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Abstract

Background: Recent evidence suggests that community-wide mass drug administration (MDA) may interrupt the
transmission of soil-transmitted helminths (STH), a group of intestinal worms that infect 1.5 billion individuals globally.
Although current operational guidelines provide best practices for effective MDA delivery, they do not describe which
activities are most essential for achieving high coverage or how they work together to produce effective intervention
delivery. We aimed to identify the various packages of influential intervention delivery activities that result in high
coverage of community-wide MDA for STH in Benin, India, and Malawi.

Methods: We applied coincidence analysis (CNA), a novel cross-case analytical method, to process mapping data as
part of the implementation science research of the DeWorm3 Project, a Hybrid Type 1 cluster randomized controlled
trial assessing the feasibility of interrupting the transmission of STH using bi-annual community-wide MDA in Benin,
India, and Malawi. Our analysis aimed to identify any necessary and/or sufficient combinations of intervention delivery
activities (i.e,, implementation pathways) that resulted in high MDA coverage. Activities were related to drug supply
chain, implementer training, community sensitization strategy, intervention duration, and implementation context.
We used pooled implementation data from three sites and six intervention rounds, with study clusters serving as ana-
lytical cases (N=360). Secondary analyses assessed differences in pathways across sites and over intervention rounds.

Results: Across all three sites and six intervention rounds, efficient duration of MDA delivery (within ten days)
singularly emerged as a common and fundamental component for achieving high MDA coverage when combined
with other particular activities, including a conducive implementation context, early arrival of albendazole before the
planned start of MDA, or a flexible community sensitization strategy. No individual activity proved sufficient by itself
for producing high MDA coverage. We observed four possible overall models that could explain effective MDA deliv-
ery strategies, all which included efficient duration of MDA delivery as an integral component.
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Conclusion: Efficient duration of MDA delivery uniquely stood out as a highly influential implementation activity
for producing high coverage of community-wide MDA for STH. Effective MDA delivery can be achieved with flexible
implementation strategies that include various combinations of influential intervention components.

Keywords: Coincidence analysis, Configurational comparative methods, Neglected tropical disease, Global health

implementation science

Background

Policymakers and implementers are often challenged
with making decisions regarding the implementation
of complex interventions to ensure high coverage and
uptake [1-3]. Complex interventions, by definition, have
numerous interrelated elements that impact both imple-
menter processes and recipient responses, including
their intervention components, implementation strategy,
and contextual features [4, 5]. Therefore, there is a criti-
cal need for approaches that evaluate the relationships
between these elements and determine their influence on
effective intervention delivery in order to identify under
what circumstances complex interventions are successful
[1, 6, 7]. Outcomes from these assessments can support
evidence-based decision-making for policymakers and
implementers, especially those working within health
systems in low- and middle-income countries (LMICs)
who often face issues of limited resources and capacity
[8-11].

One such complex intervention is mass drug admin-
istration (MDA) for neglected tropical diseases (NTDs)
— a group of parasitic, viral, and bacterial diseases
that affect billions of individuals, with disproportional
prevalence in LMICs across sub-Saharan Africa, South
Asia, and Latin America [12, 13]. Untreated NTD
infections negatively impact health, learning and pro-
ductivity outcomes, diminishing quality-of-life and
reinforcing cycles of poverty amongst the world’s most
disadvantaged populations [12, 13]. Worldwide, the
most prevalent NTDs are soil-transmitted helminths
(STHs), a group of parasitic intestinal worms that infect
approximately 1.5 billion people globally — of these, an
estimated 900 million are pre-school and school-age
children [13-15]. Current World Health Organization
(WHO) guidelines recommend geographic areas that
meet pre-defined STH prevalence thresholds to imple-
ment MDA, with a particular focus on deworming pre-
school and school-age children in schools. In these
programs, all at-risk children receive anti-helminthics,
such as albendazole, regardless of their infection status
[12, 13]. This school-based MDA approach is the stand-
ard-of-care for STH control across numerous LMICs,
reaching hundreds of millions of children annually [13,
14, 16]. However, this approach does not target adults
who serve as infection reservoirs in communities, thus

contributing to rapid pediatric reinfection [12, 16]. A
community-wide MDA approach that targets commu-
nity members of all ages shows promise of interrupting
the transmission of STH [17-19]. However, even with
this intensified treatment strategy, MDA must be deliv-
ered with high coverage, with at least 80-90% of the
targeted population dewormed, to achieve transmission
interruption [17-21].

Significant evidence suggests best practices for deliv-
ery of MDA with high treatment coverage include: a reli-
able drug supply chain to ensure the adequate allocation
and distribution of anthelmintic drugs; a robust training
cascade to build implementer capacity; a far-reaching
community sensitization strategy to inform and mobi-
lize recipients about MDA; and a well-executed, yet
rapid distribution strategy [15, 22-29]. Thus, effective
MDA delivery requires a significant investment of mate-
rial, financial, and human resources as well as adaptable
implementation strategies that are feasible, appropri-
ate, and acceptable for heterogeneous implementation
settings. However, current MDA operational guidelines
issued by the WHO and national Ministries of Health
in NTD-endemic countries lack context-specific rec-
ommendations that take into account variation in key
implementation factors, such as disease epidemiologi-
cal profiles, community preferences, and health system
capacities [16, 23, 24, 28, 30]. Furthermore, guidelines do
not distinguish which implementation activities are most
essential for achieving MDA delivery with high coverage.
This information is necessary for implementers who are
planning MDA at scale in resource constrained environ-
ments, and who may not be able to incorporate all best
practices into an implementation plan.

Using coincidence analysis (CNA), a cross-case analyti-
cal method, we systematically identify the various con-
figurations of intervention delivery activities — known as
implementation pathways — that result in high coverage
of community-wide MDA for STH. This analysis aimed
to characterize the “core components” of MDA delivery
— activities that are necessary for achieving high cover-
age and need to be implemented with fidelity [31]. Such
evidence may help policymakers define the required
resources for implementing MDA with high coverage as
well as shape implementer decisions regarding imple-
mentation that balances fidelity with flexibility.
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Methods

Methodological background

CNA is a type of configurational comparative method
(CCM) based on Boolean algebra that determines spe-
cific combinations of conditions called configurations
whose presence or absence “makes a difference” (i.e. are
difference-makers) as to whether an outcome of interest
occurs [32, 33]. CCMs are based on regularity theories of
causation that utilize cross-case comparisons to identify
these difference-makers. Thus, in comparison to regres-
sion-based analyses, these approaches fundamentally
identify different properties of causal structures [32, 34].
Of particular utility is the ability to model Boolean con-
junctivity, where multiple conditions must be jointly pre-
sent to bring about an outcome, and equifinality, where
multiple pathways lead to the same outcome [32, 34].
These two principles are of particular interest to imple-
menters and policymakers, as interventions delivered in
real-world settings are often complex and feature numer-
ous interdependent activities that can produce various
outcomes based on the selected implementation strategy
[35].

CNA enable the complex modeling of the relation-
ships between influential factors that cannot be captured
with traditional statistical approaches [32, 34]; thus, it is
gaining traction as an additional approach for evaluating
program implementation [35—40]. The aim of CNA is to
identify the minimal set of necessary and/or sufficient
configurations to achieve an outcome of interest [32, 33].
A necessary condition/configuration must be present for
the outcome to occur (but does not produce the outcome
by itself), while a sufficient condition/configuration can
produce the outcome alone [41, 42]. Certain conditions,
called “INUS” conditions, are neither sufficient nor nec-
essary alone, but as part of a configuration, play an influ-
ential role in producing the outcome of interest. INUS
represents a condition that is Insufficient (not sufficient
by itself to produce an outcome) but a Necessary com-
ponent of a configuration that is itself Unnecessary (due
to multiple pathways) but Sufficient for the outcome to
occur [41, 42]. In real-world implementation, it is rare
that any single program activity produces the outcome of
interest; thus identifying these INUS conditions is espe-
cially relevant for evaluating intervention delivery [34].

Study background & setting

We applied CNA to process mapping data from the
DeWorm3 Project, a Hybrid Type 1 cluster randomized
controlled trial conducted in three sites — Benin, India,
and Malawi — that aim to assess the feasibility of inter-
rupting the transmission of STH, defined as weighted
cluster-level prevalence <2% measured 24 months after
the final round of MDA [43, 44]. The primary study
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objective is to evaluate the impact of bi-annual com-
munity-wide MDA as compared to school-based MDA
on STH infection prevalence [43]. Over three consecu-
tive years, 40 clusters per site, which consisted of one
or more administrative villages, settlements or zones,
were randomized to receive bi-annual community-wide
MDA delivered by trained community drug distribu-
tors (CDDs) or school-based MDA delivered by trained
teachers, in accordance with WHO recommendations
and national Ministry of Health guidelines [43]. Embed-
ded in the trial is a robust implementation science
research component — including stakeholder mapping,
qualitative research, structural readiness assessments,
process mapping, and economic evaluation methods —
that aims to contextualize trial findings, optimize inter-
vention delivery, and identify strategies for successful
intervention scale-up [44].

Sampling & Data Collection.

Data from this analysis comes from the process map-
ping component of DeWorm3 implementation science
research, which details the required inputs for effective
intervention delivery [44]. During each round of MDA,
routine process mapping exercises were conducted in
each intervention cluster. Trained implementation sci-
ence research staff tracked the completion and timing
of key intervention delivery activities in five domains:
drug supply chain (e.g. quantity and timing of alben-
dazole arrival), training (e.g. timing and proportion of
implementers trained prior to delivery), community sen-
sitization (e.g. type of community sensitization activities
conducted), intervention duration (e.g. number of days of
MDA delivery), and implementation context (e.g. pres-
ence of ongoing community interventions or events that
may have impacted MDA delivery). Data were recorded
on paper copies of standardized process mapping work-
sheets (Supplementary Materials) and subsequently
entered into the DeWorm3 SurveyCTO database [45].

Measures & analysis

Our analytical process was adapted from Whitaker et al.
[35]. Intervention clusters served as analytical cases. Our
primary analysis aimed to identify configurations that led
to high coverage of community-wide MDA across all sites
and intervention rounds using one pooled dataset includ-
ing 360 cases (20 intervention clusters across 6 MDA
rounds for three sites). The primary outcome of interest
was high coverage (>90%) of community-wide MDA,
as per trial protocol [43]. The initial dataset included
11 possible factors based on the 5 MDA implementa-
tion domains included in the process mapping exercise
(Table 1). Each factor was previously identified as a key
variable that impacts effective delivery of community-
wide MDA for various NTDs [15, 22-27, 29, 46]. With
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Table 1 Description and calibration of CNA variables
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Outcome/Condition Description Factor Calibration

High coverage of community-wide >90% (per-protocol) ' COVERAGE 0<90% coverage

MDA 1>90% coverage

Drug supply chain Timing of when albendazole arrive in DRUG 0 Late arrival of albendazole (on first day

each cluster of MDA)

1 Early arrival of albendazole (at least one
day before MDA)

Implementer training Proportion of community drug dis- TRAIN 0 Not all CDDs trained

Community sensitization type

Intervention duration

Implementation context

tributors (CDDs) trained prior to MDA
in cluster

Type of community sensitization activ-
ity conducted in cluster 2

Number of days of MDA delivery

Presence of ongoing interventions or
events in the community that may
have negatively impacted MDA deliv-

MTG, PUBLIC, PRINT,
DOOR, RADIO, TV, NEWS-
PAPER

MDADAYS*

CONTEXT

1 All CDDs trained

0 Sensitization activity not conducted
1 Sensitization activity conducted

0 MDA delivered in > 10days
1 MDA delivered in <= 10days

0 Non-conducive implementation con-
text (at least one ongoing community
intervention or event)

ery or uptake

1 Conducive implementation context
(no community interventions or events)

! Per-protocol coverage defined as: the percentage of censused and eligible individuals treated with a single dose of albendazole.

2 Sensitization activities incudes: community meetings (MTG), public address announcements (PUBLIC), distribution of printed education materials e.g., posters and
banners (PRINT), door-to-door sensitization (DOOR), or mass media (RADIO, TV, NEWSPAPER).

3 Television (TV) and news (NEWSPAPER) were removed from final dataset due to limited variation across cases.

4 CDDs who participated in DeWorm3 were given 10days to deliver community-wide MDA.

configurational approaches, factors with insufficient vari-
ability cannot be difference-makers as they do not distin-
guish cases with and without the outcome [32]. In order
to make this determination, we used plots to visualize the
distribution of all 11 factors, removing two forms of mass
media sensitization strategies (newspaper and television)
that had very low (<1%) variation, leaving nine factors
suitable for further analysis. In CNA, conditions are the
specific values a factor takes on based on data calibration
choice. We used crisp-set (i.e. dichotomous) calibration
for the outcome and all conditions as it is straightforward
to interpret and operationally actionable as compared to
other calibration choices [47].

CNA models have two overall measures of fit: consist-
ency and coverage. Consistency indicates the “reliability”
of a CNA model by measuring the number of cases iden-
tified by the overall model with the outcome of interest
over the total number of all cases identified by the over-
all model [32, 41, 42, 47]. Coverage is an indicator of the
“relevance” of a model by measuring the number of cases
identified by the overall model with the outcome of inter-
est (i.e., the same numerator as for consistency) over all
cases with the outcome present [32, 41, 42, 47]. Con-
sider an analysis conducted within a hypothetical data-
set of 100 high-coverage clusters and 100 low-coverage
clusters. If 80 clusters across the dataset had the same
configurations, and 75 of these 80 had the outcome pre-
sent, the overall consistency and coverage scores for this

model would be 0.94 (75/80) for consistency and 0.75
(75/100) for coverage. Depending on the dataset and the
thresholds set for consistency and coverage, CNA may
yield several candidate models that fit the data equally
well (i.e., similar consistency and coverage scores), a situ-
ation known as model ambiguity [35, 48]. In this sce-
nario, it is not possible on mathematical grounds alone
to select one model as the “correct” one; rather, theory,
background knowledge, and case familiarity may need
to be called upon in order to choose one model over the
others. Another strategy when faced with model ambigu-
ity is to identify common elements that appear across all
model possibilities. Even if it cannot be absolutely deter-
mined which single model is the correct one, if all candi-
date models contain the same identical component, then
it follows that this component directly relates to the out-
come of interest.

Using a data reduction approach described previously
in the configurational literature [38, 39, 48], we first
aimed to select the most influential factors to include in
iterative model development and analysis. We used the
“minimally sufficient conditions” (msc) function in the R
cna package [49] to simultaneously consider all nine fac-
tors and 360 cases at once to identify configurations with
the strongest relationship to the outcome, as measured
by coverage scores. We set the initial consistency thresh-
old at 1.0, reducing it by increments of 0.05 until we
observed configurations at the specified threshold. We
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then ranked these configurations by coverage score, con-
sidering all one-, two- and three-condition configurations
with the highest coverage scores and aligned with theory,
background knowledge and case familiarity.

With this subset of factors, we then iteratively devel-
oped models using the R cna package [49]. We selected a
final model with consistency and coverage score thresh-
olds of >0.85 and>0.50, respectively, without model
ambiguity. Model interpretation followed conventional
Boolean analysis with conditions in uppercase/lowercase
representing the presence/absence of a condition, the
asterisk “*” symbolizing the logical operator AND (i.e., a
conjunct), plus sign “+” symbolizing the logical opera-
tor OR (i.e., a disjunct), and the one sided-arrow “—”
expressing sufficiency [35, 50].

Our primary analysis aimed to identify configura-
tions — or implementation pathways — that led to high
MDA coverage across all three sites and six intervention
rounds. This analysis was conducted with one pooled
implementation dataset including 360 cases (20 inter-
vention clusters across six MDA rounds for three sites).
We also conducted two secondary analyses to assess dif-
ferences in pathways: a cross-site analysis to consider
contextual variation in implementation across countries,
and a longitudinal analysis to evaluate potential changes
in pathways over MDA rounds. The longitudinal analysis
was conducted using six MDA round-level datasets, each
including 60 cases (20 intervention clusters for three
sites) and the cross-site analysis was conducted using
three site-level datasets, each including 120 cases (20
intervention clusters over six MDA rounds). All analyses
were performed using RStudio v.1.3.959 using the cna
package [49].

Results

Descriptive statistics

High MDA coverage was achieved 171 times across all six
intervention rounds — 94 times (55%) in India, 39 times
(23%) in Malawi, and 38 times (22%) in Benin (Table 2).
Across MDA rounds, round three had the highest num-
ber of clusters (n=43) that achieved high coverage across
sites, while round one had the lowest (m=17). Across
sites, India had the highest median MDA coverage in
nearly all MDA rounds (Fig. 1, Median community-wide
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MDA coverage rates, by site and intervention round).
Across all sites and over six rounds, the median number
of days of MDA delivery was 11 days (range 4—18 days).

CNA analysis

The data reduction process identified seven factors to
use in subsequent model development at 0.80-0.50 con-
sistency-coverage score thresholds: drug supply chain
(DRUG), printed sensitization materials (PRINT), inter-
vention duration (MDADAYS), door-to-door sensitiza-
tion (DOOR), public address announcements (PUBLIC),
community meetings (MTG), and implementation con-
text (CONTEXT). No single condition alone was suf-
ficient for achieving high MDA coverage. Our analysis
revealed four possible models sufficient for attaining high
MDA coverage:

1. MDADAYS*PRINT +
MDADAYS*PUBLIC*CONTEXT — COVERAGE

2. MDADAYS*DRUG + MDADAYS*PRINT — COV-
ERAGE

3. MDADAYS*DRUG +
MDADAYS*PUBLIC*CONTEXT — COVERAGE

4. MDADAYS*PRINT + MDADAYS*PUBLIC*DOOR
— COVERAGE

For clarification, we include a plain-language inter-
pretation for Model 1. In this model, there are two path-
ways for clusters to achieve high MDA coverage: (a)
PRINT*MDADAYS: distribution of printed health edu-
cation materials AND delivery of MDA within 10days
OR (b) PUBLIC*CONTEXT*MDADAYS: public address
announcements AND a conducive implementation con-
text AND delivery of MDA within 10days.

Note that across the four possible models, there
are only a total of four specific configurations repre-
sented; each candidate model is a disjunct of those
configurations. Although the similar consistency and
coverage scores across models (Fig. 2, Conditions repre-
sented within CNA models for achieving high coverage of
community-wide MDA for STH) indicate model ambigu-
ity, the analysis successfully identified one INUS condi-
tion — MDADAYS (efficient MDA delivery duration)
— which was observed not only across all four possible

Table 2 Number of clusters that achieved high MDA coverage, by site and MDA round

Site Round 1 Round 2 Round 3 Round 4 Round 5 Round 6 All Rounds
Benin 1 4 15 7 3 8 38

India 16 16 20 20 4 18 94

Malawi 0 0 8 5 18 8 39

All Sites 17 20 43 32 25 34 171
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models, but was part of every configuration within those
four solutions. Although MDADAYS alone was insuffi-
cient for the outcome to occur, it was a necessary com-
ponent of each of the four observed pathways across the
models: (a) PRINT*MDADAYS, (b) DRUG*MDADAYS,
(c) PUBLIC*CONTEXT*MDADAYS, and (d)
PUBLIC*DOOR*MDADAYS). Although the cross-site
and longitudinal analyses revealed several possible mod-
els, they did not meet the pre-specified analytical con-
sistency and coverage score thresholds and were not
reported.

Discussion

This analysis indicates that, while insufficient or neces-
sary by itself, efficient duration of MDA delivery (within
10days) in combination with at least one other influential
implementation activity — including a conducive imple-
mentation context, early arrival of albendazole before the

start of MDA, or a flexible community sensitization strat-
egy — consistently led to high coverage of community-
wide MDA for STH.

Thus, our results suggest that efficient MDA delivery
duration was one of the most influential implementa-
tion activities for producing high treatment coverage and
MDA delivery within 10days appears to be an optimal
delivery timeframe for community-wide MDA for STH.
Current evidence shows that the number of scheduled
MDA days plays a significant role in the ability of imple-
menters to meet necessary MDA targets, with overly
brief durations negatively impacting treatment coverage
[23, 51-53]. However, these studies do not determine a
definitive timeframe for effective delivery. To our knowl-
edge, this is the first study to assess the effectiveness of a
specific duration of MDA delivery.

Our findings mark an important addition to the NTD
evidence base, as MDA duration has several implications
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for policy makers, NTD program managers, and imple-
menters. Primarily, decision-making regarding program
duration affects financial and material resources allo-
cated for implementation. Thus, having clarity around
the adequacy of scheduled MDA duration may support
implementers to more effectively plan for MDA and
maintain cost-effectiveness of the intervention, which is
a key policy consideration for transitioning to commu-
nity-wide MDA for STH [54, 55]. Specific to planning, it
is critical that implementers allocate a sufficient number
CDDs for the target population size for the given cam-
paign delivery schedule [23, 56]. Notably, there may be an
important relationship between campaign duration and
size of the available workforce; a larger number of CDDs
may be necessary to deliver MDA over a shorter duration
of time as compared to the number of CDDs needed to
deliver MDA to the same target population over a longer
period of time. While these results do not directly call
for implementers to deliver MDA faster than necessary,
they do provide additional consideration for the poten-
tial diminishing returns if the number of days are over-
extended, given the additional financial and opportunity
costs of community-wide MDA as compared to school-
based MDA [54, 57]. These findings also provide novel
evidence for an intervention component that is not cur-
rently highlighted in NTD operational manuals. A poten-
tial area of future CNA research could further examine
what specific factors distinguish areas that deliver MDA
more efficiently to further strengthen these findings.

Although were ultimately unable to single out a sin-
gle model to explain high MDA coverage due to model
ambiguity, the pathways within the candidate models
demonstrate how high MDA coverage could potentially
be accomplished in various ways, reflecting the utility of
flexible implementation strategies, especially for sensiti-
zation strategies. Our results indicate that in addition to
efficient MDA duration, three components — community
sensitization, drug supply chain, and implementation
context — consistently appeared across the models, sug-
gesting their influence in achieving high MDA coverage.
These three components are heavily outlined in the exist-
ing evidence base as key factors that influence the deliv-
ery of and demand for community-wide MDA for various
NTDs, as summarized below.

Community sensitization

It is critical that community members are aware of
upcoming MDA campaigns and have trust in their effi-
cacy and safety. Sensitization helps build awareness,
demand, and trust amongst recipient community mem-
bers and also builds buy-in from key political, civic, and
community stakeholders [24, 25]. Numerous studies
have demonstrated the importance of well-designed,
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multifaceted community awareness strategies on MDA
coverage [25, 27, 51, 56, 58—60]. Our findings further
demonstrate the strong influence of various sensitiza-
tion approaches and indicate the importance of flexibility
when designing sensitization strategies — in some areas,
distribution of written materials may be more effective,
while in other areas door-to-door sensitization may be
more appropriate.

Drug supply chain

Another critical component of STH MDA delivery is
having sufficient amounts of deworming drugs. Short-
age of drugs is a potential consequence of late drug
arrival, as the delay forces implementers to rely on stocks
of deworming drugs in local health clinics to initiate
MDA, which are likely in inadequate amounts to reach
all targeted populations. Thus, timely drug arrival is an
indication of adequate planning as well as a functional
supply chain, which are both predictors of MDA cover-
age [61-63]. Therefore, late drug arrival often serves as
a barrier to achieving high MDA coverage [61-63]. Our
results further illustrate how timely drug arrival serves
as a facilitator for effective MDA delivery. These findings
define the importance of effective planning to mitigate
supply chain issues and the need for robust supply chain
management to help ensure timely and adequate receipt
of necessary drugs.

Implementation context

The implementation context plays a significant role in
intervention delivery [2, 4, 5]. There are a number of con-
textual challenges that may impede MDA implementa-
tion and result in fewer individuals being dewormed. In
our study, clusters identified several contextual issues
that affected MDA delivery, including other ongoing
community health programs, heavy rainy seasons, local
cultural festivals and religious events. Our analysis sug-
gests that clusters without these contextual challenges
positively influenced MDA coverage. Existing evidence
highlights the importance of scheduling MDA around
other community events that may negatively affect treat-
ment coverage, or reduce the availability of implementers
to deliver MDA, including ongoing public health priori-
ties and programs, important religious or cultural events,
community activities, or weather periods [23, 56]. Our
findings emphasize the importance of careful planning
and cross-sectorial collaboration and communication
that in turn, could increase the likelihood of an optimal
implementation context.

Overall, our findings illustrate important findings for
inclusion in future operational guidelines for delivering
community-wide MDA for STH and other NTDs. Poli-
cymakers and national-level NTD program managers can
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utilize these findings when developing MDA budgets and
implementation strategies to ensure there are sufficient
financial, human, and material resources. Additionally,
implementers can use these findings to ensure they suf-
ficiently invest in intervention planning before interven-
tion delivery.

Our analysis has several strengths. Primarily, we
included a large amount of implementation data cov-
ering six intervention delivery rounds and three dis-
tinct geographic settings. These data were pulled from a
multi-country study that followed a comprehensive data
collection process. We also applied a rigorous analyti-
cal process involving the use of CNA within implemen-
tation science [35]. However, these results have several
limitations. Primary is our use of data from an ongoing
hybrid trial; therefore, our findings may not be com-
pletely generalizable to MDA programs implemented
under routine practice. Other limitations of generaliz-
ability are specific to the CNA methodology. Specifi-
cally, our results are directly affected by our calibration
choices and might have differed with other calibration
thresholds. Additionally, although we were able to iden-
tify key operational variables that influence MDA cover-
age, there were other contextual factors that could have
impacted intervention delivery that were not included as
part of our analysis, including: degree of community trust
or acceptability towards the intervention, implementer
satisfaction and motivation (e.g. with workload or incen-
tives), and level of community migration over time [24].
The candidate models we reported each had coverage
scores around 0.50, indicating a role for other factors and
additional pathways to successful intervention delivery.
The influence of these factors will be assessed in other
planned DeWorm3 coverage analyses. Despite these
limitations, we further demonstrated the utility of CNA
in modeling complex causality for complex intervention
delivery. Thus, our results have substantive implications
for the future implementation of community-wide MDA
to interrupt the transmission of STH across various low-
resource settings.

It is also important to note the impact of the COVID-
19 pandemic on study implementation activities. Sites
were under country-wide lockdown during a significant
portion of the last year of planned MDA delivery (i.e.,
MDA rounds 5 and 6), and all MDA planning and deliv-
ery activities were suspended until as late as July 2020.
When field activities resumed, sites captured the impact
of the pandemic on MDA implementation on the rou-
tine process mapping worksheets, e.g., noting how the
pandemic negatively impacted the implementation con-
text in some clusters. Thus, this analysis does capture
some of these pandemic-specific challenges. However,
we acknowledge the need for additional quantitative and
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qualitative research that directly assesses the impact of
the COVID-19 pandemic on MDA planning and delivery
and subsequent transmission interruption progress [64].
Currently, there are several ongoing DeWorm3 evalua-
tions assessing these impacts and understanding how the
study’s existing community-wide infrastructure could
be utilized to facilitate rapid community responses to
COVID-19.

Conclusion

Using an innovative analytic approach, we identified that
efficient duration of MDA delivery within 10days was a
highly influential implementation activity for achieving
high coverage of community-wide MDA when co-imple-
mented with other key implementation factors such as a
conducive implementation context, early arrival of alben-
dazole, and a flexible community sensitization strategy.
These findings can be used by STH-endemic countries
implementing MDA programs to develop appropriate
operational guidelines and support effective implemen-
tation planning. Similar methodological approaches may
be extended to evaluate other community-based primary
care programs implemented in LMIC health systems.
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