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Detection of infectious bronchitis virus and Avian 
metapneumovirus by a duplex semi-nested reverse 

transcription–polymerase chain reaction assay
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Abstract

A duplex RT-PCR assay is reported for the simultaneous detection of avian infectious bronchitis virus (IBV) and avian 
metapneumovirus (aMPV), the causative agents of major diseases in poultry. The duplex RT-PCR assay optimized 
showed a detection limit of 10-3 (101 EID50/50m L for IBV and 100.5 EID50/50m L for aMPV, respectively when two viruses 
were mixed and 10-1 for each one separated (103 EID50/50m L for IBV and 102.5 EID50/50m L for aMPV, respectively. It was 
specific, sensitive and applicable for the rapid detection of these viruses in clinical samples.
Keywords: IBV. aMPV. PCR. Diagnosis.

Resumo

Descreve-se um ensaio de duplex RT-PCR assay para a detecção simultânea do vírus da bronquite infecciosa das 
galinhas (IBV) e do metapneumovirus aviário (aMPV), agentes etiológicos de doenças de elevada importância em 
avicultura. A duplex RT-PCR otimizada mostrou um limiar de detecção de 10-3 (101 EID50/50m L para IBV e 100.5 

EID50/50m L para aMPV, respectivamente, quando da combinação dos dois vírus e 10-1 para cada um dos vírus em 
separado(103 EID50/50m L para IBV e 102.5 EID50/50m L para aMPV, respectivamente. O ensaio foi demonstrado como 
específico, sensível e aplicável à rápida detecção destes vírus em amostras clínicas. 
Palavras-chave: IBV. aMPV. PCR. Diagnostic.

Introduction

3Avian metapneumovirus (aMPV) belongs to sub-
family Pneumovirinae within the Paramyxoviridae5. 
IBV and/or aMPV not only replicate inthe respiratory 
but also in the reproductive tract, affecting the qual-
ity of eggs and causing a range of reproductive tract 
abnormalities, including peritonitis and ovary and 
oviduct atrophy6,7,8.

Methods such as multiplex RT-PCR assays allow 
for the simultaneous detection of several pathogens, 
thereby optimizing the use of reagents and decreas-
ing personnel time9.The advantage of these assays is 
that they combine the sensitivity and quickness of the 
PCR and eliminate the necessity of evaluating clini-
cal samples separately for each virus; these assays have 

been used usefully for typing and sub-typing of virus-
es such as IBV, avian influenza10,11,12 and for multiple 
detection of Newcastle disease virus (NDV), avian in-
fluenza virus and aMPV13.

This article reports on the preliminary results of the 
optimization and evaluation of a duplex semi-nested 
reverse transcription PCR (dsnRT-PCR) assay for the 
simultaneous and differential detection of IBV and 
aMPV in different organs of poultry.
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Material and Method

A total of 45 samples (9 pools) of enteric con-
tents, lungs, trachea, kidneys, and reproductive 
tractspools from multiple ages broiler and lay-
ers of poultry farms from São Paulo State, Brazil 
with clinical signs of infection by IBV and aMPV 
(reproductive and /or respiratory problems) were 
collected as organ-specific pools of five birds after 
necropsy. The samples were prepared as 20 % w/v 
suspensions in DEPC-treated water and clarified at 
5,000 x g for 15 min; the supernatants were then 
collected for virus detection. 

Virus reference strains used to optimize the 
dsnRT-PCR assay wereMassachusetts H-120 of IBV 
and aMPV subtype Avaccine strains withtiters of 104 
EID50/50m L and 103.5 EID50/50m L, respectively. To 
the evaluation of the specificity of dsnRT-PCR, vac-
cine strains of NDV (strain La Sota) and Infectious 
bursal disease virus IBDV (strain D78) were used. 
IBV and aMPV reference strains were serially10-fold 
diluted in DEPC-treated water for the analytical sen-
sitivity assay.

Total RNA was extracted with TRIzol reagentTM (In-
vitrogen, Carlsbad, CA), according to the manufac-
turer’s instructions, directly from tissue suspensions 
(for IBV and aMPV screening), negative (ultrapure 
water) and positive (IBV H120 and aMPV subtypes A 
and B) controls and NDV and IBDV.

Complementary DNA (cDNA) was synthesized 
using Moloney-Murine leukemia virus reverse tran-
scriptaseTM (M-MLV) (Invitrogen, Carlsbad, CA) in a 
20-μL final reaction volume.

Briefly, 3.5 μL of RNA were denatured at 95°C and 
added to the reverse transcription mix containing 1x 
First Strand BufferTM (Invitrogen, Carlsbad, CA), 1 
mM of each dNTP, 10 mM of DTT, 1.25 ng/μL of ran-
dom hexamers (Invitrogen, Carlsbad, CA) and 100U 
of M-MLV. The reaction was then carried out at 42ºC 
for 60 minutes.

For the PCR and semi-nested steps, previously pub-
lished primers were used targeting the 3’UTR for the 
detection of IBV14and the G gene for the detection of 
both subtypes A and B of aMPV, with amplicons size 
of size 179bp for IBV (primers UTR41+ ATGTC-
TATCGCCAGGGAAATGTC, UTR 31- GGGCGTC-
CAAGTGCTGTACCC and UTR11- GCTCTAACTC-
TATACTAGCCTA) and 444bp for aMPV (primersG1+ 
GGGACAAGTATC (T/C) (C/A) (T/G) AT and G6- 
CTGACAAATTGGTCCTGATT). A serial titration of 
reagents was performed to optimize the dsnRT-PCR 
protocol, including concentration of reagents (DNA 
polymerase and MgCl2) and primer efficiency and the 
assay was finally optimized as follows: 

For PCR (first-round amplification), the reaction 
mix was prepared in a volume of 50 μL with 5 μL of 
cDNA, 1x PCR Buffer TM (Invitrogen, Carlsbad, CA), 
0.2 mM dNTP, 0.5 μM of each primer (UTR 41+, UTR 
11-, G6- and G1+), 1.5 mM MgCl2 , 1.25 U Platinium 
Taq DNA Polymerase TM (Invitrogen, Carlsbad, CA) 
and DEPC-treated water to complete 50μL. The PCR 
reaction was carried out under the following condi-
tions in a thermal cycler (Eppendorf Mastercycler TM): 
35 cycles of denaturation at 94ºC for 1 min, annealing 
at 48ºC for 1.5 min., elongation at 72ºC for 2 min and 
1 cycle of 10 min at 72ºC.

For the second-round amplification (semi-nested 
PCR in the case of IBV and re-amplification in the 
case of aMPV), the reaction mix was prepared in a 
volume of 50 μL comprised of 5 μL of first round 
PCR product, 1x PCR Buffer TM (Invitrogen, Carlsbad, 
CA), 0.2 mM dNTP, 0.5 μM of each primer (UTR 41+, 
UTR 31-, G6- and G1+), 1.5 mM MgCl2 , 1.25 U Plati-
num Taq DNA Polymerase TM (Invitrogen, Carlsbad, 
CA) and DEPC-treated water to complete 50μL. The 
second-round amplification was carried out with the 
same conditions described for the first-round ampli-
fication.

Amplicons were visualized under UV light after 
electrophoresis in 1.5% agarose gel in 0.5 x TBE buffer 
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followed by staining with ethidium bromide (0.5μg/
mL). For estimating product length, 100 bp DNA lad-
der was used as a marker.

Each step (RNA extraction reverse transcription-
polymerase chain reaction, nested reactions and elec-
trophoresis) was carried out in separate rooms in or-
der to avoid amplicon carry over.

The analytical sensitivity of the dsnRT-PCR as-
say was evaluated by testing sequential 10-fold di-
lutions in DEPC-treated water (ranging from 10-1 

to 10 -6) of IBV and aMPV vaccine stock solutions. 
The viruses were tested both as volume/volume 
combinations and in separate. The RNA was ex-
tracted and cDNA was synthesized from each dilu-
tion as described above.

Besides, the detection limit was measured sepa-
rately for IBV and aMPV by adding cDNA prepared 
with random primers for IBV and aMPV controls 
to the multiplex mix separately and combined (10-1-
10-6 dilutions) using the specific primers in separate 
reactions and the other conditions were as described 
above.

The analytical specificity of the dsnRT-PCR was 
assessed using RNA extracted from NDV and IBDV, 
processed and tested as described above for the 
cDNA synthesis, first round and nested steps of the 
dns RT-PCR.

Results and Discussion

The dsnRT-PCR assay optimized showed a de-
tection limit of 10-3(101 EID50/50m L for IBV and 
100.5EID50/50m L for aMPV, respectively) when two 
viruses were mixed and 10-1 for each one separated 
(103 EID50/50m L for IBV and 102.5 EID50/50m L for 
aMPV, respectively). Thus, when two viruses were 
mixed, better results were obtained, possibly because 
of a carrier RNA effect when a higher amount o RNA 
is available in an ethanol-based precipitation step of 
RNA extraction.

Furthermore, the dsnRT-PCR was found more sen-
sitive than each simple (primer-specific) RT-PCR for 
each virus. The sensitivity of simple RT-PCR for IBV 
was 10-2and 10-1 for aMPV. The analytical specificity 
of the dsnRT- PCR assay was supported by the obser-
vation that only IBV and aMPV were detected whilst 
NDV and IBDV were not. 

A comparison between IBV the assay detection lim-
it form the present study and that described by the 
authors of the article from which the 3UTR primers 
were taken was not possible as the authors do not pro-
vide detection limits in their study15.

To determine the quality of the assay and the 
competence of the dsnRT-PCR test performance in 
clinical samples, 45 samples (9 pools of five birds) 
of enteric contents, lungs, trachea, kidneys, and re-
productive tracts pools from multiple ages broiler 
and layers with clinical signs of infection by IBV and 
aMPV (reproductive and /or respiratory problems) 
were evaluated and all of them were found positive 
to IBV by the dsnRT-PCR, while none was positive 
for aMPV.

The use of RT-PCR for detection of avian patho-
gens is not new and different strategies to detect 
individual viruses have been reported16, but the de-
tection of IBV and aMPV in a same reaction has 
not employed. 

It was not the aim of the present investigation to ap-
ply this test to a large amount of clinical samples in a 
field study, as this will be the issue of future publica-
tions.

Nonetheless, the results presented herein indicate 
the utility of this assay in detecting these two viruses 
in samples of birds to be implemented in any molecu-
lar biology laboratory.

Aknowledgements

The authors are grateful to FAPESP (Fundação de 
Amparo à Pesquisa do Estado de São Paulo), Grant # 
2008/58649-4.



Braz. J. Vet. Res. Anim. Sci., São Paulo, v. 49,  n. 3,  p. 221-224, 2012

224

References
1. CAVANAGH, D. Nidovirales: a new order comprising 

Coronaviridae and Arteriviridae. Archives of Virology, v. 142, 
n. 3, p. 29-633, 1997. 

2. INTERNATIONAL COMMITTEE ON TOXONOMY OF 
VIRUSES (ICTV). Virus taxonomy: 2009 release. 2009. 
Disponível em: <http://ictvonline.org/virusTaxonomy.asp? 
version=2009>. Acesso em: 1 Aug. 2010. 

3. ZANELLA, A.; LAVAZZA, A.; MARCHI, R.; MORENO, M. A.; 
PAGANELLII, F. Avian infectious bronchitis: characterization 
of new isolate from Italy. Avian Diseases, v. 47, n. 1, p. 180-
185, 2003.

4. NAQI, S.; THOMPSON, G.; BAUMAN, R.; MOHAMMED, H. 
The exacerbating effect of infectious bronchitis virus infection 
on the infectious bursall disease virus induced suppression of 
opsonisation by Escherichia coli antibody in chickens. Avian 
Diseases, v. 45, n. 1, p. 52-62, 2001.

5. PRINGLE, C. R. Virus taxonomy. Archives of Virology, 
v. 143, p. 1449-1459, 1998.

6. COOK, J. A. Avian metapneumovirus infections in turkeys and 
chickens. Review Veterinary Journal, v. 60, p. 118-125, 2000.

7. GOUGH, R. E. Avian metapneumovirus. In: SAIF, Y. M.; 
BARNES, H. J.; GLISSON, J. R.; FADLY, A. M.; MCDOUGALD, 
L. R.; SWAYNE, D. E.(Ed.). Diseases of Poultry. 11th ed. Ames, 
IA: Iowa State University Press, 2003. p. 308-317.

8. JONES, R. C.; NAYLOR, C. J.; BRADBURY, J. M.;SAVAGE, 
C. E.; WORTHINGTON, K.; WILLIAMS, R. A. Isolation of 
turkey rhinotracheitis-like virus from breeders in England. 
Veterinary Research, v. 129, n. 23, p. 509-510, 1991.

9. RENSHAW, M. A.; ELLINGSEN, D.; COSTNER, B.; BENSON, 
J.; HEIT, J. A.; HOOPER, W. C. Fluorescent multiplex 
polymerase chain reaction analysis of four genes associated 

with impaired fibrinolysis and myocardial infarction. Blood 
Coagul Fibrinolysis, v. 12, n. 4, p. 245-251, 2001.

10. JACKWOOD, M. W.;KWON, H. M.; HILT, D. A. Infectious 
bronchitis virus detection in allantoic fluid using the 
polymerase chain reaction and DNA probes. Avian Diseases, 
v. 36, n. 2, p. 403-409, 1992.

11. MUNCH, M.; NIELSEN, L. P.; HANDBERG, K. J.; 
JERGENSEN, P. H. Detection and subtyping of H5 and H7 of 
avian type A influenza virus by reverse transcription-PCR and 
PCR-ELISA. Archives of Virology, v. 146, n. 1, p. 87-97, 2001.

12. STOCKTON, J.; ELLIS, J. S.; SAVILLE, M. Multiplex RT-PCR 
for typing and subtyping influenza and respiratory syncytial 
viruses. Journal Clinical Microbiology, v. 36, n. 10, p. 2990–
2995, 1998.

13. YASHPAL, S.; MALIK, D. P.; PATMAYAK, S. M. Detection of 
three avian respiratory viruses by single-tube multiplex reverse 
transcription–polymerase chain reaction assay. Journal of 
Veterinary Diagnostic Investigation, v. 16, n. 3, p. 244-248, 
2004.

14. CAVANAGH, D.; MAWDITH, K.; BRITTON, P.; NAYLOR, C. 
J.Longitudinal field studies of infectious bronchitis virus and 
avian pneumovirus in broilers using type-specific polymerase 
chain reactions. Avian Pathology, v. 28, n. 6, p. 593- 605, 1999.

15. CAVANAGH, D.; MAWDITH, K.; WELCHMAN, D. B.; 
BRITTON, P.; GOUGH, R. E. Coronaviruses from pheasants 
(Phasianus colchicus) are genetically closely related to 
coronaviruses of domestic fowl (infectious bronchitis virus) 
and turkeys. Avian Pathology, v. 31, n. 1, p. 81-93, 2002.

16. ROUSSAN, D. A.; HADDAD, R.; KHAWALDEB, G. Molecular 
survey of avian respiratory pathogens in commercial broiler 
chicken flocks with respiratory diseases in jordan. Poultry 
Science, v. 87, n. 3, p. 444-448, 2008.


