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Abstract 

Spodoptera litura nucleopolyhedrovirus (SpltNPV) is an insect virus belonging to the family Baculoviridae, 

with high specificity to the tobacco cutworm (Spodoptera litura), and is used in biological plant protection 

products. This study aimed to develop and validate a method for the detection and quantification of SpltNPV 

using real-time PCR. The method was developed based on amplification of the lef-8 gene, which encodes a 

late expression factor that is highly conserved and specific to SpltNPV. The amplified target gene fragment 

was confirmed by Sanger sequencing to verify the reference strain, showing ≥ 99% similarity to the published 

lef-8 sequence of SpltNPV. The real-time PCR method showed 100% accuracy, specificity, and sensitivity, 

with both the limit of detection and the limit of quantification reaching 10² OBs/g, and no amplification was 

observed in the negative control samples. The Ct-log₁₀ viral DNA concentration standard curve demonstrated 

good linear correlation (R² = 0.995). The repeatability and reproducibility parameters met the acceptance 

criteria according to CEN/TS 17329-1:2021 and ISO 22118:2011. The results indicate that the proposed 

method has high reliability and stability and is suitable for the detection, quantification, and quality control of 

SpltNPV in biological plant protection products. 
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1. INTRODUCTION  

The tobacco cutworm (Spodoptera litura Fabricius, Lepidoptera: Noctuidae) is a serious polyphagous pest 

widely distributed in the Asia-Pacific region, causing damage to more than 150 different plant species, 

particularly vegetables, leguminous crops, and short-term industrial crops. This insect species has high 

reproductive capacity, a short life cycle, and strong feeding activity during the larval stage, frequently causing 

pest outbreaks and leading to severe losses in agricultural productivity [1, 2]. The prolonged and excessive use 

of chemical insecticides for the control of S. litura has rapidly increased resistance, while also causing 

numerous negative impacts on the environment and human health [3, 4]. 

In this context, biological plant protection products based on baculoviruses are considered a safe and 

sustainable alternative. S. litura nucleopolyhedrovirus (SpltNPV), belonging to the family Baculoviridae, is a 

double-stranded DNA virus with high host specificity, primarily infecting S. litura and causing little to no 

effect on non-target organisms [5, 6]. The virus infects larvae through ingestion of viral occlusion bodies (OBs). 

In the midgut, the OBs dissolve, releasing virions, initiating infection and systemic replication, ultimately 

leading to host death [6]. The control efficacy of SpltNPV-based products depends directly on the OB content 

in the product and the OB dose applied per unit area under field conditions [7]. 

Currently, quantification of SpltNPV in biological products is still mainly based on microscopic counting 

of OBs using a counting chamber, which has limitations in throughput and accuracy and is highly dependent 
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on the operator [8]. Quantitative real-time PCR, with its advantages in sensitivity, specificity, and accurate 

quantification of viral DNA, is considered a suitable tool to replace traditional methods [9, 10]. However, fully 

standardized and validated real-time PCR methods for quantifying SpltNPV in plant protection products remain 

limited, particularly in Vietnam. Therefore, the development and optimization of a suitable analytical method 

are necessary to support quality control and effective management of SpltNPV-based biological products [11]. 

2. MATERIALS AND METHODS  

2.1. Research object/Materials 

The study was conducted using a quality control (QC) sample consisting of powdered SpltNPV material 

manufactured by Henan Jiyuan Baiyun Industry Co., Ltd. The QC sample was imported from China and stored 

frozen during transport to ensure the integrity of the virus and the content of viral OBs. According to the 

technical information provided by the manufacturer, the nominal concentration of the QC sample was 1.3 × 

10¹¹ OBs/g (Certificate of Analysis - SpltNPV, Batch No.: 241112). 

2.2. Chemicals and equipment 

The chemicals and reagents used in this study included the QIAamp MinElute Virus Kit (Qiagen, USA), 

Luminaris HiGreen qPCR Master Mix (2X) (Thermo Fisher Scientific, USA), primers (IDT, USA), real-time 

PCR tube strips (Thermo Fisher Scientific, USA), ExoSAP-IT™ PCR Product Cleanup Reagent (Thermo 

Fisher Scientific, USA), and the BigDye Terminator v3.1 Cycle Sequencing Kit (Thermo Fisher Scientific, 

USA). All other chemicals met the requirements for molecular biology research. 

The main instruments and equipment used in the study included the CFX96 Touch Real-Time PCR 

Detection System (Bio-Rad, USA), Hettich MIKRO 220R refrigerated centrifuge (Hettich, Germany), 

NanoDrop 1000 spectrophotometer (Thermo Fisher Scientific, USA), Neubauer Improved counting chamber 

(Marienfeld, Germany), SeqStudio Genetic Analyzer 3500 sequencing system (Applied Biosystems, USA), 

vortex mixer (IKA, Germany), spin-down centrifuge (GeneReach, Taiwan), and other laboratory equipment. 

2.3. Research methods 

2.3.1. Viral OBs purification and quantification using a counting chamber 

The QC sample was purified by centrifugation to remove the supernatant, followed by resuspension of the 

pellet in 0.1% SDS. The suspension was then centrifuged again to collect the pellet containing viral OBs [12]. 

The purified OB suspension was serially diluted tenfold and quantified using a counting chamber by counting 

the number of OBs in five large squares, each consisting of 16 small squares. The counting results were used 

to calculate the OB concentration and to construct the standard curve for real-time PCR. The number of OBs 

was calculated using the following formula: 

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑂𝐵 𝑝𝑒𝑟 𝑚𝐿 =
𝑀𝑒𝑎𝑛 𝑜𝑓 𝑂𝐵𝑠 𝑖𝑛 𝑎 𝑙𝑎𝑟𝑔𝑒 𝑠𝑞𝑢𝑎𝑟𝑒 × 𝐷𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 ×  103

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑎 𝑙𝑎𝑟𝑔𝑒 𝑠𝑞𝑢𝑎𝑟𝑒 ×  𝐷𝑒𝑝𝑡ℎ 𝑜𝑓 𝑐ℎ𝑎𝑚𝑏𝑒𝑟
 

2.3.2. DNA extraction and target gene sequencing - Sanger sequencing for virus identification 

The DNA of SpltNPV was extracted according to the protocol of the QIAamp MinElute Virus Kit (Qiagen, 

USA). The concentration of total SpltNPV DNA was quantified using a NanoDrop 1000 spectrophotometer at 

a wavelength of 260 nm, with an OD260/OD280 ratio ranging from 1.8 to 2.0. The DNA solution was stored 

at -20℃ until use. 

Sequencing of the target gene fragment was performed according to the BigDye Terminator v3.1 Cycle 

Sequencing Kit Protocol (PN 4337035) (Thermo Fisher Scientific, USA) to confirm the positive control strain. 

The target gene fragment was sequenced by amplifying a 217 bp fragment of the late expression factor 8 (lef-

8) gene of SpltNPV (GenBank Accession No. AY706581) using the SlNPVlef-8 primer pair [13]. The DNA 

sequence corresponding to the target gene was compared for sequence similarity against the U.S. GenBank 

database using the BLAST tool. 

2.3.3. Real-time PCR method for amplification of the target gene 

The method was designed based on the amplification of a 217 bp fragment of the late expression factor 8 

(lef-8) gene of SpltNPV (GenBank Accession No. AY706581) using the primer pair SlNPVlef-8Fnes: 5′-

ACGAAAGCATCTAGTGCG-3′ and SlNPVlef-8Rnes: 5′-CCGAGCTTTGATTTGAGC-3′ [13]. SpltNPV is 
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a double-stranded DNA virus, and the lef-8 gene is present as a single copy per genome; therefore, the number 

of lef-8 copies directly reflects the amount of viral genome in the sample [14]. Viral occlusion bodies package 

multiple virions; thus, real-time PCR results are correlated with OB content when the sample processing 

procedure is standardized. Due to variation in the number of virions per OB, the method was developed and 

validated using an OB-based standard curve for the quantification and quality control of powdered products 

containing SpltNPV. 

The real-time PCR reaction was performed in a total volume of 20 µL, consisting of 10 µL of Luminaris 

HiGreen qPCR Master Mix (2X), 2 µL of forward primer (10 µM), 2 µL of reverse primer (10 µM), 1 µL of 

DNA template (100 - 200 ng), and nuclease-free water. The reaction conditions consisted of an initial 

denaturation step at 95℃ for 10 min, followed by 45 cycles of denaturation at 95℃ for 30 s and annealing at 

62℃ for 1 min, with the melting curve set at 95℃ for 15 s. 

2.3.4. Method validation 

The method validation parameters were established in accordance with CEN/TS 17329-1:2021, which 

specifies the validation of real-time PCR methods, and ISO 22118:2011, which guides performance criteria 

and method validation for the detection, identification, and quantification of specific DNA sequences in food. 

The validation parameters included the 95% limit of detection (LOD₉₅), accuracy (AC ≥ 90%), specificity (SP 

≥ 90%), sensitivity (SE ≥ 90%), limit of quantification (LOQ), repeatability (≤ 25%), and reproducibility (≤ 

35%). 

3. RESULTS AND DISCUSSION 

3.1. Quantification of SpltNPV using a counting chamber 

The OBs of SpltNPV, after being purified from the plant protection product sample by multi-step 

centrifugation combined with dilution in 0.1% SDS solution, were quantified using a Neubauer Improved 

counting chamber (Marienfeld, Germany). The sample was diluted 10-4 for counting. Counting was performed 

in five large squares, each consisting of 16 small squares, with each small square having an area of 0.0025 mm² 

and a counting chamber depth of 0.1 mm. The experiment was independently repeated three times to ensure 

the reliability of the results. The detailed results are presented in Table 1. 

Table 1. Observed OB counts and converted the density of SpltNPV 

The quantification of SpltNPV using the Neubauer counting chamber showed that the number of OBs in 

the five large squares varied slightly among experimental replicates, with mean values of 51.6, 52.4, and 54.0 

OBs, respectively. The minor differences among counting positions and between replicates indicate that the 

purified viral occlusion body suspension was highly homogeneous and that the selected 10-4 dilution was 

appropriate, ensuring that the number of OBs fell within the optimal counting range of the Neubauer chamber. 

Based on the mean counts, the concentration of viral occlusion bodies in the QC sample was converted to 

approximately 1.3 × 10¹¹ OBs/g in all three experimental replicates. This result was consistent with the nominal 

concentration declared by the manufacturer, thereby confirming that the QC sample met the required quality 

specifications and demonstrating the repeatability and reliability of the counting method. On this basis, the 

obtained data were used as reference values to prepare the standard dilution series for the real-time PCR assay. 

3.2. Confirmation of Spodoptera litura nucleopolyhedrovirus 

To definitively confirm that the sample contained the SpltNPV, the lef-8 gene fragment was amplified from 

viral DNA and purified for the Sanger sequencing method. The sequencing results and comparison with the 

reference sequence available in NCBI are shown in Figure 1. 

Trial 

Number of viral occlusion bodies counted in 

five large squares 
Mean OB 

count 

OB concentration 

(OBs/g) 
1 2 3 4 5 

1 54 49 56 48 51 51.6 1.3 × 1011 

2 51 53 51 54 53 52.4 1.3 × 1011 

3 54 50 57 53 56 54.0 1.4 × 1011 



Ninh Thi Hanh, Nguyen Van Cuong, Nguyen Tuan Thanh, Tran Hung, Luong Thi Thuy 

 
Vietnam Journal of Food Control - vol. 9, no. 2, 2026  

 

 107 

 

Figure 1. Comparison between the obtained genomic sequence and the reference sequence in NCBI 

The sequence of the target lef-8 gene fragment (217 bp), amplified using the SlNPVlef8 primer pair, was 

sequenced and analyzed by BLASTN. The results showed 100% query coverage and very high sequence 

similarity (99%; 180/181 bp) to nucleopolyhedrovirus sequences belonging to the Spodoptera group in 

GenBank, including the SpltNPV reference sequence (GenBank Accession No. AY706580.1). These findings, 

together with the fact that lef-8 is a conserved core gene of baculoviruses, confirm that the virus present in the 

QC sample was SpltNPV. This result provides a reliable basis for using the total DNA material obtained from 

the QC sample in subsequent studies, particularly for the development and validation of a real-time PCR 

method for assessing SpltNPV content in product quality control. 

3.3. Real-time PCR - Evaluation of the amplification capability of the SlNPVlef-8 primer pair 

The purified total DNA was used as the template for the real-time PCR reaction with the primer pair specific 

to the lef-8 gene, in order to evaluate the amplification capability of the SlNPVlef-8 primer pair and the suitability 

of the thermal cycling conditions for the detection of SpltNPV. The results are presented in Figure 2. 

Figure 2. Amplification curve (left) and corresponding melting curve (right) of primer-testing sample 

 The real-time PCR analysis showed that the SlNPVlef-8 primer pair efficiently amplified the positive 

control sample (108 OBs/g), as demonstrated by sigmoidal amplification curves with corresponding Ct values 

of 16.46 and 16.22 (Figure 2), which were consistent with the high DNA template concentration. Melting 

curve analysis revealed a single melting temperature (Tm) peak at 77.0℃, indicating that the amplification 

product was highly specific and that no non-specific products or primer dimers were observed. These results 

confirm the feasibility of the real-time PCR assay using the SlNPVlef-8 primer pair, providing a basis for 

further optimization of the reaction conditions and construction of the standard curve for method validation. 
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3.4. Method Validation 

3.4.1. Limit of Detection of the Method (LOD) 

To determine the LOD, total DNA extracted from 1 g of samples containing different SpltNPV 

concentrations, including 108, 107, 106, 105, 104, 103, 102, and 101 OBs/g, was used as the template in the real-

time PCR reaction with the specific primer pair for amplification of the lef-8 gene. The obtained results are 

shown in Figure 3. 

 

Figure 3. Results of the limit of detection assessment of the method at different OB concentrations 

(101 - 108 OBs/g) 

Figure 3 indicates that, at the viral concentration of 10² OBs/g, the cycle threshold (Ct) was approximately 

35. Therefore, the viral concentration of 102 OBs/g was predicted to be the lowest concentration detectable by 

the method. To determine the limit of detection, the reaction was repeated 10 times at the viral concentration 

of 10² OBs/g. The results presented in Figure 4 showed that the positive detection rate at 102 OBs/g was 100%. 

This result is fully consistent with previous studies on Helicoverpa armigera nucleopolyhedrovirus (HearNPV) 

and Spodoptera exigua nucleopolyhedrovirus (SeNPV), which demonstrated that real-time PCR systems 

targeting conserved genes involved in transcription/replication, including lef-8, lef-9, or DNA polymerase, 

generally exhibit high sensitivity, with detection limits in the range of 101 - 103 OBs/g or OBs/mL, depending 

on the sample matrix and DNA extraction procedure [15, 16]. Therefore, the LOD was determined to be 102 

OBs/g. 

 

Figure 4. Amplification curves (left) and corresponding melting curves (right) from 10 replicates of  

the sample containing 10² OBs/g 
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3.4.2. Accuracy (AC), specificity (SP), and sensitivity (SE) 

The amplification performance of the real-time PCR method was evaluated to determine its accuracy, 

specificity, and sensitivity by comparing the reaction against the target virus, SpltNPV, and non-target viruses, 

including Plutella xylostella granulovirus (PlxyGV), HearNPV, and SeMNPV. These non-target viruses were 

selected based on their biological and taxonomic relatedness to SpltNPV, including: a different lineage within 

the same family for PlxyGV, the same lineage but a different host for HearNPV, and the same genus 

Spodoptera with close genetic relatedness for SeMNPV. These viruses are all commonly used in biological 

plant protection products; therefore, they are suitable for evaluating the accuracy, specificity, and sensitivity 

of the method. 

 

Figure 5. Amplification curves (left) and corresponding melting curves (right) of the viral species 

Figure 5 indicates that the SpltNPV sample exhibited sigmoidal fluorescent amplification curves, with 

corresponding Ct values of 16.22 and 16.46, whereas no amplification signal was detected in the non-target 

virus samples (Ct = NA) under the same reaction conditions. Melting curve analysis showed a single Tm peak 

corresponding to the amplification product of SpltNPV (Tm = 77.0℃), while no characteristic peak was 

observed in the non-target samples. These results demonstrate the high specificity of the reaction and confirm 

the selective detection capability of the developed real-time PCR method for SpltNPV, thereby satisfying the 

requirements for evaluating accuracy, sensitivity, and specificity in subsequent validation steps. 

3.4.3. Construction of the standard curve 

The quantitative real-time PCR method was established based on the linear relationship between the target 

DNA concentration in the sample and the threshold cycle (Ct) value. The standard curve was generated using 

the analysis software of the CFX96 Touch Real-Time PCR Detection System (Bio-Rad, USA) in Figure 6. 

 

Figure 6. Standard curve at concentrations ranging from 101 to 108 OBs/g 
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The results showed a strong linear correlation between the threshold cycle and the log₁₀ of the target DNA 

concentration in the sample, with a coefficient of determination (R2) of 0.995. The slope of the standard curve 

was -3.251, and the amplification efficiency was 103.0%; these parameters were all within the acceptable range 

for real-time PCR analysis [17]. The linear regression equation of the standard curve was Y = -3.251X + 41.832, 

where Y represents the Ct value, and X represents the log₁₀ of the initial target DNA copy number (Sq - starting 

quantity). Based on this equation, the initial number of OBs in the sample was calculated using the following 

formula: Sq = 10 [(Ct - 41.832)/-3.251]. 

3.4.4. Limit of quantification (LOQ) 

Based on the lowest concentration detectable by the method, the limit of quantification (LOQ) was 

determined by repeating the experiment 10 times using samples with an OB density of 102 OBs/g. The results 

presented in Figure 7 showed that all 10 replicates were positive, corresponding to a 100% positive detection 

rate. Compared with previous studies, the level of 102 OBs/g obtained in this study falls within the commonly 

reported sensitivity range of real-time PCR systems used for baculovirus quantification [15, 16]. Therefore, it 

can be concluded that the LOQ is 102 OBs/g. 

 

Figure 7. Amplification curves (left) and corresponding melting curves (right) from 10 replicates of the 

sample containing 10² OBs/g. 

3.4.5. Repeatability (RSDr) and reproducibility (RSDR)  

To determine the repeatability (RSDr) and reproducibility (RSDR) of the method, experiments were 

performed in five replicates per sample, and reproducibility conditions were assessed using two analysts. The 

obtained results are shown in Figure 8. 

 

Figure 8. Amplification curves of five replicates at a concentration of 10² OBs/g performed by two analysts 
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Figure 8 showed relatively consistent amplification curves among replicates for both analysts, reflecting 

the stability of the system under the investigated conditions. The Ct values obtained by Analyst 1 ranged from 

33.22 to 34.63, with a mean of approximately 34.01 and a standard deviation (SD) of approximately 0.54, while 

those obtained by Analyst 2 ranged from 33.42 to 34.47, with a mean of approximately 33.93 and an SD of 

approximately 0.48. The mean Ct difference between the two analysts was only approximately 0.08 cycles, 

indicating a low level of inter-analyst variation. 

The repeatability values for Analysts 1 and 2 were 0.0044 and 0.0039, respectively, both of which were 

lower than the acceptance threshold of 0.25. This indicates low dispersion and good stability of the assay under 

repeatability conditions. In addition, the reproducibility between the two analysts was 0.0032, satisfying the 

requirement of being less than 0.35. These results indicate that the precision between analysts met the 

acceptance criterion and that inter-laboratory/operator variation was negligible. Furthermore, melting curve 

analysis showed a consistent Tm of 77.0℃ across all replicates, indicating that the amplification product was 

specific and stable. The positive control has  Ct values of approximately 28.38 to 28.43 with corresponding 

Tm values, whereas the negative control showed no signal (NA), thereby confirming the reliability of the 

reaction conditions and contamination control. 

4. CONCLUSION  

The quantification results obtained using the Neubauer counting chamber and the identification results for 

SpltNPV demonstrated that the QC sample was reliable for use as a reference material during the development 

of the detection and quantification method. On this basis, a real-time PCR method targeting the lef-8 gene was 

developed and evaluated. The method showed 100% accuracy, specificity, and sensitivity, with the LOD and 

LOQ of 102 OBs/g. The real-time PCR standard curve demonstrated a strong linear correlation between Ct 

values and the log₁₀ virus concentration (R2 = 0.995), with an amplification efficiency of 103.0%. In addition, 

the repeatability values (0.0044 and 0.0039) and reproducibility value (0.0032) were all within the acceptable 

limits according to CEN/TS 17329-1:2021 and ISO 22118:2011, demonstrating good precision and accuracy 

of the method. 

Overall, the results indicate that the proposed real-time PCR method is highly reliable and practically 

applicable for quality control and quantification of SpltNPV in powdered biological plant protection products. 

This contributes to the standardization of procedures for assessing viral content and improving the management 

and use of virus-based products in sustainable agricultural production. 
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