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Abstract
This study aimed to validate molecular xenomonitoring (MX) as a post-MDA surveillance tool for lymphatic filariasis in Belitung 
District, Indonesia. Lymphatic filariasis (LF) is a mosquito-borne parasitic disease caused by filarial worms such as Brugia malayi, 
which remains a significant public health concern in tropical regions, including Indonesia. Belitung District, historically endemic 
for LF, implemented the Mass Drug Administration (MDA) from 2005 to 2010 as part of Indonesia's national eradication program. 
Despite achieving WHO certification as filariasis-free in 2017, sporadic LF cases persisted, prompting the need for effective post-
MDA surveillance tools. MX, which detects parasite DNA in mosquitoes, has emerged as a complementary strategy to assess 
transmission risks and validate elimination efforts. This study conducted field validation of MX in two LF-endemic villages in 
Belitung District: Cerucuk and Lassar. Mosquitoes were collected using resting catches, human bait, and traps (CDC Light Trap 
and BG Sentinel Trap) across various habitats. Collected mosquitoes were pooled and tested for B. malayi DNA using conventional 
PCR. A total of 1,270 mosquitoes were collected, and 144 pools were analyzed for parasite DNA. No B. malayi DNA was detected 
in any of the 144 mosquito pools tested. The dominant mosquito species collected included Culex gelidus, Anopheles letifer, and 
Armigeres subalbatus in Cerucuk, and A. letifer, Culex vishnui, and Culex quinquefasciatus in Lassar. The absence of parasite DNA 
suggests that LF transmission may have been interrupted in these areas, likely due to the success of previous MDA campaigns. The 
findings indicate that MX is a valuable tool for post-MDA surveillance, particularly in areas with persistent ecological risks. While 
the results suggest interrupted transmission, continued surveillance is essential to confirm these findings and prevent resurgence. 
MX can complement existing methods, contributing to more effective LF elimination strategies in Indonesia and other endemic 
regions.    
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1. INTRODUCTION

Lymphatic filariasis (LF) is a parasitic disease 

transmitted by mosquitzoes, posing a significant 

public health concern in many tropical and 

subtropical regions, including Indonesia [1]. This 

disease is caused by filarial worms such as 

Wuchereria bancrofti, Brugia malayi, and Brugia 

timori, which can lead to chronic complications like 

lymphedema and elephantiasis, significantly 

diminishing the quality of life of those affected [2]. 

In Indonesia, the Belitung District has historically 

been an endemic area for LF, with B. malayi 

identified as the primary causative parasite [3]. The 

 
transmission of LF in this region is driven by 

several mosquito species, including Mansonia, 

Anopheles, Culex, and Aedes, which act as vectors 

for the filarial parasite [4]. Belitung District has 

adopted Mass Drug Administration (MDA) as part 

of Indonesia's national eradication program to 

eliminate lympathic filariasis. The MDA initiative 

in Belitung involved the annual distribution of a 

two-drug regimen—diethylcarbamazine citrate 

(DEC) and albendazole—to the entire at-risk 

population for at least 5 consecutive years from 

2005 to 2010 [5]. This strategy was designed to 

lower microfilarial prevalence and disrupt 

transmission cycles. 

The transmission assessment survey (TAS) is a 

WHO-recommended protocol [5] used to determine 

when MDA can be stopped (TAS 1) and to assess 

whether infection levels remain below the target 

threshold (antigen (Ag) prevalence <2% in children 

aged 6 to 7 years] after MDA cessation (‘post-MDA 

surveillance’). The current guidelines for post-

MDA surveillance suggest conducting TAS twice—

first at 2–3 years (TAS 2) and again at 4–6 years 

(TAS 3) after stopping MDA [6]. Any evaluation 

unit that successfully passes all three TAS stages 
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will undergo post-validation surveillance for at least 

5 years. Belitung completed all required steps for 

filariasis elimination and was officially recognized 

as filariasis-free by WHO in 2017. Despite these 

efforts, surveillance data from the District Health 

Office continued to record LF cases in 2017 [5] and 

2021. Due to concerns about persistent transmission 

and the need for accelerated elimination, Belitung 

was selected as one of the pilot areas for 

implementing triple drug therapy (IDA). This new 

regimen, consisting of ivermectin, DEC, and 

albendazole, was introduced to enhance the efficacy 

of MDA and potentially reduce the number of 

rounds needed to achieve elimination. The IDA 

implementation in Belitung faced both positive 

reception and some resistance from communities, 

with initial rounds showing drug uptake of 

approximately 70%, varying between villages. 

This persistence of LF cases post-MDA 

highlights the critical need for effective post-MDA 

monitoring tools. Molecular xenomonitoring (MX) 

is a technique that detects parasite DNA in 

mosquitoes to indirectly assess transmission risk, 

providing a community-level measure of infection 

without requiring invasive sampling in humans. 

MX has been recognized as a valuable 

complementary tool to TAS for monitoring the 

resurgence of infection during post-MDA 

surveillance and validation phases [7]-[9]. The MX 

process involves collecting a large number of 

mosquitoes using appropriate sampling techniques 

to ensure a representative sample, followed by PCR

-based detection of parasite DNA in mosquito 

pools. Previous research has shown that MX is 

more sensitive and efficient in detecting parasite 

DNA than Mf testing in humans [10]. It is also 

useful in identifying residual or re-emerging 

infection foci following multiple rounds of MDA 

[11]-[13]. Several LF-endemic countries have 

utilized MX to confirm TAS findings, particularly 

by verifying the absence of transmission during 

post-MDA and validation phases [7]-[9][14]. 

Despite its advantages, implementing MX in 

operational settings requires careful evaluation of 

cost-effectiveness relative to TAS, as well as 

considerations regarding the availability of well-

equipped laboratories and trained personel [10]. 

This technique offers an indirect yet sensitive 

method to assess ongoing transmission, providing 

valuable data for decision-making in LF elimination 

programs.  

The objective of this study was to validate the 

application of MX in Belitung District as a tool for 

post-MDA surveillance, by assessing mosquito 

 

 

 
 

 
Figure 1. Distribution of study site and sampling site in Belitung regency.  
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species composition and testing for the presence of 

B. malayi DNA. This study represents the first field 

validation of xenomonitoring activities in 

Indonesia, specifically focusing on the Belitung 

District. By evaluating its implementation and 

effectiveness, this research aims to contribute 

essential insights into the feasibility of 

xenomonitoring as a post-MDA surveillance 

strategy. Compared to traditional methods such as 

TAS or microfilaria surveys in humans, MX offers 

several advantages. It provides higher accuracy in 

detecting low-level or residual transmission, can be 

more cost-effective in settings where sampling large 

populations is logistically difficult, and avoids the 

ethical and operational challenges of human blood 

collection. However, MX also requires adequate 

laboratory infrastructure, molecular diagnostic 

facilities, and trained personel, which may limit its 

applicability in resource-constrained settings. 

Considering these factors, MX serves as a 

complementary tool rather than a replacement, 

supporting more appropriate and sustainable 

strategies for post-MDA surveillance in Indonesia 

and other endemic regions. 

  

2. MATERIALS AND METHODS 

 

2.1. Study Sites 

This study was conducted in two villages within 

Belitung Regency (Figure 1), Indonesia: Cerucuk 

Village (Badau District) and Lassar Village 

(Membalong District), which are filariasis sentinel 

areas in Belitung Regency. A sentinel area is a 

village/urban area selected during the mapping 

survey before the implementation of MDA. These 

sites were selected based on LF case data recorded 

in 2017, 2021, and 2023, which indicated ongoing 

transmission risks in these areas. Cerucuk Village is 

characterized by a diverse ecological landscape that 

contributes to mosquito breeding and LF 

transmission: numerous swamps and small rivers; 

extensive oil palm and rubber plantations; and 

residential areas are typically built in proximity to 

mosquito breeding sites. Lassar Village presents a 

more rural and forested environment than Cerucuk: 

mixed vegetation and forested areas; swamps and 

brackish water zones; and cattle farming areas. 

Including these two distinct ecological landscapes 

allows for a comprehensive evaluation of 

xenomonitoring as a post-MDA surveillance tool, 

considering variations in mosquito habitats and 

human exposure risks across different settings in 

Belitung. Sampling was conducted in 2023 during 

the rainy season, a period typically associated with 

increased mosquito breeding and higher vector 

densities in tropical regions. These seasonal 

conditions are relevant for interpreting the 

abundance and species composition of the collected 

mosquitoes.  

 

2.2. Sampling Sites 

Mosquito collections were conducted in areas 

with known LF cases within Cerucuk and Lassar 

villages (Figure 1). The habitat selection was based 

on the habitat types found around filariasis cases in 

each region, ensuring that the sampling strategy 

directly targeted environments where transmission 

was most likely to occur. In each village, sampling 

efforts focused on three distinct habitat types to 

capture potential variations in vector populations 

and B. malayi infection rates. In Cerucuk Village, 

the following habitats were targeted for mosquito 

collection: village (residential areas), village + 

forest (edge habitats), and cattle + swamp (livestock 

and wetland zones). In Lassar Village, the 

following habitats were targeted for mosquito 

collection: village (residential areas), mix 

vegetation (diverse plant communities), and 

brackish swamp (coastal wetland).  

 

2.3. Mosquito Collection 

Mosquito collection began at houses with 

filariasis cases and then continued in a circular 

pattern, spreading to 100–250 houses. The catching 

methods applied were resting walls indoors and 

outdoors, carried out for 30 min in each house for 

five hours of catching (7 p.m. to 12 p.m.). The 

human bait method and mosquito traps (CDC light 

trap and BG-sentinel trap) were also used in certain 

areas to increase the chances of capturing more 

mosquitoes. The coordinates of the mosquito-

catching locations were mapped using GPS. 

Mosquito collection began at houses with filariasis 

cases and then continued in a circular pattern, 

spreading to 100–250 houses. Mosquitoes were 

collected using four complementary methods to 

maximize species diversity. (1) Indoor and outdoor 

resting catches – Adult mosquitoes resting on house 
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walls and outdoor structures were aspirated using 

manual mouth aspirators. Each resting collection 

lasted 30 min per house, both indoors and outdoors, 

across 6 h (18:00–24:00). (2) Human landing 

catches (HLC) – Conducted in selected households 

with prior LF cases, following local ethical 

approval. Two trained collectors, protected with 

aspirators and flashlights, captured mosquitoes that 

attempted to land on exposed lower legs. 

Collections were alternated hourly between 

collectors to reduce fatigue. (3) CDC light traps – 

Traps were installed inside houses near sleeping 

areas with an occupied bed net, set at dusk (18:00) 

and collected at dawn (06:00). (4) BG-Sentinel 

Traps – Deployed outdoors near houses and 

vegetation using BG-Lure attractants, operating 

overnight for approximately 12 h. 

Each method has inherent sampling biases: 

resting catches tend to collect endophilic or 

exophilic resting species, human landing catches 

capture anthropophilic mosquitoes, while light traps 

and BG-Sentinel traps attract nocturnal or host-

seeking mosquitoes. Combining these techniques 

was intended to minimize bias and obtain a 

representative sample of the local vector 

population. The coordinates of the mosquito-

catching locations were mapped using GPS. It 

should be noted that mosquito populations are 

strongly influenced by weather factors such as 

rainfall, temperature, and humidity. As this study 

was conducted during the rainy season, mosquito 

density may have been higher than in dry months. 

Future studies incorporating longitudinal sampling 

across different seasons are needed to capture the 

influence of weather variability on vector 

abundance and infection rates. 

 

2.4. Sample Processing 

Mosquitoes were first identified to species level 

using standard morphological identification keys 

[15]. Identification was performed by trained 

entomologists to ensure accuracy. After 

identification, all mosquitoes collected were 

grouped in pools of 25 or fewer, according to the 

village and method of collection. The pooled 

mosquitoes were then sent to the laboratory for 

molecular identification of B. malayi infection in 

the vector species. Collected specimens were killed 

by freezing and then stored at −20 °C until 
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processing. Each pool of mosquitoes was 

homogenized using sterile pestles in lysis buffer 

prior to DNA extraction. DNA was then extracted 

using the Quick-DNA Miniprep Plus Kit (Zymo 

Research) following the manufacturer’s protocol. 

The method for detecting the presence of B. malayi 

DNA in mosquitoes was conventional PCR by 

employing 35 cycles of amplifications and the 

employed temperatures were 95 °C for 5 min, 95 °C 

for 60 s, 59.6 °C for 60 s, 72 °C for 60 s, 72 °C for 

10 min, and finally held at 4 °C until further 

analysis.. The primers used were Hha1 F (5’-

GCGCATAAATTCATCAGC-3’) and Hha1 R (5’-

GCGCAAAACTTAATTACAAAAGC-3’) 8. DNA 

was extracted from pools using Quick-DNATM 

Miniprep Plus Kit from Zymo Research. Amplified 

PCR products were electrophoresis and visualized 

by SYBR® safe DNA gel staining (Invitrogen, 

Carlsbad, CA, USA). A 100 bp DNA ladder was 

used to measure the size of PCR products (targeted 

band 322 bp) .  

 

3. RESULTS AND DISCUSSIONS 

 

A total of 1,270 mosquitoes were collected from 

114 houses in Cerucuk Village and 123 houses in 

Lassar Village. A breakdown of mosquito 

collections by species is presented in Table 1, 

showing that dominant mosquito species collected 

included Culex gelidus, Anopheles letifer, and 

Armigeres subalbatus in Cerucuk, and A. letifer, 

Culex vishnui, and Culex quinquefasciatus in 

Lassar. Resting catches yielded primarily Culex and 

Armigeres, human landing catches predominantly 

captured Anopheles, while BG-Sentinel traps were 

more effective for collecting Aedes. This highlights 

the importance of using multiple collection methods 

to capture diverse vector species.  

 

3.1. Ecological Variations and Transmission Risks 

in Cerucuk and Lassar 

The ecological diversity of Cerucuk and Lassar 

villages in Belitung Regency plays a critical role in 

shaping the dynamics of LF transmission. These 

villages represent distinct ecological settings, each 

with unique environmental characteristics 

influencing mosquito breeding, vector density, and 

human-vector contact. Our mosquito collection 

results support these ecological observations. In 

Cerucuk, the dominant species were C. gelidus, A. 

letifer, and A. subalbatus, while in Lassar, A. letifer, 

C. vishnui, and C. quinquefasciatus were abundant. 

These genus-level differences are further illustrated 

in Table 1, which shows the relative abundance of 

Culex, Anopheles, Armigeres, and other groups 

across the two villages. Furthermore, mosquito 

yields varied by capture method, with resting 

catches producing mainly Culex and Armigeres, 

human landing catches capturing predominantly 

Anopheles, and BG-Sentinel traps more effective 

for Aedes. These findings indicate that the 

ecological characteristics of each village (swampy 

habitats, plantations, and brackish water zones) 

strongly shaped species composition and vector 

abundance. By explicitly linking our field results 

with ecological context, the data provide insight 

into potential LF transmission risks in Cerucuk and 

Lassar. 

Cerucuk Village is characterized by a diverse 

ecological landscape that provides ideal breeding 

grounds for mosquito vectors, particularly 

Mansonia and Anopheles species, which are known 

vectors of B. malayi [16]. The village features 

numerous swamps and small rivers, which serve as 

primary breeding sites for mosquitoes [17][18]. 

These water bodies are often stagnant or slow-

moving, creating optimal conditions for mosquito 

larvae development [4]. Additionally, the extensive 

oil palm and rubber plantations in Cerucuk provide 

ample resting sites for adult mosquitoes, further 

contributing to the high vector density in the area 

[3]. The proximity of residential areas to these 

breeding sites increases the risk of human-vector 

contact, a key factor in LF transmission. Studies 

have shown that areas with high human activity 

near mosquito breeding sites are more likely to 

experience sustained transmission of filarial 

parasites [10][19]. In Cerucuk, abundant breeding 

sites, favorable resting areas, and close human 

settlements create an environment where LF 

transmission can persist, even after multiple rounds 

of MDA. In contrast, Lassar Village presents a 

more rural and forested environment, with mixed 

vegetation and brackish water zones that support a 

wide range of mosquito species. The village’s 

ecological conditions are particularly favorable for 

Culex and Anopheles species, also vectors of B. 

malayi. The presence of swamps and brackish water 

 

 



J. Multidiscip. Appl. Nat. Sci. 

347 

zones in Lassar provides suitable habitats for these 

mosquito species, which thrive in freshwater and 

saline environments [13]. 

Cattle farming areas in Lassar further contribute 

to the mosquito population dynamics. Cattle serve 

as alternative blood meal sources for mosquitoes, 

potentially increasing the vector population density 

[20]. This phenomenon, known as zooprophylaxis, 

can either reduce or increase human-vector contact, 

depending on mosquito feeding preferences [11]. In 

Lassar, cattle farming areas near human settlements 

may increase the risk of LF transmission, as 

mosquitoes that feed on both humans and animals 

can act as bridge vectors, facilitating the spread of 

filarial parasites. The ecological heterogeneity 

between Cerucuk and Lassar villages highlights the 

importance of tailoring surveillance and control 

strategies to local environmental conditions. In 

Cerucuk, the dominance of Mansonia and 

Anopheles species in swamp and plantation areas 

suggests that vector control efforts should focus on 

these habitats. For example, environmental 

management strategies, such as draining stagnant 

water bodies and clearing vegetation around 

residential areas, could reduce mosquito breeding 

and resting sites [21]. In Lassar, the prevalence of 

Culex species in brackish water zones and cattle 

farming areas indicates that vector control measures 

should target these specific habitats. Using 

larvicides in brackish water zones [22] and 

implementing zooprophylaxis strategies, such as 

placing cattle pens away from human settlements, 

could help reduce mosquito populations and 

minimize human-vector contact [20][23]. 

The ecological variations between Cerucuk and 

Lassar also influence the effectiveness of MX as a 

post-MDA surveillance tool. In Cerucuk, the high 

density of Mansonia and Anopheles species in 

swamp and plantation areas increases the likelihood 

of detecting filarial DNA in mosquito vectors, 

provided that transmission is ongoing. However, 

this study’s absence of detectable B. malayi DNA 

suggests that MDA efforts may have successfully 

interrupted transmission in these areas. In Lassar, 

the presence of Culex species in brackish water 

zones and cattle farming areas presents a different 

challenge. While these species are known vectors of 

B. malayi, their feeding preferences and habitat 

distribution may affect the sensitivity of MX. For 

example, if Culex species primarily feed on cattle 

rather than humans, the likelihood of detecting 

filarial DNA in these mosquitoes may be lower, 

even if transmission is ongoing [11]. This 

underscores the need for comprehensive sampling 

strategies for ecological variations and vector 

behavior when implementing MX. Seasonal 

fluctuations may have altered mosquito population 

dynamics and, thus, the finding of B. malayi DNA 

in the present study. Temperature, humidity, and 

rainfall patterns can all influence mosquito 

breeding, survival rates, and feeding habits, thereby 

impacting the abun danceof infected vectors at the 

time of collection. Future research should look on 

longitudinal sampling throughout several seasons to 

account for seasonal fluctuations in mosquito 

abundance and increase the accuracy of 

xenomonitoring results 

 

3.2. Mosquito Collection and Analysis Results 

The mosquito collection and analysis conducted 

in Cerucuk and Lassar villages provide critical 

insights into the vector population dynamics and the 

 

 

 
 

 
Figure 2. PCR results for pooled mosquito samples collected from Cerucuk and Lassar villages.  
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potential for ongoing LF transmission in these 

areas. The results of this study are particularly 

significant in the context of post-MDA surveillance, 

as they help assess the effectiveness of previous 

elimination efforts and identify areas where 

transmission risks may persist. Mosquito collection 

was carried out in Cerucuk and Lassar villages 

using a combination of methods to ensure 

comprehensive sampling. These methods included 

indoor and outdoor resting captures, human bait 

techniques, and mosquito traps such as CDC Light 

Traps and BG-Sentinel Traps. The collection 

focused on households with confirmed LF cases 

and targeted specific habitat types known to support 

mosquito breeding and resting. 

In Cerucuk Village, a total of 502 mosquitoes 

were collected, with the dominant species being C. 

gelidus (99), Culex tritaeniorhynchus (132), A. 

letifer (22), and A. subalbatus (81). These species 

are known vectors of B. malayi, the primary 

causative agent of LF in Belitung Regency [4]. The 

distribution of these species varied across different 

habitat types, with Culex species predominantly 

found in village and livestock-related habitats. In 

contrast Anopheles and Mansonia species were 

more abundant in forest-edge and swamp areas. In 

Lassar Village, a total of 768 mosquitoes were 

collected, with A. letifer (249), C. vishnui (151), C. 

quinquefasciatus (138), and Mansonia uniformis 

(39) being the most prevalent species. The high 

density of A. letifer in both village and mixed 

vegetation habitats suggests a strong presence of 

this species in human settlements, increasing the 

risk of human-vector contact. Meanwhile, C. 

vishnui and C. quinquefasciatus were mainly 

detected in brackish swamp and village habitats, 

highlighting the role of specific ecological 

conditions in shaping mosquito population 

dynamics [9]. 

Mosquito species’ ecological and behavioral 

characteristics play a significant role in the 

collection and analysis results. In Cerucuk Village, 

the dominance of Culex species in village and 

livestock-related habitats reflects their preference 

for breeding in stagnant water bodies and resting in 

areas with high human and animal activity [24]-

[26]. In contrast, the high density of A. letifer in 

Lassar Village suggests that this species is well-

adapted to village and mixed vegetation habitats, 

increasing the risk of human-vector contact in these 

areas [27][28]. Multiple collection methods, 

including human bait and mosquito traps, were 

crucial for capturing a representative sample of the 

mosquito population. Human bait techniques are 

particularly effective for collecting anthropophilic 

species such as Anopheles [29], which are more 

likely to transmit B. malayi to humans [9][30]. 

However, the reliance on human bait can also 

introduce bias, as it may underestimate the 

population of zoophilic species that prefer animal 

hosts. The inclusion of mosquito traps helped 

mitigate this bias by capturing a wider range of 

species, including those that may act as bridge 

vectors between animals and humans [29]. 

 

3.3. Molecular Analysis: PCR Results and 

Implications 

Molecular analysis using conventional PCR was 

performed on 144 mosquito pools (65 from 

Cerucuk and 79 from Lassar) to detect the presence 

of B. malayi DNA. The PCR protocol involved 35 

cycles of amplification, with specific primers 

targeting a 322 bp fragment of the B. malayi 

genome. Although many vector mosquitoes were 

collected, no B. malayi DNA was detected in any 

mosquito pool (Figure 2). This finding suggests that 

active LF transmission may have been interrupted 

in these areas, likely due to the success of previous 

MDA campaigns. Amplified DNA fragments were 

separated by electrophoresis on a 2% agarose gel 

and visualized using SYBR® Safe staining. Lane M 

is 100 bp DNA ladder, lane P is positive control (B. 

malayi DNA, expected band size 322 bp), lane N is 

negative control (nuclease-free water), and lanes 1–

20 are representative pooled mosquito samples from 

Cerucuk and Lassar. The absence of bands at 322 

bp in all tested pools indicates no detectable B. 

malayi DNA in the mosquito populations. However, 

the absence of detectable B. malayi DNA does not 

necessarily imply the complete absence of 

transmission. Low-level or sporadic transmission 

may still occur below the detection threshold of 

current methods, particularly in areas with 

persistent ecological risk factors [11]. Additionally, 

the sensitivity of PCR-based detection can be 

influenced by factors such as the quality of DNA 

extraction, the efficiency of primer binding, and the 

presence of inhibitors in mosquito samples [7]. 
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Therefore, while the results are encouraging, they 

should be interpreted caustiously, and continued 

surveillance is essential to confirm the interruption 

of transmission.  

 

3.4. Challenges and Limitations 

Despite the comprehensive sampling strategy, 

several challenges and limitations were encountered 

during mosquito collection and analysis. One major 

challenge was the variability in mosquito density 

across different habitats and seasons. In Cerucuk 

Village, the high density of Culex species in swamp 

and livestock areas made it easier to collect large 

numbers of mosquitoes, while in Lassar Village, the 

distribution of A. letifer across mixed vegetation 

and brackish water zones required more extensive 

sampling efforts. Another limitation was the 

potential for false-negative results in PCR analysis. 

Factors such as low parasite load in mosquito 

populations, inefficient DNA extraction, and the 

presence of PCR inhibitors can reduce the 

sensitivity of molecular detection methods [7]. To 

address these limitations, future studies could 

consider using more sensitive molecular techniques, 

such as quantitative PCR (qPCR), which can detect 

lower levels of parasite DNA and provide more 

accurate results [31][32]. Pooling mosquitoes up to 

25 individuals may reduce the sensitivity of 

detecting low-prevalence infections, as a single 

infected mosquito could be diluted among many 

uninfected ones. Previous studies have noted this 

limitation, emphasizing the value of qPCR for 

increased sensitivity [33][34]. Despite this, 

conventional PCR remains widely used for MX and 

provides reliable results when transmission 

intensity is moderate to high. 

 

3.5. Implications for Post-MDA Surveillance and 

LF Elimination 

The results of this study have important 

implications for post-MDA surveillance and LF 

elimination efforts in Belitung Regency and other 

endemic regions. The absence of B. malayi DNA in 

mosquito vectors suggests that MDA campaigns 

effectively reduced transmission in Cerucuk and 

Lassar villages. However, the persistence of 

suitable mosquito habitats and the presence of 

potential vector species highlight the need for 

continued surveillance to prevent the resurgence of 

LF transmission. In comparison to host-based 

detection methods, MX offers several unique 

advantages and limitations. TAS, which rely on 

antigen detection in children, are widely used to 

determine whether MDA can be stopped; however, 

they may miss low-level transmission when 

prevalence is below the detection threshold [7][9]

[35]. Microfilaria (Mf) surveys through night blood 

smears provide direct evidence of infection but are 

invasive, less acceptable to communities, and 

logistically challenging for large-scale surveillance 

[10]. In contrast, MX is non-invasive, community-

wide, and can be more sensitive in detecting 

residual transmission, since a single infected 

mosquito may indicate ongoing parasite circulation 

[13][36]. MX has proven to be a valuable tool for 

post-MDA surveillance, particularly in areas with 

persistent ecological risk factors. By detecting 

parasite DNA in mosquito vectors, MX provides an 

indirect measure of transmission that complements 

traditional human-based surveys such as the TAS 

[7]. However, implementing MX at an operational 

scale requires careful consideration of cost-

effectiveness, laboratory capacity, and the 

availability of trained personel [7][8][37].  

 

4. CONCLUSIONS 

 

This study demonstrates that MX can be a useful 

tool for post-MDA surveillance, particularly in 

areas with persistent ecological risk factors. The 

absence of B. malayi DNA in mosquitoes from 

Cerucuk and Lassar suggests that LF transmission 

may have been interrupted. Importantly, this 

represents the first field validation of MX in 

Indonesia, highlighting its feasibility and potential 

as a complementary surveillance tool in national LF 

elimination efforts. 

 

AUTHOR INFORMATION 

 

Corresponding Author 

Tri Wahono — Research Center for Public 

Health and Nutrition, National Research and 

Innovation Agency (BRIN), Bogor-16915 

(Indonesia); Doctoral Program in Biology, 

Universitas Gadjah Mada, Sleman-55281 

(Indonesia); 

orcid.org/0000-0002-6563-6953 

 

 

https://orcid.org/0000-0002-6563-6953


J. Multidiscip. Appl. Nat. Sci. 

350 

Email: tri.wahono.1@brin.go.id 

 

Authors 

Mara Ipa — Research Center for Public Health 

and Nutrition, National Research and Innovation 

Agency (BRIN), Bogor-16915 (Indonesia); 

Doctoral Program in Medical and Health 

Sciences, Universitas Gadjah Mada, Sleman-

55281 (Indonesia); 

orcid.org/0000-0002-4831-6536 

Triwibowo Ambar Garjito — Research Center 

for Public Health and Nutrition, National 

Research and Innovation Agency (BRIN), Bogor

-16915 (Indonesia); 

orcid.org/0000-0002-7697-9759  

Yuneu Yuliasih — Research Center for Public 

Health and Nutrition, National Research and 

Innovation Agency (BRIN), Bogor-16915 

(Indonesia); 

orcid.org/0000-0003-0050-9520  

Agung Puja Kesuma — Research Center for 

Public Health and Nutrition, National Research 

and Innovation Agency (BRIN), Bogor-16915 

(Indonesia); 

orcid.org/0000-0001-6328-685X  

Muhammad Fajri Rokhmad — Research 

Center for Public Health and Nutrition, National 

Research and Innovation Agency (BRIN), Bogor

-16915 (Indonesia); 

orcid.org/0000-0003-1176-691X  

Sunardi Sunardi — Directorate of Prevention 

and Control of Infectious Diseases, Ministry of 

Health Republic of Indonesia, Central Jakarta-

10560 (Indonesia); 

orcid.org/0009-0001-7197-3294  

Hafiz Permana Putra — Belitung Regency 

Health Office, Belitung-33411 (Indonesia); 

orcid.org/0009-0003-6759-4755  

 

Author Contributions 

Conceptualization, Methodology, Formal 

Analysis, Writing – Original Draft Preparation, T. 

W., M. I., and T. A. G.; Software, Visualization, A. 

P. K. and M. F. R.; Validation, Investigation, Data 

Curation, Writing – Review & Editing, T. W., M. I., 

T. A. G., Y. Y., A. P. K., M. F. R., S. S., and M. H. 

P.; Supervision, S. S. and M. H. P.; Project 

Administration, M. I. and Y. Y.; Funding 

Acquisition, T. W. and M. I. 

Conflicts of Interest 

The authors declare that they have no conflict of 

interests.  

 

ACKNOWLEDGEMENT 

 

The authors express their sincere gratitude to the 

Ministry of Health, Republic of Indonesia, and the 

Belitung Regency Health Office for their support 

and facilitation of this research. We extend our 

appreciation to the local communities and field 

assistants in Lassar Village for their cooperation 

during data collection. We also acknowledge the 

laboratory team at the Research Center for Public 

Health and Nutrition, National Research and 

Innovation Agency for their valuable technical 

support during molecular analyses.   

 

DECLARATION OF GENERATIVE AI   

 

During the preparation of this work, the authors 

used ChatGPT and DeepSeek to assist in generating 

text, summarizing literature, and refining language. 

After using this tool/service, the authors reviewed 

and edited the content as needed and takes full 

responsibility for the content of the publication.   

 

REFERENCES 

 

[1] D. N. Aisyah, Z. Kozlakidis, H. Diva, S. N. 

Trimizi, L. R. Sianipar, E. Wijayanti, A. M. 

Avicena, and W. Adisasmito. (2022). "The 

Spatial-Temporal Distribution of Chronic 

Lymphatic Filariasis in Indonesia: An 18-

Year Registry-Based Analysis". 

Microbiology Research. 13 : 681-690. 

10.3390/microbiolres13040049. 

[2] N. Chandrasena, R. Premaratna, I. E. 

Gunaratna, and N. R. de Silva. (2018). 

"Morbidity Management and Disability 

Prevention for Lymphatic Filariasis in Sri 

Lanka: Current Status and Future Prospects". 

PLoS Neglected Tropical Diseases. 12 (5).  

10.1371/journal.pntd.0006472. 

[3] T. Supali, Y. Djuardi, S. Santoso, L. R. 

Sianipar, N. H. Suryaningtyas, R. Alfian, Y. 

Destani, E. Iskandar, H. Astuty, N. Sugianto, 

and P. U. Fischer. (2024). "Surveillance and 

Selective Treatment of Brugia malayi 

 

 

mailto:tri.wahono.1@brin.go.id
https://orcid.org/0000-0002-4831-6536
https://orcid.org/0000-0002-7697-9759
https://orcid.org/0000-0003-0050-9520
https://orcid.org/0000-0001-6328-685X
https://orcid.org/0000-0003-1176-691X
https://orcid.org/0009-0001-7197-3294
https://orcid.org/0009-0003-6759-4755
https://doi.org/10.3390/microbiolres13040049
https://doi.org/10.1371/journal.pntd.0006472


J. Multidiscip. Appl. Nat. Sci. 

351 

Filariasis Eleven Years after Stopping Mass 

Drug Administration in Belitung District, 

Indonesia". American Journal of Tropical 

Medicine and Hygiene. 110 (1): 111-116. 

10.4269/ajtmh.23-0255. 

[4] Y. Santoso, Y. Supranelfy, and N. H. 

Suryaningtyas. (2021). "Endemicity of 

Lymphatic Filariasis in Belitung Regency 

Post Elimination". the Proceedings of the 

First International Conference on Health, 

Social Science and Technology (ICoHSST 

2020). 10.2991/assehr.k.210415.059. 

[5] S. Santoso, Y. Yahya, Y. Supranelfy, N. H. 

Suryaningtyas, Y. Taviv, A. Yenni, M. 

Arisanti, R. Mayasari, V. Mahdalena, R. 

Nurmaliani, M. Marini, K. Krishnamoorthy, 

and H. U. Pangaribuan. (2020). "Risk of 

Recrudescence of Lymphatic Filariasis after 

Post-MDA Surveillance in Brugia malayi 

Endemic Belitung District, Indonesia". 

Korean Journal of Parasitology. 58 (6): 627-

636. 10.3347/kjp.2020.58.6.627. 

[6] R. Ofanoa, T. Ofa, E. A. Padmasiri, and D. 

R. Kapa. (2019). "Elimination of lymphatic 

filariasis as a public health problem from 

Tonga". Tropical Medicine and Health. 47 

(1). 10.1186/s41182-019-0169-2. 

[7] S. Subramanian, P. Jambulingam, K. 

Krishnamoorthy, N. Sivagnaname, C. 

Sadanandane, V. Vasuki, C. Palaniswamy, B. 

Vijayakumar, A. Srividya, and H. K. K. Raju. 

(2020). "Molecular Xenomonitoring as a Post

-MDA Surveillance Tool for Global 

Programme to Eliminate Lymphatic 

Filariasis: Field Validation in an Evaluation 

Unit in India". PLoS Neglected Tropical 

Diseases. 14 (1). 10.1371/

journal.pntd.0007862. 

[8] M. A. Dorkenoo, D. K. de Souza, Y. 

Apetogbo, K. Oboussoumi, D. Yehadji, M. 

Tchalim, S. Etassoli, B. Koudou, G. K. 

Ketoh, Y. Sodahlon, M. J. Bockarie, and D. 

A. Boakye. (2018). "Molecular 

Xenomonitoring for Post-Validation 

Surveillance of Lymphatic Filariasis in Togo: 

No Evidence for Active Transmission". 

Parasites and Vectors. 11 (1): 1-9. 10.1186/

s13071-017-2611-9. 

[9] S. R. Irish, H. M. Al-Amin, H. N. Paulin, A. 

S. M. S. Mahmood, R. K. Khan, A. K. M. 

Muraduzzaman, C. M. Worrell, M. S. Flora, 

M. J. Karim, T. Shirin, A. K. M. 

Shamsuzzaman, S. Tahmina, and C. Dubray. 

(2018). "Molecular Xenomonitoring for 

Wuchereria bancrofti in Culex 

quinquefasciatus in Two Districts in 

Bangladesh Supports Transmission 

Assessment Survey Findings". PLoS 

Neglected Tropical Diseases. 12 (5). 

10.1371/journal.pntd.0006574. 

[10] R. U. Rao, S. D. Samarasekera, K. C. 

Nagodavithana, M. W. Punchihewa, T. D. M. 

Dassanayaka, E. Ford, U. S. B. Ranasinghe, 

R. H. Henderson, and G. J. Weil. (2016). 

"Programmatic Use of Molecular 

Xenomonitoring at the Level of Evaluation 

Units to Assess Persistence of Lymphatic 

Filariasis in Sri Lanka". PLoS Neglected 

Tropical Diseases. 10 (5). 10.1371/

journal.pntd.0004722. 

[11] C. L. Lau, K. Y. Won, P. J. Lammie, and P. 

M. Graves. (2016). "Lymphatic Filariasis 

Elimination in American Samoa: Evaluation 

of Molecular Xenomonitoring as a 

Surveillance Tool in the Endgame". PLoS 

Neglected Tropical Diseases. 10 (11). 

10.1371/journal.pntd.0005108. 

[12] D. K. de Souza, E. Yirenkyi, J. Otchere, N. 

K. Biritwum, D. K. Ameme, S. Sackey, C. 

Ahorlu, and M. D. Wilson. (2016). 

"Assessing Lymphatic Filariasis Data Quality 

in Endemic Communities in Ghana Using the 

Neglected Tropical Diseases Data Quality 

Assessment Tool for Preventive 

Chemotherapy". PLoS Neglected Tropical 

Diseases. 10 (3). 10.1371/

journal.pntd.0004590. 

[13] Y. A. Derua, S. F. Rumisha, B. M. 

Batengana, D. A. Max, G. Stanley, W. N. 

Kisinza, and L. E. G. Mboera. (2017). 

"Lymphatic Filariasis Transmission on Mafia 

Islands, Tanzania: Evidence from 

Xenomonitoring in Mosquito Vectors". PLoS 

Neglected Tropical Diseases. 11 (10). 

10.1371/journal.pntd.0005938. 

[14] M. A. Moustafa, M. M. I. Salamah, H. S. 

Thabet, and R. A. Tawfik. (2017). 

 

 

https://doi.org/10.4269/ajtmh.23-0255
https://doi.org/10.2991/assehr.k.210415.059
https://doi.org/10.3347/kjp.2020.58.6.627
https://doi.org/10.1186/s41182-019-0169-2
https://doi.org/10.1371/journal.pntd.0007862
https://doi.org/10.1371/journal.pntd.0007862
https://doi.org/10.1186/s13071-017-2611-9
https://doi.org/10.1186/s13071-017-2611-9
https://doi.org/10.1371/journal.pntd.0006574
https://doi.org/10.1371/journal.pntd.0004722
https://doi.org/10.1371/journal.pntd.0004722
https://doi.org/10.1371/journal.pntd.0005108
https://doi.org/10.1371/journal.pntd.0004590
https://doi.org/10.1371/journal.pntd.0004590
https://doi.org/10.1371/journal.pntd.0005938


J. Multidiscip. Appl. Nat. Sci. 

352 

"Molecular Xenomonitoring and 

Transmission Assessment Survey of 

Lymphatic Filariasis Elimination in Two 

Villages, Menoufyia Governorate, Egypt". 

European Journal of Clinical Microbiology 

& Infectious Diseases. 36 : 1143-1150. 

10.1007/s10096-017-2901-3. 

[15] C. Rampa, P. Somboon, R. E. Harbach, and 

C. Walton. (2016). "Keys to the Adult 

Female Mosquitoes (Diptera: Culicidae) of 

Southeast Asia". Zootaxa. 4093 (1): 1-108. 

10.11646/zootaxa.4093.1.1. 

[16] B. Mulyaningsih, S. R. Umniyati, S. 

Hadisusanto, and E. Edyansyah. (2019). 

"Study on Vector Mosquito of Zoonotic 

Brugia malayi in Musi Rawas, West Sumatra, 

Indonesia". Veterinary World. 12 (11): 1729-

1734. 10.14202/vetworld.2019.1729-1734. 

[17] J. F. Rehena and M. N. Matdoan. (2020). 

"Mosquito Behavior of Mansonia and 

Anopheles and Its Relationship with the 

Filariasis Disease in Taniwel Timur District 

and Taniwel, Seram Barat Regency". 

Education and Science Journal. 1 (2): 90-

100. 10.30598/edusciencesvol1iss2pp90-100. 

[18] A. Farid, N. Abdul, S. A. Hanif, N. Adilla, A. 

Hussain, and A. Faisal. (2025). 

"Environmental Determinants in Sustaining 

the Transmission of Lymphatic Filariasis: A 

Systematic Review". International Journal of 

Public Health Research. 15 (1): 2067-2075.  

[19] C. B. Chesnais, N. P. Awaca-Uvon, J. 

Vlaminck, J. P. Tambwe, G. J. Weil, S. D. 

Pion, and M. Boussinesq. (2019). "Risk 

Factors for Lymphatic Filariasis in Two 

Villages of the Democratic Republic of the 

Congo". Parasites & Vectors. 12 (162): 1-13. 

10.1186/s13071-019-3428-5. 

[20] B. Donnelly, L. B. Ford, N. A. Ross, and P. 

Michel. (2015). "A Systematic, Realist 

Review of Zooprophylaxis for Malaria 

Control". Malaria Journal. 14 (313): 1-16. 

10.1186/s12936-015-0822-0. 

[21] E. Chanda, B. Ameneshewa, M. Bagayoko, J. 

M. Govere, and M. B. Macdonald. (2017). 

"Harnessing Integrated Vector Management 

for Enhanced Disease Prevention". Trends in 

Parasitology. 33 (1): 30-41. 10.1016/

j.pt.2016.09.006. 

[22] M. Madhav, K. R. Blasdell, B. Trewin, and 

P. N. Paradkar. (2024). "Control Strategies 

Using Wolbachia". Viruses. 16 (7): 1134. 

10.3390/v16071134. 

[23] A. Asale, L. Duchateau, B. Devleesschauwer, 

G. Huisman, and D. Yewhalaw. (2017). 

"Zooprophylaxis as a Control Strategy for 

Malaria Caused by the Vector Anopheles 

arabiensis (Diptera: Culicidae): A Systematic 

Review". Infectious Diseases of Poverty. 6 

(160): 1-14. 10.1186/s40249-017-0366-3. 

[24] J. Kaur. (2019). "Habitat Characterization of 

Culex (Oculeomyia) bitaeniorhynchus Giles, 

1901 (Diptera: Culicidae) in Baddi Area of 

Himachal Pradesh (India)". Journal of 

Emerging Technologies and Innovative 

Research. 6 (3): 321-326.  

[25] S. K. Nayak, S. N. Swain, and T. K. Barik. 

(2018). "Assessment of Population Dynamics 

and Breeding Habitat Diversity of Culex 

quinquefasciatus". International Journal of 

Biosciences. 12 (6): 183-192. 10.12692/

ijb/12.6.183-192. 

[26] J. Djoufounna, M. P. A. Mayi, R. Bamou, L. 

G. Ningahi, F. O. Magatsing, B. Djiappi-

Tchamen, L. Djamouko-Djonkam, C. 

Antonio-Nkondjio, and T. Tchuinkam. 

(2022). "Larval Habitats Characterization and 

Population Dynamics of Culex Mosquitoes in 

Two Localities of the Menoua Division, 

Dschang and Santchou, West Cameroon". 

Journal of Basic and Applied Zoology. 83 

(30): 1-11. 10.1186/s41936-022-00290-x. 

[27] G. M. Munthe, D. Nugraha, G. P. Mudjianto, 

E. A. Rohmah, A. D. Dua Weni, Z. Salma, L. 

Rossyanti, S. Fitriah, S. Pusarawati, B. 

Utomo, U. Basuki, and H. Uemura. (2022). 

"Breeding Preference and Bionomics of 

Anopheles spp. at the Malarial Endemic 

Area, Runut Village, East Nusa Tenggara 

Province, Indonesia". Biomolecular and 

Health Science Journal. 5 (1): 18-24. 

10.20473/bhsj.v5i1.35278. 

[28] A. Nurwidayati, H. Purwanto, T. A. Garjito, 

and R. R. Upiek. (2024). "The Biodiversity 

of Anopheles and Malaria Vector Control in 

Indonesia: A Review".  10.1051/

bioconf/202410104004. 

 

 

https://doi.org/10.1007/s10096-017-2901-3
https://doi.org/10.11646/zootaxa.4093.1.1
https://doi.org/10.14202/vetworld.2019.1729-1734
https://doi.org/10.30598/edusciencesvol1iss2pp90-100
https://doi.org/10.1186/s13071-019-3428-5
https://doi.org/10.1186/s12936-015-0822-0
https://doi.org/10.1016/j.pt.2016.09.006
https://doi.org/10.1016/j.pt.2016.09.006
https://doi.org/10.3390/v16071134
https://doi.org/10.1186/s40249-017-0366-3
https://doi.org/10.12692/ijb/12.6.183-192
https://doi.org/10.12692/ijb/12.6.183-192
https://doi.org/10.1186/s41936-022-00290-x
https://doi.org/10.20473/bhsj.v5i1.35278
https://doi.org/10.1051/bioconf/202410104004
https://doi.org/10.1051/bioconf/202410104004


J. Multidiscip. Appl. Nat. Sci. 

353 

[29] J. Eckert, S. Oladipupo, Y. Wang, S. Jiang, 

V. Patil, B. A. McKenzie, N. F. Lobo, and S. 

Zohdy. (2022). "Which Trap Is Best? 

Alternatives to Outdoor Human Landing 

Catches for Malaria Vector Surveillance: A 

Meta-analysis". Malaria Journal. 21 (378): 1

-17. 10.1186/s12936-022-04332-1. 

[30] A. Saeung, C. Hempolchom, V. Baimai, S. 

Thongsahuan, and K. Taai. (2013). 

"Susceptibility of Eight Species Members in 

the Anopheles hyrcanus Group to 

Nocturnally Subperiodic Brugia malayi". 

Parasites & Vectors. 6 (5): 1-8. 

10.1186/1756-3305-6-5. 

[31] Q. Liu, X. Jin, J. U. N. Cheng, H. Zhou, Y. 

Zhang, and Y. Dai. (2023). "Advances in the 

Application of Molecular Diagnostic 

Techniques for the Detection of Infectious 

Disease Pathogens: A Review". Molecular 

Medicine Reports. 27 (104): 1-14. 10.3892/

mmr.2023.12991. 

[32] H. Zhang, L. Cao, J. Brodsky, I. Gablech, F. 

Xu, Z. Li, M. Korabecna, and P. Neuzil. 

(2024). "Quantitative or Digital PCR? A 

Comparative Analysis for Choosing the 

Optimal One for Biosensing Applications". 

Trends in Analytical Chemistry. 174 : 

117676. 10.1016/j.trac.2024.117676. 

[33] M. H. S. Paiva, D. Ribeiro, D. Guedes, and 

W. S. Leal. (2017). "Sensitivity of RT-PCR 

Method in Samples Shown to Be Positive for 

Zika Virus by RT-qPCR in Vector 

Competence Studies". Genetics and 

Molecular Biology. 40 (3): 597-599. 

10.1590/1678-4685-gmb-2016-0312. 

[34] L. Timinao, E. W. Jamea, M. Katusele, T. R. 

Burkot, and S. Karl. (2023). "Using qPCR to 

Compare the Detection of Plasmodium vivax 

Oocysts and Sporozoites in Anopheles farauti 

Mosquitoes between Two DNA Extraction 

Methods". Frontiers in Parasitology. 3 : 

1063452. 10.3389/fpara.2023.1063452. 

[35] A. Alver, M. İmamoğlu, A. Menteşe, A. 

Şentürk, S. Samut Bülbül, C. Kahraman, and 

A. Sümer. (2014). "Malondialdehyde and CA 

II autoantibody levels are elevated in children 

with undescended testes". World Journal of 

Urology. 32 (1): 209-213. 10.1007/s00345-

013-1129-9. 

[36] C. Minetti, N. Pilotte, M. Zulch, T. Canelas, 

E. J. Tettevi, F. B. D. Veriegh, M. Y. Osei-

Atweneboana, S. A. Williams, and L. J. 

Reimer. (2020). "Field evaluation of DNA 

detection of human filarial and malaria 

parasites using mosquito excreta/feces". 

PLoS Negl Trop Dis. 14 (4): e0008175. 

10.1371/journal.pntd.0008175. 

[37] M. Howlett, H. J. Mayfield, B. McPherson, 

L. Rigby, R. Thomsen, S. A. Williams, N. 

Pilotte, S. M. Hedtke, P. M. Graves, T. 

Kearns, T. Naseri, S. Sheridan, A. McLure, 

and C. L. Lau. (2024). "Molecular 

Xenomonitoring as an Indicator of 

Microfilaraemia Prevalence for Lymphatic 

Filariasis in Samoa in 2019". Parasites & 

Vectors. 17 (382): 1-11. 10.1186/s13071-024

-06463-7.  

 

 

https://doi.org/10.1186/s12936-022-04332-1
https://doi.org/10.1186/1756-3305-6-5
https://doi.org/10.3892/mmr.2023.12991
https://doi.org/10.3892/mmr.2023.12991
https://doi.org/10.1016/j.trac.2024.117676
https://doi.org/10.1590/1678-4685-gmb-2016-0312
https://doi.org/10.3389/fpara.2023.1063452
https://doi.org/10.1007/s00345-013-1129-9
https://doi.org/10.1007/s00345-013-1129-9
https://doi.org/10.1371/journal.pntd.0008175
https://doi.org/10.1186/s13071-024-06463-7
https://doi.org/10.1186/s13071-024-06463-7

	Field Validation of Post-MDA LF Surveillance by using Molecular Xeno-monitoring: Preliminary Study in Belitung District, Indonesia
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Study Sites
	2.2. Sampling Sites
	2.3. Mosquito Collection
	2.4. Sample Processing

	3. RESULTS AND DISCUSSIONS
	3.1. Ecological Variations and Transmission Risks in Cerucuk and Lassar
	3.2. Mosquito Collection and Analysis Results
	3.3. Molecular Analysis: PCR Results and Imp
	3.4. Challenges and Limitations
	3.5. Implications for Post-MDA Surveillance and LF Elimination

	4. CONCLUSIONS
	AUTHOR INFORMATION
	Corresponding Author
	Authors
	Author Contributions
	Conflicts of Interest

	ACKNOWLEDGEMENT
	DECLARATION OF GENERATIVE AI
	REFERENCES

