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Abstract

Background: Population-wide interventions using malaria testing and treatment might decrease the reservoir of
Plasmodium falciparum infection and accelerate towards elimination. Questions remain about their effectiveness and
evidence from different transmission settings is needed.

Methods: A pilot quasi-experimental study to evaluate a package of population-wide test and treat interventions
was conducted in six health facility catchment areas (HFCA) in the districts of Kanel, Linguére, and Ranérou (Senegal).
Seven adjacent HFCAs were selected as comparison. Villages within the intervention HFCAs were stratified according
to the 2013 incidences of passively detected malaria cases, and those with an incidence > 15 cases/1000/year were
targeted for a mass test and treat (MTAT) in September 2014. All households were visited, all consenting individuals
were tested with a rapid diagnostic test (RDT), and, if positive, treated with dihydroartemisinin-piperaquine. This was
followed by weekly screening, testing and treatment of fever cases (PECADOM++) until the end of the transmission
season in January 2015. Villages with lower incidence received only PECADOM++ or case investigation. To evaluate
the impact of the interventions over that transmission season, the incidence of passively detected, RDT-confirmed
malaria cases was compared between the intervention and comparison groups with a difference-in-difference analy-
sis using negative binomial regression with random effects on HFCA.

Results: During MTAT, 89% (2225/2503) of households were visited and 86% (18,992/22,170) of individuals were
tested, for a combined 77% effective coverage. Among those tested, 291 (1.5%) were RDT positive (range 0-10.8

by village), of whom 82% were < 20 years old and 70% were afebrile. During the PECADOM+-+ 40,002 visits were
conducted to find 2784 individuals reporting fever, with an RDT positivity of 6.5% (170/2612). The combination of
interventions resulted in an estimated 38% larger decrease in malaria case incidence in the intervention compared
to the comparison group (adjusted incidence risk ratio=0.62, 95% Cl 0.45-0.84, p =0.002). The cost of the MTAT was
$14.3 per person.
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Conclusions: It was operationally feasible to conduct MTAT and PECADOM++ with high coverage, although
PECADOM++ was not an efficient strategy to complement MTAT. The modest impact of the intervention package
suggests a need for alternative or complementary strategies.

Keywords: Population-wide interventions, Testing and treatment, Plasmodium falciparum, Malaria elimination

Background

With an increasing international focus on malaria elim-
ination, there is a need for interventions that are effec-
tive at reducing transmission in different settings [1].
Although there are a few examples of successful elimina-
tion efforts [2], questions remain about the effectiveness
of specific interventions, the best mix of interventions to
be implemented and the operational challenges of scale-
up, cost, and sustainability.

Senegal has greatly reduced its malaria burden in the
last decade through scale up of control tools [3]. In 2008,
the national prevalence of Plasmodium falciparum infec-
tion by microscopy in children under 5 years old was
5.7%, which decreased to 0.4% in 2017. There is a gradi-
ent of transmission intensity, with a gradient in the prev-
alence from 7.3% in the south-east of the country to near
zero in parts of the north [4, 5]. Following this success,
the Programme National de Lutte contre le Paludisme
(PNLP—National Malaria Control Programme) shifted
its strategy from control to elimination and partnered
with stakeholders to conduct implementation research
on potential elimination strategies in different transmis-
sion settings to inform the national malaria strategic
plan.

Population-wide drug administration strategies are
being evaluated as tools to decrease the reservoir of
infection and accelerate towards elimination, but more
data on their impact and feasibility are needed. Mass test
and treat (MTAT) has been proposed as one population-
wide drug administration intervention for transmission
reduction [6]. This approach involves visiting all house-
holds within an area, testing all members for malaria
using a rapid diagnostic test (RDT), and treating those
that are positive with an anti-malarial drug. Compared
to mass drug administration (MDA), where the whole
population is given an antimalarial drug, the MTAT
approach targets treatment to infected individuals. Thus,
the advantages of MTAT are that a smaller quantity of
drugs is administered in the community, and persons
without infection are not exposed to potential adverse
effects of anti-malarials. However, the effectiveness of
MTAT may be compromised by the limited sensitivity
of standard RDTs, meaning that low density infections
(~ <200 parasites/pl) are not detected. Moreover, MTAT,
unlike MDA, does not provide the population benefit of a
mass prophylactic effect. Studies of MTAT effectiveness

have had mixed results. One study demonstrated a 53%
reduction in parasite prevalence by RDT [7], but others
found no change in incidence [8, 9]. In addition, to sus-
tain the impact of population-wide drug administration
strategies, programs must implement activities that clear
new infections as they occur.

The PATH Malaria Control and Elimination Partner-
ship in Africa (MACEPA), in collaboration with the
PNLP, implemented a package of interventions in north-
ern Senegal, including an MTAT followed by a weekly
fever screen, test and treat campaign or case investiga-
tion. The goal of this work was to evaluate its impact,
feasibility and cost and to provide evidence to inform the
national malaria elimination strategy.

Methods

Study area

The study was conducted in Kanel, Linguére and Rané-
rou districts, in Matam and Louga regions in north-
ern Senegal (Fig. 1) from September 2014 to February
2015. The area lies at the edge of the Sahel region and is
marked by grasslands, a semi-arid climate and flat topog-
raphy, with an average population density of about 14 per
square kilometre [10]. Malaria transmission is low, with
some moderate transmission areas, highly seasonal, with
the rainy season occurring once annually between July
and January. Plasmodium falciparum is responsible for
most of the infections and the main malaria vectors are
Anopheles gambiae, Anopheles arabiensis, and Anoph-
eles funestus [11, 12]. Malaria control relied on passive
case management and bed nets, with no indoor residual
spraying being conducted in the area. In the northern
region of Senegal, 81% of households reported having at
least one insecticide-treated bed net in 2014 [13]. First-
line treatment for uncomplicated malaria in the country
was either artemether-lumefantrine, artesunate-amodi-
aquine or dihydro-artemisinin-piperaquine (DHAp) [14].

Study design

The study used a quasi-experimental design with non-
random selection of the intervention and comparison
groups. Six health facility catchment areas (HFCA)
were purposefully selected by the PNLP to receive the
intervention based on the 2013 annual incidence of
malaria cases. Seven HFCAs from the same districts
were selected as a comparison group for the study.
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Fig. 1 Map of study area

Characteristics of intervention and comparison areas
are presented in Additional file 1 showing that average
bed net ownership, household size and baseline malaria
transmission were lower in comparison areas (Addi-
tional file 2, a and b). This is intended as a program-
matic evaluation of an intervention that targeted the
highest transmission areas within a district, acknowl-
edging the limitations of having to use areas of lower
malaria incidence at baseline as the comparison group.
The total population in the intervention and compari-
son areas was approximately 66,000. Within the inter-
vention HFCAs, villages were stratified into different
malaria transmission strata based on the 2013 inci-
dence of malaria and were allocated different combina-
tions of interventions as shown in Table 1. Stratum 1
included villages with less than 5 cases per 1000 peo-
ple per year and only case investigation was conducted
from October 2014 to January 2015. Stratum 2 included
villages with 5 to 14 cases per 1000 people per year and
only weekly mass fever screen, test and treat (referred

to as PECADOM++) was implemented during the
same period. Stratum 3 included villages with equal or
greater than 15 cases per 1000 people per year, where
a MTAT was implemented in September 2014, at the
beginning of the transmission season, followed by PEC-
ADOM++ from October 2014 to January 2015. Given
that the intervention areas were small and to avoid a
dilution of the impact caused by the surrounding areas
not receiving any interventions, villages outside the
intervention HFCAs but within a radius of 5 km also
received a MTAT. Thus, a larger area was targeted,
but the evaluation was confined to the intervention
HFCAs, and data from these surrounding villages were
not included in the descriptive or impact evaluation
analyses. No interventions were implemented in com-
parison HFCAs, which only received the standard of
care provided by the PNLP, which included case man-
agement (through health posts, health huts and com-
munity health workers) and bed nets, with no seasonal
malaria chemoprophylaxis or indoor residual spraying.
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Table 1 Stratification of intervention villages and implemented interventions

Stratum Transmission intensity (P. falciparum cases Catchment Number Interventions during high transmission season
per 1000 population per year in 2013) population of villages (October 2014 to January 2015)
in area
1 Very low transmission (<5 cases/1000/year) 4753 5 Case investigation with FTAT/FSTAT4 focal drug admin-
istration for outbreak
2 Low transmission (> 5 and < 15 cases/1000/year) 9695 6 PECADOM—++
3 Low-moderate transmission (> 15 cases/1000/year) 24,925 46 MTAT at the beginning of the 2014 transmission season

(September 2014) followed by PECADOM++

FTAT (focal test and treat): all individuals in the index case household were tested with an RDT and treated if positive

FSTAT (focal screen, test and treat): all individuals in the five closest households to the index case household within a 100-m radius were screened for risk factors
(reported fever, recent travel or not sleeping under a bed net) and those with at least one were tested with an RDT and treated if positive

PECADOM-++: weekly mass fever screen, test and treat along with reactive focal FTAT

Objectives

The primary objective was to evaluate whether a combi-
nation of malaria parasitaemia-clearing strategies could
substantially decrease malaria incidence in low trans-
mission areas in Linguére, Ranérou, and Kanel districts.
The primary endpoint was the incidence of passively
detected, RDT-confirmed P falciparum malaria cases
(diagnosed at the health posts or by community health
workers) during the 2014 to 2015 transmission season.
Secondary objectives were characterizing demographic
and spatial patterns of infection to guide the strategy
toward elimination; describing the operational feasibility
of implementing different parasitaemia-clearing strate-
gies; and estimating the costs of the interventions.

Study procedures

Census

A census was done at the outset of the study and house-
holds within the intervention and comparison areas
were visited and asked to complete a brief survey includ-
ing number of individuals in the household, number of
sleeping spaces and number of bed nets. Household GPS
coordinates were collected as part of this process and
were used to locate houses during the interventions. All
efforts were made to achieve full coverage and, if house-
holds that had been missed during the census were found
during the interventions, these were added to the census
database.

Case investigation with reactive case detection

Case investigation was conducted for all malaria cases
(index cases) detected at the health posts or by com-
munity health workers in stratum 1 intervention vil-
lages. The household of the index case was visited, and
FTAT was conducted there. In the five closest neighbor-
ing households within a 100-m radius, focal screen test
and treat (FSTAT) was conducted: all individuals were
screened for risk factors (reported fever in the previous

7 days, recent travel in the previous 2 weeks or not hav-
ing slept under a bed net the previous night) and those
with at least one risk factor were tested with an RDT and
treated if positive. Because a high number of secondary
cases were found during the FTAT and FSTAT within the
same area, these were considered an outbreak. A focal
drug administration was conducted as a response in the
affected villages: DHAp was administered to all individu-
als regardless of infection status, using the same inclusion
and exclusion criteria described below for the MTAT.

PECADOM—++

PECADOM stands for “Prise en charge a domicile” or
case management at the household level, and PECA-
DOM++ was an enhanced PECADOM consisting of
weekly mass fever screen, test and treat along with reac-
tive focal test and treat (FTAT). It was implemented in
all households in intervention villages in strata 2 and 3
for 16 weeks from October 2014 until January 2015. All
households received a weekly visit to screen for reported
fever in the previous week. All individuals reporting fever
in the previous week received an RDT, and RDT-positive
individuals received DHAp. Additionally, in households
with a positive RDT, FTAT was done and all individuals
received an RDT, and RDT-positive individuals received
appropriate treatment.

Mass test and treat

All households in stratum 3 intervention villages were
targeted for the MTAT. All households were visited by
the study team and all individuals older than 2 months
of age were invited to participate. Informed consent was
obtained from the head of household prior to request-
ing any information from the household and individual
written consent was then obtained from all participating
members or from their parents/guardians in the case of
children under the age of eighteen. A household ques-
tionnaire was then administered to the household head
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(number of residents, number of sleeping spaces, number
of bed nets), and an individual questionnaire was admin-
istered to each household member (sociodemographic
characteristics, RDT results and treatment, and risk fac-
tors for malaria, such as travel history, reported fever, and
use of bed net). Information was collected using stand-
ardized questionnaires programmed in ODK Collect (an
Open Data Kit tool) on smartphones. Three attempts
were made to locate individuals who were absent at the
time of the survey (either in household where other indi-
viduals were present or in empty households).

All consenting individuals were tested for malaria
using a Premier Medical First Response® rapid diagnos-
tic test (RDT). Patients who tested positive for malaria
were treated with DHAp, unless there were contra-indi-
cations. DHAp was chosen based on the longer half-life
and prophylactic effect. Since there are contraindications
for administering DHAp to women within the first tri-
mester of pregnancy, reproductive age women who were
eligible for treatment were asked about their pregnancy
status and the timing of their last menstrual period. RDT
positive women were not treated and were referred to a
clinic if they were within the first trimester of pregnancy
or if they were uncertain about their pregnancy status.
RDT positive women in the second or third trimester of
pregnancy and infants between 2 and 6 months of age
were treated with artemether-lumefantrine (AL) instead
of DHAp, according to national guidelines. RDT-posi-
tive individuals were also referred to a health facility for
treatment if they had certain contraindications including
allergies to artemisinin drugs, had recently taken arte-
misinin drugs or other contraindicated drugs, or had pre-
vious heart palpitations.

During all three interventions, all cases receiving
DHAp were followed up one week later to assess adher-
ence to treatment (reported and through observation
of blister) and adverse events through a standardized
questionnaire.

Data collection and analysis

Field visits were conducted by teams composed of a
field worker and a community health worker. Data were
entered using handheld Android phones programmed
with ODK Collect custom-designed questionnaires. Data
was stored on the Android phone and then uploaded
daily to a central ODK server. Internal data checks were
set up to prevent missing data and identify inconsistent
entries. Data analysis was done using Stata 13.1 accord-
ing to a pre-defined analysis plan.

Risk factor analysis for RDT positivity during the
MTAT was conducted using univariable and multi-
variable logistic regression with RDT result (positive or
negative for P falciparum) as the dependent variable.
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To control for spatial clustering of malaria cases, a fixed
effect at the HFCA level and a random effect at the village
level were included. Analysis was stratified according to
age group: under 10 years of age and 10 years or older, as
some of the risk factors in adults (occupation and educa-
tion) were not relevant for young children. Additionally,
separation into two groups allowed for exploration of dif-
ferences in risk factors for children compared to adults.
To evaluate the impact of the package of interven-
tions on malaria case incidence, a difference-in-differ-
ences analysis was done to assess whether the change
in the incidence from before and after the intervention
was different in comparison versus intervention areas
[15], adjusting for baseline differences between the two
groups. The model used was a negative binomial regres-
sion with weekly malaria cases at the HFCA level as the
dependent variable, logged population per HFCA as the
offset, a random effect at the HFCA, indicator variables
for pre/post and comparison/intervention and an inter-
action term between pre/post and comparison/interven-
tion. Four HFCA variables which were considered to be
a priori confounders available at the HFCA-level were
controlled for: average number of bed nets per sleeping
space, average number of people per household, average
rainfall in millimetres with a two-month lag, and nor-
malized difference vegetation index (NDVI) with a two-
month lag. The average number of bed nets per sleeping
space and the average number of people per household
were calculated using data from the initial census con-
ducted in both the intervention and comparison areas.
Both the rainfall and the NDVI were downloaded from
the Early Warning and Environmental Monitoring Pro-
gramme [16] and were averaged by HFCA for the pre
and the post-intervention periods. NDVI is a satellite
imagery-based measurement which provides a tempo-
rally smoothed estimate of the vegetation properties.
It is available in 10-day intervals, which were matched
to the study period, and the index can take on values in
the range of 0 to 200. Weekly malaria case counts were
extracted from health facility registers in the interven-
tion and comparison areas, where the completeness and
quality of the recording were found to be similar. Cases
coming from outside the HFCA were excluded. The eval-
uation period only included the high malaria transmis-
sion season months: Sept 1, 2013, to Jan 31, 2014, for the
pre-intervention period and Sept 1, 2014, to Jan 31, 2015,
for the post-intervention period. To check the parallel
trends assumption of the difference-in-difference analy-
sis, malaria incidence data from the 2012-2013 season
was also extracted to assess the trends in the intervention
and comparison groups prior to the intervention. A sen-
sitivity analysis was conducted to assess the robustness
of the results when including the RDT-positive febrile
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individuals found during the MTAT and PECADOM++
in the outcome, under the assumption that these individ-
uals would have sought care had the MTAT and PECA-
DOM++ visits not happened.

Costing

The costs of implementing MTAT, PECADOM++ and
case investigation were estimated using an ingredients-
based approach [17]. Unit costs and quantity information
were collected retrospectively after the completion of
fieldwork. The costs were split into three categories: (1)
preparation costs, which included the costs of conven-
ing meetings with stakeholders prior to the beginning
of fieldwork, (2) training costs, which were primarily the
cost of salaries, per diems, and supplies for the training
sessions conducted in each of the three districts, and (3)
implementation costs, which included payment for the
community health workers and field workers perform-
ing the MTAT intervention, salaries and per diems for
technical staff conducting supervision visits, transporta-
tion costs, supplies (including RDTs, malaria treatments),
and mobile phones for data collection. The summation
of these costs provided a total cost for each intervention
and these totals were divided by the total population in
the targeted areas to estimate the cost per person.

Results

Case investigation

Case investigation was conducted from October to
December 2014, as there were no cases in January 2015,
in stratum 1 villages. Thirteen index cases were passively-
detected within stratum 1 intervention villages, and
100% of these were followed up at home. FTAT was con-
ducted in the thirteen index case households, where 97%
(198/205) of the individuals were tested, of whom 3.5%
(7) had a positive RDT. Forty neighbouring households
with 628 individuals were also visited to conduct FSTAT,
where 54 (8.6%) had at least one FSTAT risk factor, and
11 (20.4%) had a positive RDT. Seventeen of the 18 sec-
ondary cases were found in three villages of the same
area, which was considered an outbreak. A focal drug
administration was done as a response in twenty house-
holds, during which 405 individuals received DHAp on
weeks 48 and 49. The mean number of days between
index case detection and the start of the household visits
was 1.3.

PECADOM++

PECADOM++ was conducted during 16 weeks from
October 2014 to January 2015 in all households in inter-
vention strata 2 and 3 villages. Of the 3577 households
registered during the census in the target areas, 93%
(3307) were approached for PECADOM-++ at least once,
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with a total of 40,002 visits and a median of 12 visits
per household (Additional file 3). Of these, 36,481 visits
could be completed (there was someone at home and
accepted to participate), of which only 5.2% (1889) (rang-
ing from 2.2% to 10.6% by HFCA) found at least one case
of reported fever in the previous week, with a total of
2784 individuals reporting fever. Of these, 2612 (93.8%)
were tested with an RDT and 170 (6.5%) were positive.
In households with at least one positive RDT, an FTAT
was conducted, testing 1271 additional household mem-
bers, of whom 119 (9.4%) were positive. Thus, the RDT
positivity rate of individuals with fever was 6.5%, whereas
that of individuals tested in households of RDT positive
individuals was 9.4%. Overall, 289 infections were found
during 40,002 visits (7.2 infections per 1000 household
visits) by 52 teams, with a median of 20 visits/day/team
(inter-quartile range 9-39). The coverage, defined as the
percentage of households visited per week, varied sub-
stantially by HFCA and week, increasing over the course
of the study, with a median of 77% (Additional file 4).
There was at least one fever case in 40.7% (1295/3179)
of households over the whole study period but only 4.8%
(154) had at least one positive RDT. Also, 17.3% of infec-
tions occurred in households that had other RDT-posi-
tives during the study period.

MTAT

Coverage and socio-demographic characteristics

The MTAT was conducted in September 2014 in all
stratum 3 villages by 80 field teams in 28 days. Of the
2503 households registered during the census in the tar-
get areas, the intervention reached 2225, resulting in a
household coverage of 89%. Those households included
22,170 individuals, of which 3142 (14%) were not pre-
sent at the time of the survey and 36 (0.2%) refused. As a
result, 18,992 individuals received an RDT, an individual
coverage rate of 86%. The combination of household and
individual coverage resulted in 77% effective coverage of
RDT testing. Each team interviewed and tested 25 indi-
viduals per day on average. The study profile is shown in
Fig. 2.

Among the population reached, 45% (8639/19,028) of
household members were male and 44% (8306/19,025)
were younger than ten years of age. Individuals who
were absent at the time of the survey were more likely
to be male (72% (2271/3142)) and more likely to be over
the age of ten (81% (2531/3141)). Among individuals
reached, bed net usage was high, with 65% reporting use
of a net the previous night. Only 2.6% (495/19,028) of
individuals reported travel outside of the district in the
previous two weeks, 3.4% (653/19,028) had fever (axillary
temperate >37.5 °C) or reported fever in the previous
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Total households:
2,503

HHs not found or HH members

Y

Households visited for MTAT:
2,225 (89%)
Individuals visited:
22,170

\ 4

absent after three or more visits:
278 (11%)

Individuals not tested:

v
Individuals RDT tested:
18,992 (86%)

v
Individuals testing results:
291 positive (1.5%)
18,701 negative (98.5%)
T

\ 4

36 (<1%) refused
3,142 (14%) not present

Individuals not treated:

v
Individuals treated:
261 treated with DHAp (90%)
2 treated with AL (0.7%)

Fig. 2 MTAT study profile

A\ 4

22 (8%) referred
6 (2%) other reasons

24 h and 6.0% (1135/19,028) had fever or reported fever
in the previous 7 days.

RDT positivity rate and risk factors for RDT positivity

Of the 18,992 individuals tested as part of the MTAT,
291 were RDT positive, yielding an overall prevalence of
1.5% (range 0%- 10.8% by village). The prevalence of RDT
positivity by age group and sex is shown in Fig. 3. Over-
all, RDT positivity was higher in males and in individuals
aged 5-19 years old.

Within the RDT positive group, 261 individuals (90%)
were treated with DHAp, 2 (0.7%) were treated with AL,
22 (8%) were referred and 6 (2%) were not treated for
other reasons, such as refusal. Among the 208 (80%) indi-
viduals that were treated with DHAp and found during
the follow up visit, 203 (98%) completed full treatment
(according to self-report or observation of the blister
pack during the follow-up visit) and 5 (2%) did not com-
plete the course. Among those followed up, 23 (11.1%)
had one or multiple adverse events, all of which were
mild, and included vomiting (19 cases (9.1%)), fever (8
cases (3.8%)), and itching (1 case (0.5%)).

Among the RDT-positive individuals, 82% (238/291)
were younger than 20 years of age, 70% (204/291) were
afebrile (no measured fever or reported fever in previous

Prevalence of positive RDTs (%)

H g ’\03\9 ’LQ_Q,Q AQ’E)Q O~ H g9 \0‘\9 7939 AQ“JQ o«

Female Male

Age in years
Fig. 3 Prevalence of RDT positivity by age group and sex during the
MTAT

24 h) and 2% (5/291) had travel history in the previous
month. The percentage of those who were afebrile was
not significantly different by age group, being 73% (33/45)
in children younger than 5 years old, 70% (69/98) in chil-
dren 5-9 years old, 69% (47/68) in children 10-14 years
old, 63% (17/27) in children 15-19 years old and 72%
(38/53) in adults aged > 20 years.



Conner etal. MalarJ (2020) 19:252

Results of the univariable and multivariable logis-
tic regression to assess risk factors for RDT positiv-
ity is presented separately for children<10 years of age
(Table 2) and older children and adults (Table 3). In
children<10 years old, the strongest predictors were
the presence of more than one RDT-positive individ-
ual in the household (OR 21.72, 95% CI 13.83-34.10),
fever (OR 13.64, 95% CI 8.18-22.74), and having taken
an anti-malarial in the past 3 months (OR 4.11, 95% CI
1.06-15.90). In older children and adults, the strongest
predictors were fever (OR 24.75, 95% CI 15.20-40.30),
the presence of more than one RDT-positive individual in
the household (OR 20.10, 95% CI 12.90-31.31), and hav-
ing taken an anti-malarial in the past 3 months (OR 8.67,
95% CI 3.30-22.77). Among the older age group, males
were twice as likely to test positive for malaria (OR 1.93,
95% CI 1.10-3.36) and education was also significantly
associated, with a heightened risk for secondary educa-
tion (OR 6.12, 95% CI 1.97-19.08). Sleeping under a bed
net the previous night or having travelled in the previous
2 weeks were not associated with RDT positivity in either
of the two age groups.

RDT positivity showed evidence of clustering at the
household level, with 43% of the total infections being in
households with at least one other infection and 90% of
households not having any RDT positives.

Impact evaluation

Figure 4 shows the average incident malaria cases per
week in the intervention and comparison groups before
and after the intervention, and Table 4 shows the results
of the difference-in-differences analysis. The pre/post
variable was not significant, showing that malaria rates
did not change significantly in the comparison group, and
the comparison/intervention variables were also not sig-
nificant, showing that on average malaria cases were not
significantly different between the comparison and inter-
vention groups at baseline when controlling for other
factors. However, the interaction between the pre/post
and comparison/intervention variables had an adjusted
incidence risk ratio (IRR) of 0.62 (95% confidence inter-
val 0.45-0.84, p=0.002), so the IRR of post versus pre-
intervention period was 0.87 in the comparison group
and 0.54 in the intervention group. Thus there was a
significant 38% larger decrease in the average number
of malaria cases between the pre and the post interven-
tion periods in the intervention group relative to that in
the comparison group, after adjusting for rainfall, NDVI,
average bed net ownership and household size.

In a sensitivity analysis, the significance of the effect
decreased when including the RDT-positive febrile indi-
viduals found during the MTAT and PECADOM in
the outcome (IRR=0.76, 95% CI 0.56-1.04, p=0.083).
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Since the coefficient on average bed net ownership was
the opposite as expected, an additional sensitivity anal-
ysis was run omitting this variable from the regression,
and found that the interaction term remained similar
to the original analysis (IRR=0.64, 95% CI 0.47-0.87,
p=0.004).

Additional file 2a and b show the weekly incidence
of malaria cases per 1000 population during the high
malaria transmission season in intervention and compar-
ison HFCAs before and after the intervention. Additional
file 5 shows the traditional difference-in-differences dia-
gram including the 2012-2013 malaria season incidence
data (except the HFCA of Doundé, for which data from
that initial season were missing), to assess the parallel
trends assumption. The incidence trends during the pre-
intervention period in the intervention and comparison
groups suggest the parallel trends assumption holds true.

Costing

The cost for MTAT was $14.3 per person tested. The bulk
of the cost was incurred during implementation, which
was 85% of the total and was largely made up of super-
vision costs (38% of total) and transportation costs (19%
of total). The cost for PECADOM++ was lower, at $3.1
per person. Supervisor and transportation costs were
a lower share of costs than in the MTAT and made up
18% and 22% of total costs, respectively, while training
costs made up the largest share at 33%. Case investigation
was by far the cheapest intervention at $0.4 per person.
Training (29%), transportation (28%), and supervision
(25%) were again the dominant cost categories. The sala-
ries of enumerators and community health workers was
a small fraction of the costs, less than 20% for all inter-
ventions. Costing details for MTAT, PECADOM++ and
case investigation are shown in Additional files 6, 7 and 8,
respectively.

Discussion

The study demonstrated the feasibility of implement-
ing a large-scale MTAT in 4 weeks, followed by PECA-
DOM-++ and case investigation during the rest of the
transmission season in a low to moderate malaria trans-
mission setting. The MTAT achieved a household cov-
erage of 89% and a within household coverage of 87%
for a combined effective coverage of 77% for RDT test-
ing, which is lower than the 88% reported in the Zambia
MTAT [7], but higher than the 64% reported in Zanzibar
[8]. Males 15—49 years old were found to be a dispropor-
tionately large part of the absent household members,
likely due to absence for employment. This indicates that
alternative delivery strategies, like visiting work sites
or visiting homes outside of working hours, would be
needed to be able to reach these men. Treatment with
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Table 2 Logistic regression results to assess the risk factors associated with RDT positivity: Individuals < 10 years old

Covariates N (% of total

population < 10 years)

n (distribution of RDT-positive
population (%) < 10 years)

Univariable odds ratio

(95% Cl) p-value

Multivariable
adjusted odds ratio
(95% Cl) p-value

Sociodemographic characteristics

Sex
Female 4136 (50.0%)
Male 4140 (50.0%)
Age
<5 years 4304 (52.0%)
5-9 years 3972 (48.0%)

Individual malaria risk factors
Used a bed net on previous night
No 2749 (33.2%)
Yes 5527 (66.8%)

Travelled outside of district in previous two weeks

No 8133 (98.3%)
Yes 143 (1.7%)

60 (43.2%)
79 (56.8%)

45 (32.4%)
94 (67.6%)

41(29.5%)
98 (70.5%)

138 (99.3%)
1(0.7%)

Axillary temperature > 37.5 °C or reported fever within previous 24 h

No 7971 (96.3%)
Yes 305 (3.7%)

Used anti-malarial in previous month
No 8243 (99.6%)
Yes 33 (0.4%)

Household-level risk factors

> 1 RDT positives in household

No 8026 (97.0%)
Yes 250 (3.0%)

Other members of household travelled in previous month

No 6712(81.1%)
Yes 1564 (18.9%)

Health facility catchment area

Dounde 946 (11.4%)
Salalatou 1410 (17.0%)
Oudalaye 929 (11.2%)
Niaghana Tidel 666 (8.0%)
Mbem mbem 1726 (20.9%)
Gassane 2599 (31.4%)
Constant

Total 8276

99 (71.2%)
40 (28.8%)

135 (97.1%)
4(2.9%)

77 (55.4%)
62 (44.6%)

126 (90.6%)
13 (9.4%)

7 (5.0%)
86 (61.9%)

10 (7.2%)

14 (10.1%)

11(7.9%)

11(7.9%)

1.0 (ref)

1.32(0.94-1.85)
p=0.106

1.0 (ref)

229 (1.60-3.28)
p<0.001

1.0 (ref)

119 (0.83-1.72)
p=0348

1.0 (ref)

041 (0.06-2.94)
p=0373

1.0 (ref)

12.00 (8.15-17.68)
p<0.001

1.0 (ref)

828 (2.87-23.89)
p<0.001

1.0 (ref)

34,05 (23.65-49.01)
p<0.001

1.0 (ref)

044 (025-0.78)
p=0.005

1.0 (ref)

871 (4.01-1891)
p<0.001

146 (0.55-3.85)
p=0445

288(1.16-7.18)
p=0023

086 (0.33-2.23)
p=0757

057 (0.22-148)
p=0247

8276

1.0 (ref)

1.31(0.89-1.94)
p=0.175

1.0 (ref)

264 (1.75-3.99)
p<0.001

1.0 (ref)

1.01 (0.64-1.60)
p=0961

1.0 (ref)

0.79(0.10-6.43)
p=0.827

1.0 (ref)

13.64 (8.18-22.74)
p<0.001

1.0 (ref)

4.11 (1.06-15.90)
p<0.040

1.0 (ref)

21.72(13.83-34.10)
p<0.001

1.0 (ref)

0.90 (0.46-1.74)
p=0.746

1.0 (ref)

6.74 (236-19.23)
p<0.001

2.25(0.58-8.72)
p=0.242

1.64 (049-5.50)
p=0421

1.09(0.32-3.73)
p=0.892

0.58 (0.17-1.93)
p=0373

0.00 (0.00-0.01)
p<0.001

8276




Conner et al. Malar J

(2020) 19:252

Page 10 of 15

Table 3 Logistic regression results to assess the risk factors associated with RDT positivity: Individuals > 10 years old

Covariates

N (% of total
population > 10 years)

n (distribution of RDT-
positive population
(%) > 10 years)

Univariable odds ratio
(95% ClI) p-value

Multivariable
adjusted odds ratio
(95% Cl) p-value

Sociodemographic characteristics

Sex
Female
Male

Age (vears)
10-14 years
15-19 years

20-29 years
30-39 years
40-49 years
50-59 years
60+ years

Education
None/illiterate
Primary/Arabic school

Secondary/university
Other

Occupation
Farmer/shepherd
Student

Housekeeper
Unemployed

Other

Individual malaria risk factors
Used a bed net on previousnight

No
Yes

6209 (58.2%)
4455 (41.8%)

2420 (22.7%)
1731 (16.2%)

2601 (24.4%)

1588 (14.9%)

923 (8.7%)

644 (6.0%)

757 (7.1%)

8635 (81.0%)
1784 (16.7%)

227 (2.1%)

18 (0.2%)

3368 (31.6%)
982 (9.2%)

4315 (40.5%)

1633 (15.3%)

366 (3.4%)

3893 (36.5%)
6771 (63.5%)

Travelled outside of district in previous two weeks

No
Yes

Axillary temperature > 37.5 °C or reported fever within previous 24 h
10,319 (96.8%)

No
Yes

10,315 (96.7%)

349 (3.3%)

345 (3.2%)

59 (40.1%)
88 (59.9%)

67 (45.6%)
27 (18.4%)

22 (15.0%)

14 (9.5%)

6 (4.1%)

4(2.7%)

7 (4.8%)

119 (81.0%)
21 (14.3%)

6 (4.1%)

1(0.7%)

52 (35.4%)
12 (8.2%)

33 (22.4%)

43 (29.3%)

7 (4.8%)

55 (37.4%)
92 (62.6%)

144 (98.0%)
3 (2.0%)

101 (68.7%)
46 (31.3%)

1.0 (ref)

2.10(1.51-2.93)
p<0.001

1.0 (ref)

0.56 (0.35-0.87)
p=0.011

030 (0.18-0.49)
p <0001

031(0.17-0.56)
p <0001

023 (0.10-053)
p <0001

022 (0.08-0.60)
p=0.003

033(0.15-0.72)
p=0.005

1.0 (ref)

0.85 (0.53-1.36)
p=0503

1.94 (0.85-4.46)
p=0.117

4.21(0.56-31.89)
p=0.164

1.0 (ref)

0.79 (0.42-148)
p=0.462

049 (0.32-0.76)
p<0.001

172(1.15-2.59)
p=0009

124 (0.56-2.76)
p=0592

1.0 (ref)

0.96 (0.69-1.35)
p=0818

1.0 (ref)

061 (0.19-1.93)
p=0403

1.0 (ref)

1556 (10.78-22.47)
p<0.001

1.0 (ref)

1.93 (1.10-3.36)
p=0021

1.0 (ref)

0.67 (0.38-1.17)
p=0.156

031 (0.17-0.56)
p <0001

036 (0.18-0.72)
p=0.004

022 (0.08-0.56)
p=0002

020 (0.07-0.63)
p=0006

033(0.14-0.79)
p=0013

1.0 (ref)

065 (0.33-1.30)
p=0227

6.12 (1.97-19.08)
p=0002

7.05 (0.86-57.67)
p=0.068

1.0 (ref)

0.70 (0.27-1.85)
p=0473

0.84 (0.40-1.74)
p=0633

1.25 (0.70-2.25)
p=0447

1.18 (0.44-3.15)
p=0738

1.0 (ref)

077 (051-1.18)
p=0233

1.0 (ref)

0.82(0.18-3.81)
p=0.805

1.0 (ref)

24.75 (15.20-40.30)
p<0.001
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Table 3 (continued)

Covariates N (% of total n (distribution of RDT- Univariable odds ratio Multivariable
population > 10 years) positive population (95% Cl) p-value adjusted odds ratio
(%) > 10 years) (95% ClI) p-value
Used anti-malarial in previous month
No 10,610 (99.5%) 138 (93.9%) 1.0 (ref) 1.0 (ref)
Yes 54 (0.5%) 9(6.1%) 15.18 (7.28-31.65) 867 (3.30-22.77)
p<0.001 p<0.001
Household-level risk factors
> 1 RDT positives in household
No 10,349 (97.0%) 88 (59.9%) 1.0 (ref) 1.0 (ref)
Yes 315 (3.0%) 59 (40.1%) 26.87 (18.89-38.22) 20.10 (12.90-31.31)
p<0.001 p<0.001
Other members of household travelled outside of district in previous two weeks
No 8430 (79.1%) 132 (89.8%) 1.0 (ref) 1.0 (ref)
Yes 2234 (20.9%) 15 (10.2%) 042 (0.25-0.73) 0.62 (0.32-1.20)
p=0.002 p=0.159
Health facility catchment area
Dounde 1321 (12.4%) 13 (8.8%) 1.0 (ref) 1.0 (ref)
Salalatou 1703 (16.0%) 57 (38.8%) 348 (1.90-6.39) 2.53(1.18-5.43)
p<0.001 p=0017
Oudalaye 1012 (9.5%) 14 (9.5%) 141 (0.66-3.02) 2.16 (0.83-5.57)
p=0374 p=0.113
Niaghana tidel 3602 (33.8%) 18 (12.2%) 3.03 (1.55-5.93) 2.02(0.86-4.75)
p<0.001 p=0.107
Mbem mbem 889 (8.3%) 26 (17.7%) 0.90 (0.44-1.83) 1.03 (0.43-2.47)
p=0777 p=0.940
Gassane 2137 (20.0%) 19 (12.9%) 0.51(0.25-1.03) 0.43(0.18-1.03)
p=0.062 p=0.058
Constant 0.01 (0.00-0.02)
p<0.001
Total 10,664 147 10,664 10,664
X
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Fig. 4 Average incident malaria cases per week pre- and post-intervention by HFCA

DHAp was safe and adherence was high. PECADOM++
was also implemented with a good coverage, although it
varied largely by HFCA and week. In half of the HFCAs it

took a few weeks to achieve high coverage of households.
Nevertheless, stratifying the intervention at the village
level created difficulties both in defining exact geographic
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Table 4 Differences-in-differences analysis using negative binomial regression on malaria cases
Covariates Incidence risk ratio (95% Cl) p value
Time effects
Pre-intervention 1.0 (Ref) -
Post-intervention 0.87 (0.69-1.09) 0.232
Group effects
Comparison group 1.0 (Ref) -
Treated group 0.93 (0.65-1.34) 0.697
Intervention effect (interaction term) 0.62** (0.45-0.84) 0.002
HFCA-level variables
Average number of bed nets per sleeping space 4.96* (1.45-16.99) 0011
Average number of people per household 0.95% (0.90-1.00) 0.038
Environmental variables
Rainfall (2 mo. lag) 1.01%*(1.01-1.02) <0.001
NDVI (2 mo. lag) 1.05%* (1.04-1.06) <0.001
Constant 0.00** (0.00-0.00) <0.001
Observations 542
Number of HFCAs 13

*p<0.05,** p<0.01

boundaries and in supervising the different interventions
within each HFCA. If, instead, stratification of the inter-
ventions had been done at the HFCA-level it would have
made it easier to supervise and determine each house-
hold’s intervention assignment.

In the study area, the MTAT approach resulted in a
very small proportion of the population receiving anti-
malarial treatment, as only 291 (1.5%) of the 18,992 indi-
viduals tested were positive. However, in an area with
such low malaria transmission intensity, a substantial
number of infections may have been low density and thus
not detectable by RDTs [18—20]. The usefulness and cost
effectiveness of highly sensitive RDTs could be assessed
for MTAT.

During PECADOM++, 40,002 visits were needed to
find 2784 individuals with reported fever and treat a total
of 289 individuals. This screening programme was time
and labour intensive considering the number of cases
found. In southern Senegal, this approach yielded a much
higher RDT positivity rate, with 62% of the tested febrile
individuals having a positive RDT [21]. Thus, pursuing
the PECADOM++- strategy in the low transmission areas
of the north may be difficult to justify. RDT positivity was
higher than during the MTAT, as during PECADOM++
only individuals with reported fever in the previous week
were tested. Conversely though, the MTAT revealed
many afebrile infections (of the 291 positive cases found
during MTAT, only 106 (36.4%) had a measured fever or
reported fever in the previous week), suggesting that the
PECADOM-++ approach, which relies on fever screen-
ing, likely missed many afebrile infections. There was

limited power to detect differences between age groups
but the lack of significant differences by age group chal-
lenges the notion that natural immunity takes a long time
to develop and most infections, especially in young chil-
dren, cause fever in low transmission settings [22]. This
is in agreement with some other studies in low transmis-
sion settings [18], suggesting that interventions that only
target febrile individuals will not clear all infections. Of
note, this assessment was cross sectional in nature, and
thus had limited ability to detect the appearance of fever
or other symptoms over time. In the MTAT, the age
groups that had the highest RDT positivity were par-
ticipants aged 5-19 years. Moreover, in the risk factor
analysis those aged 5-9 and 10-14 years old had higher
odds of being positive, suggesting that older children and
young adults may have more exposure to mosquitoes.
Overall, the interaction between transmission intensity,
age and immunity is still poorly understood in very low
transmission settings, especially in areas where transmis-
sion dropped and there is still naturally acquired immu-
nity in the community, and more evidence is needed to
understand the development of naturally acquired immu-
nity and if screening for a more comprehensive panel of
symptoms would capture all or most infections.

The risk factor analysis also showed that, as expected,
fever and having taken an anti-malarial in the previous
month were risk factors for RDT positivity in both age
groups, whereas bed net use the previous night was unex-
pectedly not significant. Having at least one other RDT-
positive in the household was also a risk factor in both
age groups, which, together with the fact that 43% of the
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total infections were in households with at least one other
infection and 90% of households did not have any RDT
positives, indicates clustering of infections at the house-
hold level. On the other hand, during the PECADOM++,
only 17.3% of infections occurred in households that had
other RDT positives during the study period, showing
that infections do not always occur in the same house-
holds over a transmission season and that strategies that
try to target hotspots only will miss a large proportion of
the infections. In children > 10 years old and adults, hav-
ing had primary education or Arabic school was found to
be protective relative to no education, whereas secondary
education was a risk factor, which could be due to higher
educated individuals travelling more to higher transmis-
sion areas or other behavioral differences.

The combination of interventions resulted in an esti-
mated 38% (95% CI 16-55%) larger decrease in malaria
case incidence in the intervention group relative to that
in the comparison group. This is a significant reduction
and suggests that MTAT in combination with PECA-
DOM-++ and case investigation offer a feasible parasite
reduction strategy. However, this reduction in incidence
was moderate and it was achieved with intensive effort.
Both MTAT and PECADOM++ required supervi-
sion, transportation, training field teams and conduct-
ing large-scale individual testing at significant expense.
Nevertheless, this impact is higher than that found in
previous MTAT studies, where no follow up interven-
tions like PECADOM-++ or case investigation were done
after the MTAT. A study conducted in Zambia found a
53% decrease on the prevalence of infection with a mar-
ginal effect on outpatient malaria case incidence [7]. Two
other studies in Zanzibar and Burkina Faso showed no
effect on the incidence of malaria [8], 9]. Both of these
studies noted a high prevalence of low density infections
not detected by RDT, which may be a major driver of the
ineffectiveness of MTAT programmes. Based on evidence
from these previous studies, the World Health Organiza-
tion does not currently recommend the use of MTAT to
interrupt malaria transmission [23].

The costs for these interventions must also be con-
sidered. The cost of $13.9 per person reached is notably
higher than the cost of other malaria control inter-
ventions [24]. However, it is likely that costs could be
substantially reduced in programmatic implementa-
tion, particularly with the reduction of supervision and
transportation costs. Also, the study area covered a
large geographic area with low density of villages and
population, requiring significantly more travel time
than would be needed in higher density settings. The
salaries of enumerators and community health workers
was a small fraction of the costs, less than 20% for all
interventions, suggesting that if extraneous costs could
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be reduced and training routinized, costs could be sig-
nificantly reduced. A formal cost-effectiveness study
would be necessary to determine how this intervention
could fit in with others.

The quasi-experimental design and impact evaluation
analysis have a few caveats. First, while the difference-in-
differences framework allows for comparison between
groups with different baseline levels and analysis suggests
that the parallel trends assumption holds true in this case,
the intervention group was selected based on the higher
intensity of malaria transmission in prior years, a pro-
grammatic decision which complicated the estimation
of impact. Second, this study featured a small number
of clusters with selection done at the HFCA level. Third,
while reductions in rainfall and NDVI during the inter-
vention period were associated with declines in malaria
incidence in both groups, these changes in rainfall and
NDVI might have had a different effect on malaria trans-
mission in the intervention than in the comparison areas,
given the baseline differences. Fourth, the study used pas-
sively collected data on malaria case incidence, assuming
that the interventions did not affect care-seeking behav-
iour and tested this assumption in a sensitivity analysis.
When adding the febrile RDT positives found during the
MTAT and PECADOM++ in the outcome, the effect of
the intervention was smaller and became non-significant.
This sensitivity analysis assumed that all febrile individu-
als would have sought care, however, other studies in the
north of Senegal show that only 60% of febrile children
younger than 5 years seek care from a health facility or
community health worker [25]. Therefore, the number
of children that would have sought care in the absence of
the study was likely smaller and the IRR of this sensitivity
analysis is underestimated. Finally, the regression showed
that household ownership of a mosquito net was asso-
ciated with a higher incidence of malaria, although this
likely reflects higher number of nets distributed or higher
usage of ITNs in areas with higher transmission and an
additional sensitivity analysis showed that this variable
had little impact on the main outcome.

Conclusion

It is operationally feasible to conduct MTAT and PEC-
ADOM++ with a high coverage. PECADOM++ was
not an efficient strategy to complement the MTAT, as
maintaining a high coverage every week required sub-
stantial resources to find and treat a small number of
infections. MTAT, implemented at the beginning of the
transmission season and followed with PECADOM+-+
and case investigation, showed only a modest impact.
This study suggests alternative or additional strategies
are needed to eliminate the parasite reservoir.
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