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In-house standardization and validation of a multiplex
RT-PCR assay for the detection of 13 respiratory viruses
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deteccion de 13 virus respiratorios
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Abstract

Background. Multiplex real time PCR is increasingly used to diagnose respiratory viruses
and has shown to be superior to traditional methods, such as culture and antigen detection.
Objective. Standardization and validation of a multiplex real-time PCR assay for the detection
of 13 respiratory viruses. Methods. The assay was validated using RNA control targets and
comparing results to single-target PCR’s. Results. Using RNA controls the multiplex format
was found to be as sensitive and specific as the single-target PCRs, and no competition was
observed between targets. The efficiencies for most of the reactions were approximately 90%,
but a lower efficiency was found for Parainfluenza 2 with a rate of amplification in each cycle of
86.63%. On the other hand, a higher efliciency was observed in respiratory syncytial virus A and
respiratory syncytial virus B ((93.07% each). Conclusion: This multiplex RT-PCR format shows
an adequate efficiency, demonstrating an excellent sensitivity, specificity and repeatability for all
the studied respiratory viruses.
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Resumen

Antecendentes. PRC multiple en tiempo real es usada cada vez mds para el diagnéstico de virus
respiratorios y ha mostrado ser superior a metodos tradicionales, como cultivo y deteccién de
antigeno. Objetivo. Estandarizar y validar una PRC multiple en tiempo real para la deteccién
de 13 virus respiratorios. Metodos. El ensayo fue realizado usando blanco de RNA control y
comparando los resultados a blancos tnicos de PCR. Resultados. Usando el RNA control, el
formato de multiplex era tan sensible y especifico como la PCR. Las eficiencias para la mayoria de
las reacciones de aproximadamente el 90%, pero una eficiencia baja fue encontrada para influenza
2 con una tasa de amplificacién en cada ciclo de 86.63%. Por otra parte, una mayor eficiencia
fue observada en virus sincitial respitario A y B (93, 67% cada uno). Conclusién. Este formato
RT-PCR multiple muestra una adecuada eficiencia, demostrando un excelente especificidad y
reproducibilidad para todos los virus respiratorios estudiados.
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Introduction

Viral Acute respiratory infections (ARI) remain a
major cause of morbidity, mortality and economic
losses (1). These infections are often self-limiting.
In certain risk groupssuch as children under 5 years,
those over 60 years and immunocompromised
people, may show acute clinical symptoms and

death (2, 3, 4).

Evaluate the actual impact of infections caused
by the most common respiratory viruses, in
a qualitative and quantitative way, is and has
been a challenge. One reason, is that diagnosis
in most countries is based on the use of
conventional methods, such as viral culture or
immunofluorescence (IF) (1, 5, 6).

Indirect immunofluorescence (IF) is faster but
less sensitive than cell culture. Despite being a
technique with high specificity, does not have a
high sensitivity, leading to false negative results
(1). Also, a significant number of samples remain
negative, despite clinical suspicion of viral infec-
tion (7, 8, 9, 10). Viral culture is still considered
as the “gold standard” for respiratory viruses
detection, but it is limited by the elapsed time for
getting results (up to 14 days) and by the strict
conditions for transport and storage of samples in
order to conserve virus infectivity (11). For this
reason, in the recent years the Polymerase Chain
Reaction (PCR) has improved the diagnostic of
viral infections, being a powerful tool for the
detection and quantification of RNA or DNA. The
real-time PCR is increasingly used in diagnostics
due to its high sensitivity and good reproducibility
(12, 13). Previous studies have demonstrated the
superior sensitivity of multiplex real-time PCR
over traditional methods (14, 15).

The objective of the present study was to standardize
and validate an in house Multiplex real-time
PCR for the detection of 13 respiratory viruses
(Influenza A and B, Respiratory Syncytial Virus
(RSV) A and B, Adenovirus, Parainfluenza 1, 2 and
3, rhinovirus, coronavirus 229E and coronavirus

OC43, metapneumovirus and Human Bocavirus)
in respiratory samples, obtained through the
sentinel surveillance program from Bogotd,
Colombia. Approval by an ethics committee
was not requested since this work is part of the
program for epidemiological surveillance from the

Health Department of Bogota, Colombia.

Materials and Methods

In silico analysis of primers and probes

Bioinformatic analysis was performed using Fast-
PCR software, version 6.2.96, for all the primers
and hydrolysis probes (TagMan probes), in order to
verify their specificity (16, 17, 18). After defining
that the primers and probes were adequate for the
analysis, the work mixtures were defined, Table 1,
and in silico tests were performed, to verify the
specificity of such mixtures.

Viral Controls

The nucleic acids controls for Influenza viruses A and
B, Parainfluenza 1-3, Respiratory Syncytial Virusand
Adenovirus were provided by the National Institute
of Health (Colombia). The controls for Rhinovirus,
Coronavirus 229E and OC43, Metapneumovirus
(cell cultures) and Human Bocavirus (plasmids)
were obtained from the Centers for Diseases Control

(CDCQC), Atlanta, USA.
Nucleic Acid Extraction and Real-time PCR

Nucleic acids for Rhinovirus, Coronavirus 229E,
Coronavirus OC43, and Metapneumovirus were
extracted using QIAamp® Viral RNA Mini Kit
(QIAGEN Cat. N°.52906). Nucleic acids were
kept frozen at -70°C until use. All PCR reactions
(monoplex and multiplex) were performed on a
CFX96 thermocycler (BioRad), using exactly the
same conditions for all reactions.

Amplifications were performed in a final reaction
volume of 25 pl, using 5 pl of control viral nucleic acid
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Table 1. Sets of Primers and hydrolysis probes
PRIMER SEQUENCE 5™~ 3"

MIX VIRUS

Vargas et al. In-house standardization and validation

PROBE SECUENCE 5 - 3~ TARGET

CoV CAGTCAAATGGGCTGATGCA d FAM-CCCTGACGACCACGTT- Nucleocapsid
229E  AAAGGGCTATAAAGAGAATAAGGTATTCT GTGGTTCA-BHQ1 (N)
] Cov CGATGAGGCTATTCCGACTAGGT d Quasar 670-TCCGCCTGGCACG- Nucleocapsid
OC43 CCTTCCTGAGCCTTCAATATAGTAACC GTACTCCCT-BHQ2 (N)
RP AGATTTGGACCTGCGAGCG d HEX -TTCTGACCT GAAGG RnasaP
GAGCGGCTGTCTCCACAAGT TCTGCGCG-BHQI
VSR A AGATCAACTTCTGTCATCCAGCAA d FAM —CACCATCCAACGGAG- Nudleocapsid
TTCTGCACATCATAATTAGGAG CACAGGAGAT-BHQI1
5 VSRB AAGATGCAAATCATAAATTCACAGGA d Quasar 670-TTTCCCTTCC- Nudleocapsid
TGATATCCAGCATCTTTAAGTA TAACCTGGACATA-BHQ2
RV TGGACAGGGTGTGAAGAGC d HEX -TCCTCCGGCCCCTGA- Region 5°
CAAAGTAGTCGGTCCCATCC ATG-BHQI &
PIV 1 ACCTACAAGGCAACAACATC d Quasar 670-CAAACGATGGCT- Gene HN
CTTCCTGCTGGTGTGTTAAT GAAAAAGGGA-BHQ2
3 PIV 2 CCATTTACCTAAGTGATGGAA d HEX -AATCGCAAAAGCTGTT- Gene HN
CGTGGCATAATCTTCTTTTT CAGTCAC-BHQ1
PIV 3 CCAGGGATATAYTAYAAAGGCAAAA d FAM-TGGRTGTTCAAGACCTC- Gene HN
CCGGGRCACCCAGTTGTG CATAYCCGAGAAA-BHQ1
FLU A AAAGCGAATTTCAGTGTGAT d FAM-CCCTCTTCGGTGAAA- Gene NS1
GAAGGCAAT GTGAGATTT GCC CT-BHQI1
4 FLUB GTCCATCAAGCTCCAGTTTT d Quasar 670-CCTCCGTCTC- Nucleoprotein
TCTTCTTACAGCTTGCTTGC CACCTACT TCGTT-BHQ2
AACCGTGTACTAAGTGATGCACTC d HEX-CTTTGCCATACTCAAT- .
MPV Nucleocapsid
CATTGTTTGACCGGCCCCATAA GAACAAAC- BHQI1
AdV GCCACGGTGGGGTTTCTAAACTT d FAM-TGCACCAGACCCGG- Gene hexén
5 GCCCCAGTGGTCTTACATGCACATC GCTCAGGTAC TCCGA-TAMRA
BoV TGCAGACAACGCYTAGTTGTTT d Quasar 670-CCAGGATTGGGTG- Gene NS1
CTGTCCCGCCCAAGATACA GAACCTGCAAA-BHQ2

and Superscript I1I Platinum One step q-RT-PCR kit
(Invitrogen). Reverse transcription was performed for
30 min at 50°C, the Platinum Taq polymerase was
activated at 95°C for 2 min and 44 cycles of PCR
performed at 95°C for 15s and 55°C for 30's.

Standardization

Several trials were conducted in the laboratory.
Initially, in monoplex reactions and then in multiplex
reactions, testing primers and hydrolysis probes in
order to determine the optimum concentration of
reactants and the best conditions for amplification.

Threshold cycle (Crt) is indicated in the results

section. This value reflects the number of cycles for

a particular reaction where the emission intensity of
the probe rises above the background noise, crossing
the threshold. So that, the lower the Ct value the
higher RNA or DNA target is present in the sample.

Measuring of Sensitivity and Specificity

To determine the behavior of the system, in
response to variations in the concentration of
nucleic acids, an assay of analytical sensitivity was
carried out in monoplex and multiplex reactions.
These assays were performed in triplicate serial
dilutions, in base 10 (I x 10! - 1 x 10?) from
the original control for each virus included in
the study. All the controls were quantified to
determine the initial concentration.

11
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Specificity assays were performed analyzing
potential cross reactions with Bordetella pertussis
and Rotavirus. The bacterium Bordetella pertussis
can be found in the respiratory tract and Rotavirus
was not found because it is a gastrointestinal virus.
To perform this evaluation, positive samples for
these two pathogens were analyzed using the
primers and probes defined for this work.

Efficiency

Amplification efficiency of PCR reactions were
determined in order to obtain valid comparisons
between different samples. To determine the
efficiency of amplification in a given primer set,
serial dilutions from the original control of each
virus included in the study were performed and a
standard curve was constructed. The eficiency was
calculated according to the following formula:

E — [10 (-llpcndiemc)] _1
Repeatabiliry

Repeatability was calculated analyzing three
individual aliquots of dilutions with Cts between

20-40. The standard deviation was calculated as
an indicator of repeatability in monoplex and
multiplex reactions.

Results
Standardization

Standardization of multiplex assays was performed
on viral characterized controls, provided by the
“Instituto Nacional de Salud” (INS) and the
CDC. Initially, monoplex PCRs were performed
to ensure the specificity of the primers and probes.
In all cases, each virus was detected only for the
specific set of primers and probes, being the lowest
Ctvalue for the Adenovirus (10.56) and the highest
for respiratory syncytial virus B (24.00). Multiplex
PCRs were tested to verify that cross-reactions
were avoided and that results were similar to those
obtained for monoplex reactions. The lowest Ct
value (11.10) was for Adenovirus and the highest
for Respiratory Syncytial Virus B (24.93).

The last dilutions showing signal in the Multiplex
PCRs were between the ranges of 1 x 107 for
Parainfluenza 2 and 1 x 10?® for Adenovirus.

Table 2. Calculation of the theoretical threshold of each virus dilution, implementing real-time multiplex PCR

Multiplex PCR

M Virus Curve Eq ** Theoretical dilution threshold ©
Influenza A y = 3,603d + 24,61 1x104%
1 Influenza B y =3,599d + 16,97 1x10°%
Metapneumovirus y = 3,605d + 18,99 1 x 1075
Respiratory Syncytial Virus A y =3,502d + 21,01 1 x10°%
2 Respiratory Syncytial Virus B y = 3,508d + 24,84 1 x 10743
Rhinovirus y = 3,597d + 16,47 1x 10
Parainfluenza 1 y = 3,575d + 23,85 1 x 104!
3 Parainfluenza 2 y = 3,699d + 28,74 1x103%
Parainfluenza 3 y =3,598d + 15,85 1x 107!
4 Coronavirus 229E y =3,598d + 16,53 1x 102
Coronavirus OC43 y =3,599d + 19,00 1x 103"
Adenovirus y=3,601d + 11,19 1x10°%
> Human Bocavirus y =3,593d + 17,94 1x 1061

a: Calculated in the analytical sensitivity assay for Multiplex PCR reaction.
b: d = Dilution factor.

c: Calculated by setting the value of y (Ct) in 40, in the equation determined for each virus
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Table 3. Results of the efficiency (E) of the real time Multiplex PCR obtained from the slope of each virus.ultiplex PCR

Multiplex Virus Slope E % E
Influenza A -3.60 0.8957 89.57%
1 Influenza B -3.59 0.90 90%
Metapneumovirus -3.60 0.8957 89.57%
Respiratory Syncytial Virus A -3.50 0.9307 93.07%
2 Respiratory Syncytial Virus B -3.50 0.9307 93.07%
Rhinovirus -3.59 0.90 90%
Parainfluenza 1 -3.57 0.9059 90.59%
3 Parainfluenza 2 -3.69 0.8663 86.63%
Parainfluenza 3 -3.60 0.8957 89.57%
4 Coronavirus 229E -3.60 0.8957 89.57%
Coronavirus OC43 -3.60 0.8957 89.57%
Adenovirus -3.60 0.8957 89.57%
> Human Bocavirus -3.59 0.90 90%
Furthermore, the theoretical dilution threshold for Discussion

detection of respiratory viruses using the real-time

multiplex PCR was calculated, Table 2.

Efficiency

Efficiency was calculated for each virus in Mul-
tiplex PCRs reactions, obtaining efficiencies of
93.07% for Respiratory Syncytial Virus A and
Respiratory Syncytial Virus B, 90% for influenza
B virus, Rhinovirus, and Human Bocavirus.
Parainfluenzavirus 2 showed the lowest efficiency

(86.63%), Table 3.
Repeatabiliry

Detection of virus RNAs were performed in
triplicates. Three independent replicates were
performed for both, PCR Monoplex and Multiplex
reactions. The runs for Monoplex PCRs showed
coefficients of variation between 0.006 - 0.036.
For Multiplex PCRs the coeflicients of variation
were between 0.01 - 0.036. Parainfluenza 1 virus
was a case out of range (1.18). These findings
indicate a high repeatability for both Monoplex
and multiplex PCR assays.

Cell culture is still considered as the “gold standard”
for the identification of the most prevalent
respiratory viruses. Although this method presents
some difficulties, such as instability of cultured
cells, maintenance of cell cultures, the long time to
obtain results, among others (1, 19, 20). Actually,
many methods exist for a quick identification of viral
infections. However, the molecular tests have showed
excellent performance and may representan alternative
for the diagnostic of routine in the laboratory (1).

This study describes the development of five real-
time multiplex PCRs that can run together, for
the detection of 13 respiratory viruses.

Tests for sensitivity, specificity and repeatability
(from characterized viral controls) were conducted
to determine the robustness of the implemented
Multiplex  real-time PCRs for processing
respiratory specimens.

A good sensitivity was found for both the systems,
monoplex and multiplex PCRs. The lowest
dilution showing signal for the Multiplex system

13
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ranges between Ct 37.01 to Ct 40.01 for each
virus. Results were very similar for both types
of assays, although the Ct values were higher in
the Multiplex PCR assays. This situation could
be attributed to reaction kinetics, when several
primers and probes are in a single mixture.

The specificity tests showed that the primers and
probes are specific for the virus included in the
study (Influenza A and B, Respiratory Syncytial
Virus A and B, Adenovirus, Parainfluenza 1, 2
and 3, Rhinovirus, Coronavirus 229E - OC43;
Metapneumovirus and Human Bocavirus ), and
not cross reactions were observed when genetic
material from Rotavirus and Bordetella pertussis
was included.

Theoretically, the number of copies of genetic
material doubles each round of PCR, so that for
each dilution 1:10 Ct value must have an increase
of around 3.32 (21). By plotting the Ct values
vs dilution, and calculate the equation of the
line, the slope (m) represents this value. This is
an important issue because the efficiency of the
PCR reaction should be between 90-100% (slope
between 3.32 and 3.6) (21). If the efliciency is
100%, the Ct values of 3.32 appeared in each
dilution for each cycle. If the slope is less than
-3.6, then the efficiency of the PCR begins to
decrease. Besides, the value of R? for a standard
curve represents how well the experimental data
fit the regression line, i.e. how the data are linear.
Therefore, ideally the value of R?should be > 0.99
(21). In this study, the slopes for different viruses
for Multiplex PCRs range between 3.5 and 3.69.

The efficiency for PCR amplification is often
presented as a percentage, i.e. the percentage of
amplified genetic material in each cycle, finding
for most viruses efliciencies around 90%. The
lowest efhiciency was found for Parainfluenza 2
virus, with a percentage of amplification of genetic
material in each cycle of 86.63%. In contrast,
the higher efficiency was found for Respiratory
Syncytial Virus A and Respiratory Syncytial Virus
B, with a value of 93.07%.

The coefficient of determination (R?), also calculated
from the equation of the line, indicates the percentage
of variability of the Ct values. In this study, R2
values remained above 0.99, being in most cases 1,
indicating a strong correlation between the data.

Itisimportant that the PCR efliciency has adequate
values, because for 100% efficiency, the amount
of genetic material is doubled in each cycle. With
efficiencies of 90% which was obtained by us, the
genetic material increase in 1,9 for each cycle. A
small difference in PCR efficiency makes a great
difference in the quantity of final product, since
every time the quantity of obtained product is
also lower. This situation forces to perform higher
number of cycles to detect a particular amount of
genetic material (22-23).

Performing repeatability tests for the implemented
PCR assays is quite important. An excess in
variability should be corrected before continuing
the process of validation and implementation
of the technique. The variation of the detected
average value is determined as an indicator of the
repeatability. Our Multiplex PCRs have very low
values, ranging from 0.01 to 0,036 with a case of
anomalous standard deviation of 1.18 for the 10!
dilution of Parainfluenza virus type 1. Probably,
this situation was achieved because the Ct,
obtained for the first replica, was lower than that
obtained for the others. An excess of PCR target
could generate this kind of anomaly. Except for
this discrepancy, the data indicate that PCRs have
a good agreement between results for each run, in
order to ensure reliable results.

Conclusion

The present study showed a good performance
for the multiplex PCR assays, to detect 13 agents
tightly associated- to respiratory tract disease.
These assays have some advantages, such as not
requiring post PCR handling and could be used
in quick diagnostic procedures for the detection
of respiratory viruses.
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