
118

online | memorias.ioc.fiocruz.br

Duplex-PCR assay for the detection of adenovirus and respiratory 
syncytial virus in nasopharyngeal samples
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Human adenovirus (HAdV) and human respiratory syncytial virus (HRSV) are important etiologic agents of 
acute respiratory infections. In this study, a duplex polymerase chain reaction (PCR) assay was developed for the 
simultaneous detection of HAdV and HRSV in clinical samples. Sixty previously screened nasopharyngeal aspirates 
were used: 20 HAdV-positive, 20 HRSV-positive and 20 double-negative controls. Eight samples were positive for 
both viruses. The duplex PCR assay proved to be as sensitive and specific as single-target assays and also detected 
the mixed infections with certainty. The identification of both viruses in a single reaction offers a reduction in both 
cost and laboratory diagnostic time.
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Acute respiratory infections (ARI) are the third 
cause of morbidity and mortality in children and adults 
worldwide, with a particularly significant impact in de-
veloping countries. They are responsible for the death 
of four million people per year (WHO 2008). ARI are 
responsible for 20%-40% of infant hospitalizations 
(Hemming 1994, Vieira et al. 2001). Viruses are the ma-
jor etiological agents of ARI, causing 45%-60% of all 
acute respiratory diseases in infants and young children 
(Canducci et al. 2008). Human respiratory syncytial vi-
rus (HRSV) is a major pathogen, causing several symp-
toms such as bronchiolitis and pneumonia (Calegari et 
al. 2005, Canducci et al. 2008). HRSV is the cause of 
hospitalization for approximately 45% of children under 
the age of two years (Avedaño et al. 1999, Schmidt et al. 
2001, Vieira et al. 2001, Canducci et al. 2008). Human 
adenovirus (HAdV) represents 5%-15% of the viruses 
isolated from children less than two years of age that 
are hospitalized with ARI (Moura et al. 2007). Children 
with respiratory adenovirus may have a wide variety of 
symptoms, including pharyngitis, tonsillitis, pharyngo-
conjunctival fever, bronchitis and pneumonia (Palomino 
et al. 2000, Vieira et al. 2001). Laboratory diagnosis of 
respiratory viruses is frequently made by using an indi-
rect immunofluorescent assay (IFA), but the sensitivity 
and specificity of this method is lower than viral cul-
ture or molecular detection methods (Räty et al. 1999). 
Polymerase chain reaction (PCR) is the most sensitive 
technique to detect these viruses in clinical samples such 
as nasopharyngeal aspirates (Osiowy 1998, Echavarria 
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et al. 2003, Larcher et al. 2006, Canducci et al. 2008). 
Knowing that HRSV and HAdV are important and fre-
quent agents for ARI and that accurate diagnosis would 
be helpful for medical care, we propose a duplex PCR 
assay. The use of one reaction for simultaneous detection 
of both viruses offers a reduction in costs and shortened 
laboratory diagnosis time (Barenfanger et al. 2000). 

HAdV prototypes from species B (HAdV-3) and 
species C (HAdV-5) originated from the Central Pub-
lic Health Laboratory, London, UK. HRSV prototypes 
(HRSV-A2 and HRSV-B1) were received from the Cen-
tral Public Health Laboratory, Atlanta, GA, USA. Viruses 
were cultivated in HEp2 cells (human larynx epithelial 
carcinoma) and titrated. Infective doses of prototypes were 
determined using the TCID50 (50% tissue culture infective 
dose) assay (Reed & Muench 1938). Prototypes were used 
in the duplex PCR as positive controls at 200 TCID50. 

Nasopharyngeal aspirate samples were collected from 
children hospitalized with ARI in the city of Manaus, 
Amazonas, Brazil during 1999. Samples were collected 
following ethical standards, using a protocol approved by 
the Committee on Ethical on Human Experimentation of 
the Instituto de Ciências Biomédicas, Universidade de 
São Paulo (protocol 378/CEP). These samples had been 
previously screened for respiratory viruses by IFA using 
monoclonal antibodies (Chemicon International Inc, Cal-
ifornia, USA) and by single-target PCR assays. Adenovi-
ruses DNA were detected using a generic PCR assay with 
a pair of primers directed to a conserved region of the 
hexon gene, which recognizes all 51 serotypes of HAdV 
(Xu et al. 2000). The sensitivity of the reaction was de-
termined to be sufficient to detect a minimum of 0.1 
TCID50. HRSV species A and B RNA were detected with 
a pair of primers directed to the F and G proteins (Bosso 
et al. 2004). Sensitivity of the reverse transcription-PCR 
(RT-PCR) was determined to be sufficient to detect 6.59 
TCID50 of HRSV-A and 1.405 TCID50 of HRSV-B (Nas-
cimento et al. 2008). 
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To test the duplex PCR, 60 clinical samples were se-
lected: 20 positive for HRSV; 20 positive for HAdV (8 
of these positive for both viruses); and 20 double nega-
tive controls. A 250-µL aliquot of each crude sample 
was dispensed into a tube containing 750 µL of Trizol®  
(InvitrogenTM Brasil Ltda, São Paulo, Brazil). As a first 
step, RNA was extracted according to the manufacturer’s 
suggested method. The Trizol phase was retained for sub-
sequent DNA extraction. The extracted RNA was sus-
pended in 25 µL of diethylpyrocarbonate-treated water 
and immediately used in the RT reactions. For the cDNA 
synthesis, 50 µL reactions were prepared by adding 25 
µL of the extracted RNA to 25 µL of a mix containing 
1X RT Buffer, 200 mM dNTP mixture, 1X of random 
primers and 2.5 U/µL MultiScribeTM RT (all from Ap-
plied Biosystems Brazil, São Paulo, Brazil). Transcrip-
tion reactions were performed at 25ºC for 10 min and 
37ºC for 120 min on a Biometra T3 thermocycler. The 
cDNA was kept at -20°C. The DNA was extracted from 
the Trizol suspension of the crude sample by a modi-
fied Shinagawa et al. (1983) method. Briefly, the DNA 
was precipitated by adding 750 µL of ethanol followed 
by centrifugation at 12,000 g for 15 min. The pellet was 
suspended in Tris-TE buffer (10 mM Tris-HCl, pH 7.8, 
1 mM EDTA) with 10% SDS, 5% NaCl and 10 mg/mL 
Proteinase K (Invitrogen Brasil Ltda, São Paulo, Brazil). 
After digestion at 60°C for 60 min, viral DNA was ex-
tracted with phenol/chloroform-isoamyl alcohol (25/24:1) 
and precipitated with isopropanol. The extracted DNA 
was suspended in 100 µL of Tris-TE buffer. 

Duplex PCR was performed with 6 μL of the cDNA 
and 4 μL of the extracted DNA. The primers targeted 
the hexon gene of the adenoviruses: XuHex1: 5’ -TTC-
CCCATGGCICAyAACAC-3 and XuHex2: 5’ -CCCT-
GGTAKCCRATRTTGTA-3’ (Xu et al. 2000); and to the 
F and G protein regions of the HRSV: FV: 5’ -GTTAT-
GACACTGGTATACCAACC-3’ (Zheng et al. 1996) and 
GAB: 5’ -yCAyTTTGAAGTGTTCAACTT-3’ (TCT 
Peret, from CDC, Atlanta, USA, unpublished observa-
tions). The duplex PCR was performed with a mix of 
1X PCR Buffer, 250 mM of each dNTP, 10 pmol of each 
primer (FV, GAB, XuHex1 and XuHex2) and two units 
of Tth DNA polymerase (Biotools Brasil Ltda, Rio de 
Janeiro, Brazil). The thermocycling conditions were as 
follows: for 95ºC for 5 min, 35 cycles of 94ºC for 1 min, 
54ºC for 1 min and 72ºC for 1 min, and a final extension 
step at 72ºC for 7 min. The samples were loaded into 
1.5% agarose gels in TAE buffer (40 mM Tris acetate, 
1 mM EDTA·Na2, pH 8.5), subjected to electrophoresis 
and observed under UV light after staining in ethidium 
bromide. Images were recorded with the PhotoCaptMw 
program (Viller Lourmat, Marne-la-Vallée, France).

Routine laboratory tests are usually directed to a 
single etiological agent, and when the results are nega-
tive, samples are rarely tested for a second pathogen. The 
single-target PCR protocols for HAdV and HRSV were 
routinely in use in our laboratory. Having observed that 
the annealing temperatures of both reactions were simi-
lar, our next step was to evaluate the specificity and qual-

ity of the primers for the absence of dimers and hairpins, 
using Premier Biosoft software (Premier Biosoft 1994). 
After adjusting the annealing temperature to 54°C and 
the volume of the templates to 6 µL of cDNA and 4 µL 
of DNA, the duplex PCR could unequivocally detect the 
single as well as the mixed infections. Amplicons of 428 
bp and 653 bp size were considered positive for HAdV 
and HRSV, respectively (Figure). The results obtained 
using the duplex PCR assay matched perfectly with the 
previous screening results obtained using the single-tar-
get protocols for HAdV and HRSV.

Laboratory diagnosis methods for the detection of 
respiratory viruses are important to guide treatment and 
assure clinical and financial benefits. The use of a rapid 
and sensitive method is fundamental to patient treat-
ment, reducing hospitalization time and costs, as well 
as avoiding unnecessary use of antibiotics and reduc-
ing child mortality (Barenfanger et al. 2000). The two 
most frequently used methods in laboratory diagnosis of 
ARI are the IFA and enzyme-linked immunosorbent as-
say (ELISA), which are both based on antigen detection. 
These methods have low costs and are simple to execute 
but present low sensitivity (Räty et al. 1999, Barenfanger 
et al. 2000, Kuypers et al. 2006).

Molecular diagnosis techniques have been developed 
that have increased sensitivity over antigen detection 
(IFA or ELISA) or culture-based methods (Räty et al. 
1999). These techniques are usually limited to the detec-
tion of a single respiratory virus per assay, preventing 
the detection of others for which testing was not request-
ed, and thus missing dual infections. 

HRSV and HAdV are the most frequently detected 
infectious agents related to severe acute respiratory 
disease in children less than two years of age, which 
demands long-term hospitalization and sometimes in-
tensive care. A reliable duplex PCR assay could be ben-
eficial in the diagnosis of ARI. The benefits are the time 
of reaction, low volume of specimen required, ability to 
detect inactivated viruses and, most importantly, the de-
tection of dual infections. The duplex PCR for HRSV 
and HAdV developed in this study was as sensitive and 

Duplex-PCR for the detection of human adenovirus (HAdV) and hu-
man respiratory syncytial virus (HRSV). Lanes M: molecular weight 
marker 100 bp ladder (GibcoBRL); C+: positive control; C-: negative 
control; 1, 2, 4-6: mixed samples (HRSV and HAdV); 3: negative 
sample; 7: HRSV prototype (conc. 200 TCID50%); 8: HAdV prototype 
(conc. 200 TCID50%).
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specific as the single-target reactions and accurately de-
tected dual infections. Therefore, this assay provides a 
rapid and highly sensitive method for the simultaneous 
detection of the two major respiratory pathogens in in-
fants and hastens clinical treatment decisions.
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