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The FLOCKSCREEN Al-4 PCR Kit

i INTRODUCTION

Highly pathogenic avian mfluenza is one of the most devastating diseases in the animal kingdom.
Certain H5 and T17 subtypes can lead to mortalities of up to 100% i infected flocks 48 hours afer the
onset of clinical signs. The H9 subtype is endemic in many parts of the world and may be associated
with mortality and production deficits that compromise commercial pouliry farming operations. As
avian inflaenza is spread most commonly by the movement of people and farming equipment from
infected to non-infected farms, 2 rapid and accurate diagnosis of the presence of the infection facilitates
the introduction of appropriate control measures that may restrict severely the spread of the virus.

The Istituto Zooprofilattico Sperimentale delle Venezie, (OTE and FAQ reference laboratory for avian
influenza and Neweastle disease) is a major international centre of expertise for the diagnosis of avian
influenza. Experimental protocols developed and validated extensively there for the detection of the
major avien infiuenza subtypes are nOW available in one convenient kit that may be used ‘as the
comerstone of the molecular dizgnostic component of an avian influenza control programme.

The FLOCKSCREEN Al-4 PCR kit contains all the reagents required for the detection of group A, H5,
H7 and HY avian influenza virus RNA from samples of avian origin by real time PCR amplification.
According to users’ preferences and priorities, after the detection of the presence of group specific
RNA (group A), the detection of the three subtypes of major clinical relevance in commercial poultry
production systems (H5, H7, H9) can be performed simuitaneously, within the same real time FCR run,
in separate PCR tmbes or wells. The assay is a one step RT-PCR protocol, with the reverse transcription
of the target RNA and subsequent PCR amplification occurring within the same reaction mix in the
‘same tube. This reduces significantly sample processing time as well as minimizing the risk of sample
cress contamination.

5. INTENDED USE

To beused in a nucleic acid amplification test (real time PCR} to detect, directly, specific virus RNA in
specimens of avian origin and viral cultures. The product should form 2 core part of an overall avian
influenza control programme, facilitating the determination of the presence of group A influenza
infection jn pouliry and the rapid follow up of this diagnosis with the possibility to confimm or gliminate
the presence of infection with the major AT virus subtypes of clinical and commercial relevance.

Target: primers and probes are directed 1o a conserved region in the matrix genomic segment (segment
7) and to a conserved region in the subunit HA2 of the haemagglutinin genomic segment (segment 4).
Population to be tested: avian species.
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Specimen fype: allantoic fiuid of embryonafed eggs {viral culre); cell superatants (viral cultures);

tracheal or oro-pharyngeal swab; cloacal swab; internal organs (e.g. traches, lungs, brain); faecal
material.

Tmportant note: the primers and probes were designed on multiple alignments of sequences available
in public genetic databases. Due to sequence variability among HA sequences within similar subtypes,

primers and probes for H5 and H7 were optimized for the detection of HS and H7 viruses belonging to
the Eurasian/African genetic lineages.

Recommended diagnestic algorithm incorporating the FLOCKSCREEN Al+4 PCR Kit:

gcreening test for type A avian infiuenza |

sSTOP Real time PCR targeting the Al matrix gene

Type A @

influenzaviruses
undetacted

H5, H7, HO Subtype specific tesi

+ Real time PCR targeting the Al HA gene

End point RT-PCR 2
targetfng the HA gene STOP
crossing fh,e cleavage HE5-HT7-H9 viruses
site undetected
+
Virus isolation + ﬁ , Sequencing ,
&1 confirmation of targeting the HA gene crossing the

cleavage site
Pathotype (LPAI vs HPAI)
defermination

H5-H7-HY viruses

Diagnostic algorithm and ancillary/confirmatory tests m case for avian influenza surveillance or
confirmation of suspected cases in birds. Legend: Al (avian influenza); HA (hacmagglutinin}, ~+
(positive test response); G(negative test response).
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3. BNA EXTRACTION

This document describes the procedure and the reagents for a real time PCR assay. It does not include
reagents for the extraction of the RNA. However, the protocol was evalnated through the application of
manuel silica column-based RNA extraction technology.

RNA is a fragile molecule. Thus, the quelity of RNA obtained from clinical samples may deteriorate
rapidly following improper collection, handling and storage..Jt is strongly recommended that all
precautions be taken to avoid RNA degradation and to assure a suitable RNA exfraction procedure.
Sample collection, handling, storage and RNA extraction laboratory protocols may significantly
influence the performances of the real time PCR tests.

Following appropriate validation, x-OvO Limited recommend the use of the Qlagen RNeasy® MiniKit
for optimal RNA extraction (www.giagen.com, catalogue numbers 74104 and 74106).

4, SPECIFICITY OF THE TEST

The specificity of the primer/probe sets was tested on nucleic acids extracted from a diverse array of
microrganisms that may be present naturally in samples of avian origin (Table .

The primer and probe set targeting the genomic segment 7 only recognized type A avian influenza
virases, The H5, H7 and H9 primer and probe sets were able to detect RNA of virus strains of their
respective subtype only. In this regard, recent avian influenza HS, H7 and HY virus strains circulating
in Europe, Asia and Africa were tested (Table 1).

No positive results were obtained with any of the other organisms listed in table 1.

5. SENSITIVITY OF TEHE TEST

The sensitivity of the RRT-PCR assay was determined using in vitro transcribed RNA and titrated
reference viruses. :

Tn terms of HA gene copy number, the Limit of Detection for the H5, H7 and HY were 10° ,10'and 10°
gene copies/ul of in viro-transcribed RNA respectively. The sensitivity of the method relative to
© fectious virus titre detectable ranged between 10%7¢ EDsp/100 ul and 10" BIDs/100 pl.

For type A detection, the sensitivity of the method was 107 EIDso/100 ul when tested on chicken lungs
and facces and 107 BTDsp/100 pif when tested on chicken brains.

6. TEST REPEATABILITY

To assess the intra- and inter-assay reproducibility, three different concenirations (high, medium, low)
of the reference viruses were tested in friplicate in six different runs performed by two distinct
operators on different cays. The intra-assay coefficient of variation ranged from 0.12% to 2.64%. The
inter-assay coefficient of variation ranged from 2.26% - 4.11%. These values indicate excellent test
repeatability. :

«-OvO Limited, Thomson Cooper, 3 Castle Court, Carnegie Campus, Dunfermline, KY11 8FPB
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7. PCR REACTION EFFICIERNCY

To determine PCR efficiency, the Ct values of individual dilutions were plotted against the initial gene
copy number to produce typical standard curves. The reaction efficiencies for H5, H7 and H9 genes
were 0.97, 0.98 and 0.97 respectively. The correlation coefficient (R2) was greater than 0.99 in all
measurements,

Table 1. Microrganisms included in the test specificity assay and the results obtained.

Microrganisms Strain Type A | HS H7 H |
| ATV from Europe - ‘
ATV A/mallard/italy/05 HSN1 + + - -
ATV Alswan/Traly/06 HENL + + - .
ALV AJchicken/Ttaly/98 HEN2 + + - -
ATV A/dnck/Taly/04 FISN3 + + - -
ALV Afturkey/Ttaly/80 HSNZ + + - -
ATV Adchicken/Ttaly/99 HTNE - + -
AV Alturkey/Ttaly/99 HTNI + - + -
ATV Aschicken/Netherlands/HTNT + - + -
ATV Almrkey/Italy/02 HTN3 ' + - + -
ATV Afmrkey/Tialy/07 BTN3 + - + -
ATV ' A/mallard/Ttaly/94 HTN4 + - + -
ATV Afturkey/Scotland/70 HONT + - - +
ATV A/Guinea fowl/Italy/07 HON + - - +
AV Alcockatoo/England/72 HANS + - - -
AIV A/pull/Denmark/02 HI6N3 + - - -
ATV from Asia and
Russia .
AV A/chicken/Vietnam/05 HSNI + + - -
AV~ Alchicken/Afghanistan/07 H5N1 + - - -
ATV Afswan/Iran/06 HSNE + + . -
ATV A/falcon/Kuweit/07 HSN1 + + - -
ATV Alchicken/Saudi Ar./07 HSNi + + - -
ATV Afmrkey/Turkey/05 HENT + + - -
ATV Alavian/Macaw/80 HTNT + - + -
ATV Afavian/Pakistan/55 HTN3 + - + -
AV Alchicken/Jordan/04 HINZ + - - +
ATV Afwild bird/Fran/07 HONZ + - - +
AV A/mallard/Gurjev/B2 HI4NS + - - -

x-OvO Limited, Thomson Cooper, 3 Castle Court, Carnegie Campus, Dunfermline, KY11 8B
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ATV from Africa

ATV Alchicken/Rgypt/06 HEN1 + + - -
ATV A/duck/Nigeria/07 HSNL + + - -
ATV Alchicken/Ivory Coast/06 HEN1 + + - -
ATV Alchicken/Benin/07 HSN1 + - - -
ATV Alchicken/Togo/07 HEN1 + + - -
ATV Aswild bird/Mali/06 HEN3 + + - -
ATV Afwild bird/Egypt/07 HTN3 + - + -
ATV ' Arwild bird/Egypt/07 HIN2 + - - +
ATV AJostrich/SA/01 HIGN + - - .
AV Afwild bird/Mali/06 H11NS + - . -
ATV from America

and Australia

ATV Asurkey/Canada/65 H6NZ + - - -
ATV Altarkey/Ontario/6118/68 H8N4 + - - -
ATV A/turkey/Wisconsin/66 HON2Z + - - +
ATV A/duck/Memphis/ IR1TING + - - -
AIV Alduck/Alberta/60/76 HIZINS + - - -
ATV A/gull/Maryland/704/77 HI3N6 + - - -
ATV A/shearwater/Aut/79 H15NS + - - -]
Microrganisms '

Al-unrelated ) J
APMV-1 Ulster 2C ' - - - -
PPMV-1 Pigeon/2875/00 . - - - -
APMV-2 Chicken/Yucaipa/56 - - - -
APMV-3 Turkey/1087/82 - - - - -
APMV-4 ' Duck/Hong Kong D3/75 - - - -
APMV-6 Duck/Hong Kong/199/77 - - - -
APMV-7 Dove/United Kingdom/4/75 - - - -
APMV-8 Goose/1053/76" - - - -
APMV-S Pintail/ltaly/493/04 - - - -
BY 7938 serotype - - - -
BY QX-like serotype - - - -
APV Type A . - - -
APV Type B - - - -
Bacteria

Salmonella spp ' - - - -
Campylobacter spp - - - -
Escherichia coli spp ' - - - -

Legend: ATV Avian Influenza Virs; 1BV Infectious Bronchitis Virus; APV Avian Pneumovirus;

APMV Avian Paramyxovirus; PPMV Pigeon Paramyxovirus.

e

A
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8. KIT INSTRUCTIONS
Kit contepts

RT-PCR Enryme pack containing 400 reactions at kit working reaction mixfure, 4x1 aliquots of
primer/probe mixes for group A, HS, H7, 119 avian mnfluenza sufficient for 400 reactions for each
target, 4x1 vials of lyophylised inactivate positive control virus for group A, HS, H7, HS avian
influenza.

Storage conditions

The product should be stored at -20 degrees centigrade to maintain stability and maximise shelf-life.
Primners and probes should be reconstituted in 1.2 ml of sterile, RNase free water. Aliquots should be
prepared and stored at -20°C protected from light and UV irradiation.

Tnactivated positive control viruses, once reconstitated in sterile distilled water, should be maintained at
+4°C for a few days or at -70°C for longer storage periods. Once reconstituted, stock solutions of
positive controls can be used as they are presented or can be diluted 1:10 in sterile PBS (pH 7.4) and
stored in aliquots at-70°C. ‘

Extracted RNA should be kept at -70°C for long period of time. Alternatively, storage at -20°C can be
considered for short periods (e.g. one week). Preparation of small aliguots of positive controls is
advisable o avoid frequent freezing and thawing of the sample and the resultant potential degradation.

Safety precautions

The kit does not contain biclogical hazards. Positive controls contain inactivated (beta propriolactone
treatment) low pathogenic avian influenza virls strains, Data relating to all chemicals used are
contained in the enclosed product data sheets.

PCR mix preparation

Thaw the reagents. Keep the enzymes refrigerated during the whole process.

Carefully mix the reagents and spin for a fow seconds. Positive conirol virus should be resuspended in

the volurne of distilled water indicated on each respective vial,

Prepare the PCR mix in a sterils, eppendorf-type tube. Use separate tubes for each determination (1.
one for group A, one for HS, one for H7, one for H9)

- OvO Limited, Thomson Cooper, 3 Castle Court, Carnegle Campus, Dunfermline, KY11 8PB
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Pratocel for the detection of type A influenza viruses

[REAGENTS FINAL nix I rezction
_ CONCENTRATION

Sterile RN Ase-free water / 4.8 ul
Primers/probe mix M 10x ?8(0) nMDI\gngfe 300 oMz, 25l
2% RT-PCR master mix 1X 12,5 ul
Enzyme mix | 02 ul
REAGENTS VOLUME 20 ut
RNA 5ul
FINAL REACTION VOLUME 25 ||

Vortex and spin the mix for few seconds.
Distribute the mix (20 ul) in sterile PCR tubes or in 96 well plates.

Thermal prefile for type A influenza virus detection

RT Initial denaturation Denaturation Annesking
s50°C 95°C g4°( 60°C

20 min 15 min 45 gec 45 see

' 49 cyeles

Protocol for the detection of HS Al subtype

REAGENTS FINAL i x 1 reaction |
CONCENTRATION

Sterile RN Ase-free water / 4.8 ui

| Primersiprobe mix H5 10x o lﬁﬁg“ 300mMrev; 150 25Ul
2% RT-PCR master mix 1X 12,5 ul
Enzyme mix 02ul
REAGENTS VOLUME 20 1
RNA sul
FINAL REACTION VOLUME 25 pi

Vortex and spin the mix for few seconds,
Distribute the mix (20 pi) in sterile PCR tubes or in 96 well plates,

%-OvO Limited, Thomson Cooper, 3 Castle Court, Carnegie Campus, Dunfermline, KY11 8P3
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Protocol for the detection of H7 Al subtype

REAGENT FINAL ulx 1
Coneentration REACTION
Sterile RNAse-free water / 481
g . e 300 nMifor, 900 nMrev,
Primers/probe mix H7-10x 150 nM probe 2,5l
2% RT-PCR master mix 1X 12,5l
Enzyme mix 0,2 ui
REAGENTS VOLUME - 20l
RNA 5l
FINAL REACTION VOLUME 25ul
Vortex and spin the mix for a few seconds.
Distribute the mix (20 pl) in sterile PCR tubes or in 96 well plates.
Protocol for the detection of H9 Al subtype
REAGENT FINAL izl
CONCENTRATION REACTION

Sterile RNAse-free water / 4.8 ut

, . 300 nMfor; 300nMrev; 150
Primers/probe mix HO9 10x M probe 2,51
2% RT-PCR master mix X 12,5 ul
Enzyme mix 0,2 ul
REAGENTS VOLUME 204l
RNA sl
FINAL REACTION VOLUME 25 |
Thermal profile (identical for HS, H7, H determination)
RT Initial denaturation Denaturation Annealing
50°C 95°C %4°C 54°C
20 min 15 min 45 sec 45 sec

4 eycles
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Results interpretationg
¢ Step 1. Real time PCR run validation.

o Check the amplification plot of the positive and negative controls. The positive control
should have a clear increase of the fluorescence signal ranging between 9 and 20 Cycle
threshold (Ct). The negative control should not have any increase of fluorescence above
the threshold.

o Tn case the controls do not provide the expected results, the run should be considered
invalid and the tests repeated. '

o Step 2. Interpretation of sample results.

o Samples should be considered as POSITIVE when a clear and regular increase of
fruorescence is associated with a Ct ranging from 9 to 37.

o Samples should be considered as NEGATIVE when there is no detection of increasing
fluorescence associated with the specific fluorophore (FAM or HEX). Samples
revealing a weak increase of fluorescence with an irregular amplification plot and Ct >
37 and < 40 should be considered as non-specific and the sample should be defined as
NEGATIVE.

o Samples revealing a regular but weak increase of finorescence with a Ct > 37 and < 40
showld be considered as DUBIOUS/BORDERLINE and the fest should be repeated or
confirmed by another assay.

§ Derived from validation tests on Applied Biosystems 7300 and Corbett 6000 real time PCR platforms carried out af the
Istituto Zooprofilattico Sperimeniale delle Venezie, (OIF and FAQ reference laboratory for avian influenza and Newcastle
disease.
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Development and Validation of a One-Step Real-Time PCR Assay fo1

Simultaneous

Detection of Subtype HS, HY, and HO9

Avian Influenza Viruses'
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Amagng the different hemagglutinin (HA) subtypes ef svian infivenza (AL virases, H5, H7, and HY are
of major interest because of the serious comseguences fer the pomltry industry and the increasing
frequency of direct transmission of these viruses to humans. The availability of new tools to rapidiy defect

and subtvpe the inflaenza viruses can

enable the immediate spplication of measures 0 prevent the

widespread trensmission of the infection. In this stady, & novel one-step real-tinte reverse transeription-

PCR {(RRT-PCR) was develaped to
clinicatl semples of avisn erighn.

deteet simultaneonsly the HS,
The sensitivity of the RRE-PCR assay was

HY, and T2 subtypes of AT virnses frem ‘
getermined by using in

vitro-tramscribed BNA and 10-fold serial dilotions of Htrated AI virnses. High sensitivity levels were
ohtained, with Hmits of détection ranging from 10! tg 10° RNA copies and from 18 30% egg infections dose

(EIDg,)/106 pi to 1077 EID /160 pl

with titrated viruses. Excellent resulis were achieved in the infra-

and interassay variability tests. The comparison of the results with thase obtained frem the analysis of 725
- aviap szmples by means of the reference methed (virus isolation [VI}) showed 2 high level of agreement.

Ta date, this is the first real-time PCR protocet

avajlzhle for the simultanecus

detection of AT viruses

helonging to subtypes HS, H7, and HY, and the results cbtained indicate that this method is suitable as

a reutine leberatery test for
subfvpes in samples of avian origin.

the rapid detection end diffeventiation of the three meost-important A% viros

Influenza virnses are enveloped negative-strand RNA vi-
ruses belonging to the family of Orthonmywoviridae, Viruses
of the Influenzavirus A genus cause avian influenza (AI)
when infecting birds, AT is a disease of varying severity but
may be of great importance for animal health, with serious
implications for the poultry industry and, in some cases, for
human health. Subtyping of influenza A viruses is based on
antigenic differences between the two surface glycoproteins
hemagglutinin (HA) and newraminidase (MA). To date, 16
HA and 9 NA subtypes of influenza A viruses have been
identified. and afl of these subtypes have been isnlated from
avian species (10) in most possible combinations. Influenza
A viruses infecting poultry can be divided into two distinct
groups on the basis of their gbility to canse disease in sus-
cepiible birds: low-pathogenicity Al (LPAT) and highly
pathogenic AT (HFAI). The virnlent viruses (HPAT) are
restricted to subtypes HS and H7, although not all viruses of
these subtypes causs HPAL

Orly three TIA and two NA subtypes (H1, H2, and H3 and
N1 and N2, respectively) of influenza A viruses have become
cstzblished in the human population, zlthough in recent yeais

* Corresponding suthor. Mailing address: Istiato Zooprofilattico
Sperimentale delle Venerie, Viale dell’Universita 10, 33020 Legnaro
(¥D), Ttaly. Phone: 0930-0408084381. Fax: 0030-0498084360. E-mail:
imonne@izsvenezie.it.

® Published ahead of print on 26 March 2008.
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AT viruses of subtypes HS, H7, 2nd 119 hiave caused an Increas-
ing number of cases of infection in the humean host (&, 16).

AT subtypes H5, H7, and H9 are also of mejor interest to the
poultry industry. The highly pathogenic subtype HS and HT
viruses have caused several cutbreaks with devastating eco-
nomic consequences (3). Viruses belonging 1o the H9 subtype
are LPAI viruses, but in the last descade, several cutbreaks
caused by the HINZ virus have occurred across a wide geo-
graphical area, causing sericus disease problems in commercial
pouliry in Iran, Pakistan, and the Middle East {1,2,3,17). In
severel geographical areas of Eurasia and Africa, these three
subtypes have been reported to cocirculate, particularly in ar-
eas in which Live-bird markets are a commen practice and
when 2 superinfection with a distinet subfype occurs in an area
in which another subtype is already endemic. This occurrence
poses problems for the correct Aagnostic interpretation of
results in the case of the application of virus isolation {VI)
techmiques or monovalent PCR assays, in which only the pre-
dominant virus may be detected, This can hampet the eppro-
priate management of cutbrezks and may result in the appli-
cation of incomplete intervention strategics.

The significant problems caused for the poultry industry by
subtype H5, H7. and HO viruses and the incraased risk of direct
transmission of these winsses to humans highlight the need for
a highly semsitive, accurate, and rapid test to reveal, as carly as
possible, the circulation of these viral subtypes in the suscep-
tible avizn population.

Comventional A diagnostic tools (e, VI and hemagglutinin

IZ4NIA IT7130 W34S 0oLV 1I4OHdO0Z 15118 Fao wise winf usal PIPRoUmMO(]

007z ‘gl sunp uo



TARLE 1. Viral and bactezial srains wsed i@ this stdy

Pathogea Strain
Virases”
ATV Ajdndk/Ttaly/1447/05 HINI
ATV A fduckGermany/1215/75 FIIN3
ATV _Adpsint T1alw/2073:00 H3NB
ATV A ivockatoa/England/72 FIANS

mrkeyTraly!S0 ESN2
AdturkeyiCanada’6s BON2
_Aichickentaly/1067/v89 H7NI

A Aarkey/Ttalyi4380:98 HTNI

. AdchidkenNetherlands/33 H7NT

. AsavianPakistani44 795 HIN3
AdavianMacawi626/80 FI7NY

........ AdtarkeyTraly 928902 HIND

A mallard Tralyi4818-79/94 HTN4

... Afgreen winged teal/Egypt/778-14/2007 HTN1
Aoreen winged tealEgyptiT76-1 70007 HTNL
& chicken/dtaly3981-20/,2007 H7N3

AsmrkewTtaly4327/2007 H7N3
.. A‘mrkevOnrario 611 8768 HEN4

a furieey/Scotland/1/70 HONT
2 ichidkensJordan/1436-1 529V 042003 HoN2
A ichichenJardan/1436-354V04/2003 HON2
‘rackey Wisconsinot HEN2 '
Aostrich/SA1 H10N1
A jduckMemphisiS46:174 HIING

s iduckiAlbertaf6076 H1ZNS
AjguliMarylend 704777 H13N6
. AmmellardGurjev263/82 H14NS
AShtarwaterAUTY {79 HISNG
AdgellDenmark 6811 0402 H18N3

Ulster 2C
.. Pigeon2875:00
....Chicken/Yucaipa36
Turkey 108782
DuckHong KongD3/75
TrockHong Kong19877
DaveUnited Kingdom473
Goose 1033/76
. Pintzilaly40304
O3B serofy
Q3-like serotype
Tvpe A

Bacteria
Salmoncile spp.
Campylobacizr Spp.
Escherichia coli strains

« ATV, Al vivus; APMYV, avian paramysoviras; PEMY, pigeon DEr2mYROTIrRs;
T8V, infections bronchins virus; APV, avian PREWTIOVITIS.

inhibjtion) are time consuming and require facilities not easily
available in some affected areas, Because of their rapidify and
sensitivity, molecular tests, such as reverse transcripion-PCR
(RT-PCR) znd real-time RT-PCR (RRT-PCR), are being
used more and more by medical and veterinary diagnosticians
for the diagnosis of AT (4, 24).

Recently, RRT-PCR assays have been developed for the
detection of type A influenza viruses (7, 23} and for the specific
dizgnesis of I35 and TI7 viruses (8, 12, 14, 15,19, 21, 23,27).To
date, the cnly published RRT-PCR assay designed for subtype
17 was validated for viruses belonging to the American lin-
cage, 2nd no primer and probe sets a1e currently available for
the identification of subtype H9 viruses.

Here we report the development and validation of 2 sensi-
sive and specific RRT-PCR assay with hydrolysis-iype probes

3. CLm. MOCROBIOL.

TABLE 2. RET-PCR primer and probe segnences

Tergs: Primer/psobs Seguence (3 10 37
AT virns sublype H3-For TTATTCAACAGTGG
H3 ) CGAG
HINE-Rev CCAG(T}A.MGATAGAC
: CAGC
5 probe CCCTAGCACTGGCAAT
CATG
AT vimas subtype H7-Feor TITGGTTIAGCTICGGS
H7 H7-deg Rev GAAGAACIAAGGCC(T)
CATTG
H7 probe CATCATGTITCATACTT
CIGGCCAT
AT virus subtype HS-For ATGGGGTTTGCTGCC
HS HI-Rev TIATATACAAATGTIGC
) AC(T)CTG
19 probe TTCTGGGUCATGTCCA
ATGG

¢ Parentheses show aliernative nucleotides in degenerais primers/probes.

to detect simultaneously subtypes HS, H7, and H9 of the Al
virns from clinical samples of avian origin.

MATERIALS AND METHODS

Virases and bacterial strains. Selected avian virusss and bacieria wers wsed 10
{24t Lhe specificity and sensiivvity of the RRT-PCR assay (Table 1).

To produce viral working stocks for the standardization of the assay, 2li avian
virnses were prapagated in The allantole cavities of & 1o 11-dap-0ld smbryoneted
fowl cggs, whereas avian poeumovirus type A and B isolates were grown and
harvested from Gssue culteres, Bacterisl strains were cultured and propagated
using stendard methods (25). .

The median egg infecrions dose (ETD) of cach of the AT viruses used in the
sensirivity tests was calealated according to the Teed and Muspch formmala (18).

RNA extracton. Viral RNA was extracted from clinical samples, supernatant
of cell culture, and alfantoic fivid by using 2 Qiagen RMeasy mini kit according
1o the manufacturer's dircetons {Qizgen, Hilden, Germany). Two-ndred-
mictoliter samples of allantoic fluid or of phosphate-buffered satine (PBS) sus-
pensions of cloacal and raches! swahs and samples of feces and orgams, as
deseribad helow. were used in the exlraction. RNA was Sluted in 2 fina volume
of 50 1l and stored a1 —80°C.

Primer and probe set design. Viral subtype HS-, H7-, and HY-specific primer
and probe sets for conssived regions in the HAZ subunit of the H5, H7, end H9
HA gene sequEnces were designed {Table 2). Because of the significant sequence
variability of the H5, H7, and HI genes belonging to viruses isolated in gifferent
parls of the world, Furasian and African HS, H7, and 119 influenza vimses were
chosen as the main targets for primer and probe design. Mulsiple alignments of
historical and recent H3, H7, and T9 subtypes were performed to minimize
primer znd probe mismaiches, The alignment was performed vsing, respectively,
166, 1, and 131 HA macleotide sequences for subtypes H3, 17, and B9, Primers
and probes were dosigned and optimized to have compatible melting tempera-
tures. enabling them 1o be used with identical theymal profiles, The hydrolysis
probes for the HY and H5 genes contained 6-carboxyfiuorescein as a fluorescent
reporter dye 2t the 3 end and g-carbonylemramethyirhodamine as a guencher dye
at the 3' end. The H7 hydrolysis probe was labeled with VIC at the 3 =nd, and
the 3'-end lahel wes 6-cerboxyterramerhyirhodamine.

RRT-PCR. The reagents contsined in & CuantiTeot maltplex-RT-PCR kit
(Qiagen, Hilden, Germany) were 11sed for RRT-PCRs, All but one of the prim-
ers targeting the LA gene were applied to the PCR &t the optimized concen-
(ration of 300 nM each. The exception was the H7-specific reverse primer, which
was used at a concentration of 900 nk. Specific fuorescently labeled probes were
nsed at a final concentraton of 150 nM. The RRT-PCR took place in a finzl
volume of 25 ul using 2 RotorGene 6000 (Corbert, Australia) apparatus, Each
PCR fube comained a singic primersprobe set (e, for H5 or H7 or HY), The
identical thermal profile was adopted in oréer to detect the distinel subtypes
simultaneously end within the same mma. The following protocel was uscd foF all
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TABLE 3. Sensitivisy of the method

NOVEL RRT-PCR TO DETECT Al VIRUS SUBTYPES H3, H7. AND HS 1771

TABLE 4. Tntra- and interassay cozfiicients of wariation

Titer of Riological Scositvin
Strain viTus stock ’ma_%l t“ (EID:
(EID54/100 111 = 100 )
Almallard/Traly/3401/ 107 Aftanroic fluid it
05 HSN1 IPAT Lung 1045
Feces 1028
Ajchicken Y amaguchs/ 1087 Allantoic fuid
7/04 HSN1 HPAT Lung
Feces
Ammrkey/ltaly4580/99 1077 Allantoic fluid 10+%7
. HIN1HPAL Luag 10457
Feces 1027
Asmarkey/Wisconsin/66 10° Allanioic fiuid 10
HONZ TPAT Tung 10*
Feces 10° -

primer/probe ser: 20 min at S0°C =nd 15 min at 95°C, Tollowed by 40 cycles &t
94°C for 45 s and 54°Cfor 45 s

Anslydesl specificity 2pd sensitivity of the method. The specificity of the
primer/prabs SEIS Was tasted on muclsic acids exiracted from 2 diverse arrey of
microorganisms that may be natarally present in smmples of avian origin (Teble
1). Each sirain used was tesied in triplicate.

In the present stdy, the temm sgepsitviry of the method ™ refiects the efficacy
of the extite method applied 1o recover the targel organism in the field speci-
1oens, including the RNA extraction procedure and the RRT-PCR protocol (26).
Far this reason, ailantoic fuid cantaining 10-old serial dilutians of tiirated AT
virnses belonging to the H5, H7, and HP subtypes wes prepared, end the RNA
wag extracted end then used for the sensitivity test (Table 3). To establish
whethar the diffierent types of sample matricss coutd mfuence the analviical
sansitivity, Jangs obtzined from specific-pathogen-free chickens were weighed
(0.1 gy and homogenized with sterile quartz sand in 1 mi (1:10 wiavol) of PBS, pH
7.4, Leng homogenates Werc fhen hionded with 10-fold dilutions of tizrated
subrype 15, H7, and HP vimses and processed for RNA exraction, Similarly,
foces obtained from specific-pathogen-free chickens vere psed for sensiivity

tests, One-gram samples of feces were weighed &nd homogenized with sterile

quartz sa0d 1o Obtain a 15 wi/vol snspension in PBS. Blending end dilution werz
performed as described for lang samples. )

Evaluation of the analytical sensitivity of the method was done by testing each
ditution in frve replicates. The sensitivity of the method was derermined 2s the
Jast ditution at which at least 4 of 5 replicates of ench dilution wes positive.

10D of the RET-PCR assay, [n the preseat gtudy, the PCR detection Hmit
reficcts the sepsitivisy of the RRT-PCR procedure, which includoes rhe sensitivity
of the primers and probes as well as the preparation of the master mix and the
optimization of thermocycling conditions (26). To determine the limit of detec-
fion (LoD) of the assay lernas of RNA copy mumbers, in vitro-iranseribed
RMAs of the H3, H7, and H9 genss were analyzed, Briefly, the Ha genes of
Adlchicken/Y amagnchif704 (H3N1), Amurkey/Traly4580/99 {HTND), and Adtor-
key/Wisconsin/66 (FIONI) strains were amplified by RT-PCR and 2 amplifica-
tion produicts were cloned into the PCR-IE vecior using a dual-promoter TOPO
TA cloning kit (Invitrogen, Carisbad, CA) according 1o the menufacturer's in-
structions. Plasmids with the HA insert weee isolzied from positive Escherichia
o colonies by using a GenElute plasmid miniprep kit {Sigma-Aldrich, 51 Louis,
MO). The H5, H7, and TIO insert control plasmids were linearized by using the
restriction enzyme Hind[I (MBI Termentes, Lithuania} for the HY and H7
genes and Notl (New Ensland Biolabs, Ma) for the HS$ gene, The in vitso-
canscribed RNA was generated from the T7 promoter bry using a RiboMax kit
(Promega, Madison, WI) according 10 the man facturer’s recommendations ang
thee quantfied by using a UV BioPhotometer (Eppendorf, Hamburg, Ger-
I,

The mumiber of FNA copies was calculaicd by Tollowing the formula reported
in a previous study (11} Tentold dilutions of the RMA ranscripts, ranging from
1 10 1019 copiesipl were prepared. The LoD of the asszy was determined from
tiree independent replicates.

Imtra- and interassay variability, The repeetability of the H3, HY. znd HY
RRT-PCR zssay was determined using three diffevent concentrations (high,
medive, and low) of each viral subtype tesied. The selected concentrations were

Cosficent of variagon {7} for submype:

= =y
Ditustion B H7 HE
hﬂ:'f Tnterssszy 0o Intersssay Towes g eracsay
zE8aY Y assap assay g
High <1.68 £06 <1.66 4.02 <1.48 411
Mediom <158 381 <133 32 <1.74 3.19
Low <16 276 <264 2.26 <411 3.92

10582, 1053, and 10°%* (HI); 1057, 10557, and 1077 (H7); and 108, 104, and 107
{HY) EID/100 pl. For iprrz-assay varisbility, cach diluton wes analyzed in
riplicate. For inierassay variability, sach dilution was analyzed in six different
rans performed by wo distinet pperators on different days. The coefhcient of
varistion was defermined in accordancs with previcusly published guidelines
(26).

BDetection of virns BNA in samples collected from fHisld-exposed aad experi-
mentslly infecred birds, To evaluate whether or pot the RRT-PCR assay could
be used as & diagnostic Tool in sarveiflance programs for Al, we analyzed Telro-
gpectively by V1 and RRT-PCR 725 samples collected from different avian
species of poulny (7 = 234) and wild birds (n = 491} during Beld and laboraiory
investigations in Enrasiz and Africa in 7006 w0 2007. The samples consisied of
macheal swzbs (n = 174), cloacal swabs (n = 304y, end organs (= 10%
consisting of irachea, fungs, intestines, end brain) eolicored during necropsies.
The pumber of sarpies anatyzed for clinical validation it in accordense with the
suidelines proposed 8 A previous swdy (3}

The agreement hetween V1 and RRT-PCR resulis was investigated using
Cohen's K siztstics (a statistical measure of Interraser agreement) and associated
evaluation of slatislical significance {20 The resnits were compared with the
Coben's K standesd values proposcd by Landis and Koch (13).

RESULTS

Specificity, anaiytical sensitivity, and intra-/interassay vari-
ability. The 5, H7, and HY primer and probe sets were.able
to detect RNA of virus strains of their respective subtype only.
Nao positive results were obtained with any of the other organ-
izms listed in Table 1.

The sensitivity of the RRT-PCR assay was determined using
in vitro-trapscribed RNA and titrated reference viruses. In
terms of HA gene copy number, the LoDs for the H5, H7, and
HO9 subtypes were 10°, 107, and 10® gene copies/pl of in vitro-
iranscribed RNA, respectively. To determing the linearty of
the reaction and PCR efficiency, ihe threshold cycle values of
individual dilutions were plotted against the initial gene copy
number, leading to typical standard curves. The lingar ranges
of the RRT-PCR assay span within 10*° and 107 copies/ut for
the FI7 gene and within 10°° and 10° copies/pl for the HS and
Ti¢ cenes. The reaction cficiencies for HS, H7, and HO genes
were 0,87, 0.8, and 0.97, respectively. The correlation coefh-
cient {R*) was higher than 0.99 in all measurements.

The sensitivity of the method relative to the detectable in-
fections virus titer ranged between 1077 EID5,/100 Wl and 10°
EIDsy/100 pi. The results obtained for the sensitivity of the
method in different samples are summarized in Table 3.

To assess the infra- and interassay reproducibility, three
different concentrations (high, medium, and low) of each ref-
erence virus were tested in triplicate in six diffevent runs per-
formed by two distinct operalors 0D different days. The coef-
feients of variation within mans (intra-assay variahility) ranged
from 10,1266 to 2.64%. The interassay variability was 1o the
range of 2.269% to 4119 (Table 4).
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TABLE 5. Results of RRT-PCR and VI From chnical samples

RRT-PCR viIg No. of samples of subiype:
result result? s 7 0
- + 98 32 24
+ - 43 &
- - 584 6a7 893
- + 0 a z

211, hemegghutinin ishibiton.

Tietecion of vwiral BNA in sezmples eollected from field-
exposed and experimentaily infected birds. A totel of 725 sam-
ples was anatyzed for subtypes 15, H7, and HY by VI and
RRT-PCR (Table 5). Of these, 141 samples tested positive for
subtype H5 by means of RRT-PCR (4114 tracheal swabs,
54/504 dioacal swabs, and §3/107 organ samples). For subtype
H7. the RRT-PCR assay ideniified 58 posilive samples {44114
tracheal swabs and 14/304 cloacal swabs), and 30 specimens
resulted in positive results for subtype HO (21/114 tracheal
swabs znd /504 cloacal swabs). The comparison of the results
of the two methods, summerized in Teble 5, showed agree-
ments of 94,065, 99.17%, end 98.85% for the K5, H7, and H9
subtypes, respectively. The Coben’s K coefficients were 0.80,
094, and 0.85, respectively. The difference between the wWo
methods was not statistically significant (P < 0.01). The per-
centage of agreement between the results of RRT-PCR and VI
was mfnenced by the higher number of samples that tested
positive by RRT-PCR but negative by VI However, 43755
RRT-PCR-positive/VI-negative samples were sequenced and
their identizies confirmed (data not shown), Only 2 of 26 sam-
ples that were positive by V1 for subtype H9 tested negative in
the molecular assay.

DESCUSSION

Several diagnostic methodologies are carrently available for
the detection of Al infection, with VI in eggs universally rec-
ognized as the gold standerd. However, this method is time
consuming and reguires facilides (e.g., BSL3 laboratories) that
are miot available in many affected areas. Recently, molecular
dizgnostic tests have proven themselves to be invaluable as a
first step in the identification and control of disease outbreaks.
Conventional RT-PCR and RRT-PCR have been applied suc-
cessfully to the diagnosis of AI(7,8,12,14,15,19,2], 23, 27).
In this study, we present data on the development and valida-
fion of a real-time hydrolysis probe-based RT-PCR assay for
the siultanecus detection of AT viruses belonging to subiypes
13, H7, and HY. Our resulis prove that the assay is highly
specific and sensitive. In a previous study (23). an RRT-PCR
aseay was developed for the sequences of North American Al
virus H5 and H7 subtypes, In that assay, the sensitivity data

obtained were comparable to the results described here. How-
ever, the protecol described previously was 2 one-step RT-
PCR with different thermal profiles for H5 and H7 detection.
In addition to its sensitivity and specificity, the method de-
scribed in the present paper offers several advantages over
conventional diagnostic methods, including rapidity, fexibility,

and ease of use. This assay makes results for the thres major -

AT viruses currently prevalent in pouliry in large areas of the

J. CLis, MICROBIOL.

world available in appraximately 3 k, and the usé of a single-
step RRT-PCR procedure provides some protecion against
comtamination events, Based on s technical characterisics,
this assay could be used for large-scale screening and subtyping
of viral RNA daring inflaenza A virns outbreaks and for sur-
veillance programs.

This RRT-PCR assay was developed and validated using the
same armealing temperature in oroer to identify the H15, H7,
and 19 subtypes in a single analytical seseion. In the literature,
the use of multiplexed PCRs has been reported as resulting i
2 decreased sensitivity of the method (22, 28), and the optimi-
ration of the concentration of the multiples PCR componerts
1o achieve optimal amplification can pose several difficulties
(9). For these reasons, the development of a muliiplex assay
was not atternpted, as it was so important to identify the three
subtypes and maximize the assay’s performance, The applica-
don of this RRT-PCR format was alsa due to the necessity of
having a cost-efiective and fiexible diagnostic ool that could be
casily switched 10 a single-subtyps identification ethod that
would he applicable during the imvestigation of outbrezks
czused by only one of these subtypes. It should also be con-
sigered that not all of the existing real-time PCR platforms are
capable of detecting more than two fluorophores simulta-
neously, making a triplex PCR protocol inapplicable.

The suitzbility of the RRT-PCR test described in the present
study as a diagnostic tool to repidly recognize the three most-
important HA subfypes of the Al virus is confirmed by the
vesuits obtained using samples from birds infected naturally.
These clinical samples were obtained from a wide range of
avian species and geographical areas during fieid ang labora-
tory investigations. The assay has been used for monitoring the
AT virus in ponitry and wild birds, and it has proved capable of
identifying the presence of several distinet genetic lincages of
subtype HS, T17, and HO viruses, including the IISN1 sublin-
cages circulating in Eurasia and Africa (data not shown}. The

_comparison of the results obtained from epplying the conven-

tional diagnostic method (VI) and the RRT-PCR assay to
these clinical samples showed good agreement, The lowest
level of agreement was cbserved in the RRT-PCRAVI results
for subtype H5. Negative results by VI for HS could be ex-
plained by considering the condition of the clinical samples at
the fime of their arrival, Many of the samples that proved
positive for subtype H3 by RRT-PCR but negative by VI were
submitted to the OIE/FAQ Reference Laboratory from Africa
and the Middle East, and in some cases, the cold chain was not
maintained during shipping, comprontising the viability of the
virnses, Based upon the results obtained in the present study,
the RRT-PCR zssay for simultaneous detection of subfypes
H5, H7, and HI could be a useful instrument for rapid screen-
ing and surveillance in wild and domestic birds. Although this
method cannot replace the standard VI technigue, this RRT-
PCR assay offers several advantages over standard methods,
and it could be used zs a reliable tool for the rapid detection of
the three AT virns subtypes, including identification of cocir-
culating strains, Routine application in critical environments,
sach as live-bird markets, or for samples obtained from wild
birds {0 their hreeding or resting sites could give an indication
of the degree of ceinfection with these subtypes, providing
insight into the complex ecoepidemiology of Al infections in
such birds,

200€ "9} 2unr uo JIZANAA FT130 H3dS ODILLY 1404007 L31E o wse wiol o) papeojUMad



VoL 46, 2008

ACKNOWLEDGMENTS

This smdy wss supported by the Euaropsan Union FLUTRAIN
project (1raining and technology transfer of AT diagnostics and discase
manapement skills) and by the Iralian NEnistry of Health (RF 2007),

We rhenk Iaura Gagliazze for statistical assistanees.

I

i

A

=]

REFERENCES

. Atexmnder, T0. J. 2003. Repart on avian influenzs in the Eastern Hemisphere

guring 1997-2002. Avian Dis. 47 2787,

Alevender, . I. 2007. Summary of avian infruenza activity in Europs, Asia,
Africe, and Ausiralasia 20022006 Avian Dis, 51(Suppl. 1):161-166.
Cepus, L, ed B, ]. Alexander. oN04, Avian mfluenza: recent devslopments.
Avian Pathol. 33353404,

. Caurl, 5., and I Capua. 2006 Molecular disznosis of avian influenza

during zn outbreak, Dev, Biol. (Basel) 124:98-105,

. Crowiker, I R, 7. Unger, ead G. 1. Viljoen. 2{X)6. Aspects of }dt validation

for tests nsed for the diagnosis and survelllance of livestock dissascs: pro-
ducer snd end-nser respoosibilities. Rev. Sci. Tech. 25:913-933,

. Ge Joog B D. ond T. T. Hien 2005, Avian influenza A (HANIL L Chin

Yirol 35215,

. T Trend, L., B. Bedind, L Donatelii, L. Campizelli, B. Cidappioi, M. A De

Mereo, M. Delomm, €. Baoravogiia, sod . Vaccari, 2006, A sensitive one-
sep reab-time PCR for detection of avizn ipfluenza virases using 3 MGB

probs and ap inernal positive contzol. BMC Tofect. Dis. 6:87.
Eltis, T, 8., 1. . Smith, 8. Braham, i, Lock, K. Barfow, and M. C, Zambon,
2007, Design and validation of an H3 Taghfan real-Tims One-Siep ISVETES
iranscripion-PCR aad confirmarory assays for diagnasis and verification of
indinenza A virus FES infections in humans. J. Clin. Wicrobiol. 45:1533-1543.

. Tinifre, E. M. 4 M. Ashshi, R. J. Cooper, 2nd B, E. Klapper. 2000, Mul-

tiplex PCR: optimization and application in dizgnostic viroogy. Clin, Micro-
wiol, Rev. 13:335-570.

. Fagchier, R. 4., V. Muonster, 4 Wallensten, T. M. Bestebroer, 5. Herfst, D,

Smith, G. F, Rimmelreaan, B. Olsen, 2pd A. D Gsterhaus, 2005, Charac-
ierization of a novel influenza A vins bemagglutinin subrype (1116} obteined
from blackheaded guils. J. Virol 79:3814-2822.

. Frophoffs, 8., G. Toude, 8, Sten N. Werpert, M. Rothe, T. Bruning, B,

Eoch, A. Sechinidis, B, Vetter, and ¥, Ko, 2002, A method for the rapid
comstraction of cCRMA standard corves in guenitetve teal-time reverse iwan:
scription polgmerese chain reaction. Mol. Cell Probes 16:95-110.
Hofmann, B, T. Barder, E. Starick, ¥, Depner, 0. Werner, znd M, Beer.
2007, Rapid and highly sensifive pathotvping of avian influenza A H3N1
vires by using real-time Teverse transcription-PCR. I, Clin. Microbiel. 4%
600-603.

. Landis, I. R, and G. G. Koch, 1077, The measurement of observer agres-

menr for categorical date. Biometrics 33:158-174.

1. Mg, L. F L Barr, T. Nguyen, $. M. Noor, R, 8. Tan, L. ¥, Agathe, 8. Gupte,

NOVEL RRT-PCR TO DETECT Al VIRUS SUBTYPES H3, H7, AND 113

12

-}

—
pu
[FE)

H, Khalil, T. L. To, 8, 8. Hessaz, end E. C. Ren. 2006. Specific detection of
NG avian infuenza A virns in figld specimens by 2 oAS-SLep RT-PCR
assay. BMC Infeet. Dis. 6:40.

. Payurgpors, 5. 8. Chutintmitkul, 4. Chaisingh, 8. Damropgwantanzpokia,

C. Burapathai, A Amonsia, A. Theamhboonlers, apd Y. Poovorzwan 2006.

Single siep multiplex real-time RT-PCR for HSN] influsnza A virus detee-
Hom, I Virol. Methods 131:143-147.

g Peiris, I 5 M., M. T de Jong, and ¥, Guar. 2007, Avian influenza viros

(EISN1): = threat to humen heelth. Clin. Microbiol. Rev, 28:243-287,

. Perk, S, A. Peoshin, E. Shihmanter, T, Gissin, S. Pokamupski, M. Pirak

and M. Lipkind, 2006, Ecology and molecular spidemiclogy of HINZ avian
infinenya virnses isolaizd in Israel during 2000-2004 epizeote. Dev, Biol
{Basal} 124:201-208.

. Reed, I J., end H. Maench. 1938 A simple method of estimeting Hfry

percent cndpoints. Am. I Hyg. 27:4893-197.

. Ressi, J. 5. Crsmer, and T. Lave. 2007. Sensitive and specific detection of

infinenza virus A sshope HS with real-time PCR. Avian Dis. 33(Suppl.
1}:387-380.

. Siegel, S, and N L Castellen, 1988, Nonparametric statistics for behavioural

coiemces. MeGraw-Hill, New York, NY.

. Stamska, M. . T. Pavlidis, J. Bavks, W. Shell, A, MeNally, 5 Eszen, and

L H. Brown. 2007, Validated H3 Eurasian rezl-fime reverse transcriptase-
polymerzse chain reacticn and Its applicatos in HI3N1 outbreaks in 2005
2005, Avien Dis. 51{Suppl. 1):373-377,

3. Spackmsn, E., D A, Sennme, L. L. Buiega, S. Trock, 2nd I L. Susrez. 2005.

Development of multplex rezl-time RT-PCR zs a dizgnostic too] for avian
infiuenza, Avian Dis. 47(Suppl. 3):1087-1090.

23. Spackmsn, E., B, A. Seane, T. I Myers, 1. L. Bulaga, L. P. Garber, M, L.

Ferdue, K. Lohman, L. T. Deam, gnd D. L. Suarez, 2002 Development of 2
real-rime reverse anscriptase PCR assay for lype A infiuenza virus and the
avian H3 and H7 homagghiinin subrypes. I. Clin Hicrabiol. 4432563260,

4. Suarez Ih L., A, Das, and E. Eftis: 2007, Review of rapid molecniar diag-

astie tools for avien influenza vines. Avian Dis. 51{Suppl. 1):201-208.

. Swarne, I E, LR Glissom, #., W, Jackwood, I, E. Pearson, and W. M. Reed

ted. 1908, A laboraiary manual for the isolation and igentification of avian
pathogens, 4th &d. University of Pepnsylvania, Kennent Square, PA.

. T1.8, Envirommentzl Protection Agency. 2004, Quality asstranceiquality con-

rol guidance for laboratariss performing PCR adalyses on environmental
samples. 1.8, Environmental Prolection Agency, Washington, BC.

. Zie, Z, Y. S, Pang, J. Liw, 3. Dteng, X. Tang, J. Sux, and M. L. Elan, 2006,

A multiplex RT-PCR for detection of type A infinenza vinas and differenti-
ation of avien H5, HY, and H2 hemagglutinin subypss. Mol Cell. Probes
20:345-249.

Zongenberg, Gu R K. Saild, and R. Reynolds, 1995, Multiplex PCR: opti-
mizarion guidelines, p. 73-94. Jn M. A, Innis, D. H. Gelfand, and . J. Sninsky
{ed.), PCR applications: proweots for functions] genomics. Academic Press.
San Diege, CA.

Q00Z ‘91 2UN uo JAZIANA ITEd TIdS OOILLY IIJOYd0O0Z 15118 fio-sE wof Woij papRoiuMmog



T LA LRT-PCREVMDEAICESTEEES
15 |GEE -2 BEEM O—#lgEIZDT

e
@5“@%@EJ?}M§*{ART PCREVREE A ZEFR &@@Eﬁ(\\
Bl TIITTF HSHIEE

HEFEDRT-PCREFIHE. REATOHFOLHOBELLTHENY

N ' . J
BHHEES - *
R 4RO HH
J
BEISIROFISEE

éﬁﬁﬂiﬁiﬁ%ﬁﬁ‘é’%k@mQT@%%&‘&QE&&%@E’EF&&%

FEERT A ENER |
I=! )

-BEERRE IEREEE

A ILABEFEHEE A WAREFEHEE
(DRT-PCREE RTPPCR%ﬁﬁﬁ,EiEﬁ FILaA

LRT-PCREZEE
CEMBEEERILTERS QEMABERER L TERBS
=R Nni-ETE

- —)




FEASHERERREICRY 2 VA VARG RERE %5 (U 7 AE A LRI-PCRIBE)

Metrix B AT OEESHFEMIC LT 74 < TAZRlA V7 > VA A ERE
FELE LI, BEICEL T, B THAESRTEMIL LY 74 v —THEER, ITE
AOEEEIT 2.

1 RNASEH
%7 L rhORNeasy MiniKitE LRI EAEOROZET HRNAR I v M EH
W, ENFNRET == T D,

o T NEA LRT-PCREE
xOM%@%emmmﬁmNM4Pme(uT1)7»&4AMR«/%J&mo)
PRV, UTOHETRERITD., 28 3. ARl LT L DAV ADBRIE R TITIT
N, BHETH o mREILOWT, BEIR DT, HEEER UHTER QAR 7 b

oA NVADBEEITS,
(1) 754 ~<—« 7a—TEEEOIER
%f%ﬁéhtf?%vwwfu~f%memm%fmeﬁ%ﬁf@%b\fﬁ
Aw— Tu—TEERET D,
(2) M BERNAD {ERL
ﬁﬂ‘uﬂﬁﬁréﬂh_z—@ﬂ'ﬁﬁffﬂ/% ZlmL@RNase free ﬁ%?kfrﬁﬁ”% 1 DFHETRN
A%%ﬁbf‘ EMETTRRRNA L T D,
(3)97»&4»m@mﬁm
7 UFOLINREE 1L IANEN 0L TOF T THREL, RISKET

D
RNase~free ZREE7K | 4.8 L
TGAw— e T —TBEVE 2.5uL
2 x RT-PCR master mix 12.5uL
HREAHE 0.2uL
as 2041,

4 RIEEREHRALT v 7 AL, BOLEA0LLT P OREPCRF = — 7 TV
7 LA A APCRAFEN T L— F DT = VILGTET D,

P RS A SELEEF 2~ XA T L— O Y = LTI K D A LZRNAR
Fuldoinzsd, Ei, BEaRIZ é(z)cb%%vﬁﬂmMr etk BB IC 1 XRNase
~free FMERKEFNENSuLTDIIZ D,



= VYFAE A LPCREESZDELT 4 /L F —ZFANICE LE L
&4 LART-PCREJEEIT 5,
(7)) ABlA VTN T T A AR R RS (FAMEE Y6

. UTORBEETIT

Bt BE EFE
WEE 50°C 204y
IR 95°C 1543
T 94°C 45FD
A0 A 7 v
= e A 60°C - Pty
; i
(£) HREERY, HTEEIDARA 7 /b= YA L ARREBRER FAEDLE )
r I v
s BE B
WEE 50°C 204y
#IEAZ 95°C 157
EE 94°C 45F)
. : 409 A F v
oS R 54°C 45%D
#F L. LT a RTUb 38D LR WEES, FOREILE i, B
2ITH2 &
&  [EMERROEEHRICHRRBENRED LI, 97 5200 D Cyele thresh

old (COEZTT I &,
b et REOBIE ERIC

<—

RN
=

LUi@aﬁ@ﬁW%ﬁﬁﬁboﬂﬁw &

(6) nm\@#ﬂ
MT Fn%@:}: i’ :
7 EAER &*;\_L/_ D] D%w&’JEi’b CUEROMBITOREICH - TnEE, BT
LHIET D,

A ﬁhﬂ&ﬁm@®ﬁﬁwiﬁ¢%@6mﬁﬂomﬁé\%ﬁ&%ﬁ?é

v CWJQAM@EA\Embt@mmMﬂM%fmeﬁ%KTw%%ﬁb\ﬁﬁ
EEITY,

= CHEMRITI D REL.
nL. BIEEHIET D,

Z CHENR3TE Y RE {L0FFETHY
Bt b iz L, EREEIT S,

B LARAVWBRWERD FREERTES, FRENRIGE S

N-CIRTIS R R S

_/

EOEN EEER

R A
9%[:1\ %

i

3 BEFEE
(1) AlA v TNz DA NADR & H L HRER AR UHTEEI O AT A T LT LT A



A OrR Lﬁmj_z-m"j} AT, EETHI &,

(2) Fo—TRERRHOTDFANTERS NTWVWAED, FALICHT A7 4 VF—&
ALY T AT A APCRIEEEZERT LS &

(3) mECSBEEBELT, Eﬂiﬁﬁn/‘:n%@m;gcmw =Sl

(1) 1 OEHLERAEZRET %S HEERETHI MZOCE“?T”’\ EEHETH
IE-T0CRTEE THRET H I & '

(5) 20 (1) OTZA~—> ST B RRET AEAIE. AELT, FERTCEE
AT -20CHIBTHRET DI L,

(8) 20 (2) CBENBRAZETT D
S ILIE-T0CRT R CRET H. 28, BT

PR ATED., SEEFETLIIC

pay






- @fawPiw@%&w&ﬂﬂ?%muﬂww@%%mi%%ﬁﬁz -

FVE

@ﬁ@%wrﬁ%mﬁh
L B RN E

HhEd
ﬁ B QLI & 1<
| FE

e

g

_ _ S 62T MR S ET |
e OB OUE Y LWE RS RIS RERTP IR LOLEUT § N

.

I8 E f
(2L fk 2 B E] G U2 O

BB OTELEHEO LA L S QRGN Gy CTRPILEN )
 sReGy kR L
iy 2LEERN

_ RO HIETO
e e L U e I (e FH -
| [ S - G2 L -
yRET Y 2EE N

ok O (DML T O ) H UM B LA &

3
i

L
B3 LW K B WLBAN L “RI2AC TR

(famyt ) B BE DN S TR

E%ﬁmﬁvﬁs?@wﬁwﬁ@ﬁ@m%%ﬁpﬁ_uli.%uiﬂ;ﬁ%@ prS

D

0/

DI DR CEL P CT YT W WORLG TR
W RIS LIS 21% & N = DL E U =

S [/ (G =R OLATULAVEREHE



il

13 FEAI:
T



WELHEYRE  DiEE EE

SIS (+H) B
ELE (—) Yk 5H

=R EO B J
) , _ ] _
(T , |
By
fe et AOATIEANLN) \
HE O~ E— K HdD EBnng  HEEREAT
B T B G E ey TIN5 (UDig) gy 2
oLt = £ e 7 e (8 g
_ 2
oEY TR () By g
a3 (—) YK TE 5 e )
N | wWOEY [
\ =k =1 =] B —
4 | ] _ ]
[ ! i , |
g (v By
BHHBOVE -y (B |
erndo T || REXUL) CLMDd) SEEERUGER%
gy —~ | T I v FIBIEE HEBH (urg) £
ma| ~ |3 T WA i 2

ST O BB TR OHFRO LI GRRE







ﬁﬁé4j®%%%@%4y?&I;%%E%@%%ﬁE%%@@%E%%
BEIEEOGHRE/RIIDONT

OBES 4 THEEIZEHFNKRE ((EEELHZE2Ma® (3) D) DIB,
LUTQEECONTE., EBOFz v UA LSO TEATH TGN D
R, FAFAOEREEFEESHICHS

) REEHBEREANOCERLESORER
—mEY 4 TREBOZHF @Cﬁﬂ@ﬁ%kﬁ SOBBEGROG
Frvs PR (BIES) ICXVER '
(4)%%ﬁ@gﬁm®§%@E%EE%%R?é%@ﬁ@gﬁﬁ®%é
A DTEEN ‘
LSEBARERRRETERETSY . MDD B BELARICER
oy R HEEAICT OFRLERE. Y (DA, SEAT
j&@?ﬁ?%i??)L\@4w2%%ﬁﬁﬁﬂm%ﬁ%ﬁ§
R YERETHIE L ETER
(@)?ﬁﬁ@iﬁﬁfi?éﬂtwﬁ%%m%&Wﬁﬁmﬁﬁ

Jbuzb(ﬂm4(2 i3. 1A%U15@EE%%<D
[k YRR

EV e EW@%ﬁﬁg%iomf@ EEHRBRERUREAM
HAEBRETREETES



i

e
sty
)
oy Cp T B

e

e
RO

, (e 2N W‘H%.%n 7 )
;w_m%@ (DQR=[CORBEE




(HlI% 3)

A BB OBRIC Y o TOMEREE

2

HERRETR

® =

1 HEE (FEAEWR SnERSECEATAIAERES
liﬂ?b)&U@%ﬁ%ﬁ(%ﬁ%%aﬁouTﬂbd
iZ. NBRIROHISH®, MoK E AFRBET & & e
MERRIZIINE B AL NI &,

Ok — DFEORER

2 EmI, flRKEOERECRTONAERER A b

THEETHIE,

D %Bfﬁ Haﬁﬁ@ﬁﬁﬂa

3 HMIIAHER, HETDHI L,

OV =R e O BRIGHERR
(] 32 f R D kR

4 fERUEEEPEZEE REAIHEGEEZTE D EHIT
%wﬁnMTWU) B ALEEICIE, BHOEE
A, B, ¥, FREEZERATLIL,

OB RS

5 1E¥ESIT, HROMOBAT L PFMEICER S, TR,
BREODBAZHETIHEL RV, XLy o#E
FBLTWVHIZ &,

OB RERR

6 FERARELRNILS,
THIE,

BB O & EHHIER

O R MR DO FERS

7 BEMIREESNOFE A, HED TEOEEICS -
T, PR EOMEEILT 57201 — METHEM L
EHEEEERTD L,

WE RN

8 MHRAZOHWYTETHEL, TR, FRELEML

CO{H R RE D BREGER

RWE S RBITCIRET AL, L =R DO RET

9 BIEREREIN N LFEATRAT HEC, EEEO | DHRERER

HE BREITY>ZE

10 155 9FThEd, UHHBROBIEILUAELE | OFAEEHE =2 T V%

B2 T LVEREDLNLTNAZ L,

DHEER

O RO FEK, F
& A O BB H
HETOT7o—K%D

il
R




11 100EATHE s T VEICESIERIZOW
T, EHRICRELTNWBE I &,

CIFEaRE OHER

% =) 13, EREEOEE - BRI 2R T DT,




w (WY
G LA b Lo EHHBD)
/ BT

=y %
r=13== )

T T e

] e
; g @Lig%

N W HEEE) | #Y
yy%ﬁ@@#@%ﬁé%ﬁ% _

4 E2©




(Bl 4)

SIIEOFAR OO OBENC S /o> TOMRIBEH

%ll

MERRETIR

[

B &

1 EF GESNEHE, OERSICHERTEmNE ST,
LUFRIC,) RUOYEEREE (BREEZ2E, LTRL,)
X, ABRBIROHBE, MOFREAFREH 2 S BEE
FERRIZIEM B AL RN &,

CHEH N — b EOFERR

2 EHII, HIBEXEOBERSICRITONEHEETRS Vb | OERETESOMER
THEBTHI L,

3 HEIZAHEBER, EHETDHZ L, {4 7% O R RESR

O EFRCFEOMER

4 VEEPEEESEEE FEIIIOREZERVER S Bk | BB HER
WA, BLTFRIC, ) 2B AL B, EROEEMR,

#. WBF, FRESEHRITH L,

5 {EEEIL, EROMOBETEBERICRBI &, E4, | DTSR
BREDEARIETAEES 2D, IBIETAFERE
BEULTNHI L,

6 {EZEix, 9PIE., HMbE, ORAEEENEEMNC | DHREHERE
KAy ENIRETERE SN, BIFRCUORBERL RN
BETHH &,

7 EEBOHADOIE. EBEERE. BAEEE, BRo | DEFEREORGHER
VR ERHREBET S L L b, EHRREEEOER | OEmTRHFORER
TEBET AL,

8 SHUNCHES AL (I, REELELIN, EIH VI, | OREHER
HE, PRES) ERIIHEBEREETLZ L, I STH O MERR

9 FEEI., 2T FNIE R L—EOEBICY o TiL, = | OBERER
T EMEOBEEAREREREERTAZ &,

10 {ER%OzFI, PL—%EIEEL, FH, S | JHREHER
ELEMLRVE S RBHTRETDHZ L, C1SEHEREER D TERS

11 HEg~A LIS, AJIEER O F v —NT | DRBRER
FA=) o ARIZFNEREOWEEBEHELZT Y Z | IEHERRHOHER




&o

Ny Fr—iE, ERIZENL T, vl K
X3t L AFOESHBEEZITOIZ L

12

IS5 HERR
D %m ﬂa%mﬁﬁﬁ‘h

13 VeOBESrY~-->TiE, 8m (5) [TEDAUD

HERERE T~ TRE2ER T &,

WEZE )

14 BB REEA TAEE SfEINc Wi, 500
DO FIEIT S EBEO D2 DREEEZITV., FBIICAET
DI &,

IEETE Jii

15 OROEEIIUZ->TiL, BHETRELCEFRER (F
w7V BEREL, ABRIROCHEBHBIL, oz x A
WG A S BRI B AL RN &,

RSB
CERNL— N EDORER

16 105615 FETEED, YEHBROBMEIS Ui
EER T VEREDLENRL TSI L,

Dﬁ?é%fi? = 7/1/%
DFEEE

O 454 HEER OB,
AP LB A ETO
7 — [ OFER

17 160HAEFTHE=2T7NVEZESIERIZOND

T, EHRICESE LT L,

X ME#) 13, HERFHEOER - BTRILEERT 5 FE,




