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RESEARCH ARTICLE

Evaluating Thailand’s malaria reactive 
surveillance and response strategies for malaria 
elimination: a mixed‑method study
Win Han Oo1,2*†   , Wanlapa Roobsoong3*†, Nilar Aye Tun1, Kaung Myat Khant2, Win Htike4,5, 
Mondha Kengganpanich6, Paul A. Agius5,7, Jetsumon Sattabongkot3 and Freya J. I. Fowkes1,2,7 

Abstract 

Background  Thailand aims to eliminate malaria in all provinces by 2030, where 37 out of 77 provinces have been 
verified as malaria-free by 2021. Thailand is accelerating its elimination activities and preventing re-establishment 
of malaria through implementation of the 1-3-7 reactive surveillance and response (RASR) strategy, which entails 
case notification within one day, case investigation within three days and case investigation survey within seven days 
after detecting an index malaria case. This study aimed to assess how this 1-3-7 malaria RASR strategy was imple-
mented to understand how it may be optimised to achieve national malaria elimination goals.

Methods  A cross-sectional mixed-method study was conducted in Tak, Songkhla and Yala provinces of Thailand 
between January and April 2023. Quantitative survey with purposively recruited malaria programme stakehold-
ers (n = 33) and frontline malaria service providers (FMSPs) (n = 41), qualitative focus group discussions with malaria 
programme stakeholders, FMSPs and mobile migrant population, and individual in-depth interviews with malaria pro-
gramme stakeholders were conducted face-to-face in Thai language. Quantitative and qualitative data were analysed 
descriptively and thematically.

Results  About half of survey participants (40/74, 54.1%) perceived that malaria cases were notified within the speci-
fied one day timeframe. Almost all participants (73/74, 98.7%) reported that case investigation, focus investigation 
and response activities were conducted within the required timeframes, except in border areas where malaria burden 
was high. Despite every participant (74/74, 100.0%) being aware of and considering the 1-3-7 strategy as efficient, 
challenges such as limited human resources and budget, low levels of community participation, and difficult terrain 
and telecommunication were reported in performing RASR activities.

Conclusions  The overall implementation of RASR activities was reported to be timely except for malaria case noti-
fication and focus response activities in border areas. Despite good acceptability towards RASR activities, the 1-3-7 
strategy is not a one-size-fits-all approach; its feasibility for implementation depends on health system capacity 
and malaria incidence of the area. There are still several challenges to be addressed particularly for successful imple-
mentation of RASR activities for cross-border malaria.
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Background
Thailand is a Greater Mekong Subregion country and 
malaria endemic. The Mekong Malaria Elimination 
Programme verified 37 out of 77 provinces in Thailand 
as malaria-free in 2021 [1]. Thailand performed well in 
working towards malaria elimination and met the 2022 
milestone of the Global Technical Strategy for Malaria 
Elimination—reducing malaria incidence by 55% com-
pared with 2015 [2]. Thus, Thailand aims to eliminate 
malaria in all provinces by 2030 [3]. Nevertheless, with 
confirmed malaria cases of 3,216 in 2021 [4], 10,155 in 
2022 [5] and 16,675 in 2023 [6] respectively, the malaria 
burden in Thailand has increased again in recent years 
concentrated at border areas.

To achieve malaria elimination by 2030, detection, 
treatment and response to every malaria case is critical. 
In Thailand, the National Malaria Elimination Strategy 
(2017–2026) [7] advises a strengthened surveillance 
system as the core intervention is a key component in 
order to accelerate malaria elimination. The disease 
surveillance system encompasses case detection, and 
epidemiological investigations of detected cases and 
their foci. Active case detection activities cover pro-
active case detection, consisting of special case detec-
tion and mobile malaria clinics, and reactive case 
detection (RACD) consisting of mass blood and case 
investigation surveys. Passive case detection takes place 
at different levels of health facilities including malaria 
clinics, general hospitals, health promoting hospitals 
and malaria posts [3]. To effectively implement malaria 
surveillance and response activities, Thailand adopted 
the 1-3-7 reactive surveillance and response (RASR) 
strategy, which entails case notification within one 
day, case investigation (CI) within three days and case 
investigation survey within seven days following detec-
tion of an index malaria case [8].

Since Thailand is accelerating its elimination effort 
in endemic provinces and preventing reestablishment 
of malaria in eliminated provinces [9], it is crucial to 
effectively implement the RASR strategies so that the 
surveillance system can capture all malaria cases and 
prevent onward transmission.

To provide recommendations for improvement in 
surveillance system and pledge national malaria elimi-
nation as targeted, a mixed-method evaluation study 
was conducted. This paper describes the implementa-
tion of RASR activities, adherence to its 1-3-7 timelines 
and challenges encountered during the implementa-
tion. It also explores the acceptability and feasibility 

of the RASR strategy among the malaria programme 
stakeholders, frontline malaria service providers 
(FMSPs) and mobile and migrant populations (MMPs) 
in Tak, Yala and Songkhla provinces of Thailand.

Methods
Study design
This study is a mixed-method study that employed quan-
titative cross-sectional surveys, qualitative focus group 
discussions (FGDs) and semi-structured individual 
in-depth interviews (IDIs). The reporting of the study 
adhered to the Strengthening the Reporting of Obser-
vational Studies in Epidemiology [10] and Standards for 
Reporting Qualitative Research checklists [11] (Supple-
mentary materials 1).

Using the questionnaires (Supplementary materials 2), 
the two surveys were carried out among malaria pro-
gramme stakeholders (n = 33) who were responsible for 
managing and overseeing the RASR activities and FMSPs 
(n = 41) who performed the RASR activities (Supplemen-
tary materials 3: Additional Table  1). Subsets of survey 
participants (n = 26 malaria programme stakeholders in 
four FGDs and n = 34 FMSPs in seven FGDs) and n = 22 
MMPs in five FGDs provided their inputs qualitatively. 
Three IDIs were conducted with the malaria programme 
stakeholders responsible for designing and overviewing 
RASR policies and strategies. FGD and IDI topic guides 
(Supplementary material 2) were used.

Study setting
This study was conducted in three provinces of Thai-
land: Tak, Songkhla and Yala (Supplementary materials 
3: Additional Table 2). Tak is located in the west of Thai-
land and neighbouring with Kayin State of Myanmar, 
and thus a malaria high transmission area. The annual 
parasite incidence (API) of Tak ranged from zero to ten 
per thousand per year between 2020–2024 [12] showing 
a complex malaria epidemiology. Songkhla and Yala are 
situated in the south of Thailand bordering Malaysia with 
a varying API of zero to five per thousand per year during 
the same period [8, 13].

Sampling
Participants were recruited purposively based on their 
roles and experience with implementing malaria con-
trol and RASR activities in the selected provinces, and 
their availability to participate in the survey. Sample size 
was not determined due to limited availability of eligi-
ble participants and no intention for inference about the 
population. A subset of FMSPs and malaria programme 

Keywords  Reactive surveillance and responses, Malaria, Elimination, Thailand



Page 3 of 14Oo et al. Infectious Diseases of Poverty          (2025) 14:109 	

stakeholders who participated in the surveys were inten-
tionally invited to participate in FGDs for discussion 
regarding RASR implementation issues based on diver-
sity of their roles in performing RASR activities. Mili-
tary and paramilitary staff, and villagers from border 
areas were purposively selected as MMPs to participate 
in FGD regardless of citizenship and residential status 
as they themselves identified as forest-goers or migrants 
and are familiar with the MMP communities. Malaria 
programme stakeholders who were expert in malaria 
control, well-experienced with the RASR strategy, and 
responsible for designing and overviewing RASR poli-
cies and strategies were deliberately recruited for the IDI. 
For qualitative consultations, data saturation was used to 
cease recruitment.

Data collection, management and analyses
Between January to April 2023, quantitative and qualita-
tive data collections were conducted confidentially in pri-
vate locations in the selected provinces. The face-to-face 
data collections were performed by Mahidol University 
Faculty of Tropical Medicine staff using the primary lan-
guage of the participants, Thai. The survey, and IDI and 
FGD data collections lasted approximately 60  min and 
1.3–2 h, respectively.

Two similar sets of survey questionnaires were con-
structed in English and translated into Thai in the Epicol-
lect5 application (Supplementary materials 2). Once the 
data was collected via Epicollect5, they were exported 
to comma separated values (.csv) files, and partici-
pants’ open responses in local language were translated 
to English, which were cleaned, managed and analysed 

descriptively in the statistical software Stata version 17.0 
(Stata Corp, College Station TX, USA).

The FGDs and IDIs were audio-recorded with the 
consent of the participants. Audio records were tran-
scribed verbatim and translated into English. They were 
then organised, managed and analysed in the software 
NVivo version 12 (Lumivero, Denver CO, USA). The-
matic (deductive followed by inductive) analysis was 
undertaken using the qualitative descriptive approach 
[14]. A deductive thematic framework that includes 
coding definitions, themes and subthemes were devel-
oped before the analysis. Two researchers immersed the 
data by reading the transcripts three times. Each of the 
two researchers then coded data separately, referring to 
the deductive thematic framework. Emerging themes 
were then added into the framework inductively. After 
coding, the researchers then discussed themes and sub-
themes to reach a consensus on the final thematic frame-
work and interpretation [15]. The results were reported 
thematically.

Results
Implementation of RASR activities
Case notification
The majority of stakeholders responded that telephone 
calling and online messaging platform such as ‘LINE’ 
group chats were used in initial reporting of malaria 
cases to a focal person (31/33, 93.9% each). According 
to FMSPs, an online messaging platform was their main 
method to initially report to their supervisor or organi-
zation (30/41, 73.2%) (Table  1). The majority of FMSPs 
surveyed reported that there was mobile phone signal 
(36/41, 87.8%) and internet access (33/41, 80.5%) in the 

Table 1  Methods used in and reported timeliness of case notification after detecting an index malaria case

†Multiple responses; *Survey participants reported perceived percentages of cases notified timely within 24 h after diagnosis among all cases detected

Variables Overall
n = 74 (%)

Malaria programme stakeholders
n = 33 (%)

Frontline malaria 
service providers
n = 41 (%)

Methods of case notification†

 Messaging platform (e.g. LINE App) 61 (82.4) 31 (93.9) 30 (73.2)

 Telephone calling 56 (75.7) 31 (93.9) 25 (61.0)

 Paper-based reporting 46 (62.2) 30 (90.9) 16 (39.0)

 Online reporting system (mHealth) 41 (55.4) 27 (81.8) 14 (34.2)

Reported timeliness of case notification*

 Never 0 (0.0) 0 (0.0) 0 (0.0)

 Occasionally (less than 20%) 0 (0.0) 0 (0.0) 0 (0.0)

 Sometimes (20–50%) 7 (9.5) 4 (12.1) 3 (7.3)

 More often than not (50–75%) 3 (4.1) 1 (3.0) 2 (4.9)

 Usually (more than 75%) 24 (32.4) 13 (39.4) 11 (26.8)

 Nearly always (more than 90%) 40 (54.0) 15 (45.5) 25 (61.0)
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villages, and that access was good enough to do case 
reporting activities (33/41, 80.5%) (Supplementary mate-
rial 3: Additional Table 3). However, there were still areas 
where the mobile phone signal was not good enough 
to make an immediate call (11/41, 26.8%) where paper-
based reporting was used. About half of survey par-
ticipants (40/74, 54.0%) assumed that more than 90% of 
cases were timely notified (i.e., within 24 h of diagnosis) 
(Table 1).

In FGD, FMSPs reported that formal malaria case noti-
fication from hospitals did not follow the “1” part of the 
1-3-7 timeframe due to different vertical management 
systems. Nevertheless, hospital staff used LINE group 
chat for informal alternative malaria case notification to 
district public health staff. In these scenarios, malaria 
programme stakeholders reminded FMSPs to take 
actions such as treatment follow up via LINE.

During an IDI, a malaria programme stakeholder 
reported that delayed sequential reporting cascade from 
hospitals was due to a lack of understanding of the 1-3-7 
timeline by hospital staff. Additionally, the disease control 
team received reports late due to hospital staff report-
ing malaria case data to district public health offices 
without tending to the 1-3-7 timeframe. By the time the 
hospital reported the malaria cases to vector-borne dis-
eases (VBD) unit, the patients had already received treat-
ment and left the hospital and difficulty locating patients 
to perform CI caused delays in subsequent steps in the 
1-3-7 timeframe.

For instance, if the hospital notifies us three days 
after encountering (diagnosis of malaria) a patient, 
then measure 1 (case notification) is not met, meas-
ure 3 (case investigation) is not met, and measure 
7 (focus investigation and responses) will only get 
four days to complete to meet the deadline of 7 days. 
(Malaria programme stakeholder, FGD)

In FGDs, FMSPs reported that the mHealth application 
(the online application that has been used for malaria 
case management and reporting in Thailand) had prob-
lems with reporting malaria cases. The android devices 
provided by the government had low performance and 
did not meet the minimum requirement of the mHealth 
programme causing the application to be slow and unre-
sponsive. Additionally, FMSPs of over 60  years encoun-
tered difficulties in using the application due to the low 
level of information technology literacy.

Case investigation
Case investigation in Thailand includes investigation of 
the source of the infection (where the index case gets 
malaria) and site of infection (where the index case stays). 
This information is used for decision making.

Policy and  trigger  Most of the stakeholders (31/33, 
93.9%) and FMSPs (38/41, 92.7%) reported there is a 
policy to conduct CI whether the case is indigenous or 
imported. Very few (1/33, 3.0% of the stakeholders and 

Table 2  Policy to conduct case investigation, and its reported completeness and timeliness in Thailand

*Survey participants reported perceived percentages of cases investigated among all cases detected

**Survey participants estimated time taken from a positive index malaria case recorded to initiation of case investigation

Variables Overall
n = 74 (%)

Malaria programme stakeholders
n = 33 (%)

Frontline malaria 
service providers
n = 41 (%)

Program’s policy to conduct case investigation

 All indigenous and imported cases 69 (93.2) 31 (93.9) 38 (92.7)

 Indigenous cases only 4 (5.4) 1 (3.0) 3 (7.3)

 Imported cases only 0 (0.0) 0 (0.0) 0 (0.0)

 Other 1 (1.4) 1 (3.0) 0 (0.0)

Reported completeness of case investigation*

 < 20% 3 (4.1) 1 (3.0) 2 (4.9)

 > 20 to 50% 4 (5.4) 0 (0.0) 4 (9.8)

 > 50 to 75% 5 (6.8) 1 (3.0) 4 (9.8)

 > 75 to < 100% 24 (32.4) 15 (45.5) 9 (22.0)

 100% 38 (51.4) 16 (48.5) 22 (53.7)

Time from positive case recording to case investigation initiated**

 Within 24 h 45 (60.8) 18 (54.6) 27 (65.9)

 Within 48 h 8 (10.8) 2 (6.1) 6 (14.6)

 Within 72 h 20 (27.0) 13 (39.4) 7 (17.1)

 Within 1 week 1 (1.4) 0 (0.0) 1 (2.4)
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3/41, 7.3% of FMSPs) reported that CI must be conducted 
for indigenous cases only (Table 2).

Procedure  The majority of malaria programme stake-
holders (28/33, 84.9%) and all FMSPs (41/41, 100.0%) 
responded in surveys that there was a standard operating 
procedure for CI, which was self-reported to be followed 
by all surveyed FMSPs. Moreover, every stakeholder and 
FMSP responded there was a specific form to be used 
in CI. Almost all survey participants mentioned that CI 
involved visiting the index case (71/74, 96.0%), checking 
the case’s malaria preventive measures (72/74, 97.3%), and 
providing education about malaria risk factors and pre-
vention (73/74, 98.7%).

Nearly two thirds (23/33, 69.7% of stakeholders and 
24/41, 58.5% of FMSPs) answered that the index case was 
contacted via telephone in advance of the visit. Other 
methods of appointments were made in coordination 
with a village health volunteer or responsible person 
(malaria post) in that area, by issuing appointment card, 
or by providing a follow-up schedule to patients who 
obtained their diagnosis at a malaria clinic. When an 
index case was not home, stakeholders (22/33, 66.7%) and 
FMSPs (25/41, 61.0%) performed a second visit within 
the same day or the next day (Supplementary materials 3: 
Additional Table 4).

During CI, index case location was mapped either by 
various applications (e.g., Geographic Information Sys-
tem/Global Positioning System, mHealth, Google map) 
(37/74, 50.0%), or manually using a community map 
(17/74, 23.0%). (Supplementary materials 3: Additional 
Table 5) when there was no internet signal. The mHealth 
application was helpful in location mapping of the index 
case and checking the area for malaria screening. How-
ever, it was outdated and its use among FMSPs declined.

FMSPs reported collection of travel information within 
the district of residence (24/27, 88.9%) and other dis-
tricts (19/27, 70.4%), but less than half (11/27, 40.7%) 
collected travel history outside Thailand, whereas almost 
all malaria stakeholders mentioned all three types for col-
lection of travel information (30/30, 100%) (Supplemen-
tary materials 3: Additional Table  5). In FGDs, malaria 
programme stakeholders reported that malaria clinics 
asked for the index case’s name, address, daily activities 
and their travel history in the past month and verified the 
information by asking neighbours and friends.

Survey participants answered  that the criterion that 
Thailand’s malaria programmes mostly use in defining 
imported cases (the source of infection is outside their 
responsible areas) is that the cases occurred within the 
country but from a different province/district/other 
administrative unit (29/33, 87.9% and 34/41, 82.9%). 
(Supplementary materials 3: Additional Table 6).

Reported completeness and  timeliness  Malaria pro-
gramme stakeholders and FMSPs reported achieving over 
75% CI completeness (93.9% and 75.6%, respectively). 
All malaria stakeholders (33/33, 100.0%) and almost all 
FMSPs (40/41, 97.6%) stated that CI was done in a timely 
manner (i.e., at most within 72 h) (Table 2).

Both malaria programme stakeholders and FMSPs 
responded in surveys that the main reason of not achiev-
ing a 100% completeness in CI was that the malaria case 
could not be located (17/33, 51.5% and 19/41, 46.3%, 
respectively). Inaccessible location of the malaria case 
was the second most cited reason for incomplete CI 
(21/74, 28.4%). Additionally, stakeholders reported that 
CI could not be completed in the event that an index case 
crossed the border to Thailand to receive diagnosis and 
treatment before returning to their home country (10/33, 
30.3% and 3/41, 7.3%) (Supplementary materials 3: Addi-
tional Table 7). In the FGDs, migrants from Tak Province 
stated that they cooperated with FMSPs regardless of 
migration status. A FMSP added that malaria cases from 
refugee camps should be reported separately because 
these cases could not be investigated due to access 
restrictions to the camps.

It’s important to distinguish cases from the camps…. 
because you may not be able to conduct investiga-
tions there. (FMSP, Tak, FGD)

Focus investigation and responses
RACD and community malaria screening  The majority 
of surveyed malaria programme stakeholders responded 
that their programme routinely conducted foci inves-
tigations (28/33, 84.9%) and RACD (27/33, 81.8%). The 
majority of survey respondents reported that local infec-
tions detected through passive case detection as well as 
both local and imported cases can be a trigger for RACD 
(13/33, 39.4% each), while only a few reported there being 
no trigger for RACD in their programme. The majority of 
FMSPs, responded that every indigenous case is a trigger 
for RACD in their programme (30/41, 73.2%). The major-
ity of both malaria programme stakeholders and FMSPs 
responded that a single confirmed case was enough to 
trigger RACD (20/33, 60.6% and 26/41, 63.4%, respec-
tively), and that community screening was triggered by 
both local and imported cases (22/33, 67% and 30/41, 
73%, respectively) (Supplementary material 3: Additional 
Table 8). However, FGD with MMPs revealed that RACD 
and screening activities were not conducted in military 
bases.

Investigations and blood tests for individuals within 
the (military) bases or accommodations are not 
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common. (Soldier MMP, Thasongyang, FGD)

A majority of malaria programme stakeholders (30/32, 
90.9% and 26/32, 78.8%) and FMSPs (36/41, 87.8% and 
35/41, 85.4%) from the survey said that they always 
screened household members and neighbours of the 
index case, respectively in RACD regardless of fever. The 
majority of participants (66.7% of malaria programme 
stakeholders (n = 22/33) and 41.5% of FMSPs (n = 17/41) 
cited all three of the threshold criteria, including screen-
ing based on a specified number of neighbouring house-
holds (typically 10–15 households), people around 
(typically 50 people) or geographical radius (typically 
1000 m) (Supplementary materials 3: Additional Table 9).

FGDs reported that the screening extent differed 
according to geographic area and frequency of occur-
rence of index malaria cases. FMSPs reported testing 
50–100 people or 80% of people within a 100-m radius of 
the index case. If the households were sparse within the 
radius, out-of-radius testing was performed to achieve 
the targeted number of people to be screened. Malaria 
programme stakeholders from Yala reported that the 
number of people screened depended on the budget 
allowance provided by international multilateral donors 
for the malaria elimination program. If malaria cases are 
reported in a village for two to four consecutive weeks, 
screening for RACD might increase to up to 150 people 
or the entire village.

Malaria programme stakeholders highlighted that 
screening 50 people is not enough to yield a positive case 
and interrupt malaria transmission in the area as the 
screening of 50 people did not find any positive cases, but 
positive cases emerged in the area in a few days after the 
screening.

When we visited village A and B for 1-3-7 activities, 
we got 50 blood samples and finished tasks smoothly. 
We didn’t find any positive cases. Three days later, 
there was a case in the area detected again. We did 
1-3-7 again for the new case and also didn’t find 
anyone positive. That means the 50-point case inves-

tigation survey hasn’t hit the mark yet. (Malaria 
programme stakeholder, Yala, FGD)

In surveys, malaria programme stakeholders stated 
rapid diagnostic tests (RDT) and microscopy as diagnos-
tic tools most frequently used when conducting RACD 
(30/33, 90.9% each), while FMSPs reported RDTs as the 
most frequently used (37/41, 90.2%), followed by micros-
copy (27/41, 65.9%) (Table 3). 

In FGD, FMSPs reported that they tested with RDTs 
first, then confirmed the results with microscopy and 
that this approach was not without challenges. Sending 
the blood films for microscopy, particularly from remote 
areas, could result in delays in confirmation of diagnosis 
of up to five days, and the quality of blood films may be 
jeopardised due to humidity.

MPs (malaria posts) in remote areas might take 
two or three days to send the slides (blood films to 
the lab), aiming to send them altogether at once 
on Wednesday. This causes issues (delay in send-
ing blood films collected earlier days of the week). 
(FMSP, Yala, FGD)

Additionally, it was reported that slide preparation 
during RACD was challenging. The malaria posts had 
to send blood films to the microscopist within two or 
three days. They prepared blood films hurriedly during 
the community screening. As a result, the quality of the 
blood film might not meet the standard quality as some 
might not be dried completely or might contain dust.

Focus responses  Well over half of survey participants 
stated that identification of a malaria focus triggered 
awareness raising of malaria transmission (48/74, 64.9%), 
malaria prevention (45/74, 60.8%) and additional vector 
control (44/74, 59.5%) activities (Table 4). FGD findings 
revealed that focus response activities included monitor-
ing malaria treatment compliance, giving health educa-
tion, distributing long lasting insecticide-treated mos-
quito nets and repellent, controlling larvae and indoor 
residual spraying (IRS) or fogging. FMSPs also reported 

Table 3  Diagnostic tools used for reactive case detection

† Multiple responses

Participants in the surveys reported diagnostic tools used for reactive case detection

Diagnostic tool for reactive case 
detection†

Overall n = 74 (%) Malaria programme stakeholders 
n = 33 (%)

Frontline malaria 
service providers 
n = 41 (%)

Microscopy 57 (77.0) 30 (90.9) 27 (65.9)

Rapid diagnostic test 67 (90.5) 30 (90.9) 37 (90.2)

Polymerase chain reaction 6 (8.1) 5 (15.2) 1 (2.4)

Clinical diagnosis 3 (4.1) 2 (6.1) 1 (2.4)
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that the frequency of focus response activities varied with 
the frequency of occurrence of malaria cases.

Specific malaria focus response activities among MMPs 
or forest goers were targeted malaria testing upon return 
and insecticide-treated net distribution (Table 4). MMPs 
from Yala reported that when the migrants returned to 
the camp from their home, they were tested for malaria. 
If there were any positive cases, they were treated with 
medication followed by fogging, or IRS of their house-
holds. However, some MMPs from Thasongyang 
reported that malaria officials only performed malaria 
testing and treatment in their areas.

They schedule follow-up blood testing and provide 
medication individually. There haven’t been any 
malaria officials coming to the park to do anything. 
(MMP, Thasongyang, FGD)

Timeliness of  focus investigation and  responses  Almost 
all surveyed stakeholders agreed that focus investigation 
(32/33, 97.0%) and response (33/33, 100.0%) activities 
were conducted in a timely manner, that is, within seven 
days. However, in FGDs malaria stakeholders reported 
that the data in malaria information system showed 
delays in focus investigation and response while actual 
fieldworks were completed in time. The malaria infor-
mation system, which is updated weekly, merged all the 
cases within a seven-day timeframe. It merged the cases 
regardless of index or secondary cases and counted them 
as ‘one’ for focus response activities. This leads to errors 
in counting the number of cases for which focus investiga-
tion and response activities were completed within seven 
days. This problem occurred especially in areas of high 

malaria incidence, resulting in cost reimbursement issues 
for community screening and focus response activities.

Because it’s (reporting of focus investigation and 
response activities) cut off on Tuesday of a week, 
some activities were recorded as ‘delayed’ wrongly. 
For example, if a case pops up on Monday and you 
planned to response it on Wednesday, it should be 
within the timeframe. Nevertheless, you failed to fol-
low the 1-3-7 timeframe as it passed Tuesday, the 
deadline to take action. The protocol is to cut imme-
diately (after Tuesday) even if it’s not yet reached 
7 days (counting from the day of case notification). 
(Malaria programme stakeholders, Yala, FGD)

In such areas with high malaria incidence, the time 
constraint of the 1-3-7 approach limited the coverage of 
focus response activities. The malaria control team pre-
ferred timeliness within seven days to ensure effective-
ness of the focus response activities. Sometimes, after 
performing focus response activities for an index case 
in a village, there might be another index case in a dif-
ferent radius but in the same village. On such occasion, 
focus response activities were performed only for the first 
index case. A malaria programme stakeholder suggested 
in an IDI that there would have been better completion 
of focus investigation and response activities if there was 
no pressure of the seven-day completion deadline. One 
malaria programme stakeholder also expressed that the 
1-3-7 strategy prioritised the timeliness of focus response 
activities over their effectiveness.

If we consider that it is not necessary to strictly 
adhere to the 7-day timeline (for focus investiga-
tion), we will instead aim on accomplishing the task 

Table 4  Response activities after identifying a malaria focus

† Multiple responses; *Targeted malaria testing upon return from worksites or forest; **Mass malaria screening among mobile and migrant populations; – Not 
applicable

Participants in the surveys reported focus response activities (for everyone in the focus and additional targeted interventions for mobile and migrant populations) 
conducted after identifying a malaria focus

Response activities Overall
n = 74 (%)

Malaria programme 
stakeholders
n = 33 (%)

Frontline malaria 
service providers
n = 41 (%)

For everyone in the focus†
 Health education on transmission 48 (64.9) 22 (66.7) 26 (63.4)

 Health education on prevention 45 (60.8) 23 (69.7) 22 (53.7)

 Providing additional vector control measures 44 (59.5) 22 (66.7) 22 (53.7)

 Entomological surveillance 32 (43.2) 18 (54.6) 14 (34.2)

 Spot checking mosquito-breeding sites 12 (16.2) 9 (27.3) 3 (7.3)

Targeted for mobile and migrant populations†

 Long lasting insecticide-treated mosquito nets distribution – 5 (15.2) –

 Targeted malaria testing* – 4 (12.1) –

 Mass malaria screening** – 7 (21.2) –
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(focus investigation and responses) regardless of 
completion date. (Malaria programme stakeholder, 
Songkhla, IDI)

Challenges in RASR implementation
Although many of the survey participants said there were 
no challenges in implementing RASR activities, several 
were revealed during surveys and qualitative consulta-
tions (Details in Supplementary material 3: Additional 
Table 10).

Human resources limitation
FGDs and IDIs revealed that limitation of human 
resources was a challenge to conduct RASR activities. 
When there were many cases, sufficient workforce was 
not available to complete the required response activi-
ties within seven days. Skilled, experienced malaria per-
sonnel were retiring and there were not replacements 
for them. Only a few newcomers could perform the IRS 
properly. With declining malaria cases in the southern 
provinces of Thailand, implementing partners were no 
longer interested in malaria control, making it difficult 
to recruit personnel to perform RASR activities. There 
was also loss of workforce due to health system changes. 
Primary health centres were transferred, together with 
their workforces, from the Ministry of Public Health to 
the Ministry of Interior, where the scope of work and 
priorities of health centres were reformed, leaving RASR 
activities as low priority tasks. Thus, the Office of Disease 
Control in the Ministry of Public Health may no longer 
use the workforce of primary health centres for malaria 
RASR activities.

Currently, we’re addressing the past issues of having 
many patients and severe outbreaks, coupled with a 
shortage of staff. We have only one or two providers 
per malaria clinic (MC), one of them being the head. 
Some MCs have none (staff) at all. There’s only one 
(assigned) person, but they’re not even stationed in 
that MC. (Malaria programme stakeholder, Yala, 
FGD)

Nevertheless, the presence of malaria posts and vil-
lage health volunteers as part of the RASR workforce 
has been a major facilitator of the 1-3-7 strategy’s feasi-
bility. Malaria posts in particular hold a unique advan-
tage due to the community’s trust in their services. This 
trust enables them to engage more effectively with the 
community compared to VBD units. Malaria post work-
ers and volunteers are responsive to malaria programme 
stakeholders and execute RASR activities promptly and 
competently, demonstrating skills such as preparing 
high-quality blood films. Their commitment to malaria 

elimination is evident, with many volunteering without 
financial support and maintaining strong peer coordina-
tion. According to FGDs, their dedication has fostered 
community recognition and engagement in malaria 
elimination efforts, indicating the potential for expanding 
their roles in RASR activities.

The good thing about our province is that staff from 
MPs can enter the area and make blood films. Some-
times, their slides are more beautiful than ours. We 
have training almost every year. We ask them to help 
for whatever we want. This is the advantage of hav-
ing MPs. (Malaria programme stakeholders, Yala, 
FGD)

Budget limitation
During IDIs, a malaria programme stakeholder revealed 
that the process of budget allocation for RASR activi-
ties had restrictions. There were limitations in RACD 
budget. Reimbursement was only provided for the first 50 
microscopic slides in RACD executed within seven days 
after notification, and only for one index case per village 
regardless of the number of malaria cases in that village. 
This led to incomplete screening in the community and 
failure to perform effective focus response. This was 
superimposed by an insufficient budget for vector sur-
veys, IRS and long lasting insecticide-treated mosquito 
net distribution, resulting in a malaria outbreak.

You do 200 slides (malaria microscopy). But you 
can claim only up to 50 slides, leaving 150 slides not 
reimbursed. (Malaria programme stakeholder, Yala, 
FGD)

Poor community participation
One of the key challenges in timely implementation of 
RASR activities is poor community participation in some 
areas. Findings from FGDs revealed that many commu-
nity members do not view malaria prevention as a prior-
ity, perceiving the disease as non-fatal and easily curable 
with free treatment. Additionally, the malaria patients, 
particularly migrants crossing from the Myanmar border, 
often withhold accurate information about their travel 
histories due to fears related to undocumented migra-
tion. It was reported during FGDs that some patients 
provide different names with each clinic visit to obtain 
medication, while others conceal their border crossings 
or provide false addresses. Moreover, community lead-
ers often do not report incoming migrants to Thai health 
authorities or cooperate with disease control teams.

… many times, we couldn’t find the cases because 
they (patients) lied to our (a malaria civil society 
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organisation) staff that they are residents in Thai-
land and gave their wrong address. (FMSP, Tak, 
FGD)

Terrain difficulty and telecommunication problems
In FGDs, FMSPs highlighted terrain difficulty as a signifi-
cant operational barrier that delays RASR activities, par-
ticularly during the rainy season. In some areas, FMSPs 
rely on motorcycles for transportation, incurring addi-
tional costs and the need for extra compensation. The 
delays caused by challenging terrain are further com-
pounded by telecommunication issues. Limited mobile 
phone networks and internet access disrupt the entire 
RASR activity cascade. Malaria programme stakehold-
ers noted in FGDs that insufficient internet connectiv-
ity hinders not only case reporting to the information 
system but also the mapping of index cases during case 
investigations. In some areas, due to restricted network 
access and difficult terrain, only aggregated monthly sur-
veillance data can be reported, significantly impacting the 
timeliness and responsiveness of malaria control efforts.

Acceptability and feasibility of RASR 
implementation
Acceptability
All the surveyed malaria programme stakeholders and 
FMSPs knew the application of 1-3-7 RASR strategy. 
The majority of malaria programme stakeholders (28/33, 
84.9%) and FMSPs (37/41, 90.2%) stated that the 1-3-7 
approach was used in primary health care facilities, and 
advocacy, coordination and information sharing are still 
needed to enforce hospitals to follow 1-3-7 approach.

Findings from FGDs and IDIs revealed that the RASR 
strategy, including the 1-3-7 schedule, was generally 
well-accepted, apart from the 7-day timeframe for com-
pleting the focus investigations and response activities. 
Malaria programme stakeholders and FMSPs agreed that 
the 1-3-7 strategy helped structure malaria surveillance 
into a systematic process. With its emphasis on compre-
hensive reporting and data collection, the strategy facili-
tated timely detection of malaria outbreaks, streamlining 
interventions and yielding positive outcomes. Further-
more, the 1-3-7 timeframe motivated lower-performing 
malaria control teams. Although it is challenging to meet, 
the clear deadline prompted more active engagement in 
malaria control activities, as teams worked diligently to 
meet the 7-day target. As a result, malaria programme 
stakeholders supported the 1-3-7 strategy.

Similarly, MMPs accepted RASR activities because 
of their perceived risk of malaria infection and the per-
ceived benefits of the services provided. Some MMPs 
understood that malaria would not be cured without 

completing the full course of antimalarial medication, 
motivating them to cooperate with CI to obtain treat-
ment although antimalarial treatment is provided regard-
less of patient cooperation in CI. Additionally, MMPs 
expressed concern about malaria transmission among 
their children and believed that using long lasting insec-
ticide-treated mosquito nets and performing IRS, the 
essential interventions in focus response, were effective 
measures for preventing mosquito bites.

We feel happy when they come to spray. We’re not 
scared, and we cooperate well with the officers. If we 
have vegetables at home, we give them to the officers 
(laughing). (MMP, Tak, FGD)

During IDIs, a malaria programme stakeholder empha-
sized that the 1-3-7 strategy was not a one-size-fits-all 
solution. Malaria epidemiology in forest-fringe and bor-
der areas is particularly complex, with community aware-
ness and health-seeking behaviours differing from those 
in other regions. The 1-3-7 approach was perceived as 
less suitable for these areas, where stakeholders recom-
mended a proactive, rather than reactive, approach to 
focus response activities, particularly in border regions.

Within region 12 (Yala and Songkhla provinces), we 
apply the same strategy for all, and it is OK. If we 
compare (the effectiveness of ) the strategy (1-3-7) 
in the Southern, Northeastern, Northern, and Tak 
(border area) regions, we may implement different 
measures/interventions (other than 1-3-7 in Tak). 
(Malaria programme stakeholder, Songkhla, IDI)

Feasibility
Findings from IDIs revealed that the feasibility of imple-
menting the 1-3-7 strategy varies significantly depending 
on geography and malaria incidence. In Songkhla where 
malaria incidence is low with minimal cross-border 
cases, the 1-3-7 approach has been effective, allowing 
RASR activities to be completed on schedule. In contrast, 
in high-incidence areas such as Tak Province, which bor-
ders malaria-endemic Myanmar’s Kayin State, the 1-3-7 
strategy faces substantial challenges. Increased malaria 
cases due to cross-border migration, coupled with logis-
tical barriers such as contacting the cases, have caused 
delays in RASR activities, limiting the strategy’s feasibil-
ity in high-transmission settings. This contrast suggests 
that while the 1-3-7 approach is feasible and effective in 
low-incidence areas, its application in high-transmission 
regions requires adaptation to address unique opera-
tional challenges.

The 1-3-7 strategy is suitable for areas with few 
(malaria cases like Yala (Province). But this won’t 
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work in Tak (Province) because there’s a high inci-
dence rate (of malaria). (Malaria programme stake-
holder from Songkhla, IDI)

Discussion
In Thailand, the RASR strategy with a 1-3-7 framework 
is applied to eliminate malaria, though its perceived fea-
sibility and effectiveness varied by province. Case noti-
fication was primarily conducted via telephone calling 
and LINE group chat, though delays in notifications are 
common, which affects the timely execution of RASR 
activities. Policies mandate CI for both indigenous and 
imported cases, but only about half of reported cases 
underwent full CI, with variations in RACD practices 
depending on geographic and epidemiological factors. 
Although perceived adherence to the 1-3-7 timeframe 
was generally strong, completing focus response activi-
ties within seven days remained challenging, particularly 
in border areas. Overall, stakeholders recognised the 
value of the RASR strategy but questioned the feasibility 
of the 1-3-7 framework in areas with high malaria inci-
dence and unique geographical characteristics.

Delays in reporting malaria cases to district pub-
lic health offices by hospitals led to late initiation of CI. 
Improved communication with hospital staff explaining 
the requirement and importance of the 1-3-7 approach 
and a policy allowing direct case notification from hospi-
tals to public health centres could expedite CI. Updating 
the mHealth app, such as streamlined data transmission 
and accurate location tracking, could further support 
timely case notification and CI.

Thailand’s policy mandates CI for both indigenous 
and imported malaria cases [7]. Given Thailand’s prox-
imity to high-burden malaria areas, such as Myanmar, 
and regions endemic for Plasmodium knowlesi, such as 
Malaysia, this policy is particularly valuable in border 
areas to prevent the importation and spread of malaria. 
However, implementing this policy is challenging in 
border areas, where many migrant cases are reluctant 
to cooperate in CI—although some MMPs in the FGDs 
argued that they cooperated in case investigation—due to 
fears of repercussions related to undocumented migra-
tion status. As a result, they often concealed their place of 
residence, making it difficult to conduct CI. Daily cross-
border malaria cases and cases from refugee camps were 
frequently left uninvestigated, leading to incomplete CI. 
This gap risks the reintroduction of malaria into malaria 
eliminated provinces and falling back into a control phase 
in endemic provinces in Thailand, potentially undermin-
ing the country’s progress towards its malaria elimination 
goal [16, 17].

Participants reported considerable variability in RACD 
practice in Thailand, in which has also been noted in 
prior research and national operational plans [7, 8]. 
This variation reflects differing malaria burdens across 
regions; areas with higher transmission rates require 
broader RACD coverage to effectively identify second-
ary cases [18]. Allocating RDTs and human resources 
equally to both high and low transmission areas is ineffi-
cient, underscoring the need for tailored resource distri-
bution that aligns with local malaria incidence and focus 
receptivity.

The challenges of RACD implementation are multifac-
eted and interlinked. Remoteness increases travel time 
and transportation costs, yet reimbursement for field 
visits remains fixed per index case within a seven-day 
period—a limitation stemming from rigid and impracti-
cal funding management. In practice, FMSPs often vis-
ited remote villages to treat and investigate an index case 
on day one and conducted RACD on day two. However, 
if community members were unavailable on the second 
day, providers may hesitate to return due to inadequate 
fuel reimbursement, opting instead to screen only the 
available individuals, often falling short of comprehen-
sive coverage. Additionally, microscopy reimbursement 
was capped at 50 people, further reducing RACD yield. 
Adjusting reimbursements to reflect malaria incidence, 
travel distances, and operational realities would enhance 
case detection efforts and ensure budget allocations are 
better aligned with the unique epidemiology and logisti-
cal demands of each region. Further, RACD focused more 
on geographical proximity of the index malaria case (hot 
spots). It was not carried out in military bases, co-work-
ers, co-travellers and refugee camps, the hot pops, who 
share the same risk of malaria infection. RACD among 
hot pops was demonstrated to provide higher case yield 
in the southern provinces of Thailand [18]. In Cambodia, 
RACD was found to be more efficacious in low trans-
mission settings when deployed to co-travellers and co-
workers compared to when deployed geographically in 
the hotspots [19]. Since efficiency of the RACD varies 
between the high and low transmission settings, RACD 
should target both hot spots and hot pops in accordance 
with epidemiology of malaria transmission and available 
resources across the country [18, 20, 21].

Previous studies have shown that the western prov-
inces of Thailand exhibited low adherence to the 1-3-7 
timeframe due to higher transmission rates and a 
greater number of active malaria foci [13]. Completing 
focus response activities on a case-by-case basis within 
seven days is challenging in these regions, primarily 
due to an imbalance between the high volume of cross-
border malaria cases and limited human resources. 
Given these constraints, policymakers should consider 
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alternative response strategies for malaria control 
in high-incidence areas beyond the standard 1-3-7 
approach for malaria elimination. Response activities 
in these regions should incorporate proactive meas-
ures, such as mass screening and treatment, insecti-
cide-treated net distribution, and IRS. Furthermore, a 
greater emphasis should be placed on comprehensive 
coverage rather than strict adherence to timelines, with 
a focus on reaching MMPs on both sides of the border.

Although the 1-3-7 RASR strategy is perceived as 
effective and acceptable to various malaria stakehold-
ers, it is not a one-size-fit-for-all approach. In urban 
and low malaria incidence areas, the 1-3-7 RASR strat-
egy remains feasible. However, the retirement and 
attrition of specialised malaria programme staff has 
shifted the malaria workload to general health system 
staff, who may lack sufficient experience in execution of 
RASR [22]. Continued support from the Department of 
VBD and expanded training for general health staff will 
be essential for sustained implementation.

While malaria is recognised as a life-threatening 
infectious disease by health stakeholders, political com-
mitment in Thailand has remained limited due to his-
torically low prevalence and minimal mortality rates 
over recent decades. Consequently, budget allocations 
for malaria elimination have not been prioritised at the 
policy level. Shrinking domestic and international fund-
ing alongside the declining malaria burden limits RASR 
implementation. Malaria elimination is more resource 
intensive than malaria control because it requires a 
more detailed and accurate surveillance system to track 
and respond to every malaria case [23]. Identifying sus-
tainable funding sources, including domestic funds and 
international partners, and adjusting budget allocation 
based on local malaria contexts are crucial [8].

In FGDs, stakeholders in the malaria programme 
highlighted a notable disconnect between national pol-
icy frameworks and local needs. Central policymakers 
often lack a nuanced understanding of the regional con-
text, leading to inadequate responses to issues raised 

Table 5  Summary of issues and policy recommendations

*These issues or recommendations are specific to high transmission border provinces in Thailand

Activities Issues Recommendations

Case notification ▪ Delay in case notification by hospitals ▪ Communicate the requirement and importance of 1-3-7 
approach to hospital staff
▪ Allow direct case notification from hospitals to public health 
centres

▪ Outdated case notification platform ▪ Update mHealth application for streamlined data transmis-
sion and accurate location tracking

Case investigation ▪ Mobile and migrant populations are reluctant to cooper-
ate in case investigation*
▪ Daily cross-border cases and cases in refugee camps often 
left not investigated*

▪ Implement activities to increase community awareness 
and trust*
▪ Strengthen cross-border political and technical collabora-
tions*

Reactive case detection ▪ Fixed reimbursement amount for every field visit regard-
less of remoteness*
▪ Inadequate fuel cost reimbursement*
▪ Limited reimbursement for microscopy*

▪ Ensure budget allocations aligned with each region’s unique 
epidemiology and logistical demands*
▪ Adjust reimbursements to reflect malaria incidence, travel 
distances and operational realities*

▪ People who share the same characteristics with the index 
case (hot populations) are not included in reactive case 
detection

▪ Expand reactive case detection to hot populations

Focus response ▪ Completing focus response activities within seven days 
is challenging in border areas due to high volume of cross-
border cases and limited human resources*

▪ Prioritise completion of response activities in high burden 
border areas beyond the standard 1-3-7 timeframe*

Overall reactive surveil-
lance and response 
strategy

▪ Equal but inefficient allocation of resources to both high 
and low transmission areas*
▪ Malaria budget allocations not prioritised at the national 
level

▪ Tailor resources distribution to align with local malaria inci-
dence and focus receptivity*
▪ Identify sustainable funding sources, including domestic 
funds and international partners

▪ Challenges underpinned to cross-border malaria: low 
access to healthcare services, uncontrolled human and par-
asite movements, and environmental factors*

▪ Perform comprehensive situation analysis along Myanmar 
and Malaysia borders to provide foundation for developing 
strategies to strengthen reactive surveillance and response 
activities in border areas*
▪ Establish collaborative policies and synergistic action plan 
with neighbouring countries*

▪ Notable disconnect between national policy frameworks 
and local needs
▪ Uniform national reactive surveillance and response strat-
egy regardless of regional differences*

▪ Develop and deploy more context-sensitive regional/provin-
cial reactive surveillance and response strategies*



Page 12 of 14Oo et al. Infectious Diseases of Poverty          (2025) 14:109 

by local stakeholders. A uniform strategy for RASR 
has been applied across the country, without consider-
ing regional differences in geography, seasonality, and 
other factors that influence malaria transmission. This 
blanket approach overlooks critical environmental and 
climatic variations, particularly between the southern 
and northern provinces. For instance, Yala Province 
(neither fully in a control nor elimination phase) was 
managed under elimination protocols, disregarding 
the province’s specific epidemiological conditions [13, 
24, 25]. Such policies underscore the need for more 
context-sensitive strategies in malaria policy and pro-
gramme implementation.

Differences in migration patterns further complicate 
the malaria response across regions. Western provinces 
experience significant cross-border migration from 
Myanmar, while southern provinces primarily manage 
internal migration. Yet, central authorities have allocated 
resources uniformly across these regions, disregarding 
these distinct migration dynamics. Consequently, south-
ern provinces face increased demands, having to test 
internal migrants both upon entry and exit, which strains 
resources and leads to testing shortages.

The western province of Tak, which borders Myan-
mar, presents a unique malaria challenge. Since the 
onset of Myanmar’s political and social crisis in 2021, 
cross-border movement between Myanmar and Thai-
land has surged, leading to an increase in malaria cases 
within Thailand and posing a significant challenge to 
malaria elimination efforts [5]. Many displaced individu-
als from Myanmar rely on malaria services in Thailand, 
necessitating additional resources to meet this growing 
demand [2]. Furthermore, communities along the border 
are often less cooperative due to complex issues, includ-
ing undocumented migration and exploitation within the 
informal labour market. This may also be due to a lack of 
awareness of malaria elimination initiatives, including the 
1-3-7 strategy, or, in some cases, due to personal inter-
ests in maintaining access to inexpensive migrant labour. 
These behaviours hinder effective malaria surveillance 
and response efforts, highlighting the need for strategies 
to increase community awareness and trust.

RASR activities for malaria elimination at the border 
areas can be challenging because of low access to health-
care services, uncontrolled human and parasite move-
ments, and environmental factors [16, 26]. As highlighted 
by an IDI participant, a comprehensive situation analysis 
is essential, given the unique malaria challenges along 
the Myanmar and Malaysia borders. This analysis should 
include an epidemiological study of border malaria, 
geographic characteristics, social determinants such as 
healthcare infrastructure, entomological surveys, and 
environmental factors like rainfall and temperature [17]. 

Such an analysis would provide the foundation for devel-
oping strategies to strengthen RASR activities in these 
border areas.

An additional approach to addressing cross-border 
malaria RASR is to establish collaborative policies and 
synergistic action plan with neighbouring countries. 
Proposed key activities among partnering governments 
include (1) sharing information on malaria cases and 
foci, (2) conducting joint RASR activities, (3) resource 
sharing, (4) funding mobilisation, (5) political advocacy, 
and (6) infrastructure and capacity building [16] so that 
all index malaria cases will be notified, investigated and 
responded to in time. With strong political and techni-
cal collaboration, the cross-border RASR activities can 
be effectively implemented, reducing the risk of malaria 
reintroduction into Thailand.

Though this study provided valuable insight of how 
the RASR strategies were being implemented in Tak, 
Yala and Songkhla provinces, there are some limitations 
to be acknowledged. Since the staff from malaria clinics 
and VBD units involved predominantly in the survey, 
their perspectives on the RASR implementation, adher-
ence to 1-3-7 timeframe and acceptability may not be 
representative of every malaria stakeholder, particularly 
the hospital staff. The insights from IDIs and FGDs are 
also specific to the three study provinces and may not 
be generalisable to the entire country. Future studies 
on evaluation of RASR strategies in Thailand should 
be comprehensive recruiting all related stakeholder 
categories including those from clinical services provi-
sion sector in all provinces where RASR strategies are 
implemented.

Conclusions
Thailand’s implementation of the RASR strategy with the 
1-3-7 approach has marked progress in malaria control, 
yet significant barriers persist that threaten the path to 
elimination. While effective in low-incidence settings, the 
1-3-7 framework is fundamentally constrained in high-
incidence border regions where limited resources, esca-
lating cross-border migration, accessibility and logistical 
constraints and complex community dynamics hinder 
timely and comprehensive responses. Policies must be 
adapted to the unique challenges of high-transmission 
areas, with targeted resource allocation, proactive com-
munity engagement, and strengthened cross-border 
cooperation in order to sustain momentum toward 
malaria elimination (Table 5).
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