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Abstract. The Schistosomiasis Consortium for Operational Research and Evaluation (SCORE) was created to con-
duct research that could informprogrammatic decision-making related to schistosomiasis. SCORE included several large
cluster randomized field studies involving mass drug administration (MDA) with praziquantel. The largest of these were
studies of gaining or sustaining control of schistosomiasis, which were conducted in five African countries. To enhance
relevance for routine practice, the MDA in these studies was coordinated by or closely aligned with national neglected
tropical disease (NTD) control programs. The study protocol set minimum targets of at least 90% for coverage among
children enrolled in schools and 75% for all school-age children. Over the 4 years of intervention, an estimated 3.5million
treatments were administered to study communities. By year 4, themedian village coverage was at or above targets in all
studies except that in Mozambique. However, there was often a wide variation behind these summary statistics, and all
studies had several villages with very low or high coverage. In studies where coverage was estimated by comparing the
number of people treated with the number eligible for treatment, denominator estimation was often problematic. The
SCORE experiences in conducting these studies provide lessons for future efforts that attempt to implement strong
research designs in real-world contexts. They also have potential applicability to country MDA campaigns against
schistosomiasis andotherNTDs,mostofwhichare conductedwith less logistical andfinancial support thanwasavailable
for the SCORE study efforts.

INTRODUCTION

Preventive chemotherapy through mass drug administration
(MDA)withpraziquantel (PZQ) is thecurrentmainstayof theglobal
strategy to control schistosomiasis.1–3 According to the World
Health Organization (WHO), successful implementation of MDA
for schistosomiasis control is defined as treating at least 75% of
the eligible at-risk school-age children (SAC) within an affected
community.4 Problems with both measuring MDA coverage and
achieving targets have been reported previously.5–7

The Schistosomiasis Consortium for Operational Research
and Evaluation (SCORE) was launched in 2008 with funding
from the Bill & Melinda Gates Foundation to contribute to the
evidence base for programmatic decision-making related to
schistosomiasis control andelimination. TheSCORE research
portfolio includes studies related to topics such as control and
elimination of schistosomiasis, diagnostic test development
and validation in real-world settings, and changes in schisto-
some population genetics in response to drug pressure.8

Several SCORE studies involved conducting MDA with PZQ
and measuring village-level coverage for each round of MDA.
Coverage in the Zanzibar elimination study has beenpreviously
reported.7 This article focuses on coverage results and issues
encountered during the largest of the SCORE intervention
studies—the “gaining and sustaining control studies.”9 These
studies involved evaluation of different MDA strategies for
control of Schistosoma haematobium and Schistosoma man-
soni infections in five African countries.9 A number of articles
have been published describing the baseline characteristics of
the study populations and some of the main study outcomes,
including changes in infection prevalence and intensity among
children aged 9–12 years after 4 years of intervention.10–16

To ensure that our findings would have relevance to ongo-
ing schistosomiasis control and elimination efforts, the
SCORE gaining and sustaining control studies were con-
ducted in the context of country neglected tropical disease
(NTD) programs, with MDA coordinated by or aligned with
national NTD programs. However, the studies also involved
aspects of field trial research, with random assignment of
groups of people (i.e., villages) to different interventions. Our
hope was that the involvement of national control programs
wouldensure theuseof thefindingswithin thecountry,whereas
the inclusion of field trial researchmethods would contribute to
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quality, generalizability, and the use of the findings across
countries. These two perspectives—working in ways that
alignedwith ongoingnational control programs, but performing
a formal field trial—resulted in many opportunities and chal-
lenges.We believe our experiences and lessons learnedwill be
relevant for future operational research that will require high
coverage rates and quality coverage measurement in contexts
where total control of interventions and measurement of in-
tervention success are aspirational but may prove difficult.

METHODS

Gaining and sustaining control andNiger study designs.
The design for the gaining and sustaining control studies has
been described in detail elsewhere.9 In brief, gaining control
studies were performed in communities with ³ 25% Schisto-
soma prevalence in 13- to 14-year-old children, as determined
in eligibility surveys conducted before study implementation.
These studies each had six study arms,which provided varying
combinations of community-wide treatment (CWT), school-
based treatment (SBT), and drug holidays, which were defined
as years without MDA with PZQ, although other drugs such as
albendazole for treatment of soil-transmitted helminth infec-
tions may have been provided.
Sustaining control studies were performed in communities

having 10–24%prevalence among13- to 14-year-old children
duringeligibility surveys. The three studyarms involvedannual
SBT or combinations of SBT and drug holidays.
Both studies involved cluster randomization at the village

level, with each study arm including 25 villages. Thus, there
were 150 villages in each gaining control study and 75 in each
sustaining control study.
The harmonized gaining and sustaining control protocol

was developedwith extensive input from funded investigators
and other experts and provided a high-level outline of planned
study interventions and endpoint measurements. It required
the assessment of baseline prevalence and infection intensity
in 9- to 12-year-old schoolchildren, then four intervention
years (MDAwithPZQordrugholidays), followedby a fifth-year
post-intervention parasitologic survey, also among 9- to 12-
year-old schoolchildren. Mass drug administration was either
conducted by the host country’s national NTD control pro-
gram or in close coordination with it. Coverage wasmeasured
during or shortly after each MDA.
Gaining control studies were conducted in Kenya, Mozambi-

que, and Tanzania, whereas sustaining control studies were
conducted inCôted’IvoireandKenya.Nigeroriginallywas funded
to conduct both gaining and sustaining control studies for
S. haematobium. However, the study protocol regarding ran-
domizationwas not followed inNiger,where villageswere instead
grouped by geographic proximity to one another. Rather than
terminate thestudy inNiger, itwas redesigned inyear3 toevaluate
twice- versus once-a-year treatment with either SBT or CWT.12

Mostof thegainingandsustainingcontrol studiesbegan inearly
2011. The last to start was that in Côte d’Ivoire, where the study
start was delayed because of civil unrest and security issues.
Mass drug administration and treatment coverage as

defined in the SCORE harmonized protocol. In villages
randomized to SBT, PZQ was mainly administered by trained
teachers, except in the early years of the Kenya and Tanzania
gaining control studies, when it was administered in community-
based efforts by community drug distributors (CDDs). In some

cases, SBT occurred primarily in schools but was augmented by
CDDs. The CDDs typically were NTD program staff, other com-
munity health workers, or study program hires. The protocol re-
quired efforts to include both enrolled and non-enrolled SAC
in SBT villages by using outreach to encourage nonschool-
attending children to come to the school for treatment.
Community-wide treatment programs were to provide

treatment to the entire eligible population in the study com-
munity (i.e., children younger than 5 years or less than 94 cm in
height were explicitly excluded, whereas pregnant women
were to be included).3 The protocol called for community
sensitization before MDA to help increase coverage rates,
both for SBT (e.g., radio announcements and mobilization
through schools to encourage participation of non-attending
SAC) and CWT (e.g., radio announcements, community
meetings, flyers, village criers, television notices, and other
efforts targeting all community members). However, specific
approaches to worker training and community sensitization
were left to individualstudiesso that investigatorscould take their
local experience and other contextual issues into account.
The protocol emphasized the need for high-quality cover-

agedata.Coveragewasdefined as the percentageof targeted
individuals who received PZQ. By protocol, ingestion of PZQ
was to be directly observed. The protocol required a census of
all study villages in year 1 to determine the number of people
eligible for treatment (i.e., the coverage denominator), but
allowed other “high-quality” data to be used instead. Those
providing PZQ kept records of names, age, gender, height,
numbersof tabletsprovided, andanyother relevantdata.Further
requirements for coverage measurement were not specified.
The harmonized protocol set coverage targets of at least

90%among school-enrolled children and 75%coverage of all
SAC. In CWT villages, therewas an additional target of 75%of
the entire eligible population. If coverage after the first attempt
at MDA was less than these targets, teams were to return to
the village for additional “mop-up” efforts in an attempt to
achieve the coverage targets.
Datasources for reconstructing theSCOREexperience.

We used records kept by different SCORE studies, published
articles, and recollections of individual investigators to catalog
SCORE experiences related to coverage. Structured forms
and tables were used to capture key information. Among the
records reviewed were annual reports submitted to the
SCORE secretariat, midterm reviews of each study, SCORE
annual meeting presentations, summaries of phone and
Skypecalls, ande-mail correspondence. Investigators at each
study site were to verify the compiled information and provide
information missing from SCORE secretariat records.
Ethics statement. In each of the studies summarized in this

article, written informed consent was obtained from adults
(including parents/legal guardians of children in the study) and
assent was obtained from children younger than 18 years,
except in placeswhere village-level consent is the standard, in
which case local requirements were met. Ethical review of
research protocols was implemented by human subjects
committees in each African country and by the institutional
review board (IRB) of their respective northern partners, and
the IRB of the University of Georgia (Athens, GA). Details can
be found in the publication by Ezeamama et al.9

The trials were registered with the International Standard
Randomized Controlled Trial registry under ISRCT numbers
99401114 (Côte d’Ivoire sustaining control study), 14849830
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(Kenya sustaining control study), 16755535 (Kenya gaining
control study), 95819193 (Tanzania gaining control study),
32045736 (Niger study), and 14117624 (Mozambique gaining
control study).

RESULTS

Sources of coverage data. Table 1 shows sources of data
for estimating coverage numerators and denominators. Nu-
merators were obtained from teacher records, augmented by
CDD registries when children were treated outside of school
settings. For the most part, children treated in schools were
directly observed taking the drugs. However, in Tanzania, when
food was not available, PZQ was sometimes sent home with
children to be taken when they had access to food. Although
CDDs in all studies were told to observe individuals taking
pills, CDDs in some studies left pills to be taken later when not
all members of a household were at home.17 An estimated
3.5 million treatments were administered in the context of the
SCORE gaining and sustaining studies and the Niger study.
Different studies used different approaches for assessing

denominators. For example, in places where enrollment in
primary education is high, SAC estimates were sometimes
based on school enrollment.18 In some places, CDDs or study
staff conducted censuses. In others, the Ministry of Health
provided annual estimates of the total population of each vil-
lage and the percent of each village’s population believed to
beSAC. Tanzania has a robust system for routine census data
collection; the estimates of total population and SAC eligible

for treatment in bothSBTandCWTvillageswere basedon this
village-level data collection.
Coverage estimates. Boxplots illustrating coverage esti-

mates from thegaining andsustaining control studies are shown
in Figures 1 and 2, respectively, and for the Niger study in
Figure3.Mediancoverageand ranges forall studies, stratifiedby
year, are shown in Supplemental Table S1. Except in Mozam-
bique, byyear 4, theaverageoverall coverage in all armsof all the
studies (calculated as the average of medians across all study
years)wasat least 75%both for SACand, if relevant, for the total
population. Coverage among SAC was at least 90% in Côte
d’Ivoire and Kenya’s sustaining control studies, the SBT arm of
Kenya’s gaining control study, and two arms of the Niger study.
Village-level coverage varied substantially in some studies,

especially in the early years. Figure 4 is a plot of numbers of
children treated versus SAC population during the last MDA in
each village in each study. By the final study MDA, some
studies—such as the Kenya gaining and Kenya sustaining
studies—were achieving good coverage in most villages. In
others, such as in Côte d’Ivoire, the median coverage for all
villages was 95% (Supplemental Table S1), but that masks a
range of coverage levels that are both well below and well
above 100%.
In Mozambique, the coverage range was very large, but the

median coveragewas low. For example, in theSBTarm in year
4, coverage among SAC was 26%, with a range of 3–79%
(Figure1,Supplemental TableS1).Coverage in individual villages
alsofluctuatedsubstantially over time. InCôted’Ivoire, the village
with thegreatestfluctuation incoveragebetween thefirst and last

TABLE 1
Main sources of numerator and denominator data used by SCORE studies to estimate MDA coverage

SCORE study
Type of MDA/

population assessed Source of numerator data Source of denominator data

Côte d’Ivoire sustaining
control

SBT (SAC) Teacher records in year 1, when all
treatment occurred in schools, and
teacher and CDD treatment records in
subsequent years

Year-by-year Ministry of Health reports of
village-level total population. Twenty-
six percent of the population of each
village was assumed to be SAC

Kenya sustaining control SBT (SAC) Teacher treatment records School enrollment

Kenya gaining control SBT (SAC) Teacher treatment records School enrollment
CWT Years 1 and 2: CDD registries Years 1 and 2: CDD census, updated

regularly
Years 3 and 4: Years 3 and 4:
• SAC: teacher treatment records and
CDD registries

• SAC: School enrollment

• Non-SAC: CDD registries • Non-SAC: CDD census, updated
regularly

Mozambique gaining
control

SBT (SAC) Teacher treatment records, non-enrolled
children were encouraged to come to
the school for treatment

2011 census. Thirty percent of the
population of each village was
assumed to be SAC

CWT SAC: teacher treatment records and CDD
registries

2011 census

Non-SAC: CDD registries

Niger SBT (SAC) Teacher treatment records Annual village-level data provided by the
Ministry of HealthSAC: teacher treatment records and CDD

registries
CWT Non-SAC: CDD registries

Tanzania gaining control SBT (SAC) Teacher treatment records Census information collected from the
village executive official’s recordsCWT Years 1 and 2: CDD registries

Years 3–4:
SAC: teacher treatment records
Non-SAC: CDD registries

CDD = community drug distributor; CWT= community-wide treatment; MDA=mass drug administration; SAC = school-age children; SBT = school-based treatment; SCORE = Schistosomiasis
Consortium for Operational Research and Evaluation.
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MDAreported214%coverage in thefirstMDAand78%inyear4.
This was due both to an increase in the reported denominator,
from635to766children,andadecrease inSACreported treated,
from 1,360 to 597. In some villages, denominators fluctuated
markedlyover thecourseof thestudy. For example, in onevillage
inNiger, thenumbersofSACwere reportedas217,226,169, and
388 in years 1, 2, 3, and 4, respectively. Numbers treated in this
village did not bear a consistent relationship to denominators;
coverage was reported at over 100% in years 2 and 3 and 75%
and 85% in years 1 and 4, respectively.
Many studies reported individual village coverage rateswell

over 100%. The highest coverage rates recorded were in a
CWT village in Kenya with 694% of SAC reportedly treated
and an SBT village in Niger at 459%. Anecdotal reports in-
dicated that coverage greater than 100% may have resulted
from treatment being given to individuals from nearby villages
who heard about the MDA, for example, through radio an-
nouncements, or inclusion of nonresident relatives of CDDs in
the MDA. In some places, underestimated denominators
appeared to contribute to artificially high coverage estimates.17

Coverage in Mozambique was the lowest among the
SCORE gaining and sustaining control studies. The median

SAC coverage was as low as 26% in year 4 SBT villages. One
reason for the low coverage was poor school attendance. An
assessment of 61 SCORE study villages by the Mozambique
team in 2014 found that only 32%of childrenwere in school. In
2015, a more comprehensive analysis among 132 SCORE
study villages in all districts indicated only 35% school at-
tendance. Challenges included employment of children in
mining and other local industries and most of the community
leaving villages during harvest times.
Some of the variability in coverage occurred from factors

outside of a study’s control. For example, in Côte d’Ivoire, at
the onset of the study, research and treatment teams had
difficulty reaching some of the villages because of the fragile
sociopolitical context and serious security issues.19 In some
years, flooding in Mozambique and Niger made access to
some villages extremely difficult. In Kenya and Tanzania,
drought and resultant food shortages impacted willingness of
some people to ingest PZQ, which can cause gastrointestinal
discomfort if taken without food.20

Impact of SBT versusCWTonSACcoverage.Basedon a
systematic review of previous studies,21 we expected that
SAC coverage would be highest in CWT villages. In fact, in

FIGURE 1. Annual study-wide coverage (% treated;median and range) for Schistosomiasis Consortium for Operational Research and Evaluation
(SCORE) gaining control studies, by study. Results are presented for school-age children (SAC) and the total population (Total Pop). The boxes
extend from the 25th to the 75th percentile. The horizontal lines within the boxes indicate the median. Whiskers extend from the smallest value to the
largest. KEN = Kenya; MOZ = Mozambique; TAN = Tanzania; Y = study year.

FIGURE 2. Annual study-wide coverage (% school-age children treated; median and range) for Schistosomiasis Consortium for Operational
Research and Evaluation (SCORE) sustaining control studies, by study. The boxes extend from the 25th to the 75th percentile. The horizontal lines
within the boxes indicate the median.Whiskers extend from the smallest value to the largest. CDI = Côte d’Ivoire; KEN = Kenya; SAC = school-age
children; Y = study year.
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Tanzania, SAC coverage was similar in SBT and CWT villages
(Supplemental TableS1). InKenya, after addition of schools as
venues to CWT arms during years 3 and 4, coverage of chil-
dren in CWT and SBT arms was also similar. Only in

Mozambique, where coverage was low throughout the study
and school attendance was extremely poor, was SAC cover-
age consistently higher in CWT villages than in SBT villages
(Supplemental Table S1). In Niger, where SAC coverage ten-
ded to be above 100%, SAC coverage was generally higher in
CWT villages (Supplemental Table S2).
Coverage data did not support the hypothesis that PZQ

drug holidays would reduce community awareness and ac-
ceptance of MDA the year after the holiday. However, MDA
with albendazole or other drugs often occurred in years when
PZQwas not administered, and that could havemitigated any
impact of skipping years of MDAwith PZQ. In Niger, coverage
was similar among those receiving annual and those receiving
biannual treatment (Supplemental Table S2), suggesting that
“treatment fatigue” was not an issue.
Impact of concerted efforts to improve coverage. In year

4, a concerted effort was made to increase CWT coverage in
Mozambique, including allocating staff for CWT based on
village size instead of providing a fixed and equal number to all
villages, increasingCDDsupervision, andprovidingT-shirts to
CDDs conducting CWT.
The impact of these interventions is illustrated in Figure 5,

which shows data from the two study arms that had annual
coverage data (i.e., they had no PZQ holiday years). These
CDD-involved changes in implementation had little impact
onSACcoverage in the study arm receivingSBT, likely due to
continued very low school attendance. However, in the study
arm receiving annual CWT, SAC coverage increased from
less than 55% in each of the first three study years to 146% in
year 4.4.
In Côte d’Ivoire’s sustaining control study and Kenya’s

gaining control study, coverage improved after the first or

FIGURE 3. Annual study-wide coverage (median and range) for the
Niger study. The boxes extend from the 25th to the 75th percentile. The
horizontal lineswithin the boxes indicate themedian.Whiskers extend
from the smallest value to the largest. Pop1 = total population cov-
erage in arms receiving treatment in years 1 and 2, and once-a-year
treatment in years 3 and 4; Pop2 = total population coverage in arms
receiving twice-a-year treatment in years 3 and 4; SAC1 = school-age
children coverage in arms receiving treatment in years 1 and 2, and
once-a-year treatment in years 3 and 4; SAC2 = school-age children
coverage in arms receiving twice-a-year treatment in years 3 and 4.

FIGURE 4. Mass drug administration (MDA) coverage in Schistosomiasis Consortium for Operational Research and Evaluation (SCORE) studies
of gaining and sustaining control of schistosomiasis; comparison of eligible school-age children (SAC) and number treated during the last MDA for
each study. Each point represents an individual study village. The x axis shows the total number of SAC and the y axis shows the number of SAC
treated (SAC?). Note that the range of the y axis is different for different studies.Diagonal line represents 100%coverage.CDI =Côte d’Ivoire; KEN=
Kenya; MOZ = Mozambique; NIG = Niger; TAN = Tanzania.
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second year. Reasons for improvement in Côte d’Ivoire in-
cluded having community health workers treat non-enrolled
SAC in the community to complement treatment in schools, a
more stable sociopolitical context and enhanced security, and
better coordination between the research team and the na-
tional control program, including having study staff participate
in the MDAs, which were implemented by the Ministry of
Health. In Kenya’s gaining control study, schools were in-
cluded as venues for CWT starting in year 3, resulting in in-
creased SAC coverage. On the other hand, in Tanzania,
adding schools as venues for CWT in years 3 and 4 had no
impact on SAC coverage in CWT villages, likely because the
study in Tanzania wasmeeting SAC targets in CWT villages in
years 1 and 2 through CDD efforts alone.
Kenyagainingcontrol coverage survey and follow-up. In

the second year of the Kenya gaining control study, the re-
search team conducted a coverage survey in all 75 villages
receiving CWT to assess the quality of treatment coverage
data reported by the CDDs. The list of households in each
village was obtained from the year 1 population census con-
ducted by community health workers, who also served as
CDDs. Depending on village size, between 15 and 30 house-
holds were selected for participation in the coverage survey.
Treatment coverage was calculated as the proportion of eli-
gible individuals who reported receiving PZQ.17 The survey
indicated that CDD reports overestimated coverage (e.g.,
84% versus 62% total population coverage fromCDD reports
and the coverage survey, respectively). Community drug
distributors may have treated people not in the community or
inflated numbers of treated individuals. In addition, during the
survey it was found that CDDs had not always been diligent in
conducting the year 1 census, resulting in underestimates of
the eligible population and higher reported coverage than had
been achieved. In follow-up, additional training was provided
to CDDs before MDA in years 3 and 4. Household coverage
surveys in these years indicated coverage levels closer to
those reported by CDDs.

DISCUSSION

In designing research studies, investigators often need to
choose between narrowly focused, highly controlled studies
that can provide clear, explanatory answers, or pragmatic
studies that allow for real-world variation and may better
demonstrate how an intervention will perform in practice.
During the design of the gaining and sustaining control stud-
ies, SCORE had extensive input from researchers, program
managers, and representatives of the WHO about how best
to balance these trade-offs in the context of our charge from
the Bill & Melinda Gates Foundation funders to provide
quality data to help program managers make evidence-
based decisions about the diagnosis, treatment, control, and
elimination of schistosomiasis. The SCORE gaining and
sustaining control studies implemented a design that took
the middle road—conducting studies that were designed as
cluster randomized field trials where the interventions and
outcome measurements were performed in the context of
existing national programs.9

An issue that became apparent during the conduct of these
studies is the inherent tension between the goals of MDA
programs—to treat as many people as possible—and the re-
search, which required treatment of defined populations and
minimizing the potential for “contamination,” for example, by
givingPZQ topeople in villages on treatment holidaywho lived
near villages receiving CWT. Mitigating this required working
with CDDs and sensitization efforts that encouraged some
people to be treated and reassured others about not being
treated. This would usually not be an issue during normal
NTD program operations because NTD programs normally
use administrative boundaries to define MDA implementa-
tion. Thus, neighboring villages receiving different treat-
ments would typically belong to different administrative
units, which routinely might receive different interventions.
Future studies using cluster randomized designs in the
context of ongoing programs should pay attention to this
issue of potential contamination from the start of the study to
increase the likelihood of being able to measure differences
between study arms.
The balance between specifying interventions and mea-

surements in detail in multisite studies, versus providing
flexibility for local context, was particularly complex for the
SCORE studies. We chose not to specify aspects that we
believed were routine for MDA teams and were likely to be
conducted differently in different places, such as community
sensitization. Details of CDD training and supervision were
also left to individual study sites. During the study design, we
considered requiring systematic data collection on process
measures, for example, related to sensitization and CDD
training, and coverage surveys. However, these ideas were
discarded as too burdensome.
In Kenya’s gaining control study, a coverage survey in year

2 demonstrated problems with CDD data, similar to those
reported in other evaluations of NTD coverage.22,23 Sub-
sequently, in Kenya, in year 3, supervision of CDDs serving
study areas was increased. Changes in CDD supervision and
workloads contributed to a measurable impact in the number
of individuals treated in Mozambique in year 4 (Figure 5). Fu-
ture studies may want to be more prescriptive and collect
more process-related data about how well interventions are
being implemented.

FIGURE 5. Annual school-age children coverage in villages treated
with annual community-wide treatment andwith annual school-based
treatment in Mozambique, stratified by year. The boxes extend from
the 25th to the 75th percentile. The horizontal lines within the boxes
indicate the median. Whiskers extend from the smallest value to the
largest. CWT = community-wide treatment; SBT = school-based
treatment.
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Achieving coverage targets. The SCORE gaining and
sustaining control studies resulted in several suggestions for
improving coverage, as described in a SCORE publication
from Kenya24 and identified in other studies and a SCORE-
supported systematic review.21 These include using schools
as venues in community-wide efforts (as was required in
SCORE CWT villages), community education addressing
topics such as the need for MDA despite the absence of overt
symptoms of disease, providing food during MDA, and pro-
viding incentives for CDDs and teachers.
The lowest coverage rates were inMozambique—as low as

3% in some villages. Contributing factors to these low rates
included cholera outbreaks, flooding, political unrest, children
and adults working some distance away from the village, and
only limited sensitization. Some of the problems we encoun-
tered in Mozambique and other countries, for example, in-
accessibility of villages due to flooding when MDA was
supposed to occur, could not be easily addressed through
study modifications. Other events could have been antici-
pated and mitigation strategies developed. For example,
MDAs could have been planned to avoid annual times of food
shortages or food could have been included with MDA. Of
note, including food has the potential added benefits of in-
creasing participation, decreasing adverse events, and in-
creasing bioavailability.20,25 To the extent possible, future
studies should anticipate issues and design consistent and
systematic ways to address them, rather than the ad hoc
approach taken in this multicountry assessment.
In somestudy villages, PZQ treatments beyond thosecalled

for in the protocol were provided. For example, in Tanzania, in
year 4, four villages meant to be on treatment holiday mis-
takenly received MDA. In Kenya’s sustaining control study in
year 4, two different private organizations treated the same vil-
lage, resulting in two PZQ MDAs in 1 year, and one that should
have been on holidaywas treated.Many countries are struggling
with how to organize the efforts of multiple implementing part-
ners to improve efficiency and reduce the kinds of issues we
experienced, not only for schistosomiasis but also for a range of
NTDs addressed through preventive chemotherapy. The po-
tential for amismatchbetween theplanned treatmentandwhat is
actually delivered may be particularly difficult in a randomized
trial, where nearby villages in one administrative district may be
receiving different regimens, but it is also an ongoing pro-
grammatic issue. National leadership and coordination with na-
tional and international partners to address this issue is critical.
During the development of the harmonized study protocol,

there was concern that extra sensitization might be required
the year after a village experienced aPZQdrug holiday, that is,
the year following a year when no PZQ treatment was pro-
vided. This could potentially offset some of the economic
savings achieved by skipping an MDA. However, perhaps
because villages were receiving multiple health campaigns,
PZQ drug holiday years did not seem to impact subsequent
year coverage.18 In fact, communities on drug treatment hol-
iday sometimes were concerned that they were not receiving
treatments when neighboring villages were, requiring addi-
tional communication investments to assuage concerns
about skipping treatment during drug holiday years. There
was also concern that villages receiving twice-yearly treat-
mentmight experience “treatment fatigue.” In Niger, coverage
was similar among those receiving annual and those receiving
biannual treatment (Supplemental Table S2).

Although the protocol called for treatment of pregnant
women, consistent with the WHO guidelines indicating that
such treatment is safe,26,27 women known to be pregnant were
excluded from MDA in CWT villages in Tanzania. Authorities
expressed concern over lack of local data confirming safety.
Addressing this issue may require working with high levels of
government to change policies and locally with the CDDs to
ensure their buy-in and improve acceptance at the village level.
Measuring coverage. The difficulty in developing good

coverage estimates has been well-documented.5–7,28 In planning
theSCOREstudies,annualcoveragesurveyswereconsidered,but
ultimately were not required by the harmonized study protocol
becauseof lackofconsensusonhowtoconductcoveragesurveys
and concerns about the financial and human resources that would
be required. Instead, it was deemed acceptable to collect data on
thenumberstreatedandcomparethosewith thepopulationeligible
for treatment.Whereassomestudiesconductedcoveragesurveys,
for example, the Kenya gaining control study, most did not.
After SCOREwas designed, a multicountry feasibility study

(Burkina Faso, Honduras, Malawi, and Uganda) was con-
ductedby theMinistriesofHealth in thesecountries, theWHO,
and the NTD Support Center of the Task Force for Global
Health. In 2016, the WHO Strategic and Technical Advisory
Group on NTDs endorsed the use of probability sampling and
segmentation as the preferred method for evaluation of cov-
erage of preventive chemotherapy, and theWHOdeveloped a
set of training protocols and analysis tools to support coun-
tries to perform these coverage surveys.29,30

In retrospect, investment in coverage surveys would likely
have produced much better data on coverage. Whether they
would have improved coverage in places like Mozambique,
where coverage was very low for the most part, is unclear, as
most studiesdidnot use their data toguidepost-MDAmop-up
activities or to modify study-wide approaches. Nevertheless,
given the importance of collecting and using coverage data in
study implementation and analysis, and also that the WHO
guidance on how to conduct coverage surveys is now
available,29,30 future longitudinal studies involving MDA
should strongly consider supporting formal coverage surveys.
As others have found,22,23,28 CDD reports of numbers

treated are often not ideal for estimating coverage. The many
CWT villages with coverage rates well over 100% illustrate the
importance of having CDDs record whether people who are
given drugs are from the study village. It is also important to
ensure thatCDDsunderstandwhere thestudyconsiders village
boundaries to lie, as definitions that are widely accepted in the
community ormay apply during non-research effortsmay differ
from the government-defined boundaries being used to define
villages in a study. Sometimes, the definitions the CDDs used
for the population requiring treatment were based on tribal af-
filiations, so minority populations were not included.31 In addi-
tion to the issues related to how CDDs defined villages,
administrative changes and building of new schools also im-
pacted both numerators and denominators. Future studies
should consider systematically capturing information on these
changes and deciding in advance how to address them.
Denominator data were particularly problematic. Ideally,

eachSCOREstudywould haveconducted at least onecensus
during the study period. Because resources and capacity
were limited, the protocol did allow investigators to use
available community/village data for denominators, if they
were of high quality. In the Tanzania andKenya gaining control
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studies, population estimateswere based on data collected at
the same time as the SCORE study and were probably ade-
quate. For SBT, in countrieswhere school registrationwas high,
such as Kenya and Tanzania, school registries were usually
used for denominators. However, because schools sometimes
enrolled children from other villages and because there was
village-level variability in accuracy of enrollment data, we can-
not knowwhether theseprovided a goodmeasure of theSAC
in any given village. In Côte d’Ivoire and Niger, Ministry of
Health data were assumed to be of high quality. However, on
use, substantial concerns were raised on the reliability of
these data because of frequent occurrences of very high
coverage estimates and large unexplained variations from
year-to-year in some villages. Despite repeated efforts, fur-
ther specific information about how many village-level pop-
ulation estimates were developed remained unavailable.
In Mozambique, where a census was conducted at the

beginning of the study, dramatic population shifts occurred
during the study, and there were no reliable data on which to
make village-level population adjustments. In year 5, investi-
gators attempted to use an innovative modeling approach
using data from the Facebook Connectivity Lab project. They
combined these data with data from a 30-village census to
estimate numbers of individuals, and of SAC, per building
identifiable by Google Earth imagery in the studied villages.
However, applying the estimates of total population per
structure and SAC per structure to other villages in the
Mozambique study resulted in considerable variability in vil-
lage population estimates, which did not appear superior to
the previous estimates based on the 2011 census. Because
the new estimates could not be validated, the decision was
made to use the 2011 census data as the denominators for all
years of the study. Although the year 3 attempt to model the
population using Facebook Connectivity Lab data was not
successful, modeling of populations using remote sensing
and artificial intelligence-based tools may be an option in
some cases and is likely to be more useful as tools improve.
In addition to these intra-country variations, which affected

numerators, denominators, and, ultimately, coverage esti-
mates in the studies, the inter-country variations in the records
from which the denominators were sourced meant that com-
parisons in results were not like-for-like across the studies.
Future studies of schistosomiasis control using MDA.

Weappreciate the efforts of theSCOREstudy teams to ensure
high-quality MDA and coverage data. Nevertheless, the
quality concerns that SCORE experienced limited the use of
these data in analyses to help explain the parasitologic study
outcomes. Studieswill continue to evaluate theuseofMDA for
control and elimination of schistosomiasis, both alone and in
concertwith other interventions. In all of these, providing high-
coverage MDA will be essential, and accurately measuring
coverage will help researchers better understand their study
outcomes. Future studies should consider planning for issues
such as those we encountered, establishing systems for
timely collection of information about what actually happened
during study implementation, including coverage surveys,
and providing adequate resources for early identification and
correction of issues that could result in low coverage or in-
accurate coverage measurement.
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de Formation et de Recherche Biosciences, Université Félix
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10. Assaré RK et al., 2014. Sustaining control of schistosomiasis
mansoni inmoderateendemicity areas inwesternCôte d’Ivoire:
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Utzinger J, Tanner M, 2011. Research in a war zone. Nature
474: 569–571.

20. Muhumuza S, Olsen A, Katahoire A, Nuwaha F, 2015. Reduced
uptake of mass treatment for schistosomiasis control in ab-
sence of food: beyond a randomized trial. BMC Infect Dis 15:
423.

21. Burnim M, Ivy JA, King CH, 2017. Systematic review of
community-based, school-based, and combined delivery
modes for reaching school-aged children in mass drug ad-
ministration programs for schistosomiasis.PLoSNegl Trop Dis
11: e0006043.

22. Fleming FM, Matovu F, Hansen KS, Webster JP, 2016. A mixed
methods approach to evaluating community drug distributor
performance in the control of neglected tropical diseases.
Parasit Vectors 9: 345.

23. Krentel A, Gyapong M, Mallya S, Boadu NY, Amuyunzu-
Nyamongo M, Stephens M, McFarland DA, 2017. Review of
the factors influencing the motivation of community drug dis-
tributors towards the control and elimination of neglected
tropical diseases (NTDs). PLoS Negl Trop Dis 11: e0006065.

24. Omedo MO, Matey EJ, Awiti A, Ogutu M, Alaii J, Karanja DM,
Montgomery SP, Secor WE, Mwinzi PN, 2012. Community
health workers’ experiences and perspectives on mass drug
administration for schistosomiasis control in western Kenya:
the SCORE project. Am J Trop Med Hyg 87: 1065–1072.

25. Castro N, Medina R, Sotelo J, Jung H, 2000. Bioavailability of
praziquantel increases with concomitant administration of
food. Antimicrob Agents Chemother 44: 2903–2904.

26. WHO, 2003.Report of theWHO Informal Consultation on the Use
of Praziquantel during Pregnancy, Lactation and Albendazole/
Mebendazole in Children under 24 Months. Geneva, Switzer-
land: World Health Organization.

27. Olds GR, 2003. Administration of praziquantel to pregnant and
lactating women. Acta Trop 86: 185–195.

28. Maroto-Camino C, Hernandez-Pastor P, Awaca N, Safari L,
HemingwayJ,MassangaieM,WhitsonD, JefferyC, ValadezJJ,
2019. Improved assessment of mass drug administration and
health districtmanagementperformance to eliminate lymphatic
filariasis. PLoS Negl Trop Dis 13: e0007337.

29. NTD Support Center. Coverage Evaluation Surveys. Available at:
https://www.ntdsupport.org/resources/coverage-survey-builder-
coverage-evaluations. Accessed September 26, 2019.

30. World Health Organization, 2016. Coverage Evaluation Surveys
for PreventiveChemotherapy: FieldGuide for Implementation.
Available at: https://www.ntdsupport.org/sites/default/files/
uploads/docs/resources/Coverage%20Evaluation%20Guidelines
%20Final%20Draft_DEC%202016_clean_corrected%2024OCT18.
docx. Accessed September 26, 2019.

31. Chami GF, Kabatereine NB, Tukahebwa EM, 2019. Profiling the
best-performing community medicine distributors for mass
drug administration: a comprehensive, data-driven analysis of
treatment for schistosomiasis, lymphatic filariasis, and soil-
transmitted helminths in Uganda. BMC Med 17: 69.

SCHISTOSOMIASIS MDA COVERAGE IN A RESEARCH SETTING 113

https://www.ntdsupport.org/resources/coverage-survey-builder-coverage-evaluations
https://www.ntdsupport.org/resources/coverage-survey-builder-coverage-evaluations
https://www.ntdsupport.org/sites/default/files/uploads/docs/resources/Coverage%20Evaluation%20Guidelines%20Final%20Draft_DEC%202016_clean_corrected%2024OCT18.docx
https://www.ntdsupport.org/sites/default/files/uploads/docs/resources/Coverage%20Evaluation%20Guidelines%20Final%20Draft_DEC%202016_clean_corrected%2024OCT18.docx
https://www.ntdsupport.org/sites/default/files/uploads/docs/resources/Coverage%20Evaluation%20Guidelines%20Final%20Draft_DEC%202016_clean_corrected%2024OCT18.docx
https://www.ntdsupport.org/sites/default/files/uploads/docs/resources/Coverage%20Evaluation%20Guidelines%20Final%20Draft_DEC%202016_clean_corrected%2024OCT18.docx

