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Abstract
Background: It was recommended that malaria rapid diagnostic tests (RDTs) should be available in all
epidemiological situations. But evidence was limited on the implementation of RDTs and its effectiveness in malaria
elimination settings. This study examined the implementation of RDTs and how it affected the diagnosis of
imported malaria patients in Jiangsu Province, China.
Methods: To scale up RDTs, this study developed an intervention package with four major elements covering the
supply of RDT test, the training on RDTs, the monitoring and management of RDT use, and the advocacy of RDTs.
By using a pretest-posttest control group design, we implemented the interventions in 4 cities in Jiangsu Province
with the rest nine cities as controlled areas, from January 2017 to January 2018. Difference-in-Difference approach
was used to evaluate the impact of the scale-up of RDTs on the identification of malaria cases. Three binary
outcome measures were included to indicate delayed malaria diagnosis, malaria cases with confirmed malaria
diagnosis at township-level institutions, and severe malaria cases, respectively. Linear probability regression was
performed with time and group fixed effects and the interaction term between time and group.
Results: Intervention areas received sufficient RDT test supply, regular professional training programs, monthly
tracking and management of RDT supply and use, and health education to targeted population. The
implementation of interventions was associated with 10.8% (P = 0.021) fewer patients with delayed diagnosis. But
intervention areas did not see a higher likelihood of having confirmed diagnosis from township-level institutions
(coefficient = -0.038, P = 0.185) or reduced severe malaria cases (coef. = 0.040, P = 0.592).
Conclusions: The comprehensive package of RDT implementation in this study is promising in scaling up RDT use
and improving access to care among malaria patients, especially in malaria elimination settings.
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Background
In 2015, the World Health Assembly set ambitious goals
to dramatically lower the global malaria burden by 2030
in a new Global Technical Strategy for Malaria 2016–
2030 [1]. A key milestone for 2020 is to achieve zero indigenous cases of malaria in at least 10 countries that
had the disease in 2015. In 2016, the World Health
Organization (WHO) identified 21 countries with the
potential to achieve this goal. Supported by WHO and
other partners, these 21 malaria-eliminating countries
formed the E-2020 initiative to eliminate malaria by
2020. In 2018, seven out of the 21 countries reported
zero indigenous cases [2]. China is part of the E-2020
initiative. China’s National Malaria Elimination Program,
which was launched in 2010, also aimed at eliminating
malaria by 2020 [3, 4]. China has recorded zero indigenous cases of malaria since August 2016 and will soon be
eligible to be certified as malaria free by WHO [5].
Despite the impressive progress made in China,
achieving elimination and maintaining zero indigenous
cases is not without its challenges. On the one hand,
imported malaria is a constant threat. On the other
hand, it is increasingly difficult to maintain a group of
technicians skilled at malaria microscopy at the grassroot level [6]. Microscopy was the only tool routinely
available for malaria diagnosis, and experienced lab technicians are highly concentrated in tertiary hospitals and
Centers for Diseases Control (CDCs). But febrile patients
usually visit township health centres first after symptom
onset. The mismatch of diagnostic capacities and needs
may prevent malaria patients from receiving timely diagnosis and treatments, which may threat the elimination
status of malaria [4, 6].
It is widely recommended that rapid diagnostic tests
(RDTs) should be readily available in places where technicians are not skilled in malaria microscopy, in all epidemiological situations [7]. Malaria RDTs are lateral
flow immuno-chromatographic antigen-detection tests
to detect specific antigens produced by malaria parasites
in the blood (commonly obtained from a finger-prick) of
infected individuals [8]. When a parasite antigen binds
to the dye-labeled antibody, the resultant complex is
captured by a band of bound antibody on the strip,
forming a visible line in the results window. RDTs can
detect only one species (Plasmodium falciparum [P. f.])
or multiple species (P. vivax, P. malariae and P. ovale)
[9–11]. RDTs have much shorter testing time, userfriendly testing procedure, and similar accuracy
compared to microscopy [10, 12–15]. Thus, RDT is particularly appropriate in improving the accessibility and
efficiency of malaria testing for febrile patients at the
grassroot level [16]. However, many clinical, economic,
logistical, and social concerns remain about the roll-out
of RDTs [17–19]. Though guidelines had been available
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[18], evidence was limited on the implementation of
RDTs and the impact of RDT expansion on healthcare
utilization among malaria patients in malaria-eliminating
countries [20–25].
We implemented interventions to promote the use of
RDTs and evaluated whether RDTs improved the diagnostic efficiency for malaria, in Jiangsu Province, China.
With 80 million people, Jiangsu Province was ready for
roll out RDTs for several reasons. First, Jiangsu Province
was the in the elimination phase, and RDTs are likely to
be most cost-effective in areas with low malaria transmission [21]. No indigenous case was reported in Jiangsu
Province since 2012. But the reported malaria cases in
Jiangsu Province ranked among the top of provinces in
China. The yearly number of imported malaria cases in
Jiangsu Province ranged from 198 to 405 in 2012–2016.
All malaria cases in Jiangsu Province were imported, and
the majority of them were P. f. infection. Jiangsu
Province had a large group of overseas migrant workers
in Sub-Saharan Africa. Movement of overseas migrant
workers contributed to the seasonal fluctuation of
malaria epidemic. Second, Jiangsu Province faced the
challenge to maintaining the capacity of malaria microscopy at the grassroot level, and the efficiency of malaria
diagnosis using microscopy remained low. Third, the
costs of RDTs were covered by the government. The
scale-up of RDTs would not have a financial impact on
patients and providers.
Before the interventions, Jiangsu Province had several
challenges implementing RDTs. First, RDTs were not
routinely available in township health centres, as RDT
supply was limited. Even when available, RDTs were not
integrated into the workflow of malaria diagnosis. Providers at the grassroot level were not familiar with RDTs
due to lack of training [26]. Furthermore, no supporting
and quality control strategies of RDTs were provided to
these healthcare institutions. In this study, we hypothesized that interventions to scale up RDTs would improve
access to malaria diagnosis: 1) reduce delayed confirmed
diagnosis, 2) increase malaria diagnosis at the grassroot
level (in this study, grassroot level institutions are operationalized as township-level institutions), and 3) reduce
severe cases of malaria.

Methods
Intervention design

This study is approved by the IRB of Jiangsu Institute of
Parasitic Diseases (IRB00004221/FWA00008405). Interventions were implemented in four out of 13 cities in
Jiangsu Province: Changzhou, Huai’an, Taizhou, and
Yangzhou, from January 2017 to January 2018. These
four cities were purposely selected because they had
relatively heavy burden of malaria, particularly imported
malaria. In 2012–2017, these four cities reported 42.7%
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of malaria cases in Jiangsu Province. Other nine cities in
Jiangsu Province were controls and would receive interventions after the impact evaluation.
After consulting key informants (29 healthcare providers and laboratory technicians in the four intervention cities), an intervention package for optimizing
RDTs use and management was developed tailored to
the existing malaria control system in Jiangsu Province.
The package includes the following measures:
a) Sufficient RDT supply
During the intervention, free RDTs (P. f. lactate
dehydrogenase (LDH) and malaria pan-LDH) were provided by Jiangsu Institute of Parasitic Diseases in intervention cities. In each intervention city, RDTs were
allocated to CDCs and hospitals at the county/district
level and healthcare institutions at the township level
based on population sizes and the number of overseas
migrant workers.
b) Regular training programs for health professionals
In intervention cities, physicians, laboratory technicians, and malaria control professionals at CDCs received two sessions of standardized training on malaria
diagnosis and treatment. The training covered epidemiology, diagnosis (with a focus on RDT), and treatment of
malaria. In the second sessions of training, implementation progress and feedback from onsite supervision were
also delivered to trainees.
c) Process management of RDT supply and use
All healthcare institutions and CDCs receiving RDTs
were required to submit monthly tracking tables of the
allocation, delivery, receipt, and clinical use of RDTs.
The monthly tracking system of RDT supply and use
served as the tool of process management during intervention implementation.
d) Enhanced health education for target populations.
Our target populations included healthcare providers,
laboratory technicians, and residents who had ever travelled or worked in areas of high malaria transmission.
Health education was delivered through printed materials, traditional media, and new media. For instance, we
developed a malaria knowledge quiz on Weibo (one of
the top social network platforms in China) to raise
awareness for malaria [27].
We also applied onsite supervision and quality control
measures to ensure the interventions were implemented
according to the protocol. The study team supervised
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the intervention implementation by visiting county-level
hospitals and CDCs and township health centres in
intervention cities every two months. During onsite
supervision, malaria control experts and CDC officers
from Jiangsu Institute of Parasitic Diseases reviewed the
reserved samples from both RDT-positive and negative
patients, documented RDT supply, use, and test results
data, and collected comments and suggestions for the
implementation. Certain patients were reached by
telephone to verify the information documented by
healthcare institutions and professionals.
Study design

We used the malaria surveillance data from 2014 to
2017 in Jiangsu Province. This data source covered the
information of healthcare utilization and diagnosis (e.g.,
the time interval between first visit and confirmed diagnosis, the institution where the patient received confirmed diagnosis) for each malaria case reported in
Jiangsu Province. The diagnosis of each malaria case was
double-checked by the local CDC. Healthcare utilization
information was obtained from the epidemiological survey that was conducted for every case reported by the
local CDC.
By adopting a pretest-posttest control group design,
we evaluated whether the interventions improved patient
access to prompt malaria diagnosis and treatment. We
included the following outcome measures: a binary variable indicating whether a patient experienced delayed
malaria diagnosis (confirmed diagnosis over 4 days after
first visit), a binary variable indicating whether a patient
confirmed his or her malaria diagnosis at township
health centers, and a binary variable indicating a severe
malaria case. Severe malaria cases can reflect delays in
parasitic malaria diagnosis, [28] as standardized antimalarial treatment is guaranteed for all patients with confirmed malaria diagnosis in Jiangsu Province.
Difference-in-Difference (DID) method was used to
evaluate the impact of the scale-up of RDTs. DID
removes biases in post-intervention period comparisons
between the intervention and control areas that could be
the result from pre-intervention differences between
those areas, as well as biases from comparisons over
time in the intervention areas that could be the result of
trends due to other causes of the outcome [29]. DID was
implemented as an interaction term between time (the
year of 2017) and intervention group (Changzhou,
Huai’an, Taizhou, and Yangzhou) dummy variables in a
regression model.
Statistical analysis

All statistical analyses were performed using Stata software (StataCorp, College Station, USA), version 14.2.
Simple proportions were used for most analyses. χ2 test
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was used to compare the three outcomes between the
intervention and control areas in 2014–2016 and 2017.
To facilitate the interpretation of the results, linear probability regression was performed for DID method with
time (before and after the implementation) and group
(intervention and control areas) fixed effects and their
interaction term (the product of time and group indicators). Results were reported using the Standards for
Reporting Implementation Studies (StaRI).

Results
Process evaluation

a) Sufficient RDT supply.
During the intervention, Jiangsu Institute of Parasitic
Diseases provided 8000 free RDTs to Changzhou and 10
000 free RDTs to Huai’an, Taizhou, and Yangzhou. By
December 2017, among all free RDTs, 73.1% (27 778/38
000) were received by county- and township-level
institutions (Table 1).
b) Regular training programs for health professionals.
Two training sessions were delivered in April–May
2017 and January 2018. In total, 2372 trainees participated the two training sessions.
c) Process management of RDT supply and use.
By December 2017, the four intervention cities used
23 609 RDTs (Table 2). The use of RDTs peaked during
June–September, as migrant workers usually came back
home in summer to stay with their children.
d) Enhanced health education to target populations.
Table 1 Number of RDTs received by county- and townshiplevel institutions by city, 2017
Changzhou

Huai’an

Yangzhou

Taizhou

201704

3575

-

4135

3824

11 534

Total

201705

324

5621

525

851

7321

201706

75

744

1550

50

2419

201707

136

700

880

126

1842

201708

411

375

175

495

1456

201709

165

375

95

625

1260

201710

58

343

25

75

501

201711

0

175

375

183

733

201712

50

637

0

25

712

Total

4794

8970

7760

6254

27 778

Note: Changzhou, Yangzhou, and Taizhou started to receive free RDTs from
April 2017, while Huai’an started to receive free RDTs from May 2017
RDTs Rapid Diagnostic Tests

For healthcare providers and laboratory technicians,
we provided daily used office supplies (e.g. mouse pads,
desk calendars, mugs) with printed messages on malaria
control. For overseas migrant workers, we leveraged
local television platform, display screens in major public
places, advertisements before films, and leaflets with
essential malaria disease and healthcare services information to educate them essential malaria prevention
knowledge and the importance of timely healthcare after
suspicious malaria symptoms occur. A total of 916 users
took the Weibo quiz on the 10th China Malaria Day
(April 26th, 2017). Reader-friendly articles and posters
were regularly posted though Jiangsu Institute of
Parasitic Diseases official WeChat (one of the top social
network platforms in China).
Effectiveness evaluation

The intervention and control areas did not differ significantly (11.8% vs 15.8%, P = 0.059) in the percentage of
patients experiencing delayed malaria diagnosis (receiving confirmed diagnosis over 4 days after first visit) in
2014–2016. But the intervention areas had significantly
lower percentage of patients with delayed treatment
(6.0% vs 20.7%, P = 0.003) in 2017 (Table 3). In linear
probability regression, the interaction term between time
and intervention group dummy variables was significant
(coefficient = -0.108, P = 0.021), while the time (coef. =
0.048, P = 0.181) and intervention group (coef. = -0.039,
P = 0.065) dummy variables did not have significant
coefficients (Table 3). In other words, intervention
implementation in the intervention group was negatively
associated with 10.8% more delayed diagnosis among
malaria patients.
The intervention and control areas differed significantly in the percentage of malaria cases receiving
confirmed diagnosis at township health centers in 2014–
2016 (4.7% vs 1.9%, P = 0.009) and 2017 (3.6% vs 4.5%,
P = 0.728) (Table 3). In linear probability regression, the
year 2017 (coef. = 0.026, P = 0.137) dummy variable and
the interaction term (coef. = -0.038, P = 0.185) were all
not statistically significant, while intervention group
(coef. = 0.028, P = 0.011) was associated with 2.8% higher
likelihood of receiving confirmed diagnosis at the township level (Table 4).
In sensitivity analysis, among all confirmed malaria
cases in 2017, 48.8% was reported by county and township institutions in intervention areas, while 46.5% was
reported by county and township institutions in control
areas. In linear probability regression, the intervention
group (coef. = -0.016, P = 0.594) dummy variable and the
interaction term (coef. = 0.040, P = 0.592) were all not
statistically significant, while the year 2017 (coef. =
-0.116, P = 0.010) had 11.6% lower likelihood of receiving
confirmed diagnosis at township health centers.
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Table 2 Number of RDTs used and cases reported by city, 2017
Changzhou

Huai’an

Yangzhou

Taizhou

RDT use

case

RDT use

case

RDT use

case

RDT use

case

201704

167

2

-

-

101

1

234

3

201705

468

6

729

5

852

1

801

1

201706

661

4

883

1

693

2

1183

1

201707

759

3

975

4

1152

0

1523

2

201708

764

1

900

2

731

2

1380

5

201709

684

0

794

2

721

2

1133

2

201710

491

1

653

0

434

2

909

0

201711

205

1

415

3

478

2

551

3

201712

186

0

375

1

165

1

459

1

Total

4385

18

5724

18

5327

13

8173

18

Note: Changzhou, Yangzhou, and Taizhou started to receive free RDTs from April 2017, while Huai’an started to receive free RDTs from May 2017
RDTs Rapid Diagnostic Tests

The intervention and control areas did not differ
significantly in the percentage of patients with severe
malaria in 2014–2016 (4.0% vs 4.1%, P = 0.762) as well as
in 2017 (1.2% vs 3.2%, P = 0.337) (Table 3) In linear
probability regression, the time (coef. = -0.011, P =
0.484) and intervention group (coef. = -0.00079, P =
0.938) dummy variables as well as their interaction term
(coef. = -0.020, P = 0.354) were not statistically significant (Table 4).

Discussion
This study developed a comprehensive package of RDT
implementation with four major elements including sufficient RDT test supply, regular health professional training programs, monthly tracking and management of
RDT supply and use, and enhanced health education to
targeted population. We found that the implementation
of interventions was associated with reduced delayed
diagnosis among malaria patients. This is consistent with

findings obtained from both countries working on
malaria control and those pursuing sustainable malaria
elimination [17, 28, 30–32]. But the implementation of
interventions was not associated with a higher likelihood
of having confirmed diagnosis from township-level
institutions or reduced severe malaria cases.
Multiple explanations might account for the lack of associations between the scale-up of RDTs and confirmed
diagnosis at the grassroot level or occurrence of severe
malaria. Regarding confirmed diagnosis at the grassroot
level, the percentage of patients getting confirmed diagnosis at township-level institutions was affected by these
institutions’ diagnosis capacities as well as residents’
trust on them. Although RDTs might be promising to
enhance the diagnosis capacities of township health centres, professionals at township health centres were less
likely to self-report to be capable of performing standard
RDT operations compared to professionals at countylevel hospitals and CDCs [26]. Unfortunately, the actual

Table 3 Descriptive results of major outcomes in intervention and control areas
(%)

Before intervention

2014 2015 2016 2014–2016 average

2017 Change in 2017 compared to 2014–2016 average

Confirmed diagnosis over 4 days
after 1st visit

Intervention
areas

18.1

8.1

9.3

11.8

6.0

-5.8

Control
areas

16.4

15.5

15.6

15.8

20.7

+ 4.9

2.3

6.5

5.4

4.7

3.6

-1.1

Control
areas

2.7

2.3

0.6

1.9

4.5

+ 2.6

Intervention
areas

5.3

5.9

0.8

4.0

1.2

-3.2

Control
areas

6.0

2.3

3.9

4.1

3.2

-0.9

Receiving confirmed diagnosis at Intervention
THCs
areas

Severe malaria

THCs Township health centers

After intervention
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Table 4 Regression results of major outcomes
Confirmed diagnosis over 4
days after 1st visit

Receiving confirmed diagnosis
at THCs

Severe malaria

coef. (95% CI)

P-value

coef. (95% CI)

P-value

coef. (95% CI)

P-value

Intervention city

-0.039
(-0.080–0.0025)

0.065

0.028
(0.0064–0.050)

0.011

-0.00079
(-0.021–0.019)

0.938

Intervention period

0.048
(-0.022–0.12)

0.181

0.026
(-0.0084–0.061)

0.137

-0.011
(-0.042–0.020)

0.484

Intervention city × Intervention period

-0.108
(-0.20−0.016)

0.021

-0.038
(-0.094–0.018)

0.185

-0.020
(-0.061–0.022)

0.354

Note: Linear probability regression model was used
Coef. coefficients of regression models. CI Confidence interval

rates of performing standard RDT operations were unknown across institutions. Notably, in the sensitivity
analysis, we found no association between interventions
and confirmed diagnosis from county or township-level
institutions as well. One explanation might be our study
period might be too short to observe significant changes
for both township-level and county-level institutions.
Also, it took time to build trust and change care-seeking
behaviours among community members. Moreover, the
lack of associations between the scale-up of RDTs and
severe malaria might be due to the lack of power. Severe
malaria cases were relatively rare. In 2017, only one severe malaria case was reported in intervention areas,
while five were reported in control areas.
This implementation research highlighted that supporting strategies and quality control measures are the
key to successfully scale-up of RDTs. Our study
provided a package of intervention measures including
sufficient RDT test supply, regular monitoring and management, training, and advocacy activities. Our measures
were aligned with RDT implementation guidelines which
emphasized components including planning and
coordination, communication and social mobilization,
training, monitoring and quality control [33]. These interventions have been implemented in all cities in
Jiangsu Province since 2018. Our study contributed to
the existent literature by providing empirical evidence
on the importance of these supporting strategies and
quality control measures.
This study has several limitations and should be interpreted with caution. First, intervention areas were not
selected by randomization. In this real-world implementation study, the selection intervention areas had to account for feasibility issues. Thus, we did not assume
exchangeability between intervention and control areas.
Instead, we used DID to evaluate the effectiveness of interventions, assuming that intervention and control
areas had similar trends in outcomes if without interventions. Second, we had a relatively short study period,
which might limit the power to detect significant findings and long-term changes after the implementation.
As mentioned above, interventions reported here have

been implemented in both intervention and control
cities in Jiangsu Province since 2018. As a result, we
could not extend the post-intervention study period to
2018 and later.

Conclusions
The comprehensive package of RDT implementation in
this study was promising in scale up RDT use and improve access to malaria diagnosis. This implementation
research provided experiences for malaria elimination
settings and areas where malaria transmission is low. In
these settings, the goals were to effectively manage the
transmission risk of imported malaria cases and the
maintenance of working achievements towards malaria
elimination. Our findings emphasized the importance of
strengthening malaria diagnosis capabilities at the grassroot level to achieve these goals.
Abbreviations
CDCs: Centers for Diseases Control; CI: Confidence interval; DID: Differencein-Difference; LDH: lactate dehydrogenase; RDTs: Rapid Diagnostic Tests;
StaRI: Standards for Reporting Implementation Studies; THCs: Township
health centers.; WHO: World Health Organization
Acknowledgements
The authors thank the staff from the County-level or City-level Centers for
Disease Control and Prevention in Jiangsu Province for their assistance with
this study.
Authors’ contributions
DL conducted data analysis and lead the writing of this paper. JJ contributed
to data analysis and the writing of this paper. JC and JH designed the study
and interpreted the findings. WW, YC, GZ, and HZ contributed to data
collection, finding interpretation, and the writing. The author(s) read and
approved the final manuscript.
Funding
This study supported by the Jiangsu Provincial Department of Science and
Technology (BE2018020), and the Jiangsu Provincial Project of Invigorating
Health Care through Science, Technology and Education. The funders had
no role in the study design, data collection, analysis, decision to publish, or
preparation of the manuscript.
Availability of data and materials
The data will be available upon requested.
Ethics approval and consent to participate
This study is approved by the IRB of Jiangsu Institute of Parasitic Diseases
(IRB00004221/FWA00008405).

Liang et al. Infectious Diseases of Poverty

(2020) 9:84

Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Key Lab of Health Technology Assessment, National Health Committee,
Shanghai, China. 2School of Public Health, Fudan University, Shanghai, China.
3
Key Laboratory of National Health Commission on Parasitic Disease Control
and Prevention, Key Laboratory of Jiangsu Province on Parasite and Vector
Control Technology, Jiangsu Institute of Parasitic Diseases, Wuxi, China.
4
Center for Global Health, School of Public Health, Nanjing Medical
University, Nanjing, China. 5Public Health Research Center, Jiangnan
University, Wuxi, China.
Received: 20 January 2020 Accepted: 15 June 2020

References
1. World Health Organization. Global Technical Strategy for Malaria 2016-2030.
2015. https://www.who.int/malaria/areas/global_technical_strategy/en/.
Accessed 11 June 2020.
2. World Health Organization. The E-2020 initiative of 21 malaria-eliminating
countries. 2019. https://www.who.int/malaria/publications/atoz/e-2020progress-report-2019/en/. Accessed 11 June 2020.
3. Hsiang MS, Gosling RD. Striding toward malaria elimination in China. Am J
Trop Med Hygiene. 2015;93(2):203.
4. Sun J, Zhou S, Geng Q, Zhang Q, Zhang Z, Zheng C, et al. Comparative
evaluation of the diagnosis, reporting and investigation of malaria cases in
China, 2005–2014: transition from control to elimination for the national
malaria programme. Infect Dis Poverty. 2016;5(1):65.
5. World Health Organization. From 30 million to zero: China creates a malariafree future. 2019. https://www.who.int/news-room/feature-stories/detail/
from-30-million-to-zero-china-creates-a-malaria-free-future. Accessed 11
June 2020.
6. Cao J, Zhou S, Zhou H, Yu Y, Tang L, Gao Q. Malaria from control to
elimination in China: transition of goal, strategy and interventions. Chin J
Schistosomiasis Control. 2013;25(5):439–43.
7. World Health Organization. WHO Guidelines for the treatment of malaria.
3rd ed; 2015. https://www.who.int/malaria/publications/atoz/978924154912
7/en/. Accessed 11 June 2020.
8. Wongsrichanalai C, Barcus MJ, Muth S, Sutamihardja A, Wernsdorfer WH. A
review of malaria diagnostic tools: microscopy and rapid diagnostic test
(RDT). Am J Trop Med Hygiene. 2007;77(Suppl_6):119–27.
9. Wilson ML. Laboratory diagnosis of malaria: conventional and rapid
diagnostic methods. Arch Pathol Lab Med. 2013;137(6):805–11.
10. Abba K, Kirkham AJ, Olliaro PL, Deeks JJ, Donegan S, Garner P, et al. Rapid
diagnostic tests for diagnosing uncomplicated non-falciparum or
plasmodium vivax malaria in endemic countries. Cochrane Database Syst
Rev. 2014;12:CD011431.
11. De Oliveira AM, Skarbinski J, Ouma PO, Kariuki S, Barnwell JW, Otieno K,
et al. Performance of malaria rapid diagnostic tests as part of routine
malaria case management in Kenya. Am J Trop Med Hygiene. 2009;80(3):
470–4.
12. Abba K, Deeks JJ, Olliaro PL, Naing CM, Jackson SM, Takwoingi Y, et al.
Rapid diagnostic tests for diagnosing uncomplicated P. falciparum malaria
in endemic countries. Cochrane Datab Syst Rev. 2011;(7). CD008122. https://
doi.org/10.1002/14651858.CD008122.pub2.
13. World Health Organization. Malaria rapid diagnostic test products:
suggested use of terms, requirements and preferences for labelling and
instructions for use (No. WHO/HTM/GMP/2017.16). World Health
Organization. 2017. https://www.who.int/malaria/publications/atoz/rdtlabelling-instructions-for-use/en/. Accessed 11 June 2020.
14. Ling X, Jin J, Zhu G, Wang W, Cao Y, Yang M, et al. Cost-effectiveness
analysis of malaria rapid diagnostic tests: a systematic review. Infect Dis
Poverty. 2019;8(1):1–6.
15. Zhu W, Ling X, Shang W, Du Y, Liu J, Cao Y, et al. High value of rapid
diagnostic tests to diagnose malaria within children: A systematic review
and meta-analysis. J Glob Health. 2020;10(1):010411.

Page 7 of 7

16. Harvey SA, Jennings L, Chinyama M, Masaninga F, Mulholland K, Bell DR. Improving
community health worker use of malaria rapid diagnostic tests in Zambia: package
instructions, job aid and job aid-plus-training. Malar J. 2008;7(1):160.
17. Faust C, Zelner J, Brasseur P, Vaillant M, Badiane M, Cisse M, et al. Assessing
drivers of full adoption of test and treat policy for malaria in Senegal. Am J
Trop Med Hygiene. 2015;93(1):159–67.
18. Zongo S, Farquet V, Ridde V. A qualitative study of health professionals’
uptake and perceptions of malaria rapid diagnostic tests in Burkina Faso.
Malar J. 2016;15(1):190.
19. Chandler C, Hall-Clifford R, Yeung S. ACT consortium framework for
evaluation of RDT interventions. 2014. www.actconsortium.org/
RDTevaluationframework. Accessed 11 June 2020.
20. Bronner U, Karlsson L, Evengård B. Evaluation of rapid diagnostic tests for
malaria in Swedish travellers. Apmis. 2011;119(2):88–92.
21. Gatti S, Gramegna M, Bisoffi Z, Raglio A, Gulletta M, Klersy CA, et al. A comparison
of three diagnostic techniques for malaria: a rapid diagnostic test (NOW® malaria),
PCR and microscopy. Ann Trop Med Parasitol. 2007;101(3):195–204.
22. Kim J-Y, Ji S-Y, Goo Y-K, Na B-K, Pyo H-J, Lee H-N, et al. Comparison of rapid
diagnostic tests for the detection of plasmodium vivax malaria in South
Korea. PLoS One. 2013;8(5):e64353.
23. Stauffer WM, Cartwright CP, Olson DA, Juni BA, Taylor CM, Bowers SH, et al.
Diagnostic performance of rapid diagnostic tests versus blood smears for
malaria in US clinical practice. Clin Infect Dis. 2009;49(6):908–13.
24. Palmer CJ, Bonilla JA, Bruckner DA, Barnett ED, Miller NS, Haseeb M, et al.
Multicenter study to evaluate the OptiMAL test for rapid diagnosis of
malaria in US hospitals. J Clin Microbiol. 2003;41(11):5178–82.
25. Houzé S, Hubert V, Cohen DP, Rivetz B, Le Bras J. Evaluation of the
Clearview® malaria pLDH malaria rapid diagnostic test in a non-endemic
setting. Malar J. 2011;10(1):284.
26. Jin J, Wang W, Cao Y. Investigation on malaria rapid diagnostic testing (RDT)related knowledge, attitude and practice in primary healthcare professionals of
Jiangsu Province. Chin J Schistosomiasis Control. 2018;30(4):378–82 414.
27. Yaya S, Uthman OA, Amouzou A, Bishwajit G. Mass media exposure and its
impact on malaria prevention behaviour among adult women in subSaharan Africa: results from malaria indicator surveys. Global Health Res
Policy. 2018;3(1):20.
28. Singlovic J, Ajayi IO, Nsungwa-Sabiiti J, Siribié M, Sanou AK, Jegede AS, et al.
Compliance with malaria rapid diagnostic testing by community health
workers in 3 malaria-endemic countries of sub-Saharan Africa: an
observational study. Clin Infect Dis. 2016;63(suppl_5):S276–S82.
29. Wing C, Simon K, Bello-Gomez RA. Designing difference in difference
studies: best practices for public health policy research. Annu Rev Public
Health. 2018;2:39.
30. Donald W, Pasay C, Guintran J-O, Iata H, Anderson K, Nausien J, et al. The
utility of malaria rapid diagnostic tests as a tool in enhanced surveillance for
malaria elimination in Vanuatu. PLoS One. 2016;11(11):e0167136.
31. Bruxvoort KJ, Leurent B, Chandler CI, Ansah EK, Baiden F, Björkman A, et al.
The impact of introducing malaria rapid diagnostic tests on fever case
management: a synthesis of ten studies from the ACT consortium. Am J
Trop Med Hygiene. 2017;97(4):1170–9.
32. Ansah EK, Epokor M, Whitty CJ, Yeung S, Hansen KS. Cost-effectiveness
analysis of introducing RDTs for malaria diagnosis as compared to
microscopy and presumptive diagnosis in central and peripheral public
health facilities in Ghana. Am J Trop Med Hygiene. 2013;89(4):724–36.
33. Foundation for Innovative New Diagnostics. Malaria Rapid Diagnostic Tests:
An Implementation Guide. 2013. https://assets.publishing.service.gov.uk/
media/57a08a42ed915d3cfd000686/malaria_rdt_implementation_guide2
013.pdf. Accessed 11 June 2020.

