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Abstract: Reactive case detection (RACD) is the screening of household members and neighbors
of index cases reported in passive surveillance. This strategy seeks asymptomatic infections and
provides treatment to break transmission without testing or treating the entire population. This
review discusses and highlights RACD as a recommended strategy for the detection and elimination
of asymptomatic malaria as it pertains in different countries. Relevant studies published between
January 2010 and September 2022 were identified mainly through PubMed and Google Scholar.

a7

Search terms included “malaria and reactive case detection”,

a7

contact tracing”, “focal screening”,
“case investigation”, “focal screen and treat”. MedCalc Software was used for data analysis, and the
findings from the pooled studies were analyzed using a fixed-effect model. Summary outcomes were
then presented using forest plots and tables. Fifty-four (54) studies were systematically reviewed.
Of these studies, 7 met the eligibility criteria based on risk of malaria infection in individuals living
with an index case < 5 years old, 13 met the eligibility criteria based on risk of malaria infection
in an index case household member compared with a neighbor of an index case, and 29 met the
eligibility criteria based on risk of malaria infection in individuals living with index cases, and were
included in the meta-analysis. Individuals living in index case households with an average risk of
2.576 (2.540-2.612) were more at risk of malaria infection and showed pooled results of high variation
heterogeneity chi-square = 235.600, (p < 0.0001) I? = 98.88 [97.87-99.89]. The pooled results showed
that neighbors of index cases were 0.352 [0.301-0.412] times more likely to have a malaria infection
relative to index case household members, and this result was statistically significant (p < 0.001).
The identification and treatment of infectious reservoirs is critical to successful malaria elimination.
Evidence to support the clustering of infections in neighborhoods, which necessitates the inclusion of
neighboring households as part of the RACD strategy, was presented in this review.
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1. Introduction

Malaria, a vector-borne disease, remains a major public health problem. Globally,
84 countries with malaria endemicity recorded an estimated 247 million cases of the disease
in 2021, up from 245 million in 2020, with most of this rise occurring in countries in the
World Health Organization African Region [1]. However, the malaria elimination effort is
gathering momentum in many countries. The total number of malaria-endemic countries
that counted fewer than 100 malaria cases increased from 6 in 2000 to 27 in 2021 [1]. During
the same period, the number of countries that recorded fewer than 10 indigenous cases
rose from 4 to 25 [1].

Over the years, milestones such as these have hinged on vector-control strategies
such as periodic indoor residual spraying (IRS), distribution of long-lasting insecticide nets
(LLINS), increased funding, strengthening of health systems, seasonal malaria chemopre-
vention in children, preventive chemotherapies (e.g., intermittent preventive treatment in
infants and pregnant women), and improved case reporting and surveillance [2]. Today, the
recommendation by the WHO on the use of the RTS, S malaria vaccine for the prevention
of Plasmodium falciparum malaria in children living in moderate- to high-transmission areas,
as described by the WHO [1], will further complement these existing interventions. Some
countries focus their malaria prevention strategies on the above-mentioned interventions
together with malaria control programs that aim at a decline in the disease burden until it
ceases to be a public health problem. Other countries with fewer than 10,000 malaria cases
work towards elimination to guarantee sustained zero local transmission of malaria in the
population within a specified geographic area through enhanced surveillance systems.

Asymptomatic malaria infections have existed for many years, and finding and treat-
ing individual asymptomatic infections, which comprise 60% of the infected population,
remains a challenge [3]. An infected asymptomatic individual can become an important
reservoir of transmission to healthy individuals under suitable conditions [4] and present
an obstacle to the elimination of the disease. In hypoendemic areas moving towards
malaria elimination, asymptomatic malaria must be scrutinized within the wider context
of sustainable malaria control and elimination strategies. In addition to an increasing
use of more sensitive molecular diagnostic methods to achieve elimination and prevent
resurgence, surveillance systems will hinge on which strategy is best suited to identify
these asymptomatic infections.

Reactive case detection, whereby household members, neighbors, and other contacts
of index cases are screened for infection and treated with antimalarial drugs [3], is a
strategy recommended by the WHO. Despite the WHO’s recommendation of RACD [5]
and its use, knowledge gaps still exist in its implementation. These include questions
to do with standard metrics on the coverage of screening needed to affect transmission,
optimal target populations, timing, and frequency. Among the Asia Pacific Malaria Elimi-
nation Network (APMEN) partner countries, some countries have reported using a specific
screening radius (maximum of 2.5 km) around index cases [6]. Procedures to determine
neighboring households for investigation have included screening individuals residing
within a particular radius of the index case and choosing a definite number of neighbors or
households for follow-up [7]. Another study recommended the use of tablets loaded with
satellite images from study sites to determine the proportion of households that should
be tested [8]. At the individual country level, limited practical know-how exists to inform
control programs. RACD can, however, be better executed when operational experiences
from different countries are brought together to inform country-specific needs. Hence, the
objective of this review is to discuss and highlight RACD as a recommended strategy for
the detection and elimination of asymptomatic malaria as it pertains in different countries.
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Few RACD reviews and meta-analyses that include research published up to the year 2022
currently exist. Newby et al. [9] and Perera et al. [10] reviewed the literature up to 2018
and 2019, respectively. Subsequently, a review by Stresman et al. [11] and a meta-analysis
by Deen et al. [12] (confined to the Greater Mekong Sub-region) up to 2019 and 2021,
respectively, were undertaken. A review and meta-analysis will expand the frontiers of
current knowledge for programs geared towards malaria elimination by this strategy.

2. Materials and Methods
2.1. Data Sources and Search Strategy

A systematic review and meta-analysis of RACD strategies for malaria control and
elimination was conducted per the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [13]. Search terms (combined free text and keywords)
included “malaria and reactive case detection”, “contact tracing”, “focal screening”, “case
investigation” and “focal screen and treat”. Relevant studies published between January
2010 and September 2022 were identified mainly through PubMed and Google Scholar. The

retrieved studies were manually screened to identify the relevant studies.

2.2. Study Selection

Eligibility for inclusion was determined according to the following selection criteria:
reported results of the RACD strategy (including number of cases followed, number of
persons traced, number of new cases detected). The following information (Table 1) was
extracted: (1) year of publication; (2) country of study; and (3) time period. Studies restricted
to simulation, modeling, resampling algorithms, and articles that did not discuss RACD
specifically were excluded. Review articles were also excluded from the analysis. Fifty-four
(54) studies were systematically reviewed. Of these studies, 7 met the eligibility criteria
based on risk of malaria infection in individuals living with an index case < 5 years old,
13 met the eligibility criteria based on risk of malaria infection in an index case household
member compared with a neighbor of an index case, and 29 met the eligibility criteria based
on risk of malaria infection in individuals living with index cases, and were included in the
meta-analysis. A summary of the RACD strategies and outcomes, including the timing of
the RACD, the baseline study participant characteristics, the RACD households, and the
screening radius are shown in Table 1 and Supplementary Table S1.
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Table 1. Summary of included studies.

. . RACD Response
Study, Country Time/Period Malarla. . Main spp. Source of Index Trlgge'r and Spatial Extent RACD Response in Real Time
Transmission Cases Malaria Test Per Protocol .
(Reality)
Index case in
Dharmawardena 20152016 . o1
etal., 2022 [14],Sri  (months not Low transmission Pfand Cases imported by health facility Not reported Not reported Not reported
Pv AMC (test not
Lanka stated)
reported)
Index case Index case .
Okebe et al., 2021 June Seasonal reported by village  reported by village Index case Wlthm > days: of
: 2016-December . Pf Not reported index case being
[15], Gambia transmission health work- health workers household
2018 . reported
ers/community (test not reported)
. 50 other at-risk L Mainly within
Roh et al., 2021 November Seasonal Pf and 1 health Index case persons associated W1th1n 7 day§ of 7 days (6%
: 2017-September . . health facility . index case being . .
[16], Thailand transmission Pv facility with the involved within
2018 (RDT) . reported
index case 10 days)
Index case in
Meredith et al., August . 6 health e Index case
2021 [17], Kenya 2018-October 2019 Low transmission  Pf facilities ?Iggl;l; facilities household Not reported Not reported
Within 2 days in Within 2 days in
Index case vicinity of index vicinity of index
Gunasekeraetal.,  2017-2019 No indigenots Public and private Index case in household and case (primary case (primary
2021 [18], Sri (months not '8¢ Not reported " P! health facility neighboring RACD); 34 weeks RACD); 34 weeks
transmission health facilities . s . . . . . .
Lanka stated) (microscopy) households within  in neighboring in neighboring
1 km radius households households
(secondary RACD)  (secondary RACD)
Index case in
January mobile malaria Co-travellers of
Stratil, et al, 2.021 2018-December Low transmission  Pf Mobile malaria post .reported. by confirmed index Not reported Not reported
[19], Cambodia posts mobile malaria

2020

workers (test not
reported)

case
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Table 1. Cont.

. . RACD Response
Study, Country Time/Period Malarla. ) Main spp. Source of Index Trlgge.r and Spatial Extent RACD Response in Real Time
Transmission Cases Malaria Test Per Protocol .
(Reality)
. Index case in
. August 189 public and -
Mkali et al., .2021 2012-December Seasonial . Not reported 124 private health health facility Index case Not reported Not reported
[20], Tanzania transmission s (RDT and household
2019 facilities .
microscopy)
Vilakati et al., 2021 287 public or Index case households within Within 7 days (at
L September - . health facility . most 5 weeks) of
[21], Eswatini Low transmission  Pf private health 500 m of index Not reported .
. 2015-August 2017 o (RDT and index case
(Swaziland) facilities . case household .
microscopy) presentation
3 km around
Morales et al.. 2021 April Index case in households of
[22], Ecua do; 2019-February Low transmission = Pv Health facilities health facility index cases Not reported Not reported
! 2020 (microscopy) involving
6 neighborhoods
Index case Lr:ies);ﬁzig and A day after the
Searle, et al., 2021 ~ March 2016- July Low transmission  Pf Community reported by neiehborin Not reported notification visit to
[23], Zambia 2018 health worker community health & & P the index case
households within
worker (RDT) household
250 m
Index case
October . household, Within 2 days of
Tessema et al., .. Pfand Index case in .
2020 [24], Ethiopia 2016-December Low transmission Py 2 health posts health post (RDT) 6 nearest Not reported the index case
! 2016 neighbors, and being reported
controls
. 2011-2015 o case ] household and Within 1 week of © mdex case
Bridges et al., 2020 Seasonal e health facility . does not report a
. (months not .. Pf 27 health facilities 9 closest the index case .
[25], Zambia transmission (RDT or . . . travel history
stated) . neighboring being reported 1
microscopy) within the
households

previous month
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Table 1. Cont.

. . RACD Response
Study, Country Time/Period Malarla. . Main spp. Source of Index Trlgge.r and Spatial Extent RACD Response in Real Time
Transmission Cases Malaria Test Per Protocol .
(Reality)
. The mean number
Index case in Index case f davs between
health post and household and ot days betwee
Conner et al., 2020 October Health reported by 5 closest index case
" 2014-December Low transmission  Pf posts/community . . . Not reported detection and the
[26], Senegal community health neighboring
2014 health workers - start of the
workers (test not households within ..
. household visits
reported) 100 m radius
was 1.3
Index case Within 1 day for
household, P
. Index case in 4 nearest case cl.ass.1f1cat10n _—
Grossenbacher June 2017-August o 16.pubhc and 8 health facility neighbors, and and within 3 days Wlthm 3 days: of
et al., 2020 [27], Low transmission  Pf private health for treatment of index case being
. 2018 s (RDT or 5 households .
Tanzania facilities . s infected reported
microscopy) within 200 m of
. household
the index case members
household
Index case
Daniels et al.. 2020 September Index case in household and Within 3 days of
[25], Sene al., 2012-December Low transmission  Pf Health facility health facility 5 closest Not reported index case being
s Oenes 2015 (RDT) neighboring reported
households
Index case and
Canavati et al September Seasonal Pf and Pv (tested Index case in neighbors from
L P .. for but none Health centers health center (RDT forest and farm Not reported Not reported
2020 [29], Vietham  2016-October 2016  transmission . .
found) or microscopy) huts within 500 m
of the index cases.
January Index case in Lr;ii);}clzig and Within 7 days to Within 5 weeks of
Hsiang et a 1." 2020 2017-December Low transmission  Pf 11 health facilities health facility neighboring 5 weeks of th? th? index case
[30], Namibia (RDT or - index case being being reported
2017 . households within
microscopy) reported

500 m
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Table 1. Cont.

. . RACD Response
Study, Country Time/Period Malarla. ) Main spp. Source of Index Trlgge.r and Spatial Extent RACD Response in Real Time
Transmission Cases Malaria Test Per Protocol .
(Reality)
Testing of
Index case in co-travellers,
. . health index case . .
Kheang et al., 2020  July 2015-January - Village malaria facility /reported household, and Wlt}.un 7 days of W1t1:11n 3 days of
. Low transmission  Pf and Pv workers or health . . . . the index case the index case
[31], Cambodia. 2017 facilities by village malaria  neighboring beine reported beine reported
workers (RDT or households with & rep & rep
microscopy) suspected malaria
cases
Index case in Index case
Hsiang et al., 2020 261 public or 1 household and Within 5 weeks of ~ Within 2 days
L September . : health facility . . . .
[32], Eswatini Low transmission  Pf private health neighboring the index case of the index case
. 2012-March 2015 - (RDT or s . .
(Swaziland) facilities . households within  being reported being reported
microscopy)
500 m
Index case
household,
May 2017-January . . 4 nearest -
Stuck et al., 2020 2018 High and Low 154. Pl.lbhc health Index Cas? }n neighbors, and w1t}.11n 3 days of
. . Pf facilities or health facility Not reported the index case
[33], Tanzania and June transmissions 50 private facilities (RDT) 5 households beine reported
2018-October 2018 p within 200 m of rep
the index case
household
Index case
Bhondoekhan January 2015-Jul 13 health centers Index case in household and within 1 week of
etal., 2020 [34], 2017 y Y Low transmission  Pf and 23 health health facility neighboring Not reported the index case
Zambia posts (RDT) households within being reported
250 m
Index case in
12 primary and primary school, Members of index .
Bekolo and April 2018June nursery schools, nursery school, case household Within 1 week of
Williams, 2019 P High transmission =~ Pf 4 health centers, health center, and . Not reported the index case
2018 . . who had fever in -
[35], Cameroon and 13 community community the past week being reported
neighborhoods neighborhoods p

(RDT)
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Table 1. Cont.

. . RACD Response
Study, Country Time/Period Malarla. ) Main spp. Source of Index Trlgge.r and Spatial Extent RACD Response in Real Time
Transmission Cases Malaria Test Per Protocol .
(Reality)
. Index case
Index case in household and
Melese et al., 2019  February Seasonal Pf and health facility (test . .
L . . 2 health centers neighboring Not reported Not reported
[36], Ethiopia 2019-April 2019 transmission Pv not s
reported) households within
eporte 200 m
Index case
. compound, .
Aidoo et al., October 2015- Low 1 health Index case 5 neighboring Wlthln 7 days of
- Pf . health facility Not reported the index case
2018 [37], Kenya August 2016 transmission facility . compounds, and .
(microscopy) being reported
5 control
compounds
Index case
Deutsch . household and Within 7 days of
Feldman et al,, January 2015- Low Index case in . . .
- Pf Health center . neighboring Not reported the index case
2018 [38], March 2016 transmission hospital (RDT) . .
. households within being reported
Zambia
250 m
Index case s
Health reported by s Wlt}.un 7 days of
Kyaw et al.,, . . Within 7 days the index case
January 2016- Low facility and village health . . .
2018 [39], .. Pv, Pf, and Po . . Not reported of the index case being reported in
December 2016 transmission community volunteers /basic . S
Myanmar being reported 95.5% of
level health individuals
staff (RDT)
Index case
Zelman et al., May Low Health Index case in household and Within 7 days of
2018 [40], 2014-December transmission Pv, Pf, and Pk facilities health facility neighboring Not reported the index case
Indonesia 2015 (microscopy) households within being reported
500 m
Index case
Bansil et al., October Low Pf and 213 Index case in household and Within 30 days of
2018 [41], 2014-February transmission others health health center 10 neighboring Not reported the index case
Ethiopia 2015 centers (RDT) households within being reported

100 m radius
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Table 1. Cont.
. . RACD Response
Study, Country Time/Period Malarla. ) Main spp. Source of Index Trlgge.r and Spatial Extent RACD Response in Real Time
Transmission Cases Malaria Test Per Protocol .
(Reality)
Locally acquired Index case s
Feng et al., 2018 Low Pv and . case household and Wlthln 7 days of
. 2015 . Community . . Not reported the index case
[42], China transmission Pm (test not reported)  neighboring :
being reported
households
Index case Within 7 days of
Zemene et al., June Low and Pf and Index case in household and the index case
2018 [43], 2016-November seasonal Py 2 health centers health center neighboring Not reported being reported
Ethiopia 2016 (microscopy) households within (typically within
200 m radius 3 days)
Index case and
control
January Index case in households in the
Naeem et al., 2018 2015-December Low transmission Pfand Military hospital hospital vicinity with Not reported Not reported
[44], Pakistan Pv . ..
2015 (microscopy) similar
socio-economic
status
Index case
contacts, such as
Index case in coworkers who
Zhang et al., 2018 2013-2016 .. Pfand e health facility travelled to the
: (months not Low transmission Health facilities ) same area Not reported Not reported
[45], China Pv (RDT/Microscopy/ . . .
stated) (inactive foci),
PCR) .
family members,
neighbors, and
others (active foci)
Rossi et al 28 pairs of Index case
2018 [46], October 2015-May  Low o Pf Vlllagg rgported by ' Index case Not reported Not reported
! 2017 transmission malaria village malaria household
Cambodia
workers worker (RDT)
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Table 1. Cont.

. . RACD Response
Study, Country Time/Period Malarla. ) Main spp. Source of Index Trlgge.r and Spatial Extent RACD Response in Real Time
Transmission Cases Malaria Test Per Protocol .
(Reality)
Communit Index case
Larsen et al., Low health y Community health  household and Within 7 days of
2017 [47], 2012-2013 transmission Pf workers and worker/clinics neighboring the index case Not reported
Zambia a .. (RDT) households within  being reported
clinics
140 km
January Low and Index case in Within 7 days of
Wang et al, . 2012-December high Not reported 12 . hospital (test not Index case Not reported the index case
2017 [48], China .. hospitals household .
2014 transmission reported) being reported
Within
Index case Within 2 weeks to
Smith et al., Januar Low and Health Index case in compound, 2 davs 2 months of the
2017 [49], Y Pf facilities in health facility 4 neighboring s index case
o 2013-August 2014  seasonal . of the index case .
Namibia Namibia (RDT) compounds, and . being reported
being reported
selected controls
Molina Gomez Seasonal Pfand Index case in er)ies)((ﬂ‘cl(ajg and
etal., 2017 [50], Not reported . 1 hospital hospital (test not - . Not reported Not reported
. transmission Pv 4 neighboring
Colombia reported)
households
Index case
Tejedor-Garavito January 2010-June Index case in household and Within 5 weeks of ~ Within 7 days of
etal., 2017 [51], 2014 y Low transmission  Pf Health facilities health facility neighboring the index case the index case
Swaziland (RDT) households within  being reported being reported
1 km
Hamze etal,, 2016 November Index case in clinic  Index case
[52], Democratic 2013—January 2014 High transmission = Pf 1 clinic (RDT) household Not reported Not reported

Republic of Congo
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Table 1. Cont.

. . RACD Response
Study, Country Time/Period Malarla. ) Main spp. Source of Index Trlgge.r and Spatial Extent RACD Response in Real Time
Transmission Cases Malaria Test Per Protocol .
(Reality)
Index case in Index case
health facility and  compound, .
Hustedt et al., May 2013-March Low Pfand Hefﬂ.th community 5-10 neighboring Wlthm 3 days of
2016 [53], . facility and Not reported the index case
! 2014 transmission Pv . reported by compounds, and .
Cambodia community . . being reported
village malaria 5 control
workers (RDT) compounds
Index case
. ... compound, .
Fontoura et al., January 2013-July  Low .. Index case in clinic 5 neighboring Wlthlr} 6 months
. . Pv 1 clinic (mi- Not reported of the index case
2016 [54], Brazil 2013 transmission /qPCR) compounds, and beine reported
croscopy/q 5 control eing reporte
compounds
Index case in Index case
Chihanga et al., October Seasonal health facilit household and Within 2 days of
2016 [55], 2012-December . Pf Health facilities y neighboring the index case Not reported
transmission (RDT or s .
Botswana 2014 . households within  being reported
microscopy)
100 m
1 hospital, Index case
Donald et al., 2016 2013-2014 o Pf and 11 dispensaries, Index case in ho.usehOI.d and Wlthm 5 days of
[56], Vanuatu (months not Low transmission Py 4 health centers, health facility neighboring Not reported the index case
! stated) and 28 aid posts (RDT) households within being reported
500 m
Index case in Index case
Herdiana et al., June 5 sub-district level rimary health household and Within 7 days of
2016 [57], 2014-December Low transmission  Pv, Pf, and Pk primary health }c)enter y neighboring Not reported the index case
Indonesia 2015 centers (PHCs) . households within being reported
(microscopy)

500 m
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Table 1. Cont.

. . RACD Response
Study, Country Time/Period Malarla. . Main spp. Source of Index Trlgge.r and Spatial Extent RACD Response in Real Time
Transmission Cases Malaria Test Per Protocol .
(Reality)
Index case
reported b Index case
Searle et al., January 2014-June Low 20 rural coII)nmunity household and Within 7 days of
2016 [58], y .. Pf health y neighboring the index case Not reported
. 2014 transmission health . .
Zambia centers households within  being reported
worker /rural 140 km
health post (RDT)
Index case Index case
Index case household househc(;ld 91.6%
. household, screened within screene
van Eijk etal., contacts in same 1-7 days, contacts within 1 week,
2016 [59], January 2014- Low and Pf and 1 urban Index case in clinic . YS contacts in same
; . . apartment block, in same apartment
Chennai January 2015 seasonal Pv clinic (microscopy) apartment block
. and block and other
(India) o and other
households within  households households 64.8%
0.2 km screened within ousenho s. 07
14 davs screened within
y 2 weeks
Index case Index case
Index case household horusih(éld 84.4%
. household, screened within screene
van Eijk et al., . within 1 week,
March . .. contacts in same 1-7 days, contacts .
2016 [59], Low and Pfand 1 urban Index case in clinic . contacts in same
. 2014-September Ny . apartment block in same apartment
Nadiad seasonal Pv clinic (microscopy) apartment block
. 2014 (100 m), and block and other
(India) - and other
households within  households h holds 93.9%
100-1000 m screened within OuSenolds 9.7/
14 davs screened within
y 2 weeks
Index case in Index case
Wangdi, et al., 2014-2015 . .. Pfand health center (test ho.usehOI.d and
(months not High transmission Health centers neighboring Not reported Not reported
2016 [60], Bhutan Pv not .
stated) households within

reported)

1 km
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Table 1. Cont.
. . RACD Response
Study, Country Time/Period Malarla. ) Main spp. Source of Index Trlgge.r and Spatial Extent RACD Response in Real Time
Transmission Cases Malaria Test Per Protocol .
(Reality)
Index case in Index case
Larson et a.l »2016 2014 (months not Not reported Not reported 173. }.1e.a1th health facility ho.usehOI.d and Not reported Not reported
[61], Zambia stated) facilities neighboring
(RDT)
households
Pinchoff et al. Index case (RDT
2015 [62], June 2012-June Seasongl . Pf 1 clinic an‘d . Index case Not reported Not reported
Zambia 2013 transmission microscopy) in household
clinic
Larsen et al., Low Eeozgltr}?umty Index case in clinic Lr;izz}izfg and Within 7 days
2015 [63], 2014-2015 .. Pf . . of the index case Not reported
Zambia transmission workers and (RDT) 10 neighboring beine reported
20 clinics households & rep
Littrell et al., Seasonal Index case in clinic ircl)crifxcfjrszl and Within 3 days of
2013 [64] 2012 . . Pf 13 clinics p . the index case Not reported
transmission (test not reported) 5 neighboring .
Senegal being reported
compounds
. Index case o
Sturrock et al., Health Locally acquired household and 48.'6 ./0 screened
December Seasonal i case . . within 1 week,
2013 [8], .. Pf facilities in . neighboring Not reported o
. 2009-June 2012 transmission . or imported case . 87.3% screened
Swaziland Swaziland households within -~
(test not reported) 1 km Within 14 days.
Rogawski et al., Low and Pf and 1 case in hospital ?Ilfilgl};bfoigsd‘g;hm After 2 weeks of
2012 [65], July 2011 1 hospital (test Not reported the index case
. seasonal Pv case (fever was .
Thailand not reported) o being reported
not a criterion)
Homestead of -
Stresman et al, June 2009— Seasonal 4 rural Case (RDT) in index case (fever Wlthm 2 weeks of
2010 [66], .. Pf .. .. the index case Not reported
. August 2009 transmission clinics clinic was not a .
Zambia - being reported
criterion)

Pm: Plasmodium malariae; Po: Plasmodium ovale; Pv: Plasmodium vivax; Pk: Plasmodium knowlesi; Pf: Plasmodium falciparum; AMC: Anti Malaria Campaign; RDT: Rapid Diagnostic Test;

PCR: Polymerase Chain Reaction; qPCR: Quantitative Polymerase Chain Reaction.
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2.3. Data Extraction and Assessment of Study Quality

Duplicates were removed with EndNote Reference Library. Studies that met the
eligibility criteria were included after going through careful screening and evaluation by
two reviewers (EKA and FTA). Studies were initially considered depending on their titles
and abstracts, and this was followed by a thorough review of the complete article for
relevance. To clarify any disagreements, a third investigator (SAS) was involved.

2.4. Statistical Analysis

Statistical analysis was carried out using MedCalc 20.0 (MedCalc Software Ltd., Os-
tend, Belgium). The findings from the pooled studies were reported as odds ratios with
their confidence intervals from a pooled fixed-effect model. A Forest plot was generated
from the outcomes to graphically represent the results. Publication bias and heterogeneity
were tested using Egger’s test and Higgins 1 [67], respectively. For 12, values between 25%
and 50% indicated low heterogeneity, values between 50% and 75% indicated moderate
heterogeneity, and values greater than 75% indicated severe heterogeneity. A p-value of
<0.05 was considered significant in all cases.

3. Results
3.1. Search Result

In all, 115 studies were identified through PubMed and 284 studies were identified
though Google Scholar (Figure 1). Following the removal of duplicates, 260 studies were
screened, and this left 154 studies for full assessment. Of these, 100 studies were excluded
because they concerned strategies other RACD (e.g., simulation, modeling). The remaining
studies were carefully evaluated in detail, resulting in a total of 54 studies for qualitative
synthesis and 7, 13, and 29 studies for quantitative synthesis.

3.2. Study Characteristics and Quality Assessment

All 7,13, and 29 respective studies used for the meta-analysis involved real RACD
strategies. In all, the studies included a total of 8965 index cases leading to 90,940 contacts
(Supplementary Table S1). While 16 studies used only RDT to test contacts, 2 studies used
RDT/PCR, 1 study used LAMP/PCR, 1 study used microscopy/PCR, 6 studies used PCR,
1 study used microscopy, 2 used studies LAMP, and 5 studies did not report the diagnostic
method used (Supplementary Table S1). Index case demographics and individual study
characteristics are shown in Supplementary Table S1. Although some of the included
studies had a higher risk of bias than others, sensitivity analyses that excluded those
studies showed significant difference. Quality assessment was independently carried out
by two reviewers, and any disagreements were resolved by discussion.

3.3. Outcomes
3.3.1. Risk of Malaria Infection Amongst Persons Living with Index Cases

Twenty-Nine studies met the eligibility criteria for the meta-analysis (Figure 2). The
average risk of malaria infection for an individual living with an index case was 2.576
(2.540-2.612) and was statistically significant (p = 0.033). The risk of infection for an individ-
ual living with an index case ranged between 0.032 and 232.545. From the pooled results, high
variation heterogeneity chi-square = 235.600, (p < 0.0001) 12 = 98.88 [97.87-99.89] (assessed
with Egger’s Test, intercept = 1.154, p = 0.8534; test for overall effect, Z = 2.136, (p = 0.003)
was observed.
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Figure 1. PRISMA flow diagram showing schematic illustration of database searches, identification,

screening, and eligibility of included studies.
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Study log(odds ratio) SE  Weight (%) Odds Ratio
Melese et al 2019 0.969 0.266 0.020 9.317 [3.220 - 26.960] —
Dharmavwardena et al 2022 038 0349 0012 2,400 [0.597 - 9.655] '
Okebe et al . 2021 0001 0079 0220 0.998 [0.727 - 1.370] " ;
Meredith et al 2021 1222 0045 0.690 0.060 [0.050 - 0.072] g |
Gunasekera et al 2021 0158 0249  0.023 1438 [0.533 - 3.883]
Stratil et al 2021 1365 0010 1439 23.151 [22.255 - 24.083] $ :
Tessema et al 2020 0099 0229 0027 1257 [0.504 - 3.133] 0
Bridges et al 2020 039 0049  0.790 2.943 [2.486 - 3.483] e o
Canavati et al 2020 0592 0129 0085 3.907 [2.340 - 6.521] +
Searle ef al 2021 0340 0244 0024 2.186 [0.826 - 5.786] e
Hsaing et al 2020a 0487 0049  0.600 3.070 [2.529 - 3.727] —
Kheang et al 2020 1766 0136 0077 58.329 [33.970 - 100.155] e
Hsiang et al 2020b 2147 0044 0730 140395 [117.902 - 167.180] i
Bhondoekhan ef al 2020 0923 009  0.140 8.371 [5.640 - 12.423] b :
Bekolo & Williams 2019 1039 0010 0.140 0.092 [0.062 - 0.136] o
Hamze et al 2016 0072 0283 0018 0.848 [0.275 - 2.618] :
Chihanga et al 2016 2177 0085 0200 150343 [107.297-210.914] : *
Herdiana et al 2016 0153 0111 0110 1423 [0.912 - 2.218] : —
Rossi et al 2018 0015 0190  0.039 0.967 [0.453 - 2.062] .
Tejedor-Garavito et al 2017 2367 0054 0490  232.545[187.720-288.073] _—
Aidoo et al 2018 0428 0108  0.120 2.679 [1.740 - 4.125] —
Bansil et al 2018 0879 0367  0.190 0.132 [0.094 - 0.186] n
Larsen et al 2017 0107 0018 4280 1279 [1.190 - 1.375] N
Molina Gomez et al 2017 1495 0229 0027 0.032 [0.013 - 0.080] ' .
Fontoura et al 2016 0292 0064 0350 0.510[0.395 - 0.657]
Pinchoff et al 2015 0983 0035 1160 0.104[0.090 - 0.119] ’
Larsen et al 2015 0230 0004 74540 1.697 [1.668 - 1.726] W
Littrell et al 2013 0523 0113 0110 0.300 [0.191 - 0.470] —+
Stresman ef al 2010 0587 0428 0.005 3.867[0.447 - 33.480] ——
Total (Clos) 100 2.576 [2.540 - 2.612] ! ! ! ! ! ! !
Heterogeneity Chi-square = 235.600, (p<0.0001) I2 = 98.88 [97.87 - 99.89] 0001 001 01 1 10 100 1000
Egger's Test, Intercept = 1.154, p=0.8534 | Test for overall effect, Z = 2.136, (p=0.003) e
Logio Odds ratio
Figure 2. Risk of malaria infection amongst persons living with index cases [14,15,17-19,23-25,29—
32,34-37,41,46,47,50-52,54,55,57,62-64,66]. SE: Standard Error, Log(odds ratio) values with “-“ are
negative values.
3.3.2. The Risk of Malaria Infection in a Neighbor of an Index Case Compared with an
Index Case Household Member
The pooled results from 13 studies indicated that neighbors of index cases were 0.352
[0.301-0.412] times more likely to have a malaria infection relative to index case household
members, and this was statistically significant (p < 0.001) (Figure 3). The risk of infection
from the pooled fixed effect model ranged between 0.029 and 4.062, and, from the results,
high variation heterogeneity chi-square = 285.247, (p < 0.0001) I? = 95.79 [94.81-96.96]
(assessed with Egger’s Test, intercept = 2.989, p = 0.903; test for overall effect, Z = 2.533,
(p = 0.011) was observed.
Study log(odds ratio) SE Weight (%) 0Odds Ratio
Melese et al 2019 0.545 0.235 2.85 0.285[0.112-0.729] Y
Tessema et al 2020 0123 0236 2.83 0.754 [0.294 - 1.931] e
—_——————
Conner et al 2020 -1.538 0.093 18388 0.029 [0.020 - 0.042] :
—_——mmm——
Stuck et al 2020 -0.924 0.099 16.09 0.119[0.080 - 0.176] s
Aidoo et al 2018 0.107 0.157 6.43 1.280 [0.685 - 2.390] —
Deutsch-Feldman et al 2018 -0.587 0.271 2.14 0.259 [0.088 - 0.766] ¢ :
Bansil et al 2018 -0.124 0.098 1635 0.751[0.508 - 1.111] =
Zemene et al 2018 -0.461 0.148 7.23 0.346 [0.192 - 0.623] ¢ :
Smith e al 2017 0319 0.239 2.77 0.480 [0.185 - 1.243] g o
Hustedt et al 2016 0.609 0.227 111 4.062 [0.903 - 18.269] = :
Fontoura et al 2016 -1.086 0.264 223 0.082 [0.029 - 0.238] =g :
Searle et al 2016 0.714 0.167 5.65 0.193 [0.099 - 0.376] = .o
Littrell et al 2013 -0.026 0101 1543 0.941 [0.629 - 1.408] ——
Total (Clss) 100 0352 [0.301 - 0.412] ¢ 001 01 1 10 100
Heterogeneity Chi-square = 285.247, (p<0.0001) I* = 95.79 [94.81 - 96.96] .
Egger's Test, Intercept =2.989, p=0.903 | Test for overall effect, Z =2.533, (p=0.011)
Log of odds ratio

Figure 3. The risk of malaria infection in a neighbor of an index case compared with an index case
household member [24,26,33,36-38,41,43,49,53,54,58,64]. SE: Standard Error, Log(odds ratio) values
with “-* are negative values.
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3.3.3. Risk of Malaria Infection Living with an Index Case < 5 Years Old

The risk of malaria infection in an individual living with an index case < 5 years old
according to the pooled fixed effect model ranged between 0.240 and 18.520. The average
risk of infection was 3.882 (1.526—4.617) according to the pool of seven studies that were
statistically significant (p = 0.003) (Figure 4). According to the pooled results, high variation
heterogeneity chi-square = 25.47, (p < 0.0001) 1> = 93.89 [91.36-96.96].

Study log(odds ratio) SE  Weight (%) Odds Ratio

Okebe et al 2021 -0.620 0.156 12.84 0.240 [0.050 - 1.310] ——
Mkali ef al 2021 0.462 0.236 283 2.900 [2.500 - 3.400] =
Tejedor-Garavito ef al 2017 1.268 0.368 23.48 18.520 [5.280 - 76.750] P —.
Aidoo et al 2018 0.288 0.099 33.97 1.940 [0.480- 8.080] S S
Zemene et al 2018 0.164 0.157 6.43 1.460 [0.680 - 3.140] =
Larsen et al 2017 -0.159 0.271 4.1 0.694 [0.520 - 0.925] .
Pinchoff ef al 2015 0.152 0.098 16.35 1.420[1.170 - 1.720] -

Total (Clos) 100 3.882 [1.526 - 4.617] 001 01 1 10 100
Heterogeneity Chi-square = 25.47, (p<0.0001) I = 93.89 [91.36 - 96.96] Logio Odds ratio

Test for overall effect, Z = 5.123, (p=0.024)

Figure 4. Risk of malaria infection in individuals living with an index case < 5 years old [15,20,37,43,47,51,62].

Y

SE: Standard Error, Log(odds ratio) values wit are negative values.

3.4. Publication Bias

Publication bias was not assessed for the outcome in Figure 4 involving the 7 studies
for which a funnel plot was not retrieved [68], but the other 2 outcomes had their publication
bias assessed [69].

3.5. Sensitivity Analysis

A sensitivity analysis was performed for the risk of malaria infection in a neighbor of
an index case compared with index case household members to deal with heterogeneity.
After excluding five studies (Conner et al. [26], Stuck et al. [33], Aidoo et al. [37], Hustedt
et al. [53], and Fontoura et al. [54]), the analysis was performed again to generate a forest
plot (Figure 5). A change from 0.352 [0.301-0.412] to 0.459 [0.294-0.715] in the final odds
ratio was observed, and heterogeneity was reduced from 95% to 46% when these studies
were excluded.

Stady loo(odds ratic) _ SE_ Waight (%) 0dds Ratio

Melese et al 2019 0545 0235 516 0285 10.112-0.729] —e—

Tessema et al 2020 0123 0236 513 0.754[0.294 - 1.831] ——

Deutsch-Feldman et al 2018 -1.036 0271 387 0.259 [0.088 - 0.766] —

Bansil er al 2018 014 0.098 2959 0.751[0.508 - 1.111] e

Zemene et al 2018 0461 0.148 13.09 0346 [0.192 - 0.623] =

Smith et al 2017 0319 0230 501 0.480 [0.185 - 1.243] L S

Searle ef al 2016 0714 0167 102 0.193 [0.099 - 0.376] U S

Litell of al 2013 -0.026 0.104 2793 0.941[0.629 - 1.408] e

Total (Clss) 100 0459 [0.294 -0.715] 001 01 _____{ 10 100

Heterogeneity Chi-square = 15,139, (p=0.007) I = 46.237 [38.78 - 49.96]

Log,, of edds ratio

Test for overall effect, Z = 3.436, (p=0.001)

Figure 5. Malaria infection risk in neighbours of index cases compared with index case household
members after sensitivity analysis [24,36,38,41,43,49,58,64]. SE: Standard Error, Log(odds ratio) values

with “-* are negative values.
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4. Discussion

Malaria elimination calls for strategies aimed at reducing parasite reservoirs, both in
hypoendemic and hyperendemic areas. RACD strategies are utilized primarily by malaria
elimination programs and have been implemented in Asia, South America, and Africa
(with mixed results). RACD application in locations in Africa or elsewhere may differ by
way of coverage as a result of differences in human behavior, settlement patterns, and
epidemiology of malaria transmission. RACD may provide a strategy to detect malaria
hotspots. However, challenges may exist due to low parasite reservoir coverage despite
large operational efforts.

The RACD studies under review examined factors relevant to malaria elimination, in-
cluding diagnosis, infection reservoir (asymptomatic, submicroscopic), prevalence, surveil-
lance, and elimination strategy. Data pooled from the different RACD studies were utilized
to calculating the average risk of malaria infection among household members and neigh-
bors. The pooling of quantitative data from regions with varying malaria endemicity may
not truly reflect the risk of infection for a particular region as this will be affected by factors
such as vector abundance, socioeconomic circumstances, malaria health policies in the
regions, etc., and thus may differ accordingly.

In endemic regions, malaria transmission is often seasonal [70] and heterogeneous [71].
To determine whether the spatial targeting of high-risk areas is of concern, malaria control
and elimination programs must understand the extent of the community-, district-, and
regional-level spatial heterogeneity of malaria risk. By identifying hotspot locations, it
is possible to quantify spatial risk and identify the particular risk factors that may be
causing an increase in infection risk in those places. Malaria distribution in endemic
countries is highly heterogeneous. From our meta-analysis, the distinct epidemiological
features of malaria in different countries could be related to the significant heterogeneity
in different transmission settings. Since RACD is best suited for hypoendemic areas, it
could be possible that when a local area gets closer to eliminating local malaria, increased
clustering is anticipated, and that these clusters may show particular features that are
challenging to control. A RACD strategy that entails distinct transmission processes for
local elimination can be utilized to further reduce malaria clusters in hypoendemic areas.
However, in countries with a high malaria burden, routine strategies for case reduction
can be continued or scaled up [72]. Per the results of the meta-analysis, the risk of malaria
infection in individuals living with an index case, malaria infection risk in neighbors of an
index case compared with index case household members, and malaria risk in individuals
living with an index case < 5 years old were significant.

Using spatial extent or screening radius as a RACD implementation metric, numerous
studies have indicated a variety of strategies [32,37,50,61]. While some investigations only
involved household members [46], others expanded their investigation to include index
case neighbors within varying distances [50,53]. Malaria transmission has been reduced as
a result of interventions aimed at both entire communities and households with known
malaria infections [30,73]. The majority of the positive cases identified by RACD were
geographically found near index case households. Many African cities show a clear trend
of increasing malaria transmission from urban to peri-urban to rural settings [74]. The
spatial extent of RACD in urban Lusaka, where population density is higher and more
people are tested, was associated with a higher probability of identifying additional cases
within 250 m of uninhabited land [25]. Urban malaria transmission may vary depending on
an assortment of factors, such as vector breeding sites, local vector species, location, human
movement patterns, waste management, socioeconomic factors, land use, climate, and local
malaria intervention programs [75]. In cases of low transmission, strategies that target
the household are thought to be operationally sustainable. A RACD strategy targeting
households offers a practical programming alternative given that achieving elimination
would require sustained efforts over the long run.

Secondary infections are detected where neighbors have been involved in a RACD
strategy, and some studies have shown significant declines in positivity as distances in-
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crease [8,32]. However, the operational practicality is constrained by the low numbers of
secondary infections detected in field investigations, which necessitates screening a large
number of people [76]. Here, we provided evidence to back up the notion of infection
clustering in neighborhoods, which in turn makes the inclusion of neighboring households
a part of the RACD strategy. Nevertheless, the ideal screening radius from the index case
household to the neighboring households as part of RACD still remains unclear. The deter-
mination of a screening radius is informed by the local malaria epidemiology (including
vector dispersal) and logistical capacity [5]. Targeting high household coverage over a
smaller screening radius in unsprayed areas would enhance efficiency and responsiveness
and help establish an ideal screening radius. While in Swaziland, a 1 km screening radius
was operationally demanding, in some APMEN partner countries a maximum screening
radius of 2.5 km was covered.

According to Sturrock et al. [8], RACD implementation metrics, such as response time,
indicated that the odds of detecting secondary infections were much higher if RACD was
triggered within a week of presentation of the index case. Such rapid response ensures that
asymptomatic cases are identified prior to becoming symptomatic and seeking treatment.
This allows only a limited opportunity to infect mosquitoes. While performing RACD,
Aidoo et al. [37] screened 1280 individuals living in 413 households., and in the 100,000 in-
dividuals in the catchment area, an estimated total of 12,900 infections were present at any
time. RACD identified a total of 144 additional cases in index case and neighbor households.
However, the screening of 1000-2400 individuals would have led to the identification of
200-500 secondary cases each month. This translated into 1.5-3.9% of all asymptomatic
infections relative to the estimated total of 12,900 infections in the catchment population of
the hospital. To estimate the overall number of infections identified during an extended
period, such as a whole year, it would be necessary to have a thorough understanding of
the duration of infections, the total number of people infected over time, and the temporal
variations in transmission foci. The odds of finding secondary cases were lower when the
index household was sprayed. Where data on neighboring households are not available,
spraying is normally directed at predefined locations rather than individual houses. Since
index households could serve as indicators for spraying locations, its protective effect
could possibly be extended to neighboring households, leading to a reduction in the local
vector density. In addition, it is possible that infections in the sprayed regions are acquired
while engaging in recreational or work-related activities outside the house. RACD should
only be initiated in receptive areas where there is a likelihood of transmission around the
vicinity of the index case. In these locations, RACD should be employed irrespective of
whether a case has been imported or locally transmitted because imported cases can result
in local transmission [3]. While some RACD studies concentrated only on symptomatic
individuals, others focused on both symptomatic and asymptomatic individuals. In all
these RACD studies, many more asymptomatic infections (mostly sub-microscopic) were
identified compared with symptomatic infections. In hypoendemic areas, asymptomatic
infections are common, the majority of which are sub-microscopic [77] and constitute up to
50% of human-to-mosquito transmissions [78]. Nevertheless, it is possible that hotspots
of mainly asymptomatic infections were missed because symptomatic infections (index
cases which triggered RACD) and asymptomatic infections do not necessarily overlap
spatially [79]. Asymptomatic carriers can act as reservoirs of infection due to their failure to
seek treatment [80], further derailing elimination efforts. The challenges of asymptomatic
infections are also compounded by diagnostic limitations [81]. RACD strategies employing
malaria diagnostic tools of high sensitivity supplement the everyday passive case detection
in hypoendemic settings and may be used in malaria elimination programs. Thus, alter-
native diagnostic tools that are more field-friendly and sensitive, such as highly sensitive
RDTs (HS-RDTs) or loop-mediated isothermal amplification (LAMP), need to be assessed
and used for the identification of sub-microscopic/asymptomatic malaria. In lieu of this,
presumptive treatment targeting vulnerable individuals during the high transmission sea-
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sons may be a strategy that can help address the challenge of low parasitaemia missed by
RDTs and poor RACD screening coverage [82].

The implementation of RACD differed with the different subgroups tested (e.g., in-
dex case household only, index case household versus neighbors, index case household
versus neighbors plus control group), the number of index cases that triggered RACD,
and the radius covered. Though most studies reported adhering to case investigation
data collection guidelines, there was a collection of variables that each study decided to
analyze, and this reflected the tailoring of investigations to local conditions and capacies.
A fully operational surveillance and response system is required for malaria elimination,
in addition to at least three consecutive years with no indigenous malaria cases [83]. It
has long been acknowledged that the elimination of malaria requires effective malaria
surveillance [83]. With a workforce committed to surveillance at all levels of the health
system [84] and integrated response mechanisms [85], countries that have successfully
eliminated malaria have typically used a combination of effective passive case detection
(PCD) [86] and active case detection (ACD) activities [84]. According to China’s 1-3-7 frame-
work, malaria cases must be reported within one day, cases must be investigated within
three days, and foci investigation and increased preventive measures must be conducted
by day seven [87]. Depending on the risk and endemicity levels, different responses are
recommended, including “intensified surveillance and response” in border areas, “passive
surveillance during the transmission season and active surveillance targeting transmission
foci” in zones with seasonal malaria, and “active and passive surveillance, with special
attention to mobile populations,” in areas with higher incidence [88]. The Immediate
Disease Notification System (IDNS), a surveillance system with notifiable disease system
and surveillance outputs that swiftly transmit to a team to trigger a response, is part of the
malaria surveillance system in Swaziland [89]. It would be ideal for countries that have
eliminated malaria to share their individual experiences. In endemic countries, sharing
data on population movements across borders will make it easier to eliminate the disease.
This strategy, in our opinion, would be beneficial for regional cooperation in the fight
against malaria [89].

Operational gaps exist concerning which RACD approach is most effective at reducing
and preventing transmission. This review recommends the use of standardized data metrics
in assessing the RACD screening radii, the number of individuals tested, the completeness
of geographical coverage during RACD, and the timeliness of the incorporated activities.
The integration of more reliable data and the development of maps of foci of transmission
by geo-locating cases to the households can support the targeting of these vulnerable
individuals and their neighborhoods with malaria interventions [90,91].

5. Conclusions

Despite the WHO surveillance benchmarks for elimination in endemic regions and the
operational know-how of affected countries, it is not likely that recommendations for one
setting will apply to all others across diverse epidemiological areas. The choice of whether
or not to use a RACD strategy is dependent on an assortment of factors including local
transmission intensity, cost, operational feasibility, and population receptiveness. As coun-
tries progress towards elimination, malaria programs should prioritize case investigation
and undertake RACD to identify remaining reservoirs of infection.
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Author Contributions: Conceptualization, E.K.A.; validation, EK.A., ET.A. and S.A.S.; analysis,
E.K.A. and FT.A; writing—original draft preparation, E.K.A.; data curation, ET.A.; software, ET.A.;
writing—review and editing, S.A.S., FA.B., G.O.-A,, M.A,, RD.-T,, L A,, K.B.,, RH.A,, BW.L. and
K.A K. All authors have read and agreed to the published version of the manuscript.

Funding: Lundbeck Foundation (R349-2020-703) support research to KA Krogfelt, RUC, DK.


https://www.mdpi.com/article/10.3390/tropicalmed8030180/s1
https://www.mdpi.com/article/10.3390/tropicalmed8030180/s1

Trop. Med. Infect. Dis. 2023, 8, 180 21 of 25

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

World Health Organization. World Malaria Report 2022; World Health Organization: Geneva, Switzerland, 2022.

Sicuri, E.; Ramponi, F.; Lopes-Rafegas, I.; Satite, F. A broader perspective on the economics of malaria prevention and the potential
impact of SARS-CoV-2. Nat. Commun. 2022, 13, 2676. [CrossRef]

Sturrock, H.J.; Hsiang, M.S.; Cohen, ].M.; Smith, D.L.; Greenhouse, B.; Bousema, T. Targeting asymptomatic malaria infections:
Active surveillance in control and elimination. PLoS Med. 2013, 10, e1001467. [CrossRef] [PubMed]

Lin, J.T.; Saunders, D.L.; Meshnick, S.R. The role of submicroscopic parasitemia in malaria transmission: What is the evidence?
Trends Parasitol. 2014, 30, 183-190. [CrossRef]

World Health Organization. Disease Surveillance for Malaria Elimination: An Operational Manual;, World Health Organization:
Geneva, Switzerand, 2012.

Gueye, C.S.; Sanders, K.C.; Galappaththy, G.N.; Rundi, C.; Tobgay, T.; Sovannaroth, S.; Gao, Q.; Surya, A.; Thakur, G.D.; Baquilod,
M.; et al. Active case detection for malaria elimination: A survey among Asia Pacific countries. Malar. J. 2013, 12, 1. [CrossRef]
Pampana, E. A Textbook of Malaria Eradication, 2nd ed.; Oxford University Press: London, UK, 1969; p. xiv + 593.

Sturrock, H.J.; Novotny, ]. M.; Kunene, S.; Dlamini, S.; Zulu, Z.; Cohen, ].M. Reactive case detection for malaria elimination:
Real-life experience from an ongoing program in Swaziland. PLoS ONE 2013, 8, €63830. [CrossRef]

Newby, G.; Harvard, K.; Cotter, C.; Roh, M.; Bennett, A.; Chen, I. Screen and treat strategies for malaria elimination: A review
of evidence, A Background Paper commissioned by the Bill and Melinda Gates Foundation. San Francisco: The Global Health
Group. Inst. Glob. Health Sci. Univ. Calif. San Fr. 2018. Available online: http:/ /www.shrinkingthemalariamap.org/sites/www.
shrinkingthemalariamap.org/files/content/resource/attachment/ucsf-ghg-sat-strategies-for-malaria-elimination-2018.pdf (ac-
cessed on 23 February 2023).

Perera, R.; Caldera, A.; Wickremasinghe, A.R. Reactive Case Detection (RACD) and foci investigation strategies in malaria control
and elimination: A review. Malar. J. 2020, 19, 1. [CrossRef]

Stresman, G.; Whittaker, C.; Slater, H.C.; Bousema, T.; Cook, J. Quantifying Plasmodium falciparum infections clustering within
households to inform household-based intervention strategies for malaria control programs: An observational study and
meta-analysis from 41 malaria-endemic countries. PLoS Med. 2020, 17, €1003370. [CrossRef]

Deen, J.; Mukaka, M.; von Seidlein, L. What is the yield of malaria reactive case detection in the Greater Mekong Sub-region? A
review of published data and meta-analysis. Malar. . 2021, 20, 1. [CrossRef] [PubMed]

Liberati, A.; Altman, D.G,; Tetzlaff, ].; Mulrow, C.; Getzsche, P.C.; Ioannidis, J.P.; Clarke, M.; Devereaux, PJ.; Kleijnen, J.; Moher, D.
The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions:
Explanation and elaboration. J. Clin. Epidemiol. 2009, 62, el-e34. [CrossRef] [PubMed]

Dharmawardena, P; Premaratne, R.; Wickremasinghe, R.; Mendis, K.; Fernando, D. Epidemiological profile of imported malaria
cases in the prevention of reestablishment phase in Sri Lanka. Pathog. Glob. Health 2022, 116, 38—46. [CrossRef]

Okebe, |.; Dabira, E.; Jaiteh, F.; Mohammed, N.; Bradley, ].; Drammeh, N.-F,; Bah, A.; Masunaga, Y.; Achan, J.; Muela Ribera, J.
Reactive, self-administered malaria treatment against asymptomatic malaria infection: Results of a cluster randomized controlled
trial in The Gambia. Malar. J. 2021, 20, 253. [CrossRef]

Roh, M.E.; Lausatianragit, K.; Chaitaveep, N.; Jongsakul, K.; Sudathip, P.; Raseebut, C.; Tabprasit, S.; Nonkaew, P.; Spring, M.;
Arsanok, M. Civilian-military malaria outbreak response in Thailand: An example of multi-stakeholder engagement for malaria
elimination. Malar. J. 2021, 20, 458. [CrossRef]

Meredith, H.R.; Wesolowski, A.; Menya, D.; Esimit, D.; Lokoel, G.; Kipkoech, J.; Freedman, B.; Lokemer, S.; Maragia, J.; Ambani,
G. Epidemiology of Plasmodium falciparum Infections in a Semi-Arid Rural African Setting: Evidence from Reactive Case Detection
in Northwestern Kenya. Am. J. Trop. Med. 2021, 105, 1076-1084. [CrossRef]

Gunasekera, W.; Premaratne, R.; Fernando, D.; Munaz, M.; Piyasena, M.; Perera, D.; Wickremasinghe, R.; Ranaweera, K.; Mendis,
K. A comparative analysis of the outcome of malaria case surveillance strategies in Sri Lanka in the prevention of re-establishment
phase. Malar. |. 2021, 20, 80. [CrossRef]

Stratil, A.-S.; Vernaeve, L.; Lopes, S.; Bourny, Y.; Mannion, K.; Hamade, P.; Roca-Feltrer, A.; Tibenderana, ] K.; Sovannaroth, S.;
Debackere, M. Eliminating Plasmodium falciparum malaria: Results from tailoring active case detection approaches to remote
populations in forested border areas in north-eastern Cambodia. Malar. J. 2021, 20, 108. [CrossRef]

Mkali, H.R; Reaves, E.J.; Lalji, S.M.; Al-Mafazy, A.-W.; Joseph, J.].; Ali, A.S.; Abbas, EB.; Ali, M.H.; Hassan, W.S.; Kitojo, C. Risk
factors associated with malaria infection identified through reactive case detection in Zanzibar, 2012-2019. Malar. ]. 2021, 20, 485.
[CrossRef]

Vilakati, S.; Mngadi, N.; Benjamin-Chung, J.; Dlamini, N.; Dufour, M.-5.K.; Whittemore, B.; Bhangu, K.; Prach, L.M.; Baltzell, K,;
Nhlabathi, N. Effectiveness and safety of reactive focal mass drug administration (rfMDA) using dihydroartemisinin—piperaquine
to reduce malaria transmission in the very low-endemic setting of Eswatini: A pragmatic cluster randomised controlled trial.
BM] Glob. Health 2021, 6, €005021. [CrossRef] [PubMed]


http://doi.org/10.1038/s41467-022-30273-z
http://doi.org/10.1371/journal.pmed.1001467
http://www.ncbi.nlm.nih.gov/pubmed/23853551
http://doi.org/10.1016/j.pt.2014.02.004
http://doi.org/10.1186/1475-2875-12-358
http://doi.org/10.1371/journal.pone.0063830
http://www.shrinkingthemalariamap.org/sites/www.shrinkingthemalariamap.org/files/content/resource/attachment/ucsf-ghg-sat-strategies-for-malaria-elimination-2018.pdf
http://www.shrinkingthemalariamap.org/sites/www.shrinkingthemalariamap.org/files/content/resource/attachment/ucsf-ghg-sat-strategies-for-malaria-elimination-2018.pdf
http://doi.org/10.1186/s12936-020-03478-0
http://doi.org/10.1371/journal.pmed.1003370
http://doi.org/10.1186/s12936-021-03667-5
http://www.ncbi.nlm.nih.gov/pubmed/33663484
http://doi.org/10.1016/j.jclinepi.2009.06.006
http://www.ncbi.nlm.nih.gov/pubmed/19631507
http://doi.org/10.1080/20477724.2021.1951556
http://doi.org/10.1186/s12936-021-03761-8
http://doi.org/10.1186/s12936-021-03995-6
http://doi.org/10.4269/ajtmh.21-0256
http://doi.org/10.1186/s12936-021-03621-5
http://doi.org/10.1186/s12936-021-03622-4
http://doi.org/10.1186/s12936-021-04025-1
http://doi.org/10.1136/bmjgh-2021-005021
http://www.ncbi.nlm.nih.gov/pubmed/34193475

Trop. Med. Infect. Dis. 2023, 8, 180 22 of 25

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Morales, D.O.; Quinatoa, P.A.; Cagua, ].C. Characterization of an outbreak of malaria in a non-endemic zone on the coastal region
of Ecuador. Biomédica 2021, 41, 100-112. [CrossRef]

Searle, K.M.; Katowa, B.; Musonda, M.; Pringle, J.C.; Hamapumbu, H.; Matoba, ]J.; Lubinda, M.; Shields, T.; Kobayashi, T.;
Stevenson, J.C. Sustained malaria transmission despite reactive screen-and-treat in a low-transmission area of southern Zambia.
Am. ]. Trop. Med. 2021, 104, 671-679. [CrossRef] [PubMed]

Tessema, S.K.; Belachew, M.; Koepfli, C.; Lanke, K.; Huwe, T.; Chali, W.; Shumie, G.; Mekuria, E.F.; Drakeley, C.; Gadisa, E. Spatial
and genetic clustering of Plasmodium falciparum and Plasmodium vivax infections in a low-transmission area of Ethiopia. Sci. Rep.
2020, 10, 19975. [CrossRef] [PubMed]

Bridges, D.J.; Chishimba, S.; Mwenda, M.; Winters, A.M.; Slawsky, E.; Mambwe, B.; Mulube, C.; Searle, K.M.; Hakalima, A.;
Mwenechanya, R. The use of spatial and genetic tools to assess Plasmodium falciparum transmission in Lusaka, Zambia between
2011 and 2015. Malar. J. 2020, 19, 20. [CrossRef]

Conner, R.O,; Dieye, Y.; Hainsworth, M.; Tall, A.; Cissé, B.; Faye, F.; Sy, M.D.; Ba, A.; Sene, D.; Ba, S. Correction to: Mass testing
and treatment for malaria followed by weekly fever screening, testing and treatment in Northern Senegal: Feasibility, cost and
impact. Malar. J. 2020, 19, 252. [CrossRef]

Grossenbacher, B.; Holzschuh, A.; Hofmann, N.E.; Omar, K. A ; Stuck, L.; Fakih, B.S.; Ali, A.; Yukich, J.; Hetzel, M.W.; Felger, L
Molecular methods for tracking residual Plasmodium falciparum transmission in a close-to-elimination setting in Zanzibar. Malar. ].
2020, 19, 50. [CrossRef]

Daniels, R.F; Schaffner, S.E; Dieye, Y.; Dieng, G.; Hainsworth, M.; Fall, F.B.; Diouf, C.N.; Ndiop, M.; Cisse, M.; Gueye, A.B. Genetic
evidence for imported malaria and local transmission in Richard Toll, Senegal. Malar. |. 2020, 19, 276. [CrossRef] [PubMed]
Canavati, S.E.; Kelly, G.C.; Quintero, C.E.; Vo, T.H.; Tran, L.K.; Ngo, T.D.; Tran, D.T.; Edgel, K.A.; Martin, N.J. Targeting high
risk forest goers for malaria elimination: A novel approach for investigating forest malaria to inform program intervention in
Vietnam. BMC Infect. Dis. 2020, 20, 757. [CrossRef] [PubMed]

Hsiang, M.S.; Ntuku, H.; Roberts, K.W.; Dufour, M.-S.K.; Whittemore, B.; Tambo, M.; McCreesh, P.; Medzihradsky, O.E,; Prach,
L.M.; Siloka, G. Effectiveness of reactive focal mass drug administration and reactive focal vector control to reduce malaria
transmission in the low malaria-endemic setting of Namibia: A cluster-randomised controlled, open-label, two-by-two factorial
design trial. Lancet 2020, 395, 1361-1373. [CrossRef]

Kheang, S.T.; Sovannaroth, S.; Barat, L.M.; Dysoley, L.; Kapella, B.K.; Po, L.; Nguon, S.; Gimnig, J.; Slot, R.; Meng, S.K. Malaria
elimination using the 1-3-7 approach: Lessons from Sampov Loun, Cambodia. BMC Public Health 2020, 20, 544. [CrossRef]
Hsiang, M.S.; Ntshalintshali, N.; Kang Dufour, M.-S.; Dlamini, N.; Nhlabathi, N.; Vilakati, S.; Malambe, C.; Zulu, Z.; Maphalala,
G.; Novotny, J. Active case finding for malaria: A 3-year national evaluation of optimal approaches to detect infections and
hotspots through reactive case detection in the low-transmission setting of Eswatini. Clin. Infect. Dis. 2020, 70, 1316-1325.
[CrossRef]

Stuck, L.; Fakih, B.S.; Abdul-wahid, H.; Hofmann, N.E.; Holzschuh, A.; Grossenbacher, B.; Bennett, A.; Cotter, C.; Reaves, E.;
Ali, A. Malaria infection prevalence and sensitivity of reactive case detection in Zanzibar. Int. J. Infect. Dis. 2020, 97, 337-346.
[CrossRef] [PubMed]

Bhondoekhan, ER.; Searle, K.M.; Hamapumbu, H.; Lubinda, M.; Matoba, J.; Musonda, M.; Katowa, B.; Shields, T.M.; Kobayashi,
T.; Norris, D.E. Improving the efficiency of reactive case detection for malaria elimination in southern Zambia: A cross-sectional
study. Malar. |. 2020, 19, 175. [CrossRef]

Bekolo, C.E.; Williams, T.D.A. Adding proactive and reactive case detection into the integrated community case management
system to optimise diagnosis and treatment of malaria in a high transmission setting of Cameroon: An observational quality
improvement study. BMJ Open 2019, 9, e026678. [CrossRef] [PubMed]

Melese, Y.; Abate, M.A.; Yimer, M.; Tegegne, B. Asymptomatic Malaria in Households and Neighbors of Laboratory Confirmed
Cases in Raya Kobo District, Northeast Ethiopia. Ethiop. J. Health Sci. 2019, 32, 623—-630. [CrossRef]

Aidoo, EK.; Afrane, Y.A.; Machani, M.G.; Chebore, W.; Lawson, B.W.; Atieli, H.; Kariuki, S.; Lee, M.C.; Koepfli, C.; Zhou, G.; et al.
Reactive case detection of Plasmodium falciparum in western Kenya highlands: Effective in identifying additional cases, yet
limited effect on transmission. Malar. . 2018, 17, 111. [CrossRef] [PubMed]

Deutsch-Feldman, M.; Hamapumbu, H.; Lubinda, J.; Musonda, M.; Katowa, B.; Searle, K.M.; Kobayashi, T.; Shields, T.M.;
Stevenson, ].C.; Thuma, PE.; et al. Efficiency of a malaria reactive test-and-treat program in southern Zambia: A prospective,
observational study. Am. J. Trop. Med. 2018, 98, 1382-1388. [CrossRef]

Kyaw, AM.M,; Kathirvel, S.; Das, M.; Thapa, B.; Linn, N.Y.Y,; Maung, TM.; Lin, Z.; Thi, A. “Alert-Audit-Act”: Assessment of
surveillance and response strategy for malaria elimination in three low-endemic settings of Myanmar in 2016. Trop. Med. Health
2018, 46, 11. [CrossRef]

Zelman, B.W,; Baral, R.; Zarlinda, I.; Coutrier, EN.; Sanders, K.C.; Cotter, C.; Herdiana, H.; Greenhouse, B.; Shretta, R.; Gosling,
R.D,; et al. Costs and cost-effectiveness of malaria reactive case detection using loop-mediated isothermal amplification compared
to microscopy in the low transmission setting of Aceh Province, Indonesia. Malar. J. 2018, 17, 220. [CrossRef]

Bansil, P; Yeshiwondim, A K.; Guinovart, C.; Serda, B.; Scott, C.; Tesfay, B.H.; Agmas, A.; Bezabih, B.; Zeleke, M.T.; Guesses, G.S.
Malaria case investigation with reactive focal testing and treatment: Operational feasibility and lessons learned from low and
moderate transmission areas in Amhara Region, Ethiopia. Malar. ]. 2018, 17, 449. [CrossRef]


http://doi.org/10.7705/biomedica.5816
http://doi.org/10.4269/ajtmh.20-0947
http://www.ncbi.nlm.nih.gov/pubmed/33236715
http://doi.org/10.1038/s41598-020-77031-z
http://www.ncbi.nlm.nih.gov/pubmed/33203956
http://doi.org/10.1186/s12936-020-3101-7
http://doi.org/10.1186/s12936-020-03313-6
http://doi.org/10.1186/s12936-020-3127-x
http://doi.org/10.1186/s12936-020-03346-x
http://www.ncbi.nlm.nih.gov/pubmed/32746830
http://doi.org/10.1186/s12879-020-05476-8
http://www.ncbi.nlm.nih.gov/pubmed/33059623
http://doi.org/10.1016/S0140-6736(20)30470-0
http://doi.org/10.1186/s12889-020-08634-4
http://doi.org/10.1093/cid/ciz403
http://doi.org/10.1016/j.ijid.2020.06.017
http://www.ncbi.nlm.nih.gov/pubmed/32534138
http://doi.org/10.1186/s12936-020-03245-1
http://doi.org/10.1136/bmjopen-2018-026678
http://www.ncbi.nlm.nih.gov/pubmed/31182444
http://doi.org/10.21203/rs.2.19723/v1
http://doi.org/10.1186/s12936-018-2260-2
http://www.ncbi.nlm.nih.gov/pubmed/29534709
http://doi.org/10.4269/ajtmh.17-0865
http://doi.org/10.1186/s41182-018-0092-y
http://doi.org/10.1186/s12936-018-2361-y
http://doi.org/10.1186/s12936-018-2587-8

Trop. Med. Infect. Dis. 2023, 8, 180 23 of 25

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Feng, J.; Tu, H,; Zhang, L.; Zhang, S.; Jiang, S.; Xia, Z.; Zhou, S. Mapping transmission foci to eliminate malaria in the People’s
Republic of China, 2010-2015: A retrospective analysis. BMC Infect. Dis. 2018, 18, 115. [CrossRef]

Zemene, E.; Koepfli, C.; Tiruneh, A.; Yeshiwondim, A.K.; Seyoum, D.; Lee, M.-C.; Yan, G.; Yewhalaw, D. Detection of foci of
residual malaria transmission through reactive case detection in Ethiopia. Malar. ]. 2018, 17, 390. [CrossRef]

Naeem, M.A.; Ahmed, S.; Khan, S.A. Detection of asymptomatic carriers of malaria in Kohat district of Pakistan. Malar. J. 2018,
17,44. [CrossRef]

Zhang, X.; Yao, L.; Sun, |.; Pan, J.; Chen, H.; Zhang, L.; Ruan, W. Malaria in southeastern China from 2012 to 2016: Analysis of
imported cases. Am. J. Trop. Med. 2018, 98, 1107-1112. [CrossRef]

Rossi, G.; Van den Bergh, R.; Nguon, C.; Debackere, M.; Vernaeve, L.; Khim, N.; Kim, S.; Menard, D.; De Smet, M.; Kindermans,
J.-M. Adapting reactive case detection strategies for falciparum malaria in a low-transmission area in Cambodia. Clin. Infect. Dis.
2018, 66, 296-298. [CrossRef]

Larsen, D.A.; Ngwenya-Kangombe, T.; Cheelo, S.; Hamainza, B.; Miller, ].; Winters, A.; Bridges, D.]J. Location, location, location:
Environmental factors better predict malaria-positive individuals during reactive case detection than index case demographics in
Southern Province, Zambia. Malar. |. 2017, 16, 18. [CrossRef]

Wang, D.; Cotter, C.; Sun, X.; Bennett, A.; Gosling, R.D.; Xiao, N. Adapting the local response for malaria elimination through
evaluation of the 1-3-7 system performance in the China—-Myanmar border region. Malar. . 2017, 16, 54. [CrossRef] [PubMed]
Smith, J.L.; Auala, J.; Tambo, M.; Haindongo, E.; Katokele, S.; Uusiku, P.; Gosling, R.; Kleinschmidt, I.; Mumbengegwi, D.;
Sturrock, H.J. Spatial clustering of patent and sub-patent malaria infections in northern Namibia: Implications for surveillance
and response strategies for elimination. PLoS ONE 2017, 12, e0180845. [CrossRef]

Molina Gémez, K.; Caicedo, M.A.; Gaitan, A.; Herrera-Varela, M.; Arce, M.I; Vallejo, A.F.; Padilla, J.; Chaparro, P.; Pacheco, M.A;
Escalante, A. A Characterizing the malaria rural-to-urban transmission interface: The importance of reactive case detection. PLOS
Negl. Trop. Dis. 2017, 11, e0005780. [CrossRef]

Tejedor-Garavito, N.; Dlamini, N.; Pindolia, D.; Soble, A.; Ruktanonchai, N.W.; Alegana, V.; Le Menach, A.; Ntshalintshali, N.;
Dlamini, B.; Smith, D.L. Travel patterns and demographic characteristics of malaria cases in Swaziland, 2010-2014. Malar. ]. 2017,
16, 359. [CrossRef] [PubMed]

Hamze, H.; Charchuk, R.; Jean Paul, M.K.; Claude, K.M.; Léon, M.; Hawkes, M.T. Lack of household clustering of malaria in a
complex humanitarian emergency: Implications for active case detection. Pathog. Glob. Health 2016, 110, 223-227. [CrossRef]
[PubMed]

Hustedt, J.; Canavati, S.E.; Rang, C.; Ashton, R.A.; Khim, N.; Berne, L.; Kim, S.; Sovannaroth, S.; Ly, P.; Ménard, D. Reactive
case-detection of malaria in Pailin Province, Western Cambodia: Lessons from a year-long evaluation in a pre-elimination setting.
Malar. |. 2016, 15, 132. [CrossRef]

Fontoura, P.S.; Finco, B.E;; Lima, N.F,; de Carvalho, J.E, Jr.; Vinetz, ].M.; Castro, M.C.; Ferreira, M.U. Reactive case detection for
Plasmodium vivax malaria elimination in rural Amazonia. PLOS Negl. Trop. Dis. 2016, 10, €0005221. [CrossRef]

Chihanga, S.; Haque, U.; Chanda, E.; Mosweunyane, T.; Moakofhi, K.; Jibril, H.B.; Motlaleng, M.; Zhang, W.; Glass, G.E. Malaria
elimination in Botswana, 2012-2014: Achievements and challenges. Parasites Vectors 2016, 9, 99. [CrossRef]

Donald, W.; Pasay, C.; Guintran, J.-O.; Iata, H.; Anderson, K.; Nausien, ].; Gresty, K.J.; Waters, N.C.; Vestergaard, L.S.; Taleo, G.
The utility of malaria rapid diagnostic tests as a tool in enhanced surveillance for malaria elimination in Vanuatu. PLoS ONE
2016, 11, e0167136. [CrossRef] [PubMed]

Herdiana, H.; Cotter, C.; Coutrier, EN.; Zarlinda, I.; Zelman, B.W.,; Tirta, Y.K.; Greenhouse, B.; Gosling, R.D.; Baker, P.; Whittaker,
M. Malaria risk factor assessment using active and passive surveillance data from Aceh Besar, Indonesia, a low endemic, malaria
elimination setting with Plasmodium knowlesi, Plasmodium vivax, and Plasmodium falciparum. Malar. ]. 2016, 15, 468. [CrossRef]
Searle, K.M.; Hamapumbu, H.; Lubinda, J.; Shields, T.M.; Pinchoff, J.; Kobayashi, T.; Stevenson, ].C.; Bridges, D.J.; Larsen, D.A;
Thuma, P.E. Evaluation of the operational challenges in implementing reactive screen-and-treat and implications of reactive case
detection strategies for malaria elimination in a region of low transmission in southern Zambia. Malar. |. 2016, 15, 412. [CrossRef]
Van Eijk, A.M.; Ramanathapuram, L.; Sutton, P.L.; Kanagaraj, D.; Sri Lakshmi Priya, G.; Ravishankaran, S.; Asokan, A.; Tandel,
N.; Patel, A.; Desai, N. What is the value of reactive case detection in malaria control? A case-study in India and a systematic
review. Malar. |. 2016, 15, 67. [CrossRef] [PubMed]

Wangdi, K.; Banwell, C.; Gatton, M.L.; Kelly, G.C.; Namgay, R.; Clements, A.C. Development and evaluation of a spatial decision
support system for malaria elimination in Bhutan. Malar. J. 2016, 15, 180. [CrossRef]

Larson, B.A.; Ngoma, T.; Silumbe, K.; Rutagwera, M.-R.I; Hamainza, B.; Winters, A.M.; Miller, ]. M.; Scott, C.A. A framework
for evaluating the costs of malaria elimination interventions: An application to reactive case detection in Southern Province of
Zambia, 2014. Malar. |. 2016, 15, 408. [CrossRef]

Pinchoff, J.; Henostroza, G.; Carter, B.S.; Roberts, S.T.; Hatwiinda, S.; Hamainza, B.; Hawela, M.; Curriero, E.C. Spatial patterns of
incident malaria cases and their household contacts in a single clinic catchment area of Chongwe District, Zambia. Malar. J. 2015,
14, 305. [CrossRef] [PubMed]

Larsen, D.A.; Chisha, Z.; Winters, B.; Mwanza, M.; Kamuliwo, M.; Mbwili, C.; Hawela, M.; Hamainza, B.; Chirwa, J.; Craig, A.S,;
et al. Malaria surveillance in low-transmission areas of Zambia using reactive case detection. Malar. . 2015, 14, 465. [CrossRef]
[PubMed]


http://doi.org/10.1186/s12879-018-3018-8
http://doi.org/10.1186/s12936-018-2537-5
http://doi.org/10.1186/s12936-018-2191-y
http://doi.org/10.4269/ajtmh.17-0476
http://doi.org/10.1093/cid/cix781
http://doi.org/10.1186/s12936-016-1649-z
http://doi.org/10.1186/s12936-017-1707-1
http://www.ncbi.nlm.nih.gov/pubmed/28137293
http://doi.org/10.1371/journal.pone.0180845
http://doi.org/10.1371/journal.pntd.0005780
http://doi.org/10.1186/s12936-017-2004-8
http://www.ncbi.nlm.nih.gov/pubmed/28886710
http://doi.org/10.1080/20477724.2016.1220730
http://www.ncbi.nlm.nih.gov/pubmed/27560094
http://doi.org/10.1186/s12936-016-1191-z
http://doi.org/10.1371/journal.pntd.0005221
http://doi.org/10.1186/s13071-016-1382-z
http://doi.org/10.1371/journal.pone.0167136
http://www.ncbi.nlm.nih.gov/pubmed/27902755
http://doi.org/10.1186/s12936-016-1523-z
http://doi.org/10.1186/s12936-016-1460-x
http://doi.org/10.1186/s12936-016-1120-1
http://www.ncbi.nlm.nih.gov/pubmed/26852118
http://doi.org/10.1186/s12936-016-1235-4
http://doi.org/10.1186/s12936-016-1457-5
http://doi.org/10.1186/s12936-015-0793-1
http://www.ncbi.nlm.nih.gov/pubmed/26246383
http://doi.org/10.1186/s12936-015-0895-9
http://www.ncbi.nlm.nih.gov/pubmed/26586264

Trop. Med. Infect. Dis. 2023, 8, 180 24 of 25

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.
84.

85.
86.
87.

88.

89.

Littrell, M.; Sow, G.D.; Ngom, A.; Ba, M.; Mboup, B.M.; Dieye, Y.; Mutombo, B.; Earle, D.; Steketee, R.W. Case investigation and
reactive case detection for malaria elimination in northern Senegal. Malar. |. 2013, 12, 331. [CrossRef]

Rogawski, E.T.; Congpuong, K.; Sudathip, P.; Satimai, W.; Sug-aram, R.; Aruncharus, S.; Darakapong, A.; Kitchakarn, S.; Meshnick,
S.R. Active case detection with pooled real-time PCR to eliminate malaria in Trat province, Thailand. Am. J. Trop. Med. 2012,
86,789-791. [CrossRef] [PubMed]

Stresman, G.H.; Kamanga, A.; Moono, P.; Hamapumbu, H.; Mharakurwa, S.; Kobayashi, T.; Moss, W.].; Shiff, C. A method of
active case detection to target reservoirs of asymptomatic malaria and gametocyte carriers in a rural area in Southern Province,
Zambia. Malar. |. 2010, 9, 265. [CrossRef]

Higgins, J.P.; Thompson, S.G.; Deeks, J.].; Altman, D.G. Measuring inconsistency in meta-analyses. BM]J 2003, 327, 557-560.
[CrossRef]

Thornton, A.; Lee, P. Publication bias in meta-analysis: Its causes and consequences. J. Clin. Epidemiol. 2000, 53, 207-216.
[CrossRef] [PubMed]

Egger, M.; Smith, G.D.; Schneider, M.; Minder, C. Bias in meta-analysis detected by a simple, graphical test. BM] 1997, 315, 629-634.
[CrossRef]

Autino, B.; Noris, A.; Russo, R.; Castelli, F. Epidemiology of malaria in endemic areas. Mediterr. ]. Hematol. Infect. Dis. 2012,
4, €2012060. [CrossRef]

Bousema, T.; Baidjoe, A. Heterogeneity in malaria transmission: Underlying factors and implications for disease control. In
Ecology of Parasite-Vector Interactions, Ecology and Control of Vector-Borne Diseases, 1st ed.; Takken, W., Koenraadt, C.J.M., Eds.;
Wageningen Academic Publishers: Wageningen, The Netherlands, 2013; Volume 3, pp. 197-220. [CrossRef]

Fadilah, I; Djaafara, B.A.; Lestari, K.D.; Fajariyani, S.B.; Sunandar, E.; Makamur, B.G.; Wopari, B.; Mabui, S.; Ekawati, L.L.; Sagara,
R.; et al. Quantifying spatial heterogeneity of malaria in the endemic Papua region of Indonesia: Analysis of epidemiological
surveillance data. Lancet Reg Health-Southeast Asia 2022, 5, 100051. [CrossRef]

Mwesigwa, J.; Achan, J.; Affara, M.; Wathuo, M.; Worwui, A.; Mohammed, N.I.; Kanuteh, E; Prom, A.; Dierickx, S.; Di Tanna,
G.L. Mass drug administration with dihydroartemisinin-piperaquine and malaria transmission dynamics in the Gambia: A
prospective cohort study. Clin. Infect. Dis. 2019, 69, 278-286. [CrossRef] [PubMed]

Hay, S.I; Guerra, C.A.; Tatem, A.].; Atkinson, PM.; Snow, R.W. Urbanization, malaria transmission and disease burden in Africa.
Nat. Rev. Microbiol. 2005, 3, 81-90. [CrossRef]

De Silva, P.M.; Marshall, ].M. Factors contributing to urban malaria transmission in sub-saharan Africa: A systematic review.
J. Trop. Med. 2012, 2012, 1-10. [CrossRef]

Bousema, T.; Griffin, J.T.; Sauerwein, RW.; Smith, D.L.; Churcher, T.S.; Takken, W.; Ghani, A.; Drakeley, C.R.G. Hitting hotspots:
Spatial targeting of malaria for control and elimination. PLoS Med. 2012, 9, e1001165. [CrossRef] [PubMed]

Tadesse, FE.G.; Pett, H.; Baidjoe, A.; Lanke, K.; Grignard, L.; Sutherland, C.; Hall, T.; Drakeley, C.; Bousema, T.; Mamo, H.
Submicroscopic carriage of Plasmodium falciparum and Plasmodium vivax in a low endemic area in Ethiopia where no parasitaemia
was detected by microscopy or rapid diagnostic test. Malar. J. 2015, 14, 303. [CrossRef] [PubMed]

Okell, L.C.; Bousema, T.; Griffin, J.T.; Ouédraogo, A.L.; Ghani, A.C.; Drakeley, C. J: Factors determining the occurrence of
submicroscopic malaria infections and their relevance for control. Nat. Commun. 2012, 3, 1237. [CrossRef]

Bejon, P.; Williams, T.N.; Liljander, A.; Noor, A.M.; Wambua, J.; Ogada, E.; Olotu, A.; Osier, EH.; Hay, S.I; Farnert, A.; et al. Stable
and unstable malaria hotspots in longitudinal cohort studies in Kenya. PLoS Med. 2010, 7, e1000304. [CrossRef]

Ganguly, S.; Saha, P.; Guha, S.K.; Biswas, A.; Das, S.; Kundu, PK.; Maji, A.K. High prevalence of asymptomatic malaria in a tribal
population in eastern India. J. Clin. Microbiol. 2013, 51, 1439-1444. [CrossRef]

Okell, L.C.; Ghani, A.C.; Lyons, E.; Drakeley, C.J. Submicroscopic infection in Plasmodium falciparum-endemic populations: A
systematic review and meta-analysis. J. Infect. Dis. 2009, 200, 1509-1517. [CrossRef]

Gosling, R.D.; Okell, L.; Mosha, J.; Chandramohan, D. The role of antimalarial treatment in the elimination of malaria. Clin.
Microbiol. Infect. 2011, 17, 1617-1623. [CrossRef] [PubMed]

World Health Organization. A Framework for Malaria Elimination; World Health Organization: Geneva, Switzerland, 2017.
Simac, J.; Badar, S.; Farber, J.; Brako, M.O.; Giudice-Jimenez, R.L.; Raspa, S.; Achore, M.; MacKnight, S. Malaria elimination in Sri
Lanka. J. Health Spec. 2017, 5, 60. [CrossRef]

World Health Organization. Preventing Reintroduction in Mauritius; World Health Organization: Geneva, Switzerland, 2012.
World Health Organization. Progress towards Elimination in Sri Lanka; World Health Organization: Geneva, Switzerland, 2012.
Cao, J.; Sturrock, HJ.W,; Cotter, C.; Zhou, S.; Zhou, H.; Liu, Y; Tang, L.; Gosling, R.D.; Feachem, R.G.A.; Gao, Q. Communicating
and Monitoring Surveillance and Response Activities for Malaria Elimination: China’s “1-3-7” Strategy. PLoS Med. 2014,
11, €1001642. [CrossRef]

Yang, G.J.; Tanner, M.; Utzinger, ].; Malone, J.B.; Bergquist, R.; Chan, E.Y.Y.; Gao, Q.; Zhou, X.N. Malaria surveillance-response
strategies in different transmission zones of the People’s Republic of China: Preparing for climate change. Malar J. 2012, 11, 426.
[CrossRef]

Ohrt, C.; Roberts, K.W.; Sturrock, H.].W.; Wegbreit, J.; Lee, B.Y.; Gosling, R.D. Information Systems to Support Surveillance for
Malaria Elimination. Am. J. Trop. Med. Hyg. 2015, 93, 145-152. [CrossRef] [PubMed]


http://doi.org/10.1186/1475-2875-12-331
http://doi.org/10.4269/ajtmh.2012.11-0617
http://www.ncbi.nlm.nih.gov/pubmed/22556075
http://doi.org/10.1186/1475-2875-9-265
http://doi.org/10.1136/bmj.327.7414.557
http://doi.org/10.1016/S0895-4356(99)00161-4
http://www.ncbi.nlm.nih.gov/pubmed/10729693
http://doi.org/10.1136/bmj.315.7109.629
http://doi.org/10.4084/mjhid.2012.060
http://doi.org/10.3920/978-90-8686-744-8_11
http://doi.org/10.1016/j.lansea.2022.100051
http://doi.org/10.1093/cid/ciy870
http://www.ncbi.nlm.nih.gov/pubmed/30304511
http://doi.org/10.1038/nrmicro1069
http://doi.org/10.1155/2012/819563
http://doi.org/10.1371/journal.pmed.1001165
http://www.ncbi.nlm.nih.gov/pubmed/22303287
http://doi.org/10.1186/s12936-015-0821-1
http://www.ncbi.nlm.nih.gov/pubmed/26242243
http://doi.org/10.1038/ncomms2241
http://doi.org/10.1371/journal.pmed.1000304
http://doi.org/10.1128/JCM.03437-12
http://doi.org/10.1086/644781
http://doi.org/10.1111/j.1469-0691.2011.03660.x
http://www.ncbi.nlm.nih.gov/pubmed/21951597
http://doi.org/10.4103/jhs.JHS_25_17
http://doi.org/10.1371/journal.pmed.1001642
http://doi.org/10.1186/1475-2875-11-426
http://doi.org/10.4269/ajtmh.14-0257
http://www.ncbi.nlm.nih.gov/pubmed/26013378

Trop. Med. Infect. Dis. 2023, 8, 180 25 of 25

90. Townes, L.R; Mwandama, D.; Mathanga, D.P.; Wilson, M.L. Elevated dry-season malaria prevalence associated with fine-scale
spatial patterns of environmental risk: A case—control study of children in rural Malawi. Malar. J. 2013, 12, 407. [CrossRef]
[PubMed]

91. Yukich, ].O,; Taylor, C.; Eisele, T.P,; Reithinger, R.; Nauhassenay, H.; Berhane, Y.; Keating, J. Travel history and malaria infection
risk in a low-transmission setting in Ethiopia: A case—control study. Malar J. 2013, 12, 33. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1186/1475-2875-12-407
http://www.ncbi.nlm.nih.gov/pubmed/24206777
http://doi.org/10.1186/1475-2875-12-33
http://www.ncbi.nlm.nih.gov/pubmed/23347703

	Introduction 
	Materials and Methods 
	Data Sources and Search Strategy 
	Study Selection 
	Data Extraction and Assessment of Study Quality 
	Statistical Analysis 

	Results 
	Search Result 
	Study Characteristics and Quality Assessment 
	Outcomes 
	Risk of Malaria Infection Amongst Persons Living with Index Cases 
	The Risk of Malaria Infection in a Neighbor of an Index Case Compared with an Index Case Household Member 
	Risk of Malaria Infection Living with an Index Case < 5 Years Old 

	Publication Bias 
	Sensitivity Analysis 

	Discussion 
	Conclusions 
	References

