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Abstract

Background: Aliernatives to antigenic typing are needed for epidemiologic surveys of the rabies virus associated
with translocated coyotes and foxes, especially in areas where a closely related rabies virus is transmitted by striped
skunks. Objectives: We developed and evaluated two enzyme based typing methods for rabies virus. The products of
a reverse transcription-polymerase chain reaction (RT/PCR) of the nucleoprotein gene were hybridized to type
specific probes and detected by enzyme assay after immobilization on microiiter plates. Study design: We tested
RT/PCR products ol 27 rabies isolates by two different DNA enzyme immunoassays {DEIA) and evaluated the
quality of the results from the corresponding nucleotide sequence of the samples. Results: Using a set of two probes,
one of the DEVAs correctly identified 26/27 samples as variants of rabies virus associated with either skunks. foxes,
or coyoles. The identity of one fox rabies sample was unresoived by this assay. The second DEIA correctly identified
24/27 samples as variants of rabies virus associated with either skunks, foxes. or coyotes. This assay did not resolve
the identity of two fox rabies samples, and misidentified one fox rabies sample as 2 skunk rabies sample. Conclusions:
DEIA can be used for epidemiologic studies of vuriants of rabies virus associated with skunks, foxes, and coyotes.
Botl DEIA methods were effective when typing probes recognized changes at a minimum of two nucleotide positions
between variants, but only one assay method was sufficiently stringent to detect a single base pair mismatch. The
inherent mutability of RNA viruses must be considered when designing and evaluating typing methods. € 1999
Published by Elsevier Science B.V. All rights reserved.
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1997). Virus transmission i1s primarily intra-spe-
ofic und once established in an animal popula-
tion, endemic disease may persist lor decades.
Affected areas usually expand only gradually,
but the introduction of rabies through the
translocation ol infected animals can rtesult in
new outbreaks in areas distant from the endemic
area (Rupprecht and Smuth, 1994). Private sec-
tor transport of wild canids, especially foxes and
coyotes, is of particular concern in areas ol the
United States where recreational hunting  of
these animals is popular. Stocking of hunting
enclosures often involves the interstate move-
ment of animals (Southeastern Association of
Fish and Wildlile Agencics. 1997) and on at
least two occasions has resulted in an introduc-
tion of rabid animals (Centers flor Discase
Control, 1995). Licensure of oral rabies vac-
cines for wildlife enables the public health com-
munity to respond 1o new outbreaks of rabies
(Rupprecht et al., 1993). but ecarly detection
through enhanced case surveillance with virus
typing is a vital component of these control efl-
forts.

Early virus typing studies used monoclonal
antibodics to identily five antigenic variants of
rabics virus in terresirial animals in the United
States (Smith et al., 1986; Smith, 1989) and con-
structed maps showing the expected distrtbulion
of these variants. Antigenic typing with mono-
_clonal antibodies is inexpensive and can be per-
“formed quickly on large numbers of samples,
but cannot identify all of the epidemiologically
important variants of rabies virus in the United
States. Most importantly, this typing method
cannot be used for surveillance of fox or coyote
rabies in areas where a closely related variant is
transmitted by skunks (Smith et al. 1986; Ro-
hde et al., 19G8). In 1994, at least five and per-
haps seven domestic dogs died of rabies after
hunting coyotes in a 320 acre fenced enclosure
in Alachua County. Florida (Centers for Disease
Control, 1993). Because these cases marked the
second occurrence of rabies in domestic hunting
dogs in the southeastern United States in which
the suspected source of infection was transloca-
tion of infected coyoles from Texus, the Centers

for Disease Control and Prevention culled for
intensified surveillance ftor introduced rabics
cases in states where residents participate tn coy-
ole hunting in enclosures. Although outbreaks
of rabies huve nol been associated with transio-
cation of the variunt associated with gray foxes
in Texas and spill-over transmission of this vari-
ant to domestic canids is infrequent. u rabid
gray fox was part of a 1995 shipment of ani-
mals from Texas 1o Montana (Krebs et al.
1996}, and specific surveillance for this variant is
also desirable.

Because of s sensilivity and specificty. the
RNA reverse transcriplase-polymerase chain re-
action (RT-PCR) followed by nudleotide sc-
quencing Lo identify characteristic patterns of
nucleotide substitution is the method of choice
for genetic typing of rabies (Smith et al., 19935).
However, sequence analysis is laboricus and
castly and is not likely 1o obtain general use In
large scale surveillance activities. Other genelic
methods of virus typing, specific PCR primers
or digestion of 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, especially
for larze surveys.

We compared two different DNA enzyme im-
muneassays (DEIAs). - DEIA-A (GEN-ETI-K
DE!IA; Sorin, Sallugia, Italy) is based on hy-
bridization of a PCR product to 4 variant-spe-
cific  biotinylated probe immobilized to
streptavidin-coated microplates. The formed hy-
brids are detected by addition of 4 monoclonal
antibody specific for double-stranded DNA and
peroxidase labeled protein A {Monteiro et al.,
[997). DEIA-B takes advantage of the fact that
oligomeric primers can be labeled with biotin
without adversely affecting their efficient use in
a PCR reaction (Landgrafl et al., 1991). Biotin
labeled PCR products are hybridized to digoxi-
genin labeled wvariant-specific probes. Hybrids
immobilized to streptavidin-coated microplates
are detected with peroxidase labeled anti-digoxi-
genin antibody. We evaluated the specificity of
both methods using three variant specific probes
in tests of 27 rabies samples,
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2. Materials and methods

2.1. Specimens

The 27 samples used in this study (Table 1)
were from animals submitted for rabies diagnosis
and/or typing to public health laboratories. Texas
samples A-0 were tested at CDC as blind-coded
RNA or the PCR amplicons. Iowa samples 1-10
were lested at CDC as blind-coded PCR ampli-
cons, Other samples (identified by number) were
from animal tissues submitted to CDC after diag-
nosis at state public health laboratories in Texas,
Florida, Tennessee. Kentucky, and Ohio.

2.2, RNA extraction

RNA contained in approximately 50 ug of
brain tissue was obtained by extraction using the
TRIzol™ Reagent (Life Technologies, Grand Is-
land, NY) according to instructions of the manu-
facturer. Precipitation of RNA in the aqueous
phase was carried out with addition of iso-
propanol and centrifugation at 12000 x g for 10
min. After washing with 75% ethanol, the final
pellet was dissolved in 0.1 ml diethylpyrocarbon-
ate (DEPC)-treated water.

2.3. Primers aid probes

Sequences of primers and probes used in
DEIA-A and DEIA-B are given in Table 2. In
DEIA-B, a 304 primer biotinylated at the 5-end
was substituted for unlabeled 304 (0 gencrate

Table 2
Sequence of oligonucleotide primers und probes

Sequence (5" 10 )

Genome Position®

PCR producls. Probes were prepared with either
biotin oc digoxigenin labels. Biotinylation of
oligonucleotides was carried out by incorporating
DMT-protected Biotin-phosphoramidite {Glenn
Research, Sterling, VA) al the 5-end during stan-
dard synthesis on a 394-8 ABI DNAsynthesizer
{Applied Biosysiems, Foster City, CA). Oligonu-
cleotides to be labeled with digoxigenin at the
5'-end were initially synthesized with a 5’ terminal
amine group {Aminolink 2, Applied Biosystems).
Aminolinked oligonucleatides were mixed with a
10-fold  molar excess of digoxigenin-NHS
{Boehringer Mannheim, Mannheim, IN), in 0.1 M
sodium carbonate buffer pH 9.0. All oligonucle-
olides were purified by reverse-phase HPLC.

24 RT-PCR

kS

A 20-pl RT reaction contained 5 pl of RNA, 5

‘pmol primer 10g or primer 509, (.2 mM concen-

trations of each deoxynucleotide, 14.8 units of
RNAse inhibitor (Boehringer Mannheumn), and 7.4
units of AMVY reverse transcriptase (Boehringer
Mannheim) in the buffer supplied by the manu-
facturer. After incubation at 42°C for 90 min, an
80-pl PCR mixture was added (10 mM Tris—HCI
pH 8.3, 2.5 units of Taq polymerase (Perkin-
Elmer—Cetus, Norwalk, Conn.), 20 pmol of
primer 10g or primer 509 and 25 pmol of primer
304). After | mun of denaturation at 94°C, 40
cycles of denaturation at 94°C for 30 s, annealing
at 37°C for 30 s, and DNA polymerization at
72°C for 90 s were repeated in a thermocycler
(Perkin- Elmer-Cetus). Biotinylated PCR prod-

Name
CTACAATGGATGCCGAC g
GAGAAAGAACTTCAAGA 509
TTGACGAAGATCTTGCTCAT 104
AATCATGATGAATGGAGGTC Generic
TCGACTAAAGAGATCGCATA NCSK
TCGATTGAAGAGATCACATA TXCY

TXFX

CATTTGCCUGAATTTTTAAAC

RT/PCR primer

66
1157 RT/PCR primer
1533 PCR primer®
1294 Prabe
1312 Prohe
1312 frohe
Probe

[REE

* Geneme position indicates the 8 nucleotide of the primer in reference o the sequence of SADBIY (Canvelmann ct al.. 1990),

" Primer 304 biolinylated at the 5 end wis substitmted Tor unlabeled 304 to generate PCR products for DETA-B



Table |
Absorbance values for PCR products hybridized with four different probes as deteeied by DEIA-A and DEIA.B*

Reserveir Sample Generi¢ probe NCSK probe TXCY probe TXEX probe Variam wdentified

State iD DEIA A DEIA B DEIA A DEIA B DEIA A DEIA B DFEiA A DElAa B DFIA & " DElA B
Skunk, Narth Central and Appalachizn States TN 2403 .30 0.61 1.23 1 0% 0 nop? 0.2 0.07 SK K
TN 2845 1.22 048 113 076 004 008 nu2 .08 SK SK
KY 2571 .25 036 1.2l .65 ni3 e 02 IRV SK SK
KY 2876 1.18 0.40 082 062 uol 11 0 .08 SK SK
KY 2877 1.32 0.51 1l 097 .03 0.1 .03 0.07 5K SK
OH 3602 1.20 047 Q.79 0.2¢ 0103 oXir} .03 0.08 SK SK
(e} ] 1.22 L.14 0133 1.14 0.04 0.07 002 0.07 5K SK
10 7 112 1.01 1.11 1.01 0.03 107 o0 .05 5K SK
[ [s] ] 0.59 0.91 0.28 0.30 m 0.0% 002 005 SK 5K
10 9 t.10 .09 0.96 107 0.03 C.08 .02 0.05 5K 5K
o 10 035 0.9 019 1.07 0.03 0.07 0.02 0.4 5K SK
Coyole. Texas TX 2535 1.30 0.55 0.02 0.06 119 0.45 .02 ¢.07 CY CYy
X B 136 0.7& 0.4 007 073 054 0.03 00?7 CY cy
% E 131 072 0.04 0.07 0.97 09 0.02 0 cY cYy
X F 1.23 .83 0.08 0.08 0.97 0.66 003 005 cY cY
™ H 1.20 0.83 0.07 0.07 .00 049 0.03 0.05 cy Y
i9, t 1.29 1.04 0.4 008 053 0.5% 0.02 0.07 <y CY
TX J 1.38 092 0.04 .07 110 010 002 B.07 Y CYy
> L 1.31 610 0.08 0.08 1.01 0.54 001 0.04 Y CY
FL 2891 147 c.57 ¢.08 0.08 0.74 0.9 0.0) 0.06 [ Cy
FL 2842 1.19 0.89 0.03 0.10 I.1o 1.06 D.c3 0.06 CYy cYy
Fou, Texas X A 0.44 0.24 027 0.22 o3 0.08 1.26 051 KX FX
TX G 0.57 023 0.50 0.3 0.0 0.07 114 0.43 FX EX
T ] 1.20 0.70 025 0.18 0.03 0.08 1.18 0.44 EX FX
> 2599 1.35 0.90 0.32 0.5 0.03 0.07 1.28 0.61 FX FX?
™ 2603 1.23 0.95 D23 0.65 oo3 n.ns Lz 0.55 FX SK?
> 2604 133 0.62 0.13 0.67 004 b1l 003 0.05 T SK

“ PCR products were derived (rom sumples of rabies virus associuted with skunks (SK}, coyotes (CY ). and foxes (FX).

61-6 (6661) &1 Hopong oy fo puanep /1o 1a proanogng
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ucts for DEIA-B were produced by the same
procedure, excepl lor the substitution of biotin-la-
beled 304 primer at the same concentration. No
differences in amplification efficiency between the
biotin-labeled and the unlabeled primers were re-
ported when the products were run out on an
agarose gel stained with ethidium bromide. Be-
cause RNA was not available for the towa sam-
ples. a 2-ul aliguot of PCR products was
reamplified for DEIA-B and sequencing. The
same reagents were used, omitting the reverse
transcriptase and RNAse inhibitor enzymes.

2.5, Sequencing of PCR producis

All PCR products were purified using the Wiz-
ardTM  Minipreps DNA  purification  sysiem
(Promega, Madison, W) and sequenced by using
the ABI PRISM DNA Sequencing Kit (Applied
Biosystems) according to manufacturer’s instrue-
tions. Automated fluorescence sequencing was
performed with an Applied Biosystems 373 (ver-
sion 3.0} sequencer. A 300 bp region of the nucle-
oprotein gene was aligned with the Pileup and
Pretty programs in the 6CG software package,
version 9.1 (Genctics Computer Group, Madison
wi).

2.6. DEIA-A

DEIA-A was carried out by the method of
Monteiro et al. (Monteiro et al., 1997). Strep-
tavidin-coated microtiter plates (GEN-ETT-K™
DEIA) werc incubated for 18-22 hat 2- 8°C with
a biotinylated probe (25 ng/ 100 p! for TXCY and
NCSK probes and 5 ng/ 100 ¢l for generic and
TXFX probes). The probes were diluted in TE
(Tris 10mM, EDTA ImM pH 8.0} The well was
then washed five times using the wash solution
provided by the manufacturer. Amplified prod-
uets were denatured on a heat block for 3 min at
95°C and then cooled on ice. Twenty pl of each
PCR product diluted 1'5 in TE were added to
microtiter plate wells contuining 100 ul of the
hybridization buller provided by the manufac-
turer and the plate incubated for | b at 50°C in u
water-buth, After washing each well five times in
wash solution heated to 50°C. 100 pl of (he

anti-dsDNA antibody was added to each well at »
final concentration recommended by the manufac-
turer. The plates were then incubated for 30 min
at 37°C, rinsed four times, and 100 pliwell of
horseradish peroxidase-protein A added at a finul
concentration recommended by the manufacturer,
After a final 30 min incubation at room tempera-
ture, the plate was washed four times and (00 ul
of the chromogen/substrate mixture (tetramethyl-
benzidine, hydrogen peroxide) was added to each
well. The colorimetric reaction was developed (or
30 min at room temperature in the dark, stopped
by the addition of 200 pl/well of | M sulfuric
acid, and the absorbance of each well measured ut
450/630 nm {Dynatech MR5000). A blank {(hy-
bridization buffer-chromogen-blocking reagent)
and 2 PCR negative controls were ncluded in
each experiment. The cut-off for the reaction
(0.18) was calculated by determination ol the :
mean value of two negative contrals plus 0.15 as
recommended by the manufacturer.

2.7 DEJA-B

Immulon II microtiter plates (Dynatech Labo-
ratories, Chantilly, VA) were coated overnight at
4°C with 200 ng of biotinylated bovine albumin
(Sigma, St. Louis, MO} in 100 pljwell of 0.1 M
phosphate-buflered saline (PBS), pH 7.2, washed
three times with PBS containing 0.13% Tween 20
(PBS-T), and then saturated with 1000 ng of
streptavidin (Sigma) in 100 plfwell of PBS with
0.5% gelatin for 3¢ min al room temperature with
shaking. The plates were washed three times with
PBS-T and stored at — 20°C until use. The bi-
otinylated PCR product (4 ul}) was added 1o a
lube contaimng & digoxigenin-labeled probe (20
ng/200 pl of TE buffer). The mixture was heated
at 95°C for § min in a thermocycler and allowed
to hybndize at 55°C for 30 min. The hybrdiza-
non mixture was then divided between two welis
of streptavidin-coated microtiter plate and incu-
bated at 37°C for 30 min. Afier four washings
with PBS-T. 100 ul of a 1:2000 dilution of perox-
idase-labeled  anti-digoxigenin  Fab  fragmenis
(Boehringer Mannheim) in PBS with 0.3% gelatin
and 0.15% Tween 20 was then added (o each well
and incubated for | h at 37°C. After four wash-
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ings with PBS-T, 100 ul of the chromogenic sub-
strate (BM  blue, POD substrate. Bochringer
Munnheim) were added to each well. The colori-
metric reaction was developed for 30 min at room
temperature in the dark, stopped with the addi-
tion of 100 pl/well of 1 M sulfuric acid, and
absorbance at 450/630 nm measurcd as above. A
blank (hybridization buffer-chromogen-blocking
reagent) and lwo PCR negative conlrols were
included in each experiment. The cut-off for the
reaction (0.13) was calculated as the mean ab-
sorbance value obtained with six negative samples
plus five standard deviations.

1. Results

Based on sequence data available to us at the
start of this study. we designed three oligonucle-
otide probes to be used in dilferent combinations
to identify the variants of rabies virus associated
with skunks, foxes, and coyotes (Fig. 1). The
NCSK probe (100% homology with skunk rabies
virus) is the positive control lor surveys conducted
in areas of the North Central and Appalachian
States where skunk rabies is common. A negative
reaction 15 expected when PCR products contain-
ing the coyote virus are reacted with the NCSK
probe, as the NCSK praobe contains three nucle-
otide changes relative to coyote virus. The NCSK
. probe contains one nucleotide change relative to
the rabies virus found in foxes. Because a single
nucleotide mismatch may not yield a negative
hybridization signal when PCR. products contain-
ing the fox virus are reacted with the NCSK
probe, a second probe (TXFX) with 100% homol-
ogy 1o fox virus is used as a positive control for
that virus. The TXFX probe also serves as a
negative control for a survey conducted in a
skunk rabies endemic area, since it contains three
nucleotide changes relative to skunk rabies virus.
A survey in areas of Texas endemic for fox rabhies
uses the TXFX and TXCY probes as positive and
negative controls. respectively. Simitarly. the
TXCY and TXFX probes are used as positive and
negative controls in a survey in areas of Texas
where the coyote variant of rabies virus is com-
mon. b all surveys, unexpectled positive or nega-

tive reactions are submitted lor sequence analysis
Loy identify the variant ol rabies virus involved in
the infection.

One additional probe was necessary for the
comparative analysis presented here, but is op-
tional for routine surveillance. We used a generic
probe recognizing sequence conserved among all
three variants to calculate an expected value for
hybridization with the amplified product. For
routine surveillance, the amount of rabies cDNA
in the PCR product and the expected adsorbance
value for the DEIA is estimated by the amount of
staining observed alier electrophorcsis of the PCR
product with molecular weight markers in an
agarose gel stained with cthidium bromide.

To test the utility of these probes, we used
samples from (wo state public health laboratories
(lowa and Texas) that use RT/PCR as part of
their diagnostic andjor surveillance activities.
These samples and additonal samples already
available at CDC were tested blind-coded by both
DEIA methods using the four probes (Table 1).
All reactions were confirmed by sequence analysis
(Fig. ).

All samples associated with skunk rabics were
identified correctly in both DEIA-A and DEIA-B.
All samples hybridized with the NCSK probe,
only background values were detectable with the
TXCY and TXFX probes, and no potentially
eonfounding mutations were found by sequence
analysis of the probed regions (Fig. 1)

All Texas coyote rabies samples tested in this
study were identified correctly in both assays.
Only background values were detectable with
both the NCSK and TXFX probes and all sam-
ples hybridized to high specificity with the TXCY
probe. No confounding mutations were found by
sequence analysis of any of the probed regions
(Fig. 1).

Neither assay identified all of the fox rabies
samples unambiguously. The DEIA-A correctly
identified five fox rabies virus samples (A, G, O,
2599, and 2603} by their diminished hybridization
with the NCSK probe and maximum hybridiza-
tion with the TXFX probe. Texas fox sample
2604 gave the expected negative or very weak
hybridization with the NCSK probe, but failed to
react with the TXFX probe and therefore, was
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unresolved in the ussay. in DEIA-B, hybridization
with the NCSK probe was diminished relative 10
the TXFX probe for four samples; however, be-
cause of the lower positive signal with the TXFX
probe, the magnitude ol the difference between
the 1wo probes was less pronounced in DEIA-B
as compared o DEIA-A. Also, the NCSK probe
in DEIA-B gave a higher signal relative to the
TXFX probe for two PCR samples containing fox
virus. One of these samples was misidentified as
skunk virus because of a negative signal with the
TXFX probe. In both assay methods, a lower
than expected signal was detected in samples A
and G reacted with the generic probe.

Sequence analysis of the Texas fox samples
confirmed the expected sequence variation pre-
dicted by probe hybridization (Fig. 1). A single
nucleotide mismatch in sample 2604 (loss of a
G:C bond) compietely prevented hybridization by
the TXFX probe in both assays. This did not
create an misidentification in DELA-A, since the
single mismatch with the NCSK probe (loss of a
AT bond) markedly diminished the hybridization
signal. In DEIA-B, however, the single nucleotide
mismatch with NCSK probe did not produce a
marked reduction in signal and the sample was
misidentified. A single nucleotide mismaich in the
generic probe region for samples A and G (loss of
a A:T bond) also reduced the hybridization signal;
however, this probe would not be used in 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.

4. Discussion

Because antigenic typing with currently avail-
able panels of monoclonai aniibodies cannot dis-
criminate between the variant of rabies virus
transmitted by striped skunks in the North Cen-
tral and Appalachian States and the variants
transmitted by coyotes and foxes in Texas, nucle-
otide sequence analysis must be used to survey for
translocations or introductions of the canid rabies
viruses. Consistent patterns of nucleotide substitu-
tion observed in samples from these surveys sug-

gested that o hybridization assay with specific
probes could be used for variant identification.
thus reducing the number of samples which musi
be subjecied 1o sequence analysis,

Ideully, a probe should be approximately 20
nucleotides in length and recognize a region of
sequence conserved in all samples of a given
variant, To avoid false positive hybridizations. the
probed region should contain at least two nucle-
otide positions which vary among the viruses 1o
be discriminated, and because rabies viruses like
all RNA viruses are inherently mutabte. reaciion
conditions tor the assay should be optimized such
that a single nucleotide substitution in the probed
region significantly atfects hybridization,

DitTcrences in the two assays in the way specific
hybrids are Tormed and hybridization is detected
may have contributed to the disparate resulis
obtained by the two methods. In DEIA-A 1he
unlabeled PCR product hybridizes at 30°C 10 a
biotin tubeled variant specific probe immobilized
on a nicrotiter plate. This step is followed by
washing with a buffer heated to 50°C to increase
the stringency of hybridization. Specific hybridiza-
tion 1s then revealed with a monoclonal antibody
that recognizes only double stranded DNA
molecules. In DEIA-B, hybridization of the PCR
product and a digoxigenin-labeled probe is in
liquid phase at 55°C, but hybndization 1s fol-
lowed, not by a wash step as it is in DETA-A, but
by incubation for 1 h at 37°C to permit avidin-bi-
otin capture of the biotinylated PCR product in
the microtiter plate well.

Some of the assay conditions could be opti-
mized in both assays in order to obtain the
highest signal to noise ratio (data not shown). The
concentration of the probes is critical, especially
in the DEIA-A where a concentration higher than
25 ng/100 pl resulted in high background OD
vulues. A hybndization temperature below 30°C
resulted higher background signal in both assay
methods. We tested only 4 pl of each PCR
product per well in order o use the original
amplicons from the state health laboratories as
much as possible: however, 1t would have been
possible to increase the specific hybndization sig-
nal in the DE[A-A by adding larger amounts of
the PCR product. Increasing the volume of sam-
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ple tested in DEIA-B did not increase the OD
values. For all reactions in which probe/sample
homology was 100%, the OD values were higher
in DEIA-A (1.22 with a S.D. of 0.15 with the
generic probe) than in DEIA-B (0.76 S5.D. 0.22
with the generic probe). lowa samples 8§ and 10
were excluded from this calculation because they
were only weakly positive in the initiai PCR am-
plification. Re-amplification of the inttial PCR
product (0 produce the biotin labeled product
necessury for DEIA-B increased the hybridization
signal. For both assays, absorbance values were at
background levels with a (wo nucleotide mis-
match between probe and sample. Despite differ-
ent calculations and lower background in the
DETA-A, cut-off values of both assays were simi-
lar (0.18 and 0.15 for DEIA-A and DEIA-B
respectively).

The data presented here illustrate some of the
drawbacks of probe based typing methods for
inherently mutable RNA viruses, but suggest that
the methods can be adapted to epidemiologic
surveillance of rabies virus, These types of tests
are finding increased use in diagnostic laborato-
ries [or detection and typing of viruses, bacteria,
and other agents (Monteiro et al, 1997). The
methods are simple to use, rapid (4-5 h) and
require only commonly available equipment. The
procedure can be automated. potentially permit-
ting the processing of larger number of samples.
The work presented here addressed only three
variants of rahies virus, but probes can be de-
signed 1o [t many different situations. Laborato-
res using RT/PCR as part of their diagrostic
testing for rabies might consider designing probes
specific for the vanant of rabies virus predomi-
nant n their animal population, thus permuitting
virus Lyping and confirmatory testing to be per-
formed together,
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