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Abstract
Schistosomiasis, a neglected tropical disease, caused by blood flukes belonging to the genus Schistosoma; it persists as a public health problem in selected regions throughout Africa, South America, and Asia. Schistosoma mekongi, a zoonotic schistosome species endemic to the Mekong River in Laos and Cambodia, is one of the significant causes of human schistosomiasis along with S. japonicum, S. mansoni, S. haematobium and S. intercalatum. Since its discovery, S. mekongi infection has been highly prevalent in communities along the Mekong River. Although surveillance and control measures have shown success in recent years, more robust diagnostic tools are still needed to establish more efficient control and prevention strategies to achieve and sustain an elimination status. Diagnosis of S. mekongi infection still relies on copro-parasitological techniques, commonly made by Kato-Katz stool examination. Serological techniques such as enzyme-linked immunosorbent assay (ELISA) may also be applicable but in a limited setting. Targeted molecular and serological tools specific to the species, on the other hand, have been limited. This is due, in part, to the limited research and studies on the molecular biology of S. mekongi since genome information of this species has not yet been released. In this review, current advances, and gaps and limitations in the molecular and immunological diagnosis of S. mekongi are discussed.
Introduction
Human schistosomiasis is a neglected tropical disease caused by an infection with the helminthic parasite Schistosoma spp. Affecting approximately 250 million people worldwide, schistosomiasis has persisted as a public health concern in selected regions throughout Africa, South America, and Asia [17]. There are three known species of schistosomes affecting the Asian region: S. japonicum, S. mekongi, and S. malayensis [17, 40, 59]. Among the three, S. mekongi will be the focus of this review.
S. mekongi is a zoonotic schistosome species endemic to the Mekong Delta, particularly in the northern region of Cambodia and the southern region of the Lao People’s Democratic Republic [17, 41]. Its endemic distribution is limited to the areas inhabited by Neotricula aperta the intermediate host snail, whose range is limited by specific ecological conditions [3, 27, 47, 53]. Similar to its closely related species S. japonicum, S. mekongi may likewise infect a variety of domestic animals including pigs, water buffalo, and cattle [59].
The main control measures done in schistosomiasis-endemic areas mainly rely on the use of the anthelmintic drug praziquantel (PZQ) in a mass drug administration (MDA) scheme [15]. Through improved sanitation throughout Southeast Asia as well as sustained efforts using MDA, the prevalence of schistosomiasis mekongi has decreased considerably through the years [17]. The continuous decline in the intensity of infection has further resulted in a decrease in the sensitivity of stool microscopy [13]. That, together with the variation in egg deposition of adult worms, considerably hinders the ability to detect infection [72].
Accurate diagnosis is an indispensable tool for monitoring treatment success as well as case detection to determine disease prevalence. To address the current difficulty faced using traditional stool microscopy, several studies have been done to detect S. mekongi infection. Modern molecular biological techniques based on parasite-derived biomarkers and nucleic acid as well as host-derived antibodies indicative of infection has shown promising results [9, 25, 31, 49, 59, 65]. Here, we review the current molecular and serological methods in detecting S. mekongi infection and its potential contribution towards the successful elimination of schistosomiasis mekongi.

Parasite biology
The life cycle of S. mekongi starts when an infected human or animal defecates near a body of water. The egg further develops into an embryonated egg and, upon hatching in the water, the miracidium swims out and seeks the first intermediate host, N. aperta, an aquatic snail that belongs to the Pomatiopsidae family. Inside the snail, the miracidium develops further into a sporocyst, where, through clonal replication, numerous cercariae are released into the water. The cercaria through the action of proteases can penetrate the intact skin of the host gaining access to the vasculature. The cercaria loses its tail upon penetration and develops into a schistosomulum. The schistosomulum swims into the blood vessel until it reaches the veins of the mesentery and the portal vein of the liver. The fluke further matures into an adult, where the female copulates with a male schistosome in the blood vessel resulting in the fertilization and eventual deposition of eggs. The eggs cause granulomatous lesions in the endothelium of blood vessels as well as the organs in which the eggs get trapped. The eggs that end up in the intestinal lining cause ulceration to the epithelium which leads to the liberation of the egg into the lumen of the intestine hence releasing the eggs in the feces [42].

History, distribution and hosts
The discovery of S. mekongi dates back to the mid-twentieth century when a team of scientists from the World Health Organization (WHO) and the Rockefeller Foundation began investigating cases of schistosomiasis in Cambodia and Laos (Word Health Organization, 2020). In 1957, a new species of Schistosoma was discovered in the blood vessels of infected individuals living near the Mekong River [14, 62]. S. mekongi is one of the five species of Schistosoma that are known to infect humans, and it is primarily found in Southeast Asia, specifically in the Mekong River basin [27]. The new species was later named S. mekongi after the river where it was first discovered. Since its discovery, S. mekongi has been recognized to be a major public health concern in Southeast Asia, where it has been responsible for causing outbreaks of schistosomiasis [47]. The disease is transmitted through contact with contaminated freshwater, which contains the cercariae of the parasite [63]. Once inside the body of humans or animals, the larvae mature into adult worms in the mesenteric veins causing a range of symptoms, including abdominal pain, diarrhea, and liver damage [8]. Efforts to control and eliminate schistosomiasis caused by S. mekongi have been ongoing for several decades. These efforts have included the use of PZQ, a drug that is effective at killing adult worms and reducing the severity of symptoms. Other strategies have included improving sanitation and hygiene, providing access to safe drinking water, and controlling the population of N. aperta which serves as the intermediate host for this parasite. Despite these efforts, schistosomiasis remains a significant public health concern in Southeast Asia, with thousands of people still being infected each year. However, sustained efforts and collaboration among public health organizations and governments in the region offer hope for the eventual elimination of S. mekongi and other species of Schistosoma that cause schistosomiasis [47, 63].

Epidemiology
S. mekongi has been targeted for control and elimination in Cambodia and the Lao People's Democratic Republic (PDR) through a combination of MDA using PZQ, health education, and improvements in water and sanitation infrastructure. In 2015, the prevalence of S. mekongi infection in the Lao PDR has declined significantly and in recent years following these efforts. Furthermore, it was found that the prevalence of the infection among school-aged children decreased from 31.3% in 2007 to 9.5% in 2012, while the overall prevalence of the infection in the general population decreased from 7.5% in 2007 to 2.5% in 2012. Similarly, in Cambodia, the prevalence of S. mekongi infection among school-aged children decreased from 3.3% in 2006 to 0.3% in 2012 following the implementation of control measures. These studies suggest that control efforts have been effective in reducing the prevalence of S. mekongi infection in affected areas. As such, sustained efforts at detecting infection and treatment are needed to eventually eliminate schistosomiasis caused by S. mekongi [27, 41].

Diagnosis of S. mekongi infection
Parasitological detection
Diagnostic techniques with high sensitivity and specificity are key to the control and elimination of schistosomiasis. Currently, a simple and cheap method with high level of sensitivity and specificity for S. mekongi diagnosis is not yet available. Parasitological detection are the most commonly used techniques in endemic areas, and these involve examining stool samples for parasite eggs using various methods such as direct fecal smear, Kato-Katz technique, miracidium hatching test, formalin–ether concentration technique and fecal sedimentation [12, 18, 26, 47, 63, 66]. These techniques are cost-effective and relatively easy to perform [6]. During a schistosome’s life cycle, the eggs are released by the adult worms within the definitive host. This indicates that parasitological methods can detect active infection by detecting the presence of eggs [40]. Furthermore, these approaches are highly specific in areas with high prevalence and intensity of infection. However, its sensitivity becomes a problem in endemic areas with light infections or after PZQ treatment which may eventually lead to a misdiagnosis [33, 54, 56, 58]. Although repeated screening of individual samples may increase sensitivity, it would be costly and time-consuming [1]. Therefore, more accurate methods such as molecular and immunological detection are needed for monitoring the true prevalence of S. mekongi infection in the endemic areas.

Molecular-based diagnosis
Nucleic acid detection techniques have become more popular over the years. These methods are commonly DNA-based and take advantage of the DNA’s presence in a sample collected from the host. In general, DNA-based methods, particularly the polymerase chain reaction (PCR) technique, has high sensitivity and accuracy and can be designed to be specific to a genus or species [36, 37]. These methods can distinguish species of Schistosoma from one another [32, 50, 64]. Nucleic acid such as DNA of schistosomes can be released to the host’s blood circulation upon entry and during the parasite’s development [7, 71]. Hence, the nucleic acid detection is useful in diagnosing active schistosome infection [25, 59]. [55] likewise demonstrated that schistosome DNA can be detected in experimentally infected mice before parasite eggs are demonstrated on the feces. In addition, stool PCR targeting the 18S rRNA gene of S. mekongi was successfully used and was able to detect a single egg in a stool sample [29]. These methods, however, might not be as effective when used post-treatment [59, 64]. In general, PCR and PCR-coupled techniques are known to be time-consuming and laborious, and require expensive equipment making them not suitable for point-of-care diagnosis and broad surveillance studies [32, 37].
To date, the use of nucleic acid detection techniques in S. mekongi diagnosis has been very limited primarily due to non-availability of its whole genome sequence. Conventional PCR is the one more popularly used in diagnosing parasitic infections. Using primers targeting a specific gene, a parasite species can be identified and differentiated from another. Conventional PCR, however, requires analysis by agarose gel electrophoresis and subsequent visualization which are both contaminant-prone, time-consuming, and laborious [32, 37, 52].
Not many studies that used conventional PCR for detecting S. mekongi infection have been reported in the past few years [49]. Kato-Hayashi et al. evaluated the use of mitochondrial gene cytochrome c oxidase subunit 1 (cox1) in conventional PCR for major schistosome species including S. mekongi. The authors showed that each species-specific primer pair was able to detect presence of schistosome DNA even in the case with DNA content as little as 0.1 pg, and does not cross amplify the DNA of other species when used in multiplex PCR. In addition, the PCR protocol was able to detect the presence of schistosome DNA as early as one day post-infection.
RT-PCR and PCR-coupled techniques
Real-time (RT)-PCR and other PCR-coupled techniques make analysis of results faster and more efficient and generally do not require post-PCR processing like gel electrophoresis. Cnops et al. developed a genus-specific RT-PCR to detect major schistosome species including S. mekongi in infected travelers using fecal and urine samples. Targeting the 28S ribosomal RNA gene, the protocol showed high sensitivity and specificity, and did not show cross reactivity [9]. Using species-specific primers, similar protocols were developed for detection of S. mekongi infection.
Wittwer et al. developed high-resolution melting analysis (HRM) RT PCR which showed potential in parasite detection and its subsequent identification [67]. This PCR-coupled technique uses a closed-tube system that permits direct and rapid analysis of probe-free RT PCR products wherein their specific melting curves are accurately determined [32, 43]. This technique is simpler, more efficient and less costly, and allows rapid and sensitive screening of the infection, making it suitable for large-scale applications [29, 32]. HRM real-time PCR targeting the V4 region of 18S ribosomal RNA gene was able to distinguish S. mekongi from the others. In addition, S. mekongi showed a similar melting curve peak with S. japonicum in this assay at 83.65 °C; however, they could be discriminated by their profiles [32]. The results were consistent with the study by Konglieng et al. using the same method to differentiate S. japonicum from S. mekongi in which sensitivity and specificity in the differential detection of them were both 100%.

LAMP
Loop-mediated isothermal DNA amplification (LAMP) is a simple and non-PCR nucleic acid detection method. It offers high sensitivity and specificity together with an efficient and fast quantitative detection of species-specific target genes [37, 45]. It is suitable for diagnosing low intensity infection [34]. This technique does not require a thermal cycler, and uses a thermal block or water bath instead, thus making it suitable for field application [45].
LAMP has been used for field surveillance and monitoring, and patient diagnosis of Schistosoma spp. [16, 19, 30, 31, 34]. LAMP protocol targeting the Internal transcribed spacer 1 (ITS1) gene was used for detecting S. mekongi infection using stool samples from individuals living in the disease-endemic village in Laos. The protocol showed sufficiently high sensitivity and specificity, and could detect the target DNA in amount as low as 1 pg. The protocol could detect 2.9% of the samples as positive, while Kato-Katz could detect 0.4% (Tables 1 and 2) of the samples [31].Table 1Summary of molecular-based methods used for the detection of S. mekongi infection


	Diagnostic platform
	Gene target
	Type and source of sample used for testing
	References

	Conventional PCR
	Cytochrome C oxidase 1
	Mouse or Mongolian gerbils’ serum
	[25]

	Real-time PCR
	Mitochondrial genome
	Rat feces
	[52]

	 	28 s rRNA
	Human feces
	[9]

	 	18 s rRNA
	Whole parasite—from experimentally infected rats
	[29]

	 	V4 region 18 s rDNA
	Whole parasite—from experimentally infected rabbit or mice
	[32]

	PCR-coupled with pyrosequencing
	18 s rRNA
	Rat feces
	[57]

	LAMP
	Internal transcribed spacer 1
	Human feces
	[31]



Table 2Summary of serological based methods used for the detection of S. mekongi infection


	Diagnostic platform
	Source and name of antigen target
	Type and source of sample used for testing
	Reference(s)

	Antibody ELISA
	Megathura crenulata keyhole limpet haemocyanin, S. mekongi adult worm antigen and Trichinella spiralis excretory-secretory antigen
	Human serum
	[23]

	 	S. mekongi soluble egg antigen
	Human serum
	[28]

	 	S. mansoni adult worm antigen extract
	Human serum
	[44, 63]

	 	S. mekongi thioredoxin peroxidase-1
	Human serum
	[65]

	 	S. japonicum crude soluble egg antigen, Tandem repeat protein, Phytochelatin synthase, Peroxiredoxin-4 and Saposin + TPx-1 + LHD chimera
	Human serum
	[2]

	 	S. japonicum soluble egg antigen
	Human serum
	[73]

	Antigen ELISA
	S. mansoni circulating cathodic antigen (CCA)
	Human urine
	[61, 63]

	 	S. mansoni circulating anodic antigen (CAA)
	Human urine
	[61, 63]

	 	S. mekongi kyphoscoliosis peptidase and putative tuberin
	Mice serum
	[59]







Serological diagnosis
Antibody detection
Antibody-based serological assay has been proven to be beneficial in cases of low endemic areas addressing the pitfalls of stool microscopy. Although considered as the gold standard for schistosomiasis diagnosis, microscopy is laborious and suffers low sensitivity in areas where prevalence of the disease is low. Antibody-based serological assay for S. mekongi may, therefore, contribute to the surveillance efforts directed towards case identification and eventual disease elimination [2, 38].
The first study to assess the serodiagnostic capability of different antigens to detect schistosomiasis mekongi used several antigens derived from several organisms. The following are the: keyhole limpet hemocyanin from Megathura crenula, S. mekongi adult worm antigen and an antigen derived from Trichinella spiralis co-immunoprecipitated by monoclonal antibody. These antigens demonstrated varying sensitivity and specificity. Among these, however, the S. mekongi adult worm antigen is the most promising with 100% sensitivity with a low specificity of 35% [23]. Similarly, other studies utilized antigens derived from a different but closely related species S. japonicum. The studies evaluated the performance of soluble egg antigen (SjSEA), while the other compared the SjSEA with several recombinant antigens derived from S. japonicum. Zhu et al. used two ELISA platforms, dipstick dye immunoassay (DDIA) and the conventional ELISA. High sensitivity and specificity were observed in cases of moderate infection using both DDIA and ELISA giving the same sensitivity and specificity of 99% and 100%. In case of low infection, both the DDIA and ELISA have a slightly lower sensitivity and specificity at 97% and 100%, respectively. Angeles et al. reported a comparable sensitivity of 96.4% and a specificity of 93.5% using 2 µg of SjSEA. While using the recombinant antigens from S. japonicum have varying degree of sensitivity and specificity. In addition, a crude adult worm antigen derived from S. mansoni showed a sensitivity of 95% [44]. Due to the lack of S. mekongi’s whole genome sequence, cloning and expression of native S. mekongi antigens is challenging. As such, the excellent sensitivity and specificity shown by antigens derived from other schistosome species may still prove useful for the serodiagnosis of schistosomiasis mekongi.
In contrast, Kirinoki et al. showed exceptional sensitivity and specificity using SEA derived from S. mekongi itself. Two ELISA platforms were used: conventional and sodium metaperiodate (SMP) ELISA. The sensitivity and specificity derived from conventional ELISA is 98% and 98%, respectively. While SMP–ELISA yielded a higher sensitivity of 100% and a specificity of 98%. Furthermore, the use of a native recombinant S. mekongi thioredoxin peroxidase-1 antigen showed promising results with a sensitivity and specificity of 89.3% and 93.3%, respectively. Serological tests detecting the antibody of host against S. mekongi may have several advantages over other diagnostic methods. It has acceptable sensitivity as well as potential applicability in the diagnosis of early stages of infection where traditional stool microscopy may be less sensitive as it was shown in schistosomiasis japonicum. Due to the continuous decline in the prevalence and the worm burden of patients infected with S. mekongi, antibody detection test may become valuable in such setting with near-elimination level of the disease [2, 39, 65].


Antigen detection
In contrast to antibody detection-based assays, an antigen detection-based test may prove useful as it can detect current infection as well as evaluation of the response to cure [38]. However, such test has not yet been developed for the diagnosis of S. mekongi infection. A recent study by Uthailak et al. demonstrated potential circulating antigens that may be used for an antigen-based serodiagnostic assay detecting schistosomiasis mekongi. These antigens include kyphoscoliosis peptidase and putative tuberin. These antigens were detected at several time points in the infection; most notably during the early stages at 12 days post infection of experimentally infected mice. Due to the lack of S. mekongi-derived antigen-based test, circulating cathodic antigen (CCA) and circulating anodic antigen (CAA) derived from S. mansoni had been evaluated for detecting S. mekongi infection as a proof-of-concept study [61].

CCA
The CCA has been well-studied as a proven antigen secreted by adult S. mansoni [11]. As there has been no antigen-based test detecting authentic S. mekongi CCA, a proof-of-concept study done in 2015 by van Dam et al. with the test detecting CCA derived from S. mansoni was able to detect 27 out of 69 Kato-Katz-positive individuals having a sensitivity of 39.0%. However, a more recent study done in Champassak utilizing the S. mansoni POCT–CCA kit could detect 11.5% of individuals positive out of 366 individuals sampled. Further, only one of the two Kato-Katz positive patients was POCT–CCA positive [21]. This result was much lower than that of the previous study by van Dam et al. which may indicate that the prevalence of S. mekongi is continually decreasing. The test with authentic CCA antigen derived from S. mekongi should be developed to overcome such limitations in the sensitivity and specificity of the existing test.

CAA
Similarly, CAA of S. mansoni is a positively charged glycosaminoglycan regurgitated by the adult worm [10]. Among limited studies regarding CAA detection for S. mekongi infection, the study utilizing urine samples for detection of CAA derived from S. mansoni was able to detect 27 out of 69 Kato-Katz-positive individuals which showed comparable sensitivity to POCT–CCA of 39.0% [61]. In a similar study, a test kit used to detect CAA derived from S. mansoni from urine sample was able to detect 38.7% of the study participants. However, when serum samples were used, the prevalence rate decreased to 32.4%. The combined application of both urine and serum samples for diagnosis showed higher prevalence rate of 43.2% [49, 61, 63]. These studies suggested the potential of circulating antigens as useful biomarkers for the diagnosis of schistosomiasis mekongi.

Diagnosis towards elimination
A key element to achieving elimination status of schistosomiasis is the diagnosis. Commonly used diagnostic tools, especially those utilized in control programs, are often lacking in sensitivity leading to underestimation of prevalence. This negatively affects the progress of the control program since the assessment is heavily reliant on the efficiency and accuracy of the diagnosis. Moreover, elimination can only be fully realized in the presence of highly sensitive and specific diagnostic tools. To verify elimination or transmission interruption of schistosomiasis, WHO requires a two-step/two-test strategy where a positive result by an initial highly sensitive diagnostic test (ideally with > 95% sensitivity and > 80% specificity) will be retested by a second highly specific test (ideally with > 93% sensitivity and > 98% specificity) to confirm the diagnosis [68].
The true prevalence of S. mekongi in its endemic regions is difficult to assess. This is in part due to the limited availability of prevalence data on human and animal transmissions from all its endemic foci. Currently, Cambodia and Lao PDR are still known to have cases of S. mekongi infection [17, 27]. As of 2018, Lao PDR recorded an average prevalence of 0.7%, with the sentinel sites having an overall prevalence of 3.2%. In Cambodia, data on sentinel sites showed a huge decrease in prevalence and remained below 1% in 2018 [27]. In Myanmar, a number of cases have also been reported in selected regions such as Bago and Rakhine, although precise mapping is needed to determine the actual status of the infection. On the other hand, Thailand is considered to be in transmission interruption pending verification by WHO [17, 70].
Most of the reported prevalence data from surveillance in these regions were based on Kato-Katz technique. Although considered the gold standard for diagnosing schistosomiasis, Kato-Katz lacks sensitivity and is not suitable for use in communities with low intensity of the infection [4, 7, 46, 48]. In communities from Cambodia and Lao PDR where high intensity of the infection is not being seen recently, false negatives are very likely to cause an underestimation of the actual prevalence [4, 60]. Furthermore, for schistosomiasis monitoring in regions nearing elimination or in regions under transmission and surveillance control programs, a more sensitive diagnostic approach is needed [5, 27]. This includes serologic antibody-based and molecular nucleic acid-based diagnosis [20, 35]. Serology-based technique promise high sensitivity and efficiency of use, but may yield false positive results and exhibit cross reactivity with other parasitic infections. Thanchomnang et al. used 18S ribosomal RNA gene-targeted conventional PCR coupled with pyrosequencing for identification and differentiation of S. mekongi from S. japonicum among cercariae from snails, and eggs from mice and rats’ samples. This protocol was highly sensitive, as it was able to detect the target DNA in spike samples of 10 healthy snails with one cercariae and 100 mg of feces with 2 eggs. It was also highly specific, as it did not amplify the DNA from other schistosome species [57].
In addition, RT-PCR and PCR-coupled techniques has been successfully applied in the surveillance of schistosome-derived DNA in the environment. Although not diagnostic in nature, the detection of which may indicate contamination and, therefore, prevent people from getting into contact with contaminated water and prevent them from getting infected. Using a fluorophore-labelled hybridization probes in real-time fluorescence resonance energy transfer (FRET) technology with subsequent melting-curve analysis, Sanpool et al. evaluated the use of RT-PCR in a detection system for S. mekongi in snail samples, fecal samples from infected rats, and water samples containing cercaria. Targeting the mitochondrial genome, the technique showed 100% sensitivity and specificity, and was able to confirm presence of a cercaria in one liter of water.
Nucleic acid-based diagnostics provide high accuracy, but it is costly and may require sophisticated instruments, controlled conditions, and personnel expertise. Interests and work in improving and standardizing these techniques for use in schistosomiasis diagnosis have increased in the past few years. One common strategy to improve accuracy and efficiency of diagnosis is to complement Kato-Katz with molecular or serologic tests as a way to improve sensitivity and specificity further [24].
With the apparent downward trend in the prevalence of S. mekongi infection in endemic countries, control programs are now focused on attaining transmission interruption and eventual elimination. To achieve this road map, the One Health approach, a multidisciplinary and multisectoral strategy developed by WHO, is currently being employed in Cambodia and Lao PDR [27, 51]. This strategy integrates community-led Water, Sanitation, and Hygiene (CL-WASH) interventions, MDA with PZQ, and surveillance with subsequent treatment of human hosts and animal reservoirs [17, 27, 69]. In this approach, community empowerment is emphasized and recognized as a vital factor in achieving sustainable control and development [69]. Testing of domestic animals at risk of S. mekongi infection is also given importance. Dogs and pigs are known reservoirs of S. mekongi and, thus, play a role in the continued transmission of the parasite [22].

Conclusion
Compared to other schistosome species, elimination of S. mekongi infection could, in theory, be easier due to its limited distribution. Unfortunately, that is so much easier said than done. Still, with the continuous collaborative efforts of the local government units and communities supported by global research cooperation, elimination is a possibility. Central to these efforts is diagnosis. As the prevalence of S. mekongi infection goes down, the development of diagnostics must focus on improving sensitivity and accuracy to be able to detect all cases. An efficient diagnostic strategy will benefit control and surveillance programs resulting in proper assessment of the true prevalence of the disease, thereby leading to the eventual elimination of schistosomiasis.

Acknowledgements
We thank the National Research Center for Protozoan Diseases, Obihiro University of Agriculture and Veterinary Medicine, the College of Veterinary Medicine and Biomedical Sciences of Cavite State University, the College of Medicine of the University of the Philippines Manila, the National Center for Parasitology, Entomology and Malaria Control, Phnom Penh, Cambodia, the Lao Tropical and Public Health Institute, Vientiane, Lao PDR and the World Health Organization Regional Office for Southeast Asia, New Delhi for their support. This study was supported in part by a Grant-in-Aid for Scientific Research (19KK0173 and 23KK0125) from the Japan Society for the Promotion of Science (JSPS); JSPS Foreign Postdoctoral Grant (P23084); and the JSPS Core-to-Core program (JPJSCCB20230008).

Author contributions
AMM conceptualized and wrote parts of the manuscript; AW helped in the preparation and wrote parts of manuscript; KAO helped in the preparation and wrote parts of manuscript; VK and SS provided information on the situation of S. mekongi infection in Cambodia and Lao PDR. They also provided technical inputs; AY provided technical support; JMA and SK provided technical assistance and helped in the preparation and writing of the manuscript.

Funding
This study was supported in part by a Grant-in-Aid for Scientific Research (19KK0173 and 23KK0125) from the Japan Society for the Promotion of Science (JSPS) for SK; JSPS Foreign Postdoctoral Grant (P23084) and CvSU research grant for AMM; and the JSPS Core-to-Core program (JPJSCCB20230008) for SK.

Availability of data and materials
Not applicable.

Declarations
Ethics approval and consent to participate
Not applicable.

Competing interests
The authors declare no known competing financial interests or personal relationships that may influence the work reported in this paper.


[image: Creative Commons]Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article are included in the article's Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://​creativecommons.​org/​licenses/​by/​4.​0/​.

References
	1.
Ajibola O, Gulumbe B, Eze A, Obishakin E. Tools for detection of schistosomiasis in resource limited settings. Med Sci. 2018;6:39. https://​doi.​org/​10.​3390/​medsci6020039.Crossref


	2.
Angeles JMM, Wanlop A, Dang-Trinh MA, Kirinoki M, Kawazu SI, Yajima A. Evaluation of crude and recombinant antigens of Schistosoma japonicum for the detection of Schistosoma mekongi human infection. Diagnostics (Basel, Switzerland). 2023;13(2):184. https://​doi.​org/​10.​3390/​diagnostics13020​184.CrossrefPubMed


	3.
Attwood SW, Fatih FA, Campbell I, Upatham ES. The distribution of Mekong schistosomiasis, past and future: preliminary indications from an analysis of genetic variation in the intermediate host. Parasitol Int. 2008;57(3):256–70. https://​doi.​org/​10.​1016/​j.​parint.​2008.​04.​003.CrossrefPubMed


	4.
Bergquist R, Johansen MV, Utzinger J. Diagnostic dilemmas in helminthology: what tools to use and when? Trends Parasitol. 2009;25(4):151–6. https://​doi.​org/​10.​1016/​j.​pt.​2009.​01.​004.CrossrefPubMed


	5.
Bergquist R, Yang GJ, Knopp S, Utzinger J, Tanner M. Surveillance and response: tools and approaches for the elimination stage of neglected tropical diseases. Acta Trop. 2015;141(Pt B):229–34. https://​doi.​org/​10.​1016/​j.​actatropica.​2014.​09.​017.CrossrefPubMed


	6.
Cavalcanti MG, Silva LF, Peralta RHS, Barreto MGM, Peralta JM. Schistosomiasis in areas of low endemicity: a new era in diagnosis. Trends Parasitol. 2013;29:75–82. https://​doi.​org/​10.​1016/​j.​pt.​2012.​11.​003.CrossrefPubMed


	7.
Chen C, Guo Q, Fu Z, Liu J, Lin J, Xiao K, Sun P, Cong X, Liu R, Hong Y. Reviews and advances in diagnostic research on Schistosoma japonicum. Acta Trop. 2021;213: 105743. https://​doi.​org/​10.​1016/​j.​actatropica.​2020.​105743.CrossrefPubMed


	8.
Chitsulo L, Engels D, Montresor A, Savioli L. The global status of schistosomiasis and its control. Acta Trop. 2000;77(1):41–51. https://​doi.​org/​10.​1016/​s0001-706x(00)00122-4.CrossrefPubMedPubMedCentral


	9.
Cnops L, Tannich E, Polman K, Clerinx J, Van Esbroeck M. Schistosoma real-time PCR as diagnostic tool for international travellers and migrants. Trop Med Int Health. 2012;17(10):1208–16. https://​doi.​org/​10.​1111/​j.​1365-3156.​2012.​03060.​x.CrossrefPubMed


	10.
Deelder AM, Eveleigh PC. An indirect haemagglutination reaction for the demonstration of Schistosoma mansoni circulating anodic antigen. Trans R Soc Trop Med Hyg. 1978;72(2):178–87. https://​doi.​org/​10.​1016/​0035-9203(78)90055-x.CrossrefPubMed


	11.
Deelder AM, Van den Berge W. Detection of antibodies against circulating cathodic antigen of Schistosoma mansoni using the enzyme-linked immunosorbent assay. Zeitschrift Parasitenkunde (Berlin, Germany). 1981;64(2):179–86. https://​doi.​org/​10.​1007/​BF00930494.Crossref


	12.
Doenhoff MJ, Chiodini PL, Hamilton JV. Specific and sensitive diagnosis of schistosome infection: can it be done with antibodies? Trends Parasitol. 2004;20:35–9. https://​doi.​org/​10.​1016/​j.​pt.​2003.​10.​019.CrossrefPubMed


	13.
de Vlas SJ, Gryseels B. Underestimation of Schistosoma mansoni prevalences. Parasitol Today (Personal ed). 1992;8(8):274–7. https://​doi.​org/​10.​1016/​0169-4758(92)90144-q.Crossref


	14.
Dupont V, Bernard E, Soubrane J, Halle B, Richir C. Bilharziose à Schistosoma japonicum à forme hépato-splénique révélée par une grande hématiémèse [Hepatosplenic form of bilharziasis caused by Schistosoma japonicum manifested by severe hematemesis]. Bull Memoires Soc Med Hopitaux Paris. 1957;73(27–28):933–41.


	15.
Faust CL, Osakunor DNM, Downs JA, Kayuni S, Stothard JR, Lamberton PHL, Reinhard-Rupp J, Rollinson D. Schistosomiasis control: leave no age group behind. Trends Parasitol. 2020;36(7):582–91. https://​doi.​org/​10.​1016/​j.​pt.​2020.​04.​012.CrossrefPubMedPubMedCentral


	16.
Fernández-Soto P, Gandasegui Arahuetes J, Sánchez Hernández A, López Abán J, Vicente Santiago B, Muro A. A loop-mediated isothermal amplification (LAMP) assay for early detection of Schistosoma mansoni in stool samples: a diagnostic approach in a murine model. PLoS Negl Trop Dis. 2014;8(9): e3126. https://​doi.​org/​10.​1371/​journal.​pntd.​0003126.CrossrefPubMedPubMedCentral


	17.
Gordon CA, Kurscheid J, Williams GM, Clements ACA, Li Y, Zhou XN, Utzinger J, McManus DP, Gray DJ. Asian Schistosomiasis: current status and prospects for control leading to elimination. Trop Med Infect Dis. 2019;4(1):40. https://​doi.​org/​10.​3390/​tropicalmed40100​40.CrossrefPubMedPubMedCentral


	18.
Gray DJ, Ross AG, Li Y-S, McManus DP. Diagnosis and management of schistosomiasis. BMJ. 2011;342:d2651–d2651. https://​doi.​org/​10.​1136/​bmj.​d2651.CrossrefPubMedPubMedCentral


	19.
Hamburger J, Abbasi I, Kariuki C, Wanjala A, Mzungu E, Mungai P, Muchiri E, King CH. Evaluation of loop-mediated isothermal amplification suitable for molecular monitoring of schistosome-infected snails in field laboratories. Am J Trop Med Hyg. 2013;88(2):344–51. https://​doi.​org/​10.​4269/​ajtmh.​2012.​12-0208.CrossrefPubMedPubMedCentral


	20.
Hinz R, Schwarz NG, Hahn A, Frickmann H. Serological approaches for the diagnosis of schistosomiasis—a review. Mol Cell Probes. 2017;31:2–21. https://​doi.​org/​10.​1016/​j.​mcp.​2016.​12.​003.CrossrefPubMed


	21.
Homsana A, Odermatt P, Southisavath P, Yajima A, Sayasone S. Cross-reaction of POC-CCA urine test for detection of Schistosoma mekongi in Lao PDR: a cross-sectional study. Infect Dis Poverty. 2020;9(1):114. https://​doi.​org/​10.​1186/​s40249-020-00733-z.CrossrefPubMedPubMedCentral


	22.
Ishikawa H, Ohmae H. Modeling the dynamics and control of transmission of Schistosoma japonicum and S. mekongi in Southeast Asia. Korean J Parasitol. 2009;47(1):1–5. https://​doi.​org/​10.​3347/​kjp.​2009.​47.​1.​1.CrossrefPubMedPubMedCentral


	23.
Ittiprasert W, Butraporn P, Kitikoon V, Klongkamnuankarn K, Pholsena K, Vanisaveth V, Sakolvaree Y, Chongsa-nguan M, Tapchaisri P, Mahakunkijcharoen Y, Kurazono H, Hayashi H, Chaicumpa W. Differential diagnosis of schistosomiasis mekongi and trichinellosis in human. Parasitol Int. 2000;49(3):209–18. https://​doi.​org/​10.​1016/​s1383-5769(00)00046-5.CrossrefPubMed


	24.
Johansen MV, Lier T, Sithithaworn P. Towards improved diagnosis of neglected zoonotic trematodes using a One Health approach. Acta Trop. 2015;141(Pt B):161–9. https://​doi.​org/​10.​1016/​j.​actatropica.​2013.​07.​006.CrossrefPubMed


	25.
Kato-Hayashi N, Kirinoki M, Iwamura Y, Kanazawa T, Kitikoon V, Matsuda H, Chigusa Y. Identification and differentiation of human schistosomes by polymerase chain reaction. Exp Parasitol. 2010;124(3):325–9. https://​doi.​org/​10.​1016/​j.​exppara.​2009.​11.​008.CrossrefPubMed


	26.
Katz N, Chaves A, Pellegrino J. A simple device for quantitative stool thick-smear technique in Schistosomiasis mansoni. Rev Inst Med Trop Sao Paulo. 1972;14(6):397–400.PubMed


	27.
Khieu V, Sayasone S, Muth S, Kirinoki M, Laymanivong S, Ohmae H, Huy R, Chanthapaseuth T, Yajima A, Phetsouvanh R, Bergquist R, Odermatt P. Elimination of Schistosomiasis Mekongi from endemic areas in Cambodia and the Lao People’s Democratic Republic: current status and plans. Trop Med Infect Disease. 2019;4(1):30. https://​doi.​org/​10.​3390/​tropicalmed40100​30.Crossref


	28.
Kirinoki M, Chigusa Y, Ohmae H, Sinuon M, Socheat D, Matsumoto J, Kitikoon V, Matsuda H. Efficacy of sodium metaperiodate (SMP)-ELISA for the serodiagnosis of schistosomiasis mekongi. Southeast Asian J Trop Med Public Health. 2011;42(1):25–33.PubMed


	29.
Kongklieng A, Kaewkong W, Intapan PM, Sanpool O, Janwan P, Thanchomnang T, Lulitanond V, Sri-Aroon P, Limpanont Y, Maleewong W. Molecular differentiation of Schistosoma japonicum and Schistosoma mekongi by real-time PCR with high resolution melting analysis. Korean J Parasitol. 2013;51(6):651–6. https://​doi.​org/​10.​3347/​kjp.​2013.​51.​6.​651.CrossrefPubMedPubMedCentral


	30.
Kumagai T, Furushima-Shimogawara R, Ohmae H, Wang TP, Lu S, Chen R, Wen L, Ohta N. Detection of early and single infections of Schistosoma japonicum in the intermediate host snail, Oncomelania hupensis, by PCR and loop-mediated isothermal amplification (LAMP) assay. Am J Trop Med Hyg. 2010;83(3):542–8. https://​doi.​org/​10.​4269/​ajtmh.​2010.​10-0016.CrossrefPubMedPubMedCentral


	31.
Kumagai T, Matsumoto-Takahashi ELA, Ishikawa H, Keomalaphet S, Khattignavong P, Soundala P, Hongvanthong B, Oyoshi K, Sasaki Y, Mizukami Y, Kano S, Brey PT, Iwagami M. Detection of Schistosoma mekongi DNA in human stool and intermediate host snail Neotricula aperta via loop-mediated isothermal amplification assay in Lao PDR. Pathogens (Basel, Switzerland). 2022;11(12):1413. https://​doi.​org/​10.​3390/​pathogens1112141​3.CrossrefPubMed


	32.
Li J, Zhao GH, Lin R, Blair D, Sugiyama H, Zhu XQ. Rapid detection and identification of four major Schistosoma species by high-resolution melt (HRM) analysis. Parasitol Res. 2015;114(11):4225–32. https://​doi.​org/​10.​1007/​s00436-015-4660-3.CrossrefPubMed


	33.
Lier T, Johansen MV, Hjelmevoll SO, Vennervald BJ, Simonsen GS. Real-time PCR for detection of low intensity Schistosoma japonicum infections in a pig model. Acta Trop. 2008;105(1):74–80. https://​doi.​org/​10.​1016/​j.​actatropica.​2007.​10.​004.CrossrefPubMed


	34.
Lodh N, Mikita K, Bosompem KM, Anyan WK, Quartey JK, Otchere J, Shiff CJ. Point of care diagnosis of multiple schistosome parasites: species-specific DNA detection in urine by loop-mediated isothermal amplification (LAMP). Acta Trop. 2017;173:125–9. https://​doi.​org/​10.​1016/​j.​actatropica.​2017.​06.​015.CrossrefPubMed


	35.
Lv C, Deng W, Wang L, Qin Z, Zhou X, Xu J. Molecular techniques as alternatives of diagnostic tools in china as schistosomiasis moving towards elimination. Pathogens (Basel, Switzerland). 2022;11(3):287. https://​doi.​org/​10.​3390/​pathogens1103028​7.CrossrefPubMed


	36.
Lv Z, Wu Z, Zhang L, Ji P, Cai Y, Luo S, Wang H, Li H. Genome mining offers a new starting point for parasitology research. Parasitol Res. 2015;114(2):399–409. https://​doi.​org/​10.​1007/​s00436-014-4299-5.CrossrefPubMed


	37.
Lymbery AJ, Thompson RC. The molecular epidemiology of parasite infections: tools and applications. Mol Biochem Parasitol. 2012;181(2):102–16. https://​doi.​org/​10.​1016/​j.​molbiopara.​2011.​10.​006.CrossrefPubMed


	38.
Macalanda AMC, Angeles JMM, Moendeg KJ, Dang AT, Higuchi L, Inoue N, Xuan X, Kirinoki M, Chigusa Y, Leonardo LR, Villacorte EA, Rivera PT, Goto Y, Kawazu SI. Evaluation of Schistosoma japonicum thioredoxin peroxidase-1 as a potential circulating antigen target for the diagnosis of Asian schistosomiasis. J Vet Med Sci. 2018;80(1):156–63. https://​doi.​org/​10.​1292/​jvms.​17-0579.CrossrefPubMed


	39.
Macalanda AMC, Angeles JMM, Moendeg KJ, Dang-Trinh MA, Higuchi L, Kirinoki M, Chigusa Y, Leonardo LR, Villacorte EA, Rivera PT, Goto Y, Kawazu SI. Schistosoma japonicum cathepsin B as potential diagnostic antigen for Asian zoonotic schistosomiasis. Parasitol Res. 2019;118(9):2601–8. https://​doi.​org/​10.​1007/​s00436-019-06410-x.CrossrefPubMed


	40.
McManus DP, Dunne DW, Sacko M, Utzinger J, Vennervald BJ, Zhou XN. Schistosomiasis. Nat Rev Dis Primers. 2018;4(1):13. https://​doi.​org/​10.​1038/​s41572-018-0013-8.CrossrefPubMed


	41.
Muth S, Sayasone S, Odermatt-Biays S, Phompida S, Duong S, Odermatt P. Schistosoma mekongi in Cambodia and Lao People’s Democratic Republic. Adv Parasitol. 2010;72:179–203. https://​doi.​org/​10.​1016/​S0065-308X(10)72007-8.CrossrefPubMed


	42.
Nelwan ML. Schistosomiasis: life cycle, diagnosis, and control. Curr Ther Res Clin Exp. 2019;91:5–9. https://​doi.​org/​10.​1016/​j.​curtheres.​2019.​06.​001.CrossrefPubMedPubMedCentral


	43.
Ngui R, Lim YA, Chua KH. Rapid detection and identification of human hookworm infections through high resolution melting (HRM) analysis. PLoS ONE. 2012;7(7): e41996. https://​doi.​org/​10.​1371/​journal.​pone.​0041996.CrossrefPubMedPubMedCentral


	44.
Nickel B, Sayasone S, Vonghachack Y, Odermatt P, Marti H. Schistosoma mansoni antigen detects Schistosoma mekongi infection. Acta Trop. 2015;141(Pt B):310–4. https://​doi.​org/​10.​1016/​j.​actatropica.​2014.​08.​001.CrossrefPubMed


	45.
Notomi T, Okayama H, Masubuchi H, Yonekawa T, Watanabe K, Amino N, Hase T. Loop-mediated isothermal amplification of DNA. Nucleic Acids Res. 2000;28(12):E63. https://​doi.​org/​10.​1093/​nar/​28.​12.​e63.CrossrefPubMedPubMedCentral


	46.
Ogongo P, Nyakundi RK, Chege GK, Ochola L. The road to elimination: current state of schistosomiasis research and progress towards the end game. Front Immunol. 2022;13: 846108. https://​doi.​org/​10.​3389/​fimmu.​2022.​846108.CrossrefPubMedPubMedCentral


	47.
Ohmae H, Sinuon M, Kirinoki M, Matsumoto J, Chigusa Y, Socheat D, Matsuda H. Schistosomiasis mekongi: from discovery to control. Parasitol Int. 2004;53(2):135–42. https://​doi.​org/​10.​1016/​j.​parint.​2004.​01.​004.CrossrefPubMed


	48.
Ona KAL, Angeles J, Ma M. Updates in the diagnostic use of ELISA for schistosomiasis, In: Elisa: advances in research and applications medical procedures, testing and technology. (New York: Nova Science Pubishers, Inc.), 2022, 1–28. https://​doi.​org/​10.​52305/​NIRE6124.


	49.
Rahman MO, Sassa M, Parvin N, Islam MR, Yajima A, Ota E. Diagnostic test accuracy for detecting Schistosoma japonicum and S. mekongi in humans: a systematic review and meta-analysis. PLoS Negl Trop Dis. 2021;15(3):e0009244. https://​doi.​org/​10.​1371/​journal.​pntd.​0009244.CrossrefPubMedPubMedCentral


	50.
Sandoval N, Siles-Lucas M, Pérez-Arellano JL, Carranza C, Puente S, López-Abán J, Muro A. A new PCR-based approach for the specific amplification of DNA from different Schistosoma species applicable to human urine samples. Parasitology. 2006;133(Pt 5):581–7. https://​doi.​org/​10.​1017/​S003118200600089​8.CrossrefPubMed


	51.
Sayasone S, Utzinger J, Akkhavong K, Odermatt P. Repeated stool sampling and use of multiple techniques enhance the sensitivity of helminth diagnosis: a cross-sectional survey in southern Lao People’s Democratic Republic. Acta Trop. 2015;141(Pt B):315–21. https://​doi.​org/​10.​1016/​j.​actatropica.​2014.​09.​004.CrossrefPubMed


	52.
Sanpool O, Intapan PM, Thanchomnang T, Sri-Aroon P, Lulitanond V, Sadaow L, Maleewong W. Development of a real-time PCR assay with fluorophore-labelled hybridization probes for detection of Schistosoma mekongi in infected snails and rat feces. Parasitology. 2012;139(10):1266–72. https://​doi.​org/​10.​1017/​S003118201200064​9.CrossrefPubMed


	53.
Sinuon M, Tsuyuoka R, Socheat D, Odermatt P, Ohmae H, Matsuda H, Montresor A, Palmer K. Control of Schistosoma mekongi in Cambodia: results of eight years of control activities in the two endemic provinces. Trans R Soc Trop Med Hyg. 2007;101(1):34–9. https://​doi.​org/​10.​1016/​j.​trstmh.​2006.​04.​011.CrossrefPubMed


	54.
Spear RC, Seto EYW, Carlton EJ, Liang S, Remais JV, Zhong B, et al. The challenge of effective surveillance in moving from low transmission to elimination of schistosomiasis in China. Int J Parasitol. 2011;41:1243–7. https://​doi.​org/​10.​1016/​j.​ijpara.​2011.​08.​002.CrossrefPubMedPubMedCentral


	55.
Suzuki T, Osada Y, Kumagai T, Hamada A, Okuzawa E, Kanazawa T. Early detection of Schistosoma mansoni infection by touchdown PCR in a mouse model. Parasitol Int. 2006;55(3):213–8. https://​doi.​org/​10.​1016/​j.​parint.​2006.​05.​004.CrossrefPubMed


	56.
Tabios IKB, Sato MO, Tantengco OAG, Fornillos RJC, Kirinoki M, Sato M, et al. Diagnostic performance of parasitological, immunological, molecular, and ultrasonographic tests in diagnosing intestinal schistosomiasis in fieldworkers from endemic municipalities in the Philippines. Front Immunol. 2022;13: 899311. https://​doi.​org/​10.​3389/​fimmu.​2022.​899311.CrossrefPubMedPubMedCentral


	57.
Thanchomnang T, Tantrawatpan C, Intapan PM, Sri-Aroon P, Limpanont Y, Lulitanond V, Janwan P, Sanpool O, Tourtip S, Maleewong W. Pyrosequencing for rapid molecular identification of Schistosoma japonicum and S. mekongi eggs and cercariae. Exp Parasitol. 2013;135(1):148–52. https://​doi.​org/​10.​1016/​j.​exppara.​2013.​06.​013.CrossrefPubMed


	58.
Turner HC, Bettis AA, Dunn JC, Whitton JM, Hollingsworth TD, Fleming FM, et al. Economic considerations for moving beyond the kato-katz technique for diagnosing intestinal parasites as we move towards elimination. Trends Parasitol. 2017;33:435–43. https://​doi.​org/​10.​1016/​j.​pt.​2017.​01.​007.CrossrefPubMedPubMedCentral


	59.
Uthailak N, Adisakwattana P, Thiangtrongjit T, Limpanont Y, Chusongsang P, Chusongsang Y, Tanasarnprasert K, Reamtong O. Discovery of Schistosoma mekongi circulating proteins and antigens in infected mouse sera. PLoS ONE. 2022;17(10): e0275992. https://​doi.​org/​10.​1371/​journal.​pone.​0275992.CrossrefPubMedPubMedCentral


	60.
Utzinger J, Ngoran EK, Caffrey CR, Keiser J. From innovation to application: social-ecological context, diagnostics, drugs and integrated control of schistosomiasis. Acta Trop. 2011;120(Suppl 1):S121–37. https://​doi.​org/​10.​1016/​j.​actatropica.​2010.​08.​020.CrossrefPubMed


	61.
van Dam GJ, Odermatt P, Acosta L, Bergquist R, de Dood CJ, Kornelis D, Muth S, Utzinger J, Corstjens PL. Evaluation of banked urine samples for the detection of circulating anodic and cathodic antigens in Schistosoma mekongi and S. japonicum infections: a proof-of-concept study. Acta Trop. 2015;141(Pt B):198–203. https://​doi.​org/​10.​1016/​j.​actatropica.​2014.​09.​003.CrossrefPubMed


	62.
Voge M, Bruckner D, Bruce JI. Schistosoma mekongi sp. n. from man and animals, compared with four geographic strains of Schistosoma japonicum. J Parasitol. 1978;64(4):577–84.CrossrefPubMed


	63.
Vonghachack Y, Sayasone S, Khieu V, Bergquist R, van Dam GJ, Hoekstra PT, Corstjens PLAM, Nickel B, Marti H, Utzinger J, Muth S, Odermatt P. Comparison of novel and standard diagnostic tools for the detection of Schistosoma mekongi infection in Lao People’s Democratic Republic and Cambodia. Infect Dis Poverty. 2017;6(1):127. https://​doi.​org/​10.​1186/​s40249-017-0335-x.CrossrefPubMedPubMedCentral


	64.
Wang C, Chen L, Yin X, Hua W, Hou M, Ji M, Yu C, Wu G. Application of DNA-based diagnostics in detection of schistosomal DNA in early infection and after drug treatment. Parasit Vectors. 2011;4:164. https://​doi.​org/​10.​1186/​1756-3305-4-164.CrossrefPubMedPubMedCentral


	65.
Wanlop A, Angeles JMM, Macalanda AMC, Kirinoki M, Ohari Y, Yajima A, Yamagishi J, Ona KAL, Kawazu SI. Cloning, expression and evaluation of thioredoxin peroxidase-1 antigen for the serological diagnosis of Schistosoma mekongi human infection. Diagnostics (Basel, Switzerland). 2022;12(12):3077. https://​doi.​org/​10.​3390/​diagnostics12123​077.CrossrefPubMed


	66.
Weerakoon KGAD, Gobert GN, Cai P, McManus DP. Advances in the Diagnosis of Human Schistosomiasis. Clin Microbiol Rev. 2015;28:939–67. https://​doi.​org/​10.​1128/​CMR.​00137-14.CrossrefPubMedPubMedCentral


	67.
Wittwer CT, Reed GH, Gundry CN, Vandersteen JG, Pryor RJ. High-resolution genotyping by amplicon melting analysis using LCGreen. Clin Chem. 2003;49(6 Pt 1):853–60. https://​doi.​org/​10.​1373/​49.​6.​853.CrossrefPubMed


	68.
World Health Organization. Diagnostic target product profiles for monitoring, evaluation and surveillance of schistosomiasis control programmes. World Health Organization. 2021. https://​apps.​who.​int/​iris/​handle/​10665/​344813 Accessed 11 Apr 2023.


	69.
World Health Organization. Ending the neglect to attain the sustainable development goals. One health: approach for action against neglected tropical diseases 2021–2030. World Health Organization. 2022a. https://​www.​who.​int/​publications/​i/​item/​9789240042414. Accessed 28 Apr 2023.


	70.
World Health Organization. WHO guideline on control and elimination of human schistosomiasis. World Health Organization. 2022b. https://​apps.​who.​int/​iris/​handle/​10665/​351856. Accessed 12 Apr 2023.


	71.
Xu J, Liu AP, Guo JJ, Wang B, Qiu SJ, Sun H, Guan W, Zhu XQ, Xia CM, Wu ZD. The sources and metabolic dynamics of Schistosoma japonicum DNA in serum of the host. Parasitol Res. 2013;112(1):129–33. https://​doi.​org/​10.​1007/​s00436-012-3115-3.CrossrefPubMed


	72.
Yu JM, de Vlas SJ, Yuan HC, Gryseels B. Variations in fecal Schistosoma japonicum egg counts. Am J Trop Med Hyg. 1998;59(3):370–5. https://​doi.​org/​10.​4269/​ajtmh.​1998.​59.​370.CrossrefPubMed


	73.
Zhu YC, Socheat D, Bounlu K, Liang YS, Sinuon M, Insisiengmay S, He W, Xu M, Shi WZ, Bergquist R. Application of dipstick dye immunoassay (DDIA) kit for the diagnosis of schistosomiasis mekongi. Acta Trop. 2005;96(2–3):137–41. https://​doi.​org/​10.​1016/​j.​actatropica.​2005.​07.​008.CrossrefPubMed




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


OEBPS/navigation.xhtml

    
      Contents


      
        		Current advances in serological and molecular diagnosis of Schistosoma mekongi infection


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/css/cc-by.png
() _®





OEBPS/css/sidebar.gif





