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Abstract

Background: Respiratory viral infections are a main cause of acute respiratory disease and contribute to morbidity
worldwide. The wide diversity of viruses presents challenges for comprehensive detection.

Objectives: To develop, optimize, and evaluate polymerase chain reaction (PCR) primers targeting genomic regions of
human respiratory viruses, including Adenovirus, Bocavirus, Parvovirus B19, Influenza virus, Respiratory syncytial virus,
Metapneumovirus, Rhinovirus, Enterovirus A71, Coxsackievirus A16, Parainfluenza virus, Measles virus, Mumps virus,
and Coronaviruses.

Methods: Genome reference sequences (2019-2025) were obtained from NCBI and BV-BRC databases. Nucleotide sequences
were aligned using MEGA X to identify conserved regions for each virus and designed as primers with degenerate bases
to support sequence variation based on standard parameters, which consist of melting temperature (55°C-68°C), GC content
(35.0% — 65.0%), amplicon length (380—700 bp), and predicted secondary structure using the OligoAnalyzer™ and Oligos.
Primer specificity was assessed using sequence alignment and similarity searches using the NCBI BLAST to minimize off-
target sequences. Then, gradient PCR was performed to optimize the annealing temperature, and the limit of detection was
evaluated using a 10-fold serial dilution of the standard plasmid containing the specific gene of each virus.

Results: This study demonstrated that 16 primer pairs with suitable thermodynamic properties exhibited minimal secondary
structures. Preliminary results showed that all primers successfully produced PCR products of the expected amplicon size,

without cross-amplification with human cDNA samples. The limit of detection ranged from 107 to 10° copies/puL.

Conclusion: These findings provide a preliminary result of suitable candidate primers for human respiratory viral detection.
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Acute respiratory infections (ARIs) are highly
prevalent worldwide, causing significant morbidity,
mortality, and economic impact on healthcare systems.
The study reported more than 17.2 billion episodes
globally, with an incidence rate of 162,485 cases per
100,000 population in 2021. @ Furthermore, in
Thailand, the incidence of non-COVID-19 acute
respiratory infections has risen following the relaxation
of COVID-19 control measures. In 2023, the virus
was detected in 78.5% of patients with all-age acute
respiratory infections, particularly children, who were
at the highest risk of infection. Infection of the
respiratory tract often spreads to become more severe
lower respiratory tract infections, which is the cause
of most of the mortality. ®* Recent epidemiological
studies reported that respiratory infection-related
hospitalizations with unknown etiology after the
COVID-19 pandemic are associated with distinct
seasonal and demographic patterns, leading to
difficulty in diagnosis. @ Patients with upper
respiratory infections can often recover by
themselves. However, viral-bacterial and viral-viral
co-infections, such as RSV with influenza A, rhinovirus
with adenovirus, and Mycoplasma pneumoniae, can
constitute major factors in serious illnesses. &9

Current upper respiratory infection diagnoses rely
mostly on symptom-based clinical assessment and
patient medical history. However, this approach may
lead to an imprecise or unknown etiology. Laboratory
diagnostic methods such as viral culture and serological
assays are time-consuming, ” while multiplex real-
time PCR (qPCR) assays are typically limited to
detecting a restricted number of pathogens. ®
Therefore, molecular approaches capable of detecting
multiple pathogens simultaneously are important for
improving diagnosis, surveillance, and molecular
epidemiological investigations.

Previous studies have developed multiplex PCR
panels and metagenomic sequencing approaches for
detecting multiple respiratory viruses. ©- ' Most
existing primer sets are designed to generate relatively
short amplicons for qPCR, which provides high
amplification efficiency and sensitivity. Amplicons for
gPCR may offer limited taxonomic resolution for
pathogen identification compared to sequencing-based
detection. However, PCR primers suitable for
sequencing-based detection across multiple respiratory
virus groups remain relatively limited. Therefore,
continued development of updated primer designs is
still needed.
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The PCR development typically starts from in
silico primer design, followed by optimization,
evaluation, and clinical validation. In silico analysis
uses bioinformatics tools to assess optimized primer
quality and predict potential problems such as
secondary structures, primer dimer formation, and non-
specific amplification. In addition, there is a need to
design primer sets and update them to accommodate
rapid viral genome mutation. Thus, the purpose of this
study was to design, optimize, and evaluate PCR
primers for the amplification of genomic regions from
various human respiratory viruses, which potentially
improves the accuracy of viral identification and is
useful for future molecular epidemiology studies.

Materials and methods
Viral genome sequence collection and primer
design

Whole-genome sequences of each virus were
retrieved, particularly between 2019 and 2025, from
reference databases including the National Center for
Biotechnology Information (NCBI) and the Bacterial
and Viral Bioinformatics Resource Center (BV-BRC).
The lists of human respiratory viruses and candidate
genes were summarized in Table 1. Complete
FASTA sequences of each family were aligned to
identify conserved regions within viral genes across
different viral genomes for viral species classification.
Multiple sequence alignments were conducted using
MEGA X with the Clustal W algorithm. Consensus
sequences generated for each viral family were used
to design virus-specific primers using Primer-BLAST.
Primer design parameters will include a length of 18—
25 nucleotides, GC content of 35%—-60%, and an
amplicon size of 380—700 bp. All primers had a melting
temperature (T ) of 55°C —66°C and demonstrated
high specificity to the target virus, without predicted
similarity with Homo sapiens (taxid: 9606) using
Human RefSeqGene sequences database and other
pathogen genomes based on BLAST searches against
The NCBI database. Additionally, those primers were
generated combined with [UPAC codes, with less than
5 positions mismatch, and avoid a 5-base at the 3’
ends for degenerate primers to enable broad
applicability across different strains within each viral
family. Primer secondary structures, including hairpins
(AG > -3 kcal/mol), self-dimers (AG > -5 kcal/mol),
were evaluated using the OligoAnalyzer, and primer-
dimers were assessed using the Oligos software
(Table 2).
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Table 1. Respiratory viruses in the PCR panel.
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Family Virus Abbreviation Target
gene*
Adenoviridae - Human adenovirus (1, B1,B3,B114,7,21a, 55, HAd4V
E4,D37,41)- Human mastadenovirus A-F HAdV-Ato HAdV-F Hexon
Parvoviridae - Human bocavirus 1, 2 HBoV-1,HBoV-2 NS1
- Human parvovirus B19 BI19V NS1
Orthomyxoviridae - Influenza A (HIN1, H3N2, HSN1, H7N9, HON2) 1AV M
- Influenza B (Victoria, Yamagata) BV PB2
- Influenza C Icv PB2
Pneumoviridae - Respiratory syncytial virus A, B RSV-A,RSV-B N
- Human Metapneumovirus hMPV Fto M2
Picornaviridae - Human Rhinovirus A-C HRV-Ato HRV-C
- Enterovirus A71 EV-AT71 5'UTR
- Coxsackievirus A6, A10,A16 CV-A6,CV-A10,CV-A16
Paramyxoviridae - Human parainfluenza viruses 1 hPIV-1 RdRp
- Human parainfluenza viruses 2 hPIV-2 HN
- Human parainfluenza viruses 3 hPIV-3 RdRp
- Human parainfluenza viruses 4 hPIV4 M
- Measles - P/V/C
- Mumps - F
Coronaviridae - Severe acute respiratory syndrome coronavirus 2~ SARS-CoV-2
- Middle East respiratory syndrome coronavirus MERS-CoV RdRp
- Human Coronavirus OC43, HKU1 HCoV-0OC43,HKU1
- Human Coronavirus 229E, NL63 HCoV-229E,NL63 RdRp

PCR optimization for the detection of human
respiratory viruses

Viral DNA fragments derived from each viral
target gene were synthesized and inserted into a
pUCS57 vector (Beijing Tsingke Biotech, China). These
templates were verified by Sanger sequencing and
then used as a template (10° copies/ul) for PCR
amplification of each viral target gene. PCR assays
were optimized using gradient PCR to adjust a suitable
annealing temperature ranging from 55°C-64°C. The
optimized condition consists of final reagent
concentrations as follows: 1X standard 7aq reaction
buffer, 200 uM dNTPs, 0.2 uM of each primer, 0.025
U/uL of Tag DNA polymerase (NEB™, USA), 10°
copies/uL of plasmid templates, and DEPC-adjusted
volume to 12.5 pL. PCR amplification was carried
out in the Eppendorf Mastercycler Nexus GSX1
thermal cycler. PCR conditions included 1 cycle of
initial denaturation at 95°C for 2 minutes, followed by
40 cycles of amplification (denaturation at 95°C for
30 seconds, annealing at 56°C for 30 seconds, and
extension at 68°C for 1 minute), followed by 1 cycle
of final extension at 68°C for 5 minutes. PCR products
were subsequently visualized using 2% gel
electrophoresis with BIO-Print gel documentation
(Vilber, France)

Non-specific amplification against human genes

For non-specific amplification, the assay was
evaluated against RNA extracted from saliva and
nasal swabs of healthy individuals (n = 6) at King
Chulalongkorn Memorial Hospital. This protocol has
been approved by the Institutional Review Board
(IRB) (IRB No. 0059/69), Faculty of Medicine,
Chulalongkorn University. RNA was extracted using
Quick-RNA Viral Kit (Zymo Research, USA)
according to the manufacturer’s instructions.
Extracted RNA was reverse transcribed into cDNA
using random hexamers and Revert Aid Reverse
Transcriptase (Thermo Scientific™, USA) following
the manufacturer’s protocol. The human cDNAs were
used as a template for non-specific testing of the
assay. The human GAPDH gene was amplified
using Primer GAPDH_F85; GTGAAGGTCGGAG
TCAACGG and GAPDH_R603; GTTGTCATGG
ATGACCTTGGC from a previous study. 112 PCR
amplification was performed under the optimized PCR
conditions of each primer pair, whereas the GAPDH
primer was amplified at an annealing temperature (T)
of 60°C. GAPDH amplification served as an internal
control for cDNA quality assessment.
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Figure 1. Gradient PCR optimization of the sixteen primers using annealing temperatures ranging from 56°C to 64°C.

Limit of detection

The limit of detection was evaluated using a 10-
fold serial dilution (10° to 10 copies/ul) of the
synthesized template containing the specific gene of
each virus as a template, under optimized PCR
conditions. PCR products were then visualized using
2% agarose gel electrophoresis. The lowest
concentration of template that yields a positive band
represents the limit of detection of the assay.

Results
Primer design and in silico evaluation

Primers were designed based on predefined
criteria, including melting temperature (59.2°C
—67.8°C), GC content (36.8%—65.0%), amplicon length
(396-698 bp), and predicted secondary structures.
Candidate primers were evaluated in silico for
potential hairpin formation (AG =-3.26-2.61 kcal/mol)
and thermodynamic stability. A total of 16 primer pairs
were designed to provide broad coverage of the major
human respiratory viruses (Table 2). In addition, all
primer sequence similarity searches against nucleotide
databases did not match the human genome (Homo
sapiens).

PCR optimization for the detection of human
respiratory viruses

The gradient PCR optimization results for the 16
primer pairs are shown in Figure 1. Agarose gel
electrophoresis demonstrated that an annealing
temperature of 56°C produced clear amplification
bands with low primer-dimer formation compared
to other tested temperatures. In addition, this
temperature provided the most consistent
amplification across all primer panels. Therefore,
56°C was selected as the optimal annealing
temperature for PCR amplification of all primer pairs.
Each primer pair was subsequently evaluated using
PCR amplification to confirm successful amplification
of products. The PCR results showed clear bands
corresponding to the predicted amplicon sizes (Figure
2A).

Non-specific amplification against human genes

For the non-specific amplification evaluation,
pooled human cDNAs from healthy specimens were
tested against the 16 candidate primer pairs. The
results showed that no nonspecific PCR product bands
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11 12 13 14 15 16 N
Lane 1 =IAV (649 bp)
Lane2 =IBV (507 bp)
Lane3 =ICV (671 bp)
- — - Lane4 =HCoV-229E (496 bp)
e Lane5 =SARS-CoV-2 (540 bp)
Lane 6 =HBoV (595 bp)
Lane7 =BI19V (520 bp)
Lanc8 =HAdV (638 bp)
Lane9 =hMPV (675 bp)
Lane 10 =hPIV-3 (698 bp)
11 12 13 14 15 16 17 N Lanell=hPIV-4 (528 bp)
Lane 12 =hPIV-2 (592 bp)
Lane 13 =RSV (537 bp)
Lane 14 = Mumps (656 bp)
Lane 15 = HRV (396 bp)
Lane 16 = Measles (620 bp)

Lane 17 = human GAPDH (519 bp)
N = Negative control
M =Marker

Figure 2. PCR specificity and non-specific amplification analysis. (A) Specific amplification of each primer pair using
synthesized plasmid templates as positive controls. (B) Evaluation of non-specific amplification using healthy human

c¢DNA, with GAPDH as an internal control.

N 10 10> 10° 10* copies/uL N 10 10> 10° 10* copies/pL N 10 10> 10 10* 105 10° copies/uL
TIAV IBV e ICV
HCoV-229E SARS-CoV-2 B19V
““~ HBoV - HAQV Mgy 4 . hpPIvV4
s hMPV hPIV-3 RSV
= hPIV22 Mumps
HRV s «wu Measles

Figure 3. Limit of detection (LoD) analysis of each primer pair using synthesized templates at different template

concentrations.

were observed for each primer pair. GAPDH gene
amplification was included as an internal control to
confirm ¢cDNA quality. The GAPDH primer
successfully generated the expected amplicon
(Figure 2B), confirming the absence of non-specific
amplification in tested human cDNA at the selected
56°C annealing temperature.

Limit of detection

The analytical sensitivity of the designed primer
sets ranged from 102 to 10u copies/uL, depending on
the target virus. The lowest detection limit (10? copies/
uL) was observed for the Human adenovirus (HAdV)
and Human metapneumovirus (hMPV) primer sets.
Most primer sets, including those targeting Influenza

B virus (IBV), Alphacoronaviruses (HCoV-229E),
Betacoronaviruses (SAR-CoV-2), Human bocavirus
(HBoV), Human parainfluenza viruses 3 (hPIV-3),
Human parainfluenza virus 2 (hPIV-2), Human
parainfluenza virus 4 (hPIV-4), Respiratory syncytial
virus (RSV), Human rhinovirus (HRV), and Measles
virus, demonstrated detection limits of 10° copies/uL.
Detection limits of 10t copies/uL were observed for
Influenza A virus (IAV), Human parvovirus B19
(B19V), and Mumps virus primer sets, while the
Influenza C virus (ICV) primer set showed the lowest
analytical sensitivity, with a detection limit of 10u
copies/pL. Detailed sensitivity results for each primer
pair are shown in Figure 3.
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Discussion

This study demonstrated that conserved genomic
regions across multiple respiratory viruses can be
identified and used to design primer sets based on
standard primer design criteria. A total of 16 primer
pairs were generated to cover seven viral families
commonly associated with human respiratory
infections. However, designing universal primers to
cover high genetic variability requires some
compromise to target variable regions, so this study’s
criteria differed from standard parameters. (e.g., GC
content < 40%, AG > -2 kcal/mol). Furthermore, the
incorporation of degenerated bases to avoid mismatch
between primer and viral sequence variation leads to
unstable melting temperatures (T ). *’ Additionally,
annealing temperature (T,) is normally 5°C less than
T . Therefore, the primer with higher T , such as an
adenovirus primer pair, exhibits a mean calculated T
above 66°C, but the optimal annealing temperature is
56°C because of the presence of multiple degenerated
positions. These findings suggested that primer sets
were capable of targeting a wide range of respiratory
viruses with no preliminary cross-reactivity in the
tested human ¢cDNA. Therefore, primers were
suitable for agarose gel electrophoresis—based
detection and might be applied for downstream
sequencing applications.

For most viral groups, including Influenza A virus,
Influenza B virus, Influenza C virus, Human bocavirus,
Human parvovirus B19, Human metapneumovirus,
Human parainfluenza virus 4, Human parainfluenza
virus 2, Respiratory syncytial virus, Measles virus, and
Mumps virus, PCR products can be differentiated by
agarose gel electrophoresis. However, some viruses,
such as Human coronavirus 229E, Human coronavirus
NL63, Severe acute respiratory syndrome coronavirus
2, Middle East respiratory syndrome coronavirus,
Human coronavirus OC43, Human coronavirus
HKU1, Human adenovirus, Human parainfluenza virus
1, Human parainfluenza virus 3, Human rhinovirus,
Enterovirus A71, and Coxsackievirus, could not be
clearly distinguished due to similar product sizes.
Additional sequencing analysis is required for accurate
viral identification. From a previous study, next-
generation sequencing analysis was performed to
detect four human seasonal coronaviruses (Human
coronavirus OC43, Human coronavirus HKUI1,
Human coronavirus 229E, and Human coronavirus
NL63). 1 The sequencing data can be used for viral
identification, phylogenetic analysis, mutation tracking,
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and molecular epidemiological surveillance. Moreover,
Influenza A and Influenza B virus primers were
designed from relatively conserved genomic regions,
including the matrix (M) and polymerase basic protein
2 (PB2) genes, to support broad viral detection. They
may not provide sufficient resolution for strain-level
identification. Additional analysis of subtype-
associated genes, such as the hemagglutinin (HA) and
neuraminidase (NA) genes, might be required for more
accurate influenza strain characterization. '

Overall, these primers could support the broad
screening of multiple respiratory viruses from a
minimal sample volume. Future coupling of this initial
targeted amplification with rapid sequencing
technologies could significantly reduce turnaround
times compared to traditional viral culture or serological
assays. 9 This integrated approach would provide
comprehensive species identification, ultimately
supporting timely clinical decision-making and patient
management.

However, this study has some limitations. First,
primer design was performed in silico, and
experimental evaluation was conducted using
synthesized plasmid templates. Thus, this study
represents a preliminary analytical evaluation. The
predicted performance might not fully reflect clinical
sample conditions. Further evaluation using clinical
specimens is required to confirm the performance and
diagnostic applicability. Second, the analytical
specificity was tested against a limited number of
human cDNA samples, which only provides an initial
in vitro baseline. Lastly, the limit of detection for
Influenza C virus was relatively high (10° copies/
pL), reflecting a sensitivity trade-off in broad-range
viral screening. Since Influenza C has low
epidemiological significance, 17 future development
plans might remove Influenza C from the panel to
optimize resources. Despite these limitations, this
study provides an important framework for further
clinical evaluation and validation of PCR-based
respiratory virus detection using clinical specimens.

Conclusion

This study designed candidate PCR primers
targeting major human respiratory viruses. The
designed primer sets provide a preliminary result for
further optimization and evaluation of PCR-based
assays for respiratory virus detection in laboratory and
clinical applications.
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