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Rapid typing of the pathogenicity of avian influenza A viruses (AIV) of subtypes H5 and H7 is crucial to
initiate adequate protective measures preventing the spread of highly pathogenic AIV (HPAIV). Here, a new
real-time reverse transcription-PCR assay which enables sensitive and specific detection and cleavage site
analysis of HPAIV H5N1 of the Qinghai lineage is described.

Avian influenza viruses (AIV) characterized by intravenous
pathogenicity indices of greater than 1.2 are termed highly
pathogenic (1). Only representatives of subtypes H5 and H7
have been shown to exhibit highly pathogenic AIV (HPAIV)
characteristics and to cause disastrous epidemic disease in
poultry (2). The presence of a polybasic, subtilisin-sensitive
endoproteolytic cleavage site (CS) within the hemagglutinin
(HA) precursor protein (HA0) has been identified as a reliable
marker for HPAIV (7, 9). AIV strains of low pathogenicity, in
contrast, reveal a monobasic composition at this site which is
targeted by tissue-specific, trypsin-like proteases (10). There-
fore, a molecular pathotyping of AIV isolates is also feasible by
determining the sequence encoding this cleavage site by using
conventional sequencing techniques.

With the occurrence of HPAIV H5N1 of the Qinghai lin-
eage in wild birds in Germany and other European countries
since February 2006, a high risk of transmission to poultry
holdings became evident. In order to determine the prevalence
of H5N1 in the wild-bird population, rapid analysis, including
cleavage site sequence determination, of sample material from
hundreds of sometimes decomposed carcasses of wild birds
was required. For virus detection in routine diagnostics, real-
time reverse transcription-PCR (rRT-PCR) protocols are
widely used (3, 4, 5, 8). However, nucleotide sequencing for

further analysis of PCR-positive samples is comparatively
time- and labor-intensive and is therefore unsuitable for high-
throughput demands. Also, a substantial amount of PCR prod-
uct is required for sequence-based methods, which may be
difficult to obtain with many of the wild-bird samples that still
yield positive results with the widely used and highly sensitive
rRT-PCR test systems. Therefore, an rRT-PCR was developed
for the direct, fast, and highly sensitive analysis of the HPAIV
H5N1/Qinghai-like HA cleavage site sequence representative
of the AIV H5N1 strains currently occurring in Europe.

A set of primers (FliH5_1028F and FliH5_1190R) and two
probes were designed for the amplification and detection of a
fragment spanning the cleavage site sequence of the H5 HA
gene (Table 1). The hexachloro-6-carboxyfluorescein (HEX)-
labeled probe (FliH5-1148-HEX) was designed to target to a
sequence reasonably conserved among various H5 strains. The
6-carboxyfluorescein (FAM)-labeled probe (FliH5-CS-FAM)
was specific for the cleavage site sequence of H5N1 isolates of
the Qinghai lineage. Viral RNA was extracted from tracheal or
cloacal swabs or allantoic fluid by use of a viral RNA mini kit
(QIAGEN). One-step rRT-PCR was accomplished with an
ABI 7500 (Applied Biosystems) or an MX3000p (Stratagene)
cycler by use of a QuantiTect probe RT-PCR kit (QIAGEN).
A total of 5 �l of RNA extract was amplified in a volume of 25
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TABLE 1. Primers and probes used in this study

Primer/probe Sequence of primer/fluorescence labeling probe(s) (5�–3�)a Nucleotide positionb Reference or source

EuH5LH1 ACA TAT GAC TAC CCA CAR TAT TCA G 1504–1528 8c

EuH5RH1 AGA CCA GCT AYC ATG ATT GC 1655–1636 8c

EuH5-FAM FAM-TCA ACA GTG GCG AGT TCC CTA GCA-BHQ1 1609–1632 8
FliH5-1028F GGG GAA TGC CCC AAA TAT GT 946–965 This study
FliH5-1190R TCT ACC ATT CCC TGC CAT CC 1075–1094 This study
FliH5-CS-FAM FAM-AGA GAG AAG AAG AAA AAA GAG AGG ACT A-TAMRA 1017–1044 This study
FliH5-1148-HEX HEX-TTG GAG CTA TAG CAG GTT TTA TAG AGG-BHQ1 1046–1072 This study

a BHQ1, Black Hole Quencher 1; TAMRA, 6-carboxytetramethylrhodamine.
b Based on GenBank accession number DQ458992 (A/mallard/Bavaria/1/2006 �H5N1�).
c Primers modified by VLA Weybridge.
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�l by employing the following temperature profile: 30 min at
50°C, 15 min at 95°C, and 42 cycles of 30 s at 95°C, 30 s at 55°C,
and 30 s at 72°C. FAM- and HEX-specific emission data were
collected during the annealing step. Cycle threshold (CT) val-
ues of �40 were considered indicative of the presence of H5-
specific RNA when all negative controls revealed CT values of
�40. Performance characteristics of this duplex assay were
compared to those of a generic H5-specific rRT-PCR (8) mod-
ified by the Community Reference Laboratory for Avian In-
fluenza (Table 1), referred to as the EuH5-FAM rRT-PCR, by
using dilution series of the egg-derived HPAIV H5N1 isolate
A/duck/Vietnam/TG24-01/05. When comparing the CT values
as depicted in Table 2, the EuH5-FAM rRT-PCR appeared to
be slightly more sensitive, although, on a qualitative basis, no
differences among the three assays were evident.

Further in-depth analysis involved a panel of 22 different H5
isolates (Table 3). The EuH5-FAM rRT-PCR detected all 22
isolates. The FliH5-HEX assay detected 18 strains, including
all recent HPAIV of Asian origin. In contrast, only HPAI
Qinghai-like viruses or very closely related isolates of Asian
origin gave a specific signal in the FliH5-CS-FAM assay. The
results clearly confirm that detection with the FliH5-CS-FAM
assay was directly linked to the nucleotide sequence of the
cleavage site (Table 4). Already, the substitution of two nucle-
otides in the cleavage site region of A/chicken/GXLA/1204/05
completely abolished the signal generation. Similarly, negative
results with the FliH5-CS-FAM assay were obtained when one
or more triplets were deleted in the probe region. Since all
viruses which gave a signal in the FliH5-CS-FAM assay were
also positive with the HEX probe, the FliH5-HEX assay can be

TABLE 2. Sensitivity of the H5 cleavage site assay Fli-CS-FAM compared to that of a standard H5-specific diagnostic assay and that of the
included control assay FliH5-HEX

H5N1 dilution
series

CT value

EuH5-FAM rRT-PCRa FliH5-CS-FAM rRT-PCR FliH5-HEX rRT-PCR

Replicate no.
Mean � SD

Replicate no.
Mean � SD

Replicate no.
Mean � SD

1 2 3 1 2 3 1 2 3

10�2 20.52 20.31 20.08 20.3 � 0.22 22.99 22.96 22.23 22.7 � 0.43 21.77 21.47 21.97 21.7 � 0.25
10�3 23.95 23.81 23.83 23.9 � 0.08 25.58 24.49 23.92 24.7 � 0.84 24.77 24.53 24.88 24.7 � 0.18
10�4 27.17 27.36 27.07 27.2 � 0.15 29.14 30.22 29.23 29.5 � 0.60 28.36 29.40 28.69 28.8 � 0.53
10�5 30.60 30.92 30.76 30.8 � 0.16 32.79 32.69 32.45 32.6 � 0.17 31.21 31.76 31.43 31.5 � 0.28
10�6 34.32 35.17 34.87 34.8 � 0.43 39.44 36.13 35.39 37.0 � 2.16 36.63 34.96 34.27 35.3 � 1.21
10�7 	42 38.00 	42 40.7 � 2.31 	42 41.78 39.78 41.2 � 1.22 	42 	42 37.80 40.6 � 2.42
10�8 	42 	42 	42 42.0 � 0.00 	42 	42 	42 42.0 � 0.00 	42 	42 	42 42.0 � 0.00

a Based on the method of Spackman et al. (8), with primers modified by VLA Weybridge.

TABLE 3. Specificities of the new H5 gene cleavage site assay Fli-CS-FAM for different AIV H5 isolates

Isolate
no. Strain identificationa HA/NA

subtype

Mean CT value (�SD)

EuH5-FAM FliH5-CS-FAM FliH5-HEX

1 A/chicken/Scotland/59 H5N1 28.94 � 0.03 	42 � 0.00 	42 � 0.00
2 A/chicken/Italy/22/98 H5N9 28.57 � 0.12 	42 � 0.00 	42 � 0.00
3 A/teal/Germany/Wv1310-13K/03 H5N2 28.45 � 0.03 	42 � 0.00 	42 � 0.00
4 A/mallard/Germany/Wv474-77K/04 H5N?b 26.95 � 0.07 	42 � 0.00 	42 � 0.00
5 A/tern/South Africa/61 H5N3 26.05 � 0.01 	42 � 0.00 30.32 � 0.15
6 A/duck/Potsdam/2216/84 H5N6 29.33 � 0.15 	42 � 0.00 33.14 � 0.23
7 A/chicken/Italy/8/98 H5N2 28.00 � 0.36 	42 � 0.00 35.73 � 0.18

8 A/duck/Vietnam/TG24-O1/05 H5N1 31.57 � 0.11 	42 � 0.00 31.16 � 0.26
9 A/chicken/Vietnam/P41/05 H5N1 29.40 � 0.16 	42 � 0.00 28.39 � 0.06
10 A/chicken/Vietnam/P78/05 H5N1 28.74 � 0.08 	42 � 0.00 29.14 � 0.27
11 A/chicken/Vietnam/P22/05 H5N1 29.17 � 0.14 	42 � 0.00 28.14 � 0.12
12 A/chicken/GXLA/1204/05 H5N1 26.65 � 0.08 	42 � 0.00 28.46 � 0.07
13 A/Hongkong/156/97 H5N1 28.76 � 0.05 30.56 � 0.19 29.61 � 0.08

14 A/chicken/Indonesia/R132-134/03 H5N1 27.68 � 0.08 29.76 � 0.12 28.65 � 0.14
15 A/falco cherugg/Saudi Arabia/R324/05 H5N1 27.10 � 0.03 31.07 � 0.32 29.82 � 0.27
16 A/turkey/Turkey/R11/06 H5N1 29.32 � 0.08 32.59 � 0.20 31.42 � 0.04
17 A/chicken/Turkey/R12/06 H5N1 30.78 � 0.17 33.29 � 0.27 32.42 � 0.17
18 A/x/Romania/2910/06 H5N1 29.73 � 0.05 32.36 � 0.22 31.37 � 0.16
19 A/x/Romania/3076/06 H5N1 29.81 � 0.08 32.55 � 0.14 31.55 � 0.19
20 A/whooper swan/Germany/R65/06 H5N1 31.63 � 0.51 32.55 � 0.15 31.53 � 0.11
21 A/coot/Germany/R822/06 H5N1 29.01 � 0.15 31.29 � 0.19 30.20 � 0.52
22 A/cat/Germany/R606/06 H5N1 30.96 � 0.17 32.53 � 0.13 31.61 � 0.09

a HPAIV H5N1 of the Qinghai lineage are indicated by bold type. x, unknown species.
b ?, unknown NA subtype.
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used as an internal control assay which ensures the successful
amplification of H5-specific viral RNA. In addition, isolates of
most of the other HA subtypes (H1 to H4, H6 to H13, and
H16) were investigated with both FliH5 assays, and no cross-
reactivity with non-H5 subtypes was observed (data not
shown). Therefore, simultaneously positive FliH5-CS-FAM
and FliH5-HEX assays clearly confirm the presence of HPAIV
of an H5 Qinghai-like virus in the sample. A sample yielding a
positive signal only in the EuH5-FAM rRT-PCR and/or the
FliH5-HEX rRT-PCR requires conventional sequencing of the
cleavage site for characterization and exact pathotyping.

The reported assay was further validated with field samples
of the recent H5N1 outbreaks in Germany. Analysis of 100
AIV H5-negative samples of cloacal and tracheal swabs could
confirm the results obtained using the newly developed cleav-
age site rRT-PCR. In addition, more than 70 samples of wild-
bird carcasses which tested positive for HPAIV H5N1 by rRT-
PCR and conventional sequencing were investigated using the
novel cleavage site rRT-PCR FliH5-CS-FAM. In all cases, the
sequencing results could be rapidly confirmed.

Based on the data described here, we propose a cascade
style of molecular diagnostic measures for the monitoring of
wild birds for HPAIV H5 of Qinghai parentage currently cir-
culating in large parts of Asia and Europe. In the first step, the
presence of influenza A viral sequences is ascertained by a
generic, e.g., M-gene-specific, rRT-PCR enhanced by an inter-
nal control. If positive, rRT-PCR assays targeting H5- and
H7-specific sequences should be performed. If also positive,
the cleavage site should be amplified by conventional PCR for
nucleotide sequencing. In the case of H5-specific sequences,
the FliH5 rRT-PCR assays are a versatile, rapid, and highly
sensitive alternative for the detection of Qinghai-like viruses

confirming the presence of an HPAIV. Even samples yielding
weakly positive signals in the EuH5 assay can often be patho-
typed provided they harbor viruses of the Qinghai lineage.

In conclusion, the presented cleavage site-specific rRT-PCR
using TaqMan probes is particularly useful for rapid pathotyp-
ing of HPAIV H5N1 strains of the Qinghai lineage and is also
more suitable than a recently reported universal rRT-PCR
system for discriminating between highly pathogenic H5 influ-
enza viruses and those of low pathogenicity by use of SYBR
green binding and melting point analysis (6). Finally, the sys-
tem presented here was successfully operated during the 2006
German H5N1 outbreak in wild birds, and it is part of routine
diagnostics of the German OIE and National Reference Lab-
oratory for Avian Influenza.
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