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Abstract

Background: A challenge in achieving the malaria-elimination target in the Greater Mekong Subregion, including Thailand,
is the predominance of Plasmodium vivax malaria, which has shown extreme resilience to control measures.

Objective: This proof-of-concept study aimed to provide evidence for implementing primaquine mass drug administration
(pMDA) as a strategy for P. vivax elimination in low-endemicity settings.

Methods: The study employed a mixed-methods trial to thoroughly evaluate the effectiveness, safety, acceptability, and
community engagement of pMDA. The quantitative part was designed as a 2-period cluster-crossover randomized controlled
trial. The intervention was pMDA augmented to the national prevention and control standards with directly observed treatment
(DOT) by village health volunteers. The qualitative part employed in-depth interviews and brainstorming discussions. The study
involved 7 clusters in 2 districts of 2 southern provinces in Thailand with persistently low P. vivax transmission. In the quantitative
part, 5 cross-sectional blood surveys were conducted in both the pMDA and control groups before and 3 months after pMDA.
The effectiveness of pMDA was determined by comparing the proportions of P. vivax infections per 1000 population between
the 2 groups, with a multilevel zero-inflated negative binomial model adjusted for cluster and time as covariates and the interaction.
The safety data comprised adverse events after drug administration. Thematic content analysis was used to assess the acceptability
and engagement of stakeholders.

Results: In the pre-pMDA period, the proportions of P. vivax infections in the pMDA (n=1536) and control (n=1577) groups
were 13.0 (95% CI 8.2-20.4) and 12.0 (95% CI 7.5-19.1), respectively. At month 3 post-pMDA, these proportions in the pMDA
(n=1430) and control (n=1420) groups were 8.4 (95% CI 4.6-15.1) and 5.6 (95% CI 2.6-11.5), respectively. No statistically
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significant differences were found between the groups. The number of malaria cases reduced in all clusters in both groups, and
thus, the impact of pMDA was inconclusive. There were no major safety concerns. Acceptance among the study participants and
public health care providers at local and national levels was high, and they believed that pMDA had boosted awareness in the
community.

Conclusions: pMDA was associated with high adherence, safety, and tolerability, but it may not significantly impact P. vivax
transmission. As this was a proof-of-concept study, we decided not to scale up the intervention with larger clusters and samples.
An alternative approach involving a targeted primaquine treatment strategy with primaquine and DOT is currently being
implemented. We experienced success regarding effective health care workforces at point-of-care centers, effective collaborations
in the community, and commitment from authorities at local and national levels. Our efforts boosted the acceptability of the
malaria-elimination initiative. Community engagement is recommended to achieve elimination targets.

Trial Registration: Thai Clinical Trials Registry TCTR20190806004; https://www.thaiclinicaltrials.org/show/TCTR20190806004

(JMIR Public Health Surveill 2024;10:e51993) doi: 10.2196/51993
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Introduction

Background
As part of the World Health Organization (WHO) campaign
for “zero malaria,” the Greater Mekong Subregion (GMS) of
Southeast Asia has developed a strategic plan for regional
malaria elimination by 2030, while Thailand aims to achieve
this goal by 2024 [1,2]. One major challenge facing the GMS
is the predominance of Plasmodium vivax malaria [3,4], which
has shown extreme resilience to control measures [5,6].
Initiatives to eliminate malaria have an excellent impact on
Plasmodium falciparum but not on P. vivax worldwide due to
the various unique aspects of P. vivax biology. One challenge
is asymptomatic infections with P. vivax, which are undetected
and untreated, potentially contributing to transmission over
several weeks or months [7]. Asymptomatic infections are
especially common in low-endemicity areas where control tools
have reduced the malaria burden [8-10]. A study along the
Thailand-Myanmar border noted that while the proportion of
severe P. vivax malaria varied across different geographic
regions and transmission settings, a significant proportion of
the community had asymptomatic parasitemia, even in
low-transmission areas [9].

The identification and appropriate treatment of asymptomatic
infected individuals, who are typically missed by clinical
case-based surveillance, have become critical for interrupting
malaria transmission in the final elimination phase [11,12].
Several approaches have been proposed to accelerate P. vivax
elimination, for example, novel serological test-and-treat
interventions, radical cure strategies, case-centered surveillance
and response systems, and mass drug administration (MDA)
[13-15]. To deal with low blood parasitemia and the formation
of hypnozoites associated with P. vivax infection that evade
conventional diagnosis, presumptive preventive treatment of
an endemic population by MDA using a hypnozoiticidal drug,
such as primaquine (PQ), is often the chosen strategy to
eliminate residual P. vivax transmission [15-17]. Large-scale
MDA with pyrimethamine and PQ was associated with
decreased P. vivax transmission in central and southern China
[14].

The WHO mentioned the lessons learned from MDA
implementation (so-called “mass primaquine preventive
treatment [MPPT]”) in several temperate countries, for example,
MPPT combined with vector control and other preventive
measures resulted in the rapid containment of P. vivax epidemics
and may have contributed to the interruption of transmission in
low-transmission settings [18]. Prior to 2019, there were no
data on the implementation of MPPT in tropical and subtropical
areas. In 2019, when this project started in Thailand, the WHO
reported 2 MDA studies in the GMS with differing results, with
one study demonstrating only a short-term reduction in P. vivax
transmission and the other study finding no effect [18]. It
appears that MDA with PQ has been successful in eliminating
P. vivax in the temperate zone [11,15,19,20], but its applicability
and effectiveness for eliminating P. vivax in tropical countries
remain to be evaluated.

Therefore, as part of the International Center of Excellence for
Malaria Research (ICEMR) project, supported by the US
National Institutes of Health (U19 AI089672), this study was
conducted to evaluate the effectiveness, safety, and acceptability
of MDA with PQ in low-endemicity areas in a tropical country.
Particularly, this study was considered a proof-of-concept
evaluation of MDA with PQ (termed primaquine mass drug
administration [pMDA]) using a cluster-crossover randomized
trial design to provide the evidence base for designing and
implementing a pMDA strategy in low malaria-endemic settings
in Thailand. With the planning of the pMDA strategy by the
National Malaria Control Program in Thailand, we also sought
to critically assess the acceptability and engagement of
stakeholders at various levels. According to the main ICEMR
project, if pMDA (phase I) was proven to be effective, safe, and
acceptable, the pMDA intervention would be scaled up to cover
over 100,000 villagers in 200 clusters in 8 provinces (phase II)
using a stepped-wedge design to provide a statistically robust
evaluation of pMDA.

Objectives
The goal of this proof-of-concept study was to thoroughly assess
the effectiveness, safety, acceptability, and community
engagement of pMDA as a strategy for malaria elimination in
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Thailand. The specific aims were as follows: (1) to compare the
proportions of P. vivax infections between communities under
the national standard of prevention and control (SPC) program
and communities under the SPC program augmented with
pMDA, (2) to assess the safety of PQ implemented in the
communities, and (3) to assess the acceptability and stakeholder
engagement of the pMDA intervention for possible scale-up to
phase II.

Methods

Trial Design
The study employed a mixed-method design comprising
quantitative and qualitative approaches. The quantitative part,
which was used for assessing the effectiveness and safety of
the pMDA intervention, adopted a cluster-crossover randomized
controlled design, a modified cluster randomized design, which
is particularly feasible in pragmatic clinical trials in health care
systems [21,22]. This design was selected as it is suitable for
determining the effectiveness of a routinely used intervention
in health care practice, in which the intervention is randomized
(turned on and off) at the community level instead of the
individual level [23]. In this study, clusters were randomized
to a sequence of treatment conditions. A group of clusters
received pMDA in the first period (year 1) and the SPC program
in the second period (year 2), while the other group of clusters
received these preventive activities in reverse order.

The qualitative part, which was used for assessing the
acceptability and stakeholder engagement of the pMDA
intervention, used in-depth interviews (IDIs) and brainstorming
sessions among stakeholders. Stakeholders were primarily

sensitized before the study started and informed regularly during
the study period.

Settings and Locations
The study was conducted in 2 districts of 2 southern provinces
in Thailand (Yala and Narathiwat), which had persistently low
P. vivax malaria transmission. The study sites comprised 7
purposively selected villages, the smallest administrative unit
in Thailand, with each typically having about 200-400 residents.
The 7 villages were selected according to their reported malaria
incidences in 2018 from routine passive case detection in the
malaria surveillance system of Thailand (unpublished data).
Five villages (#1, 2, 4, 5, and 6) were in Yala Province, with P.
vivax incidence rates of 4%-7%, and 2 had unexpectedly high
rates (over 30%) in 2018. Two villages (#3 and 7) were in
Narathiwat Province, with P. vivax incidence rates of 1%-2%.
For the study design, one group of villages served as the pMDA
treatment group, while the other served as the control group. In
the following year, the intervention was swapped between the
2 groups of villages. A map showing locations and distances
among the 2 sets of 7 clusters (clusters 1-3 vs clusters 4-7) in
the 2 provinces is presented in Figure 1. The nearest distances
between 2 sets of clusters were 3.7-4.5 km. It should be noted
that primary health care management in each village was
independent. On average, a village health volunteer (VHV) is
responsible for providing health care services to 10 households
in the village. Each VHV assists the local health workers in
promoting health, preventing diseases, and providing basic
health services to local communities. In this study, VHVs were
assigned to implement pMDA and collect data from the study
participants in the nonoverlapping households for which they
were responsible.

JMIR Public Health Surveill 2024 | vol. 10 | e51993 | p. 3https://publichealth.jmir.org/2024/1/e51993
(page number not for citation purposes)

Kaewkungwal et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. Clusters assigned to the primaquine mass drug administration (pMDA) group vs the control group in Yala and Narathiwat provinces during
the 2-period cluster-crossover randomized controlled trial.

Study Participants
For the quantitative study, all villagers living in the selected
clusters were invited to join the study if they were aged 1 year
or older. For PQ administration, the exclusion criteria were as
follows: (1) pregnancy and lactation, (2) age <7 years, (3)
glucose-6-phosphate dehydrogenase (G6PD) deficiency, (4)
hemoglobin level <8 g/dL, (5) body weight <15 kg, (6) history
of allergy to PQ, and (7) history of drug reactions, such as
hemolysis or dark urine, after PQ intake.

For the qualitative study, key informants included stakeholders
representing the following 4 levels of engagement and
participation: national level (malaria experts or consultants,
Thailand Ministry of Public Health [MOPH]), regional and
provincial level (health officers or authorities), district level
(personnel at operational units of district hospitals), and local
level (community leaders, religion gatekeepers, and VHVs).
Villagers in the community were also invited, regardless of
whether they participated in pMDA activities.

Intervention
The control group was exposed to the SPC program, a routine
malaria prevention and control program, implemented by the
MOPH. The SPC program includes routine case reports, case
investigations, and disease- or vector-control activities at the
village level. Besides routine activities, eligible subjects within
the pMDA group received a dose of 0.25 mg/kg of PQ daily for
14 days. The 0.25 mg/kg dose was selected according to the

WHO recommendation and evidence supported by previous
studies, as it is well tolerated in G6PD-normal individuals
[11,24]. Those who were G6PD deficient were excluded from
PQ administration. Directly observed treatment (DOT) was
performed to ensure compliance.

Outcomes and Study Procedures
For the quantitative study, the primary outcome was the
proportion of P. vivax infections among the study participants
within each cluster before and after 2 rounds of pMDA. The
secondary outcome was the safety of the study participants who
took PQ, which was closely monitored during the 14-day
treatment. The study procedure is shown in Figure 2. Baseline
demographic information was collected using a structured
questionnaire at the start of the study. One-time testing for G6PD
was performed for all villagers, using the qualitative CareStart
G6PD rapid diagnostic test, before pMDA to assess the
eligibility of study participants to receive PQ. For each round
of pMDA, an initial cross-sectional blood survey (CSS) was
conducted in both the pMDA and control groups before pMDA
implementation, and a follow-up CSS was performed 3 months
after pMDA. As an additional postintervention follow-up, a
CSS was performed for both groups 6 months after the second
round of pMDA. At each survey, finger-prick blood was
collected from each participant to prepare dried filter-paper
blood spots, which were later used for Plasmodium detection
by quantitative polymerase chain reaction (qPCR) to identify
asymptomatic infection cases in the CSS population. At the
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time of each survey period, those in the CSS population who
had clinical symptoms and were detected by the microscopic
method in the routine MOPH malaria surveillance system were
also subsequently verified by qPCR and counted as confirmed
P. vivax–infected cases. The prevalence, defined as the

proportion of confirmed P. vivax infections at the community
level in different periods, was calculated from the number of
PCR-confirmed P. vivax cases (both asymptomatic and
symptomatic cases) divided by the total number of cases in each
round of the CSS.

Figure 2. Study procedures to assess the effect of primaquine mass drug administration (pMDA) for reducing P. vivax infection in the community in
a 2-period cluster-crossover randomized controlled trial during the period 2019-2022. CSS: cross-sectional blood survey; DOT: directly observed
treatment; FU: follow-up; G6PD: glucose-6-phosphate dehydrogenase.

For the qualitative study, the primary outcome was information
about the acceptability and stakeholder engagement of the
pMDA intervention implemented in the localities. Information
was collected using IDIs at the study participants’ homes and
community meeting places. A brainstorming meeting at the
regional health office was also arranged for collective opinions
among representative authorities at the national, regional, and
provincial levels. Data collection was performed after round 2
at the conclusion of the study.

Sample Size
For the quantitative study, the sample size was calculated with
the notation that it was a proof-of-concept study to assess the
potential impact of pMDA implementation. A go or no-go
decision to scale up the study with a larger sample size would
be made based on the potential effectiveness and feasibility of
the intervention according to the interclass cluster correlation
effect obtained from this study. We planned for a sample size
of 1500 study participants per group. With this sample size, the
power to detect differences between the 2 groups varied
according to the baseline proportions of P. vivax in the study
areas, with a 2-tailed type I error of 5%. With a sample size of
1500 per group, when the baseline proportion of P. vivax in the
cluster is low at 3% (30 in 1000) and the effect sizes (difference
between the pMDA and control groups) are 50% and 75%,
powers of 79.1% and 99.5%, respectively, would be achieved.
In areas with a very low baseline at 1% (10 in 1000) and effect
sizes of 50% and 75%, the study would have detection powers
of 35.5% and 74.1%, respectively.

For the qualitative study, IDIs were planned to include study
participants from 24 families and at least six key informants
from 2 villages of each province, including those who completed
PQ administration, those who did not complete pMDA, and

those who did not participate in pMDA. IDIs were planned for
stakeholders in pMDA areas, including 12 VHVs (at least six
per province), 4 health care authorities (district and provincial
levels), and 4 local leaders or gatekeepers (village heads and
religious masters). A brainstorming meeting at the conclusion
of the study was planned with 15 representatives, including
MOPH consultative experts, authorities from regional and
district vector-borne units, authorities from regional and district
health offices, staff from hospitals at the subdistrict level, and
staff who worked in the selected areas.

Randomization
To plan and evaluate the intervention, we subdivided the
selected study areas into villages, which are the smallest
administrative units in Thailand. A village is considered a cluster
and treated as the unit of randomization. The sizes of the
purposively selected clusters by authorities in the study areas
were about 150-250, with a larger size of around 600 residents.
Considering the cluster sizes and the distances between clusters,
we purposively allocated 2 out of 5 villages in Yala and 1 out
of 2 villages in Narathiwat to receive the pMDA intervention
in round 1 (year 1) and switch to the control group in round 2
(year 2).

Statistical Methods
The potential effectiveness of pMDA was explored in terms of
reductions in the prevalences and proportions of confirmed P.
vivax infections on qPCR in the CSS population, with a
comparison between the intervention and control groups. This
was a 2-period cluster-crossover study involving 2 cluster
periods and multiple CSSs before and after pMDA in each
period. As suggested in the literature, the data should be
analyzed with hierarchical models with random effects in order
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to allow for different outcome probabilities in each period,
cluster, and cluster period [25,26]. With a cluster-level
randomization design, it is statistically more efficient to employ
a model adjusted for the cluster effect [22]. As a
proof-of-concept for a pragmatic trial in the community setting,
the potential effectiveness of pMDA was thus determined by
comparing the proportions of P. vivax infections between the
2 groups at each period of CSS, with the 2 periods combined
representing the overall impact of the intervention. An additional
comparison of the proportions of P. vivax infections between
the 2 groups at 6 months after round 2 was also performed to
explore the longer-term effect. As the study was conducted in
low-endemic areas, it is more likely that most study participants
would not be infected. Therefore, the analysis used the R
package NBZIMM, which provides functions for setting up a
multilevel zero-inflated negative binomial model adjusted for
random intercepts of the clusters [27,28]. The model for the
overall impact of the intervention in the 2-period crossover was
adjusted for the cluster effect plus time period and the interaction
between the time period and intervention. The prevalence ratio
and its 95% CI from the model have been reported, and
statistical significance was set at P<.05.

The safety of the pMDA strategy was monitored in terms of
adverse events that occurred after drug administration
throughout the follow-up period. All events have been presented
descriptively. The prevalence of G6PD deficiency has been
described with its 95% CI.

The acceptability and stakeholder engagement of the pMDA
strategy were examined using qualitative analysis. IDIs and
brainstorming sessions were led by trained facilitators, including
an experienced lead facilitator, 4 co-facilitators and note-takers,
and 2 local health care staff. All team members had been trained
on ethical considerations for human research subjects and had
read the study protocol and data collection methodologies. They
discussed the important points to be explored. Audio recordings
of the IDIs and meetings were transcribed, and the transcripts
were reviewed and classified into key themes according to the
study objectives and themes that emerged during the reviews.
Thematic analyses were conducted on the notes of participant
responses and the determined themes. The content was analyzed
to identify themes by manually exploring, interpreting, and
categorizing the data via consensus among facilitators. The
priority themes set according to the study objectives included
the following: perceptions, expectations, engagement, factors
influencing the decision to participate or not to participate,
factors influencing noncompletion of the 14-day regimen,
perceived achievements, blockage and solutions in pMDA, and
challenges in pMDA implementation.

Ethical Considerations
This study was approved by the Ethics Committee of the Faculty
of Tropical Medicine, Mahidol University, Bangkok, Thailand
(approval number: MUTM 2019-033-01). All participants
consented to participate in this study before enrollment.

Participants younger than 18 years were consented or assented
along with consent from their parents. Community leaders and
authorities in national and local health facilities were informed.
Moreover, they provided consent and were involved as part of
the community sensitization prior to the study initiation. All
staff responsible for research activities were trained in human
subject research protection. The identifiable information of
study participants was treated as confidential information, and
the participants’ identification numbers were coded. To treat
pMDA as an additional part of the routine malaria prevention
activities by health care personnel and VHVs in natural settings,
no compensation was provided to the consented study
participants. Generative AI was not used in any portion of
manuscript preparation.

Results

Study Participant Characteristics and Intervention
Implementation and Coverage
A total of 2550 individuals resided in 7 clusters. In round 1,
1624 participants consented to the CSS, with 925 in clusters
1-3 and 699 in clusters 4-7 being allocated to the pMDA and
control groups, respectively. In the 3 villages allocated to
pMDA, 70.8% (655/925) of individuals were eligible according
to the inclusion and exclusion criteria, and 87.8% (575/655)
received pMDA. The follow-up CSS at 3 months after PQ
administration was performed among 1423 study participants,
with 92.0% (851/925) in the pMDA clusters versus 81.8%
(572/699) in the control clusters.

In round 2, the clusters were crossed over, and 1489 participants
consented to the CSS, with 878 in clusters 1-3 and 611 in
clusters 4-7 being switched to the control and pMDA groups,
respectively. In the 4 villages that switched to pMDA, 66.8%
(408/611) of individuals were eligible according to the inclusion
and exclusion criteria and 91.9% (375/408) received pMDA.
The follow-up CSS at 3 months after pMDA in round 2 was
conducted among 1427 study participants, with 94.8% (579/611)
in the pMDA clusters and 96.6% (848/878) in the control
clusters. The additional postintervention CSS at 6 months after
the second PQ administration was performed among 1401 study
participants, with 92.9% (568/611) in the pMDA group and
94.9% (833/878) in the control group. Figure 3 presents the
CONSORT (Consolidated Standards of Reporting Trials)
diagram showing the flow of participants throughout the trial
[29,30]. The CONSORT checklist is presented in Multimedia
Appendix 1.

The demographic attributes and G6PD deficiency statuses of
the study participants in the 7 clusters are shown in Tables 1
and 2. Based on the census data, there were slightly fewer male
participants than female participants, with an age range of 1 to
96 years in both rounds of pMDA. Testing for G6PD deficiency
revealed an overall prevalence of 5.4% (95% CI 4.3%-6.6%)
in the 7 clusters. G6PD-deficient individuals were excluded
from PQ administration.
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Figure 3. CONSORT (Consolidated Standards of Reporting Trials) diagram showing the flow of participants throughout the 2-period cluster-crossover
trial. CSS: cross-sectional blood survey; G6PD: glucose-6-phosphate dehydrogenase; G6PDd: glucose-6-phosphate dehydrogenase deficiency; HB:
hemoglobin; Hx: history; pMDA: primaquine mass drug administration; PQ: primaquine.
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Table 1. Baseline characteristics of the participants for round 1 of the primaquine mass drug administration and control clusters during the 2-period
cluster-crossover sequence.

TotalControl clusterspMDAa clustersVariable

Total of 4-7Cluster 7Cluster 6Cluster 5Cluster 4Total of 1-3Cluster 3Cluster 2Cluster 1

1624699211167173148925531175219Pre-MDAb CSSc,
n

733 (45.1)328 (46.9)95 (45.0)80 (47.9)85 (49.1)68 (45.9)405 (43.8)242 (45.6)81 (46.3)82 (37.4)Male sex, n (%)

35 (1-96)34 (1-96)46 (2-92)26 (1-77)31 (1-88)29 (1-96)37 (1-91)40 (1-91)29 (2-80)32 (1-74)Age (years), medi-
an (range)

——————e53 (5.7)34 (6.4)7 (4.0)12 (5.5)G6PDd deficiency,
n (%)

apMDA: primaquine mass drug administration.
bMDA: mass drug administration.
cCSS: cross-sectional blood survey.
dG6PD: glucose-6-phosphate dehydrogenase.
eNot applicable.

Table 2. Baseline characteristics of the participants for round 2 of the primaquine mass drug administration and control clusters during the 2-period
cluster-crossover sequence.

TotalpMDAa clustersControl clustersVariable

Total of 4-7Cluster 7Cluster 6Cluster 5Cluster 4Total of 1-3Cluster 3Cluster 2Cluster 1

1489611177159151124878463189226Pre-MDAb CSSc,
n

656 (44.1)276 (45.2)75 (42.4)76 (47.8)68 (45.0)57 (46.0)380 (43.3)204
(44.1)

88 (46.6)88 (38.9)Male sex, n (%)

36 (1-93)36 (1-93)48 (3-93)27 (2-78)31 (1-89)36 (2-79)36 (1-92)42 (2-92)28 (1-81)32 (3-75)Age (years), medi-
an (range)

—34 (5.6)13 (7.4)9 (5.7)4 (2.6)8 (6.5)————eG6PDd deficiency,
n (%)

apMDA: primaquine mass drug administration.
bMDA: mass drug administration.
cCSS: cross-sectional blood survey.
dG6PD: glucose-6-phosphate dehydrogenase.
eNot applicable.

Potential Effectiveness of pMDA
To explore the potential effectiveness of pMDA, we compared
the prevalences of P. vivax infections between the 2 study groups
in each CSS period and the combined 2-period crossover. With
the very low number of cases found for each CSS period, the
prevalences were reported as the proportions of confirmed P.
vivax infections per 1000 population. Among the CSS population
in the pre-pMDA period of round 1 (July 2019), the proportions
of P. vivax infections in the 2 groups were similar at around
14-15 per 1000 population. Among the CSS population in the
3-month post-pMDA period (November 2019), the proportions
in the pMDA and control clusters reduced to 12.9 and 8.7 per
1000 population, respectively. Comparisons of the P. vivax
proportions per 1000 population between the 2 groups (pMDA
vs control) at each time period of round 1 showed no statistically
significant differences (Table 3).

Among the CSS population in the pre-pMDA period of round
2 (July 2020), the proportions of P. vivax infections in the
cross-over pMDA (clusters 4-7) and control (clusters 1-3)
clusters were slightly different at 11.5 and 9.1 per 1000
population, respectively. Among the CSS population in the
3-month post-pMDA period (November 2020), the proportions
in the pMDA and control clusters reduced to approximately 1.7
and 3.5 per 1000 population, respectively. Similarly, no
statistically significant differences were found between the 2
groups in the round 2 study (Table 4). During the
postintervention follow-up period, at 6 months after round 2
(March 2021), the proportions of P. vivax infections in the
pMDA group (clusters 1-3) and control group (clusters 4-7)
were 2.4 and 1.8 per 1000 population. Comparisons between
the 2 groups also showed no significant differences (Table 4).

The inclusive effectiveness of pMDA for the 2-period crossover
is shown in Table 5. In the pre-pMDA period, the inclusive
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numbers of participants across the 7 clusters (clusters 1-7), who
received the pMDA intervention and control intervention, were
1536 (round 1 + round 2: 925+611) and 1577 (878+699),
respectively. The proportions of P. vivax infections per 1000
population in the pMDA and control groups before pMDA were
slightly different at 13.0 and 12.0 per 1000 population,
respectively, with no statistically significant difference. In the

3-month post-pMDA period, the inclusive numbers of
participants across the 7 clusters, who underwent the pMDA
intervention and the control intervention, were 1430 (round 1
+ round 2: 851+579) and 1420 (848+572), respectively. The
proportions of P. vivax infections per 1000 population in the
pMDA and control groups at 3 months after pMDA were 8.4
and 5.6, respectively, with no statistically significant difference.

Table 3. Comparisons of the proportions of P. vivax infections for round 1 of the primaquine mass drug administration and control clusters during the
2-period cluster-crossover sequence.

P valuePRb (95%
CI)

Control clusterspMDAa clustersVariable

Total of 4-

7c
Cluster 7Cluster 6Cluster 5Cluster 4Total of 1-

3c
Cluster 3Cluster 2Cluster 1

——e699211167173148925531175219Pre-pMDA

CSSd, n

.552.0 (0.1-
34.3)

11 (15.7,
8.3-28.9)

0 (0.0)3 (18.0)8 (46.2)0 (0.0)13 (14.1,
7.8-24.6)

3 (5.7)8 (45.7)2 (9.1)Pre-pMDA, n
(infec-
tions/1000
population)

——5721611551481088514821632063 months
post-pMDA
CSS, n

.442.3 (0.2-
29.2)

5 (8.7, 3.2-
21.5)

0 (0.0)0 (0.0)4 (27.0)1 (9.3)11 (12.9,
6.8-23.7)

3 (6.2)7 (42.9)1 (4.9)3 months
post-pMDA, n
(infec-
tions/1000
population)

apMDA: primaquine mass drug administration.
bPR: prevalence ratio of the pMDA vs control groups based on a zero-inflated negative binomial mixed model (adjusted for cluster, without time period
and interaction).
cFor the total, the value of infections/1000 population is provided along with the 95% CI.
dCSS: cross-sectional blood survey.
eNot applicable.
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Table 4. Comparisons of the proportions of P. vivax infections for round 2 of the primaquine mass drug administration and control clusters during the
2-period cluster-crossover sequence.

P valuePRb (95%
CI)

pMDAa clustersControl clustersVariable

Total of 4-

7c
Cluster 7Cluster 6Cluster 5Cluster 4Total of 1-

3c
Cluster 3Cluster 2Cluster 1

——e611177159151124878463189226Pre-pMDA

CSSd, n

.380.3 (0.0-
8.1)

7 (11.5,
5.0-24.5)

0 (0.0)0 (0.0)7 (46.4)0 (0.0)8 (9.1, 4.2-
18.6)

4 (8.6)3 (15.9)1 (4.4)Pre-pMDA, n
(infec-
tions/1000
population)

——5791601631481088484341882263 months
post-pMDA
CSS, n

.420.5 (0.1-
3.9)

1 (1.7, 0.1-
11.1)

0 (0.0)0 (0.0)0 (0.0)1 (9.3)3 (3.5, 0.9-
11.2)

2 (4.6)1 (5.3)0 (0.0)3 months
post-pMDA, n
(infec-
tions/1000
population)

——5681601661301128334231912196 months
post-pMDA
CSS, n

>.991 (0.0-
54.2)

1 (1.8, 0.1-
11.4)

0 (0.0)0 (0.0)1 (7.7)0 (0.0)2 (2.4, 0.4-
9.6)

2 (4.7)0 (0.0)0 (0.0)6 months
post-pMDA, n
(infec-
tions/1000
population)

apMDA: primaquine mass drug administration.
bPR: prevalence ratio of the pMDA vs control groups based on a zero-inflated negative binomial mixed model (adjusted for cluster, without time period
and interaction).
cFor the total, the value of infections/1000 population is provided along with the 95% CI.
dCSS: cross-sectional blood survey.
eNot applicable.

Table 5. Comparisons of the proportions of P. vivax infections before and after primaquine mass drug administration between the intervention and
control groups combined over the 2-period cluster-crossover sequence.

P valuePRa (95% CI)Control group (clusters 1-7)Intervention group (clusters 1-7)Variable

——d15771536Pre-pMDAb CSSc, n

.372.8 (0.3-28.4)19 (12.0, 7.5-19.1)20 (13.0, 8.2-20.4)Pre-pMDA, n (infections/1000 population, 95% CI)

——142014303 months post-pMDA CSS, n

.462.1 (0.3-13.7)8 (5.6, 2.6-11.5)12 (8.4, 4.6-15.1)3 months post-pMDA, n (infections/1000 population,
95% CI)

aPR: prevalence ratio of the pMDA vs control groups based on a zero-inflated negative binomial mixed model (adjusted for cluster, with time period
as a covariate and interaction with the pMDA intervention).
bpMDA: primaquine mass drug administration.
cCSS: cross-sectional blood survey.
dNot applicable.

Safety and Adverse Drug Reactions of PQ During
pMDA
Adverse events potentially due to PQ intake were recorded in
approximately 5% of participants in each round (30/575, 5.2%
in round 1 and 20/375, 5.3% in round 2) (Table 6). Although

study participants with G6PD deficiency were excluded, about
1% of the participants who received PQ showed symptoms
suggesting acute hemolysis. Six participants had hemoglobin
levels of <8 g/dL, and another 4 participants had dark urine.
Major chief complaints after taking PQ varied and included
headache, weakness, muscle ache and pain, and dry throat. All
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study participants with safety concerns were stopped from further PQ intake.

Table 6. Safety and adverse drug reactions during the 2-period cluster-crossover sequence.

Round 2 (n=375a), n (%)Round 1 (n=575a), n (%)Variable

20 (5.3)30 (5.2)Total population with adverse effects

4 (1.1)2 (0.3)Hemoglobin level <8 g/dL

2 (0.5)2 (0.3)Dark urine

Other adverse events (chief complaints)

5 (1.3)8 (1.4)Headache

1 (0.3)7 (1.2)Weakness

0 (0.0)5 (0.9)Dry throat

4 (1.1)1 (0.1)Muscle ache and pain

0 (0.0)2 (0.3)Tachycardia

2 (0.5)1 (0.1)Chest tightness

0 (0.0)2 (0.3)Constipation

1 (0.3)0 (0.0)Diarrhea

1 (0.3)1 (0.1)Vomiting

2 (0.5)0 (0.0)Itching

aTotal population with at least 1-day drug administration.

Acceptability of the pMDA Program
Information was collected from community representatives,
including 12 from 2 villages in Yala Province and 12 from 2
villages in Narathiwat Province. Key informants also included
11 VHVs in the selected villages (7 from Yala and 4 from
Narathiwat) and 18 representatives of health care personnel who
worked in the study areas and MOPH consultative experts.
Among the 53 key informants, 34 were male and 19 were
female, and their age ranged from 18 to 86 years. Some of the
study participants were community and religious leaders. Most
VHVs and their family members participated in the pMDA
activities. In assessing the acceptance of the pMDA program
and stakeholder engagement, 5 themes were explored, namely,
perceptions, expectations, and engagement; factors influencing
the decision to participate or not participate; factors influencing
noncompletion of the 14-day regimen; perceived achievements,
blockages, and solutions in pMDA; and challenges in pMDA
implementation.

Perceptions, Expectations, and Engagement
Study participants informed us that they were willing to
participate in pMDA because they recognized that malaria was
a major problem around their residential areas. Many of them,
particularly the older generation, had experienced malaria. All
villagers who agreed to the CSS, but could not participate in
pMDA due to the exclusion criteria, perceived the program’s
benefits. On the other hand, all those who rejected pMDA stated
that they or their families had never been infected with malaria,
that they would seek treatment should they be infected, and that
prevention was not necessary based on these factors. VHVs,
who were key players in pMDA implementation, perceived the
program’s benefits. Almost all of them indicated that it would

not be a burden as they have to perform home visits and other
activities in the villages as part of their routine job anyway. All
local health care officers at the district and subdistrict levels
noted that they expected the program to help reduce malaria
cases in their areas. They said that they had no worries about
program implementation, as they could easily collaborate with
community leaders and VHVs.

There were many malaria cases in our province – in
the top ranking in Thailand. After the pMDA project,
the malaria cases were reduced to none in our
village… Some VHVs from other villages asked us
why the project only came to our village. [VHV]

Factors Influencing the Decision to Participate or Not
Participate
Many participants said that they took a decision after going to
one of several community engagement meetings arranged by
the research team, community and regional leaders, and VHVs.
Being well-informed about drug safety and the G6PD deficiency
survey, most participants felt safe participating in the CSS and
pMDA program.

Both of us took the drug for 14 days without any side
effects. We decided to participate after attending the
community meeting. We had no worries about taking
the drug and the blood draw because we both used
to get malaria. If we have to take the drug once a
year, we still want to do so. We will ask our children
to do so next time. [pMDA-compliant husband and
wife]

In contrast, all VHVs and local health care staff indicated that
most teenagers and small children did not participate in the
program. With the drug problem (including illegal herbs,
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amphetamine, cocaine, and other drugs), particularly among
teenagers, they feared that the CSS would reveal their drug
status. Some mentioned that taking medication for 14 days was
too long and that they might participate in a shorter regimen.
Cultural beliefs also affected the idea of taking medication. One
community leader stated that some local people believed that
eating durian (a local fruit) with malaria drugs might affect
people’s health.

Two of us in the family did not participate even though
we used to get malaria – this is because we had to go
work in the forest and had no time for DOT. … My
son aged 18 years old did not participate in the
project because he had to go and study out of town…
[pMDA nonparticipant]

Factors Influencing Noncompletion of the 14-Day
Regimen
All pMDA participants who did not complete the 14-day
regimen indicated that they had to stop taking PQ because they
had adverse drug reactions. A few had to withdraw via the
VHVs owing to safety issues (eg, dark urine and hemoglobin
<8 g/dL).

There are 5 of us in the family – only 3 participated
in drug administration, the other 2 did not because
of their pregnancies. I took the drug for only 4 days
and stopped because I had a headache – if not, I
would take it for the whole 14-days. [pMDA
noncompliant person]

Perceived Achievements, Blockages, and Solutions in
pMDA
The brainstorming meeting reached a consensus that pMDA
had an important impact on identifying asymptomatic infections
because routine qPCR was not performed at local sites. The
screening test for G6PD deficiency also contributed to
significant implications, as there was little knowledge about
G6PD deficiency prevalence in this region. Knowing the G6PD
deficiency status instilled confidence in the local staff for PQ
delivery during pMDA.

When asked about pMDA activities that required improvement,
government officers recognized that community engagement
still did not reach all target groups, and this was confirmed by
villagers and VHVs. All stakeholders suggested that there should
be greater coverage and more frequent community sensitization
and engagement, which should be specific to the target groups
(nonparticipant populations). Though willing to perform home
visits, some VHVs noted that there should be some ways to
handle intensive 14-day DOT. The brainstorming session also
indicated a lack of resources (both workforce and financial
support) that could obstruct the success of prevention and control
measures.

At the beginning, we felt worried about our skills and
the heavy workload of performing 14-day follow-ups.
We also worried about getting villagers to understand
the project, about taking the drug and the blood
draw… The situation was better when we worked

together with community leaders. [Local health care
officer]

Challenges in pMDA Implementation
As noted during the brainstorming session, human resources
would be a major challenge when moving forward and upscaling
pMDA. A few health authorities mentioned that in order to have
a successful program, it must be a top-down approach, which
means the policy must be initiated by authoritative bodies at
higher levels and delegated to local operational entities. On the
other hand, another MOPH authority noted that the local level
should initiate the idea and propose it to the upper level. There
were concerns about not only the human workforce but also
budget allocation.

Taking a 14-day regimen requires a G6PDd screening
test. This test is rather expensive – but if you do not
do it, the villagers may not want to take the drug. This
is important and we need to communicate well with
villagers to have them take the drug. Importantly, we
also need the full endorsement of higher-level
authorities, i.e., MOPH. If the MOPH had such a
policy, the local offices would do it. [MOPH authority
at the local level]

Discussion

Overview
The main goals of this study were to evaluate the effectiveness,
safety, acceptability, and stakeholder engagement of pMDA to
accelerate P. vivax elimination in Thailand and to provide the
information needed by the Thai MOPH for evidence-based
decision making. The study employed a mixed-methods
approach. The quantitative part of the study employed a 2-period
cluster-crossover randomized trial design assessing pMDA in
addition to standard prevention and control measures. The
qualitative part was performed by IDIs and brainstorming
discussions.

Effectiveness and Safety of the pMDA Intervention
As a proof-of-concept study, the potential effectiveness of the
pMDA intervention was assessed by comparing the proportions
of P. vivax infections between clusters under pMDA and clusters
under SPC in each period and after the 2-period crossover. The
study results indicated no statistically significant differences
between the 2 groups both before and after pMDA
implementation. However, there were reducing trends in P.
vivax prevalence after pMDA implementation in both the
treatment and control groups. In a systematic review in the
Cochrane database, it was found that studies on MDA in
Cambodia, Laos, Myanmar, and Vietnam in very low– to
low-endemicity settings showed varying degrees of reductions
in P. vivax prevalence immediately following the intervention,
but the effects were not sustained [31]. Similarly, WHO
guidelines for malaria in 2023 noted that MDA for P. vivax
conducted in 8 countries showed rapid reductions in
transmission with immediate- to short-term benefits 1-3 months
after the last round of MDA, but long-term benefits at 12-24
months were not apparent [32]. In this study, the comparable
reduction trends in the pMDA and control groups may reflect
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that pMDA was not as effective as anticipated. This might be
due to the Hawthorne effect (the alteration of behavior by the
study subjects due to their awareness of being observed), since
both study participants and health care workers in the study
areas were aware of the additional pMDA activities in their
vicinity. It is also important to note that since the start of the
study in 2019, drastically decreasing incidences have been
observed across the country and not only in the study clusters.
Moreover, people’s mobility was limited and malaria risk
behaviors were less frequent during the COVID-19 pandemic,
which coincidently started in 2019. Thus, it is difficult to reach
definitive conclusions about the effectiveness of the pMDA
intervention.

Consistent with the findings in other studies [15,20,33], pMDA
was safe and well-tolerated. Testing for G6PD deficiency at the
point of care before PQ administration is a precondition for safe
administration [19]. Several previous studies noted that the
tolerability of PQ has been good, with a low frequency of
adverse events reported even with heterogeneous levels of G6PD
deficiency [15,18]. This study, however, excluded individuals
with inborn G6PD deficiency. As a safety monitoring measure,
VHVs performed the intensive 14-day DOT of PQ receivers
residing in households for which they were responsible. Other
studies also reported that pMDA under supervision with good
monitoring mechanisms for adverse events in the population
would result in less severe adverse events related to PQ
[15,18,19]. This study and other pMDA studies involving
dihydroartemisinin-piperaquine and PQ showed similar common
adverse events, including gastrointestinal disturbances (diarrhea,
vomiting, abdominal pain, and nausea), dizziness, headache,
and general body weakness [18,20,34]. Severe adverse events
suggesting acute hemolysis occurred in 1.1% of PQ receivers,
resulting in treatment cessation.

Acceptability and Stakeholder Engagement in pMDA
Activities
In the WHO manual for antimalarial MDA implementation,
high coverage and adherence of the target population (ie, >80%)
must be ensured, preferably implementing centralized
distribution at a fixed site and performing DOT. In this study,
only about 60% of participants consented to the initial CSS, but
over 90% of them were retained in the 3-year study. Among
those, only 70% were eligible for MDA, with 90% taking PQ
and 90% completing the 14-day regimen under DOT. The
qualitative part of this study suggested that acceptance of pMDA
among study participants was predominantly due to their trust
in health care representatives (VHVs) who actively performed
home visits to provide health care support. This study confirmed
that DOT, although labor-intensive, could maintain full
adherence and reassure study participants about the purposes
and safety of the MDA activities. pMDA and DOT heightened
the morale and relationships between villagers and health care
personnel in the study areas. Similarly, another study on reactive
drug administration for P. vivax elimination in Thailand
suggested that good acceptance of the program was related to
education and sensitization campaigns on the purpose and
rationale of the intervention [35]. Moreover, the WHO
guidelines 2023 noted that a systematic review of 18 studies
reported that the most common barrier to the acceptability of

MDA for P. vivax was fear of adverse events, and some studies
mentioned that sensitization on the benefits of MDA helped
reduce concerns about adverse effects [32].

Community engagement is critical to the success of MDA for
P. vivax infection as it affects participation rates and full
treatment compliance, while lack of engagement with local
health care providers limits treatment adherence [32]. A
systematic review of published, unpublished, and gray literature
documenting past MDA experiences identified the importance
of operational implementation and community engagement,
with drug distribution and DOT being mainly performed by
community volunteers and local health workers [36]. A review
of previous studies noted in the WHO guidelines 2023 also
reflects that the impact of MDA on P. vivax infection, whether
positive or negative, is likely related to the level of acceptance
of the intervention among the malaria program staff, and there
have been no surveys of these key stakeholders regarding this
issue [32]. As suggested in the literature, all aspects of
community engagement in MDA must be tailored to local
(social, cultural, and political) circumstances [37,38]. This study
involved community members as part of the intervention team
and considered their customs and opinions. Study participants
and public health care providers at local and national levels
willingly accepted and believed that the preventive and control
activities in this study (regardless of being in the pMDA or
control groups) had boosted awareness in the community and
led to personal changes in malaria-preventive behaviors. The
qualitative part of this study confirmed the key determinants of
pMDA, and it was shown that the feasibility of maintaining or
upscaling the MDA intervention was related to the existence of
active and continuous activities for community engagement,
community sensitization, and maintaining collaborations with
those from the point-of-care level up to authorities at local and
national levels.

Limitations of the Study
This study had several limitations. The number and size of
clusters were small, and the study may not have observed
heterogeneities among different groups. Limited mobility due
to the COVID-19 pandemic coinciding with pMDA activities
during the study follow-up period might have caused the malaria
prevalence in all study clusters to decline drastically. Such
circumstances complicate and hinder the interpretation of the
results. Moreover, there were significant heterogeneities among
the different clusters, making comparisons between the pMDA
and control groups difficult. Regarding the study design, this
study employed a cluster-crossover randomized trial design,
which is particularly feasible for pragmatic clinical trial in health
care systems [21,22]. The design is highly efficient and should
be considered as it breaks up the total trial duration into a series
of repeated measures. Thus, the required number of clusters
could be substantially reduced while potentially providing
generalizable, robust, and internally valid evidence for the
evaluation of effects across settings or clusters [21,39,40].
Although the cluster-crossover design is robust when the number
of clusters is small [26], this study involved only 7 clusters and
the crossover sample size was around 1500 per group. Given
the predictably large variation in malaria prevalence within each
cluster, a larger sample size would have been needed. Thus, the
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results of this study may not have external validity and may not
be generalizable to other settings with different natures of target
populations and degrees of transmission.

Conclusions
pMDA under DOT showed high adherence, safety, and
tolerability, but it may not significantly impact P. vivax
transmission, particularly in low-transmission areas. Although
the impact of pMDA was inconclusive, the results were
consistent. Malaria cases reduced in all clusters, regardless of
whether they were in the pMDA group. The Hawthorne effect
may reflect the trigger or accelerator of elimination by involving
significant political, logistical, and financial commitments of
coordinating bodies and collaborative efforts among various
levels of stakeholders. We experienced success regarding
effective health care workforces at point-of-care centers,
effective collaborations in the community, and commitment
from authorities at local and national levels. Such community
engagement efforts boosted the acceptability of the
malaria-elimination initiative.

Despite the safety and exemplary acceptance of the intervention,
we cannot proclaim the effectiveness of pMDA. As we planned
this study as a proof-of-concept study, the results were
considered as a basis for decision making. A conditional
recommendation in the WHO guidelines 2023 suggested the
use of MDA for P. vivax infection when there is evidence of
the acceptability, feasibility, impact (incidence or prevalence
of malaria infection at the community level), and potential harm
of MDA (including testing for G6PD deficiency) [32]. Since
we did not observe the impact of pMDA on P. vivax
transmission during the study period and the malaria incidence
in Thailand increased in 2023 after the study period, we decided
not to scale up the study with larger clusters and samples.
Instead of implementing pMDA in the population within the
intervention clusters, we are working on an on-going project
with an alternative approach involving a targeted PQ treatment
strategy that provides PQ via DOT only to the targeted
population in households around each index case living in the
intervention cluster. The effectiveness of such an alternative
approach remains to be determined.

Acknowledgments
We sincerely appreciate the study participants, village health volunteers, and local health care personnel in the communities for
their kind contributions to testing the study concept. We gratefully acknowledge all staff from the Thai Ministry of Public Health
for their active roles in primaquine mass drug administration implementation and all staff who worked under the International
Centers of Excellence for Malaria Research (ICEMR) project for performing their assigned activities and assisting in data
collection. We would like to thank Paul Adams for English editing and proofreading. This work was supported by the National
Institute for Allergy and Infectious Diseases, National Institutes of Health (NIH) (U19 AI089672).

Data Availability
All data and codes used in this analysis are presented in the manuscript.

Authors' Contributions
JK, SL, JS, WR, and WN designed the study. WR, WN, ST, PS, and PP implemented the intervention in the communities. WR,
WN, AK, RP, PJ, PS, and MK collected the data, accessed and verified the data, and performed initial data analysis. JK, CN, and
SL designed the statistical analysis. JK and MK led the qualitative data analysis. JK and WR wrote the first draft of the manuscript.
JS, DMP, and LC provided important comments on the draft manuscript. All authors read and approved the manuscript. The
corresponding author had full access to all the data in the study and had final responsibility for the decision to submit for publication.

Conflicts of Interest
None declared.

Multimedia Appendix 1
CONSORT (Consolidated Standards of Reporting Trials) checklist.
[PDF File (Adobe PDF File), 66 KB-Multimedia Appendix 1]

References

1. Strategy for malaria elimination in the Greater Mekong Subregion: 2015-2030. World Health Organization. Regional Office
for the Western Pacific. World Health Organization; May 21, 2015. URL: https://iris.who.int/bitstream/handle/10665/
208203/9789290617181_eng.pdf?sequence=1 [accessed 2024-05-30]

2. Bureau of Vector Borne Diseases, Department of Disease Control, Thailand Ministry of Public Health. Guide to Malaria
Elimination for Thailand’s Local Administrative Organizations and the Health Network. Department of Disease Control,
Ministry of Public Health. URL: http://malaria.ddc.moph.go.th/downloadfiles/
Guide%20to%20Malaria%20Elimination%20for%20Thailand%20LAO_EN.pdf [accessed 2024-05-30]

JMIR Public Health Surveill 2024 | vol. 10 | e51993 | p. 14https://publichealth.jmir.org/2024/1/e51993
(page number not for citation purposes)

Kaewkungwal et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=publichealth_v10i1e51993_app1.pdf&filename=00650639ec30faf4acdff604a8a055ea.pdf
https://jmir.org/api/download?alt_name=publichealth_v10i1e51993_app1.pdf&filename=00650639ec30faf4acdff604a8a055ea.pdf
https://iris.who.int/bitstream/handle/10665/208203/9789290617181_eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/208203/9789290617181_eng.pdf?sequence=1
http://malaria.ddc.moph.go.th/downloadfiles/Guide%20to%20Malaria%20Elimination%20for%20Thailand%20LAO_EN.pdf
http://malaria.ddc.moph.go.th/downloadfiles/Guide%20to%20Malaria%20Elimination%20for%20Thailand%20LAO_EN.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/


3. Cui L, Yan G, Sattabongkot J, Chen B, Cao Y, Fan Q, et al. Challenges and prospects for malaria elimination in the Greater
Mekong Subregion. Acta Trop. Mar 2012;121(3):240-245. [FREE Full text] [doi: 10.1016/j.actatropica.2011.04.006]
[Medline: 21515238]

4. Delacollette C, D'Souza C, Christophel E, Thimasarn K, Abdur R, Bell D, et al. Malaria trends and challenges in the Greater
Mekong Subregion. Southeast Asian J Trop Med Public Health. Jul 2009;40(4):674-691. [Medline: 19842400]

5. Shanks G. Control and elimination of Plasmodium vivax. Adv Parasitol. 2012;80:301-341. [doi:
10.1016/B978-0-12-397900-1.00006-2] [Medline: 23199491]

6. Zhou G, Lo E, Zhong D, Wang X, Wang Y, Malla S, et al. Impact of interventions on malaria in internally displaced persons
along the China-Myanmar border: 2011-2014. Malar J. Sep 15, 2016;15(1):471. [FREE Full text] [doi:
10.1186/s12936-016-1512-2] [Medline: 27628040]

7. Habtamu K, Petros B, Yan G. Plasmodium vivax: the potential obstacles it presents to malaria elimination and eradication.
Trop Dis Travel Med Vaccines. Dec 15, 2022;8(1):27. [FREE Full text] [doi: 10.1186/s40794-022-00185-3] [Medline:
36522671]

8. Andolina C, Rek JC, Briggs J, Okoth J, Musiime A, Ramjith J, et al. Sources of persistent malaria transmission in a setting
with effective malaria control in eastern Uganda: a longitudinal, observational cohort study. The Lancet Infectious Diseases.
Nov 2021;21(11):1568-1578. [doi: 10.1016/s1473-3099(21)00072-4]

9. Chu C, Stolbrink M, Stolady D, Saito M, Beau C, Choun K, et al. Severe Falciparum and Vivax malaria on the
Thailand-Myanmar border: A review of 1503 cases. Clin Infect Dis. Sep 11, 2023;77(5):721-728. [FREE Full text] [doi:
10.1093/cid/ciad262] [Medline: 37144342]

10. Champagne C, Gerhards M, Lana J, Le Menach A, Pothin E. Quantifying the impact of interventions against Plasmodium
vivax: A model for country-specific use. Epidemics. Mar 2024;46:100747. [FREE Full text] [doi:
10.1016/j.epidem.2024.100747] [Medline: 38330786]

11. Control and elimination of Plasmodium vivax malaria: a technical brief. World Health Organization. URL: https://iris.
who.int/bitstream/handle/10665/181162/9789241509244_eng.pdf?sequence=1 [accessed 2024-05-30]

12. Mass drug administration for falciparum malaria: a practical field manual. World Health Organization. 2017. URL: https:/
/www.who.int/publications/i/item/9789241513104 [accessed 2024-05-30]

13. Nekkab N, Obadia T, Monteiro WM, Lacerda MV, White M, Mueller I. Accelerating towards elimination with a novel
serological test-and-treat strategy: a modelling case study in Brazil. Lancet Reg Health Am. Jun 2023;22:100511. [FREE
Full text] [doi: 10.1016/j.lana.2023.100511] [Medline: 37250687]

14. Huang F, Zhang L, Xia Z. Insights into the elimination of vivax malaria in China. Infect Dis Poverty. Mar 20, 2023;12(1):23.
[FREE Full text] [doi: 10.1186/s40249-023-01077-0] [Medline: 36941701]

15. Kondrashin A, Baranova AM, Ashley EA, Recht J, White NJ, Sergiev VP. Mass primaquine treatment to eliminate vivax
malaria: lessons from the past. Malar J. Mar 07, 2014;13(1):51. [FREE Full text] [doi: 10.1186/1475-2875-13-51] [Medline:
24502194]

16. Newby G, Hwang J, Koita K, Chen I, Greenwood B, von Seidlein L, et al. Review of mass drug administration for malaria
and its operational challenges. Am J Trop Med Hyg. Jul 2015;93(1):125-134. [FREE Full text] [doi: 10.4269/ajtmh.14-0254]
[Medline: 26013371]

17. Anwar MN, Hickson RI, Mehra S, Price DJ, McCaw JM, Flegg MB, et al. Optimal interruption of P. vivax malaria
transmission using mass drug administration. Bull Math Biol. Apr 19, 2023;85(6):43. [FREE Full text] [doi:
10.1007/s11538-023-01153-4] [Medline: 37076740]

18. Meeting report of the WHO Evidence Review Group on mass drug administration for malaria. World Health Organization.
URL: https://cdn.who.int/media/docs/default-source/malaria/mpac-documentation/
mpac-april2019-session7-erg-mass-admnistration-drug-report.pdf?sfvrsn=629b9e55_2&download=true [accessed 2024-05-30]

19. Thriemer K, Ley B, von Seidlein L. Towards the elimination of Plasmodium vivax malaria: Implementing the radical cure.
PLoS Med. Apr 23, 2021;18(4):e1003494. [FREE Full text] [doi: 10.1371/journal.pmed.1003494] [Medline: 33891589]

20. Greenwood B, Drakeley C. Primaquine and Plasmodium vivax malaria recurrence in Brazil. N Engl J Med. Mar 31,
2022;386(13):1282-1283. [doi: 10.1056/NEJMe2201725] [Medline: 35353968]

21. Mills EJ, Chan A, Wu P, Vail A, Guyatt GH, Altman DG. Design, analysis, and presentation of crossover trials. Trials.
Apr 30, 2009;10(1):27. [FREE Full text] [doi: 10.1186/1745-6215-10-27] [Medline: 19405975]

22. Alternative Cluster Randomized Designs. NIH Pragmatic Trials Collaboratory. URL: https://rethinkingclinicaltrials.org/
chapters/design/experimental-designs-and-randomization-schemes/alternative-cluster-randomized-designs/ [accessed
2024-05-30]

23. Moerbeek M. The cluster randomized crossover trial: The effects of attrition in the AB/BA design and how to account for
it in sample size calculations. Clin Trials. Aug 19, 2020;17(4):420-429. [FREE Full text] [doi: 10.1177/1740774520913042]
[Medline: 32191129]

24. Recht J, Ashley EA, White NJ. Use of primaquine and glucose-6-phosphate dehydrogenase deficiency testing: Divergent
policies and practices in malaria endemic countries. PLoS Negl Trop Dis. Apr 19, 2018;12(4):e0006230. [FREE Full text]
[doi: 10.1371/journal.pntd.0006230] [Medline: 29672516]

JMIR Public Health Surveill 2024 | vol. 10 | e51993 | p. 15https://publichealth.jmir.org/2024/1/e51993
(page number not for citation purposes)

Kaewkungwal et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

https://europepmc.org/abstract/MED/21515238
http://dx.doi.org/10.1016/j.actatropica.2011.04.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21515238&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19842400&dopt=Abstract
http://dx.doi.org/10.1016/B978-0-12-397900-1.00006-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23199491&dopt=Abstract
https://malariajournal.biomedcentral.com/articles/10.1186/s12936-016-1512-2
http://dx.doi.org/10.1186/s12936-016-1512-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27628040&dopt=Abstract
https://tdtmvjournal.biomedcentral.com/articles/10.1186/s40794-022-00185-3
http://dx.doi.org/10.1186/s40794-022-00185-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36522671&dopt=Abstract
http://dx.doi.org/10.1016/s1473-3099(21)00072-4
https://europepmc.org/abstract/MED/37144342
http://dx.doi.org/10.1093/cid/ciad262
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37144342&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1755-4365(24)00008-2
http://dx.doi.org/10.1016/j.epidem.2024.100747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38330786&dopt=Abstract
https://iris.who.int/bitstream/handle/10665/181162/9789241509244_eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/181162/9789241509244_eng.pdf?sequence=1
https://www.who.int/publications/i/item/9789241513104
https://www.who.int/publications/i/item/9789241513104
https://linkinghub.elsevier.com/retrieve/pii/S2667-193X(23)00085-6
https://linkinghub.elsevier.com/retrieve/pii/S2667-193X(23)00085-6
http://dx.doi.org/10.1016/j.lana.2023.100511
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37250687&dopt=Abstract
https://idpjournal.biomedcentral.com/articles/10.1186/s40249-023-01077-0
http://dx.doi.org/10.1186/s40249-023-01077-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36941701&dopt=Abstract
https://malariajournal.biomedcentral.com/articles/10.1186/1475-2875-13-51
http://dx.doi.org/10.1186/1475-2875-13-51
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24502194&dopt=Abstract
https://europepmc.org/abstract/MED/26013371
http://dx.doi.org/10.4269/ajtmh.14-0254
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26013371&dopt=Abstract
https://europepmc.org/abstract/MED/37076740
http://dx.doi.org/10.1007/s11538-023-01153-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37076740&dopt=Abstract
https://cdn.who.int/media/docs/default-source/malaria/mpac-documentation/mpac-april2019-session7-erg-mass-admnistration-drug-report.pdf?sfvrsn=629b9e55_2&download=true
https://cdn.who.int/media/docs/default-source/malaria/mpac-documentation/mpac-april2019-session7-erg-mass-admnistration-drug-report.pdf?sfvrsn=629b9e55_2&download=true
https://dx.plos.org/10.1371/journal.pmed.1003494
http://dx.doi.org/10.1371/journal.pmed.1003494
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33891589&dopt=Abstract
http://dx.doi.org/10.1056/NEJMe2201725
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35353968&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/1745-6215-10-27
http://dx.doi.org/10.1186/1745-6215-10-27
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19405975&dopt=Abstract
https://rethinkingclinicaltrials.org/chapters/design/experimental-designs-and-randomization-schemes/alternative-cluster-randomized-designs/
https://rethinkingclinicaltrials.org/chapters/design/experimental-designs-and-randomization-schemes/alternative-cluster-randomized-designs/
https://journals.sagepub.com/doi/abs/10.1177/1740774520913042?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/1740774520913042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32191129&dopt=Abstract
https://dx.plos.org/10.1371/journal.pntd.0006230
http://dx.doi.org/10.1371/journal.pntd.0006230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29672516&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


25. Arnup SJ, McKenzie JE, Hemming K, Pilcher D, Forbes AB. Understanding the cluster randomised crossover design: a
graphical illustraton of the components of variation and a sample size tutorial. Trials. Aug 15, 2017;18(1):381. [FREE Full
text] [doi: 10.1186/s13063-017-2113-2] [Medline: 28810895]

26. Parienti J, Kuss O. Cluster-crossover design: a method for limiting clusters level effect in community-intervention studies.
Contemp Clin Trials. May 2007;28(3):316-323. [doi: 10.1016/j.cct.2006.10.004] [Medline: 17110172]

27. The R Project for Statistical Computing. R Project. URL: https://www.r-project.org/ [accessed 2024-05-30]
28. Zhang X, Yi N. NBZIMM: negative binomial and zero-inflated mixed models, with application to microbiome/metagenomics

data analysis. BMC Bioinformatics. Oct 30, 2020;21(1):488. [FREE Full text] [doi: 10.1186/s12859-020-03803-z] [Medline:
33126862]

29. Dwan K, Li T, Altman DG, Elbourne D. CONSORT 2010 statement: extension to randomised crossover trials. BMJ. Jul
31, 2019;366:l4378. [FREE Full text] [doi: 10.1136/bmj.l4378] [Medline: 31366597]

30. Campbell MK, Piaggio G, Elbourne DR, Altman DG, CONSORT Group. Consort 2010 statement: extension to cluster
randomised trials. BMJ. Sep 04, 2012;345(sep04 1):e5661-e5661. [doi: 10.1136/bmj.e5661] [Medline: 22951546]

31. Shah M, Hwang J, Choi L, Lindblade K, Kachur S, Desai M. Mass drug administration for malaria. Cochrane Database
Syst Rev. Sep 29, 2021;9(9):CD008846. [FREE Full text] [doi: 10.1002/14651858.CD008846.pub3] [Medline: 34585740]

32. WHO guidelines for malaria. World Health Organization. URL: https://iris.who.int/bitstream/handle/10665/373339/
WHO-UCN-GMP-2023.01-Rev.1-eng.pdf?sequence=1 [accessed 2024-05-30]

33. Kim H, Ko T, Kim S, Im S, Kim Y. Control of Plasmodium vivax malaria by mass chemoprevention with primaquine.
Parasitology Open. Nov 13, 2018;4:e18. [doi: 10.1017/pao.2018.13]

34. Chalwe V, Miller J, Silumbe K, Earle D, Chizema-Kawesha E, Yeta A, et al. Adverse event reporting from malaria mass
drug administration (MDA) rounds conducted in Southern Province, Zambia. PATH. URL: https://media.path.org/documents/
ASTMH_aemonitor_pstr.pdf [accessed 2024-05-30]

35. Suwannarong K, Cotter C, Ponlap T, Bubpa N, Thammasutti K, Chaiwan J, et al. Assessing the acceptability and feasibility
of reactive drug administration for malaria elimination in a Plasmodium vivax predominant setting: a qualitative study in
two provinces in Thailand. BMC Public Health. Jul 13, 2023;23(1):1346. [FREE Full text] [doi: 10.1186/s12889-023-15852-z]
[Medline: 37438774]

36. Newby G, Hwang J, Koita K, Chen I, Greenwood B, von Seidlein L, et al. Review of mass drug administration for malaria
and its operational challenges. Am J Trop Med Hyg. Jul 2015;93(1):125-134. [FREE Full text] [doi: 10.4269/ajtmh.14-0254]
[Medline: 26013371]

37. Pell CL, Adhikari B, Myo Thwin M, Kajeechiwa L, Nosten S, Nosten FH, et al. Community engagement, social context
and coverage of mass anti-malarial administration: Comparative findings from multi-site research in the Greater Mekong
sub-Region. PLoS One. Mar 25, 2019;14(3):e0214280. [FREE Full text] [doi: 10.1371/journal.pone.0214280] [Medline:
30908523]

38. Aung PL, Soe MT, Soe TN, Oo TL, Aung PP, Khin A, et al. The acceptability of targeted mass treatment with primaquine
for local elimination of vivax malaria in a northern Myanmar township: a mixed-methods study. Parasit Vectors. Oct 24,
2021;14(1):549. [FREE Full text] [doi: 10.1186/s13071-021-05064-y] [Medline: 34689796]

39. Hemming K, Eldridge S, Forbes G, Weijer C, Taljaard M. How to design efficient cluster randomised trials. BMJ. Jul 14,
2017;358:j3064. [FREE Full text] [doi: 10.1136/bmj.j3064] [Medline: 28710062]

40. Hemming K, Taljaard M, Weijer C, Forbes AB. Use of multiple period, cluster randomised, crossover trial designs for
comparative effectiveness research. BMJ. Nov 04, 2020;371:m3800. [doi: 10.1136/bmj.m3800] [Medline: 33148538]

Abbreviations
CONSORT: Consolidated Standards of Reporting Trials
CSS: cross-sectional blood survey
DOT: directly observed treatment
G6PD: glucose-6-phosphate dehydrogenase
GMS: Greater Mekong Subregion
ICEMR: International Center of Excellence for Malaria Research
IDI: in-depth interview
MDA: mass drug administration
MOPH: Ministry of Public Health
MPPT: mass primaquine preventive treatment
pMDA: primaquine mass drug administration
PQ: primaquine
SPC: standard of prevention and control
VHV: village health volunteer
WHO: World Health Organization

JMIR Public Health Surveill 2024 | vol. 10 | e51993 | p. 16https://publichealth.jmir.org/2024/1/e51993
(page number not for citation purposes)

Kaewkungwal et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-017-2113-2
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-017-2113-2
http://dx.doi.org/10.1186/s13063-017-2113-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28810895&dopt=Abstract
http://dx.doi.org/10.1016/j.cct.2006.10.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17110172&dopt=Abstract
https://www.r-project.org/
https://bmcbioinformatics.biomedcentral.com/articles/10.1186/s12859-020-03803-z
http://dx.doi.org/10.1186/s12859-020-03803-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33126862&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=31366597
http://dx.doi.org/10.1136/bmj.l4378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31366597&dopt=Abstract
http://dx.doi.org/10.1136/bmj.e5661
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22951546&dopt=Abstract
https://europepmc.org/abstract/MED/34585740
http://dx.doi.org/10.1002/14651858.CD008846.pub3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34585740&dopt=Abstract
https://iris.who.int/bitstream/handle/10665/373339/WHO-UCN-GMP-2023.01-Rev.1-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/373339/WHO-UCN-GMP-2023.01-Rev.1-eng.pdf?sequence=1
http://dx.doi.org/10.1017/pao.2018.13
https://media.path.org/documents/ASTMH_aemonitor_pstr.pdf
https://media.path.org/documents/ASTMH_aemonitor_pstr.pdf
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-023-15852-z
http://dx.doi.org/10.1186/s12889-023-15852-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37438774&dopt=Abstract
https://europepmc.org/abstract/MED/26013371
http://dx.doi.org/10.4269/ajtmh.14-0254
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26013371&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0214280
http://dx.doi.org/10.1371/journal.pone.0214280
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30908523&dopt=Abstract
https://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-021-05064-y
http://dx.doi.org/10.1186/s13071-021-05064-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34689796&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=28710062
http://dx.doi.org/10.1136/bmj.j3064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28710062&dopt=Abstract
http://dx.doi.org/10.1136/bmj.m3800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33148538&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by A Mavragani; submitted 19.08.23; peer-reviewed by M White, E Malik; comments to author 01.12.23; revised version
received 28.01.24; accepted 14.05.24; published 26.06.24

Please cite as:
Kaewkungwal J, Roobsoong W, Lawpoolsri S, Nguitragool W, Thammapalo S, Prikchoo P, Khamsiriwatchara A, Pawarana R,
Jarujareet P, Parker DM, Sripoorote P, Kengganpanich M, Ngamjarus C, Sattabongkot J, Cui L
Effectiveness, Safety, and Acceptability of Primaquine Mass Drug Administration in Low-Endemicity Areas in Southern Thailand:
Proof-of-Concept Study
JMIR Public Health Surveill 2024;10:e51993
URL: https://publichealth.jmir.org/2024/1/e51993
doi: 10.2196/51993
PMID: 38922648

©Jaranit Kaewkungwal, Wanlapa Roobsoong, Saranath Lawpoolsri, Wang Nguitragool, Suwich Thammapalo, Pathomporn
Prikchoo, Amnat Khamsiriwatchara, Rungrawee Pawarana, Pawinee Jarujareet, Daniel M Parker, Piyarat Sripoorote, Mondha
Kengganpanich, Chetta Ngamjarus, Jetsumon Sattabongkot, Liwang Cui. Originally published in JMIR Public Health and
Surveillance (https://publichealth.jmir.org), 26.06.2024. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in JMIR Public Health and Surveillance, is properly
cited. The complete bibliographic information, a link to the original publication on https://publichealth.jmir.org, as well as this
copyright and license information must be included.

JMIR Public Health Surveill 2024 | vol. 10 | e51993 | p. 17https://publichealth.jmir.org/2024/1/e51993
(page number not for citation purposes)

Kaewkungwal et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

https://publichealth.jmir.org/2024/1/e51993
http://dx.doi.org/10.2196/51993
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38922648&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

