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Abstract. Mass drug administration (MDA) with artemisinin combination therapy is a potentially useful tool for malaria
elimination programs, but its success depends partly on drug effectiveness and treatment coverage in the targeted
population. As part of a cluster-randomized controlled trial in Southern Province, Zambia evaluating the impact of MDA
and household focal MDA (fMDA) with dihydroartemisinin–piperaquine (DHAp), sub-studies were conducted in-
vestigating population drug adherence rates and effectiveness of DHAp as administered in clearing Plasmodium falci-
parum infections following household mass administration. Adherence information was reported for 181,534 of 336,821
DHAp (53.9%) treatments administered during four rounds ofMDA/fMDA, of which 153,197 (84.4%) reported completing
the full course of DHAp. The proportion of participants fully adhering to the treatment regimen differed by MDAmodality
(MDA versus fMDA), RDT status, and whether the first dose was observed by those administering treatments. Among a
subset of participants receiving DHAp and selected for longitudinal follow-up, 58 were positive for asexual-stage
P. falciparum infection by microscopy at baseline. None of the 45 participants followed up at days 3 and/or 7 were slide
positive for asexual-stage parasitemia. For those with longer term follow-up, one participant was positive 47 days after
treatment, and two additional participants were positive after 69 days, although these two were determined to be new
infections by genotyping. High completion of a 3-day course of DHAp and parasite clearance in the context of household
MDA are promising as Zambia’s National Malaria Programme continues to weigh appropriate interventions for malaria
elimination.

INTRODUCTION

In the recent push to developmalaria elimination strategies, the
Zambian government called for “high-impact malaria interven-
tions” to sustain and improve on the success of malaria control
strategies during the past few years.1 Among newly adopted
strategies to reach elimination goals, Zambia’s National Malaria
Elimination Centre has been implementing and evaluating the ef-
fectiveness and cost-effectiveness of mass drug administration
(MDA) strategies with dihydroartemisinin–piperaquine (DHAp)
across higher and lower transmission areas.2,3

The ability of MDA to achieve large-scale reductions in the
prevalenceofany infectiousdisease isa functionof thepopulation
coverage achieved during a campaign and the drug’s effective-
ness in clearing infections when implemented in a real-world
setting.Previous studies comparingDHApwithother artemisinin-
based combination therapies (ACTs) have shown DHAp to be
highly efficacious at clearing asexual Plasmodium falciparum
parasites.4–11 The long elimination half-life of piperaquine also
offersup to60daysof chemoprophylacticprotectionagainstnew
infections.12,13 Although evidence of delayed P. falciparum
clearance and treatment failure among artemisinin-based thera-
pies in general has been demonstrated in the Greater Mekong
Subregion of Southeast Asia,12,13 limited reports of delayed
clearance in the African continent do not currently demonstrate
consistent artemisinin or ACT resistance.14

Using a highly efficacious drug such as DHAp, MDA effec-
tiveness is dependent on the individual’s adherence to the
medication regimen.15,16 When adherence to the full treat-
ment regimen is incomplete, the antimalarial may not achieve
ormaintain therapeutic levels of thedrug for a sufficient time to
clear all parasites in an individual, placing selective pressure
on surviving parasites.17 Low adherence rates across the
treated population could fail to achieve maximum levels of
effect and promote drug resistance, despite high treatment
coverage inMDA.18 Studies across diverse settings in malaria
and neglected tropical diseases have demonstrated wide
variation in adherence during MDA activities.15,16,19 In a sys-
tematic review of adherence to malaria treatment, Bruxvoort
et al.15 found adherence proportions varying as much as
11–100% across 30 descriptive studies. Therefore, it is rea-
sonable to assume that a percentage of the populationwill not
adhere fully to an MDA treatment program.20

As Zambia’s National Malaria Programme weighs the im-
pact of MDA, additional insight into mediating issues, such as
population-wide treatment adherence and the drug effec-
tiveness in clearing parasites, would be useful for shaping
expectations of MDA impact moving forward. To this end, this
study presents results of analyses exploring issues of drug
uptake and effectiveness. As part of the aforementionedmass
treatment community-randomized controlled trial,2 we eval-
uated population acceptance and adherence to the DHAp
regimen and parasite clearance during household MDA.
Specifically, this study assesses population treatment ad-
herence toDHApunder both community-wideMDAand fMDA
modalities. We further examine reasons for adherence and
nonadherence to treatment. Finally, to assess the effective-
ness of DHAp as administered in this setting, we examine
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3-day and 7-day parasite clearance among participants
accepting treatment, as well as parasitemia at approximately
40 and 70 days following treatment.

METHODS

A full description of the trial has been published elsewhere.2

In summary, the trial assessed the impact of community-wide
MDA with DHAp or household-level focal MDA (fMDA), where
DHApwasgiven to all eligible householdmembers if anyone in
the house had a positive malaria rapid diagnostic test (RDT;
malaria Pf cassette test for histidine-rich protein 2 antigen
[StandardDiagnostics Inc., Gyeonggi-do, Republic of Korea]).
The trial engaged all households and residents of 60 health
facility catchment areas covering a population of approxi-
mately 330,000 people in a region of heterogeneous trans-
mission, with malaria prevalence in children ranging from < 1%
to > 25% before the trial.21 The region is characterized by high
coverage of vector control (long-lasting insecticide-treated
mosquito nets and indoor residual spraying [IRS]) and good
access via health facilities and community health workers
(CHWs) to confirmedmalaria casemanagementwithRDTs and
artemether–lumefantrine (AL). The trial interventions included
house-to-house campaigns of four rounds of RDT testing and
DHAp treatment during both peak and nonpeak transmission
seasons; rounds 1 through 4 occurred during November/
December 2014 (nonpeak), February/March 2015 (peak),
September/October 2015 (nonpeak), and February/March
2016 (peak), respectively.
Treatment adherence.During each campaign round, a pair

of trained surveyors visited each household: a CHW who per-
formed the testing and treatment formalaria andan enumerator
who administered a standardized questionnaire to the head of
the household or parental representative. Dihydroartemisinin–
piperaquine formulations of 20 mg/160 mg and 40 mg/320 mg
were provided per treatment modality to participants based on
age according to the manufacturer’s recommendations. Preg-
nant women and children younger than 3 months were ex-
cluded from receiving DHAp. The full course of a single
treatment was taken over three consecutive days and moni-
tored using a modified directly observed therapy (DOT) strat-
egy. On day 0 (baseline), the first dose of medication was
administered and observed by the CHW and noted by the
enumerator. The recipient was instructed to take the second
dose at the same time the following day (day 1) but was un-
observed. On day 2, a separate adherence officer visited the
household to observe the third (final) dose, if possible, and to
administer a follow-up questionnaire, irrespective of observing
the final dose.
Initial questionnaires conducting during day 0 household

visits recorded participant demographics, recent history of fe-
ver, household IRS exposure, recent travel, and bednet usage.
At the end of each day, enumerators transferred name, age,
gender, and a personal identifier for individuals who received
DHAp to the adherence officer, blinded to testing status of
individuals, for follow-up. The adherence questionnaire con-
ducted on day 2 sought to ascertain the recipient’s testing and
treatment recall, whether thedosewas takenon the correct day,
the number of tablets taken daily, reasons for not taking all
doses, reasons for treatment refusal, and whether the recipient
had heard MDA sensitization messages before the campaign
visit. Visual inspection of the blister pack noted the number of

remaining tablets, if any. These data were self-reported by the
participants if aged 10 or older, or by the caregiver for those 9
years and younger. The person responding to the questions
for the listed DHAp recipient was also recorded.
Assessment of treatment adherence used aggregated data

from the four treatment rounds. An individual’s adherence
status for a single course of drugs was classified into three
categories: full adherence, partial adherence, and non-
adherence. Full adherence was defined as taking all three
doses and verifying that no tablets were remaining in the
blister pack. Partial adherence was considered as taking one
or two doses and/or having tablets remaining in the blister
pack. Nonadherence was reporting having taken no doses.
Althoughmanypeoplewithin theMDA treatment arm received
up to four separate courses of DHAp over the study period, an
individual’s adherence to treatments overmultiple roundswas
not assessed because it was not possible to link participants
across treatment rounds.
Overall, adherence was compared across treatment arms

by examining the proportion of full, partial, and nonadherence
against key characteristics (e.g., high/low transmission, dis-
tribution round, gender, RDT test positivity, age, the number of
RDT-positives per house, whether the first dose was directly
observed by the CHW, and whether sensitization messages
were heard). Reasons provided for nonadherence were
assessed to determine the relative frequency of these re-
sponses. If responses coded as other were thematically sim-
ilar to prelisted survey responses, thesewere recoded into the
primary categories.
Multivariable logistic regression analysis was performed to

assess whether demographics and/or household character-
istics were associated with reporting of treatment adherence.
A similar regression analysis was performed to assess factors
associated with full adherence to DHAp treatment. Factors
associated individually with full adherence in crude logistic
models were added to a final multilevel regression model that
also included random effects for catchment and treatment
round.
Parasite clearance. For trial evaluation purposes, a subset

of households in each of the control, MDA, and fMDA arms
(260 households each) were enrolled in a concurrent longitu-
dinal malaria incidence cohort beginning with the first treat-
ment round in November 2014. These households were
followed for 18 consecutive months—a period including all
four treatment rounds. Cohort-enrolled households received
the mass treatment intervention that coincided with their re-
spective study arm at the same time as all other households
within the area; however, visits to administer questionnaires,
provide testing and treatment, and ascertain adherence to
treatment were administered by local CHWs separately from
campaign round households. In addition to RDT testing pro-
vided to campaign participants, all cohort participants had
thick smear duplicate slides prepared for microscopy di-
agnosis and confirmation. Initial day 0 household question-
naires and day 2 adherence questionnaires were otherwise
similar to those administered to households within the cam-
paign areas but not enrolled in longitudinal follow-up.
Asper protocol, participants in the longitudinal cohortwith a

positive RDT at enrollment (baseline visit; campaign round
1) and receiving an age-appropriate dose of DHAp were
recruited to participate in a further sub-study to assess the
effectiveness of DHAp, as administered via household MDA,
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in clearing parasites. To reduce the number of household
visits, consenting participants were asked to present at the
nearest health facility 3 and 7 days following the first dose of
DHAp—corresponding to 1 and 4 days after completing the
full course of DHAp, respectively.
At each follow-up facility visit, capillary blood was collected

by finger stick and thick smear slides were prepared in dupli-
cate. All slides were linked to respective cohort participants
and sent to the National Malaria Elimination Centre for review.
Two independent microscopists examined slides, specifically
noting the presence and density of asexual- or sexual-stage
P. falciparum. Other species were not consistently recorded.
Results were fed into Microsoft Excel (Microsoft, Redmond,
WA) spreadsheets. Discrepant readings were resolved by a
third microscopist blinded to previous readings. Thin smear
slides were not prepared to reduce the total number of slides
prepared in the field.
In addition to the general exclusion criteria for receiving

MDA mentioned earlier, individuals were excluded from par-
asite clearance assessment if questionnaires could not con-
firm receipt of DHAp. Following processing of blood slides,
individuals with at least one thick blood smear positive for
P. falciparum infection at baseline and receiving a course of
DHAp were ultimately included in analyses. Short-term para-
site clearance was estimated as the percentage of individuals
present at follow-up who received a course of DHAp, had a
microscopically confirmed P. falciparum infection at enroll-
ment, and were negative for asexual P. falciparum (by mi-
croscopy) 3 and 7 days after the initial dose of treatment.
Similarly, longer term parasite clearance was estimated as
the percentage of individuals present at follow-up negative for
asexual P. falciparum (by microscopy) approximately 1 and
2 months after treatment meeting the same criteria and also
not receiving further treatment with antimalarials between
baseline treatment and follow-up. For participants slide pos-
itive at long-term follow-up, molecular barcode analysis was
performed on samples collected at baseline and follow-up (if
available), as previously described,22 to determine whether
P. falciparum infection at follow-up was likely due to infection
with a new parasite or recrudescence of the initial infection.
The study protocol was reviewed and ethical approval pro-
vided by the Research Ethics Committee of the University
of Zambia, the Zambian Medicines Regulatory Authority,
the Tulane University Institutional Review Board (IRB), and
Western IRB.

RESULTS

Treatment adherence. During the four campaign rounds,
336,821 DHAp treatments were provided to 383,768 eligible
individuals, with a mean RDT positivity across the four cam-
paign rounds of 5.1% (Table 1). Individuals who had not yet
taken their final dose during the adherence visit because of
dosage timing were excluded from this analysis (n = 1,309).
Adherence teams completed follow-up visits for 181,534
(53.9%) of all 336,821 DHAp treatments. The proportion of
treatments receiving follow-up visits ranged from 33.3% to
67.6% over the four rounds. There was no significant differ-
ence in adherence reporting between treatment arms overall
(Pearson’s χ2, P = 0.99).
Comparing characteristics of participants with and without

adherence follow-up data, in adjusted analyses, individuals
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who reported fever in the last 2weeks, wereRDTpositive, and
had heard sensitization messages, and men were more likely
to have been followed up and report adherence information
(Table 2). Controlling for trial cluster andMDA round, the odds
of reporting treatment adherence were higher among those
who reported a fever within the previous 2 weeks, RDT pos-
itive, and indicated having heard MDA sensitization mes-
sages before the campaign. There were no differences in
adherence follow-up and reporting by age, gender, or treat-
ment arm.
Among participants with adherence follow-up data, 153,197

of 181,534 (84.4%) across trial arms reported taking all three
doses of DHAp (i.e., the full course), whereas 22,438 (12.4%)
took only one or two doses (partially adherent) of the DHAp
regimen (Table 1). Only 5,918 (3.3%) of participants reported
takingnodoses.Adherencestatusof individualsdifferedby trial
arm with full adherence consistently greater in the fMDA trial
arm than in the MDA arm across all four rounds (Pearson’s χ2,
P = 0.001).
Adherence status also differed by DOT status during the

first DHAp dose. When the first dose was directly observed by
the CHW, full adherence was 83.6% in the MDA arm com-
pared with 68.0% when it was not (Pearson’s χ2, P < 0.05). If
the dose was taken the same day but after the CHW visit, full
adherence was lower (78.0% in MDA and 86.5% in fMDA). If
the treatment began any day after the initial visit, full adher-
ence was 7.2% in MDA and 37.8% in fMDA.
A positive RDT result, residing in a cluster receiving fMDA,

younger than 18 years, reporting hearing MDA sensitization
messages, taking the first dose in front of a CHW, and self-
responding to the adherence questions were significantly
associated with an increase in the odds being fully adherent
to treatment (Table 3). Conversely, having a fever within the
previous 2 weeks was associated with decreased odds of
full adherence (adjusted odds ratio: 0.85, 95%CI: 0.78–0.93,
P < 0.001).
Among the 27,841 individuals classified as partially or

completely nonadherent, 10,800 (39.3%) of these also re-
ported reasons for their nonadherence. The primary reasons
provided were as follows: 1) 8,909 (32.4%) individuals forgot,
2) 4,637 (16.8%) felt better, or 3) 2,558 (9.3%) lost medication.
Only 1,369 (5.0%) reported having experienced side effects as
the reason for stopping the treatment course early.
Parasite clearance.During the first treatment round, 1,567

participants from cohort households were reported as re-
ceiving acourseofDHAp. Laboratory testingof 1,353baseline
thick blood smear slides identified 62 individuals with an

asexual- or sexual-stage P. falciparummalaria infection at the
time of treatment. Questionnaires indicated that 58 (93.5%) of
these confirmed cases received DHAp. Baseline treatment
was not reported or confirmed by adherence follow-up for the
remaining four (6.5%) individuals who were excluded. Rea-
sons for missing treatment data were not specified by data
collectors, although two of these participants were from fMDA
households where all household members were negative by
RDT and, therefore, likely did not receive treatment as per trial
protocol.
The number of days between baseline and follow-up

household visits in later months varied among participants
because of field-worker schedules for the cohort follow-up
visits. First and second follow-up visits ranged from 21 to
63 (median: 44) days and 59 to 83 (median: 70) days after
baseline, respectively. Three individuals tested positive
by RDT during the first household visit and received fur-
ther treatment with AL as per protocol for nonintervention
months. Subsequent samples for these participants were
excluded from analysis. Another participant reported
having had a fever within the 2 weeks before the first
follow-up visit but did not report taking an antimalarial
during that period.

TABLE 2
Crude and adjusted odds of reporting adherence information by campaign participant characteristic

Characteristic N Odds ratio (95% CI) Adjusted odds ratio† (95% CI)

Age category (years): 336,794
< 5 Ref. Ref.
5–15 1.02* (1.01–1.05) 1.00 (0.98–1.02)
> 15 0.98* (0.96–0.99) 1.00 (0.98–1.01)

Gender (male) 327,918 1.03*** (1.02–1.05) 1.00 (0.99–1.02)
Fever in the previous 2 weeks 336,456 1.05* (1.01–1.10) 1.36*** (1.30–1.42)
RDT positive 331,905 1.01 (0.98–1.03) 1.17*** (1.14–1.20)
Treatment arm (MDA) 336,794 1.00 (0.98–1.02) 0.98 (0.70–1.37)
Heard sensitization messages 325,856 1.20*** (1.17–1.22) 1.11*** (1.09–1.13)
MDA = mass drug administration.
* P < 0.05, **P < 0.01, ***P < 0.001.
†Random effects for trial cluster and MDA rounds.

TABLE 3
Adjusted odds of full adherence

Regression covariate
Adjusted odds
ratio† (95% CI)

Trial arm
MDA Ref.
FMDA 2.59** (1.31–5.15)

Person responding to adherence
questions

On behalf of someone who is absent Ref.
Onbehalfofchildyounger than10years 1.50*** (1.43–1.59)
Self-response 2.00*** (1.92–2.09)
Rapid diagnostic test positive 1.30*** (1.22–1.39)

Age category (years)
< 5 Ref.
5–15 1.00 (0.96–1.05)
> 15 0.80*** (0.75–0.85)

First treatment directly observed therapy
by community health worker

1.35*** (1.28–1.42)

Heard MDA sensitization messages 1.17*** (1.12–1.22)
Gender (female) 1.03 (1.00–1.06)
Fever in the previous 2 weeks 0.85*** (0.78–0.93)
Total, N 170,453
fMDA = focal MDA; MDA = mass drug administration.
* P < 0.05, **P < 0.01, ***P < 0.001.
†Random effects for trial cluster and MDA rounds.
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Among those included in parasite clearance assessment at
each time point, 45 of 58 (77.6%) and 39 of 58 (67.2%) pre-
sented to a local clinic 3 and 7 days after treatment for follow-
up, respectively (Figure 1). Blood smears collected during
follow-uphousehold visits after initial treatmentwere available
for 46 of 58 (79.3%) and 48 of 55 (87.3%) of (included) par-
ticipants, respectively. Microscopy results were not available
at any follow-up time point for two of 58 (3.4%) participants.
Table 4 provides the distribution of gender, age, and

household treatment modality (fMDA or MDA) for confirmed
infections at baseline and follow-up.No significant differences
were seen in the distribution of characteristics between con-
firmed cohort infections and those presenting for clearance
assessment or between participants at baseline and follow-
up. Treatment adherence follow-up was recorded for 56 of
58 (96.6%) participants, all of whom reported taking the full
course of DHAp.
Microscopy results noted only gametocytes present at

baseline for twoof 58 (3.4%)participants. Parasite densities at
baseline ranged from 142 to 13,960 (median: 1,056) parasites
per μL. All available samples from days 3 and 7 were clear of
asexual P. falciparum parasitemia (Table 5), although game-
tocytes were noted at day 7 for one participant. One partici-
pant was slide positive at the first household follow-up,
57 days after baseline. Two additional participants were slide
positive at the secondhousehold follow-up, both 69days after
baseline DHAp treatment.
Earlier parasite clearance could not be confirmed for the

participant slide positive at day 57, as this individual did not
appear for any short-term follow-up before this time. Poly-
merase chain reaction (PCR) confirmed infection at day 57,
although lack of a baseline PCR sample precluded compar-
ative genotyping to determine if this was indeed persistent
infection or newly acquired. As mentioned earlier, this person
was treated with AL at day 57 and subsequently clear of

parasites by microscopy at day 80 (results excluded from
Table 5). Among the two participants who were slide positive
69 days after treatment, the first was clear of parasites 3 days
after baseline treatment. The second participant did not have
short-term follow-up results but was slide negative at day 47.
Both individuals resided in higher transmission clusters re-
ceiving fMDA and reported taking the full course of DHAp.
Parasite genotyping analysis of baseline and day 69 samples
from these individuals revealed that multiple positions of the
24 single nucleotide molecular bar code12 were distinct be-
tween pairs of samples, indicating that these were likely new
parasite infections.

DISCUSSION

The effectiveness of an infection control intervention is a
function of whether the treatment is efficacious against the
infection, the intervention reaches the target group, its users
and providers adhere to intervention guidelines, and a high
level of coverage is sustained over the necessary interval of
time.23,24 As part of a trial of antimalarial MDA and fMDA
compared with existing high-level coverage with standard of
care interventions (the “high-intensity intervention pack-
age”),25 we examined the uptake and adherence to a 3-day
drug regimen across multiple treatment rounds and explored
factors associated with higher or lower levels of adherence.
We also assessed the effectiveness of DHAp as administered
in household MDA/fMDA for both short-term and durable
clearance of P. falciparum infection. Overall, our evidence
suggests acceptance and adherence to the DHAp regimen
were high and maintained at these levels across all four mass
treatment rounds, and that the drug was highly effective for
short-term clearance of asexual parasite infection.
Adherence to a full course of DHAp observed across cam-

paign rounds was high, with more than eight in 10 (84.4%)

FIGURE 1. Clearance microscopy results. Baseline parasite density, timing of follow-up blood slide collection, and microscopy results for
participants included in parasite clearance assessment. This figure appears in color at www.ajtmh.org.
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participants taking the full course of DHAp. Individuals in the
fMDA areas, where treatment was provided to all members of
a household when at least one person tested positive, were
more than twice as likely to fully adhere as compared with
those in the MDA arm. This difference was consistent across
all four campaign rounds, irrespective of individual RDT sta-
tus. These results could suggest that individuals in the fMDA
trial arm recognized that if their household qualified for treat-
ment they were at increased risk for malaria when they
themselves were negative or sought to clear their infection
when positive, whereas inMDA, where all individuals received
treatment regardless of RDT positivity, full adherence was
lower but constant across four rounds of MDA with declining
RDT positivity in each successive round.
Of particular note, among campaign respondents in either of

theMDAor fMDAtrial armswith reportedadherencedata, 96.8%
reported taking at least one dose of DHAp. The importance of
taking all doses was emphasized by Hodel et al.26 in a modeling
study of the optimal use of AL and DHAp in programmatic set-
tings,which estimatedparasite clearance rates at partial courses
of DHAp. The predicted effects of taking all doses, missing the
second dose, missing the third dose, and missing the second
and thirddosesofDHAphad91%,70%,71%,and28%parasite
clearance rates, respectively, for age-baseddosing, but delaying
a dose did not alter the treatment outcome.26 In areas where
parasite transmission is low, such as the MDA trial arm in this
study, the effect of not taking all dosesmay be attenuated in the
context of a robust malaria control program with high vector
control coverage for attaining elimination.27 Given that few par-
ticipants eligible for clearance assessment reported incomplete
adherence, this study did not have the power to produce clear-
ance rate estimates for each category of adherence and, there-
fore, was not able support or contest the position of these
modeling studies. Notwithstanding this limitation, efforts to im-
prove full treatment adherence in MDA settings through im-
proved community and individual sensitization of the parasite
clearance and prophylactic benefits are necessary.
Integration of a parallel longitudinal cohort and early follow-

up posttreatment allowed us to further assess clearance of Pf
parasites after the initial MDA/fMDA round. DHAp contains
two antimalarial drugs with differing elimination half-lives, and
our assessment of parasite clearance considered both short-
and long-term clearance, particularly important for longer
lasting drugs.28 Among individuals with thick blood smear
slides positive for P. falciparum infection and treated with an
age-appropriate course of DHAp, all who were present for
follow-up at day 3 and/or day 7 were free of asexual para-
sitemia. Two individuals (4.3%) visited 69 days following
treatment were positive by microscopy. One individual was
positive at day 57, although it was unclear whether this was
due to late treatment failure or a new infection. These results
are consistent with high clearance rates previously reported in
sub-Saharan Africa.7,8,10,29,30

Genotyping indicated that the two late follow-up infections
were likely newly acquired infections. The timing of these in-
fections, between months 1 and 2 following treatment, is
consistent with the waning prophylactic effect reported
elsewhere.12,13Distinguishing reinfection from recrudescence
via genotyping has its limitations, however, particularly in
higher transmission areas where infection with multiple
P. falciparum genotypes are more likely.28 In cases of multiple
infections before treatment, standard msp-1, msp-2, and
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glurpgenotypingmaymiss genotypes present at baseline and
misclassify the case as a reinfection at follow-up.31,32 The
genome-wideSNP-basedmethodusedhere aimed toprovide
better detection of mixed infections,22 with clear genotyping
differences between alleles consistent with distinct infections.
Genotyping findings were also supported by negative thick
blood smears observed in the interim between baseline
treatment and follow-up at 69 days. Both cases reported
taking the full course of DHAp at baseline and occurred in
higher transmission clusters where DHAp was only provided
to households with a member testing positive by RDT (i.e.,
fMDA treatment clusters). fMDAmay have left local infections
untreated if undetected by RDTs during household visits, in-
creasing the risk of reinfection for these individuals.
Althoughadherencedatawere collected for slightlymore than

half of the treatments provided, differences in demographic data
between respondents were minor; consequently, it is believed
that the adherence reporting and results herein provide a rela-
tively unbiased estimate of adherence for the study area for the
trial. Assessing individual adherence tomedication that relies on
self-reported histories may be prone to recall and social de-
sirability bias. Evidence here suggested that individuals who
were reportingon theirownbehaviorwere twiceas likely to report
full adherence compared with those who were not present and
whoseadherencewas reportedbyanotherperson.Furthermore,
there are differences in how studies define full adherence.15,20

Here, we relied on self-reported histories (which is the most
common assessment method), and to mitigate potential recall
bias, we verified pill counts to ascertain physical proof of ad-
herence. This too is prone to error because the absence of
remaining medication is not confirmation that it was taken or
taken correctly.15 However, there is limited evidence to suggest
that the reporting is unreliable, and studies of adherence and
accuracy of recall suggest that individuals do accurately recall
their treatment during MDA scenarios.33

Challenges with conducting longitudinal follow-up across a
large rural population limitedavailability of dataand theability to
replicate the conditions of strict efficacy studies. The number of
follow-up time points was fewer than those recommended in
guidelines for efficacy studies.34 Inclusion of high transmission
areas meant the possibility for a large number of potentially
eligible participants. To balance the feasibility of collecting
multiple samples across a rural area within a short period of
time, recommended blood sample collection at 1, 2, and
14days after treatmentwasdropped.As a result, the studywas
neither able to assess differences in clearance before day 3 nor
identify late treatment failures before 1 month.
Recruitment of participants based on RDT results conducted

during household visits affected availability of short-term follow-
up data. Because microscopy results, needed to determine eli-
gibility,werenotavailableat the timeofbaselinehouseholdvisits,

individuals were invited to participate on RDT results alone and
excluded those who were negative by RDT but later found to be
positive by microscopy. Consequently, a relatively high number
of slide-positive cohort individuals did not have follow-up results
at days 3 and7. This also resulted in differences in the proportion
of participants in the clearance study available for assessment of
short-term and long-term parasite clearance, as long-term
follow-up used samples collected during monthly longitudinal
cohort household visits. There was no evidence of statistically
significant differences in demographic characteristics or study
arm participation throughout follow-up, however. Additionally,
the study only assessed clearance of P. falciparum parasitemia,
as these infectionsare themostprevalent in this region.Although
Plasmodiummalariae,Plasmodiumovale, andPlasmodiumvivax
havebeenobserved in this region, 97.5%of infectionswithin this
population during this time period were with P. falciparum.35

It is possible that long-term clearance follow-up partici-
pants sought additional treatment for malaria outside of the
MDA campaign activities between baseline and follow-up
visits. Data collectors recorded any treatments given during
their visits and asked about recent history of fever andmalaria
treatment. The three participants receiving treatment for
malaria roughly 1 month after baseline were excluded from
analysis at later time points. Results reported here assume
that no othermalaria treatment was received during the period
under analysis other than that already noted.
Despite challenges with conducting household treatment and

adherence assessment over a large rural population, we were
able to investigate components of mass treatment important to
the overall impact of MDA conducting in an area of heteroge-
neousmalaria transmission. The results reinforce the importance
of community sensitization and mobilization before an MDA
campaign, aswell as directly observing the first dose. If testing is
performed before drug administration, it appears that the
household members will be significantly more likely to adhere
to their treatment regimen if they or their family member test
positive. Of note, the large sample size in our study likely led
to finding statistically significant relationships with low effect
estimates36,37; however, our estimates of determinants of ad-
herence were consistent with other MDA studies and help char-
acterize adherent from nonadherent individuals in this trial.38

In the context of a community-randomized controlled trial in
Southern Province, Zambia, community-wideMDA and fMDA
with DHAp both demonstrated high treatment adherence and
high and durable clearance of malaria infections. Differences
in adherence between MDA and fMDA trial arms suggest that
the specific strategy for deploying an MDA intervention can
influence the reception of treatment. In households where
testing is performed and at least one person is positive (e.g., in
our fMDAarm), thismaybe sufficient encouragement for other
household members to complete a course of DHAp. In

TABLE 5
Presence of Plasmodium falciparum parasites among participants throughout follow-up

Category Baseline Day 3 Day 7 Month 1* Month 2†

Microscopy result, n (Col%)
Negative 0 (0.0) 45 (100.0) 38 (97.4) 45 (97.8) 46 (95.8)
Positive 56 (96.6) 0 (0.0) 0 (0.0) 1 (2.2) 2 (4.2)
Gametocytes only 2 (3.4) 0 (0.0) 1 (2.6) 0 (0.0) 0 (0.0)

Total, N 58 45 39 46 48
* Follow-up visit ranged from 59 to 83 (median: 70) days after baseline.
†Follow-up visit ranged from 21 to 63 (median: 44) days after baseline.
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settingswhere no testing or selective testing is performed and
no one is identified as positive (e.g., in some of the MDA house-
holds in our study), lower adherencemayoccur, especiallywhere
malaria risk is seen to be low. In such settings, additional efforts,
such as community sensitization and full DOT,may be needed to
ensure high treatment adherence. For microscopy-confirmed
cases followed over time, DHAp provided a 100% short-term
clearance of asexual P. falciparum parasite infections, with high
PCR-adjusted clearance between 62 and 83 days after the
DHAp treatment. Despite evidence of DHAp resistance outside
of Africa, these results support the current utility of DHAp ad-
ministered through MDA or fMDA rounds for effectively clearing
asexual P. falciparum parasite infections in this setting.
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