
Journal or Clinical Virology I ?  (1999) 9-19 

Journal of mi ;;:zy 
Typing of rabies virus isolates by DNA enzyme immunoassay 

Alain Sabouraud ", Jean S. Smith ".*, Lillian A. Orciari ", Carlos de Mattos ", 
Cecilia de Mattos ", Rodney Rohde 

Received 19 Augur1 1998; received in revired form 4 November 1998: ampled 4 November 1998 

Abstract 

Background: Allernalives to antigenic typing are needed Tor epidemiologic surveys o f  the rabies v/rus associated 
with translocated coyotes and roxes, especially i n  areas where a closely related rabies virus is transnlitted by striped 
skunks. Objrctivm: We developed and evaluated two enzyme based typing methods Tor rabies virus. The products o f  
a reverse tranrriplion-polymerase chain reaction (RTIPCR) o r  the nucleoprotein gene were hybridized to type 
specific probes and detected by enzyme assay alter immobilization on microliter plates. Study design: We tested 
RTIPCR products of 27 rabies isolales by two different D N A  enzyme immunoassays (DE IA )  ;+nri evaluated the 
quality of the results from 111s corresponding nucleotide sequene o r  the sa~nples. Rcsults: Using a set o f  two probes. 
one o f  the DElAs  correctly identified 26/27 samples as variants o f  rabies virus associated with either skunks, roxes, 
or coyotes. The identity of olle fox rabies sample was unresolved by this assay. The second D E l A  correctly idenlified 
24/27 samples as variants o f  rahies virus associated with eithet. skunks. lores. or coyotes. This assay did not resolve 
the idenlily o f  two fox rab~es samples, and misidentified one fox rabies sample as a skunk rabies sample. Conclusions: 
D E l A  can be used lor  epidemiologic studies o l  v:~riants o f  rabies virus associated with nkul~ks. foxes, and coyoles. 
Uoth D E l A  melhods were efreclive when typing probes recognized changes at a minimum o r  two nucleotide posilions 
between variants, but only one assay method was sufhciently stringem to detect a single base pail- mis~n:~lch. The 
inherent mutability o l  R N A  viruses must be considered when designing and evaluating typing merho~is. 6 )  1999 
Published by Elsevicr Science B.V. A l l  rights reserved. 
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1997). Virus trans~nission is  primitrily intra-spe- 
cific and once established in all animal popula- 
tion. endemic disease may persist for decades. 
AITected areas usually expand only gradually. 
but the introduction o l  rabies through the 
transloc;~tion o f  infected anim:~ls can result i n  
new outbreaks ill areas distant k o ~ n  the endemic 
area (Rupprecht and Smith. 1994). Private sec- 
tor transport o r  wild canids, especially roxes and 
coyotes. i s  of particular concern in areas o f  the 
United States where recreatio~lal hunting o f  
these animals is popular. Stocking o f  hunting 
enclosures omen involves thc intcrstate move- 
ment o f  animals (Soutlie;~stcl-n Associ;~tion o f  
Fish and Wildlife Agencies. 19971 and on at 
least two occasions has resulted in an introduc- 
t ion of  rabid animals (Centers for Discase 
Control, 1995). Licensurc o f  oral rabies vac- 
cines for wildlife enables the public health coni- 
munity to  respond to new outbreaks o f  rabies 
(Rupprecht el  31.. 1993). but early detection 
through enhanced case surveillance with virus 
typing is a vital component o f  these control ef- 
forts. 

Early virus typing studies used monoclonal 
antibodics to  identify five antigenic variants o f  
rabies virus in terrestrial animals in the United 
States (Smith et al.. 1986; Smith, 1989) and con- 
structed maps showing the expected distribution 
o f  these variants. Antigenic typing with rnono- 
clonal antibodies is inexpensive and can be per- 
rormed quickly on  large numbers o f  samples, 
but cannot identify all o f  the epidemiologically 
important variants o f  rabies virus i n  the United 
States. Most importantly. this typing method 
cannot be used for surveillance o f  fox or coyote 
rabies in  areas where a closely related variant is 
transmitted by skunks (Smith et a].. 1986; Ro- 
hde et al., 1998). I n  1994. at least five and pcr- 
haps seven domestic dogs died o f  rabies arter 
hunting coyotes i n  a 320 acre fenced enclosure 
in  Alachua County. Florida (Centers l o r  Disease 
Control. 1995). Because these cases marked the 
second occurrence o f  rabies in domestic hunting 
dogs in the southeastern United States in  which 
the suspected source o f  infection was transloca- 
t ion o f  infected coyotes from Texas, thc Centcrs 

Tor Disease Control and Prevention cslled (br 
intensified surveillance ibr introduced rabicv 
cases in  states where residents parlicipate in  coy- 
ote hunting in enclosures. Although outbreaks 
o f  rabies hove not been associated ~ ' i t h  tr;~nslo- 
cation o r  the variant associated wit11 gr:ty foxes 
in  Texas and spill-over tri~nsrnisston o f  this vari- 
ant t o  domestic canids is infrequent. ;I rabid 
gray fox was part o f  a 1995 shipment o f  ani- 
mals from Texas to Montana (Krebs et ill.. 
1996). and specific surveillance for this variant is  
also desirable. 

Because o f  its sensitivity and specificity. rhc 
R N A  reverse transcriptae-polymeritse chain re- 
action (RT-PCR) lol lowed by nucleo[idc sc- 
quencing to identify characteristic patterns o f  
nucleotide substitutio~l is the melliod of cI111icc 
for genetic typinp o f  rabies (Smith el  al., 1995). 
However. sequence analysis is laborlous ; ~ n d  
costly and is  not  likely to  oht:~in general ilse in  
large scale surveillance activities. Other genetic 
methods o f  virus typinp. specific PCR primers 
o r  digestion o f  the PCR product with restriction 
endonucleases, have also been used (Nadin- 
Davis et al.. 1996; Rohde et al.. 1998). but these 
methods are also relatively laborious, especiiilly 
for larze surveys. 

We ,:ompared two different D N A  enzyme im- 
munoassays (DEIAs). DE IA -A  (GEN-ETI -K  
DE IA ;  Sorin, Sallugia, Italy) is based on hy- 
bridization o f  a PCR product t o  a variant-spe- 
cific biotinylated probe immobilized to  
strepta,/idin-coated microplates. The formed hy- 
brids are detected by addition o f  a monoclonal 
antibody specific for double-stranded D N A  and 
peroxidase labeled protein A (Monteiro el  al.. 
1997). DE IA -B  takes advantage o f  the fact that 
01igomc:ric primers can be labeled with biotin 
without adversely affecting their eficient use in  
a PCR reaction (Landgraf el  al., 1991). Biotin 
labeled PCR products are hybridized to digoni- 
genin labeled variant-specific probes. Hybrids 
immobilized t o  streptavidin-coated micl-oplates 
are detected with peroxidase labeled anti-digoni- 
genin antibody. We evaluated the specificity o f  
both methods using three variant specific probes 
in tests o f  27 rabies samples. 



2. Materials and methods 

The 27 samples used i n  this study (Table I )  
were from animals submitted for rabies diagnosis 
and/or typing to public health laboratories. Texas 
samples A-0 were tested at C D C  as blind-coded 
R N A  or the PCR amplicons. Iowa samples 1 - 10 
were tested at C D C  as blind-coded PCR a~ i ip l i -  
cons. Other samples (identified by number) were 
i rom animal tissues suhmitted to C D C  after diag- 
nosis at state public health laboratories i n  Texas, 
Florida, Tennessee. Kentucky, and Ohio. 

2.2. RNA cxrr.ooiori 

R N A  contained i n  approximately 50 vg of  
brain tissue was obtained by extraction using the 
TRlzolTw Reagent (Li ie Technologies. Grand Is- 
land, N Y )  according to instructions o i  the manu- 
iacturer. Precipitation o f  R N A  in  the aqueous 
phase was carried out with addition o f  iso- 
propanol and centrifugation at 12000 x g for 10 
min. Ai ter washing with 75% ethanol. the tinal 
pellet was dissolved in  0.1 m l  diethylpyrocarbon- 
ate (DEPC)-treated water. 

Sequences o f  prinicrs and probes used in 
D E I A - A  and D E I A - B  are given in  Table 2. I n  
DEIA-B,  a 304 primer biotinylated at the 5'-end 
was substituted Tor unlabeled 304 to genel.ilte 

PCR products. Probes wel-c prepared with either 
biotin or digoxigenin labels. Biotinylation o f  
oligonucleotides was carried out by incorporating 
DMT-protected Biotin-phosphoramidile (Glenn 
Research, Sterling, VA)  a l  the 5'-end during stan- 
dard synthesis on a 394-8 A B I  DNAsynthesizer 
(Applied Biosystems, Foster City. CA) .  Oligonu- 
cleotides to be labeled with digoxigenin at the 
5'-end were initially synthesized with a 5' terminal 
alnine group (Aminolink 2. Applied Biosyste~nsl. 
Aminolinked oligonucleotides were mixed with a 
10-fold molar excess o i  digoxigenin-NHS 
(Boehringer Mannheim, Mannheim, IN) .  i n  0.1 M 
sodium carbonate buifer p H  9.0. A l l  oligonucle- 
otides were purified by reverse-phase HPLC. 

2.4. RT-PCR 

A 20.~1 R T  reaction contained 5 p1 o i  RNA,  5 
p m o l  primer l og  o r  primer 509. 0.2 m M  concen- 
trations o f  each deoxynucleotide, 14.8 units o f  
RNAse inhibitor (Boehringer Mannhei~n), and 7.4 
units o i  A M V  reverse transcriptase (Boehringer 
Mannheim) in  the buffer supplied by the manu- 
facturer. After incubation at 42'C for 90 min, an 
80-p11 PCR mixture was added (10 II~M Tr is-~HC1 
p H  8.3, 2.5 units o i  Taq poly~nrrase (Perkin- 
Elmer-Cetus, Norwalk, Conn.). 20 pmol o i  
primer l o g  o r  primer 509 and 25 pmol  o f  primer 
304). Ai ter I min o i  denaturi~tion at 94'C. 40 
cycles o f  denaturation at 94°C Tor 30 s, annealinp 
at 37°C Tor 30 s, and D N A  polymerization at 
72°C for 90 s were repeated i n  a thermocycler 
(Pel-ki11Elmer-Cetus). Biotinylated PCR prod- 

T;chlc ? 
Scqucncc oi ~~ligo~~ucleolidc primers :and probe, 

~ . ~. .. . ~ . ~  ~-~ - ~ ~~ ~ 

Scquenuc (5' lo  3')  Nalnr Genomc Posilion.' l lse 
~ ---- ~~ .~ ~ - - - ~  ~ ~ . .  - .  . - ~ 

CTACAATGGATGCCCAC l(lg hh Kf:I1CI< primer 
GAGAAACAACITCAAGA 509 1157 I<.I'/I'CI< prijllcr 
TTGACC A AGATCITGCTCAT 304 1533 PC'K pl-imcr'' 
AATCATGATGAATGGAGGTC Gcncric 1294 I'cohc 
TCGACI'AAACAGATCGCATA NCSK 1312 PI ohe 
TCCATTGAAGAGATCACATA TXCY 1312 I)~OI>L. 
CA ITTGCCGAATTTTTAAAC T X t X  1380 I'rohe 

- ~ ~~ ~ -- ~ ~ ~ ~ ~~ . 

. 'Genon~e  por~lion indic;ttcs the 7 ~nuclco~!dc o i  r l lc  primer in rckrrncc ro l l l c  xqucncc or SADBI') ( C t ~ t ~ / c l t ~ ~ i l l ? o  CI ill. I'lc)III 
''Pvilner 304 biolinyl;~led III Ihr  5 end w:t> r~~bsrilu~ctl ibr  unl;>hvlud 104 lo gencrolc I'CK produclr Tor 1)1~1A-l1 



Samplc Gcnmc pro& NCSK probl TXCY p i o k  TXFX p u b  \ 'drkn\ >d<nl#hed 
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Skunk North C c n ~ n l  and Aomalazhian Sines TN YO3 1.30 0.61 1.21 I 0 1  0 IU 



ucts for DEIA-B were produced by the same 
procedure, except for the substitution o r  hiotin-la- 
&led 304 primer at !he same concentration. N o  
difrerences in  amplification cfliciency between the 
biotin-labeled and tlie unlabeled primers were re- 
ported uhen tlie products were run out on an 
agarose gel stained with ethidiu~n bromide. Be- 
cause R N A  was not available for the 1ou.a sxm- 
ples. a 2-111 aliquot o f  PCR products was 
reamplified for DEIA-B and sequencing. The 
same reagents were used, omitting the reverse 
transcriptase and RNAse inhibitor enzymes. 

2.5. Sequc~l<.ing uf PCR pro<luc/.\ 

A l l  PCR products were purified using the Wiz- 
ardTM Minipreps DNA purification system 
(Promega. Madison. WI )  and sequenced by using 
the A B I  PRISM D N A  Sequencing K i t  (Applied 
Biosystems) according to manufacturer's instruc- 
tions. Automated fluorescence sequencing was 
perlbrmed with an Applied Biosystems 373 (ver- 
sion 3.0) sequencer. A 300 bp region o f  tlie nucle- 
o p ~ o ~ c i n  gene was aligned wlth the Pileup and 
Pretty programs i n  the (;cc software package. 
version 9.1 (Genetics Compuier Group. Madison 
WI). 

2.6. D E I A - A  

DEIA-A was carried out by the method o f  
Monteiro el al. (Monteiro et al.. 1997). Strcp- 
tavidin-coated microtiter plaiea (GEN-ETI-KT>' 
DE IA )  werc incubated for 18-22 I1 211 2 8°C with 
;I biotinylated probe (25 ng;100 kt1 for TXCY and 
NCSK probes and 5 ng1100 111 ibr  generic and 
T X F X  probes). The probes wcrr diluted in T E  
(Tris l01nM. E D T A  l n i M  p H  8.0). Tlie well w i~s  
tlien wasl~ed five times using t l ie  wash solution 
provided by the manuPactul.er. Amplified PI-od- 
ucts werc denatured on a hcat hlock for 3 ni in at 
95°C and then cooled on icc. Twenty pI of each 
I'CR product diluted 1:s i n  T E  were added lo  
microtiler plate wclls containing 100 111 o f  tlie 
hybridization bull'er provided by the m;inul;~c- 
tuner and the plate incubaled for I 11 at 50°C in  a 

~ a t c r - ~ ~ t l i .  Al ier weshing each u.cll li\c i i~ i ics  ill 
wash solulion licated lo  50°C. 100 111 o f  the 

t~n l i -dsDNA antibody was added to each well ~II ;, 
final concenlration recommended by the manul'ac- 
turer. The plates were then incubated for 30 min 
at 37°C. rinsed four times. and 100 pliwell 01' 

horseradish peroxidase-protein A added at a final 
concentration recommended by the manufacturer. 
After a final 30 min incubation at room teniper;~. 
ture, tlie plate was washed four times and 100 111 
o f  the chromogenlsubstrate mixture (tetramethyl- 
benzidine, hydrogen peroxide) was added to each 
well. The colorinietric rcaction was developed for 
30 min at room temperature in the dark, slopped 
by the addition o f  200 pliwell o f  I M sulfuric 
acid, and the absorbance o f  each well measured at 
4501630 nm (Dynatech MR5000). A blank (11)- 

bridiration bufkr-cliromogen-blocking reagent) 
anid 2 PCR ncgdtive controls were included in 
each experiment. The cut-off for tlie reaction 
(0.18) was calculated by drtermina~ion o f  the : 

mean value o f  two negative controls plus 0.15 as 
recommended by the rnsnuracturer. 

lmmulon 11 microliter plates (Dyndtech Labo- 
ratories, Chantilly. V A )  were coated overnight at 
4°C with 200 ng o f  biotinylated bovine albumin 
(Sigma, St. Louis, M O )  i n  100 pl/well o f  0.1 M 
phosphatc-buffered saline (PBS), p H  7.2. \$:aslied 
three times with PBS containing 0.15':<1 Tween 20 
(PBS-T), and then saturated with 1000 ng of 
streptavidin (Sigma) in 100 pl/well o r  PBS wiih 
0.5'X3 gelatin for 30 min at room temperature with 
shaking. The plates were washed ~hree  times with 
PBS-T and stored at 2 0 ° C  unl i l  use. The bi- 
otinylated PCR product (4 pl) was added to ;I 
lube co~i laining a digoxigenin-labeled probe (20 
11g!200 pI o f  T E  buffer). Tlie mixture wits Iic;~tcd 
a t  95°C For 5 ~ n i n  in  a thermocycler and allowcd 
l o  hybridize at 55-C for 30 min. The hybridiz;~. 
tion rnixturc was then divided betweell two wclls 
o f  stl-eptavidin-coated microtiter platc and inL.11- 
h i t cd  a t  37-C for 30 min. Al icr f o u r  \vi~sli i~igh 
witli PBS-T, 100 )11 o r  a 1:2000 dilution of pcron- 
idase-li~beled anti-digoxigenin Fab fl-;~pmclilc 
(Bocliringer M;lnnhclm) i11 PBS with OPX, gcl,~liti 
;~nd 0.15':!8 Twecn 20 was then i~ddcd to c;lcli \\,ell 
and incubated ib r  I I1 ;I[ 37'C. Al ier I'~III. wi~sli- 



ings with PBS-T. 100 p1 o f  the chromogenic sub- 
stmte ( B M  blue. POD substrate, Bocliringer 
Miinnheim) were added l o  each well. The colori- 
~mctric reaction was developed for 30 niin ; ~ t  room 
temperature in the dark, stopped with thc addi- 
tion o f  100 pljwell o f  I M sulfuric acid. ant1 
absorbance at 4503630 nm measured as abavc. A 
blank (hybridization buffer-chromogen-blocki~ig 
reagent) and two PCR negative controls were 
included in  each experiment. The cut-off for the 
reaction (0.15) was calculated as the mean ab- 
sorbance value obtained with six ~legati\,e samples 
plus five standard devi;~tions. 

3. Results 

Based on sequence data available to 11s al thc 
start o f  this study. we designed three oligonuclu- 
otide probes to be used in  different conlb~ni~t ions 
to identify the variants o f  rabies virus associated 
with skunks, foxes. and coyotes (Fig. I ) .  The 
NCSK probe (100':'o homology with skunk rabies 
virus) is the positive control for surveys conducted 
i n  areas o f  the Nor th  Central and Appalachian 
States where skunk rabies i s  common. A negative 
reaction is expected when PCK products contain- 
ing the coyote virus are reacted with the NCSK 
probe, as the NCSK probe contains three nucle- 
otide changes relative to coyote virus. The NCSK 

.. probe contains one nucleotide change relative to 
the rabies virus found i n  foxes. Because a single 
nucleotide mismatch may not yield a negative 
hybridization signal when PCK products contain- 
ing the Tox virus are reacted with the NCSK 
probe, a second probe (TXFX)  with 100'K homol- 
ogy to fox virus i s  used as a positive control for 
that virus. The T X F X  probe also serves as a 
negative control Tor a survey conducted i n  a 
skunk rabies endemic area, since i t  contains three 
nucleotide changes relative to skunk rabies virus. 
A survey in  areas of Texas endemic for fox rabies 
uses the T X F X  and T X C Y  probes as positive and 
negative co~itrols. respectively. Similarly. tlie 
T X C Y  and T X F X  probes are used as positive and 
negative controls in  a survey i n  areas oT Texas 
where tlie coyote variant o f  rabies virus i s  com- 
mon. 111 all surveys, unexpected positive or negil- 

tivc rei~clions arc submitted Tor sequence an~ilysis 
to identil'y the variant o f  rabies virus involved in 
thc infection. 

One addit io~ial  probe was necessary Tor tlic 
con~pal-ativc analysis presented here, but i s  op- 
tional for routine surveillance. We used a generic 
PI-obe recognizing sequence conserved among all 
tliree vari;~nts to calculate an expected value I'or 
hybridization with the amplified product. For 
routine surveillancc. the amount o f  rabies c D N A  
in  the PCR product and the expected adsorba~~ce 
value Tor the D E l A  is es1im;lted by the amount of 
staining observed al'ter clectrophorcsis o f  the PCK 
product ~ ' i t l i  molecular weight iiiarkers in  an 
agarosc gel stained with cthidium bromide. 

T o  test the uti l i ty o f  tliese probes, we uscd 
s;imples fro111 two state public health laboratories 
(Iowa and Texas) that usc KT/PCK as part 01 
[heir diagnostic andjor surveillance activities. 
These samples and additional s;imples already 
available at C D C  were tested blind-coded by both 
D E l A  methods using the Tour probes (Table I ) .  
A l l  reactions were confirmed by sequence analysis 
(Fig. I). 

A l l  samples associated with skunk rabies were 
identified correctly in both DE IA -A  and DEIA-B.  
A l l  samples hybridized with the NCSK probe. 
only background values were detectable with the 
T X C Y  and T X F X  probes, and no potentially 
eonfounding mutations were found by sequence 
analysis o f  the probed regions (Fig. I). 

A l l  Texas coyote rabies samples tested i n  this 
study were identified correctly i n  both assays. 
Only background values were detectable with 
both the NCSK and T X F X  probes and al l  sam- 
ples hybridized to high specificity with the T X C Y  
probe. N o  confounding mutations were found by 
sequence analysis o f  any oT the probed regions 
(Fig. I ) .  

Neither assay identilied all o f  the fox rabies 
samples unambiguously. The DE IA -A  correctly 
identified five Tox rabies virus samples (A, G ,  0, 
2599, arid 2603) by their diminished hybridization 
with the NCSK probe arid maximum hyhridiza- 
tion with the T X F X  probe. Texas fox sample 
2604 gave the expected negative or very weak 
hybridization with the NCSK probe, but failed t o  
react with the T X F X  probe and therefore. was 
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unresolved in  the assty. In  DEIA-B, hybridization 
with the NCSK probe was diminished relative to 
the T X F X  probe ib r  Tour samples: however. be- 
cause o f  the lower positive signal with the TX12X 
probe. the magnitude o f  the dirference between 
the two probes was less pronounced in  DE IA -B  
as compared l o  DEIA-A .  Also, the NCSK probe 
i n  DE IA -B  gave a higher signal relative to the 
T X F X  probe for two PCR samples containing fox 
virus. One o f  these samples was misidentified as 
skunk virus because o f  a negative signal with the 
T X F X  probe. In  both assiiy methods, a lower 
than expected signill was detected in  samples A 
and G reacted with the generic probe. 

Sequence analysis of the Texas fox samples 
confirmed the expected sequence variation prc- 
dicted by probe hybridization (Fig. I ) .  A single 
nucleotide mismatch in  s;~~nple 2604 (loss o f  a 
G:C bond) completely prevented hybridization by 
the T X F X  probe in both assays. This did not 
create an misidentification in  DEIA-A,  since the 
single mismatch with the NCSK probe (loss o f  a 
A:T bond) markedly diminished the hybridization 
signal. I n  DEIA-B, however, the single nucleotide 
mismatch with NCSK probe did not produce ii 
marked reduction in  signal and the sample was 
misidentified. A single nucleotide mismatch in  the 
generic probe region for samples A and G (loss oT 
a A:T bond) also reduced the hybridization signal; 
however, this probe would not be used i n  surveys 

.. where the expected signal could be determined by 
estimating the PCR product concentration by 
comparison against a known standard in  an ethid- 
ium bromide stained acrylamide gel. 

Because antigenic typing with currently avail- 
able panels o f  monoclonal antibodies cannot dis- 
criminate between the variant o f  rabies virus 
transmitted by striped skunks in  the Nor th  Cen- 
tral and Appalachian States and the variants 
transmitted by coyotes and Toxes in  Texas, nucle- 
otide sequence analysis must be used to survey for 
translocations or introductions o f  the canid rabies 
viruses. Consistent patterns o f  nucleotide substitu- 
t ion observed i n  samples Trom these surveys sug- 

pestcd that ;I hybridization i~ss;ty rt:itli spccilic 
probes could be i~scd Tor variant identilication. 
thus reducing the nunlbcr ot'samplc\ which n i l ~s l  
be subjcctcd to scquencc i~nalysis. 

Idc;~lly. a probe should be approsinii~tcly 20 
nocleotides ill length aild recognize a i rg ion 01' 
scquence co~iserved in  all saniples o f  a given 
variant. T o  avoid lhlse positive hybridizations. the 
probed region should contain at le:lst two nucle- 
otide positions which vary among the viruses to 
be discriminated, and because rabies viruses like 
i i l l  R N A  viruses are inherently mutable. re;~ction 
conditions Ibr the assay should be optimized such 
that ;I single nl~cleotide substitution in  the probed 
rcgion signi1ic;lntly afl'ecls hybridization. 

Dit'fcrenccs in the two assays in  thc nay spccilic 
Iiybl-ids a)-e i;>rmcd and hybridization i s  dctcctcd 
In;ly have contributed to the disparate results 
obtained by the two nierhods. In  D E I A - A  the 
unlabeled PCK product liybridizes at 50°C to a 
biotin labeled variant specific probe immobilized 
on a microtiter plate. This step is followed by 
washing with a buTfer heated to 50°C to increase 
the stringency o f  hybridization. Specific hybridiza- 
tion is then revealed with a monoclonal antibody 
that recognizes only double stranded D N A  
molecules. I n  DEIA-B,  hybridization oT the PCR 
product and a digoxigenin-labeled probe i s  i n  
l iquid phase at 55°C. but hybridization is lo l-  
lowed. not by a wash step as i t  i s  i n  DEIA-A .  but 
by incubation for I h at 37°C to permit avidin-bi- 
ot in capture o f  the biotinylated PCR product in  
the microtiter plate well. 

Some o f  the assay conditions could be opti- 
mized in  both assays i n  order to obtain the 
highest signal to noise ratio (data not shown). The 
concentration o f  the probes i s  critical. especially 
in  the D E I A - A  where a concentration higher than 
25 ng/100 p l  resulted in  high background O D  
v;ilues. A hybridization temperature below 5O"C 
resulted higher background signal i n  both assay 
methods. We tested only 4 )I\ o f  each PCK 
product per well i n  order to use the origin;ll 
amplicons f rom the state health laboratories as 
much iis possible: however. i t  would have been 
possible to increase the specific hybridization sig- 
nal i n  the D E I A - A  by idd ing larger amounts o f  
the PCR product. Increasing the volume 01' sam- 



p l e  tested in D E I A - B  did not increase t h e  OD 
values. For a l l  r eac l i ons  in which p r o b e / s a m p l e  

homology was  100'%>, t h e  OD values were  h i g h e r  

in DEIA-A (1.22 w i t h  a S.D.  of 0.15 with t h e  

gener ic  p r o b e )  t h a n  in DEIA-B (0.76 S .D .  0.22 
with t h e  gener ic  p robe ) .  l o w a  samples  8 and 10 
were  exc luded  rrom th i s  c a l c u l a t i o n  because t h e y  

were  o n l y  w e a k l y  pos i t i ve  in t h e  i n i t i a l  PCR am- 
p l i f i ca t i on .  R e - a m p l i f i c a t i o n  of t h e  i n i t i a l  PCR 
product lo produce t h e  b i o t i n  l abe led  p r o d u c t  

necessarv for DEIA-B increased t h e  h v b r i d i z a t i o n  

star[ or t h e  R a b i e s - A r b o v i r u s  Sect ion.  T e x a s  D e -  

p a r t m e n t  or H e a l l h  for t h e i r  c o n t r i b u l i o n s  ro th i s  

s tudy.  
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