
Reynders et al. Malaria Journal          (2024) 23:272  
https://doi.org/10.1186/s12936-024-05096-6

RESEARCH

Challenges in diagnosis of clinical 
and subclinical Plasmodium falciparum 
infections in Ghana and feasibility of reactive 
interventions to shrink the subclinical reservoir
Madeline Reynders1, Austine Tweneboah2, Dawood Ackom Abbas2, Stephen Opoku Afriyie2, 
Stephen Nelly Nketsiah2, Kingsley Badu2 and Cristian Koepfli1* 

Abstract 

Background  Reactive case detection (RCD) aims to reduce malaria transmission stemming from asymptomatic carri-
ers. Symptomatic individuals diagnosed with malaria at a health centre are followed to their households, where mem-
bers of the index case and neighbouring households are tested and treated for malaria. An RCD programme 
was tested in the Ashanti region of Ghana in order to study diagnostic accuracy in the hospital and household 
settings, assess the prevalence of subclinical infections and possible clustering in index case households, and identify 
operational challenges for future RCD programmes. Currently, transmission in this region is high, but reactive inter-
ventions might become an option once transmission is reduced.

Methods  264 febrile individuals were enrolled at the Mankranso Government Hospital and tested for malaria using 
rapid diagnostic tests (RDT). From the pool of RDT-positive febrile index cases, 14 successful RCD follow-ups were 
conducted, and 233 individuals were enrolled from the index case, neighbour, and control households. The sensitivity 
of diagnostic tools for clinical and subclinical cases was compared, including RDT, expert microscopy by World Health 
Organization-certified microscopists, field microscopy, and qPCR.

Results  Poor diagnosis and low receptivity to RCD-style follow-ups were major limitations to a successful and effec-
tive RCD programme. Field microscopy detected only 49% of clinical infections compared to RDT. 54% of individuals 
did not agree to a follow-up, and 66% of attempted follow-ups failed. The system effectiveness of RCD, calculated 
as the product of correctly diagnosed index cases, successful follow-ups, and proportion of asymptomatic infections 
detected by RDT, was very low at 4.0%.

Conclusions  Due to low system effectiveness and the endemic nature of the disease setting in which asymptomatic 
prevalence is high and infections are not clustered around index case households, RCD is currently not a feasible 
option for malaria control in this region. The operational challenges identified through this study may help inform 
future reactive intervention programme designs once transmission is reduced.
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Background
In 2021, there were an estimated 247  million global 
malaria cases, with the World Health Organization 
(WHO) African Region accounting for approximately 
95% of cases [1]. In endemic areas, subclinical infections 
might be the source of over 90% of transmission [2, 3]. 
Subclinical individuals have partial immunity to the 
malaria parasite, often resulting in lower parasite den-
sity. Interventions that shrink the subclinical reservoir 
are likely to be needed in order to make gains towards 
malaria control and eventual elimination.

Reactive case detection (RCD) programmes are an 
approach to reducing transmission by subclinical carriers 
based on the clustering of subclinical infections around 
detectable clinical infections [4]. After initial hospital 
diagnosis, health workers travel to the household of the 
symptomatic index case and test and treat members of 
the index case and neighbouring households to poten-
tially eliminate further peri-domestic transmission from 
asymptomatic carriers [4]. A meta-analysis found that 
in low-transmission settings, there were approximately 
4-fold greater odds of detecting infections in house-
holds where an individual with a symptomatic malaria 
case lives [5]. Where transmission is very low, testing 
and treatment of all members of index case households 
might eliminate 75% of infections in a community [5]. 
The effectiveness of RCD critically depends on proper 
diagnosis of clinical index cases at health centres and 
sensitive detection of subclinical secondary infections. 
As a major limitation of RCD programmes, rapid diag-
nostic tests (RDTs) typically used for diagnosis, often 
fail to detect low-density infections. Reactive focal drug 
administration (rFDA) overcomes this limitation. In con-
trast to RCD all members of index case and neighbour 
households are given anti-malarial drugs. Multiple stud-
ies have found that in low-transmission settings, rFDA 
programmes reduced malaria transmission and were 
concluded to be more effective, quicker, and easier to 
implement than RCD programmes [6, 7]. Alternatively, 
uniformly applied interventions, such as anti-malarial 
mass drug administration (MDA) and mass test and treat 
(MTAT) campaigns might be used to reduce the subclini-
cal reservoir and interrupt transmission.

The WHO recommends focal drug administration 
(rFDA) and reactive case detection (RCD) only in regions 
nearing elimination, as else they are unlikely to any effect 
on malaria transmission [1, 8]. In addition to reducing 
interventions, reactive interventions can support surveil-
lance, e.g. by providing data on changes in the prevalence 
of infections, risks factors, and spatial clustering of trans-
mission. Ghana has shown consistent progress towards 
malaria control in recent years, with nationwide malaria 
parasite prevalence (by microscopy diagnosis) in children 

aged 6 to 59 months decreasing from 28% in 2011 to 14% 
in 2019 [9]. The Ghanian National Malaria Strategic Plan 
2021–2025 has three main goals: reduce malaria mortal-
ity by 90%, reduce malaria case incidence by 50%, and 
achieve malaria pre-elimination in at least six districts 
[9]. Ghana has several malaria control programmes in 
effect, including indoor residual spraying (IRS) cam-
paigns, insecticide-treated net (ITN) distribution, and 
intermittent preventative treatment in pregnancy (IPTp) 
programmes, but the country does not currently have 
any reactive case management programmes [9]. The 
CHPS (Community-based Health Planning and Ser-
vices compounds) Initiative in Ghana provides RDTs, 
ACT (artemisinin-based combination therapy), and 
IPTp for pregnant women [9]. The malaria burden is 
not homogenous throughout the country; in 2019, 2% of 
children aged 6 to 59 months tested positive for malaria 
by microscopy in the Greater Accra region, yet 27% of 
children tested positive in the western region of Ghana 
[10]. The Greater Accra region may be a target region for 
the implementation of an elimination strategy due to the 
lower malaria incidence as compared to other regions of 
the country.

The current study followed up clinical patients in the 
Mankranso District in the Ashanti Region of Ghana, 
where reactive interventions have never been conducted. 
Asymptomatic cases in the Ashanti region likely con-
tribute greatly to the overall malaria burden of Ghana; 
a 2020 study found that the molecular prevalence of 
asymptomatic Plasmodium infection was 73% [11]. This 
study evaluated the feasibility of reactive interventions 
in order to systematically collect data regarding diagnos-
tic accuracy in the hospital and household setting using 
the latest generation of highly sensitive RDTs, deter-
mine whether clustering of infections is observed at the 
current high prevalence levels, and identify operational 
challenges that may impact the feasibility of future reac-
tive interventions, including RCD or rFDA. Community-
specific operational and implementation challenges faced 
in this study will help inform future reactive intervention 
programmes that will be critical when transmission is 
reduced and Ghana transitions to an elimination goal.

Methods
Ethical approval and community engagement
The study was approved by the Committee on Human 
Research, Publication and Ethics of the Kwame Nkrumah 
University of Science and Technology (KNUST), School 
of Medical Sciences and Komfo Anokye Teaching Hos-
pital, and the University of Notre Dame IRB (approval 
no. 19-04-5321). All study participants or their parents 
or legal guardians provided informed written consent 
before sample collection.
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The study was conducted at the Mankranso Govern-
ment Hospital in Mankranso, a small, peri-urban com-
munity about 30 km outside of Kumasi, Ghana, in June 
and July 2022. This is a year-round high transmission dis-
ease setting. The KNUST study team had been working 
with Mankranso Hospital and surrounding communi-
ties since 2019. Prior to commencement of the study, the 
study team, together with community health volunteers, 
visited the chief of the region and explained the aims 
and procedures. After acceptance of the study by the 
chief, durbars (community meetings) were hold, where 
the work was explained to the communities. For index 
patient enrolment, the KNUST team worked closely with 
Mankranso hospital staff. Follow-ups were conducted by 
a team from KNUST.

Diagnostic tools
The sensitivities of common malaria diagnostic tools 
was evaluated, including expert microscopy diagnosis 
by WHO-certified (Level 1) microscopists from KNUST, 
Kumasi, field microscopy diagnosis by health care work-
ers in the Mankranso Government Hospital laboratory, 
RDT diagnosis, and highly sensitive DNA-based varATS 
quantitative polymerase chain reaction (qPCR) diag-
nosis. Expert microscopy has long been considered the 
gold standard for malaria diagnosis. Field microscopy by 
non-certified microscopists is often used at health posts 
and often has a lower sensitivity than expert micros-
copy [12, 13]. Multiple studies have found the sensitivity 
of RDT diagnosis of Plasmodium falciparum to exceed 
that of field and/or expert microscopy [12, 14]. Results 
of field microscopy, expert microscopy, and RDTs were 
compared to qPCR, which is used only for research pur-
poses in Ghana, but not for routine diagnosis due to the 
requirements for equipment, consumables, and trained 
laboratory staff.

Symptomatic case detection in clinical setting
Febrile patients who presented with malaria symptoms 
to the hospital were eligible to be enrolled. Patients were 
either admitted to the inpatient department, where they 
were tested by the local microscopist and tested by RDT 
by the study team, enabling a comparison of two diag-
nostic methods. Alternatively, patients were admitted to 
the outpatient department, where they were only tested 
by RDT. The decision on whether a patient was referred 
to the outpatient or inpatient department was taken by 
the hospital. Patients from both groups were screened by 
the study team with the same RDT and were eligible to be 
enrolled in the study. After obtaining informed written 
consent and completing a brief demographic question-
naire, hospital staff collected a blood sample of approxi-
mately 200 µL by venipuncture and recorded body 

temperature. Blood was collected into an EDTA tube and 
stored at − 20 °C until DNA extraction.

All study participants were tested by P. falciparum 
RDT Rapigen BIOCREDIT Malaria Ag Pf (pLDH/HRP2, 
LOT#H052B001D). This test has separate bands for two 
targets, LDH and HRP2, in addition to the control bands. 
For each sample, thick and thin film blood smears were 
prepared in duplicate. At KNUST, expert microscopy was 
conducted by two independent WHO-certified expert 
microscopists who were blinded to RDT results and each 
other’s results. Slides were determined to be positive 
if parasites were observed to be positive by one or both 
microscopists.

Feasibility of reactive intervention programmes
The research team asked all febrile patients present-
ing to Mankranso Hospital if they would allow a field 
team to come to their house and test members of their 
household and neighbouring households by RDT. The 
research team consisted of scientists from KNUST, which 
had a long-standing relationship with the hospital, and 
one foreign scientist. While the research team was not 
known to patients prior to the study, it was made clear 
to all patients that the research was conducted in close 
collaboration with Mankranso hospital staff. For patients 
who tested positive by RDT, researchers collected phone 
numbers. Participants who consented to a household 
visit were contacted via cell phone within 20 days of their 
visit to the hospital (average 5.21 days). Phone calls were 
attempted a minimum of three times before a follow-
up was counted as unsuccessful. No follow-ups were 
attempted if the phone was not answered. If participants 
answered the phone and consented to a follow-up, a 
field team followed up with the index case household. A 
neighbour household was defined as a household within 
200 m of the index case household, and a control house-
hold was defined as any household outside of the 200 m 
radius. All members of the index case household were 
invited to participate in the study. For neighbouring and 
control households, convenience sampling was used to 
recruit individuals to participate in the study, asking for 
their house location to determine the household type 
classification. Households were visited once, and indi-
viduals at home were invited to participate. The GPS 
location of all households was recorded using the iOS 
compass tool.

Approximately 100 µL of blood was collected by finger 
prick from each participant into an EDTA tube. The same 
RDT as for clinical samples was run on-site. Positive 
individuals were referred to the nearest health centre for 
treatment. Slides were prepared for expert microscopy at 
KNUST.
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Molecular diagnosis by DNA‑based varATS qPCR testing
Samples were transported frozen to Notre Dame, where 
DNA extraction was performed with the Macherey-
Nagel NucleoMag Blood 200 µL kit. DNA was extracted 
from 100 µL of whole blood and eluted into 100 µL of elu-
tion buffer. Samples were tested for P. falciparum using 
the DNA-based varATS qPCR [15]. This qPCR assay tar-
gets varATS, a multicopy gene that has approximately 60 
copies per parasite genome, of which approximately 20 
are amplified. qPCR was conducted with a total volume 
of 12 µL, composed of 0.48 µL of 10 µM varATS forward 
and reverse primers, 0.48 µL 10 µM varATS probe, 6 µL 
QuantaBio PerfeCTa Tough PCR MasterMix, 1.04 µL 
H2O, and 4 µL eluted DNA. The sensitivity of the extrac-
tion and qPCR is approximately 0.3 parasites/µL blood 
[16]. For absolute quantification, an external standard 
curve based on cultured P. falciparum parasites quanti-
fied by digital PCR was run.

Data analysis
The sensitivity of microscopy and RDT was calculated 
with qPCR as the most sensitive method for parasite 
detection. Chi-square tests were run to compare test pos-
itivity and prevalence among age groups, sex, and other 
demographic characteristics.

For RCD analysis, system effectiveness was defined 
as the proportion of febrile patients correctly diag-
nosed by field microscopy compared to RDT as the gold 
standard, multiplied by the proportion of cases willing 

to be followed up, multiplied by the proportion of suc-
cessful follow-ups, and multiplied by the proportion of 
infections diagnosed by RDT compared to qPCR. RDT 
was used as the gold standard in the hospital as it is the 
most sensitive diagnostic tool that could realistically be 
implemented for routine diagnosis. As the goal of RCD 
programmes is to detect and treat as many subclinical 
cases as possible, the proportion of infections detected by 
RDT compared to qPCR was calculated in the last step. 
The dataset supporting the conclusions of this article is 
included as Supplementary File S1.

Results
From June to July 2022, 264 febrile patients were enrolled 
at the Mankranso Government Hospital, and whole 
blood samples were collected. 14 RCD follow-ups were 
conducted, and 233 samples were collected from non-
index case RCD participants (Fig.  1). 497 samples were 
tested by expert microscopy, RDT, and qPCR. Demo-
graphic information regarding patient age, sex, travel 
outside of the individual’s hometown within the last 30 
days, insecticide-treated bed net (ITN) usage, and time 
spent outside after 6 PM is given in Table  1. Individual 
were asked whether they slept under a bed net the previ-
ous night.

Reactive case detection programme implementation
The reactive programme trialed out of the Mankranso 
Government Hospital presented numerous operational 

Fig. 1  RCD workflow schematic
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challenges during implementation and execution. Fig-
ure 1 shows the workflow of index case recruitment in 
the clinical setting and attempted follow-ups.

Test positivity among clinical cases
Among 264 febrile patients enrolled, 93 were tested 
by the microscopist based at the hospital before being 
referred to the study team for RDT testing. 92 patients 
were tested by four different diagnostic methods 
(qPCR, RDT, expert microscopy, and field microscopy, 
not including one sample for which the expert micros-
copy result was not recorded, Table 2). Figure 2A illus-
trates the diagnostic comparisons between the four 
tests for clinical samples tested by all four tests. RDT 
detected 33/54 (61.1%) qPCR-positive infections and 
was approximately twice as sensitive as field micros-
copy, which detected 16/54 (29.6%) infections. Diagno-
sis by expert and field microscopy yielded comparable 
results, both missing a similar proportion of qPCR-
positive samples. No significant differences in test 
positivity were observed between age group, sex, travel 
status, and time spent outside in the evening (Table 1).

Prevalence among non‑index case RCD participants
80 index case household members, 61 members of neigh-
bouring households, and 92 members of control house-
holds were tested by qPCR, RDT, and expert microscopy 
(Table  3). Overall household prevalence was 63.95% by 
qPCR, and 37.34% by RDT (Table 2). As seen in clinical 
case diagnosis results, RDT diagnosis yielded a higher 
number of positive samples than expert microscopy 
(Fig.  2B). Compared to qPCR, RDT detected 78/147 
(53.06%) infections (Fig. 2B). No difference in prevalence 
was observed between index case, neighbour, and con-
trol households (Table 3). An age trend in prevalence was 
observed, while sex, travel status, and time spent outside 
in the evening did not significantly impact prevalence 
(Table 1).

Reactive case detection programme implementation: 
effectiveness and operational challenges
The study on the feasibility of reactive interventions 
operated out of the Mankranso Government Hospital 
identified numerous operational challenges. Figure  1 
exhibits the workflow of index case recruitment in the 
hospital and follow-ups. The research team screened 

Table 1  Demographic data for the sample population, including clinical samples (n = 264) and household samples (n = 233)

Clinical samples Household samples

N clinical 
samples

N positive Positivity by 
PCR (%)

 P N household 
samples

N positive Prevalence by 
PCR

P

Age

 < 5 56 26 46.4 0.452 13 7 53.9% 0.002

 5–15 37 22 59.5 70 57 81.4%

 > 15 165 88 53.3 150 85 56.7%

 Unspecified 6 3 50.0

Sex

 Male 87 45 51.7 0.779 100 67 67.0% 0.400

 Female 168 90 53.6 133 82 61.7%

 Unspecified 9 4 44.4 0 0 n/a

Travel

 Yes 57 30 52.6 0.997 39 24 61.5% 0.731

 No 207 109 52.7 194 125 64.4%

Bed net use

 Yes 216 120 55.6 0.036 162 101 64.2% 0.364

 No 40 15 37.5 70 48 71.6%

 Unspecified 8 4 50.0 1 0 0%

Stay outside after

 6:00 PM 53 27 50.9 0.892 46 32 69.6% 0.659

 8:00 PM 149 81 54.4 99 63 63.6%

 Later than 10 PM 54 28 51.9 86 53 61.6%

 Unspecified 8 3 37.5 2 1 50.0%
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264 symptomatic individuals at the Mankranso Gov-
ernment Hospital by RDT. 93 (35.2%) of them were 
screened by the field microscopist, 20 positive sam-
ples were identified, 16 of which were true positives by 
qPCR. In comparison, RDT detected 33/55 qPCR-pos-
itive infections (an additional 4 RDT positive samples 

were negative by qPCR). RDT diagnosis thus detected a 
far higher number of index cases than field microscopy. 
Evidently, the index case recruitment process is vastly 
impacted by the primary diagnostic method used in the 
hospital setting.

Of all individuals screened, 117/264 (44.5%) stated 
that they would allow a team to screen members of 
their household for malaria. There were 91 sympto-
matic individuals screened by researchers that were 
positive by RDT (34.5%). All RDT-positive index case 
individuals (n = 91) were asked to provide their phone 
number to be contacted for the reactive case detection 
programme, and 42 individuals provided a phone num-
ber (n = 42/91, 46.1%). Researchers attempted to con-
tact all 42 individuals to execute an RACD follow-up at 

Table 2  Diagnostic comparison between qPCR, RDT, expert microscopy, and field microscopy for clinical and household-based 
samples

Diagnostic tool n Positivity rate (%) Sensitivity compared 
to qPCR

Specificity compared 
to qPCR

Positive predictive 
value compared to 
qPCR

Clinical samples

 qPCR 264 52.65 n/a n/a n/a

 BioCredit RDT: HRP2/LDH 264 34.47 56.83% 90.48% 86.81%

 BioCredit RDT: LDH only 264 21.59 38.85% 97.60% 94.74%

 Expert microscopy 263 17.49 31.16% 97.60% 93.48%

 Field microscopy 93 21.51 29.09% 89.47% 80.00%

Household samples

 qPCR 233 63.95 n/a n/a n/a

 BioCredit RDT: HRP2/LDH 233 37.34 53.02% 90.48% 90.80%

 BioCredit RDT: LDH only 233 20.60 31.54% 98.81% 97.92%

 Expert microscopy 231 14.29 21.77% 98.81% 96.97%

Fig. 2  Outcomes of different methods for diagnosis (A) Comparison between qPCR, RDT, expert microscopy, and field microscopy for clinical 
samples tested by all 4 diagnostic methods, including individuals admitted to the inpatient department (n = 92), (B) Comparison between qPCR, 
RDT, and expert microscopy for household-based samples tested by 3 diagnostic methods (n = 231)

Table 3  Parasite prevalence for different household types by 
RDT and qPCR diagnosis

Household Type n Prevalence 
by RDT (%)

P Prevalence 
by qPCR (%)

P

Index case 80 40.0 0.08 62.50 0.778

Neighbour 61 37.70 54.09

Control 92 34.78 71.74
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their households, which led to 14 successful follow-ups 
(n = 14/42, 33.3%). Figure 3 shows the geographic loca-
tions of the successful follow-ups.

There were several reasons why the remaining 28 index 
cases did not lead to successful RACD events. The major-
ity did not answer their phone after repeated attempts 
to contact them (n = 18). The remaining 10 individuals 
were contacted but follow-ups could not be executed 
for the following reasons: four individuals lived outside 
the area of study jurisdiction, two individuals were not 
available for a household visit during the study duration, 

one individual remained at the hospital in the inpatient 
department for the study duration, and three individu-
als refused case investigation upon further contact with 
researchers via phone call.

Researchers were interrupted while screening asymp-
tomatic individuals at two RACD events due to back-
lash from community members. In one rural index 
case setting, a local religious leader was suspicious of 
the researchers’ intentions and study authorization. 
He asked researchers to leave after screening 12 indi-
viduals. At another index case household, a community 

Fig. 3  Index case follow-up locations in Ashanti, Ghana
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member questioned the study’s purpose and refused to 
participate, convincing many others to do the same. For 
all follow-ups, the number of individuals who were not 
at home when the RACD screening was done was not 
recorded. Across all households, RDT detected 79/149 
(53.0%) of infections positive by qPCR (Fig. 1E).

Reactive case detection programme effectiveness 
and operational challenges
The effectiveness of the RCD system synthesizes opera-
tional challenges caused by low diagnostic sensitivities 
and low community receptivity (Fig. 4). The system effec-
tiveness drops due to the infections missed due to low 
field microscopy sensitivity compared to RDT. After the 
diagnostic challenges at the health centre, index cases 
that refuse follow-ups (54%) and unsuccessful attempted 
follow-ups (66%) lead to a further drop in system effec-
tiveness. Finally, low RDT sensitivity among non-index 
case RCD participants tested during RCD events leads to 
an overall system effectiveness of 4.0%.

Discussion
In this study, the sensitivity of different tools for malaria 
diagnosis were compared among clinical and subclinical 
individuals, and the operation challenges and feasibility 
of a future reactive interventions was investigated. Trans-
mission in this region is high, but reactive interventions 
with operational improvements may become a viable and 
necessary option for malaria control once transmission is 
reduced and pre-elimination status is achieved in several 
districts as aimed for by NMCP [9].

Two major limitations to a successful RCD programme 
in Ghana’s Ashanti region were identified: the low diag-
nostic sensitivity for symptomatic and asymptomatic 

infections by routine microscopy, and low receptiv-
ity to RCD-style follow-ups among study participants. 
Together, these factors resulted in a potential system 
effectiveness of 4.0% in this study, meaning that an RCD 
programme effectively detected only 4.0% of the asymp-
tomatic qPCR-positive infections that a perfectly effec-
tive system would hypothetically detect.

The low sensitivity of the microscopic diagnosis cur-
rently applied in the hospital could be resolved by the 
introduction of novel, highly sensitive RDTs like the one 
used in this study. This RDT still missed over 40% of 
qPCR positive infections. While it is impossible for any 
single infection to determine whether it is the cause of 
febrile illness, it is likely that many of these low-density 
infections were not the cause of fever but reflect the high 
prevalence of infection in the study population. Thus, 
they do not represent true index cases and do not need to 
be followed up.

Next, over half of index cases did not wish to be fol-
lowed up, and two thirds of attempted follow ups were 
unsuccessful. While the Ghanian researchers who spoke 
to study participants had a long-standing relationship 
with the hospital, they were not members of the greater 
Mankranso community and therefore were not person-
ally known to the community members, which may 
have negatively impacted community receptivity. Once 
a routine reactive intervention system was introduced, 
familiarity with the process and the health officials who 
conduct the follow-ups is expected to increase receptivity 
to follow-up events. This is evidenced by current IRS pro-
grammes in Ghana. Communities are generally receptive 
to IRS conducted by the NMCP [9]. Also, a study about 
the receptivity to a preventative SMC (seasonal malaria 
chemopreventative) programme in Ghana found that 
caregivers’ trust in and respect for the administrators of 
SMC helped increase their level of uptake of SMC [17]. 
The NMCP already plans to increase uptake and accept-
ance of malaria intervention programmes including com-
munity action plans developed by community health 
management committees, door-to-door education visits 
by community health officers and volunteers, and educa-
tion sessions at mosques and churches on malaria pre-
vention [9].

Of note, even in countries where RCD is routinely con-
ducted, following up index cases is a challenge. In Zam-
bia, only 32% of eligible index cases were followed up, 
and in the households followed up only 66% of residents 
were at home [18]. The Zanzibar Malaria Elimination 
Programme has implemented an island-wide reactive 
case detection programme since 2012. Yet, a study found 
that only 35% of follow ups were successful within 3 days 
[19]. Different reasons caused unsuccessful follow ups, 
including lack of RDTs in Zambia and failure to report Fig. 4  Potential RCD programme system effectiveness
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index cases to the control programme or failure to fol-
low up cases in Zanzibar. It is not known to what extent 
unwillingness of index cases to provide contact data pre-
vented successful follow ups.

Lastly, RDTs missed 47% of qPCR positive subclini-
cal infections. In potential future reactive intervention 
programmes, reactive focal drug administration (rFDA) 
should be considered as a viable and effective alterna-
tive. Evidence from previous studies points to rFDA as a 
more effective, quicker, and feasible reactive intervention 
programme in low transmission settings as compared to 
RCD [6, 7].

Several factors contributing to RCD system effective-
ness were not assessed in this study. Treatment seeking 
was not investigated; thus, it is not known what propor-
tion of potential index cases did not present to the hospi-
tal. The study team contacted individuals multiple times 
by phone and only attempted follow-ups once they got 
confirmation that people were at home. Data from this 
study cannot directly be compared to programmes that 
collect addresses at enrolment, and then conduct follow-
ups without contacting index cases by phone. For the 
current study, the team returned to each household only 
once. As a result, individuals not at home during the visit 
were not tested, and the number of individuals not at 
home during follow-ups was not determined. Individuals 
not present for testing further reduce system effective-
ness. On the other hand, the study did not face challenges 
that routine reactive intervention programmes have 
faced. Follow-ups were conducted by a research team 
using a KNUST vehicle. The team also brought the RDTs 
required for testing. For a routine programme, mainte-
nance of the car and lack of RDTs were reported to be 
challenges [18]. The average time between hospital visit 
and RCD follow-up was 5.21 days, yet there is evidence 
that individuals tested within 3 days of the index case 
diagnosis are more likely to test positive [20]. It is not 
known whether the window of time between index case 
notification and RCD testing would impact the preva-
lence in households.

Due to the endemic nature of the disease setting, at 
present, targeted interventions are currently not rec-
ommended. Once prevalence levels in Ghana decline, 
reactive interventions such as RCD or rFDA might 
become a feasible and more resource efficient option to 
shrink the asymptomatic reservoir. Follow up of clini-
cal patients can be beneficial for surveillance beyond 
the reduction of the reservoir of subclinical infec-
tions. Reactive household visits might serve to moni-
tor the utilization and quality of bed bets and adoption 
of other vector-control interventions [21], to under-
stand attitudes towards treatment seeking [22]. Trials 
have shown that such visits can result in individuals 

adopting better protection against malaria [23]. In case 
of suspected treatment failures identified at health cen-
tres (e.g., the same patient presenting with parasitaemia 
again shorty after treatment), reactive sample collection 
followed by sequencing of markers of drug resistance 
can be conducted to identify potential clusters of drug 
resistant parasites. The RDT used in this study, with 
separate lines for HRP2 and LDH, allows phenotypic 
identification of possible hrp2/3 deletions. If deletions 
are detected, household follow-ups to diagnose and 
genotype subclinical infections might be warranted. 
In conclusion, the operational challenges identified 
through this study may help in the design of such sur-
veillance and reactive intervention programmes in this 
area.
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