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Background: The use of a multiplex molecular technique to identify the etiological pathogen of respiratory
viral infections might be a support as clinical signs are not characteristic.
Objectives: The aim of the study was to evaluate a multiplex molecular real-time assay for the routine

Accepted 26 August 2014 diagnosis of respiratory viruses, to analyze the symptoms associated with the pathogens detected and to
determine the spread of virus during the period.

g?s/ W,‘r’;‘:: Study design: Respiratory samples were collected from children presenting with respiratory symptoms
mes'es v and attending the emergency unit during the 2010-2011 winter seasons. Samples were tested with the
Children multiplex RespiFinder® 15 assay (PathoFinder™) which potentially detects 15 viruses.

Multiplex-PCR Results: 857 (88.7%) of the 966 samples collected from 914 children were positive for one (683 samples) or
Spread multiple viruses (174 samples). The most prevalent were the respiratory syncytial virus (39.5%) and the
Symptoms rhinovirus (24.4%). Influenza viruses were detected in 139 (14.4%) samples. Adenovirus was detected in 93

(9.6%) samples, coronaviruses in 88 (9.1%), metapneumovirus in 51 (5.3%) and parainfluenzae in 47 (4.9%).
Rhinovirus (40%) was the most prevalent pathogen in upper respiratory tract infections while respiratory
syncytial virus (49.9%) was the most prevalent in lower respiratory tract infections. Co-infections were
associated with severe respiratory symptoms.

Conclusion: The multiplex assay detected clinically important viruses in a single genomic test and thus

will be useful for detecting several viruses causing respiratory tract disorders.

© 2014 Elsevier B.V. All rights reserved.

1. Background

Acute respiratory infections (ARIs) are more prevalent than any
other form of infectious disease in children. They range from mild
upper respiratory tract problems to serious lower respiratory infec-
tions such as bronchiolitis and pneumonia. Viruses are the main
pathogens and they account for many emergency hospital admis-
sions [1,2]. Clinical signs and symptoms overlap between different
viruses, but also between viruses and bacteria, making etiological

Abbreviations:  ARI, acute respiratory infections; NAT, nucleic acid tests;
MPLA, multiplex ligation-dependent probe amplification; IV, influenza viruses; PiV,
parainfluenza viruses; RSV, respiratory syncytial viruses; RV, rhinovirus; CoV, coro-
naviruses; MPV, human metapneumovirus; ADV, adenovirus.

* Corresponding author at: Department of Virology, Federative Institute of Biol-
ogy, 330 Avenue de Grande Bretagne, TSA 40031, 31059 Toulouse Cedex 09, France.
Tel.: +33 567 69 04 18; fax: +33 5 67 69 04 25.

E-mail address: mengelle.c@chu-toulouse.fr (C. Mengelle).

1 Both first authors equally contributed to this work.

http://dx.doi.org/10.1016/j.jcv.2014.08.023
1386-6532/© 2014 Elsevier B.V. All rights reserved.

diagnosis based on clinical presentation alone difficult and some-
times leading to overuse of antibiotics.

Techniques involving culture, fluorescent detection of antigens
or immunochromatography have been replaced by nucleic acid
tests (NATs). Due to numerous viruses that might be involved,
many monoplex nucleic acid tests are necessary to identify the
pathogen(s) responsible for a respiratory disorder. This strategy is
thus expensive and time consuming. The use of multiplex assays
should significantly reduce hands-on time and cost, and rapidly
provide reliable results. The multiplex ligation-dependent probe
amplification technology (MPLA)-RespiFinder® Respiratory assay
[3] recently became commercially available. This assay is approved
for in vitro diagnosis in Europe and Canada and can detect up to 15
respiratory viruses.

2. Objectives

This prospective study was done to evaluate this multiplex tech-
nique for use in clinical diagnosis. All the samples taken from
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children attending the emergency unit of the Toulouse Univer-
sity Hospital suffering from ARIs were collected prospectively and
analyzed. Clinical data related to the viruses detected were also
analyzed, as was the spread of seasonal respiratory viruses for the
winter following the influenza A HIN1pdmO09 epidemic (October
2010 to March 2011).

3. Study design
3.1. Samples

Nasopharyngeal swabs (Virocult® Kitnia, Labarthe Inard,
France), aspirates or nasal washes were prospectively collected
from children under 15 with symptoms of ARIs (see below) who
attended the emergency unit of the Toulouse University Hospi-
tal between October 1, 2010 and March 31, 2011 and sent to the
Virology Department for analysis.

Paediatricians completed a specific questionnaire related to the
symptoms, including fever and upper respiratory manifestations
(rhinitis, pharyngitis, otitis, sore throat, cough) and presence of
symptoms of lower respiratory infections (bronchiolitis, pneumo-
nia, acute flu and flu syndrome). Whether or not a child had been
vaccinated against influenza was also recorded.

3.2. Detection of respiratory viruses

3.2.1. Nucleic acid extraction

The collected samples were diluted in 1ml Minimum Essen-
tial Medium (Gibco® - Life Technologies, Rockville, MD, USA) and
nucleic acids were extracted with the MagNA Pure 96™ instru-
ment using the MagNA Pure 96 DNA and viral NA small volume
kit® (Roche Diagnostics, Meylan, France) according to the manu-
facturer’s instructions (extracted volume: 200 L, elution volume:
100 pL).

3.2.2. Multiplex PCR method

Extracts were analyzed using the RespiFinder® 15 assay
(PathoFinder™, Maastricht, Netherlands), a multiplex ligation-
dependent probe amplification (MLPA) technology [3]. This assay
can detect 15 viruses: influenza viruses (IV) types A and B, parain-
fluenza viruses 1 to 4 (PiV), respiratory syncytial viruses A and B
(RSV), rhinovirus (RV), coronaviruses 229E, 0C43 and NL63 (CoV),
human metapneumovirus (MPV) and adenovirus (ADV). The test
alsoincludes a probe for detecting the avian Influenza virus AH5N1.
An internal control for PCR inhibitors detection was included in
each test. A positive Flu A sample and a negative sample were used
as controls.

3.2.3. Influenza A virus subtyping

Samples that were positive for influenza A were subtyped with
the RealTime Ready Inf A/H1N1 Detection Set (Roche Diagnostics,
Meylan, France) on the Light Cycler 480™ system (Roche Diagnos-
tics, Meylan, France).

3.3. Statistical analysis

Data were analyzed using Stata™ v9.0 software (StataCorp,
Texas, USA). Qualitative variables were analyzed with the Chi-
squared test. p values of less than 0.05 were considered significant.
Logistic regression was used to determine the odds ratios (OR) of
age and co-infections linked to severe respiratory symptoms.

4. Results
4.1. Patient population and clinical features

A total of 914 children, of whom 509/914 (55.7%) were male
were enrolled in the study between October 1, 2010 and March 31,
2011 and provided 966 samples. The mean age was 1.6 4 2.6 years
and the median age was 7.3 months [range: 0.2-186], but 572/914
(62.6%) children were under 1 year old.

The 914 children in the study group included 232/914 (25.4%)
with upper respiratory tract infections (243 samples) defined as
rhino-pharyngitis or sore throat, with or without otitis media. 682
children (723 samples) suffered from lower respiratory infections
defined as bronchiolitis (338/914; 37%), pneumonia or broncho-
pneumonia (109/914; 11.9%), acute asthma (78/914; 8.5%) and
flu or flu-like syndrome (158/914; 17.3%). 76 (8.3%) children
were suffering from a chronic (n=10) or a congenital disorder
(n=66): respiratory, haematological, neurological, cardiac disor-
ders. 25/914 (2.7%) children had been vaccinated in the fall against
flu, and 16/25 (64%) of them were suffering from a chronic or con-
genital disorder.

4.2. Virus detected with the MLPA in single or multiple infections
(Fig. 1)

At least one virus was detected in 857/966 specimens (88.7%).
The most prevalent pathogen was RSV, detected in 382/966 sam-
ples (39.5%) of which 219/382 (57.3%) were type A. Three samples
contained both A and B. RV was detected in 236/966 (24.4%) sam-
ples and IV in 139/966 (14.4%) samples which were mainly type
A (95/139 samples; 68.3%). A subsample of 37 IVA-positive sam-
ples was subtyped: 33/37 (89.2%) were influenza AH1N1pdmO09,
the others were seasonal H3N2 IV.

ADV was detected in 93 (9.6%) samples and CoV in 88 (9.1%)
samples (CoV NL63, 0C43 and 229Ein 67, 16 and 5 samples respec-
tively). MPV were detected in 51 samples (5.3%) and PiV in 47 (4.9%)
samples (type 1 in 7 (14.9%) samples, type 2 in 3 (6.4%) samples,
type 3 in 19 (40.4%) samples and type 4 in 18 (38.3%) samples).

More than one virus was detected in 174 (18%) samples. Of the
multiple infections, 32.6% involved rhinovirus, 25.3% RSV, 26.9% 1V,
48.4% ADV, 14% MPV, 57.1% CoV and 37% PIV. Two viruses were
involved in 162 (16.8%) samples (Table 1), three viruses in 10 sam-
ples (1%) and four viruses in 2 samples (0.2%).

4.3. Viruses detected in upper respiratory infections

185/243 (76.1%) samples collected among children with upper
respiratory tract infections were positive. RV was the virus most
frequently detected in 74/185 (40%) samples, followed by RSV in
49/185 (26.5%) samples (Fig. 2a).

4.4. Viruses detected in lower respiratory infections

672/723 (92.9%) samples collected among children with lower
respiratory tract infections were positive. RSV was the most fre-
quently detected in 335/672 (49.9%) samples. 195/335 (58.2%)
were type A while 139/335 (41.5%) were type B. The second most
involved virus was RV in 162/672 (24.1%) samples (Fig. 2b).

Viruses were detected in 336/360 (93.3%) samples collected
among children with bronchiolitis and in 96/112 (85.7%) samples
collected among children with pneumonia, RSV being the most fre-
quently detected. Almost all cases of acute asthma (80/85; 94.1%)
were positive for at least one virus, with RV being the most frequent.

The 156 patients suffering from flu or a flu-like syndrome pro-
vided 166 samples, of these 106 (64.6%) were IV positive (69 IVA
and 37 IVB). Thirty of the 758 remaining patients were IV positive
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Virus detected with the MLPA (virus; n; %)

RSVA; 219; 19.1

RV;236;20.6

PiV4; 18; 1.6

PiV3; 19; 1.7

Piv2;2;0.2

PiVL; 7: 0-6| ICo 0C43;16; 1.4 CoNL63; 67; 5.8

RSVB; 166; 14.5

Negative; 109 ;9.5

Co 229E; 5; 0.4| MPV; 51; 4.4

Fig. 1. Results obtained on the 966 samples that had been tested with the MLPA. Lines group viruses of the same family. (RSV: respiratory syncytial virus, RV: rhinovirus, IV:
influenza A and B viruses, ADV: adenovirus, CoV: coronaviruses, MPV: metapneumovirus, PiV: parainfluenza viruses).

(p<0.0001). Six (24%) children who had been vaccinated against
flu developed an influenza infection, including five suffering from a
chronic or congenital disorder. Flu-like symptoms were associated
with the older age group: mean age of children presenting with
IV was 38 months (95% CI, 32-44) vs 15 months (95% CI, 13-17)
(p<0.0001).

Individual virus detection rate in relation to specific symptoms
are shown in Table 2.

4.5. Co-infection and clinical presentations

We found co-infections in 24 (9.96%) samples from children
with upper respiratory tract symptoms and in 144 (19.9%) samples
from children with lower respiratory infections (p <0.01). The most
frequent co-infections in cases of severe respiratory symptoms
involved RSV (associated with RV, ADV, or CoV) and RV associ-
ated with ADV. 25% of the cases of bronchiolitis involving RSV were
co-infections.

4.6. Viruses and demography

610 samples were collected among 572 children who were
under 1 year old. 549/610 (90%) samples were positive. 356 sam-
ples were collected among the 294 older children: 307/356 (86.2%)
samples tested positive (ns).

RSV was more prevalent in children under 1 year old (48.2%
vs 24.8%; p<0.0001), while RV was not (26.4% vs 21.1%; ns). ADV
(14.8% vs 3.4%) and 1V (24.4% vs 9.2%; p<0.0001) were more fre-
quent in children older than 6 months.

Co-infections were more frequent in younger children (1.3 years
vs 1.7 years; p<0.05).

Four parameters were included in the multivariate analysis: VRS
infection, presence of co-infection, RV infection and age under 1
year. Independent factors associated with severe respiratory symp-
toms were VRS infection (adjusted OR, 3.8; 95% CI, 2.64-5.68),
co-infections (adjusted OR, 2.5; 95% CI, 1.55-3.94) and RV infec-
tion (adjusted OR, 1.2; 95% CI, 0.85-1.83). Age under 1 year was not
associated with such symptoms.

4.7. Seasonality

The frequency of positive samples varied from 71.4% (5/7 pos-
itive samples; week 40, 2010) to 98.4% (60/61 positive samples;
weeks 1, 2011; p<0.05) (Fig. 3a).

All the viruses in the panel were detected in our patients, but
their distributions varied (Fig. 3b). RV was the first of the three
main viruses to appear and was detected throughout the study.
RSV appeared in October and reached epidemic peak in week 51
of 2010; IV did not appear until December and reached a plateau
between weeks 1 and 7 of 2011. IVA was predominant until week
7 of 2011, while IVB was the most prevalent thereafter, decreasing
slowly until the end of March. ADV, MPV and CoV were most
frequently detected during the winter months, although PiV was
detected throughout the study.

5. Discussion

The availability of molecular assays has made laboratory diagno-
sis more efficient and has led to the improved detection of a broad
spectrum of respiratory viruses [4,5].

This study evaluates the use of a new multiplex molecular tech-
nique for detecting up to 15 respiratory viruses in routine practice.
We collected respiratory samples from a group of children suffer-
ing from acute respiratory infections and the results obtained were
analyzed in comparison to the clinical manifestations. The spread
of the viruses was also analyzed during this winter period.

A very high percentage of the samples were positive giving a
virus signature in nearly 90% of cases, and all the viruses in the test
panel were detected. These results are similar to those for young
children and infants obtained by others (88-92%) [6-8], whereas
the rate of detection in adults was lower (43%) [9]. RV, RSV, and
IV were the three most prominent pathogens detected, while ADV,
CoV, MPV and PiV were less frequent (<10% of cases).

As expected, RV was the most frequently pathogen detected in
upper respiratory infections [10], but it was also found in lower
respiratory infections, as was described recently by O’Callaghan-
Gordo [11]. RSV remained however the most prominent agent in
lower respiratory infections as published previously in bronchioli-
tis[12] and pneumonia [13]. ADV, CoV, MPV and PiV also accounted
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Table 1
Virus associations and their prevalence among double-infections (Bi-Is).

Virus RV RSVA RSVB IVA IVB ADV CoV229E (CovVOC43 CoVNL63 MPV PiV1 PiV3  PiV4  No.of cases
where Bi-Is
were observed

Total 236 382 139 93 88 51 47

detections

No. of double 75 44 48 18 8 45 2 4 38 11 1 6 10

infections

% isolated in 31.8 241 18.7 484 50 21.6 36.2

double

infections

¢ ¢ 14
¢ ¢ 23
¢ ¢ 2
¢ ¢ 1
¢ ¢ 14
¢ ¢ 1
¢ ¢ 2
¢ ¢ 6
¢ ¢ 4
¢ ¢ 1
¢ ¢ 2
¢ ¢ 5
¢ ¢ 2
¢ ¢ 3
¢ ¢ 3
¢ ¢ 9
¢ ¢ 1
¢ ¢ 10
¢ ¢ 1
¢ ¢ 1
¢ ¢ 4
¢ ¢ 2
¢ ¢ 1
¢ ¢ 4
¢ ¢ 2
¢ ¢ 2
¢ ¢ 2
¢ ¢ 2
¢ ¢ 3
¢ ¢ 1
¢ ¢ 2
¢ ¢ 1
¢ ¢ 7
¢ ¢ 1
¢ ¢ 1
¢ ¢ 4
¢ ¢ 1
¢ ¢ 1

RV: rhinovirus; RSV A: respiratory syncytial virus type A; RSV B: type B; IVA: influenza A; IVB: influenza B; ADV: adenovirus; CoV 229: coronavirus 229E; CoV 0C43: 0C43;
CoV NL63: NL63; MPV: human metapneumovirus; P1: parainfluenza virus type 1; P2: type 2; P3: type 3; P4: type 4.

Table 2

Clinical presentation at admission and virus identified.

Syndrome (samples: n)

Upper respiratory infections (243)

Lower respiratory infections (723)

Total samples (966)

Rhinopharyngitidis and Bronchiolitis (360)  Pneumonia (112)  Flu and flu Asthma (85)

ORL syndrome (243) syndrome (166)
RSV 40 173 31 15 22 281
RV 64 43 18 5 26 156
v 11 3 3 91 3 111
ADV 15 5 7 10 3 40
CoV 12 8 8 6 1 35
MPV 8 19 5 3 4 39
Piv 12 8 2 2 3 27
Number of 23 77 22 28 18 168

co-infections?®

Total positive 185 336 96 160 80 857

RV: rhinoviruses, RSV: respiratory syncytial virus, IV: influenza A and B viruses, ADV: adenovirus, MPV: human metapneumovirus, CoV: coronaviruses, PiV: parainfluenzae

viruses.

Bold numbers represent the most prevalent pathogen linked to a syndrome.
2 Co-infections involved either one virus or the other.
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Virus detected in children with upper respiratory infections (virus; n; %)

I RSVA;23: 8.6

RV 74; 27.8
PiV4; 4; 1.5

PiV3;5; 1.9

PiV2;2;0.8

PiVl; 4;1.5

I I Co0C43:2;0.8

Co NL63; 18; 6.8

RSVB; 27;10.2 I

Negative; 58; 21.8

ADV;24;9

MPV; 9; 3.4

Co229E; 1,04 I

Virus detected in children with lower respiratory infections (virus; n; %)

I RSVA; 196; 222

RV; 162;18.4

Piv4; 14; 1.6
PiV3; 14; 1.6
Piv2; 1; 1
PiV1;3;0.3

Co OC43; 14; 1.6

RSVB; 139;15.8 I

Negative; 51; 5.8

ADV; 69; 7.8

Co NL63:49; 5.6

Fig. 2. (a) Results obtained from the 243 samples that had been collected among 232 children presenting with upper respiratory infections. Lines group viruses of the same
family. (b) Results obtained from the 723 samples that had been collected among 682 children presenting with lower respiratory infections. Lines group viruses of the same
family. (RSV: respiratory syncytial virus, RV: rhinovirus, IV: influenza A and B viruses, ADV: adenovirus, CoV: coronaviruses, MPV: metapneumovirus, PiV: parainfluenza

viruses).

for lower respiratory tract ARIs as shown previously: ADV infection
was shown to lead to severe chronic disease and to the increase in
the mortality rate in children [14], whereas CoV [15], MPV [16] and
PiV [17] can be responsible for severe lower respiratory tract infec-
tions requiring hospitalization, especially among the youngest.

Flu and flu syndromes were preferentially linked to influenza
viruses and older children seemed to be more susceptible to these
viruses. We found a relationship between an influenza virus infec-
tion and severe infection due to hyperthermia, but not with more
severe respiratory symptoms, in contrast to the situation in adults
[18].

The use of multiplex assays has demonstrated that infections
with multiple viruses are common [4]; the frequency of such infec-
tions can be as high as 27%, 30% or 46% [5,19,20]. This was exactly
the case for our children: all the viruses in the panel were detected
in co-infections, not only RSV, but also ADV and CoVs. Martin
et al. [21] described similar results. They detected ADV in asso-
ciation with other viruses in 52% of samples and CoV in 50%. They
also showed that multiple virus infections were correlated with
less severe disease. The relationship between co-infections and ill-
ness severity remains uncertain and may depend upon the virus
detected. Dual infections involving RSV and RV [22] or RSV and MPV
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a Percentage of positive samples
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Fig. 3. (a) Percentage of positive samples (Y-axis) detected during the study period (weeks 40-52/2010 and 1-13/2011; X-axis). (b) Number of viruses (Y-axis) detected

during the study period (weeks 40-52/2010 and 1-13/2011; X-axis).

can lead to severe bronchiolitis [23] whereas co-infections without
RSV do not [24].

We also analyzed the way viral infections spread during the
winter. RSV and IV were epidemic while the frequency of the
other viruses changed little. Our study carried out in the win-
ter following the influenza AH1IN1pdmO09 pandemia shows that
IV and RV infections had returned to their pattern. This has
also been described in Germany by Grondahl et al. [25] who
showed that the AHIN1pdmO09 outbreak had a great impact on
the spread of other respiratory viruses, but that the virus infec-
tions had return to their usual epidemiologic characteristics the
year after.

This new multiplex technique dramatically shortens hands-on
time. The results for 15 viral pathogens can be obtained in about
one day. It is also much simpler than conventional routine tech-
niques, which need many and various steps and a wide range of
technical competence (culture, PCR, immunofluorescence). While

multiplex assays are more expensive than monoplex PCRs, labora-
tories can still choose to perform single PCRs in a strategic stepwise
fashion. This strategy may appear to be less expensive but it needs
regular revision to take into account the spread of virus(es). More-
over, if several monoplex PCRs are needed, this then can become
more expensive than multiplex PCRs. It must also be remembered
that diagnosis of co-infections is more uncertain due to a smaller
number of viruses tested.

In conclusion, our results indicate that multiplex PCR tech-
niques can be used in the routine etiological diagnosis of respiratory
infections. The MLPA-Respifinder® 15 assay revealed that a high
percentage of samples from children attending the emergency
unit with ARIs during the autumn and winter of 2010/2011con-
tained at least one virus, and that co-infections were very common.
RSV and RV were the most prevalent pathogens, particularly in
the youngest children, and co-infections were associated with
more severe respiratory symptoms. The epidemiology of viruses
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responsible for ARIs had returned to its usual characteristics one
year after the AHIN1pdmO09 pandemic.
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