
M A J O R  A R T I C L E

COVID-19 and Flu Differential Diagnosis  •  jid  2021:223  (1 March)  •  765

The Journal of Infectious Diseases

 

Received 6 August 2020; editorial decision 9 October 2020; accepted 16 October 2020; 
published online October 20, 2020.

aF. B. and M. S. contributed equally to this work.
bIstituto Superiore di Sanità COVID-19 Team: Laura Villa, Daniela Fortini, Angelo Iacobino, 

Stefano Fiore, Eleonora Benedetti, Antonella Marchi, Giulietta Venturi, Claudia Fortuna, 
Antonello Amendola, Luciano Toma, Marco Di Luca, Francesco Severini (Department of 
Infectious Diseases, Istituto Superiore di Sanità, Rome, Italy).

Correspondence: Alessandra Ciervo, MSc (Microbiol), Department of Infectious Diseases, 
Istituto Superiore di Sanità, Viale Regina Elena, 299- 00161 Rome, Italy (alessandra.ciervo@iss.it).

The Journal of Infectious Diseases®    2021;223:765–74
© The Author(s) 2020. Published by Oxford University Press for the Infectious Diseases 
Society of America. This is an Open Access article distributed under the terms of the Creative 
Commons Attribution-NonCommercial-NoDerivs licence (http://creativecommons.org/licenses/
by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the work, in any 
medium, provided the original work is not altered or transformed in any way, and that the 
work is properly cited. For commercial re-use, please contact journals.permissions@oup.com
DOI: 10.1093/infdis/jiaa658

Multiplex Real-Time Reverse-Transcription Polymerase 
Chain Reaction Assays for Diagnostic Testing of Severe 
Acute Respiratory Syndrome Coronavirus 2 and 
Seasonal Influenza Viruses: A Challenge of the Phase 3 
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Background.  Pandemic coronavirus disease 2019 (COVID-19) disease represents a challenge for healthcare structures. The 
molecular confirmation of samples from infected individuals is crucial and therefore guides public health decision making. Clusters 
and possibly increased diffuse transmission could occur in the context of the next influenza season. For this reason, a diagnostic 
test able to discriminate severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) from influenza viruses is urgently needed.

Methods.  A multiplex real-time reverse-transcription polymerase chain reaction (PCR) assay was assessed using 1 laboratory 
protocol with different real-time PCR instruments. Overall, 1000 clinical samples (600 from samples SARS-CoV-2–infected patients, 
200 samples from influenza-infected patients, and 200 negative samples) were analyzed.

Results.  The assay developed was able to detect and discriminate each virus target and to intercept coinfections. The limit of 
quantification of each assay ranged between 5 and 10 genomic copy numbers, with a cutoff value of 37.7 and 37.8 for influenza and 
SARS-CoV-2 viruses, respectively. Only 2 influenza coinfections were detected in COVID-19 samples.

Conclusions.  This study suggests that multiplex assay is a rapid, valid, and accurate method for the detection of SARS-CoV-2 
and influenza viruses in clinical samples. The test may be an important diagnostic tool for both diagnostic and surveillance purposes 
during the seasonal influenza activity period.

Keywords.   COVID-19; SARS-CoV-2; influenza viruses; multiplex real-time PCR; differential diagnosis.

After the first reported outbreak in Wuhan, China, in 
December 2019, severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), the cause of coronavirus disease 
2019 (COVID-19), has swept most countries in 5 continents. 
In February and March 2020, the novel coronavirus rapidly 

spread in Europe, where affected countries introduced strin-
gent lockdown measures to contain the epidemic [1, 2]. With 
>35 million confirmed cases and 1 million deaths reported 
to the World Health Organization (WHO) as of 5 of October 
2020 (https://covid19.who.int), the SARS-CoV-2 pandemic is 
causing a global health emergency, which is expected to con-
tinue in the coming months pending the development of ef-
fective pharmacological measures.

Early detection of cases, through rapid diagnosis and re-
porting, isolation and treatment of cases, contact tracing and 
individual quarantine, reduction of human mobility, and pro-
motion of social distancing measures were implemented in 
several countries. These interventions contributed to slow 
down the spread of the disease, suggesting that draconian and 
nonpharmacological control measures may contain or mitigate 
the course of the epidemic [3, 4].

However, due to the relaxation of the lockdown rules, in-
teraction between individuals increased during the summer 
months. Virus circulation continues also in countries with 
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decreasing incidence rates, while a resurgence of COVID-19 
has been documented in Europe (https://www.ecdc.europa.
eu/en/cases-2019-ncov-eueea). This trend could worsen in the 
autumn and winter, when changing human behavior might 
favor and increase transmission of respiratory viruses, such as 
influenza viruses. Influenza virus and SARS-CoV-2 may have 
similar clinical presentations (often characterized by fever 
and dry cough) and transmission modalities [5]. Therefore, 
co-circulation of these pathogens may complicate the early de-
tection of SARS-CoV-2.

The WHO and the United States Centers for Disease 
Control and Prevention (CDC) encourage testing of samples 
for influenza from COVID-19 patients, inviting countries to 
report and register data to regional and global platforms [6, 7]. 
Additionally, Chinese authorities have also reported the en-
hancement of infectious disease surveillance systems for both 
viruses [8].

In this view, monitoring the spread of SARS-CoV-2 and in-
fluenza viruses, including the detection of possible coinfections 
in the community, through the improvement of rapid molecular 
diagnostic assays, becomes extremely important.

To accomplish this specific goal, filling current gaps, 
we prioritized the development and optimization of 2 dif-
ferent mix reactions (mix 1 and mix 2) for a multiplex 1-step 
real-time reverse-transcription polymerase chain reac-
tion (RT-PCR) assay for the detection of SARS-CoV-2 and 
human seasonal influenza viruses. Three gene targets were 
used for each mix reaction and probes were labeled with 
common fluorophores compatible with several real-time 
PCR instruments. A  panel of clinical samples previously 
examined for influenza or COVID-19 infections were used 

for the evaluation of the method. Hereby, we report the re-
sults of this study.

MATERIALS AND METHODS

Study Design and Assessment of the Multiplex Assay

Primers and probes selected for the detection of influenza 
A/B and SARS-CoV-2 (N2 and E genes) viruses are reported 
in Table 1; each probe was labeled with a different fluorescent 
reporter dye (FAM, HEX, or Cy5). The human ribonuclease P 
gene (RP constitutive gene) was also included as an internal 
control. The primer and probe concentrations for all mix re-
actions were singleton optimized and then combined in the 
multiplex assay. Protocols were set up using the SensiFAST 
Probe No-ROX One-Step Kit (Bioline) for Roche Real-Time 
PCR (LC480 II), BioRad Real-Time PCR detection systems 
(CFX96), Stratagene qPCR instrument (MX3000), Rotor Gene 
Q (Qiagen), and Applied Biosystems real-time PCR systems 
(7500 Fast, ViiA7). The SensiFASTProbe Low-ROX One-Step 
Kit (Bioline) can be also used for Applied Biosystems apparatus. 
For singleplex and multiplex assays, primers and probes were 
used at 400 nM and 100 nM, respectively, whereas for RP reac-
tion, primers and probe were employed in a lower concentra-
tion (100 nM and 25 nM) as shown in Table 1.

Reaction mixture (20  μL) contained final concentrations 
corresponding to 10 μL of 2X SensiFAST Probe One-Step Mix, 
each primer and probe at specific concentration, 0.2 μL of re-
verse transcriptase, 0.4  μL of RiboSafe RNase Inhibitor, and 
5 μL of nucleic acid. Amplification was performed on different 
real-time PCR systems with the following cycling conditions: 
45°C for 20 minutes followed by 95°C for 10 seconds and 60°C 
for 30 seconds (45 cycles). Each specimen was also tested for the 

Table 1.  Primers and Probes for Multiplex Real-Time Reverse-Transcription Polymerase Chain Reaction

Mix Reaction Primer/Probe Sequence 5′ > 3′ Concentrationa Reference

1 InfluA-F GACCRATCCTGTCACCTCTGAC 400 nM [9, 11]

1 InfluA-R AGGGCATTYTGGACAAAKCGTCTA 400 nM [9, 11]

1 InfluA-P FAM-TGCAGTCCTCGCTCACTGGGCACG-BHQ1 100 nM [9, 11]

1 InfluB-F TCCTCAAYTCACTCTTCGAGCG 400 nM [10, 11]

1 InfluB-R CGGTGCTCTTGACCAAATTGG 400 nM [10, 11]

1 InfluB-P HEX-CCAATTCGAGCAGCTGAAACTGCGGTG-BHQ1 100 nM [10, 11]

1 E-F1 ACAGGTACGTTAATAGTTAATAGCGT 400 nM [13]

1 E-R2 ATATTGCAGCAGTACGCACACA 400 nM [13]

1 E-Pcy5 CY5-ACACTAGCCATCCTTACTGCGCTTCG-BHQ2 100 nM [13]

2 N2-F TTA CAA ACA TTG GCC GCA AA 400 nM [12]

2 N2-R GCG CGA CAT TCC GAA GAA 400 nM [12]

2 N2-P FAM-ACA ATT TGC CCC CAG CGC TTC AG-BHQ1 100 nM [12]

2 E-F1 ACAGGTACGTTAATAGTTAATAGCGT 400 nM [13]

2 E-R2 ATATTGCAGCAGTACGCACACA 400 nM [13]

2 E-Phex HEX-ACACTAGCCATCCTTACTGCGCTTCG-BHQ1 100 nM [13]

2 RP-F AGATTTGG CCTGCGAGCG 100 nM [12]

2 RP-R GAGCGGCTGTCTCCACAAGT 100 nM [12]

2 RP-P CY5-TTCTGACCTGAAGGCTCTGCGCG-BHQ2 25 nM [12]

aOptimized concentrations are expressed as nanomol per liter (nM) based on the final reaction in the polymerase chain reaction mixture.
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RP constitutive gene as an internal control (Table 1). For SARS-
CoV-2, an additional mix reaction was performed using N1, 
N2, and RP gene targets with the identical primers and probe 
concentrations and thermal cycling protocol (Supplementary 
Table 1).

Sensitivity, Specificity, and Reproducibility of Single Assays Compared to 

the Multiplex Assay

The multiplex real-time RT-PCR assay included 2 different re-
action mixes, namely mix 1 (InfluA, InfluB, and E) and mix 2 
(N2, E, and RP) and were set up with different fluorescent dyes 
(Table 1).

Both mixes ran simultaneously. Mix 1 and mix 2 were con-
ceived for influenza/SARS-CoV-2 screening and for SARS-
CoV-2 confirmation, respectively. The mix 2 is required to 
monitor nucleotide mutations that may occur during the 
evolving outbreak and that could compromise the sensitivity 
and specificity of RT-PCR detection.

The European synthetic single stranded RNA (ssRNA) 
standard EURM-019 (https://crm.jrc.ec.europa.eu/p/EURM-
019) was employed to test the sensitivity of each SARS-
CoV-2 target, while purified and quantified RNA from type 
A/FriuliVeneziaGiulia/228/2019 (belonging to the A/H3N2 
subtype–3C.2a1b genetic subgroup and representing A/La 
Rioja/2202/2018 reference strain) and type B/Parma/4/2019 
(belonging to the B/Victoria lineage–1A[∆3]B genetic subgroup 
and representing B/Washington/02/2019 reference strain) in-
fluenza viruses were used as positive controls.

To establish the limit of quantification (LOQ) of each assay, 
serial dilution containing from 107 to 100 copies were tested in 
triplicate over 10 runs. Each singleplex was used as baseline 
control for the development of the multiplex assay. To assess 
the specificity of the mix real-time PCRs, the cross-reactivity of 
the primer-probe pairs was examined (5 replicates over 10 runs) 
by combined equal amount of controls ranging from 104 to 100 
copies, and with the only reaction mixture (water, no template 
control). The endpoint LOQ of each component in the multi-
plex was directly compared to the single assays using a dilution 
series of standard and positive controls for each target. Dilutions 
were tested in triplicate over 10 different runs, and were carried 
out to guarantee that multiplexing assay did not result in a loss 
of sensitivity at the endpoint of LOQ, to determine the linearity 
of the method and for the standard curve production. The cycle 
threshold number (Ct value) was calculated and each primers-
probe set in the single assay was tested, and then combined into 
mix reactions for multiplex real-time RT-PCR assay.

Inter- and Intra-assay Evaluation and Detection of Mixed Samples

The inter- and intra-assay variability of the multiplex was also 
assessed to determine the repeatability and the reproducibility 
of the assay. Each target was tested 10 times at different con-
centrations (105, 104, and 103 copies) in 1 assay (intra-assay) 

over 5 separate runs with different users (interassay). The po-
tential cross-detection between the viral pathogens was first 
measured in order to evaluate the assay specificity. Positive 
controls and synthetic RNA were combined in equal amounts 
(from 103 to 100 copy numbers) and used for specificity anal-
ysis as the target pool. Groups of mixed pools were run in 
parallel in all real-time instruments and assessed in multiplex 
detection.

Specimens

Clinical samples were collected from December 2019 to May 
2020 at the COVID-19 National Reference Laboratory and 
National WHO Influenza Center of the Istituto Superiore di 
Sanità (ISS), Rome, Italy. A  panel of 1000 randomly selected 
RNA samples purified by the QIAamp viral RNA mini kit 
(Qiagen, Hilden, Germany) from nasopharyngeal swabs (600 
SARS-CoV-2, 200 influenza A/B, and 200 negative samples) 
were employed to evaluate the clinical application of the mul-
tiplex real-time PCR assay. All samples were previously tested 
for the presence/absence of SARS-CoV-2 and/or influenza A/B 
viruses using the reference methods [9–13]. All positive sam-
ples were recorded for Ct values.

A specimen was considered adequate if the internal control 
(RP) did not cross the threshold line at 35 (Ct ≤35). For sam-
ples that exhibited a Ct RP value >35, a retesting of the sample 
through a new RNA extraction or a resampling was performed.

The use of samples for diagnostic workflow was agreed under 
the medical ethical rules for the 2019 COVID-19 public health 
emergency.

Statistical Analyses

To determine the efficiency of the multiplex real-time PCR 
assay, the Ct values obtained from a series of template RNA di-
lutions were graphed on the y-axis vs the log of the dilution on 
the x-axis. The slope of this line was used to determine the effi-
ciency (E) according to the equation E = 10(–1/slope). To evaluate 
the assay precision, we calculated the coefficient of variation 
(CV) as follows: CV% = (standard deviation / mean) × 100. All 
tests were 2-sided and statistically significant differences were 
assumed when P < .05.

The sensitivity, specificity, positivity, and LOQ were calcu-
lated as previously described in the international literature [14, 
15]. The optimal cutoff points of the multiplex assay, corre-
sponding to the limit of detection (LOD) of swab samples were 
statistically established based on receiver operating character-
istic (ROC) curve analysis [16]. The ROC curve analysis was 
evaluated with a LOD selectivity of 0.95, consistent with the Ct 
at which at most 5% of true-positive samples scored negative. 
Accuracy estimation was expressed as agreement percentage 
(%) defined as true-positive or true-negative predictive values 
(PPV and NPV, respectively) vs the singleplex assays known as 
the “gold standard” [9–13].
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RESULTS

Analytical Sensitivity, Efficiency, and Linearity of Singleplex Assays

Each target (InfluA, InfluB, E, and N2) was tested using 
standards to determine the sensitivity and the linearity of 
the method, while the RP gene was included as internal con-
trol. Singleplex assays were performed on LC480II, CFX96, 
MX3000, Rotor Gene Q, ABI 7500 Fast, and ABI ViiA7 real-
time PCR platforms. All instruments showed similar Ct values 
for all target genes (overall range, 0.2–0.8 ± standard deviation 
[SD] 0.31; P value <  .05) and the results for the LC480 II are 
shown in Figure 1, with marked slope, R2, and E values. All the 
slope values were between −3.311 and −3.469 whereas the R2 
and E values were >0.99 and ≥97%, respectively for all standard 
curves. These results suggest that the linearity of the method is 
consistent, corroborating the robustness of the method.

Specificity and Endpoint Detection of Multiplex Assays

The specificity of primers/probe sets was determined against 
a panel of pathogens as previously described [7–11]. However, 
to assess the specificity of each mix reaction and to exclude ar-
tificial nonspecific reactivity among combined primer-pairs/
probe, oligonucleotides were tested using mixed controls (in-
fluenza type A/FriuliVeneziaGiulia/228/2019, influenza type 
B/Parma/4/2019, and synthetic ssRNA EURM-019), RNA 
from negative samples, and run mixtures. Each specific set re-
acted only with its corresponding controls with the expected 
Ct value, indicating that there was no interference among 
primers and probes in the multiplex assay (data not shown). 
The LOQ endpoint of each component of the multiplex assay 
compared to the single assays showed that multiplexing had 
no detrimental effect on the endpoint detection limit of each 
component (Figure  1). On the contrary, the performance of 
both mix reactions in the multiplex assays highlights an LOQ 
improvement of Ct value (range, 0.4–0.7 ± SD 0.21), in com-
parison to the established single assay. The quantification 
limit of the multiplex ranged overall between 5 and 10 copies/
reaction taking an estimating Ct cutoff value between 37.1 
and 37.9 (Table 2). All real-time instruments evaluated in this 
study gave equivalent results with an overall Ct range between 
0.4 and 0.9 ± SD 0.57 (P < .05).

Inter- and Intra-assay Variability

The intra- and interassay precision was evaluated by testing 
3 control RNA samples at different concentrations. The pre-
cision was determined as a percentage of the coefficient of 
variation (CV%) of the acquired Ct values. The results are 
summarized in Table 3, with the mean Ct and CV values. The 
intraplate variability was in line with predetermined Ct sam-
ples tested with a CV% range from 0.30% to 0.66%. As ex-
pected, the interrun variability and reproducibility observed 
with each sample showed a CV% slightly higher (CV% range, 
0.66%–0.97%). In the latter case, different factors may play 

small differences between each assay, but the CV% value re-
mains still lower than 1%. Similar findings were found with 
other real-time platforms. The results obtained indicate that 
the developed multiplex assay is highly repeatable, reproduc-
ible, and robust even at higher Ct values.

Detection of Artificial Mixed RNA Control Samples

Influenza viral and SARS-CoV-2 synthetic RNA controls were 
used in a mixed sample to evaluate the ability of multiplex assay 
to identify specific viruses. Combinations of different concen-
tration mixtures, from 103 to 100 copy numbers, were tested by 
using mix 1 and mix 2 reaction assays, with Ct values reported 
in Table  4. Notably, no detection was found for 100 copy for 
all mixes, while all primers/probe sets reacted only with their 
corresponding target gene, suggesting that this assay is able to 
detect specifically influenza A, influenza B, and SARS-CoV-2 
infection from mixed samples. All PCR instruments produced 
comparable results.

As alternative for the mix 2, we set up another mix reaction 
specific for SARS-CoV-2 using N1, N2, and RP primers and 
probe [12]. Details and results are reported in Supplementary 
Tables 2–4.

Evaluation of Multiplex Assay With Clinical Samples and Cutoff Value 

Determination

A total of 800 RNA positive (600 for SARS-CoV-2 and 200 for 
influenza A/B viruses) and 200 RNA-negative swab samples, 
previously determined by singleplex gold standard, were tested 
using the developed multiplex assay. All specimens were con-
firmed for each specific virus target, and only 2 coinfections 
(SARS-CoV-2/influenza A  and SARS-CoV-2/influenza B) 
were found.

First, the Ct value was empirically fixed at 40, but this arbi-
trary cutoff may be not representative because it may be either 
too low (false-negative results) or too high (false-positive re-
sults). Consequently, on the basis of the sample status (positive 
or negative), the optimal cutoff point for each target gene was 
defined by the ROC analysis.

As shown in Figure 2, the optimal cutoff points of the mul-
tiplex assay were estimated to be 37.7 for both InfluA and 
InfluB, and 37.8 for E in the mix 1 reaction, while 37.8 was 
estimated for N2 and E in the mix 2 reaction. For each target 
assay, the area under the ROC curve ranged between 0.998 
and 0.999, reflecting an excellent evaluation of the perfor-
mance of the aggregate quality indicator for the diagnostic 
assay. Moreover, despite only a few positive SARS CoV-2 
specimens at Ct >37.8 that were recognized negative (overall 
24/800 [3%]) in multiplex vs singleplex gold standard assays, 
the test was proficient to discriminate between the 3 virus 
types. Thus, after the designed cutoff Ct values by ROC anal-
ysis, parameters for the sensitivity, specificity, PPV, and NPV 
revealed a high capacity of the multiplex assay to differentiate 

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article/223/5/765/5932324 by Biblioteca Istituto Superiore di Sanita - R

om
a user on 03 June 2021

http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiaa658#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiaa658#supplementary-data


COVID-19 and Flu Differential Diagnosis  •  jid  2021:223  (1 March)  •  769

Singleplex Multiplex

InfluA
(FAM)

InfluB
(HEX)

5

–0.401

1.599

36.210 41.445

36.445

31.445

26.445

21.445

16.445

11.445

6.445

1.445

31.210

26.210

21.210

16.210

11.210

6.210

1.210

3.599

5.599

7.599

9.599

11.599

13.599

15.599

17.599

19.599 21.197

16.197

11.197

6.197

1.197

2

C
ro

ss
in

g 
po

in
t

20

25

30

35

C
ro

ss
in

g 
po

in
t

20

25

30

35

3 4
Log concentration

F
lu

or
es

ce
nc

e 
(4

65
–5

10
)

F
lu

or
es

ce
nc

e 
(5

33
–5

80
)

F
lu

or
es

ce
nc

e 
(5

33
–5

80
)

F
lu

or
es

ce
nc

e 
(4

65
–5

10
)

5 6 7

2

C
ro

ss
in

g 
po

in
t

20

25

30

35

3 4
Log concentration

5 6 7 2

C
ro

ss
in

g 
po

in
t

20

25

30

35

3 4
Log concentration

5 6 7

2 3 4
Log concentration

5 6 7

Slope: –3.469
R2: 0.994
E:97%

Slope: –3.408
R2: 0.994
E:98%

Slope: –3.406
R2: 0.996
E:98%

10 15 20 25

Cycles

30 35 40 45

5 10 15 20 25

Cycles

30 35 40 45

Slope: –3.432
R2: 0.995
E:99%

5 10 15 20 25

Cycles

30 35 40 45

E
(CY5)

18.034

16.034

14.034

12.034

10.034

8.034

6.034

4.034

2.034

0.034

22.438

17.438

12.438

7.438

2.438

F
lu

or
es

ce
nc

e 
(6

18
–6

60
)

F
lu

or
es

ce
nc

e 
(6

18
–6

60
)

2

C
ro

ss
in

g 
po

in
t

20

25

30

35

3 4
Log concentration

5 6 7
2

C
ro

ss
in

g 
po

in
t

20

25

30

35

3 4
Log concentration

5 6 7

Slope: –3.311
R2: 0.991
E:98%

5 10 15 20 25
Cycles

30 35 40 45

Slope: –3.422
R2: 0.993
E:98%

5 10 15 20 25
Cycles

30 35 40 45

N2
(FAM)

18.034

16.034

14.034

12.034

10.034

8.034

6.034

4.034

2.034

0.034 1.410

6.410

11.410

16.410

21.410

26.410

F
lu

or
es

ce
nc

e 
(6

18
–6

60
)

F
lu

or
es

ce
nc

e 
(4

65
–5

10
)

2

C
ro

ss
in

g 
po

in
t

20

25

30

35

3 4
Log concentration

5 6 7 2

C
ro

ss
in

g 
po

in
t

20

25

30

35

3 4
Log concentration

5 6 7

Slope: –3.423
R2: 0.991
E:97%

5 10 15 20 25
Cycles

30 35 40 45

Slope: –3.343
R2: 0.992
E:97%

5 10 15 20 25

Cycles

30 35 40 45

E
(HEX)

14.245

12.245

10.245

8.245

6.245

4.245

2.245

0.245

22.438

17.438

12.438

7.438

2.438

F
lu

or
es

ce
nc

e 
(5

33
–5

80
)

F
lu

or
es

ce
nc

e 
(6

33
–5

80
)

2

C
ro

ss
in

g 
po

in
t

20

25

30

35

3 4
Log concentration

5 6 7 2

C
ro

ss
in

g 
po

in
t

20

25

30

35

3 4
Log concentration

5 6 7

Slope: –3.357
R2 : 0.992
E:98%

5 10 15 20 25
Cycles

30 35 40 45

Slope: –3.337
R2: 0.998
E:99%

5 10 15 20 25

Cycles

30 35 40 45

5 10 15 20 25
Cycles

30 35 40 45

Figure 1.  LC480II plot amplifications and standard curves of the singleplex and multiplex assays. Each assay was tested using related standard ranging from 107 to 10 
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the Ct values obtained against known concentrations. Slope of the regression curve, the coefficient of determination (R2), and efficiency (E) are indicated for each assay.
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a positive from a negative sample, even when low viral loads 
were present (Table 5).

DISCUSSION

Several aspects have favored the pandemic spread of SARS-
CoV-2: high transmissibility, presence of mild/asympto-
matic cases able to spread the disease, the slow development 
of severe disease, lack of specificity of initial symptoms, and 
global susceptibility to the infection [17]. After the first 
wave, which has been interrupted by interventions imple-
mented in many countries in different geographic areas, 
limited immunity with undefined levels of protection will 
exist. Thus, until an effective vaccine is developed, the epi-
demic may reemerge also in areas that have been previously 
affected. Although lockdown measures have proved to be 
effective, it would be difficult to again impose such restric-
tions in a delicate balance between health, the economy, and 
social life [18].

Meteorological factors do not influence SARS-CoV-2 
transmission and the epidemic is supposed to persist after 
the hot season with a possible increase in virus circulation 
in autumn and winter time, when seasonal influenza virus is 
usually more active [19]. This may cause overburdening of 
hospital services, especially if increasing transmission of both 
viruses occurs at the same time. Considering that clinical 

symptoms can be very similar, it is a priority to promote a 
fast and appropriate differential diagnosis to support clin-
icians and public health professionals in their public deci-
sion-making processes [5, 17, 20].

While the SARS-CoV-2 serology may be used in epidemio-
logical studies, molecular tests remain the gold standard lab-
oratory diagnostic tool to diagnoses the infection. Up to now, 
no multiplex real-time PCR assay has been available for the si-
multaneous detection of seasonal influenza A, influenza B, and 
pandemic SARS-CoV-2.

In our study, we assessed 2 different mix reactions using pre-
viously described primes and probes [21, 22]. In particular, the 
mix 1 assay was designed to amplify highly conserved regions 
for all viruses, while mix 2 allowed the specific detection of 
SARS-CoV-2 infection. Targeting >1 region in the viral genome 
for SARS-CoV-2 detection is important to mitigate the risk of 
loss of sensitivity due to the mutation rate (currently not quan-
tified but presumed to be of concern as this is an RNA virus) 
during the SARS-CoV-2 outbreak [23]. The 2 mix reactions 
(N2/E/RNase P and N1/N2/RNase P) do not have a precise rec-
ommendation, but are suggested for laboratories as alternative 
reaction in the multiplex panel.

The findings presented in this study denote that multiplex 
assay was highly specific and reproducible, showing an ele-
vated sensitivity. The LOQ of each channel (FAM, HEX, or 

Table 3.  Multiplex Intra- and Interassay Evaluations Based on the Coefficient of Variability Percentage Obtained With 3 Samples of Different 
Concentrationsa

Mix Gene Target

Intra-assay  
Mean Ct ± SD (CV%)

Interassay  
Mean Ct ± SD (CV%)

105 104 103 105 104 103

1 InfluA/FAM 25.29 ± 0.16 (0.66%) 28.55 ± 0.12 (0.42%) 31.70 ± 0.14 (0.44%) 25.89 ± 0.21 (0.81%) 29.08 ± 0.23 (0.79%) 32.22 ± 0.27 (0.84%)

1 InfluB/HEX 25.58 ± 0.11 (0.30%) 28.71 ± 0.13 (0.45%) 32.04 ± 0.12 (0.47%) 25.18 ± 0.18 (0.71%) 28.33 ± 0.24 (0.85%) 31.68 ± 0.21 (0.66%)

1 E-CY5 25.67 ± 0.15 (0.58%) 29.05 ± 0.11 (0.38%) 31.88 ± 0.16 (0.50%) 26.01 ± 0.19 (0.73%) 28.73 ± 0.21 (0.73%) 32.23 ± 0.23 (0.71%)

2b N2/FAM 25.17 ± 0.13 (0.51%) 28.53 ± 0.16 (0.56%) 32.31 ± 0.12 (0.37%) 25.78 ± 0.25 (0.97%) 29.12 ± 0.24 (0.82%) 31.73 ± 0.28 (0.88%)

2b E-HEX 26.07 ± 0.14 (0.54%) 28.81 ± 0.16 (0.55%) 31.88 ± 0.14 (0.44%) 25.98 ± 0.23 (0.88%) 28.13 ± 0.25 (0.89%) 32.16 ± 0.26 (0.81%)

Abbreviations: CV%, coefficient of variation percentage; Ct, cycle threshold; SD, standard deviation.
aAll data were obtained by the LC480 II Roche real-time polymerase chain reaction platform.
bData of the RP assay, included in mix 2, were not part of this analysis.

Table 2.  Limit of Quantification of the Single and Multiplex Assays for Each Gene Targeta

Mix Reaction Gene Target/Fluorescent Dye

Mean Ct ± SD/Mean ± SD Copies for Reaction

Singleplex Multiplex

1 InfluA/FAM 37.5 ± 0.98/10.31 ± 1.18 37.1 ± 1.08/4.88 ± 1.08

1 InfluB/HEX 37.9 ± 1.06/7.13 ± 1.39 37.2 ± 1.11/6.43 ± 1.11

1 E-CY5 37.6 ± 0.94/9.35 ± 1.15 37.3 ± 1.06/5.04 ± 1.15

2b N2/FAM 37.5 ± 1.09/8.24 ± 1.04 37.2 ± 1.03/6.98 ± 1.07

2b E-HEX 37.7 ± 1.03/6.36 ± 1.22 37.2 ± 1.12/5.55 ± 1.03

Abbreviations: Ct, cycle threshold; SD, standard deviation.
aAll data were obtained by the LC480 II Roche real-time polymerase chain reaction platform.
bData of the RP assay, included in the mix 2, were not part of this analysis.
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CY5) ranged between 5 and 10 copies/reaction, while the op-
timal cutoff values determined by ROC analysis were fixed be-
tween 37.7 and 37.8. Moreover, it should be highlighted that the 
molecular protocol was attained by different real-time instru-
ments with comparable results, obtaining similar performance 
in terms of specificity and sensitivity on standards and clinical 
samples.

Compared with the singleplex assay, which identifies only 
1 target/reaction, the multiplex test has the advantages of 
being easy to manage, rapid, and cost-effective. In addition, 
the human RP gene, as an internal control, allows moni-
toring of the RNA extraction procedure, checking the errors 
of real-time PCR handling. The molecular assay is also ap-
propriate to detect coinfections for diagnostic purposes, 
or to conduct studies to assess whether SARS-CoV-2 and 

influenza coinfection may affect disease evolution and clin-
ical outcomes.

Samples tested in this study showed only 2 coinfections, con-
sistent with the international literature that shows only a few 
studies reporting infection with both viruses [24–29].

Despite the evidence of coinfections with other pathogens in 
COVID-19 patients, little is known about the viral kinetics and 
dynamics of SARS-CoV-2 coinfections. However, we can hy-
pothesize that mixed infections may be linked to mechanisms 
of viral interference and to the immunological status of each 
individual [27].

The main limit of our study was the relatively low sample size. 
Although we tested about 1000 clinical specimens, the number 
of samples positive for influenza specimens was very low. In 
this regard, it should be considered that the influenza active 

Table 4.  Evaluation of Artificial Mixed RNA Samples Using Triplex Assaysa

Combined RNA Copy Numbers Gene Target/Fluorescent Dye

Mean Ct ± SD

Influenza A Influenza B SARS-CoV-2

103  Mix 1    

  InfluA/FAM 32.24 ± 0.12 b …

  InfluB/HEX … 31.51 ± 0.14 …

  E-CY5 … … 32.17 ± 0.11

Mix 2    

  N2/FAM … … 31.44 ± 0.12

  E-HEX … … 31.98 ± 0.16

  RP-CY5c … … …

102  Mix 1    

  InfluA/FAM 35.01 ± 0.23 … …

  InfluB/HEX … 34.43 ± 0.21 …

  E-CY5 … … 35.03 ± 0.19

Mix 2    

  N2/FAM … … 34.42 ± 0.22

  E-HEX … … 34.94 ± 0.18

  RP-CY5c … … …

101 Mix 1    

  InfluA/FAM 37.28 ± 1.18 … …

  InfluB/HEX … 37.12 ± 1.12 …

  E-CY5 … … 37.27 ± 1.16

  Mix 2    

  N2/FAM … … 37.11 ± 1.13

  E-HEX … … 37.18 ± 1.17

  RP-CY5c … … …

100  Mix 1    

  InfluA/FAM … … …

  InfluB/HEX … … …

  E-CY5 … … …

Mix 2    

  N2/FAM … … …

  E-HEX … … …

  RP-CY5c … … …

Abbreviations: Ct, cycle threshold; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SD, standard deviation.
aAll data were obtained by the LC480 II Roche real-time polymerase chain reaction platform.
bNo detection.
cData of the RP assay, included in the mix 2, were not part of this analysis.
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surveillance activities globally decreased because of the COVID-
19 pandemic and a low number of samples was collected during 
the influenza season (2019–2020) in Italy. Moreover, it should 
be mentioned that also during the SARS pandemic in 2003, 
only 5% of mixed infection with influenza viruses was reported, 
though it tended to increase over time [30].

Recently the CDC presented the Flu SC2 diagnostic kit, a 
quadruplex real-time RT-PCR assay for influenza and SARS-
CoV-2 viruses, that detects and differentiates RNA from SARS-
CoV-2, influenza A  virus, and influenza B in upper or lower 
respiratory specimens [31]. The multiplex protocol gives full in-
structions for its use and primer/probe sequences are also listed. 
Moreover, the Flu SC2 kit is addressed to reference or public 
health laboratories certified under the Clinical Laboratory 
Improvement Amendments.

Several companies have announced the development of 
real-time–based commercial kits, which are expected to de-
tect SARS-CoV-2, influenza A/B, and other respiratory viruses. 
Generally, these molecular tests are run on specific platforms 
with dedicated cartridges containing all the necessary reagents. 
Although this packaging makes them easy to perform in the 
hospital setting, it also may be a limiting factor in a shortage 
situation, in which, as previously reported for other aspects, an 
in-house method could be a useful alternative [32].

In conclusion, the real-time PCR format here described could 
be a suitable tool for molecular testing with potential for rou-
tine surveillance SARS-CoV-2 and influenza viruses. However, 
it will be necessary to investigate whether the method might be 

affected by the co-presence of other respiratory pathogens in 
the clinical samples.

Supplementary Data

Supplementary materials are available at The Journal of 
Infectious Diseases online. Consisting of data provided by 
the authors to benefit the reader, the posted materials are 
not copyedited and are the sole responsibility of the au-
thors, so questions or comments should be addressed to the 
corresponding author.

Notes

Author contributions. F. M., F. B., and M. S. developed the 
real-time polymerase chain reaction (PCR) assays, and contrib-
uted to study design and data interpretation. S. F., A. d M., and 
G. M. performed real-time PCR. S. P., L. C., M. F., G. D. M., 
and C. F. collected clinical samples and performed nucleic acid 
extractions. A. B., F. R., P. P., and P. S. coordinated the epidemi-
ological and microbiological COVID-19 integrated surveillance 
and contributed to the data analysis. G. R. and F. R. provided 
expert advice, critically reviewed the manuscript, including for 
aspects related to the English language, and contributed to its 
content. A. C. had the idea for the study and was responsible 
for the overall design and writing. All authors reviewed and 
approved the final version of the manuscript. Members of the 
Istituto Superiore di Sanità COVID-19 team were involved in 
the confirmation of cases and provided support to the surveil-
lance activities at national level.
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