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Abstract

Background: Providing at-risk communities with uninterrupted access to early diagnosis and treatment is a key
component in reducing malaria transmission and achieving elimination. As programmes approach malaria
elimination targets it is critical that each case is tested and treated early, which may present a challenge when the
burden of malaria is reduced. In this paper we investigate whether malaria testing rates decline over time and
assess the impacts of integrating malaria and non-malaria services on testing rates in the malaria elimination task
force (METF) programme in the Kayin state of Myanmar.

Methods: A retrospective analysis was conducted using weekly collected data on testing rates from a network of
more than 1200 malaria posts during the period from 2014 to 2020. To determine whether monthly testing rates
changed over the years of programme operations, and whether integrating malaria and non-malaria services
impacted these testing rates, we fitted negative binomial mixed-effects regression models to aggregate monthly
data, accounting for malaria seasonal variation.

Results: In the first year of malaria post operation, testing rates declined, correlating with a decline in attendance
by people from outside the malaria post catchment area, but then remained fairly constant (the Rate Ratio (RR) for
2nd versus 1st year open ranged from 0.68 to 0.84 across the four townships included in the analysis, the RR for 3rd
to 6th year versus 1st year open were similar, ranging from 0.59-0.78). The implementation of a training
programme, which was intended to expand the role of the malaria post workers, had minimal impact on testing
rates up to 24 months after training was delivered (RR for integrated versus malaria-only services ranged from 1.00
to 1.07 across METF townships).
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of malaria.

health services

Conclusion: Despite the decline in malaria incidence from 2014 to 2020, there has been no decline in the malaria
testing rate in the METF programme after the establishment of the complete malaria post network in 2016. While
the integration of malaria posts with other health services provides benefits to the population, our evaluation

questions the necessity of integrated services in maintaining malaria testing rates in areas approaching elimination

Keywords: Malaria, P. falciparum, P. vivax, Elimination, Community health worker, Testing rate, RDT, Integrated

Background

Despite the substantial progress made in reducing the
incidence and prevalence of malaria since 2000 [1, 2],
achieving malaria elimination remains challenging. Glo-
bally, progress towards elimination has stalled [3], and
additional efforts must be made to reach the WHO
elimination goals.

In the Greater Mekong Subregion, the goal is to elim-
inate malaria rapidly to prevent the spread of artemisinin
resistant Plasmodium falciparum (P. falciparum). Suc-
cessful elimination can be achieved with existing diag-
nostics [4, 5] and interventions [6—10]. However, the
effectiveness of these resources relies on their uninter-
rupted availability and community utilisation [11, 12].
To meet these requirements, malaria elimination pro-
grammes must rely on village-based malaria posts oper-
ated by trained malaria post workers. The aim of these
malaria posts is to diagnose cases early, and to provide
treatment within the first 48 h of malaria induced fever,
thus preventing onward transmission, and progression
to severe malaria [13, 14].

Early testing and treatment of malaria is essential, par-
ticularly in the elimination phase where each undetected
case threatens elimination efforts at the village level [15].
As the incidence of malaria declines, community
usage of malaria posts may also decline as reported in
malaria posts operating in the Mon State, and the
Kyainseikgyi township of the Kayin State of Myanmar
[16]. In these malaria posts, providing malaria post
workers with skills in identifying and referring cases
of other diseases (including respiratory illness, diar-
rhoea and tuberculosis) resulted in an increase in
community acceptance of the programme, and an im-
mediate and dramatic increase in malaria testing rates
in some of the malaria post cohorts [16].

In the absence of additional studies, the impact of de-
clining incidence and community acceptance of malaria-
only services on malaria testing rates remains inconclu-
sive, and additional studies are needed to develop rec-
ommendations on how to maintain testing rates for
malaria elimination programmes globally.

Using data collected from the Malaria Elimination
Task Force (METF) programme in the Kayin State of
Myanmar, this study has three primary objectives: first,

to investigate the temporality of malaria testing rates in
relation to declining malaria incidence; second, to assess
the impact of expanding the malaria post workers’ role
on these testing rates; and third, to investigate changes
in testing quality over time.

Methods

Study design and setting

We conducted a retrospective observational study of
593,186 malaria rapid diagnostic tests conducted be-
tween 2014 and 2020 in a cohort of 1250 malaria posts
supported by the METF programme and evaluated the
temporal trends and the impact of integrated commu-
nity health worker training on testing rates.

The Kayin State of Myanmar is located on the border
of Myanmar and Thailand, approximately 150 kms south
of Myanmar’s capital, Naypyidaw, and 150kms east of
Yangon. The METF programme operates in 4 townships
of the Kayin State of Myanmar: Hpapun, Hlaingbwe,
Kawkareik and Myawaddy (Fig. 1). Hpapun, in the
North, is mountainous and forest dense, and there are
typically two annual malaria transmission peaks, coincid-
ing with the wet season from May to October, and the
cold season from December to January. Hlaingbwe,
south of Hpapun, is geographically flatter except for the
Dawna range which divides it. Villages in Kawkareik and
Hlaingbwe townships on West of the Dawna range have
greater access to other health infrastructures and road
networks that allow for easier navigation compared with
the villages in Myawaddy township in the East, where
the geography is more mountainous. In Hlaingbwe,
Kawkareik and Myawaddy there is typically one malaria
transmission peak in June, coinciding with wet season.

Malaria posts and passive case detection
The METF programme began in 2014 in response to a
high incidence of P. falciparum and P. vivax malaria in
the Kayin State, a high prevalence of sub-microscopic
carriers in some villages, and the ongoing threat posed
by antimalarial drug resistance in the Greater Mekong
Subregion [17].

During the period from the commencement of the
programme in 2014 to 2016, the METF malaria post
network expanded to 1250 malaria posts, covering an
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Fig. 1 The Malaria Elimination Task Force malaria post network in the Kayin State of Myanmar. Each red point corresponds to a malaria post
operated by a malaria post worker, trained to deliver uninterrupted access to diagnosis and treatment of malaria. The Kayin State is divided into 4
townships: Hpapun, Hlaingbwe, Kawkareik, and Myawaddy. Map generated using ArcGlIS version 2.5

J

estimated 18,002km” and serving an estimated popula-
tion of 350,000. These malaria posts are operated by
malaria post workers, trained to deliver uninterrupted
access to free early diagnosis and treatment of malaria to
all people who present to the malaria post with fever
[18]. Of these malaria posts, 42 are based within a clinic
or a primary health care facility with resources to man-
age non-malaria fever and offering inpatient department
(IPD) services [19].

Fever cases that present to the malaria post are tested
using a P. falciparum - P. vivax rapid diagnostic test (RDT)
(SD Bioline P. f/P. v, Standard Diagnostics/Alere Republic of
Korea). In the Kayin State of Myanmar, the high prevalence
of glucose-6-phosphate dehydrogenase (G6PD) deficiency
has limited the ability to safely deliver the necessary radical
cure to those infected with P. vivax in this region [20-22].
Treatment regimens for P. falciparum and P. vivax in the
METF programme are provided in detail elsewhere [14, 18].
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An initial 5-day training programme was provided to
all METF malaria post workers. After opening, malaria
post worker knowledge and skills have been assessed
twice a year. If needed, refresher training is organised to
address issues identified, ensuring malaria posts remain
functional.

At the opening of each malaria post, community en-
gagement occurs at the township, district, and village
levels to provide information on the METF programme,
the role of the malaria post, and the importance of early
diagnosis and treatment [23-25].

Data collection and management

Surveillance data

Each week, the malaria post workers send a summary of
the number of fever cases, and the number of RDT-
confirmed P. falciparum and P. vivax infections by age
and gender. Data are available within 21 days of the start
of reporting week for the malaria posts in Hpapun,
which rely on paper data transmission to the nearest
data entry site due to the absence of reliable cell phone
network coverage. At the data entry site in Hpapun,
weekly data are entered and emailed to the central
METF team in Mae Sot, Thailand. Data are available
within 14 days for the malaria posts in Hlaingbwe, Kaw-
kareik and Myawaddy, where access to a cell phone net-
work is available and data are sent via SMS. Each week,
data from all four townships are combined with data
from the previous weeks using Microsoft Access, result-
ing in the complete weekly database containing all sur-
veillance data collected over the programme. Data are
checked and cleaned each week and any errors in data
entry are corrected after communication with the data
entry team who review the raw data [18].

Integrated community malaria worker (ICMW) training data
From February 2019, an ICMW training programme was
rolled out in some malaria posts in Hlaingbwe, Kawkar-
eik and Myawaddy. Training was conducted over a
three-day period, with the aim to provide malaria post
workers with skills in recognising, and referring to a
health centre, patients with suspected leprosy, tubercu-
losis (TB), human immunodeficiency virus (HIV), filaria-
sis, sexually transmitted infections (STIs), or dengue. In
addition to training, the ICMWs were provided with
basic first aid supplies, multivitamins, and oral rehydra-
tion salts. Data are entered and maintained using Micro-
soft Excel.

RDT quality control data

Since 2016, RDT quality control has been performed
monthly on RDTs from a random subset of 20 malaria
posts. The indicators used for sub-optimal RDT quality
were classified into three subgroups based on the source
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of quality issue: physical damage, record management,
and user-related issues. A detailed description of quality
control assessment methods is provided in more detail
elsewhere [26]. Data are entered and maintained using
SPSS (version 27).

Statistical analysis

Incidence and RDT rates (per 1000 persons per month)
were calculated from weekly malaria post reports. For
each month or month open, the incidence was calcu-
lated as the number of cases over person-time exposed
at the malaria post, and RDT rates were calculated as
the number of RDTs completed over person-time ex-
posed at the malaria post. Incidence and RDT rates were
then averaged over each township.

The denominator (person-time exposed) was calcu-
lated at the malaria post level using village census infor-
mation collected at malaria post opening.

To estimate the relative change in RDT rates for each
additional year of malaria post operation, negative binomial
mixed-effects modelling was performed with the population
at each malaria post per month as the person-time denom-
inator. A separate model was used for each township to
allow for differing malaria seasonality and transmission dy-
namics. To account for village-level differences in RDT
rates, a random intercept was included for malaria posts,
and to account for changes in temporal patterns between
malaria posts, a random slope was included for the number
of years they had been open. To account for malaria sea-
sonality, Fourier terms were included in the regression
model, being a combination of sine and cosine functions.
Each pair of Fourier terms was fitted, with the optimal Fou-
rier terms selected based on the Akaike Information Criter-
ion (AIC). To account for differences in testing rates
between clinic-based and non-clinic-based malaria posts, a
covariate for clinic status was included in the model.

To investigate the potential impact of ICMW training
on testing rates, the same negative binomial mixed-
effects modelling was performed with the inclusion of a
random slope for ICMW training period in place of
years open. Malaria posts included in this analysis were
limited to those with at least 12 months follow up post-
ICMW training to capture a complete seasonal transmis-
sion cycle.

The data collected during RDT quality control were
summarised by year and township to investigate the
temporal and spatial patterns of quality control results.

All statistical analyses were performed in R (version 3.6)
and mapping performed in ArcGIS Pro (version 2.5).

Results

Temporality of malaria testing rates

Since the start of the METF programme in 2014, the in-
cidence of P. falciparum has declined dramatically in all
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townships (Fig. 2). For malaria posts in Hpapun, where
the burden of malaria is highest, the yearly P. falciparum
incidence in 2020 had declined by 94% from the start of
the programme in 2014, and by 78% from when the
complete malaria post network was functioning in 2016.
The same declines have not been observed for P. vivax
incidence (Fig. 2). An additional figure with different y-
axis scales provides another way of viewing incidence
trends [see Additional file 1, Fig. S1]. An additional table
provides more details on the average monthly incidence
by malaria post [see Additional file 2, Table S1].
According to the data, the delay between fever onset
and malaria RDT was less than two days for most con-
sultations across townships and programme years. For
the period of 2014 to 2020, between 72 to 83% of con-
sultations occurred within 48 h of fever onset, 10 to 16%

Page 5 of 12

within 2 to 3days, and 6 to 11% after 3 days of fever
onset.

From 2014 to 2016, RDT rates declined, a result of the
establishment and expanding METF malaria post net-
work. From 2016, with a network of more than 1200
malaria posts, the RDT rates stabilised - a reflection of
more localised malaria post services (Fig. 3). An add-
itional figure with different y-axis scales provides an-
other way of viewing trends in incidence by date [see
Additional file 1, Fig. S2]. In 2020, the median annual
RDT rate per village was 44% (Interquartile range (IQR):
21-74%) in Hpapun, 16% (IQR: 8-27%) in Hlaingbwe,
13% (IQR: 7-20%) in Kawkareik, and 29% (IQR: 14—
56%) in Myawaddy. An additional table provides more
details on the average monthly RDT rates by township
from 2014 to 2020 [see Additional file 2, Table S1].
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95% confidence intervals (green area) and P. vivax (orange line), with 95% confidence intervals (orange area) calculated at the malaria post level,
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In Fig. 4, which shows the average monthly RDT rate and
incidence of P. falciparum and P. vivax, as a function of the
number of years the malaria post has been opened, we ob-
served no decline in RDT rates after the first few months of
malaria post opening. An additional figure with different y-
axis scales provides another way of viewing trends in inci-
dence by malaria post time open [see Additional file 1, Fig.
S3]. An additional table provides more details on the aver-
age monthly RDT rates and incidence by number of mal-
aria post years open [see Additional file 2, Table S2].

The estimated rate ratios from the regression model
confirm the trend seen in Fig. 4. An initial decrease in
RDT rates from the first to second year of malaria post
opening was significant across all four townships, shown
by the decrease in the estimated rate ratios, ranging from
0.68 to 0.84-fold reduction (Table 1). After the first year
open, there was no significant difference in the RDT rates

between years, as shown by the relatively stable rate ratios
and overlapping 95% confidence intervals.

Clinic-based malaria posts had higher RDT rates than
malaria posts not based within a clinic in both Hpapun
(Rate Ratio (RR)=1.81, 95% CI: 1.31, 2.52) and
Hlaingbwe (RR =3.20, 95% CI: 1.45 7.05). The inclusion
of an interaction term between year open and clinic sta-
tus was insignificant in all townships, which suggests the
relationship between RDT rate and year open is not
dependent on whether a malaria post is based within a
clinic. An additional figure is provided for the model-
based predictions of RDT rates shown in Table 1 [see
Additional file 3, Fig. S4].

Integrated community malaria worker (ICMW) training
In 2019, an ICMW training programme was provided to
61% (237/387) of malaria posts in Hlaingbwe, 65% (152/
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232) in Kawkareik, and 43% (46/107) in Myawaddy. This
training was provided at different times during 2019,
resulting in varying follow-up times. Malaria posts with
at least 12-months follow up were included in the ana-
lysis and accounted for 198 malaria posts in Hlaingbwe,
150 in Kawkareik and 46 in Myawaddy.

The estimated rate ratios from the regression model,
showed minimal or no increases in RDT rates after
ICMW training in Hlaingbwe (RR =1.07, 95% CI: 1.00-
1.15), Kawkareik (RR =1.00, 95% CI: 0.91, 1.10), and
Myawaddy (RR = 1.02, 95% CI: 0.89, 1.17) (Table 2).

Figure 5 shows the comparison of RDT rates before
and after ICMW training, with no observable impact of
ICMW training on RDT rates up until 16 months after
training was delivered to malaria posts in Hlaingbwe, 24
months for malaria posts in Kawkareik, and 19 months
for malaria posts in Myawaddy (Fig. 5).

RDT quality control

From 2016 to 2020, RDT quality control was conducted
on a random subset of 11,598 RDTs from 706 METF
malaria posts. The percentage of RDTs that were dam-
aged during storage or transport, resulting in dirty or
damaged test strip, was small (0-8%) across programme
years and townships, and decreased overtime in Hpapun
and Myawaddy. Recording of RDT results by the malaria
post workers improved over time in all townships, ac-
counting for 10 to 17% of RDTs checked in 2016, com-
pared to 1 to 7% of RDTs checked in 2020. RDTs
classified as having user-related issues were those with
blood on the side of the well (difficulty loading blood
onto RDT), or where the blood did not migrate, but a
test result was recorded. These problems decreased over
time except for in Myawaddy, where the number of
RDTs checked in 2020 was small (z = 75). An additional
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Table 1 Relative change in monthly RDT rates, by township and year open. RDT rates measured at the malaria post level

Covariate Hpapun; Hlaingbwe; Kawkareik; Myawaddy;
RR (95% Cl) RR (95% Cl) RR (95% CI) RR (95% Cl)

Year open 1 Reference Reference Reference Reference
2 0.68 (0.65, 0.72) 0.77 (0.74, 0.80) 0.84 (0.79, 0.90) 0.78 (0.72, 0.84)
3 0.68 (064, 0.71) 0.73 (0.69, 0.76) 0.70 (0.65, 0.76) 1(0.64,0.78)
4 0.64 (0.60, 0.68) 0.76 (0.71, 0.80) 0.78 (0.72, 0.85) 0.68 (0.60, 0.76)
5 0.63 (0.59, 0.67) 1 (0,66, 0.76) 0.66 (0.59, 0.74) 0.64 (0.57,0.72)
6 0.64 (0.60, 0.69) 0.64 (0.59, 0.70) 0.59 (0.52, 0.66) 059 (051, 067)
7 0.74 (067, 0.82) 0.57 (048, 0.67) 046 (0.25, 0.85) 0.54 (047, 0.64)
Clinic-based

No Reference Reference Reference Reference

Yes 1.81 (1.31,2.52) 3.20 (145, 7.05) 146 (0.70, 3.02) 1.17 (0.65, 2.10)

Mixed effects negative binomial model with random intercept for malaria post and random slope for years open

Seasonality captured using 3 Fourier terms per year
RDT Rapid diagnostic test; RR rate ratio; C/ confidence interval

file provides more details on the quality control results
[see Additional file 4, Table S3].

Post-diagnosis validation of RDT results has not been
possible due to fading of the control line and/or blood
backflow along the test strip over time. The median
delay between RDT performance and quality control
was 89 days (IQR =66-124) in Hpapun, 83 days (IQR =
62-116) in Hlaingbwe, 82 days (IQR =56-108) in Kaw-
kareik, and 75 days (IQR =57-100) in Myawaddy.

Discussion

The backbone of a successful malaria elimination
programme is its ability to provide access to early diag-
nosis and treatment of malaria cases. This retrospective
analysis of RDT rates from malaria posts in the METF
programme demonstrates that maintaining testing rates
is possible, even when approaching elimination targets,
and despite the benefits of integrating malaria with non-

Table 2 Relative change in monthly RDT rates after ICMW-
training by township. RDT rates measured at the malaria post
level

Covariate Hlaingbwe; Kawkareik;
RR (95% CI) RR (95% CI)

Myawaddy;
RR (95% ClI)

Training period

Pre-ICMW Reference Reference Reference

Post-ICMW 1.07 (1.00, 1.15) 1.00 (0.91, 1.10) 1.02 (0.89, 1.17)
Clinic-based

No Reference Reference Reference

Yes 460 (1.79,11.82) 1.33 (035, 5.11) 0.93 (0.38, 2.19)

Mixed effects negative binomial model with random intercept for malaria post
and random slope for before and after

ICMW training. Seasonality captured using 3 Fourier terms per year

Pre-ICMW training period: 24 months; Post-ICMW training period: < 16 months
in Hlaingbwe, < 24 months in Kawkareik, and < 19 months in Myawaddy

RDT Rapid diagnostic test; ICMW Integrated community malaria worker; RR rate
ratio; Cl confidence interval

malaria services, this integrated healthcare approach
may not influence malaria testing rates.

In the first two years of the METF programme, from
2014 to 2016, the malaria post network expanded. When
the complete METF network of 1250 malaria posts was
established, the more widespread, localised availability of
diagnosis and treatment resulted in a reduction in test-
ing rates at the malaria posts, which had once provided
services to people from within and outside of their tar-
geted communities.

RDT rates also declined in the first year of malaria
post opening, a result of a higher attendance in the first
months of malaria post opening, particularly in locations
where existing health infrastructure was limited. Follow-
ing the first year of malaria post operation, there was no
further decline in RDT rates with increasing malaria
post years open across the townships. Malaria posts that
were based within a clinic had higher RDT rates than
non-clinic-based malaria posts in Hpapun and
Hlaingbwe, which suggests a higher attendance to these
malaria posts, irrespective of number of years open.
While population surveys could reveal more insight into
these findings, the likely explanation for higher attend-
ance at these malaria posts is their ability to provide a
wider range of services when compared with non-clinic-
based malaria posts.

The differences in RDT rates between townships is ex-
plained by the differences in malaria incidence. Hpapun
has a higher incidence of P. falciparum and P. vivax, and
Myawaddy has a higher incidence of P. vivax and there-
fore there are more cases of fever which present to the
malaria posts seeking a malaria test in Hpapun and Mya-
waddy than in Hlaingbwe and Kawkareik.

Another indicator of malaria post service uptake is the
delay between fever onset and malaria post consultation.
In the METF malaria posts, the majority of consultations
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occurred in the first 48 h of fever in all townships and
programme years, which means the majority of consulta-
tions were conducted before positively diagnosed indi-
viduals became infectious, thereby reducing onward
malaria transmission [13].

The result of sustained RDT rates has been the contin-
ued effectiveness of early diagnosis and treatment, and
the ongoing decline in P. falciparum incidence in the
METF programme. The impact on P. vivax has been less
dramatic due to the necessity of radical cure to eliminate
hypnozoites, the dormant liver stages of infection that
trigger relapses. Radical cure involves treating the blood
stage of infection and combining it with an antimalarial
active against hypnozoites, where the latter presents a
risk of haemolysis in G6PD deficient individuals [27]. In
the Kayin State of Myanmar, the prevalence of G6PD
deficiency is high and presents a challenge to the safe

administration of radical cure [20, 21, 27]. Sensitive
point-of-care testing for G6PD deficiency must be avail-
able to allow for the safe administration of these drugs.

In 2019, an ICMW training programme was rolled out
in some malaria posts in Hlaingbwe, Kawkareik and
Myawaddy. This ICMW training package resulted in a
7% increase in RDT rates in Hlaingbwe, but with a wide
confidence interval containing the possibility of no im-
pact (95% CIL: 0-15%). In Kawkareik and Myawaddy
townships there was no evidence of ICMW training im-
pact on RDT rates.

Despite the importance of maintaining RDT rates in
malaria elimination programmes, there exists only one
comparative study on RDT rates over time which is the
study conducted at the Medical Action Myanmar
(MAM) malaria posts in the Mon and Kayin (Kyainseik-
gyl township) States of Myanmar. This study concluded
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that ICMW training was associated with an increase of
between 1.10 and 5.4-fold in RDT rates which had previ-
ously declined over time [16].

There are key differences between the MAM and METF
programs which could explain this contrasting result. First,
the details of the training outlined by MAM suggest a more
intensive, long-term training programme compared to the
three-day training programme rolled out by METF [16]. The
cost of referral, and transport to and from the hospital were
also provided in the MAM programme. However, this does
not explain the differences in the impact of ICMW training
on RDT rates between the cohorts included in their analysis,
assuming the same ICMW training programme and supplies
are provided to all MAM malaria posts [16].

Second, the METF conducted routine monitoring and
evaluation visits and refresher trainings for basic malaria
post activities, as well as ongoing community engage-
ment activities. These activities are essential in ensuring
a high quality of service delivery and in maintaining
community acceptance and utilisation of these services
[24-26]. It is possible that a key aspect of maintaining
RDT rates is providing support to the malaria post
worker in their task, whether basic or advanced. The
METF programme demonstrates it is possible to main-
tain RDT rates in the face of declining malaria incidence
through ongoing community engagement.

For the ICMW training programme to be effective, we
need to consider the challenges faced by community
health workers, what additional tasks can reasonably be
delegated to these workers, and how best to support
them in performing these additional tasks [28, 29].
While a broad training programme in many non-malaria
illnesses may sound appealing, providing knowledge and
skills in locally prevalent illnesses may be more effective.
In addition, the provision of referral costs for patients
may be a necessary component in the ICMW frame-
work, particularly in remote areas where referral to the
nearest health facility, without providing transport, may
hinder the impact of these non-malaria services.

A limitation of this study is that these results may be
context specific, where demographic and geographic fac-
tors likely play a role in how these populations interact
with malaria post services. Additional studies of RDT
rates in malaria elimination programmes globally will
provide more insight in how malaria testing rates should
be maintained in varying contexts. In addition, village
population numbers used to calculate the incidence and
RDT rates were collected at malaria post opening and
have not been updated. Annual village censuses would
improve the accuracy of these calculations.

Conclusion
Despite the substantial declines in the incidence of P.
falciparum since the commencement of the METF
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programme in 2014, there has been no decline in RDT
rates since the complete METF malaria post network
was established in 2016. This is likely a result of the con-
tinued community engagement, and routine monitoring
and evaluation of malaria post performance which en-
sures continued acceptance of these services, and a high
quality of service delivery, both of which should be con-
sidered essential to malaria elimination efforts.

The integration of malaria testing and treatment with
other health services promotes the development of com-
plementary skills in the malaria post workers who are
trusted by the communities they serve, allowing these
populations to receive benefits beyond those targeted to
malaria. However, in the METF programme the ICMW
training package has had minimal impact on malaria
RDT testing rates, and alternative reasons for reduced
community attendance should be investigated in areas
where RDT rates have declined.

Abbreviations

METF: Malaria Elimination Task Force; RR: Rate Ratio; P.

falciparum: Plasmodium falciparum; P. vivax: Plasmodium vivax; IPD: Inpatient
department; RDT: Rapid diagnostic test; G6PD: Glucose-6-phosphate
dehydrogenase; ICMW: Integrated community malaria worker;

TB: Tuberculosis; HIV: Human immunodeficiency virus; STI: Sexually
transmitted infections; IQR: Interquartile range; Cl: Confidence interval;
MAM: Medical Action Myanmar

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512889-021-11749-x.

Additional file 1. Incidence and RDT rate figures: Additional figures on
incidence and RDT rates by date and malaria post time open.
Additional file 2. Monthly RDT rates and incidence: Additional details
on the average monthly RDT rates and P. falciparum and P. vivax
incidence by year and number of years open.

Additional file 3. Model-based predictions: Predictions of RDT rates by
township and malaria post years open using negative binomial mixed
modelling.

Additional file 4. RDT quality control results.

Acknowledgements

We would like to acknowledge the hard work of malaria post workers in the
METF programme, and all the communities in the Kayin state, who are
dedicated to achieving malaria elimination in the region.

Authors’ contributions

JDR and FHN contributed to the conceptualisation of the study. LK, MMT
and SWT provided essential support to the functioning of the programme.
JDR, JL, SP, LK, MMT, SWT and JW contributed to the collection and
processing of the data. JDR, JL and JAS contributed to the formal analysis.
JDR wrote the draft manuscript. JDR, SP, JL, JAS, AD, AMT, RIM, LK, and FHN
contributed to the writing, review, and editing of the final manuscript. All
authors read and approved the final manuscript.

Funding

This research was funded by the Wellcome Trust (220211), The Bill & Melinda
Gates Foundation (OPP1117507), The Global Fund against AlDs, Tuberculosis
and Malaria (Regional Artemisinin Initiative & RAI2E). Professor Julie A
Simpson was supported by an Australian NHMRC Investigator Grant
(1196068). Professor Richard J Maude was supported by The Bill and Melinda
Gates Foundation (OPP1193472). The funders had no role in the design,


https://doi.org/10.1186/s12889-021-11749-x
https://doi.org/10.1186/s12889-021-11749-x

Rae et al. BMC Public Health (2021) 21:1725

conduct, or analysis of the study. For the purpose of open access, the author
has applied a CC BY public copyright licence to any Author Accepted
Manuscript version arising from this submission.

Availability of data and materials
The data analysed for this study are available upon request to the Mahidol-

Oxford Tropical Medicine Research Unit data access committee: https://www.

tropmedres.ac/units/moru-bangkok/bioethics-engagement/data-sharing.
Declarations

Ethics approval and consent to participate

The METF programme is approved through the Ethics Review Committee on
Medical Research Involving Human Subjects from the Republic of the Union
of Myanmar, Ministry of Health and Sports, Department of Medical Research
(Lower Myanmar): 73/Ethics 2014.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Shoklo Malaria Research Unit (SMRU), Mahidol-Oxford Tropical Medicine
Research Unit (MORU), Faculty of Tropical Medicine, Mahidol University, Mae
Sot, Thailand. *Mahidol-Oxford Tropical Medicine Research Unit (MORU),
Faculty of Tropical Medicine, Mahidol University, Bangkok, Thailand. *Centre
for Tropical Medicine and Global Health, Nuffield Department of Medicine,
University of Oxford, Oxford, UK. 4IRD (Institut de Recherche pour le
Developpement), Aix Marseille Univ, INSERM, SESSTIM, Marseille, France.
>Centre for Epidemiology and Biostatistics, Melbourne School of Population
and Global Health, The University of Melbourne, Melbourne, Australia.
5Global and Tropical Health Division, Menzies School of Health Research,
Charles Darwin University, Darwin, Australia. "Harvard TH Chan School of
Public Health, Harvard University, Boston, USA. 5The Open University, Milton
Keynes, UK.

Received: 26 March 2021 Accepted: 7 September 2021
Published online: 22 September 2021

References

1. Battle KE, Lucas TCD, Nguyen M, Howes RE, Nandi AK, Twohig KA, et al.
Mapping the global endemicity and clinical burden of plasmodium vivax,
2000-17: a spatial and temporal modelling study. Lancet. 2019;394(10195):
332-43. https://doi.org/10.1016/S0140-6736(19)31096-7.

2. Weiss DJ, Lucas TCD, Nguyen M, Nandi AK, Bisanzio D, Battle KE, et al.
Mapping the global prevalence, incidence, and mortality of plasmodium
falciparum, 2000-17: a spatial and temporal modelling study. Lancet. 2019;
394(10195):322-31. https://doi.org/10.1016/50140-6736(19)31097-9.

3. WHO. World Malaria Report. 2020. https://www.who.int/publications/i/item/
9789240015791. Accessed 11 Jan 2021.

4. Maltha J, Gillet P, Jacobs J. Malaria rapid diagnostic tests in endemic
settings. Clin Microbiol Infect. 2013;19(5):399-407. https.//doi.org/10.1111/14
69-0691.12151.

5. Rogier E, Hamre KES, Joseph V, Plucinski MM, Presume J, Romilus |, et al.
Conventional and high-sensitivity malaria rapid diagnostic test performance
in 2 transmission settings: Haiti 2017. J Infect Dis. 2019,221:786-95. https//
doi.org/10.1093/infdis/jiz525.

6. Nosten F, White NJ. Artemisinin-based combination treatment of falciparum
malaria. Am J Trop Med Hyg. 2007;77(6_Suppl):181-92. https://doi.org/10.42
69/ajtmh.2007.77.181.

7. Okell LC, Drakeley CJ, Bousema T, Whitty CJ, Ghani AC. Modelling the
impact of artemisinin combination therapy and long-acting treatments on
malaria transmission intensity. PLoS Med. 2008;5(11):11. https://doi.org/10.13
71/journal.pmed.0050226.

8. Price RN, Douglas NM. Artemisinin combination therapy for malaria: beyond
good efficacy. Clin Infect Dis. 2009;49(11):1638-40. https://doi.org/10.1086/
647947.

9. Visser BJ, Wieten RW, Kroon D, Nagel IM, Bélard S, van Vugt M, et al. Efficacy
and safety of artemisinin combination therapy (ACT) for non-falciparum

20.

21.

22.

23.

24,

25.

Page 11 of 12

malaria: a systematic review. Malar J. 2014;13(1):463. https://doi.org/10.11
86/1475-2875-13-463.

Kenangalem E, Poespoprodjo JR, Douglas NM, Burdam FH, Gdeumana K,
Chalfein F, et al. Malaria morbidity and mortality following introduction of a
universal policy of artemisinin-based treatment for malaria in Papua,
Indonesia: A longitudinal surveillance study. PLOS Med. 2019;16(5):5. https://
doi.org/10.1371/journal pmed.1002815.

Mousa A, Al-Taiar A, Anstey NM, Badaut C, Barber BE, Bassat Q, et al. The
impact of delayed treatment of uncomplicated P falciparum malaria on
progression to severe malaria: A systematic review and a pooled
multicentre individual-patient meta-analysis. PLOS Med. 2020;17:10.
Mukanga D, Tibenderana JK, Peterson S, Pariyo GW, Kiguli J, Waiswa P, et al.
Access, acceptability and utilization of community health workers using
diagnostics for case management of fever in Ugandan children: a cross-
sectional study. Malar J. 2012;11(1):121. https://doi.org/10.1186/1475-2
875-11-121.

Landier J, Parker DM, Thu AM, Carrara VI, Lwin KM, Bonnington CA, et al.
The role of early detection and treatment in malaria elimination. Malar J.
2016;15(1):363. https.//doi.org/10.1186/512936-016-1399-y.

Landier J, Parker DM, Thu AM, Lwin KM, Delmas G, Nosten FH, et al. Effect
of generalised access to early diagnosis and treatment and targeted mass
drug administration on plasmodium falciparum malaria in eastern Myanmar:
an observational study of a regional elimination programme. Lancet. 2018;
391(10133):1916-26. https://doi.org/10.1016/5S0140-6736(18)30792-X.

Boyce RM, Reyes R, Matte M, Ntaro M, Mulogo E, Lin F-C, et al. Practical
implications of the non-linear relationship between the test positivity rate
and malaria incidence. PLoS ONE. 2016;11:3.

McLean ARD, Wai HP, Thu AM, Khant ZS, Indrasuta C, Ashley EA, et al.
Malaria elimination in remote communities requires integration of malaria
control activities into general health care: an observational study and
interrupted time series analysis in Myanmar. BMC Med. 2018;16(1):183.
https.//doi.org/10.1186/512916-018-1172-x.

Imwong M, Suwannasin K, Kunasol C, Sutawong K, Mayxay M, Rekol H, et al.
The spread of artemisinin-resistant plasmodium falciparum in the greater
Mekong subregion: a molecular epidemiology observational study. Lancet
Infect Dis. 2017;17(5):491-7. https//doi.org/10.1016/51473-3099(17)30048-8.
Parker DM, Landier J, Thu AM, Lwin KM, Delmas G, Nosten FH. Scale up of a
plasmodium falciparum elimination program and surveillance system in
Kayin State, Myanmar. Wellcome Open Res. 2017;2:98. https.//doi.org/10.12
688/wellcomeopenres.12741.2.

Low S, Tun KT, Mhote NP, Htoo SN, Maung C, Kyaw SW, et al. Human
resources for health: task shifting to promote basic health service delivery
among internally displaced people in ethnic health program service areas
in eastern Burma/Myanmar. Glob Health Action. 2014;7(1):24937. https://doi.
0rg/10.3402/gha.v7.24937.

Chu CS, Bancone G, Nosten F, White NJ, Luzzatto L. Primaquine-induced
haemolysis in females heterozygous for G6PD deficiency. Malar J. 2018;17(1):
101. https;//doi.org/10.1186/512936-018-2248-y.

Bancone G, Chu CS, Somsakchaicharoen R, Chowwiwat N, Parker DM,
Charunwatthana P, et al. Characterization of G6PD genotypes and
phenotypes on the northwestern Thailand-Myanmar border. PLoS ONE.
2014;,9(12):12. https://doi.org/10.1371/journal.pone.0116063.

Bancone G, Menard D, Khim N, Kim S, Canier L, Nguong C, et al. Molecular
characterization and mapping of glucose-6-phosphate dehydrogenase
(G6PD) mutations in the greater Mekong subregion. Malar J. 2019;18(1):20.
https://doi.org/10.1186/512936-019-2652-y.

Tangseefa D, Monthathip K, Tuenpakdee N, Konig A, Kajeechiwa L, Thwin M,
et al. "Nine dimensions": a multidisciplinary approach for community
engagement in a complex postwar border region as part of the targeted
malaria elimination in Karen/Kayin State, Myanmar [version 2; peer review: 2
approved]. Wellcome Open Res. 2019;3:116. https;//doi.org/10.12688/
wellcomeopenres.14698.2.

Kajeechiwa L, Thwin MM, Nosten S, Tun SW, Parker D, von Seidlein L, et al.
Community engagement for the rapid elimination of malaria: the case of
Kayin State, Myanmar. Wellcome Open Res. 2017;2:59. https;//doi.org/10.12
688/wellcomeopenres.12051.1.

Kénig A, Kajeechiwa L, Thwin M, Nosten S, Tun S, Tangseefa D, et al.
Community engagement for malaria elimination in contested areas of the
Karen/Kayin State, Myanmar: a case study on the malaria elimination task
force [version 1; peer review: 2 approved with reservations]. Wellcome
Open Res. 2018,3:22. https://doi.org/10.12688/wellcomeopenres.13965.1.


https://www.tropmedres.ac/units/moru-bangkok/bioethics-engagement/data-sharing
https://www.tropmedres.ac/units/moru-bangkok/bioethics-engagement/data-sharing
https://doi.org/10.1016/S0140-6736(19)31096-7
https://doi.org/10.1016/S0140-6736(19)31097-9
https://www.who.int/publications/i/item/9789240015791
https://www.who.int/publications/i/item/9789240015791
https://doi.org/10.1111/1469-0691.12151
https://doi.org/10.1111/1469-0691.12151
https://doi.org/10.1093/infdis/jiz525
https://doi.org/10.1093/infdis/jiz525
https://doi.org/10.4269/ajtmh.2007.77.181
https://doi.org/10.4269/ajtmh.2007.77.181
https://doi.org/10.1371/journal.pmed.0050226
https://doi.org/10.1371/journal.pmed.0050226
https://doi.org/10.1086/647947
https://doi.org/10.1086/647947
https://doi.org/10.1186/1475-2875-13-463
https://doi.org/10.1186/1475-2875-13-463
https://doi.org/10.1371/journal.pmed.1002815
https://doi.org/10.1371/journal.pmed.1002815
https://doi.org/10.1186/1475-2875-11-121
https://doi.org/10.1186/1475-2875-11-121
https://doi.org/10.1186/s12936-016-1399-y
https://doi.org/10.1016/S0140-6736(18)30792-X
https://doi.org/10.1186/s12916-018-1172-x
https://doi.org/10.1016/S1473-3099(17)30048-8
https://doi.org/10.12688/wellcomeopenres.12741.2
https://doi.org/10.12688/wellcomeopenres.12741.2
https://doi.org/10.3402/gha.v7.24937
https://doi.org/10.3402/gha.v7.24937
https://doi.org/10.1186/s12936-018-2248-y
https://doi.org/10.1371/journal.pone.0116063
https://doi.org/10.1186/s12936-019-2652-y
https://doi.org/10.12688/wellcomeopenres.14698.2
https://doi.org/10.12688/wellcomeopenres.14698.2
https://doi.org/10.12688/wellcomeopenres.12051.1
https://doi.org/10.12688/wellcomeopenres.12051.1
https://doi.org/10.12688/wellcomeopenres.13965.1

Rae et al. BMC Public Health

26.

27.

28.

29.

(2021) 21:1725

Rae JD, Nosten S, Proux S, Myint Thu A, Cho WC, Paw KN, et al. The role of
monitoring and evaluation to ensure functional access to community-based
early diagnosis and treatment in a malaria elimination programme in
eastern Myanmar. Malar J. 2019;18(1):50. https://doi.org/10.1186/512936-01
9-2677-2.

Chu CS, Bancone G, Moore KA, Win HH, Thitipanawan N, Po C, et al.
Haemolysis in G6PD heterozygous females treated with Primaquine for
plasmodium vivax malaria: a nested cohort in a trial of radical curative
regimens. PLoS Med. 2017;14(2):2. https://doi.org/10.1371/journal.pmed.1
002224.

Smith Paintain L, Willey B, Kedenge S, Sharkey A, Kim J, Buj V, et al.
Community health workers and stand-alone or integrated case
management of malaria: a systematic literature review. Am J Trop Med Hyg.
2014;91(3):461-70. https://doi.org/10.4269/ajtmh.14-0094.

Sunguya BF, Mlunde LB, Ayer R, Jimba M. Towards eliminating malaria in
high endemic countries: the roles of community health workers and related
cadres and their challenges in integrated community case management for
malaria: a systematic review. Malar J. 2017;16(1):10. https.//doi.org/10.1186/
$12936-016-1667-x.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 12 of 12

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1186/s12936-019-2677-2
https://doi.org/10.1186/s12936-019-2677-2
https://doi.org/10.1371/journal.pmed.1002224
https://doi.org/10.1371/journal.pmed.1002224
https://doi.org/10.4269/ajtmh.14-0094
https://doi.org/10.1186/s12936-016-1667-x
https://doi.org/10.1186/s12936-016-1667-x

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design and setting
	Malaria posts and passive case detection
	Data collection and management
	Surveillance data
	Integrated community malaria worker (ICMW) training data
	RDT quality control data

	Statistical analysis

	Results
	Temporality of malaria testing rates
	Integrated community malaria worker (ICMW) training
	RDT quality control

	Discussion
	Conclusion
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

