  residents  from  each  selected
administrative  village  and  200  of  the  transient
population from each surveillance county were initially
screened  using  the  indirect  hemagglutination  assay
(IHA)  to  detect  anti-Schistosoma  antibodies  in  the

blood.  Those  who  tested  positive  were  then  further
examined using the nylon silk bag incubation method
(three  tests  per  stool  sample)  and  Kato-Katz  method
(three slides per stool sample), in parallel, to detect the
presence  of  schistosome  eggs  or  miracidia  (8).  The
miracidium  hatching  test  (MHT)  was  used  to  detect
miracidia  in  livestock  feces.  The  snail  survey  was
conducted  in  existing,  historical,  and  likely  snail
habitats  by  systematic  sampling  combined  with  an
environmental  sampling  method.  The  collected  snails
were  then  investigated  by  microscopic  dissection  to
identify  whether  they  were  alive  and  infected  with
schistosomes.  The  sizes  of  the  snail  breeding  area,
newly  developed  habitats,  and  re-emergent  habitats,
the  average  percentage  of  frames  with  snails  (No.  of
frames with snails / No. of survey frames × 100%), and
snail  densities  were  calculated  in  order  to  reflect  the
snail  burden  (9).  Additionally,  the  loop-mediated
isothermal amplification (LAMP) method was used to
detect  schistosome  DNA  in  snails,  using  pooled
samples from selected villages in all Type I and Type II
counties  which  had  interrupted  the  transmission  of
schistosomiasis in the past five years (10). 

RESULTS

In 2021, a total of 1,032 villages in 13 PLADs were
established as surveillance sites. A total of 31,661 local
residents in 21 Type I counties in Anhui, Hunan, and
Jiangxi  Provinces  were  screened  by  IHA,  and  the
positive  rate  was  2.36%  (746/31,661)  (Figure 1).  Of
the  745  antibody-positive  individuals,  none  tested
positive for parasites upon parasitological examination.

A  total  of  101,558  transient  individuals  in  all  the
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FIGURE 1. Sentinel  surveillance results  of  antibody-positive  rate  of  schistosomiasis  using indirect  hemagglutination assay
(IHA) among local residents and transient population in China in 2021.
Abbreviation: PLADs=provincial-level administrative divisions.
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surveillance  counties  of  the  13  PLADs  were  screened
by IHA, yielding a positive rate of 0.44% (442/10,558)
(Figure 1).  Of  the  438  antibody  positives,  only  one
positive stool  was detected in Zhejiang Province.  This
individual  had  traveled  in  other  endemic  provinces
more  than  10  years  prior  and  had  been  exposed  to
fresh water near snail-breeding settings.

Except for Chongqing and Shanghai, which had no
imported  livestock,  a  total  of  12,966  livestock  were
registered  in  the  administrative  regions,  with  8,099
local  livestock  and  4,867  imported  livestock  in  11
PLADs. In total, 12,698 livestock were examined using
the  miracidia  hatching  technique,  but  no  infected
livestock was found.

The snail survey was conducted at 1,032 surveillance
sites  in  the  13  PLADs,  covering  an  area  of
577,880,171  m2.  Of  the  snail  breeding  settings
identified,  the  total  area  of  newly  discovered  snail
habitats  was  957,702  m2,  with  Anhui  Province
accounting for 91.37% (Table 1). The total area of re-
emergent habitats was 4,381,617 m2, primarily located
in  Jiangsu  (43.56%),  Anhui  (32.06%),  and  Yunnan
(13.16%).

Systematic sampling methods were used for the snail
survey, and the average percentage of frames with snails

was  6.91%  (164,064/2,375,916),  ranging  from
0–15.01%  across  the  13  PLADs.  The  average  snail
density  was  0.16  snails  per  0.11  m2  (369,782/
2,375,916),  ranging  from  0–0.41  per  0.11  m2  across
the  13  PLADs.  Dissection  methodology  was  used  to
examine  all  snails  collected  by  systematic  and
environmental  sampling  methods,  but  no  infected
snails were found. Additionally, 15,839 pooled samples
containing  172,237  living  snails  were  examined  by
LAMP,  and  six  were  reported  as  LAMP  positive,
collected  from  four  sites  in  Anhui  province  and  two
sites  in  Jiangxi  Province.  No  O.  hupensis  snails  were
found in the Three Gorges Reservoir. 

CONCLUSIONS

Compared  with  the  earlier  national  surveillance
plan, the new plan required more extensive surveillance
with  more  mobile  sites,  and  highlighted  the
importance  of  snail  surveillance,  as  well  as  clearly
defining the scope and content of risk surveillance (6).
The  prevalence  of  schistosomiasis  in  people  and
livestock  remained  at  a  low  level.  No  infected  local
residents  or  infected livestock were  detected,  and only
one positive stool sample was diagnosed as an imported

TABLE 1. Sentinel surveillance results of schistosomiasis on Oncomalania hupensis in China, 2021.

PLADs Survey area
(m2)

Area with
snails (m2)

Area of
newly

discovered
snail

habitats
(m2)

Area of re-
emergent

snail
habitats (m2)

Average percentage of frames
with snails Snail

density
(/0.11
m2)

LAMP

Systematical
sampling

Environmental
sampling

Number
of

detected
snails

Number
of

detected
mixed

samples

Positive
samples

Anhui 126,312,082 31,466,975 875,052 1,404,802 9.78 1.76 0.41 37,095 863 4

Chongqing 86,979 0 0 0 -* -* 0.00 0 0 0

Fujian 1,449,140 117,000 0 103,750 5.10 2.20 0.12 1,107 150 0

Guangdong 1,082,104 0 0 0 -* -* 0.00 0 0 0

Guangxi 5,372,863 34,730 0 1,746 3.34 0.12 0.07 0 0 0

Hubei 98,212,372 37,461,718 0 0 11.67 0.54 0.25 45,619 1,658 0

Hunan 118,406,880 85,737,019 54,200 101,800 5.05 0.12 0.09 14,867 346 0

Jiangsu 85,754,934 6,161,904 26,700 1,908,807 2.84 0.04 0.06 21,848 671 0

Jiangxi 66,621,838 24,685,971 0 173,825 3.91 0.52 0.09 11,011 355 2

Shanghai 1,529,195 1,960 1750 210 0.17 1.99 0.01 960 25 0

Sichuan 37,862,337 4,356,381 0 64,730 15.01 2.06 0.26 34,287 11,041 0

Yunnan 32,464,835 1,036,788 0 576,603 1.82 0.30 0.06 5,443 730 0

Zhejiang 2,724,613 87,171 0 45,344 2.37 1.53 0.04 0 0 0

Total 577,880,171 191,147,618 957,702 4,381,617 6.91 0.79 0.16 172,237 15,839 6

Note: Average percentage of frames with snails = No. of frames with snails / No. of survey frames × 100%.
Abbreviation: PLADs=provincial-level administrative divisions; LAMP=loop-mediated isothermal amplification.
* No snails were found in Guangdong and Chongqing.
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case in the transient population in 2021. These results
provide  strong  evidence  that  the  progress  made  on
schistosomiasis  control  has  been  consolidated  in  the
past  year,  despite  the  coronavirus  disease  2019
(COVID-19)  pandemic  occurring  in  all  the
schistosomiasis-endemic PLADs.

Surveillance  of  intermediate  host  snails  revealed
potential  transmission  risk.  The  area  of  newly
discovered  and  re-emergent  snail  habitats  increased
from  1.57  hectares  and  338.73  hectares  in  2020  to
146.90  hectares  and  1442.72  hectares  in  2021  (11).
One of the reasons for the spread and re-emergence of
snails  was  the  impact  of  a  catastrophic  flood  which
occurred in 2020 (12). Another potential cause may be
the  difficulties  of  implementing  mollusciciding  in
extensive  snail  habitats  along  the  beaches  of  the
Yangtze  River  and  associated  major  lakes  due  to  the
Yangtze River Protection Law of the People’s Republic
of  China.  Therefore,  future  surveillance  should  be
enhanced  to  understand  the  dynamic  changes  of  snail
population and explore risky areas, to provide reference
for implementing appropriate interventions to decrease
the transmission risk of schistosomiasis.

No  infected  snails  were  identified  using  the
dissection  method;  however,  positive  LAMP  results
were  reported  from  several  sites  in  Anhui  and  Jiangxi
provinces,  which  may  be  due  to  the  higher  sensitivity
of  LAMP  to  detect  early  or  light  infection  of  snails.
These results suggest that potential transmission risk of
schistosomiasis  still  exists  in  natural  surroundings.  To
ensure  effective  surveillance,  more  sensitive  detection
tools  should  be  introduced,  given  the  current  low
infection  rate  and  intensity  as  schistosomiasis  control
moves towards elimination (13).

In  conclusion,  schistosomiasis  was  characterized  by
low  endemicity  in  China,  with  very  low  prevalence
among humans and livestock. To provide evidence for
implementing  precise  interventions,  sensitive
surveillance  should  be  strengthened,  as  transmission
risk  still  exists  in  restricted  areas.  However,  there  are
some  limitations  in  this  study.  Surveillance  of  local
residents  was  only  undertaken in counties  at  the  stage
of  transmission  control,  which  accounted  for  a  small
proportion  of  endemic  counties.  To  understand  the
infection  status  of  schistosomes  in  human  beings
comprehensively, data collection and analysis should be
strengthened,  as  massive  population living in endemic
areas  are  screened  for  schistosomiasis  annually  in  the
national schistosomiasis control program. Additionally,
the  tools  used  for  detecting  schistosomes  in  humans
and  livestock  are  parasitological  methods  with  low

sensitivity, which may lead to false negatives in infected
definitive  hosts  due  to  their  low  infection  intensity.
Furthermore,  sensitive  LAMP  testing  was  not
stipulated  in  all  county  types  due  to  cost
considerations,  which  may  result  in  snails  with
schistosomes being missed in some risky areas.

To  expedite  the  elimination  of  schistosomiasis
nationwide,  surveillance  strategies  focusing  on  risk
should  be  enhanced  to  provide  guidance  for  precise
implementation  of  interventions.  Capability  building
for  rapid  and  effective  responses  based  on  multi-
sectoral  coordination  should  be  strengthened  once
endemic  foci  or  areas  with  potential  transmission  risk
have been identified (14). Additionally, comprehensive
management  of  snail  control  should  be  maintained to
consolidate  the  progress  achieved,  thus  avoiding  the
rebound  and  spread  of  snails  under  multiple
influencing  factors,  such  as  floods,  large  water
conservancy  projects,  and  increased  human  activities.
Finally, novel techniques and approaches for diagnosis
and  detection  should  be  applied  and  generalized  to
enhance the efficiency and capacity of the surveillance
and early warning system (15). 
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