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Background. The World Health Organization previously set goals of controlling morbidity due to schistosomiasis by 2020 and 
attaining elimination as a public health problem (EPHP) by 2025 (now adjusted to 2030 in the new neglected tropical diseases 
roadmap). As these milestones are reached, it is important that programs reassess their treatment strategies to either maintain these 
goals or progress from morbidity control to EPHP and ultimately to interruption of transmission. In this study, we consider different 
mass drug administration (MDA) strategies to maintain the goals.

Methods. We used 2 independently developed, individual-based stochastic models of schistosomiasis transmission to assess the 
optimal treatment strategy of a multiyear program to maintain the morbidity control and the EPHP goals.

Results. We found that, in moderate-prevalence settings, once the morbidity control and EPHP goals are reached it may be pos-
sible to maintain the goals using less frequent MDAs than those that are required to achieve the goals. On the other hand, in some 
high-transmission settings, if control efforts are reduced after achieving the goals, particularly the morbidity control goal, there is a 
high chance of recrudescence.

Conclusions. To reduce the risk of recrudescence after the goals are achieved, programs have to re-evaluate their strategies and decide 
to either maintain these goals with reduced efforts where feasible or continue with at least the same efforts required to reach the goals.
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Schistosomiasis remains a public health problem in many coun-
tries, affecting over 230 million people around the world [1]. It 
manifests in 2 forms: intestinal or urogenital caused mainly by 
infection with Schistosoma mansoni, Schistosoma haematobium, 
and Schistosoma japonicum. In areas where schistosomiasis is 
endemic, significant morbidity could lead to complications in 
multiple human organ systems [2]. Schistosomiasis transmis-
sion requires contamination of water by feces or urine con-
taining eggs, an intermediate snail host, and human contact 
with water inhabited by the intermediate host snail.

The World Health Organization (WHO) has set guide-
lines to control the morbidity induced by infection. The goals 
set are morbidity control and elimination as a public health 
problem (EPHP), achieved when the heavy-intensity preva-
lence in school-aged children (SAC; 5–14  years of age) is re-
duced to less than 5% and 1%, respectively [3]. For S. mansoni, 

a heavy-intensity infection is defined as 400 or more eggs per 
gram of stool and is usually assessed via the Kato-Katz method 
on 2 separate stool samples per individual [4]. The goals were 
set to be achieved in 2020 and 2025, respectively. However, 
moving towards post-2020 goals, WHO has proposed new 
timelines for the EPHP goal, now set to be achieved by 2030 
[5]. The WHO end goal for schistosomiasis is interruption of 
transmission (IOT), defined as incidence of new infections re-
duced to zero [6]. The prevalence of schistosomiasis is usually 
highest in SAC, and the WHO treatment guidelines call for 
preventive chemotherapy that mainly targets SAC in endemic 
areas through periodic mass drug administration (MDA) [7]. In 
some high-transmission settings, WHO guidelines recommend 
treatment of adults at risk [8].

The success of schistosomiasis control programs in attaining 
morbidity control in countries like Japan and Brazil has led to 
greater impetus towards elimination of transmission [3, 9–11]. 
However, following achievement of either morbidity control or 
EPHP, infections may remain in the population and this could 
lead to resurgence if treatment programs are halted. Also, indi-
viduals not targeted for treatment, such as pre-SAC and adults, 
may remain a reservoir of infection. To prevent resurgence, after 
these goals are achieved programs will need to reassess their 
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treatment strategies to either maintain these goals or progress 
from morbidity control to EPHP and ultimately IOT.

Previous modeling work suggests that in order to maintain 
the gains of achieving these goals, treatment will still be needed 
to curb resurgence [12]. Due to limited praziquantel (PZQ) 
supply, it is important to determine if we can maintain schisto-
somiasis at low levels with reduced efforts in terms of treatment 
coverage and frequency. In this study, we investigate whether 
with reduced MDA efforts (both frequency and coverage), the 
morbidity control and EPHP goals can be maintained without 
a high risk of resurgence above the WHO-defined threshold 
criteria.

METHODS

We used 2 individual-based stochastic models of schistoso-
miasis transmission and control developed independently by 
Imperial College London and University of Oxford (ICL [13–
15] and SCHISTOX [16], respectively). Both models are sim-
ilar in terms of human host demography and age-dependent 
force of infection resulting in an age profile of infection but 
differ in the processes describing egg production. While the 
mean number of eggs produced is proportional to the number 
of worm pairs (male and female worm pairs) in SCHISTOX, it 
is a function of the number of female worms and monogamous 
sexual reproduction in the ICL model.

We focused on a single community with a population size 
of 500 without migration. We considered 2 age profiles of in-
fection with low and high burdens of infection in adults (pro-
duced by varying the age-specific contact rates [17]). For each 
age profile of infection, we simulate moderate (10–50% base-
line SAC prevalence) to high (≥50% baseline SAC prevalence) 
transmission settings and administer treatment annually for 
a variety of age-group coverage levels until both goals are 
achieved. Intervention coverage is assumed to be random at 
each round of treatment. The basic reproduction number (R0) 
was varied in the ICL model, and the overall contact rate (β) 
was varied in SCHISTOX to simulate these ranges of baseline 
prevalence settings. The parameters used for this study are out-
lined in Supplementary Table 1. For every scenario, we run 500 
model iterations and define a goal as achieved if at least 90% of 
the simulations are below the required threshold. All analyses 
were performed in accordance with the PRIME-NTD criteria 
(Supplementary Table 2).

Maintenance Strategies

The simulations are divided in 2 phases: first, achieving both 
goals and then maintaining each of them. Previous work has 
suggested what treatment frequencies and coverage are re-
quired to achieve both goals [18, 19] using deterministic 
models. Building on this, for the first part of the simulations, we 
considered meeting both goals within a 10-year program with 

treatment administered annually at 75% SAC coverage regard-
less of the transmission setting, without systematic noncompli-
ance [20]. In the 10th year, the endpoint of SAC heavy-intensity 
infection prevalence was evaluated to determine whether the 
morbidity control and EPHP goals had been met. Where either 
goal was not achieved, we adjusted the treatment strategies to 
a wider coverage (including increasing SAC coverage and/or 
including adults) such that both goals are met within 10 years.

Once the goals are reached, we consider another 10-year 
maintenance program with different treatment schemes for 
maintaining each goal (Figure 1). Each scheme involves reduced 
effort (either in terms of coverage and/or frequency of treat-
ment) compared with the MDA strategies that were required 
to reach the goals. The maintenance strategies considered are 
as follows:

 1. Triennial MDA (reduced coverage): This strategy involves 
stopping MDA for 2 years as soon as goals are met, followed 
by 1 round of treatment at a reduced coverage than what is 
required to reach the goal in the first part of the simulations. 
Altogether there are 3 MDA rounds over 9 years.

 2. Triennial MDA (same coverage): This also involves stop-
ping MDA for 2 years as soon as goals are met, followed by 
1 round of treatment at the same coverage required to reach 
the goal in the first part of the simulations. Altogether there 
are 3 MDA rounds over 9 years.

 3. Yearly MDA (reduced coverage): This strategy involves con-
tinuing annual MDA for 9 years but at a reduced coverage 
than what is required to reach the goals in the first part of the 
simulations.

In the 10th year, we calculate the probability (proportion of 
simulations) of remaining below the WHO-defined criteria for 
each of the goals. For the reduced coverage maintenance strat-
egies, we initially applied a reduced coverage of 50% of SAC in 
all transmission settings. We increased this reduced coverage if, 
in the 10th year, the probability of being below the thresholds 
is less than 0.9 while ensuring we stayed below the coverage re-
quired to reach the goals.

RESULTS

Reaching the Goals

In moderate-prevalence settings (baseline prevalence in 
SAC <50%), results from both models suggest that with an-
nual treatment of 75% of SAC only (with no systematic non-
compliance), morbidity control can be achieved within 
3 years, regardless of the burden of infection in adults. Results 
from both models suggest that EPHP can be achieved within 
5 years in a low-adult-burden setting and within 8 years in a 
high-adult-burden setting without systematic noncompliance 
(Supplementary Figure 1).
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In high-prevalence settings, once the baseline SAC preva-
lence is above a cutoff point, treatment of SAC and adults is 
required for the EPHP goal to be met within 10 years [18, 19, 
21]. The cutoff baseline SAC prevalence varies with the age pro-
file of infection and across the 2 models used in this analysis. 
For simplicity, we will refer to the cutoff baseline SAC preva-
lence as cl and ch for low- and high-adult-burden infection set-
tings, respectively. Results suggest that cl is 76% and 67% for 
SCHISTOX and ICL models, respectively, while ch is 58% and 
53% for SCHISTOX and ICL models, respectively. For settings 
with baseline SAC prevalence above this, intensified treatment 
is needed, such as higher coverage of SAC and/or an expansion 
in treatment coverage to include adults (Supplementary Figure 
1).

Maintaining the Goals

Even though the goals are reached, there is likely to be residual 
infection (often lower intensity) in SAC and/or non-SAC, 
which could lead to resurgence if treatment is halted. There is a 
higher risk of resurgence in high-transmission settings, and this 
is escalated if control efforts are reduced before the prevalence 
falls to low levels.

For baseline SAC prevalence less than the cutoff prevalence, 
regardless of the burden of infection in adults, both goals can be 
maintained using any of the 3 strategies (Figure 2). Above the 
cutoff baseline SAC prevalence, maintaining the goals depends 

on the strategy employed and the transmission setting, with 
more efforts required in settings with a high burden of infection 
in adults (Figure 2).

Regardless of the burden of infection in adults, for transmis-
sion settings with high baseline SAC prevalence (≥ cl), there 
is a higher likelihood of maintaining the EPHP goal than the 
morbidity control goal (Figure 2). In these settings, adopting a 
maintenance strategy with a reduced coverage of 50% of SAC is 
not sufficient to maintain the goals even if MDA is not stopped 
after the goals are reached (Supplementary Figure 3). Adopting 
the yearly MDA strategy and increasing the coverage close 
enough to what is required to meet the goal increases the like-
lihood of maintaining the goals. Specifically, for settings with 
baseline SAC prevalence greater than 50%, continuing MDA 
with a reduced coverage of 60% of SAC and 20% of adults is 
sufficient to maintain both goals in low-adult-burden settings, 
while 70% of SAC and 60% of adults is sufficient to maintain 
the EPHP goal alone in high-adult-burden settings (Figure 2).

DISCUSSION

Following achievement of the low-prevalence goals for 
S.  mansoni, halting MDA will very likely lead to the resur-
gence of infection unless prevalence is very low [12]. Therefore, 
some level of treatment is required to push prevalence back 
below these levels and maintain the goals. Our analyses sug-
gest that the probability of maintaining the goals depends on 

Figure 1. Maintenance strategies investigated in this study. For strategies 1 and 3, we initially applied a reduced coverage of 50% of SAC only in all settings. If, in the 10th 
year, the prevalence of heavy intensity was above the threshold of either goal, we increased this coverage and/or included adults while ensuring that we stayed below the 
coverage required to reach the goals. Abbreviations: MDA, mass drug administration; SAC, school-aged children.
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the epidemiological setting (baseline prevalence [transmission 
potential] and the age intensity profile of infection), the goal, 
and the maintenance strategy adopted.

The choice of whether to maintain the goals after they are 
achieved or move towards the next target depends on the 
goal in question and the transmission setting. In moderate-
transmission settings, particularly where there is a low adult 
burden of infection, switching to a maintenance strategy after 
achieving the morbidity control goal is likely to eventually 
lead to the achievement of the EPHP goal. If, however, the 
premaintenance strategy was continued for a few more years, 
the EPHP goal would be reached earlier, while simultane-
ously maintaining the morbidity control goal. Furthermore, 
regardless of the burden of infection in adults, in high-
transmission settings with baseline SAC above cl  (76% and 
67% in SCHISTOX and ICL, respectively), there is a greater 
likelihood of maintaining the EPHP goal than the morbidity 
control goal. This is because, in these settings, the lower the 
prevalence when yearly MDA is halted, the lower the chances 
of resurgence if control efforts are reduced after reaching 
the morbidity goal. In such settings, it would be more fea-
sible to move towards achieving and maintaining the EPHP 
goal. Generally, after the EPHP goal is reached, the likeli-
hood of maintaining it depends on the transmission setting 
and strategy adopted, with more efforts required to keep the 

heavy-intensity prevalence in SAC below the threshold in 
high-transmission settings.

Although our results suggest that less frequent or lower coverage 
MDAs (compared with what is required to reach the goals) could 
lead to a high likelihood of maintaining the goals, implementing 
these would require some thought and context-specific adapta-
tion. The choice of what maintenance strategy to adopt depends 
on the goal to be maintained and the transmission setting. In 
moderate-transmission settings, regardless of the burden of infec-
tion in adults, both goals can be maintained employing any of the 3 
strategies modeled here. Conversely, in high-transmission settings, 
the strategies that employ a reduced coverage (compared with that 
required to reach the goals) may not be sufficient to maintain the 
goals even if yearly MDA is continued after the goals are achieved. 
For example, regardless of the burden of infection in adults, in 
high-transmission settings above the cutoff baseline SAC preva-
lence, the yearly MDA strategy is able to maintain the goals only 
when a coverage close to that which was used to reach the goals is 
adopted (Figure 2). In these settings, after the goals are achieved, 
adopting a triennial MDA strategy and returning to administer 
mass treatment at the same coverage used to achieve the goal is 
more effective than continuing MDA with 50% SAC coverage. 
We must point out that, with the triennial MDA strategy, in the 
years when there is no MDA, the heavy-intensity SAC prevalence 
may go above the threshold (Figure 3). For these programs, the 

Figure 2. Projected outcomes for Schistosoma mansoni employing different maintenance strategies for moderate- to high-transmission settings with (A) low and (B) high 
adult burden of infection with coverage levels used in each scenario. Abbreviations: EPHP, elimination as a public health problem; MDA, mass drug administration; SAC, 
school-aged children.
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availability of PZQ in health facilities may enable infected individ-
uals to have access to treatment and thus reduce the risk of resur-
gence above the threshold. Regardless of the maintenance strategy 
employed, complementary interventions such as improving water 
and sanitation hygiene [22], the availability of a vaccine [15, 23], 
and the incorporation of snail control [24] would be beneficial in 
addition to PZQ-based MDA.

The length of the maintenance program employed in 
this study could be flexible depending on the availability of  
resources. For example, the Schistosomiasis Consortium for 
Operational Research and Evaluation (SCORE) sustaining 
control studies, were carried out for a period of 5 years [25],  
although in these studies, either goal had been achieved prior to 
the start of the study. The WHO-recommended treatment cov-
erage is at least 75% of SAC for MDA programs and, while in 
some school-based programs coverage levels up to 90% of SAC 
have been recorded [26], true coverage of each age group might 
widely fluctuate in the real world due to a variety of reasons 
[27]. Consequently, for the reduced treatment coverage strat-
egies investigated in this study, adopting coverage levels as low 
as 50% in an effective program may involve randomly not pro-
viding treatment to a proportion of the population, which may 
be unethical. However, for long-running programs like the ones 
investigated here, there may be program fatigue, which could 
lead to low treatment coverages.

It is important to note that our analysis has assumed that cov-
erage at each round of treatment is at random and that there is no 
migration. However, if a proportion of the population persistently 
do not adhere/have access to treatment or there is immigration of 
infected individuals from neighboring communities where infec-
tion may persist, they may serve as a reservoir of infection, thereby 
reducing the effectiveness of treatment programs. Additionally, 
the current WHO definitions of the morbidity control and EPHP 
goals based on heavy-intensity SAC prevalence may be inappro-
priate for determining success related to changes in infection as 
prevalence and morbidity may still be high even after the goals are 
achieved [28]. Consequently, further work is needed to redefine 
targets that are evidence based. We also note that, in this study, we 
have focused our analysis on S. mansoni but future analyses will 
be extended to S. haematobium. We have used 2 independently 
developed, individual-based models of schistosomiasis transmis-
sion and both show similar results in terms of what is required to 
maintain schistosomiasis at low prevalence levels. Using the same 
assumptions as we have in this study, other stochastic models [29, 
30] would probably suggest similar results.

Conclusions

There is a risk of resurgence if MDA is stopped after the goals 
are achieved in high-transmission settings, and our analysis 
suggests that the higher the prevalence at the time of stopping, 

Figure 3. Prevalence of heavy-intensity infections in SAC and adults for a high-transmission setting (77% baseline SAC prevalence) with a low adult burden of infection. 
Plots are shown for achieving and maintaining the EPHP goal. EPHP is achieved after 7 years of annual treatment of 90% of SAC and 45% of adults and the maintenance strat-
egies—(A) triennial MDA (reduced coverage strategy [50% SAC coverage]), (B) triennial MDA (same coverage required to reach the goal [90% of SAC and 45% of adults]), 
and (C) yearly MDA (reduced coverage strategy [50% SAC coverage])—are employed. Results shown are generated using SCHISTOX. Abbreviations: EPHP, elimination as a 
public health problem; MDA, mass drug administration; SAC, school-aged children.
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the higher the risk of recrudescence. Our analysis suggests that 
triennial treatment offers a potential maintenance strategy for 
EPHP in moderate-transmission settings but would require 
careful monitoring as faster than expected resurgence could 
lead to increased morbidity. As there are no clear guidelines for 
the next steps after the goals are achieved, we hope that this 
work will stimulate discussions on this topic.
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