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Highlights

¢ A visual assay of Langya henipavirus (LayV) nucleic acids was developed based on recombinase polymerase
amplification technology (RPA), combined with an immunochromatographic test device.

* The detection limit of our assay reaches 1.22 copies L™, with no observed cross-reactivity with other henipaviruses.

¢ This assay is well-suited for the requirements of point-of-care and field detection and has the potential for broader application.

The viruses of the genus Henipavirus within the family
Paramyxoviridae are highly pathogenic and often associated
with severe diseases in animals and humans (Basler 2012).
For example, Nipah virus (NiV) and Hendra virus (HeV),
two members of the genus Henipavirus, are known to infect
humans and cause fatal disease (Field 2016; Singh et al.
2019). Recently, a newly identified henipavirus, Langya
henipavirus (LayV), was reported to be associated with
respiratory symptoms in humans (Zhang et al. 2022). The
natural hosts of LayV are found to be the shrew species
Crocidura lasiura and C. shantungensis (Zhang et al. 2022).
Multiple systems are the targets of LayV; apart from clinical
symptoms and signs of viral infection (such as fever, cough,
headache), liver and kidney function are also affected
(Uwishema et al. 2023). Considering the extreme danger of
henipaviruses and the close genetic relatedness between
LayV and other henipaviruses, LayV has the potential to
cause a global outbreak.

As an emerging zoonotic pathogen, few diagnostic
methods have been reported. He et al. (2024) developed

a reverse transcription real-time PCR (RT-gPCR) method
for LayV detection, but it requires sophisticated instruments
and equipment, as well as skilled operators to ensure the
accuracy and precision of results (He et al. 2024). However,
Wu et al. (2024) established a HRP-integrated CRISPR-
Cas12a biosensor assay for the point-of-care detection of
LayV, but the result needs to be colorimetrically read out by
naked eyes, which lacks an objective indicator (Wu et al.
2024). With the biosafety level 4 restriction, there was no
specificity assessment involving LayV in the field detection
methods targeting other henipaviruses. Jin et al. (2024)
established a field-deployable one-pot RT-RPA CRISPR/
Cas12a assay for NiV diagnosis, which could reach 5.5
copies pL™" in sensitivity evaluation, but LayV was not
involved in specificity evaluation (Jin et al. 2024). To facilitate
field detection and meet the point-of-care requirement, we
developed an on-site assay targeting the N gene of LayV,
based on recombinase polymerase amplification (RPA)
technology, which achieves rapid and specific detection of
LayV nucleic acids using lateral flow-based visualization.

Received 25 May 2025; Received in revised form 7 October 2025; Accepted 31 October 2025; Available online 5 December 2025
Correspondence Hualei Wang, E-mail: wanghualei@jlu.edu.cn; Wei Liu, E-mail: lwbime@163.com; Sandra Chiu, E-mail: giux@ustc.edu.cn; Zengguo

Cao, E-mail: caozg@wh.iov.cn
These authors contributed equally to this study.

© 2026 CAAS. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/). Peer review under responsibility of Editorial Board of Journal of Integrative Agriculture.

doi: 10.1016/j.jia.2025.12.008



3100 Lin Cheng et al. | Journal of Integrative Agriculture 2026, 25(7): 3099-3101

First, we designed specific primers and probes for
the N gene of the LayV isolate SDQD_H1801 (GenBank
no. OM101125.1). To analyze the conservation of the
henipaviruses N gene, we performed a sequence alignment.
The analysis revealed that the N gene is highly conserved
within LayV but exhibits significant divergence in its nucleic
acid sequence from other henipaviruses, such as NiV and
HeV (Appendix A).

To combine with immunochromatographic technology and
realize visual detection, we labeled one of the primers and
the probe at the 5° end with fluorescein isothiocyanate (FAM)

and biotin, respectively. In addition, we used tetrahydrofuran
(THF) to replace a thymine near the 3" end of the probe
and introduced a blocking group, a three-carbon spacer
(C3 spacer), at the 3" end of the probe, which was cleaved
by endonuclease IV (Nfo), thereby removing the blocking
group and forming a new 3" end that can be extended (Lai
et al. 2018). Different combinations of primers and probes
were designed, and all the details and sequences of primers
and probes are shown in Appendix B. The schematic of
our assay is illustrated in Fig. 1-A. When viral RNA or an
amplification template is detected, followed by multiple cycles
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Fig. 1 The development and evaluation of on-site visual assay of Langya henipavirus (LayV). A, schematic diagram of the visual assay of
LayV. B, details (location and sequence) for primers and probe used in our visual assay. The GenBank accession numbers of indicated viruses
are OM101125.1 (LayV), AF212302.2 (Nipah virus (NiV)), and AF017149.3 (Hendra virus (HeV)), respectively. C, the sensitivity of the visual assay
was evaluated by tenfold serial dilution of recombinant plasmids containing the LayV N gene from 10" to 102 copies pL=". Diethyl pyrocarbonate
(DEPC)-treated water and recombinant plasmid (without dilution) were used as negative and positive controls, respectively. CL, control line; TL,
test line. D, the specificity of the visual assay was evaluated by using RNA from indicated viruses; negative control (DEPC-treated water) and
positive control (LayV N gene-containing recombinant plasmid without dilution) were set and analyzed. SeV, Sendai virus. E, the comparison of
detection limits between RT-qPCR and visual assay. RT-qPCR and visual assay were performed to detect viral RNA of infected cells and tissues.
+, positive result; not del, negative result; —, the sample under indicated dilution was not used for detection. F, the visual assay test results of
clinical samples of field detection. The Ct values of the samples detected by RT-gPCR are shown.
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of amplification reactions, numerous amplification products
with FAM and biotin are synthesized (Liu et al. 2024). The
products are then placed in a disposable nucleic acid
visualization test device to finish result readout (Cao et al.
2016).

The N gene of LayV was cloned into the pCAGGS
vector by Notl and Nhel restriction sites to generate the
pCAGGS-N recombinant plasmid. Tenfold serial dilutions
of this plasmid were used as positive control templates
for subsequent assay evaluation and optimization. We
screened different primer and probe sets using the RPA
reaction, with results interpreted via a visualization device.
The set of primers and probe that produced a successful
amplification reaction with a strong signal was selected
for the development of our assay, and the details are
shown in Fig. 1-B. To determine the optimal reaction
conditions for maximum sensitivity, we performed RPA
at various temperatures and for different durations. The
results showed that the visual assay we established
here reached the highest sensitivity (1.22 copies pL™")
at 42°C with 30 min of amplification (Fig. 1-C).

Given that the henipaviral N genes are relatively
conserved, assay specificity is critical for distinguishing
LayV from related viruses. We therefore evaluated
specificity using viral RNA from several sources, including
the henipaviruses NiV and HeV, as well as Sendai virus
(SeV), a member of the related Respirovirus genus. The
data suggested that positive results were detected only
in the presence of positive control or LayV RNA, with no
observed cross-reactivity with other viruses, indicating the
high specificity of this assay (Fig. 1-D).

Due to its high sensitivity, RT-qPCR is widely used in
the field of virus detection. As a newly identified virus,
there is no commonly accepted RT-qPCR method for
LayV. Therefore, we developed an RT-qPCR method
targeting the LayV N gene to benchmark the sensitivity
of Appendix C. Both assays were used to detect serial
dilutions of nucleic acid extracted from LayV-positive
cells and shrew tissues. The results demonstrated
that the two methods had comparable detection limits
(Fig. 1-E). Notably, our visual assay offers significant
advantages in being easy-to-use, faster, and requiring
only visual readout. To assess the feasibility of our visual
assay for field deployment, we conducted a double-blind
trial using seven tissue samples from healthy or LayV-
infected shrews from a previous study (Zhang et al. 2022).
The detection results from our visual assay were fully
consistent with both the prior study data and our RT-gPCR
results (Fig. 1-F).

In summary, we have developed a rapid, specific, and
user-friendly visual assay for the on-site detection of LayV
nucleic acid. This method is well-suited for point-of-care
and field detection and can be readily scaled for broader
application.

Acknowledgements
This work was supported by the National Key Research and
Development Program of China (2021YFF0703600).

Declaration of competing interest

Sandra Chiu, Zengguo Cao, Wei Liu, Xiaoai Zhang, Lin
Cheng and Fangxu Li are co-inventors on a pending patent
application (China Patent Bureau, 2024119250623.X). The
other authors declare that they have no competing interests.

Declaration of generative Al and Al-assisted
technologies in the writing process

The authors declare that they did not use Al in the preparation
and writing of this manuscript.

Ethical statements
This study did not involve any experiments on humans or live
animals.

Appendices associated with this paper are available at
https://doi.org/10.1016/j.jia.2025.12.008

References

Basler C F. 2012. Nipah and hendra virus interactions with the innate
immune system. Current Topics in Microbiology and Immunology,
359, 123-152.

Cao Z, Wang H, Wang L, Li L, Jin H, Xu C, Feng N, Wang J, Li Q, Zhao
Y,Wang T, Gao Y, Lu Y, Yang S, Xia X. 2016. Visual detection of
West Nile virus using reverse transcription loop-mediated isothermal
amplification combined with a vertical flow visualization strip.
Frontiers in Microbiology, 7, 554.

Field H E. 2016. Hendra virus ecology and transmission. Current Opinion
in Virology, 16, 120—125.

He W, Ma T, Wang Y, Han W, Liu J, Lei W, Zhang L, Wu G. 2024.
Development and evaluation of a quadruple real-time fluorescence-
based quantitative reverse transcription polymerase chain reaction
assay for detecting Langya, Mojiang, Nipah, and Cedar viruses.
Biosafety and Health, 6, 80-87.

Jin K, Huang P, Li B, Cao Z, Huang Z, Zhang Z, Liu M, Li H, Niu L,
Zhang T, LiY, Li X, Wang H, Zhang H. 2024. a single-copy sensitive
and field-deployable one-pot RT-RPA CRISPR/Cas12a assay for
the specific visual detection of the Nipah Virus. Transboundary and
Emerging Diseases, 2024, 4118007.

LaiMY, Ooi CH, Lau Y L. 2018. Recombinase polymerase amplification
combined with a lateral flow strip for the detection of Plasmodium
knowlesi. American Journal of Tropical Medicine and Hygiene,
98, 700-703.

Liu X, Cao Z, Li B, Huang P, Bai Y, Huang J, Huang Z, Zhang Y, Li
Y, Zhang H, Wang H. 2024. A rapid and visual detection method
for Crimean-Congo hemorrhagic fever virus by targeting S gene.
Journal of Integrative Agriculture, 23, 2149-2153.

Singh R K, Dhama K, Chakraborty S, Tiwari R, Natesan S, Khandia R,
Munjal A, Vora K S, Latheef S K, Karthik K, Singh Malik Y, Singh
R, Chaicumpa W, Mourya D T. 2019. Nipah virus: Epidemiology,
pathology, immunobiology and advances in diagnosis, vaccine
designing and control strategies — A comprehensive review.
Veterinary Quarterly, 39, 26-55.

Uwishema O, Shariff S, Rai A, Arab S, Nicholas A, Uweis L, Abbass M,
El Saleh R, Adanur I, Wellington J. 2023. Is the new Langya virus
in China a threat to global health? A short communication. Annals
of Medicine and Surgery, 85, 1348—1351.

Wu X, Xiang R, Yang D, He X, Zhu L, Sun F, Li H, Pi N, Li Y. 2024.
HRP-integrated CRISPR-Cas12a biosensor for rapid point-of-care
detection of Langya henipavirus. iScience, 27, 111466.

Zhang X A, Li H, Jiang F C, Zhu F, Zhang Y F, Chen J J, Tan C W,
Anderson D E, Fan H, Dong L Y, Li C, Zhang P H, Li Y, Ding H,
Fang L Q, Wang L F, Liu W. 2022. A zoonotic henipavirus in febrile
patients in China. New England Journal of Medicine, 387, 470-472.

Executive Editor-in-Chief Dongming Zhao
Managing Editor Yanyan Sun



