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Background.  Reactive case detection (RACD) is a widely practiced malaria elimination intervention whereby close contacts of 
index cases receive malaria testing to inform treatment and other interventions. However, the optimal diagnostic and operational 
approaches for this resource-intensive strategy are not clear.

Methods.  We conducted a 3-year prospective national evaluation of RACD in Eswatini, a malaria elimination setting. Loop-
mediated isothermal amplification (LAMP) was compared to traditional rapid diagnostic testing (RDT) for the improved detection 
of infections and for hotspots (RACD events yielding ≥1 additional infection). The potential for index case–, RACD-, and individual-
level factors to improve efficiencies was also evaluated.

Results.  Among 377 RACD events, 10 890 participants residing within 500 m of index cases were tested. Compared to RDT, 
LAMP provided a 3-fold and 2.3-fold higher yield to detect infections (1.7% vs 0.6%) and hotspots (29.7% vs 12.7%), respectively. 
Hotspot detection improved with ≥80% target population coverage and response times within 7 days. Proximity to the index case 
was associated with a dose-dependent increased infection risk (up to 4-fold). Individual-, index case–, and other RACD-level factors 
were considered but the simple approach of restricting RACD to a 200-m radius maximized yield and efficiency.

Conclusions.  We present the first large-scale national evaluation of optimal RACD approaches from a malaria elimination 
setting. To inform delivery of antimalarial drugs or other interventions, RACD, when conducted, should utilize more sensitive 
diagnostics and clear context-specific operational parameters. Future studies of RACD’s impact on transmission may still be needed.
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To reduce or interrupt malaria transmission, it becomes neces-
sary to find and treat subclinical infections, which can perpetuate 
transmission [1]. As such, active case finding with treatment in 
villages of recent passively detected index cases, called reactive 
case detection (RACD), is widely practiced in low-endemicity 
settings [2, 3]. The rationale for RACD is that asymptomatic 
or minimally symptomatic malaria infections cluster in space 
and time and particularly around households [4, 5]. Several 
countries partially attribute successful achievement of malaria 

elimination to deployment of RACD [2, 6]. The identification of 
hotspots can also inform other community-level interventions 
such as enhanced case management [7], vector control, or focal 
mass drug administration [8].

However, RACD can be low yield due to the limited sensi-
tivity of the traditional diagnostics, microscopy or rapid diag-
nostic testing (RDT); positivity rates are often 0−2% in settings 
of low endemicity [4, 9–13]. Molecular methods provide 
improved sensitivity, but polymerase chain reaction (PCR) is 
not routinely used outside of research because of the technical 
skill, cost, and long processing times required. Loop-mediated 
isothermal amplification (LAMP) is an alternative molecular 
method that offers improved ease of use, shorter processing 
time, and similar sensitivity to PCR [14]. The available evi-
dence shows PCR or LAMP to increase the detection of actively 
identified infections by 2-fold compared to RDT or microscopy, 
but available studies have small sample sizes and limited spatial 
or temporal scales [4, 10–13, 15, 16]. Also, studies are mainly 
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from Asia and Latin America, where RACD has been practiced 
for many decades. Due to the historically high endemicity of 
malaria in most of Africa and recent availability of RDTs, which 
are generally more convenient than microscopy as a field di-
agnostic, RACD is a relatively new intervention in Africa. 
Large-scale evaluations using molecular testing from very low-
transmission settings (prevalence <1%, annual incidence <100 
per 1000 [17]) are needed.

Operationally, RACD is labor and resource-intensive [10, 
18–20]. The required on-call team consumes a significant pro-
portion of a program’s staffing and budget [21]. Determination 
of the minimum radius size or coverage can inform operational 
efficiency. However, empirical data of RACD implemented with 
high coverage and molecular diagnostics beyond the index 
household are limited [13, 18, 19, 22–24]. A ≤7-day response 
time is promoted [25], but only 1 study (using RDT) has shown 
its association with infection detection [24]. Individual-level 
risk factors for infection among individuals screened (eg, occu-
pation, lack of vector control) are reported [4, 12, 15, 24, 26], but 
such information does not provide significant opportunities for 
efficiencies because individuals would still need to be screened 
to identify such risk factors. Studies have not evaluated index 
case–level factors, which may inform whether RACD should be 
triggered. As with active case detection for other communicable 
diseases such as tuberculosis and leishmaniasis [27, 28], a better 
understanding of factors associated with improved infection 
detection would help optimize RACD.

Eswatini (formerly Swaziland) is among several African 
countries aiming to eliminate malaria [29], and RACD with 
RDT is implemented in an effort to eliminate residual hotspots 
of transmission [24, 30]. To understand how to optimize RACD, 
we aimed (1) to compare LAMP to RDT for improved detec-
tion of infections and hotspots and (2) to identify additional 
epidemiological or operational factors to maximize yield and 
efficiency.

METHODS

Study Design

A prospective population-based surveillance study was 
conducted through Eswatini’s national passive and reactive ma-
laria case detection program.

Study Site

Eswatini is a very low-transmission setting with annual malaria 
incidence of 0.7−1.3 per 1000 population from 2012 to 2015 
and parasite prevalence of 0.2% in 2010 [31, 32]. Transmission 
occurs in the eastern agricultural areas, mainly between October 
and May. Plasmodium falciparum is the primary species and the 
principal vector is Anopheles arabiensis. About half of passively 
identified cases are considered imported based on travel his-
tory, mostly to Mozambique.

Study Population

Index cases included patients diagnosed by RDT and/or micros-
copy at any of Eswatini’s 261 public or private health facilities from 
September 2012 through March 2015 and reported through the na-
tional immediate disease notification system. Household members 
and neighbors residing within 500 m of investigated index cases 
and residing in the eastern receptive region (receptivity based on 
altitude and local malaria cases since 2010) were eligible for RACD. 
Exclusion criteria included RACD performed in the prior 5 weeks 
(anticipated low likelihood of detecting infections among recently 
screened and treated individuals) and refusal to participate.

Data Collection

Data collection was integrated into standard case investigation 
and RACD, which are implemented by surveillance officers 
employed and trained by the national malaria program [24, 
33]. Within 48 hours of notification, a case investigation was 
conducted at the index case’s home to collect Global Positioning 
System coordinates, demographics, clinical history, and ep-
idemiological information including occupation, overnight 
stays within the prior 1−8 weeks, vector control coverage, and 
housing quality [34]. For malaria diagnosis quality assurance, 
a dried blood spot (DBS) was collected for subsequent LAMP 
testing, if not already collected pretreatment.

Participants residing within 500 m were targeted for RDT 
testing and DBS collection, and a questionnaire similar to the 
index case questionnaire was administered in the local language. 
Household heads were also asked to provide their household 
population size (and estimates for neighboring households that 
were vacant) to determine target population size of the RACD 
event. RDT-positive participants were transported by RACD 
staff to the nearest health facility for treatment per national 
policy. If <100% of individuals were reached, return visits were 
conducted until at least 80% of the estimated population within 
500 m was reached. Case investigation or RACD was closed 5 
weeks from the date of the index case report. To account for po-
tential ecological confounders of malaria risk, satellite-derived 
data were collected as previously described [34].

Laboratory Methods

Rapid diagnostic testing was performed using the First 
Response P. falciparum HRP-2 Detection Test (Premier Medical 
Corporation Ltd) and microscopy per national guidelines. DNA 
was Chelex extracted from DBS and 15 µL was used as template 
for genus-specific LAMP testing and then P. falciparum–specific 
LAMP testing if positive (Loopamp Malaria Pan and Pf Detection 
Kits, Eiken Chemical Co) [34]. For quality assurance, all LAMP-
positive and 10% of LAMP-negative samples underwent genus- 
and species-specific PCR testing at quarterly intervals. Five 
microliters of Chelex extraction product was used in nested 
PCR targeting the cytochrome b gene [32, 35]. As national treat-
ment policies are based on diagnosis by RDT and/or microscopy, 
LAMP and PCR results were not used to inform treatment.
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Data Management and Analysis

Data were collected on tablet computers, merged into the na-
tional Structured Query Language (SQL) database, then cleaned 
and analyzed in Stata version 13.0 (Stata Corp).

For the detection of infections and hotspots (defined in the 
study as an RACD event with at least 1 infection found in RACD), 
the yield and diagnostic accuracy of RDT was compared to LAMP 
as gold standard. We then measured the relationships between (1) 
index case– and RACD-level factors and hotspot detection by 
LAMP and (2) individual-level factors and infections detected by 
LAMP in RACD. Fisher exact test for 2 × 2 tables or the t test for 
continuous variables was used. Risk ratios were generated using 
log-binomial regression models and generalized estimating equa-
tions with robust standard errors to adjust for clustering at the 
levels of the household and RACD event. For multivariate models, 
variables were included a priori or if the P value was <.05 in the 
initial bivariate analysis. Nationality and relationship to the index 
case were not included due to collinearity with international travel 
and distance from the index case, respectively. Fever history was 
not included due to correlation with infection.

Finally, compared to a reference of launching RACD in all 
index cases and screening all individuals residing within 500 m, 
the potential for more restrictive screening approaches to maxi-
mize yield and efficiency to detect hotspots and infections were 
explored. These included limiting an RACD response to certain 
index cases, screening by radius or number of households, and 
staged scenarios whereby further screening was dependent on the 
presence of at least 1 RDT-positive in the index household or index 
case–level factors associated with hotspot detection. For each 
screening approach, the proportions of hotspots detected, RACD 
events launched, infections detected, and individuals screened 
were calculated against the reference, and the latter 2 were graphed 
to visualize yield and efficiencies (Figure 1). Ecological factors were 
not considered due to variability year-to-year and because the par-
asite reservoir during high or low seasons can drive transmission 
[5]. Operational factors were not considered because targets for 
screening coverage and response time would be predetermined. 
Individual-level factors were not included because such informa-
tion would not be available without screening everyone.

Ethical Considerations

Written informed consent was obtained from participants or 
a parent or guardian for children <18 years of age. Ethical ap-
proval was obtained from the Eswatini Ministry of Health and 
the University of California, San Francisco.

RESULTS

Enrollment

Over the study period, 1394 index cases were reported, with 
most clustered in the northern and eastern regions of the 
country (Figure 2 and Supplementary Figures 1 and 2). A total 

of 1163 (83.4%) were investigated, and 377 associated RACD 
events were conducted. The most common reason case inves-
tigation was not performed was insufficient contact informa-
tion (51.9%) and, for RACD, nonreceptive location (50.4%). 
Characteristics among index cases and RACD events that were 
performed were similar to those not performed (Supplementary 
Tables 1 and 2). In RACD, 10 890 participants were enrolled. 
Characteristics of index cases, RACD events, and participants 
screened are shown in Tables 1 and 2 and Supplementary Tables 
3 and 4. Index cases were mainly young adult males of Eswatini 
nationality, with 36.3% reporting international travel and two-
thirds not protected by indoor residual spraying (IRS) or a 
bednet. In RACD, median response time was 5 days and mean 
coverage of the target population was 62.4%. More than 1 return 
visit was conducted in 232 (61.5%) of RACD events (median, 2 
visits [range, 1–8]). Among participants in RACD, females and 
children were most highly represented. Median distance from 
sleeping structure to the index case was 152 m (range, 0–500 
m), with 10.6% residing in the index household.

Laboratory Results

Overall and by year and season, LAMP identified more 
infections and hotspots, including all that were identified by 
RDT (Figures 2 and 3 and Supplementary Figures 1 and 2). 
Compared to RDT, LAMP provided a 3-fold higher yield to 
detect infections (1.7% vs 0.6%) and a 2.3-fold higher yield to 
detect hotspots (29.7% vs 12.7%). Compared to the number of 
passively detected cases in receptive areas (n = 377), the 180 
infections identified by RACD using LAMP increased the de-
tection of infections by 47.7% (compared to 15.6% with RACD 
using RDT, which identified 59 additional infections). Of note, 
RDT did not identify any of the LAMP-detected infections or 
hotspots in the low season of year 2 (Supplementary Figures 1 
and 2).

Diagnostic Accuracy of RDT Using LAMP as Gold Standard in RACD

To detect hotspots, the sensitivity and negative predictive value 
of RDT using LAMP as gold standard were 40.5% (95% confi-
dence interval [CI], 35.5%–45.5%) and 79.6% (95% CI, 75.5%–
83.7%), respectively; among participants screened in RACD, 
they were 33.4% (95% CI, 32.8%–34.7%) and 98.8% (95% CI, 
98.6%–99.0%), respectively. Specificity and positive predictive 
value were both >90%. Using PCR as gold standard for quality 
assurance in a subsample, sensitivity of LAMP was 72.2% (95% 
CI, 62.6%−80.2%) (3 of 406 LAMP-negatives were PCR posi-
tive) and specificity was 98.0% (95% CI, 97.5%−98.4%).

Factors Associated With Hotspot Detection

In the adjusted analysis, several index case–level factors (female 
sex, farming, lack of vector control usage) were associated with 
hotspot detection (Table 1). Compared to false-positive index 
case diagnoses, the adjusted risk ratio (ARR) for true-positive 
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index case diagnoses was high, but the strength of the associa-
tion was weak (2.02 [95% CI, 0.66−6.21]). Operational factors 
such as ≥80% coverage of the target population and RACD im-
plementation within ≤7 days of index case reporting had RRs of 
1.62 and 1.91, respectively.

Factors Associated With LAMP-positive Infection Among Individuals 
Screened in RACD

Distance from index case was the strongest individual-level pre-
dictor of infection (Table 2). Compared to residence at 201–500 
m, residence at 101–200 m, within 100 m but not in the same 
household, and within the same household had an ARR of 2.00, 
3.14, and 4.13, respectively. A higher prevalence of LAMP-
detectable infection among participants residing closer to index 
cases was present whether or not infection was likely acquired 
outside or within Eswatini (Figure 4). Certain occupations 
(farming, manual labor, or small market sales), medium- or 
low-quality housing, and lack of vector control were also as-
sociated. Travel to Mozambique was strongly associated with 

infection (ARR, 9.99), though only 1.7% of participants re-
ported international travel.

Optimizing RACD

Beyond coverage and response time, we explored the potential 
for other screening strategies to maximize yield and efficiency 
to detect hotspots and infections, compared to a reference of 
launching RACD in all index cases and screening all individuals 
within 500 m. Restricting RACD to index cases with at least 1 
epidemiological risk factor (female, farming, or lack of vector 
control), while maintaining a screening radius of 500 m within 
those RACD events, prevented 24.1% of RACD events from 
being launched and 25.2% of individuals from screening, and 
identified 82.1% and 80% of hotspots and infections, respec-
tively. If RACD were launched for all index cases, restricting 
screening to the index household residents prevented 90.1% of 
individuals from screening and identified 26.7% of infections 
(Figure 1) and 37.5% of hotspots; extending to 200 m or the 
6 closest households saved almost 40% of individuals from 

12 562 community members screened

10 890 community membersd

a b

c

Figure 1.  Schematic of reactive case detection (RACD) enrollment and rapid diagnostic test (RDT) vs loop-mediated isothermal amplification (LAMP) results. aOf 350 index 
cases for whom a DBS was available for confirmatory testing, 262 (74.9%) were confirmed by genus-specific LAMP testing (Pan-LAMP), of which 98.8% (252/255) were con-
firmed P. falciparum by Pf-LAMP testing. Of 88 LAMP-negative samples, 75% were not collected before treatment or could not be confirmed to have been collected before 
treatment. bOther reasons RACD not conducted: suspected false positive diagnosis in index case, timed out due to late case reporting or limited staffing, usual residence 
not in village. cOf these 180 Pan-LAMP positives, 157 (87.2%) were confirmed P. falciparum by Pf-LAMP testing. Abbreviations: DBS, dried blood spot; Pf-LAMP, P. falciparum 
loop-mediated isothermal amplification.



1320  •  cid  2020:70  (1 April)  •  Hsiang et al

screening and detected >85% of infections and 92% of hotspots. 
Screening beyond 200 m, based on RDT positivity in the indi-
vidual–, household-, or index case–level factors provided incre-
mental increases in yield with increased operational complexity.

DISCUSSION

RACD is a widely practiced and resource intensive malaria ac-
tive case finding intervention with limited evidence to guide best 
practice in elimination settings [10, 18, 21, 36]. In this large-scale 
national study covering 3 transmission seasons, RDTs had limited 
sensitivity for the detection of infections and hotspots in RACD. 
Hotspot detection was associated with high coverage of the target 
population and timely response. There was a dose-dependent re-
lationship between distance from index cases, and limiting RACD 
to 200 m maximized yield and efficiency. Other epidemiolog-
ical factors were associated with infection, but such information 
did not provide opportunities for improved yield or efficiency in 
RACD. These findings highlight the importance of implementing 
quality and tailored approaches for surveillance and to effi-
ciently target populations at highest risk of malaria. Findings also 
point to the need for more sensitive point-of-care diagnostics 
[37] or improved systems to enable molecular results to inform 
individual-level treatment or hotspot-level intervention response.

RACD is increasingly being included in malaria elimination 
strategies of African countries [38], but there are concerns about 
the limited sensitivity of current diagnostics, and scarce data 

on impact and operations [39]. From very low-transmission 
African settings, RACD evaluations have mainly used RDT 
[24, 26, 40], with only 2 smaller-scale studies utilizing molec-
ular testing [4, 16]. In our LAMP-based evaluation of 10 890 
participants screened in RACD over 3 years, we confirm the 
low sensitivity of RDT (33.7%). We also found low sensitivity 
of RDT to detect hotspots (40.5%), which has previously not 
been reported.

Beyond the diagnostic test, operational approaches can be 
exploited to maximize yield to detect infections. Consistent with 
other observational studies, we found a higher risk of infection in 
index case households [4, 10, 11]. The added value of screening 
beyond the index household has not been clear. A 1-km radius 
was previously recommended based on the reasonable distance 
that mosquitoes fly [41]. Our finding that risk declines beyond 200 
m supports recent policies in southern Africa that limit RACD to 
≤200 m due to feasibility [24, 42]. Screening limited to the closest 
6 households provided a similar yield, but this approach may not 
be generalizable given differences in housing or population den-
sity. Our finding that screening within 7 days was associated with 
hotspot detection is consistent with a prior study based on RDT 
[24] and supports policies promoted by China [25]. As 1 month is 
generally necessary for transmission from one person to another, 
it also suggests that “index cases” may represent a peak in the focal 
spread of infection, and not the source of the outbreak. Finally, 
and consistent with recommendations, ≥80% target population 
coverage was associated with hotspot detection [41].

Figure 2.  Map of reactive case detection (RACD) events and rapid diagnostic test (RDT)-positive and loop-mediated isothermal amplification (LAMP)-positive infections detected. 
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In RACD, individuals with certain occupations, international 
travel, low-quality housing, lack of vector control, fever, and history 
of malaria were more likely to be infected. While these individuals 
could be prioritized for malaria testing, individual-level screening 
for presence of risk factors would still be required, thus compro-
mising operational efficiency. Furthermore, the strongest risk 
factors such as international travel (Table 2) were only present in 
a small proportion of RACD-identified cases. As such, index case–
level factors were assessed to inform whether RACD should be trig-
gered at all. Factors likely associated with local transmission (lack 

of travel and vector control in the index case) were associated with 
hotspot detection. Female sex of the index case was also associ-
ated, and may reflect local transmission if females in Eswatini are 
less likely to have travel and occupational risk factors for infection 
[43]. However, a simple approach of using a 200-m screening radius 
around all index cases without consideration of index case–level 
factors maximized yield and efficiency of (Figure 1). In the future, 
or in other settings, index case–level factors may be more relevant. 
For example, compared to the 5.8% of RACD events that were 
triggered by a false-positive index case diagnoses by RDT and/or 

Table 1.   Multivariable Analysis of Factors Associated With Hotspot Detection (≥1 Versus 0 Loop-mediated Isothermal Amplification-positive Infection in 
Reactive Case Detection Event), N = 377

Risk Factor
RACD Events, 

Total (%) LAMP-positive Hotspots, No. (%) RR (95% CI) ARR (95% CI)

Index case–level factors     

  Age, y     

    <15 111 (29.4) 30 (27.0) 1 1

    15–39 185 (49.1) 56 (30.3) 1.12 (.77–1.63)a 1.15 (.79–1.69)

    ≥40 81 (21.5) 26 (32.1) 1.19 (.76–1.85) 1.11 (.70–1.74)

  Sex     

    Female 104 (27.7) 36 (34.6) 1 1

    Male 271 (72.3) 75 (27.7) 0.80 (.58–1.11) 0.67 (.49–.91)a

  Higher-risk occupation (farming)b     

    No 329 (88.7) 94 (28.6) 1 1

    Yes 42 (11.3) 17 (40.5) 1.42 (.95–2.12) 1.78 (1.24–2.56)a

  International travel     

    None 240 (63.7) 73 (30.4) 1 1

    South Africa 16 (4.2) 5 (31.3) 1.03 (.48–2.18) 1.15 (.58–2.25)

    Mozambique 116 (30.8) 33 (28.5) 0.94 (.66–1.32) 0.87 (.63–1.20)

    Other 5 (1.3) 1 (20.0) 0.66 (.11–3.84) 0.48 (.12–2.01)

  Vector control usage     

    LLIN and/or IRS 142 (40.2) 75 (35.6) 1 1

    Neither 211 (59.8) 33 (23.2) 1.53 (1.08–2.17)a 1.71 (1.22–2.39)a

  Molecular confirmation of RDT or microscopy-based diagnosisc     

    No (false positive) 22 (5.8) 4 (18.2) 1 1

    Yes (true positive) 262 (69.5) 24 (25.8) 1.76 (.71–4.36) 2.02 (.66–6.21)

    Not done 93 (24.7) 84 (32.1) 1.42 (.55–3.68) 1.51 (.47–4.90)

Environmental factors     

  Season     

    Low season 73 (19.4) 29 (39.7) 1 1

    High season 304 (80.6) 83 (27.3) 0.69 (.49–.96) 0.78 (.52–1.17)

  Land surface temperature, °C, mean (SD) 29.5 (3.1) 28.9 (3.1) 0.96 (.92–1.01) 0.97 (.92–1.03)

Operational factors     

  Screening coverage     

    <80% 261 (71.3) 66 (25.3) 1 …d

    ≥80% 105 (28.7) 43 (41.0) 1.62 (1.19–2.21)a  

  Time to RACD, d     

    >7 129 (34.3) 24 (18.6) 1 …d

    ≤7 247 (65.7) 88 (35.6) 1.91 (1.29–2.85)a  

Abbreviations: ARR, adjusted risk ratio; CI, confidence interval; IRS, indoor residual spraying; LAMP, loop-mediated isothermal amplification; LLIN, long-lasting insecticide-treated net; RACD, 
reactive case detection; RDT, rapid diagnostic test; RR, risk ratio; SD, standard deviation.
aP < .05.
bFarming represented 11.3% of all occupations. Lower-risk occupations included manufacturing (2.2%), other manual labor (6.7%), small-market sales or trade (4.6%), office work (5.0%), 
student (28.6%), unemployed (39.4%), and other (2.2%).
cMolecular confirmation of these RDT and/or microscopy-based index cases’ diagnoses was conducted by LAMP. Except for 7 index cases diagnosed by microscopy only (3 true positives 
and 4 did not have molecular confirmation done), all other diagnoses were by RDT with or without microscopy. Of the 22 false positives, 17 were diagnosed by RDT only and 5 by RDT and 
microscopy.
dOperational factors not included in adjusted model, which aims to identify factors that would inform whether or not RACD should be triggered.
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Figure 3.  Prevalence of loop-mediated isothermal amplification-positive infection by distance from index case among all participants screened in reactive case detection 
(n = 10 890) (A), limited to Eswatini nationals without recent travel to Mozambique (ie, at risk of locally acquired infection, n = 10 215) (B), and limited to Mozambicans or 
participants with recent travel to Mozambique (ie, at risk of imported malaria, n = 231) (C). Abbreviations: HH, household; RACD, reactive case detection.

Table 2.   Multivariable Analysis of Factors Associated With Infection Detection Among Individuals Screened (Loop-mediated Isothermal Amplification 
[LAMP] Positive Versus LAMP Negative), N = 10 446

Individual-level Factors Screened in RACD, Total (%) LAMP-positive Infections, No. (%) RR (95% CI) ARR (95% CI)

Age, y

  <15 4623 (44.3) 69 (1.5) 1 1

  15–39 3754 (35.9) 79 (2.1) 1.41 (1.02–1.94)a 1.27 (.90–1.79)

  ≥40 2069 (19.8) 32 (1.6) 1.04 (.68–1.57) 0.95 (.60–1.50)

Sex

  Female 6047 (57.9) 95 (1.6) 1 1

  Male 4399 (42.1) 85 (1.9) 1.23 (.92–1.64) 1.24 (.92–1.68)

Higher-risk occupation (farming, manual labor, small market sales)b

  No 9294 (89.4) 147 (1.6) 1 1

  Yes 1102 (10.6) 33 (3.0) 1.89 (1.30–2.75)a 1.60 (1.05–2.44)a

International travel     

  None 10122 (96.9) 151 (1.5) 1 1

  South Africa 146 (1.4) 3 (2.1) 1.38 (.45–1.45) 1.34 (.42–4.28)

  Mozambique 173 (1.7) 25 (14.5) 9.69 (6.52–14.39)a 9.99 (6.55–15.24)a

  Other 5 (0.1) 1 (20.0) 13.41 (2.31–77.94)a 20.65 (2.55–167.03)a

Housing quality

  High 6998 (68.0) 95 (1.4) 1 1

  Medium 2704 (26.3) 68 (2.5) 1.87 (1.38–2.55)a 1.74 (1.29–2.35)a

  Low 594 (5.8) 16 (2.7) 2.01 (1.19–3.38)a 1.95 (1.16–3.29)a

Vector control usage

  LLIN and/or IRS 5781 (58.3) 131 (2.3) 1 1

  Neither 4139 (41.7) 43 (1.0) 2.16 (1.56–2.99)a 1.80 (1.29–2.50)a

Distance from index case, m

  201–500 4121 (39.5) 27 (0.7) 1 1

  101–200 2377 (22.8) 31 (1.3) 1.99 (1.19–3.33)a 2.00 (1.20–3.35)a

  ≤100 2840 (27.2) 74 (2.6) 3.98 (2.57–6.16)a 3.14 (2.01–4.91)a

  Same household 1108 (10.6) 48 (4.3) 6.61 (4.14–10.55)a 4.13 (2.57–6.62)a

Relationship to index case

  Neighbor 8773 (84.0) 97 (1.1) 1 …c

  Family 1667 (16.0) 82 (4.9) 4.45 (3.33–5.94)a

Abbreviations: ARR, adjusted risk ratio; CI, confidence interval; IRS, indoor residual spraying; LAMP, loop-mediated isothermal amplification; LLIN, long-lasting insecticide-treated net; RACD, 
reactive case detection; RR, risk ratio.
aP < .05.
bFarming, manual labor, and small market sales represented 6.7%, 2.2%, and 1.6% of all occupations. Lower-risk occupations included manufacturing (0.6%), office work (1.0%), student 
(28.3%), unemployed (57.6%), and other (2.0%).
cNot included in multivariate model due to correlation with distance from index case.
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microscopy, LAMP-confirmed true-positive index case diagnoses 
were twice as likely to result in hotspot identification (Table 1). 
Although the strength of the association was weak, false-positive 
index case diagnoses may become more common as transmission 
declines [44, 45], and molecular confirmation before launching 
RACD could be considered.

A potential weakness of the study is that 7.5% of participants did 
not receive RDT testing due to a stockout. However, there was un-
likely introduction of bias as analyses were largely based on LAMP, 
which was conducted in 96.1% of eligible participants. Second, the 
sensitivity of LAMP was 72.2% relative to nested PCR; however, 
the small number of LAMP-negative PCR-positive samples (n = 
3) could be explained by stochastic variation. Finally, the main 
analysis included infections irrespective of travel history, which 
may suggest that findings do not reflect dynamics of local trans-
mission. However, imported cases in receptive areas can contribute 
to local transmission. Furthermore, the effect of travel history was 
considered in stratified and adjusted analyses.

Our study had several strengths. As the first large-scale national 
evaluation of RACD from a very low-transmission African setting, 
our study fills a critical gap in the existing literature. Most available 
studies are based on RDT or microscopy, and we utilized molecular 
methods to include subpatent infections. Even in settings where 
use of molecular methods to inform treatment of individual is im-
practical, it can be used as a surveillance tool to identify hotspots. 
More sensitive point-of-care diagnostics are also becoming avail-
able [37]. Our analysis was also more comprehensive and thus 
operationally relevant than other studies, as we assessed index 
case– and RACD-level risk factors for hotspot detection, in addi-
tion to individual-level risk factors. Also, in other studies, RACD 
coverage beyond the index household has not been uniform or 

reported, thus limiting assessment of risk beyond the index house-
hold [13]. The extent to which more distant infections are related to 
the index case is currently being evaluated with genotyping.

When implemented, RACD should be conducted with more sensi-
tive diagnostics and clear context-specific operational parameters. By 
enabling detection of infections and hotspots that would otherwise not 
be detected through passive surveillance, RACD can support efficient 
delivery of drugs to individuals, and community-level interventions 
(eg, IRS or mass drug administration) to hotspots. Optimizing the 
yield and efficiency of RACD may enable better targeting of limited 
resources for maximal impact [46]. Although temporal trends did not 
show declines in malaria cases and hotspots (Supplementary Figures 1 
and 2), the study was not designed to assess such impact. Treatment of 
additional infections and targeting of interventions based on acquired 
surveillance information about hotspots would be expected to reduce 
or prevent increases in transmission [1], but to address this question, 
trials comparing RACD to no RACD or alternative approaches such as 
presumptive treatment may be needed.
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Figure 4.  A, Proportion of LAMP-positive infections by distance from index case (n = 180). B, Yield and efficiencies of different reactive case detection scenarios compared 
to a reference of screening all participants residing within 500 m of the index case. Abbreviations: HH, household; LAMP, loop-mediated isothermal amplification; RACD, 
reactive case detection; RDT, rapid diagnostic test.
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