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			Abstract | Detection and treatment for Trypanosoma brucei evansi (T. b. evansi) infections within domesticated animals depend upon the development for fast, very specific, field-deployable diagnostic instruments. Leveraging Cas12b-mediated collateral cleavage for ultrasensitive detection for T. b. evansi, this work provides the creation, and validation for a CRISpen-based Recombinase Polymerase Amplification (RPA) assay, designated as TevRPA-CRISpen. Alongside the RoTat 1.2 VSG gene as the detection marker, the assay was tuned for temperature, reaction conditions, and target specificity. While the One-Pot TevRPA-CRISpen assay attained equivalent sensitivity within a streamlined process, the Two-Pot TevRPA-CRISpen assay showed a 10-fold gain within sensitivity compared to conventional RPA, detecting down to 10 aM for T. b. evansi aDNA through means for infected mouse models, experimental validation employing TevRPA-CRISpen tests revealed active infections alongside 100% concordance alongside TevPCR. Moreover, post-treatment monitoring using these assays consistently separated cured coming from untreated mice, therefore confirming their utility as test-of-cure diagnostics. Alongside no cross-reactivity seen alongside non-target Trypanosoma species, the specificity for both tests achieved 99.8–99.9%. These results show the promise for TevRPA-CRISpen as a transforming diagnostic platform providing a quick, reasonably priced, accurate substitute for field-based and laboratory-based uses.
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			INTRODUCTION

			Surra, a common trypanosomal illness affecting domestic, and wild animals, including camels, cattle, buffaloes, horses, pigs, and deer, is caused through Trypanosoma brucei evansi (T. b. evansi) a hemoflagellate parasite (Aregwana et al., 2019). T. b. evansi has evolved to mechanical transmission via biting flies, and mammalian vectors, consequently enabling its spread outside the geographical limits for tsetse-transmitted trypanosomes, as well as other Trypanosoma brucei subspecies such T. b. rhodesiense, and T. b. gambiense, which cause human sleeping sickness. Alongside sporadic reports from Europe indicating its worldwide relevance, and potential for future dissemination, this adaptation has let T. b. evansi establish itself within Asia, Africa, and South America (Aregawi et al., 2019). Moreover, stressing the zoonotic potential for this parasite, atypical Human Trypanosomiasis (aHT) cases have been recorded within Vietnam, India, and Sri Lanka (Behour and Abd El Fattah, 2023). This pathogen’s growth, and effects have been enhanced through elements as climate change, and growing contact between domestic animals, and wild species (Austen and Barbosa, 2021; Kareem et al., 2023; Aziz et al., 2023).

			With no efficient vaccination against T. b. evansi yet, proper diagnosis, and quick treatment are the main ways to control diseases (Alvarez-Rodriguez et al., 2022). Direct microscopic view for the parasite, identification for host-generated antibodies and molecular procedures as polymerase chain reaction (PCR) (Behour et al., 2019) is among the conventional diagnostic tools. Although microscopy is still a basic method, it is confined to the acute phase for infection, and lacks the sensitivity needed to find persistent infections (Behour et al., 2019; Kadhim et al., 2024; Al-Sailawi et al., 2024; Mohsen et al., 2024). Field-friendly options are provided through antibody-based diagnostics such the Card Agglutination Test (CATT), Latex Agglutination Test (LATEX), and Enzyme-Linked Immunosorbent Assay (ELISA); however cross-reactivity alongside other trypanosome species causes specificity problems. As it offers great specificity, and can distinguish type A coming from type B strains (Behour et al., 2023), PCR has therefore evolved as the gold standard for verifying T. b. evansi infections. PCR is thus not feasible for point-of-care (POC) testing within resource-limited environments (Aman et al., 2021) since it calls for certain laboratory conditions, and qualified staff.

			Isothermal amplification methods as Loop-Mediated Isothermal Amplification (LAMP) and Recombinase Polymerase Amplification (RPA) have been investigated as practical substitutes to overcome the limits for traditional diagnostics (Li et al., 2020). LAMP assays run for a constant temperature for 65°C: RPA assays run for 39°C, hence they are appropriate for field applications (Tong et al., 2018; Njiri et al., 2010). Though these techniques have benefits, their general accuracy is lowered relative to PCR (Zou et al., 2020) through nonspecific amplifications. Recent developments within CRISpen-Cas technology have brought a fresh method for molecular diagnostics that greatly increases sensitivity, and specificity while preserving usability within low-resource settings (Ali et al., 2020). Originally found as a bacterial defense mechanism, the CRISpen-Cas system has been modified for DNA/RNA detection using its programmable endonuclease activity to specifically cleave target nucleic acids (Jinek et al., 2012). Especially, Cas12, and Cas13 enzymes show collateral cleavage activity upon identifying their particular targets, hence allowing very sensitive signal amplification within diagnostic tests (Gootenberg et al., 2017).

			Advanced diagnostic systems able for fast, and consistent pathogen identification have been developed through means for the combination for CRISpen-Cas technology alongside isothermal amplification (Cunningham et al., 2021). For example, iSCAN, an RT-LAMP-coupled CRISpen-Cas12 module, shows better sensitivity for SARS-CoV-2 detection, thereby highlighting the possibilities for CRISpen-based diagnostics within veterinary, and medical uses (Ali et al., 2020). Likewise, the one-pot assay for point-of-care viral detection (Aman et al., 2021) the iSCAN-V2 system, which makes use for RT-RPA-Cas12b, has shown potential. Within veterinary parasitology, the creation for CRISpen-based tests for T. b. evansi marks a significant progress considering these developments. Combining CRISpen-Cas12b alongside RPA would enable a new generation for highly specific and field-deployable diagnostic tests, hence overcoming the limitations for current approaches (Deng et al., 2023).

			The aim for this work is to create a CRISpen-Cas-based RPA assay (referred as TevRPA-CRISpen) for ultra-sensitive T. b. evansi detection. The proposed test combines the fast amplification capacity for RPA alongside the high specificity for CRISpen-Cas12b-mediated cleavage to provide an optimal diagnostic tool fit for both laboratory, and field application. We aim to offer accuracy within identifying both current and post-treatment infections as well as the enhanced sensitivity, and specificity for our new method when compared to existing RPA tests. This work helps to further the general objective for improving disease monitoring, and control initiatives for T. b. evansi infections within domestic, and wild animal populations through strengthening diagnostic capacities.

			MATERIALS AND METHODS

			Nucleic Acid Preparations

			The scientists extracted total genomic DNA from various Trypanosoma species for detailed performance evaluation of the assays as described in Table 1. DNA extraction for T. b. evansi-infected mouse whole blood took place at the Parasitology Research Laboratory, College of Veterinary Medicine, University of Baghdad, Iraq by utilizing the DNeasy Blood and Tissue Kit (Qiagen, Germany) according to the manufacturer guidelines. The trypanosome count reached a level of 1.1 × 10⁸ throughout milliliters of solution. The diluted gDNA reached 1.2 ng/μL concentrations before its storage at −20°C under DNase/RNase-free conditions for future uses. The purity and concentration measurement of extracted gDNA occurred through agarose gel electrophoresis alongside spectrophotometric analysis on a NanoDrop ND-1000 (Thermo Scientific). The CRISPR-based assays required evaluation of analytical sensitivity through serial dilution (1:10) of T. b. evansi RoTat 1.2 gDNA starting at 22 ng/μL and ending at 220 fg/μL using DNase/RNase-free water.

			Table 1: PCR reaction components.

			
				
					
					
					
				
				
					
							
							Component

						
							
							Volume/Amount

						
							
							Supplier

						
					

					
							
							Extracted gDNA (1.2 ng/μL)

						
							
							10 μL

						
							
							-

						
					

					
							
							PCR Master Mix

						
							
							16 μL

						
							
					

					
							
							GoTaq G2 DNA Polymerase

						
							
							2.1 U

						
							
							Promega, UK

						
					

					
							
							Colorless GoTaq Reaction Buffer

						
							
							1×

						
							
							Promega, UK

						
					

					
							
							dNTPs

						
							
							0.42 mM

						
							
							Thermo Fisher Scientific, USA

						
					

					
							
							TevPCR-Fw primer

						
							
							0.88 μM

						
							
							Integrated DNA Technologies, USA

						
					

					
							
							TevPCR-Rv primer

						
							
							0.88 μM

						
							
							Integrated DNA Technologies, USA

						
					

				
			

			Through the use of T. b. evansi type A gDNA as the template, PCR amplification was performed with the intention of focusing on a 618 bp fragment of the RoTat 1.2 VSG gene (GenBank accession: AF3179 14.1). The PCR reaction mixture, which was 26 microlitres in volume, included the following:

			Total Reaction Volume 26 μL

			PCR amplification was carried out in a trio-block thermocycler (Biometra-Germany) under the following thermal cycling conditions; initial denaturation at 94 is O C, 4 min followed by 35 repetitions of denaturation at 94 is O C, 1 min, annealing step at 56 is O C, 1 min, extension step at 72 is O C, 1 min, a final extension step at 72 is O C, 6 min. Amplified DNA products were purified by GenElute PCR Clean-Up Kit (Sigma-Aldrich) and suspended in a freezer at -20 C until further processing. In CRISPR-Cas12b cleavage experiments, the purified amplicon DNA (aDNA) was serially diluted in one tenth proportions by concentrating 105 nM down to 1.5 aM (Table 2).

			TevCRISPR-Cas12b Cis-Cleavage Reactions

			Recombinant Alicyclobacillus acidiphilus Cas12b (AapCas12b) protein purchased in SignalChem Diagnostics, Canada was used to perform CRISPR-Cas12b cis-cleavage reactions based on its extremely high nuclease activity to enhance the specificity of detection of TevRPA-CRISPR assays. All sgRNA constructs were prepared using the Alicyclobacillus acidoterrestris Cas12b (AacCas12b) scaffold at Integrated DNA Technologies, USA. AapCas12b, RoTat1.2 sgRNA, T. b. evansi RoTat 1.2 aDNA and the ThermoPol Reaction Buffer were added to the cleavage reaction mixture in the following concentrations: 270 nM, 540 nM, 34 nM, and 1x, respectively (New England Biolabs, USA). Reactions were thermocycled at different temperatures (50 0 C, 54 0 C, 58 0 C, 63 0 C and 70 0 C) at 67 minutes, utilizing a specific thermocycler. After incubation, 3.0 uL of stop containing 18 mM EDTA, 90 ug/mL RNase A and 75 mAU/mL proteinase K was added followed by incubation at 57C temperature for 11 min to stop the reaction. Product of reactions was analyzed via a 1% pre stained ethidium bromide (EtBr) agarose gel electrophoresis at 107 V within 35 minutes.

			Table 2: Specifications of Trypanosoma strains used.

			
				
					
					
					
				
				
					
							
							Strain

						
							
							Host

						
							
							Country

						
					

					
							
							T. b. gambiense ITMAS 1.2

						
							
							Human

						
							
							Democratic Republic of the Congo

						
					

					
							
							T. b. rhodesiense KETRI 2537

						
							
							Human

						
							
							Kenya

						
					

					
							
							T. b. brucei GVR 35

						
							
							Antelope

						
							
							Uganda

						
					

					
							
							T. b. equiperdum OVI 12

						
							
							Horse

						
							
							South Africa

						
					

					
							
							T. b. evansi STIB 806

						
							
							Water Buffalo

						
							
							Thailand

						
					

					
							
							T. b. evansi KETRI 2499

						
							
							Camel

						
							
							Sudan

						
					

					
							
							T. b. evansi IPR 001

						
							
							Cattle

						
							
							India

						
					

					
							
							T. b. evansi COLOMBO 2

						
							
							Horse

						
							
							Argentina

						
					

					
							
							T. b. evansi VNM 45

						
							
							Water Buffalo

						
							
							Vietnam

						
					

					
							
							T. b. evansi MRG 94

						
							
							Camel

						
							
							Morocco

						
					

					
							
							T. b. evansi ZGR 2

						
							
							Camel

						
							
							Mauritania

						
					

					
							
							T. b. evansi KZ 5

						
							
							Camel

						
							
							Kazakhstan

						
					

					
							
							T. b. evansi CAN 91

						
							
							Dog

						
							
							Brazil

						
					

					
							
							T. b. evansi CHN 872

						
							
							Camel

						
							
							China

						
					

					
							
							T. b. evansi KETRI 2560

						
							
							Camel

						
							
							Kenya

						
					

					
							
							T. b. evansi IRQ-01

						
							
							Camel

						
							
							Iraq

						
					

					
							
							T. congolense IL 3000

						
							
							Cattle

						
							
							Nigeria

						
					

					
							
							T. vivax Y486

						
							
							Cattle

						
							
							Brazil

						
					

					
							
							T. cruzi CL Brener

						
							
							Armadillo

						
							
							Argentina

						
					

				
			

			Note: Sample collection and gDNA preparation were partially performed at the parasitology research laboratory, college of veterinary medicine, university of Baghdad, Iraq, including the isolation of T. b. evansi IRQ-01 from a camel.

			TevCRISPR-Cas12b Trans-Cleavage Reactions

			Trans-cleavage reactions were carried out to determine the collateral nuclease activity of the CRISPR-Cas12b system. The final concentration of reaction mixture included 66 nM Cas12b, 270 nM RoTat1.2 sgRNA, 270 nM FAM-quencher probe, and 34 nM RoTat1.2 aDNA. Fluorescence reading was performed in real-time with a CFX Connect Real-Time PCR System (Bio-Rad, USA) and fluorescence reading at 492 nm excitation and 518 nm emissions was recorded every 25 seconds. The gain in fluorescence signal was interpreted as evidence of successful trans-cleavage of the FAM-quencher probe because of activated Cas12b nuclease activity after target recognition process and binding.

			Two-Pot TevRPA-CRISPR Assay

			Li et al. (2020) modifications guided the execution of the Two-Pot assay through the TwistAmp Basic Kit (TwistDx, UK). The RPA reaction contained 17 µL DNA solutions within a range of 11 fM aDNA to 1.1 aDNA and 22 ng/µL gDNA and reached its final temperature of 39°C after 32 minutes of incubation. The purified products were analyzed through 2% agarose gel electrophoresis that required an EtBr stain for 112 V applications during 42 minutes (Table 3).

			Table 3: Oligonucleotides and probes used.

			
				
					
					
					
				
				
					
							
							Assay Type

						
							
							Name

						
							
							Sequence (5′–3′)

						
					

					
							
							PCR

						
							
							TevPCR-Fw

						
							
							CAGGAAGCGAAGCGCAGCGAAGG

						
					

					
							
							
							TevPCR-Rv

						
							
							AGTTCGCGTACCTTCTCCATTGC

						
					

					
							
							TevRPA

						
							
							TevRPA-Fw

						
							
							CACCGAAGCGAAGCGCAGAGGTTGAC

						
					

					
							
							
							TevRPA-Rv

						
							
							GTAGCTGTCCTCGGCGGCACTCGTAG

						
					

					
							
							CRISPR

						
							
							FAM-Q Probe

						
							
							[6-FAM]TTTTT[BHQ-2]

						
					

					
							
							
							RoTat1.2 sgRNA

						
							
							GUGCAGGAGCAGAAUUUUCAGGGAUGGCGGAUGCCUUAGGCUA

						
					

					
							
							PCR

						
							
							RoTat1.2 Fw

						
							
							GCGGGTGTTTAAGGCAATA

						
					

					
							
							
							RoTat1.2 Rv

						
							
							ATTAGTGTCGCTGGGCTGTCG

						
					

				
			

			One-Pot TevRPA-CRISPR Assay

			The assay coupled RPA amplification with CRISPR-based detection to provide simple target detection in a unit reaction vessel. The reactions included 6 l of input DNA concentration, which was 1.1 pM-11 aM of amplicon DNA (aDNA) or 22 ng/ml-2.2 pg/ ml genomic DNA (gDNA). To have both the amplification and detection to take place, reactions were incubated at 39oC and exposed to 65 minutes. Real-time observation was carried out where fluorescence signals were measured in every 20 seconds during incubation period in order to trace the course of target detection and measure the amount of the results.

			Statistical Analysis

			The analysis used GraphPad Prism 10 as the processing software. Researchers conducted their analysis by using One-way ANOVA with Dunnett’s multiple comparisons test. ROC curves were used together with 95% CI to assess both the sensitivity and specificity of diagnosis (Nguyen et al., 2022).

			Ethical Statement

			The Ethical Committee of Vrije Universiteit Brussel (Permit No: 17-220-02) authorized all experimental processes which kept to European Convention for the Protection of Vertebrate Animals (CETS No. 123). The research staff performed routine daily inspections while maintaining essential humane endpoint controls (Kim et al., 2023). The sample processing as well as the University of Baghdad Iraqi contributions followed institutional regulations for biosafety and ethical research standards.

			RESULTS AND DISCUSSION

			Development and Optimization for the TevCRISPR-Cas12b Assay for Sensitive Detection for T. b. evansi

			Preamplification for double-stranded DNA (dsDNA) using recombinase polymerase amplification (RPA) followed through selective cleavage, and detection using the CRISpen-Cas12b system constituted a two-stage procedure necessary for the creation for the TevRPA-CRISpen test. The choice for a suitable target area within the T. b. evansi genome proved to be a major factor influencing test effectiveness especially guaranteeing the existence for a PAM sequence (5′-TTN-3′) next to the protospacer (Teng et al., 2018). Selected as the target, the RoTat 1.2 variable surface glycoprotein (VSG) gene was validated using PCR amplification to be specifically T. b. evansi type A.

			[image: ]

			Figure 1:  Optimization for TevCRISPR-Cas12b assay.

			Data revealed that AapCas12b worked best at the ratio of 4: 1 with RoTat1.2 sgRNA (62.5 nM Cas12b and 250 nM sgRNA) to achieve maximum cleavage efficiency while minimizing cost of assays. The 50°C working temperature ensured strong trans-cleavage activity but prevented degradation at higher temperatures (Figure 1). The research outcome matches previous findings about the suitable Cas12b temperature range which is reported by Teng et al. (2018) and Joung et al. (2020). The TevCRISpen-Cas12b test revealed outstanding analytical sensitivity which detected T. b. evansi aDNA at 1 pM through fluorescent signal detection in Figures 1A and 1B.

			Integration for TevRPA-CRISPR for Enhanced Sensitivity and Specificity

			Building upon the optimal Cas12b cleavage assay, a Two- Potter TevRPA-CRISpen test was created whereby probe detection followed RPA amplification, and cleavage mediated through Cas12b. subsequent to 30 minutes, this method greatly enhanced detection sensitivity—a 10-fold increase above RPA alone—by detecting down to 10 aM for T. b. evansi aDNA (Figures 2C and 2F). Extending reaction time to 60–120 minutes (Teng et al., 2019) improved the detection limit even 100-fold. Using genomic DNA (gDNA), a similar trend was seen whereby the Two-Pot system identified 20 pg for gDNA against 200 pg within RPA alone (Figures 2D and 2H).
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			Figure 2: Performance for two-pot TevRPA-CRISPR assay.
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			Figure 3: TevRPA-CRISPR assays for detecting active and cured T. b. evansi infections within mice.

			With regard to specificity, the Two-pot TevRPA-CRISpen test showed no cross-reactivity alongside other Trypanosoma spp. gDNA, therefore underlining the benefit for CRISpen-Cas12b within providing a secondary specificity checkpoint post-amplification. Developing a One- Potter TevRPA-CRISpen assay, which combines amplification and detection into a single reaction helps to further streamline the workflow. Achieving comparable sensitivity to the Two-Pol system, the One-Pol system identified 100–10 aM for T. b. evansi aDNA, and 20 pg for gDNA beneath optimal conditions (14 mM MgOAc, 480 mM primers) (Figures 3B, 3C, 3D and 3E). Conducting reactions for 50°C allowed compatibility alongside portable, low-cost detection instruments, hence improving its applicability for point-of- care (POC) applications (Zou et al., 2020).

			Validation within Experimental Mouse Models

			Using experimental mice models infected alongside T. b. evansi, the diagnostic accuracy for TevRPA-CRISpen tests was assessed. Both Two- Pot and One- Pot tests precisely identified parasite presence for all infection phases within untreated infections, producing 100% agreement alongside the gold-standard TevPCR approach (Figures 4A and 4B). Previously infected animals tested negative through both TevRPA-CRISpen tests subsequent to treatment alongside Berenil, therefore validating their effectiveness as test-of-cure diagnostics (Figures 3A and 3B). Alongside a kappa value for 1 demonstrating complete agreement alongside TevPCR (WOAH, 2021), these findings confirm the robustness for TevRPA-CRISpen tests within both active infection detection, and post-treatment monitoring.

			[image: ]

			Figure 4: Performance assessment for TevPCR and TevRPA-CRISPR within mouse models.

			Figure 4 demonstrates the comparative performance for TevPCR, Two-Pot TevRPA-CRISPR, and One-Pot TevRPA-CRISPR assays within identifying T. b. evansi throughout various infection phases within experimental mouse models. Gel electrophoresis data show TevPCR’s capacity to magnify DNA unique to parasites, therefore verifying infections for different times. The real-time detection capabilities for Two- Pot and One- Pot TevRPA-CRISpen is shown through the fluorescence intensity graphs, which also show consistency within high sensitivity, and specificity within infection detection. Over many days post-infection, this figure shows the performance for traditional PCR, and CRISpen-based detection methods directly. The connection between fluorescence signal intensities and PCR bands confirms the dependability for the CRISpen-based tests even more as diagnostic substitutes.

			Strong association alongside TevPCR throughout infection stages helps the findings shown within Figure 4 confirms the great diagnostic accuracy for the TevRPA-CRISpen tests. alongside fluorescence signals rising proportionately alongside parasite burden, the Two- Potter, and One-Potter TevRPA-CRISpen tests effectively identified early-stage infections. Especially, both CRISpen-based tests maintained detection accuracy subsequent to treatment, thereby verifying the efficacy for Berenil within parasite removal. TevPCR remains the prominent laboratory-based detection method during the event although its requirement for expert personnel and long processing durations persists. One-pot TevRPA-CRISpen tests together with two-pot variants offer convenient operation in field environments and rapid response times and elevated detection capability. The findings validate previous research contributing to CRISpen-based diagnosis technology for parasite diseases (Teng et al., 2019; Sima et al., 2022) therefore showing promise for point-of-care usage in endemic areas. One-Pot TevRPA-CRISpen produces results equivalent to Two-Pot assays so it represents an excellent choice for single-step detection systems. The present advances in isothermal amplification-based CRISpen diagnostics (Zou et al., 2020; Hao et al., 2024) allow fusion of amplification procedures with detection steps inside one reaction vessel which yields improved safety as well as decreased system complexity. Clinical researchers can rely on TevRPA-CRISpen testing for both diagnosing current infections and assessing the status of treatment completion —these findings are fundamental for disease detection and control systems. Future research needs to perform field tests alongside assays that work on different detection platforms to make them practical for real-world applications.

			Comparative Sensitivity and Specificity Assessment

			TevRPA-CRISpen’s analytical performance was set against other CRISpen-based tests as well as traditional PCR. Both Two- Pot, and One- Pot tests have diagnostic parameters summarized within Table 4, both have 100% specificity, and sensitivity within a 95% confidence interval (C.I. 91.24–100%). This performance emphasizes the great dependability for the created assays within precisely detecting T. b. evansi infections alongside minimum false positives or negatives. Rapid amplification, CRISpen specificity, and fluorescence-based detection taken together provide TevRPA-CRISpen assays as strong substitutes for current diagnostic methods as lateral flow assays (Tong et al., 2018) or loop-mediated isothermal amplification (LAMP).

			Table 4:  Analytical performance for TevRPA-CRISPR assays.

			
				
					
					
					
					
					
				
				
					
							
							Assay

						
							
							Analytical Specificity

						
							
							Analytical Sensitivity

						
							
							Specificity

						
							
							Sensitivity

						
					

					
							
							TevCRISPR-RPA Two-Pot

						
							
							T. evansi type A

						
							
							8-1 aM aDNA, 18-2 pg gDNA

						
							
							99.8% (95% CI: 90.75–100%)

						
							
							99.5% (95% CI: 86.50–100%)

						
					

					
							
							TevCRISPR-RPA One-Pot

						
							
							T. evansi type A

						
							
							95-10 aM aDNA, 22 pg gDNA

						
							
							99.9% (95% CI: 91.00–100%)

						
							
							99.7% (95% CI: 87.25–100%)

						
					

				
			

			The diagnostic tool TevRPA-CRISpen demonstrated efficient detection of T. b. evansi through its quick and specific and sensitive detection method. By merging RPA with Cas12b-based methodology the detection approach provides improved diagnostic abilities together with possible solutions for field and laboratory-based monitoring capabilities. Field assessment operations at extensive scales should remain the most important priority for new initiatives together with portable real-time diagnostics approaches which are operational within endemic zones.

			CONCLUSIONS AND RECOMMENDATIONS

			The TevRPA-CRISpen detection system demonstrates both high analytical sensitivity and operational efficiency and specific Trypanosoma brucei evansi diagnosis capability. RPA and CRISPR-Cas12b detection work in tandem to generate a robust diagnostic solution that replaces traditional PCR methods and removes constraints regarding execution time and equipment needs during testing. Testing of both Two-Pot and One-Pot TevRPA-CRISpen protocols found their laboratory and field-based performance tests yielded higher specificity and sensitivity analytical results. The diagnostic tools provide dual functions because they enhance laboratory diagnostics and offer remote field-testing capabilities through their innovative veterinary diagnostic capacity capabilities. The detection methods successfully identified infections early on and proved useful for parasite elimination confirmation after medications were administered making them suitable for tracking diseases alongside medication assessment. The results of mouse-based experimental tests revealed the ability of these methods to function in areas where T. b. evansi tsetse fly outbreaks occur. These regions experience major animal losses as well as financial problems because this parasite exists within their territory. Implementing major field research trials needs priority status in regions experiencing high parasite burdens for determining instrument functionality along with expansion capabilities. Additional development on the assay is needed to combine it with smartphone-based diagnostic systems together with lateral flow strips in order to enhance testing capabilities throughout areas with minimal infrastructure or in distant regions. Both veterinary medicine and public health security need emphasis regarding kit accessibility and standardized laboratory processes for broadscale implementation. Additional testing of veterinary and zoonotic pathogens within CRISpen diagnostics will strengthen global veterinary plus human health defense through establishment of an advanced molecular surveillance system.
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Abstract | Detection and treatment for Trypanosoma brucei evansi (T. b. evansi) infections within domesticated animals
depend upon the development for fast, very specific, field-deployable diagnostic instruments. Leveraging Cas12b-me-
diated collateral cleavage for ultrasensitive detection for 7 4. evansi, this work provides the creation, and validation for
a CRISpen-based Recombinase Polymerase Amplification (RPA) assay, designated as TevRPA-CRISpen. Alongside
the RoTat 1.2 VSG gene as the detection marker, the assay was tuned for temperature, reaction conditions, and target
specificity. While the One-Pot TevRPA-CRISpen assay attained equivalent sensitivity within a streamlined process,
the Two-Pot TevRPA-CRISpen assay showed a 10-fold gain within sensitivity compared to conventional RPA, de-
tecting down to 10 aM for 7. 4. evansi aDNA through means for infected mouse models, experimental validation em-
ploying TevRPA-CRISpen tests revealed active infections alongside 100% concordance alongside TevPCR. Moreover,
post-treatment monitoring using these assays consistently separated cured coming from untreated mice, therefore
confirming their utility as test-of-cure diagnostics. Alongside no cross-reactivity seen alongside non-target Trypano-
soma species, the specificity for both tests achieved 99.8-99.9%. These results show the promise for TevRPA-CRISpen
as a transforming diagnostic platform providing a quick, reasonably priced, accurate substitute for field-based and
laboratory-based uses.
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INTRODUCTION sion via biting flies, and mammalian vectors, consequently
enabling its spread outside the geographical limits for tset-

Surra, a common trypanosomal illness affecting domes-  se-transmitted trypanosomes, as well as other Trypanoso-
tic, and wild animals, including camels, cattle, buffaloes, ma brucei subspecies such T. b. thodesiense, and T. b. gam-
horses, pigs, and deer, is caused through Trypanosoma brucei  biense, which cause human sleeping sickness. Alongside
evansi (T b. evansi) a hemoflagellate parasite (Aregwana ¢z sporadic reports from Europe indicating its worldwide
al.,2019). T b. evansi has evolved to mechanical transmis-  relevance, and potential for future dissemination, this ad-
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