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Abstract

Background: Schistosomiasis japonica remains an important public health concern due to its potential to cause
severe outcomes and long-term sequelae. An integrated control strategy implemented in the Peoples' Republic of
China has been shown to be effective to control or interrupt the transmission of schistosomiasis. The objective of this
study is to estimate the disease burden of schistosomiasis and assess the cost-effectiveness of the integrated control
strategy focused on different major interventions at three stages for schistosomiasis control in a lake setting, to pro-
vide reference for policy making or planning.

Methods: Annual cost data of schistosomiasis control during 2009-2019 were obtained from the control program
implementers in Jiangling County, Hubei Province, China. Economic costs are provided in constant 2009 Chinese Yuan
(CNY). Epidemiological data of schistosomiasis were collected from the Jiangling county station for schistosomiasis
control. Disease burden of schistosomiasis was assessed by calculating years of life lost (YLLs) owing to premature
death, years lived with disability (YLDs) and disability-adjusted life years (DALYs). DALYs were calculated as the sum of
YLLs and YLDs. We then conducted a rudimentary cost-effectiveness analysis by determining the ratio by dividing the
difference between the average cost of integrated control strategy at transmission control (2013-2016) or transmis-
sion interruption (2017-2019) and the average cost at stage of infection control (2009-2012) with the difference
between the DALYs of schistosomiasis at different control stages. Descriptive statistics on the costs and DALYs were
used in the analysis.

Results: The total economic costs for schistosomiasis control in Jiangling County from 2009 to 2019 were approxi-
mately CNY 606.88 million. The average annual economic costs for schistosomiasis prevention and control at stages

of infection control (2009-2012), transmission control (2013-2016), and transmission interruption (2017-2019) were
approximately CNY 41.98 million, CNY 90.19 million and CNY 26.06 million respectively. The overall disease burden
caused by schistosomiasis presented a downward trend. Meanwhile, the disease burden of advanced cases showed an
upward trend with the DALY increased from 943.72 to 1031.59 person-years. Most disease burden occurred in the age
group over 45 years old (especially the elderly over 60 years old). Taking the infection control stage as the control, the
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at transmission interruption stage.

incremental cost-effectiveness ratio of integrated control strategy was CNY 8505.5 per case averted, CNY 60 131.6 per
DALY decreased at transmission control stage and CNY —2217.6 per case averted, CNY —18 116.0 per DALY decreased

Conclusions: The disease burden of schistosomiasis decreased significantly with the implementation of the inte-
grated prevention and control strategy. Surveillance and management on elder population should be strengthened
to decrease diseases burden. There remains a need for well-conducted studies that examine the long-term cost-effec-
tiveness of the integrated control strategy for schistosomiasis.

Keywords: Schistosomiasis, Integrated control, Cost-effectiveness, Disability-adjusted life years, China

Background

Schistosomiasis japonica is a zoonotic disease caused by
trematode blood flukes of the genus Schistosoma, which
infected 11.6 million cases and 1.2 million cattle in the
People’s Republic of China (P. R. China) in the 1950s.
[1] The implementation of an integrated control strategy
focusing on the source of infection since the early stage
of 21th century had strongly accelerated the process of
schistosomiasis control in P. R. China [2]. Infection con-
trol (the infection rate of schistosomes in humans and
livestock in epidemic villages < 5%) and transmission con-
trol (the infection rate of schistosomes in humans and
livestock in epidemic villages < 1%) were reached nation-
wide in 2008 and 2015 respectively [3, 4]. By the end of
2019, 95.3% of the epidemic counties in P. R. China had
reached the threshold of transmission interruption or
elimination according to the national standards [5]. Cur-
rently, the key areas for schistosomiasis prevention and
control in P. R. China are distributed along the middle
and lower reaches of the Yangtze River, as well as the
areas of the Dongting Lake and Poyang Lake. However,
schistosomiasis japonica remains an important public
health concern due to its potential to cause severe out-
comes and long-term sequelae.

The integrated control strategy has shown to be effec-
tive to control or interrupt the transmission of schisto-
somiasis, especially in lake and marshland regions in P.
R. China [6-8]. But disputation is ongoing: whether
the investments should be continued as the prevalence
decreased significantly in P. R. China, and whether this
strategy could be transferred to other lower-middle-
income countries with schistosomiasis as the integrated
interventions were regarded as expensive. Being a com-
ponent of health policy making and planning, conducting
health economic evaluation could provide evidence to
rationally allocate and utilize health resources and maxi-
mize benefits [9]. The health economics evaluation refers
to the evaluation and selection of alternatives by analyz-
ing the economic effects (cost, effect or input, output) of
health planning [10]. Among the methods used to evalu-
ate the economic value of disease interventions, cost-
effectiveness analysis (CEA) is a routine one, which has

been widely used [11, 12]. Although there have been sev-
eral studies on the effectiveness of integrated prevention
and control strategies for schistosomiasis, few are related
to cost-effectiveness analyses [13].

As the integrated control strategy for schistosomiasis
has been implemented in P. R. China more than 10 years,
it is worthwhile to determine if this strategy is cost-
effective as periodic assessment and analysis of resource
utilization are conducive to the optimization of diseases
prevention and control [14, 15]. The objective of this arti-
cle is to understand the changes of disease burden due
to schistosomiasis and evaluate the cost-effectiveness of
the integrated control strategy focusing on blocking the
transmission of schistosomiasis in a typical lake endemic
region of schistosomiasis in P. R. China.

Methods

Survey setting

Jiangling County of Hubei Province, China, a typical lake
region used to be a heavily endemic area of schistosomi-
asis, locates in the middle reaches of the Yangtze River
and the north bank of the Jingjiang River. It belongs to
the hinterland of the four lakes (Long Lake, Three Lakes,
Egret Lake, Hong Lake), having rich water system and
complex natural environments suitable for snails breed-
ing. Through the implementation of the integrated con-
trol strategy for schistosomiasis, the county has reached
the criteria of infection control, transmission control
and transmission interruption in 2008, 2013 and 2017,
respectively [16—18], keeping a low level of schistosomia-
sis endemicity until now.

Data collection

From August to December in 2020, epidemiological data
including the number of schistosomiasis cases (acute,
chronic and advanced cases), area of snail habitats, the
infected snails’ infested areas, etc. in Jiangling County
from 2009 to 2019 were collected from the Jiangling
County Station for schistosomiasis control, and used to
assess the health effects of integrated control interven-
tions. The general demographic information especially
the age of each schistosomiasis cases were collected. Cost
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data related with schistosomiasis control in Jiangling
County from 2009 to 2019 were obtained for the perspec-
tives of program implementers.

Determination of cost

The cost of the integrated control strategy for schistoso-
miasis includes expenditure of various control activities
conducted by the department of health, agricultural, for-
estry, water conservancy, transportation and land modi-
fication etc. Cost data covered the costs of case detection
and treatment, snail control, mollusciciding, health
education, livestock disposal and management, toilets
modification, risk monitoring, and other integrated inter-
ventions, etc [8, 19-21]. The costs of case detection and
treatment were composed of the annual costs of ques-
tionnaire survey, blood examination, stool examination,
treatment against schistosomiasis, involving the costs
of subsidies, diagnostic reagents and materials, drug,
medical assistance for advanced cases of schistosomia-
sis, etc. The costs of snail control included the costs for
conducting snails’ survey and mollusciciding, involving
the costs of subsidies, materials, and drug. Health educa-
tion expenses included the costs for conducting training
courses for school students, village cadres and doctors,
the costs for preparing and distributing the leaflets, set-
ting the warning signs. The costs of consumables and
materials are the product of unit price and quantity. The
costs of agricultural, forestry, water conservancy, trans-
portation, land modification projects were directly col-
lected from the related departments. The costs were
presented in 2009 Chinese yuan (CNY) and a discount
rate of 2.25% was used for cost.

Health outcomes

Health outcome was presented in disability-adjusted life
years (DALYs). DALYs were calculated by combining
years lived with disability (YLDs) and years of life lost
(YLLs). It was used to quantify the burden of disease,
which was calculated with the life quality method based
on disability weight (DW) got from cases’ life quality
assessment [22]. The formula was listed as follows [23]:

YLDs prevx = Z Px x DWx

YLLs = N x L

DALYs = YLDs + YLLs

YLDs are the years lived with disability, YLDs prev x
are the years lived with disability based on prevalence
(prev is the abbreviation of prevalence, x is the group-
ing variable), Px is the number of cases in the reference
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population at a specific time. DWx is the disability weight
of health outcomes. The DW of different age groups of
advanced schistosomiasis cases was calculated as the
following criteria: 30—44 years old (0.378), 45-59 years
old (0.399), over 60 years old (0.510) [24]. The DW of
different age groups of chronic cases of schistosomiasis
was standardized as the follows: 5-14 years old (0.095),
15-44 years old (0.159), 45-59 years old (0.207), over
60 years old (0.246) [25].

YLLs reflecting life lost between the age of death and
life expectancy at the age of death, are calculated by sub-
tracting the age at death from the life expectancy at that
age. For example, someone dying ages 56.5 at 2017 would
lose 20.2 years of life when the life expectancy was 76.7
at 2017. The standard life expectancy was obtained from
2009 to 2019 life tables by year, gender and age offered by
statistics bureau of local government.

Incremental cost-effectiveness analysis (ICEA)

Incremental cost-effectiveness ratio (ICER) presents
the additional benefit when extra money is invested to
cross over from one intervention to another [26-28].
In this article, to analyze the cost-effectiveness of inte-
grated control strategy with different major measures
at different control stages, we used the ratio which was
obtained by dividing the difference between the average
cost of integrated control strategy at transmission control
(2013-2016) or transmission interruption (2017-2019)
and the average cost at stage of infection control (2009—
2012) with the difference between the number of cases
averted and DALYs of schistosomiasis at different stages.

Results

General information of schistosomiasis epidemic situation
in Jiangling County

From 2009 to 2019, the endemicity of schistosomiasis in
Jiangling County presented a downward trend. The num-
ber of clinical chronic schistosomiasis determined by
serological tests and clinical symptoms dropped from 13
086 in 2009 to 2310 in 2019, while the number of con-
firmed chronic cases through finding Schistosoma japoni-
cum eggs decreased from 2158 in 2009 to 0 in 2019. In
addition, the number of advanced schistosomiasis cases
dropped from 1248 in 2009 to 1073 in 2019, while no
acute schistosomiasis case had been reported since 2008.
The snail infested area had declined from 3030.73 hm? in
2009 to 2718.04 hm? in 2019, and no infected snail had
been detected since 2012. (Table 1).

Costs of schistosomiasis control in Jiangling County

The overall expenditure for schistosomiasis control in
Jiangling County from 2009 to 2019 was CNY 606.88 mil-
lion, varied in the range of CNY 11.65-124.37 million
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Table 1 Changes of schistosomiasis cases and snails’infection status in Jiangling County from 2009 to 2019

Year Disease situation Snail situation
Number of clinical Number of determined Number of. advanced Snail infested area Area with
chronic cases chronic cases cases (hm?) infected snails

(hm?)

2009 13 086 2158 1248 3030.73 136.68

2010 11264 1602 1192 3030.23 133.06

2011 9187 1199 1190 3029.53 51.51

2012 6988 573 1141 2875.86 0.00

2013 4682 395 1287 2875.86 0.00

2014 4455 229 1234 2875.86 0.00

2015 3251 74 1220 272865 0.00

2016 4003 0 1205 2728.65 0.00

2017 2852 0 1M 2718.10 0.00

2018 2330 0 1098 271804 0.00

2019 2310 0 1073 2718.04 0.00

annually. Classified by expenditure items, the costs from
the land resources department for schistosomiasis con-
trol accounted for the largest proportion (about CNY
336.49 million, 55.45%), followed by costs of health
activities for schistosomiasis control (about CNY 108.55
million, 17.89%). In the costs of health department, the
costs of mollusciciding accounted for the highest propor-
tion (CNY 38.26 million, 35.35%), followed by the costs
of case treatment (CNY 24.66 million, 22.72%), while
the costs of health education accounted for the lowest
proportion (CNY 1.03 million, 0.95%). Calculating the
costs by the disease control stage, the costs at the stage
of infection control (2009-2012), transmission control
(2013-2016), and transmission interruption (2017-2019)
were approximate CNY 167.93 million, CNY 360.76 mil-
lion and CNY 78.19 million respectively (Table 2). Dur-
ing the infection control stage, the costs of health control
activity accounted for the highest proportion (52.31 mil-
lion/167.93 million, 31.15%) of the total costs followed by
the costs of transportation projects to modify the snail
habitats (41.28 million/167.93 million, 24.58%). At trans-
mission control and transmission interruption stage, the
former two highest proportions of costs for schistosomi-
asis control were 78.00% (281.38 million/360.76 million),
44.15% (34.52 million/78.19 million) in the costs of land
modification projects aiming to reduce snail breeding
areas and 9.45% (34.10 million/360.76 million), 28.33%
(22.15 million /78.19 million) in the costs of health con-
trol activities respectively.

Disease burden caused by schistosomiasis in Jiangling
County

The overall disease burden caused by schistosomiasis
presented a downward trend with DALYs decreased from

3178.38 person-years in 2009 to 1497.42 person-years
in 2019. Calculating the disease burden by the types of
schistosomiasis cases, the DALYs of chronic cases of
schistosomiasis presented a downward trend (2234.66—
465.83 person-years), while that of advanced cases
showed an upward trend (943.72-1031.59 person-years)
with a small peak in 2017. In addition, the variation trend
in total DALYs of schistosomiasis was consistent with
that of chronic cases before 2013, but shifted to be con-
sistent with that of advanced cases after 2013. (Fig. 1).

DALYs: disability adjusted life years

According to DW, the schistosomiasis cases in Jian-
gling County from 2009 to 2019 were divided into 4 age
groups: 614 years old, 15-44 years old, 45-59 years old
and > 60 years old. The YLDs in the 15-44 and 45-59 age
groups presented an obvious downward trend (722.03—
34.28, 1285.41-295.60 person-years), while fluctuated a
little bit in the age group of 60 years old and above, in
the range of 460 and 800 person-years. The annual YLDs
was mainly concentrated in the age group of 60 years old
and above, account-ed for 45.8% [43.9% (541.75/1233.77),
45.4% (625.43/1377.00), 47.2% (521.53/1103.92), 43.5%
(461.47/1060.85), 49.0% (471.23/962.36)] on average
during 2015 to 2019, while the YLDs in the age groups
of 15-44 years old, under 15 years old accounted for
72% [9.3% (114.50/1233.77), 9.2% (126.16/1377.00),
7.0% (77.16/1103.92), 6.8% (71.85/1060.85), 3.6%
(34.28/962.36] and 0.0% [0.0% (0.48/1233.77), 0.1%
(0.76/1377.00), 0.0% (0.19/1103.92), 0.0% (0.29/1060.85),
0.0%] on average during 2015-2019 (Fig. 2).
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Fig. 1 Changes of Disability adjusted life years caused by
schistosomiasis in Jiangling County from 2009 to 2019
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During the research period, the number of schistosomia-
sis cases decreased from 10 897 at stage of infection con-
trol to 3717 at stage of transmission interruption. Taking
the infection control stage as the control, we found that
the integrated control strategy was more cost-effective
(ICER: CNY - 2217.6 per case averted) in transmission
interruption stage (Table 3).

Taking DALYs at a discount rate of 2.25% annually as
the adjusted effectiveness indicator, we analyzed the ratio
obtained by dividing the difference between the average cost
at transmission control or transmission interruption and
the average cost at stage of infection control with the differ-
ence between DALYs of schistosomiasis at corresponding
stages. The ratio was CNY 60 131.6 per DALY decreased at
transmission control stage and CNY —18 116.0 per DALY

19

ICEA of integrated schistosomiasis control

decreased at transmission interruption stage (Table 4).
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Fig. 2 Changes of years lived with disability caused by schistosomiasis by age strata in Jiangling County from 2009 to 2019

Table 3 Cost-effectiveness analysis of integrated control strategy at different stages of schistosomiasis-number of cases

Stage of schistosomiasis control Annual number Average numberof Average Incremental cost ICER(CNY)(incremental cost/
of cases per cases averted per annual (CNY 10 000) average number of cases averted
year year cost per year)
(CNY 10
000)
Infection control stage 10897 - 41984 - -
(2009-2012)
Transmission control stage 5229 5668 9019.1 4820.7 8505.5
(2013-2016)
Transmission interruption stage 3717 7180 2606.2 —1592.1 —22176

(2017-2019)

- means the control, ICER incremental cost-effectiveness ratio, CNY Chinese yuan
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Table 4 Cost-effectiveness analysis of integrated control strategies at different stages of schistosomiasis- disability adjusted life years

Stage of schistosomiasis control Costs Increased costs DALYs Decreased DALYs Ratio(CNY)
(CNY 10 000) (CNY 10 000) (person-year) (person-year) (increased cost
/decreased
DALY)
Infection control stage 16 793.5 - 9963.1 - -
Transmission control stage 36076.3 192828 6756.3 3206.8 601316
Transmission interruption stage 7818.7 —8974.8 5009.0 4954.0 —18116.0

- means the control, DALYs disability adjusted life years, CNY Chinese yuan

Discussion

The transmission of schistosomiasis is affected by biolog-
ical, natural and social factors, thus the control of schis-
tosomiasis is a systematic social project, involving many
departments, such as agriculture, forestry, water conserv-
ancy, land resources, etc. Although the integrated control
strategy focusing on the source of infection to block the
transmission of schistosomiasis has been implemented in
P. R. China more than ten years, it’s relatively difficult to
carry out a systematic health economic evaluation on it.
The economic evaluation indices of schistosomiasis con-
trol measures reported in previous studies were mainly
the costs for reducing the infection rate of S. japonicum
in residents, livestock, snails, or the costs for reducing
the integrated impact index of schistosomiasis. [29-31]
However, in current situation, the majority of schistoso-
miasis cases are advanced cases in PR. China, featured
with a long process of pathological changes and neglected
impacts on residents’ health. Thus previous evaluation
indices were no longer applicable. In our study, the CEA
of the integrated control strategy for schistosomiasis was
conducted based on DALY, taking Jiangling County as
an example, to explore the burden of schistosomiasis on
population more scientifically and comprehensively.

The cost analysis of schistosomiasis in different peri-
ods in Jiangling County found that the average annual
costs of schistosomiasis prevention and control at stage
of infection control, transmission control and transmis-
sion interruption were approximately CNY 41.98 million,
CNY 90.19 million and CNY 26.06 million respectively,
equivalent to the annual per capita costs in schistosomia-
sis control of CNY 123.08, CNY 270.27 and CNY 77.29
respectively, if considering the number of average annual
resident population (341 100, 333 700, and 337 200 in
corresponding periods). Due to the large one-time costs
in environmental improvement projects, the overall costs
in schistosomiasis control were relatively high [32], but
still reasonable from the perspective of population-based
protection through prevention and control activities.

Advanced schistosomiasis cases were given health-
care priority due to its serious health and economic

impacts, but it has not been included in the estimation
of schistosomiasis burden in previous Global Burden of
Disease (GBD) studies. In Jiangling County, there were
only chronic and advanced schistosomiasis cases during
2009 to 2019 and the DW of schistosomiasis is seriously
underestimated in GBD (0.005/0.006) [33, 34], thus we
choose the age-specific DW cited from previous studies
which aimed to estimate the age-specific disability weight
of chronic and advanced schistosomiasis japonica in
China based on the European quality of life questionnaire
with an additional cognitive dimension (known as the
“EQ-5D plus”) and participants’ self-rated health scores
on the visual analogue scale of the questionnaire [24,
25]. In our research, the number of advanced schistoso-
miasis cases under 30 years old was 14 in 2009, with a
mean value of 2.5 advanced cases annually in other years.
Thus the advanced cases under 30 years old were directly
included in the 30—44 age group. In addition, we took the
mean value (0.177) as the DW of a few cases as their age
information missed in this study.

The DALYs of chronic schistosomiasis was mainly
based on YLDs caused by schistosomiasis rather than
YLLs [35]. Our study found that the overall disease bur-
den caused by schistosomiasis presented a downward
trend. To the opposite, the disease burden of advanced
cases showed an upward trend, which can be explained
by the YLLs of advanced cases increased from 377.40 per-
son-years in 2009 to 535.06 person-years in 2019. Also a
small peak was presented in 2017 because 137 advanced
cases were dead in that year (137 died cases), resulting in
a larger YLLs. In addition, the current YLDs of schistoso-
miasis in Jiangling County mainly distributed in the age
group of 60 years and over, followed by the age group of
45-59 years. The aging trend of cases was obvious, which
was consistent with the existing researches [36, 37]. With
the improvement of treatment quality and strengthening
of medical assistance for advanced cases in P.R. China,
the life expectancy of advanced cases will extend. As
aging is an important factor affecting life quality and dis-
ease burden, it is necessary to strengthen dynamic moni-
toring and management of the elder age group through
regular follow-up and healthy education. Early detection
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of advanced cases and timely interventions when the dis-
ease progression was found, are required to avert further
deterioration leading to more disease burden.

ICER is often used to be an indicator to conduct
cost-effectiveness analysis, represents the magni-
tude of additional health gained per additional unit
of resources spent. And a country’s gross domestic
product per-capita was recommended by WHO as
the cost-effectiveness thresholds. It should be noticed
that in our study, the major interventions conducted
in Jiangling County were adjusted with the decrease of
prevalence of schistosomiasis, although the integrated
control strategy for schistosomiasis was implemented
since 2004. At infection control stage, key measures
such as disposing of cattle or infected livestock, replac-
ing cattle by machine for agriculture activities, improv-
ing sanitation, conducting transportation projects to
modify snail breeding areas, etc. were supplemented to
routine health interventions. At transmission control
stage, measures of snail habitats modification in combi-
nation with utilization of land resource, preventing the
rebound of feeding cattle, raising livestock in stall, case
management were highlighted to decrease the infec-
tion of intermediate hosts and definitive hosts further.
At transmission interruption stage, major tasks were
adjusted to dealing with residual foci, identifying and
managing the potential risks, surveillance and envi-
ronmental modification to decrease the snail breeding
areas. Thus we used the ratio by dividing the difference
between the average cost of integrated control strat-
egy at transmission control (2013-2016) or transmis-
sion interruption (2017-2019) and the average cost at
stage of infection control (2009-2012) with the differ-
ence between the DALYs of schistosomiasis at differ-
ent stages to analyze cost-effectiveness of integrated
control strategy with different major interventions at
different stages. Taking the infection control stage as
the control, the ratio of integrated control strategy was
CNY 8505.5 per case averted, CNY 60 131.6 per DALY
decreased in transmission control stage and it was CNY
—2217.6 per case averted, CNY —21 508.6 per DALY
decreased in transmission interruption stage, suggest-
ing that the strategy was more cost-effective in the
transmission interruption stage. However, further stud-
ies should be conducted to explore the impact of vari-
ous interventions on schistosomiasis control through
deeper analysis.

There are some limitations of our study. First, we con-
ducted the cost-effectiveness analysis from healthcare
perspective, thus the costs of human resources and fixed
equipment, were not included in the cost calculation
due to its complicity of definition, which may impact on
the findings. It is suggested to strengthen the recording
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and archiving of relevant data in the future in order to
improve the quality of similar research thus to better
guide on-site prevention and control. Second, being a
rudimentary CEA, our research was based on observed
data and we didn’t consider the impact of costs for future.
Further studies based on modelling need be explored to
better evaluate the future effect of the integrated control
strategy for schistosomiasis japonica.

Conclusions

The costs were relatively high at the early stage of schis-
tosomiasis control, but the disease burden decreased
significantly due to the implementation of the integrated
prevention and control strategy. The study showed that
the costs in schistosomiasis control decreased signifi-
cantly after Jiangling reached the threshold of transmis-
sion interruption. The rising prices of materials and
labors may further deepen the gap between investment
and actual demand of schistosomiasis control. And, we
find that the integrate control strategy is more cost-effec-
tive at the transmission interruption stage. Thus, multiple
section collaboration and resource integration should be
strengthened further and investments in the schistoso-
miasis integrated prevention and control should be con-
tinued to facilitate the elimination of schistosomiasis. In
addition, the current disease burden of schistosomiasis
mainly distributed in the elder age group. Early detection
of advanced cases and timely interventions when the dis-
ease progression was found, are required to avert further
deterioration leading to more disease burden.
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