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SUMMARY. A polymerase chain reaction (PCR) assay was developed for detecting duck 

plague virus. A 765-bp EcoRI fragment cloned from the genome of the duck plague vaccine 
(DP-VAC) virus was sequenced for PCR primer development. The fragment sequence was 
found by GenBank alignment searches to be similar to the 3' ends of an undefined open 
reading frame and the gene for DNA polymerase protein in other herpesviruses. Three of 
four primer sets were found to be specific for the DP-VAC virus and 100% (7/7) of field 
isolates but did not amplify DNA from inclusion body disease of cranes virus. The specificity 
of one primer set was tested with genome templates from other avian herpesviruses, including 
those from a golden eagle, bald eagle, great horned owl, snowy owl, peregrine falcon, prairie 
falcon, pigeon, psittacine, and chicken (infectious laryngotracheitis), but amplicons were not 

produced. Hence, this PCR test is highly specific for duck plague virus DNA. Two primer 
sets were able to detect 1 fg of DNA from the duck plague vaccine strain, equivalent to five 

genome copies. In addition, the ratio of tissue culture infectious doses to genome copies of 
duck plague vaccine virus from infected duck embryo cells was determined to be 1:100, 
making the PCR assay 20 times more sensitive than tissue culture for detecting duck plague 
virus. The speed, sensitivity, and specificity of this PCR provide a greatly improved diagnostic 
and research tool for studying the epizootiology of duck plague. 

RESUMEN. Identificaci6n del virus de la peste del pato mediante la reacci6n en cadena 

por la polimerasa. 
Se desarroll6 una prueba de reacci6n en cadena por la polimerasa para detectar el virus de 

la peste del pato. Un fragmento EcoRI de 765 pares de bases clonado del genoma del virus 
vacunal de la peste del pato fue secuenciado para la obtenci6n de los iniciadores de la prueba 
de la reacci6n en cadena por la polimerasa. En investigaciones de alineaci6n en el banco de 

genes ("GenBank") se encontr6 que la secuencia del fragmento era similar a los extremos 3' 
de un marco de lectura abierto indefinido y al gen para la proteina de la DNA polimerasa 
en otros virus herpes. Se encontraron tres o cuatro grupos de iniciadores especificos para el 
virus vacunal y para el 100% (7/7) de los aislamientos de campo, pero no amplificaron el 
DNA del virus de hepatitis por cuerpos de inclusi6n de grullas. Se analiz6 la especificidad 
de un primer juego de iniciadores con moldes del genoma de otros virus herpes aviares, 
incluyendo el aguila dorada, iguila de cabeza blanca, lechuza de cuernos grandes, lechuza 
blanca, halc6n peregrino, palomas, aves psiticidas y pollos (virus de laringotraqueitis infec- 
ciosa), pero no se produjeron los productos finales. Por lo tanto, esta prueba de reacci6n en 
cadena por la polimerasa es altamente especifica para el DNA del virus. Dos grupos de 
iniciadores fueron capaces de detectar un fragmento de DNA de la cepa vacunal equivalente 
a cinco copias del genoma. Ademis, se determin6 que la proporci6n de la dosis infecciosa 
en cultivo celular y copias del genoma del virus vacunal de cdlulas de embri6n de pato 
infectadas era de 10 a 100 respectivamente, haciendo la prueba de la reacci6n en cadena por 
la polimerasa 20 veces mis sensible que el cultivo celular para detectar el virus. La velocidad, 
sensibilidad y especificidad de la prueba de la reacci6n en cadena por la polimerasa suministra 
una herramienta de investigaci6n y de diagn6stico altamente mejorada para el estudio de la 
epizootiologia del virus. 

Key words: duck plague, duck virus enteritis, polymerase chain reaction, diagnostic test, 
field isolates, avian herpesvirus 
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Abbreviations: APHIS = Animal and Plant Health Inspection Service; BEH = bald eagle 
herpesvirus; CHV = pigeon herpesvirus; CPE = cytopathic effect; DP-VAC = duck plague 
vaccine; EDTA = ethylenediaminetetraacetic acid; FHV = prairie falcon herpesvirus; GEH 
= golden eagle herpesvirus; GHOH = great horned owl herpesvirus; IBDC = inclusion 
body disease of cranes virus; ILTV = infectious laryngotracheitis virus; MDEF = Muscovy 
duck embryo fibroblast; MEM = minimum essential medium; NVSL = National Veterinary 
Services Laboratory; NWHC = National Wildlife Health Center; ORF = open reading 
frame; PCR = polymerase chain reaction; PFH = peregrine falcon herpesvirus; PHV = 

psittacine herpesvirus; SOH = snowy owl herpesvirus; TAE = Tris-acetate and EDTA; 
TCID50 = median tissue culture infective dose 

Duck plague was first introduced into the 
United States in 1967 (18). Since then, the dis- 
ease has spread in the United States, affecting 
captive-reared waterfowl that are used for com- 
mercial sale or maintained in ornamental flocks 
(19,20,21). Only three disease outbreaks have 
been documented in migratory waterfowl: one 
in the Flanders Bay area of Long Island in 1967 
(17), a second in 1973 at Lake Andes, South 
Dakota (11), and the last one in 1994 at Sen- 
eca, NY (National Wildlife Health Center 
[NWHC] files). In addition, other outbreaks in 
rural nonmigratory flocks of waterfowl of 
mixed breed species have been reported (25). 

Duck plague is difficult to monitor and con- 
trol because the virus establishes an asymptom- 
atic carrier state in waterfowl that is detectable 

only during periods of intermittent virus shed- 

ding (4). Although avian tissue culture systems 
are routinely used to isolate duck plague virus, 
they are not always a reliable indicator of virus 

presence because cell cultures vary in sensitivity 
and are less sensitive than animal hosts 
(5,14,15,27). Molecular diagnostic techniques, 
such as polymerase chain reaction (PCR), are 

proving to be exquisitely sensitive and able to 
detect small quantities of virus (8,26). 

We report the establishment of a PCR-based 
DNA diagnostic test for duck plague virus. The 

sensitivity and specificity of this test for duck 

plague virus was determined, and its use to 

identify duck plague virus from field isolates is 

reported. 

MATERIALS AND METHODS 

Viruses and cell culture. The viruses listed in 
Table 1 were passed in Muscovy duck embryo fibro- 
blasts (MDEFs) prepared by the method of Docherty 
and Slota (10). Viruses were inoculated into 75-cm2 
flasks in 1.0-ml quantities and allowed to adsorb for 
1 hr at 37 C in 4% CO2 atmosphere. Twelve milli- 

liters of growth medium containing M199-Earles' 
supplemented with 10% fetal bovine serum, 2 mM 
L-glutamine, minimum essential medium (MEM) vi- 
tamins, MEM nonessential amino acids, and antibi- 
otics (100 IU/ml penicillin G, 100 [Lg/ml strepto- 
mycin sulfate, 100 IU/ml mycostatin, and 50 jg/ml 
gentamicin) was added to each flask, and the flasks 
were reincubated until infected cells reached 90%- 
100% cytopathic effect (CPE). Flasks were then fro- 
zen and thawed three times, and the cell debris was 
pelleted by centrifugation at 800 x g for 20 min. 
The supernatant representing the virus stock was sub- 
divided into vials and stored at -85 C. 

Genome preparation. MDEFs infected with 1.0 
ml of stock viruses were allowed to reach 90%-100% 
CPE before cells were mechanically dislodged from 
the flask surface. Cells and extracellular virus particles 
were pelleted by centrifugation at 16,000 x g for 30 
min. Pelleted cells were disrupted in sterile distilled 
water by freeze-thawing (-85 C to 23 C) three times, 
then centrifuged at 16,000 x g for 5 min, and the 
pellet was discarded. The supernatant was centrifuged 
at 16,000 x g for 30 min to concentrate virus par- 
ticles. Pellets were resuspended in 200 .l Tris-ethy- 
lenediaminetetraacetic acid (EDTA) buffer (10 mM 
Tris-HCl, pH 8.0, with 1 mM EDTA), and 10 pg 
of ribonuclease A (Sigma Chemical Co., St. Louis, 
MO) was added before incubation at 37 C for 30 
min. Proteinase K was added to a final concentration 
of 0.2 g/pAl, and the mixture was incubated at 56 
C for 1 hr. The preparation was made 1% for sodium 
dodecyl sulfate and incubated at 37 C for 30 min, 
then NaCl was added to 0.5 M. The mixture was 
extracted two times with phenol (saturated with 10 
mM Tris, pH 8.0) and two times with ether. Samples 
were made 2.5 M for ammonium acetate, and the 
DNA was precipitated with two volumes of 95% eth- 
anol held at 21 C for 30 min. The preparation was 
centrifuged at 16,000 x g for 30 min, and the pellet 
was washed once with 70% ethanol. Viral DNA pel- 
lets were resuspended in 40 1l of Tris-EDTA and 
stored at 4 C. Extracts of normal noninfected MDEF 
cells were prepared and used as negative controls. 
One microliter from each extract was run in a 1% 
agarose gel with 1 x Tris acetate-EDTA (TAE) buff- 
er (40 mM Tris acetate, 1 mM EDTA, pH 8.3) at 



Table 1. List of herpesviruses used for genome extraction and template in PCR. 

Herpesvirus identification/ Isolation information 
accession no. SourceA Year Location Species Passage" 

DP-VAC (vaccine strain) APHISc NAD NA 2 
LA-SD-73 NWHC 1973 Lake Andes, SD Mallard (Anas platyrhynchos) 12 
SP-MN-73 NWHC 1973 St. Paul, MN Mute swan (Cygnus olor) 6 
CO-WI-73 NWHC 1973 Coloma, WI American black duck (Anas rubripes) 4 
WA-NY-73 NWHC 1973 Wantagh, Long Is. Muscovy duck (Cairina moschata) 8 
SE-NY-94 12628-005 NWHC 1994 Seneca Co., NY Mallard 8 
SA-CA-77 467 NWHC 1977 Sacramento, CA Muscovy duck 8 
SO-CA-92 10700-001 NWHC 1992 Sonoma Co., CA Muscovy/mallard hybrid 8 

IBDC (parental strain) NWHC 1978 Baraboo, WI Sandhill crane (Grus canadensis) 5 
GEH 5386-001 NWHC 1985 Pierre, SD Golden eagle (Aquila chrysaetos) 3 
BEH 7475-001 NWHC 1987 Bellevue, WA Bald eagle (Haliaeetus leucocephalus) 4 
GHOH 10634-04 NWHC 1992 Grand Island, NE Great horned owl (Bubo virginianus) 5 
SOH 2282-25155 NWHC 1991 Duluth, MN Snowy owl (Nyctea scandiaca) 4 
PFH 13033-001 NWHC 1994 Frankfurt, KY Peregrine falcon (Falco peregrinus) 4 
FHV (ATCC-709) NVSL 1973 Prairie falcon (Falco mexicanus) 5 
CHV (ATCC-705) NVSL 1972 Pigeon (Columba sp.) 5 
PHV 037-ADV-9301 NVSL 1977 Psittacine (Psittacidae sp.) 6 
ILTV (ATCC-783) NVSL 1963 Chicken 4 

AAPHIS = Animal and Plant Health Inspection Service; NVSL = National Veterinary Services Laboratory. 
BTissue culture passage level after receipt of virus. 
cViruses received from USDA or isolated from diagnostic submissions to the NWHC or part of repository. 
DNA = not applicable. 
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Table 2. Sequences of duck plague primers. 

Primer 
set 5'-3' Sequence 

1 Forward TCATCGACTGCCTTAAATCT 
Reverse TACTTATCTGTGGTACGCTGTC 

3 Forward GCCAACTCAGAAACCAATAC 
Reverse CAAATCCCAAGCGTAGAAC 

4 Forward CTTAGAGTCCCCAACAGATG 
Reverse CAAATCCCAAGCGTAGAAC 

5 Forward GGCTGGTATGCGTGACAT 
Reverse GTATTGGTTTCTGAGTTGGC 

120 V for 1 hr. Gels were stained with ethidium 
bromide, and results were recorded on Polaroid (Type 
655) film (23). The amount of DNA in the duck 
plague vaccine (DP-VAC) and inclusion body disease 
of cranes virus (IBDC) extracts was determined by a 
spectrophotometer (Beckman Instruments, Inc., Ful- 
lerton, CA). The DNA concentration in extracts 
from the duck plague field isolates and other avian 
herpesviruses was estimated by comparing gel stain- 
ing intensities of genome extracts with known con- 
centrations of molecular size controls (23). 

Sequencing and primer selection. The EcoRI- 
restricted DP-VAC DNA and pUC18 plasmid were 
prepared and ligated by the method of Brown et al. 
(3). The recombinant plasmids were transformed into 
competent Escherichia coli TB1 cells. Recombinant 
clones were screened for DNA inserts by procedures 
described previously (2). Clone dve.p481 was se- 

quenced by dideoxy sequencing (24) with Sequenase 
(United States Biochemicals Corp., Cleveland, OH) 
and 35S-dATP with universal primers and designed 
primers for primer extension sequencing resulting in 
sequence data on both strands. The contig sequence 
assembly and analysis of dve.p481 was done with 
EuGene/SAM software (16). Plasmid dve.p481 was 
purified with QIAGEN-tip 20 columns following the 
manufacturer's protocol (Qiagen, Inc., Valencia, CA), 
and the recovered DNA served as double-stranded 
templates in cycle sequencing reactions by standard 
protocols for ABI Prism 377 DNA sequencer (Per- 
kin-Elmer Cetus Inc., Norwalk, CT). Primers were 
designed for primer extension sequencing resulting in 
sequence data for both strands. "Filtered" (see URL 

http://ncbi.nlm.nih.gov/BLAST/filter.html) and "un- 
filtered" BLASTIN (1) and BLASTX (13) searches 
(1,13) of the GenBank or EMBL sequence databases 
were performed with the reverse complement se- 
quence deposited (AF064639) with GenBank. The 
sequence information was used to construct PCR 
primers with Primer 0.5 software (6). Custom prim- 
ers were purchased from BRL Life Technologies, 
Grand Island, NY (Table 2). 

PCR. All four primer sets (Table 2)were tested for 
their ability to produce amplicons. Primer sets were 
prepared according to the manufacturer's recommen- 
dation and optimized with 1 ng/10 pl of DP-VAC 
DNA (7). The PCR used a hot start method with 
wax (Ampliwax beads; Perkin Elmer Cetus, Norwalk, 
CT) and reagents from a commercial PCR kit 
(GeneAmp PCR Reagent Kit; Perkin Elmer Cetus) 

dve_p481 

5' **.Undefined ORF****.....** 3' 

3' ..........***********DNA polymera gene ......****** 5' 

~..................... t(765 bp) .................... 

PRIMER SET 1 PRIMER SET 3 

132 bp 131 bp 

PRIMER SET 4 

212 bp 

PRIMER SET 5 

602 bp 

Fig. 1. Schematic of clone dve.p481 submitted to GenBank and the regions amplified by the duck plague 
PCR primer sets. 
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1 2 3 4 5 6 7 

-1,018 bp 

- 517 bp 

- 134 bp 

Fig. 2. Identification of 1 ng of DP-VAC genome template by primer sets 1 (lane 3), 3 (lane 4), 4 (lane 
5), and 5 (lane 6). A positive lambda template (lane 1) and a negative lambda template (lane 2) were used 
as controls. A 1-kbp ladder was used as a molecular size marker (lane 7). 

according to their setup recommendations. A lambda 
DNA fragment (500 bp) and primers supplied with 
the commercial PCR kit were used as a known pos- 
itive and negative DNA control in each PCR assay. 

The specificity of DP-VAC primer sets 1, 4, and 
5 was tested with DP-VAC and IBDC genomes.di- 
luted to 100 pg/10 l of reaction mixture. Normal 
tissue culture extract material diluted to simulate 1.0 
ng of template in a reaction mixture was used as a 
control. A PCR reaction tube without DNA was used 
to verify that nonspecific amplification did not occur. 

Genomes from duck plague field isolates and other 
avian herpesviruses were diluted to 100 pg/10 Ll of 
DNA material. The duck plague field isolate DNA was 
tested with primer sets 1, 4, and 5, and DNA from 
the other avian herpesviruses was tested with primer 

set 5. PCR products from all field isolate genomes for 
primer set 5 were sequenced by the University of Wis- 
consin, Biotechnology Center, Madison, WI, and 
compared with the dve.p481 clone sequence. 

Samples were subjected to the following in an au- 
tomated DNA thermal cycler (TempCycler, Coy Lab- 
oratory Products Inc., Ann Arbor, MI): the initial 
cycle was 94 C for 2 min, 37 C for 1 min, and 72 
C for 3 min. The reaction mixture was cycled 35 
times at 94 C for 1 min, 55 C for 1 min, and 72 C 
for 2 min. The final cycle was at 72 C for 7 min. 

PCR products were examined in 1% agarose gels 
with 1 x TAE buffer as described above. The sizes 
of PCR products were compared with a 1-kb pair 
ladder (BRL Life Technologies) used as molecular size 
markers. 

1 2 3 4 56 7 8910 

-1,018 bp 

- 517 bp 

- 134 bp 

Fig. 3. PCR sensitivity of primer set 5 for detecting DP-VAC template DNA diluted to 1 pg (lane 4), 
100 fg (lane 5), 10 fg (lane 6), 1 fg (lane 7), 100 ag (lane 8), and 10 ag (lane 9). A no-template control was 
used in A lane 3. A negative lambda template (lane 2) and a positive lambda template (lane 1) were used as 
controls. A 1-kbp ladder was used as a molecular size marker (lane 10). 
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12 3 4 56 7891011 
-1,018 bp 

- 517 bp 

- 134 bp 

Fig. 4. Specificity of primer sets 1 (lanes 5 and 8), 4 (lanes 6 and 9), and 5 (lanes 7 and 10) for 100 pg 
of DP-VAC template (lanes 5-7) and IBDC template (lanes 8-10). Normal cell extract control and primer 
set 5 (lane 3). A no-template control was used in lane 4. A positive lambda template (lane 1) and a negative 
lambda template (lane 2) were used as controls. A 1-kbp ladder was used as a molecular size marker (lane 
11). 

Comparison of tissue culture and PCR sensi- 
tivity. A 75-cm2 flask of MDEF cells was infected 
with DP-VAC virus and incubated for 2 hr at 37 C 
in 4% CO2. The inoculum was removed, the cell 
sheet was washed 2 x with 5 ml of cell culture me- 
dium, and 4 ml of growth medium was added before 
reincubation. The cell sheet was allowed to reach 
90%-100% CPE. At harvest, a 100-p1 sample was 
taken, diluted 10-fold, and titrated in a 96-well plate 
with eight replicates per dilution containing MDEF 
according to the method of Docherty and Henning 
(9). After 7 days of incubation at 37 C in 4% CO2, 
the virus titer was calculated (22) and expressed as 
50% tissue culture doses (TCID5s). The total flask 

TCID5s was adjusted for the titration sample for 
comparison with recovered DNA. The remainder of 
the flask was extracted for DP-VAC DNA. The total 
DNA in the flask was determined by spectrophotom- 
etry and used to calculate the number of DP-VAC 
genomes recovered based on the genome molecular 
weight reported by Gardner et al. (12). 

PCR sensitivity was determined for the DNA ex- 
tract by diluting whole DP-VAC template to 1 ng/ 
10 pi of reaction material after the DNA concentra- 
tion was determined by spectrophotometry. A serial 
10-fold dilution set was prepared, and 10 p1 of each 
dilution was added to reaction tubes containing one 
of the three primer sets. PCR product was evaluated 
in ethidium bromide-stained 1% agarose gels run 
with 1 x TAE buffer as described above. 

RESULTS 

One 765-bp cloned fragment designated 
dve.p481 was selected for primer development. 
In filtered BLASTN and BLASTX searches, 
dve-p481 contained high sequence similarity to 
an undefined open reading frame (ORF) and a 

DNA polymerase gene in other herpesviruses. 
The dve.p481 clone showed sequence similarity 
for a number of herpesvirus DNA polymerase 
genes, ranging from 59% to 75% similarity de- 

pending on the virus. Hence, dve-p481 appears 
to contain a 3' end of an undefined ORF and 
the 3' end of the DNA polymerase gene located 
on opposite strands of the DNA clone (Fig. 1). 
Primer sets were selected for PCR testing by 
their ability to detect different regions of the 
cloned fragment (Fig. 1). The sequences for 

primer sets 1, 4, and 5 were compared with 
other herpesviruses. None of the primer sets 
had complementary base matches for both 

primers to the same virus. For example, primer 
4f had the highest base match (18) to Gallid 

herpesvirus 2, but the 4r primer did not match 

any herpesvirus in the sequence databases. 
Three of four primer sets prepared from 

dve.p481 produced amplicon molecular 

weights of expected size in an optimized PCR 
test (Fig. 2). Primer set 1 targets a unique re- 

gion of an undefined gene producing a 132-bp 
product. Primer set 4 locates a conserved ge- 
nome region in the DNA polymerase gene pro- 
ducing a 212-bp product, and primer set 5 pro- 
duces a product that spans both ORFs produc- 
ing a 602-bp product. Primer set 3 was not 
used for additional work because of poor PCR 

performance. 
The time required to obtain results was rapid 

compared with traditional virologic methods. 
The entire procedure, starting with the DNA 
extraction method until visualization of the re- 
sults, required only 36-48 hr. 
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1 2 3 4 5 6 78 91011121314 
-1,018 bp 

- 517 bp 

- 134 bp 

Fig. 5. PCR cross-reactivity of DP-VAC primer set 5 with other avian herpesvirus isolates. Avian herpesvirus 
templates were used at 100 pg as follows: no DNA (lane 3), DP-VAC (lane 4), golden eagle herpesvirus 
(GEH) (lane 5), bald eagle herpesvirus (BEH) (lane 6), great horned owl herpesvirus (GHOH) (lane 7), 
snowy owl herpesvirus (SOH) (lane 8), peregrine falcon herpesvirus (PFH) (lane 9), prairie falcon herpesvirus 
(FHV) (lane 10), pigeon herpesvirus (CHV) (lane 12), psitticine herpesvirus (PHV) (lane 13), and infectious 
laryngotracheitis virus (ILTV) (lane 14). A positive lambda template (lane 1) and a negative lambda template 
(lane 2) were used as controls. A 1-kbp ladder was used as a molecular size marker (lane 11). 

The sensitivity of the PCR assay was deter- 
mined by testing serial dilutions of DP-VAC 
genome DNA. Primer set 1 amplified down to 
a genome concentration of 1 pg of DNA (data 
not shown). The other two primer sets (4 and 
5) produced detectable amplicons at 1 fg. of 
DNA, as shown in Fig. 3 for primer set 5. 

To determine the virus particle to TCID5s ratio for DP-VAC virus, we compared the total 
TCID50 for an infected flask with the total 
DNA extracted and found a ratio of one infec- 
tious unit per 100 genome copies. The total 
virus titer of the infected flask was estimated at 
108.? TCIDs5, and the amount of DNA extract- 
ed was calculated to be 1010.? genomes. 

Primer sets 1, 4, and 5 were tested for their 
specificity to duck plague DNA (Fig. 4). The 
three primer sets produced amplicons from DP- 
VAC DNA but not from IBDC DNA. Primer 
sets 1, 4, and 5 did not amplify a product from 
the normal cell extract material (see Fig. 4 for 
primer set 5, data for others not shown). The 
genomes of nine avian herpesviruses were used 
as templates in the PCR test with primer set 5 
(Fig. 5). No specific amplification products 
were detected from genomes for these herpes- 
viruses. 

The three primer sets were able to identify 
templates from field isolates of duck plague vi- 
rus (Fig. 6). The three primer sets produced 
amplicons from all seven field isolate genomes 
tested. The amplicons from the field isolate ge- 
nomes for primer set 5 were verified as duck 

plague by comparing their DNA sequences 
with the dve-p481 clone. 

DISCUSSION 

The PCR assay developed for duck plague 
offers a rapid, specific, and sensitive method for 

detecting and identifying duck plague virus in 
field isolates without detecting other avian her- 

pesviruses (Figs. 4-6). On the basis of the com- 

parisons made, the oligonucleotide primers se- 
lected for this PCR were specific for duck 

plague DNA (Figs. 4, 5). Despite the sequence 
similarity of the dve-p481 clone to the DNA 

polymerase gene of the Marek's disease virus, a 
conserved region in herpesvirus genomes, none 
of the primer set sequences showed 100% se- 

quence identity with other herpesviruses. These 
results suggest that the duck plague primer sets 

may not be good for detecting other herpesvi- 
ruses. However, additional herpesviruses need 
to be tested to determine how specific the duck 

plague primer sets are. 
The PCR was found to be 20 times more 

sensitive than tissue culture for detecting duck 

plague virus when the number of infectious 
units per sample was compared with the num- 
ber of genome copies. These PCR characteris- 
tics, and a quick sample processing and run 
time of 36-48 hr, provide an assay that is more 
reliable and accurate than traditional virus iso- 
lation and serologic identification methods used 
for detecting duck plague virus. 
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1 2 3 4 5 6 7 8 9 10 11 

- 517 bp 
A 

B 

123456789101112 

- 134 bp 
-134 bp 

Fig. 6. PCR specificity of primer sets 1 (A lanes 3-10), 4 (B lanes 3-10), and 5 (C lanes 3-11) for 100 
pg of DNA from the DP-VAC (C lane 4), and duck plague field isolates LA-SD-73 (A and B lane 4; C lane 
5), SP-MN-73 (A and B lane 5; C lane 6), CO-WI-73 (A and B lane 6; C lane 7), WA-NY-73 (A and B 
lane 7; C lane 8), SE-NY-94 (A and B lane 8; C lane 9), SA-CA-77 (A and B lane 9; C lane 10), and SO- 
CA-92 (A and B lane 10; C lane 11). Lambda positive and negative controls (A-C lanes 1 and 2) and a 1- 
kbp molecular size ladder (A and B lane 11; C lane 12) were used for comparison. A no-template control 
(A-C lane 3) was used for each primer set. 

This PCR assay is very sensitive for detecting 
small numbers of duck plague viral genome 
material. The estimated number of viral ge- 
nome copies required to produce a PCR prod- 

uct was calculated to be five, based on the 1 fg 
of DNA detected (Fig. 3) and the molecular 
weight estimates of the duck plague genome 
provided by Gardner et al. (12). These results 
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are similar to the PCR for varicella-zoster virus 
that has an estimated DNA detection sensitivity 
of six genome copies (8). The PCR for infec- 
tious laryngotracheitis virus (ILTV) was able to 
detect five infectious virus particles per 100 ?pl, 
but no estimate of the actual number of ge- 
nome copies present was made (26). These re- 
sults also suggest that very little contaminating 
cellular DNA was in the viral extract material 

affecting spectrophotometer readings used to 
dilute the templates. 

The duck plague PCR was able to uniformly 
identify historic as well as more recent duck 

plague field isolates from the United States. The 
PCR was able to detect the genomes from all 
seven duck plague field isolates used as tem- 

plates (Fig. 6). These isolates represent disease 
outbreaks from three geographic regions of the 
United States, including east, midwest, and 
west coast, and span 21 yr (Table 1). 

PCR technology has proven useful for de- 

tecting acute infections and latent carriers of 

herpesviruses (8,26). The three primer sets used 
for this PCR also provide the ability to diagnose 
duck plague in tissues from suspect cases. Be- 
cause of their high specific sensitivity to duck 

plague DNA and the high molecular weight 
amplicons, both primer sets 4 and 5 can be 
used to identify DNA by a standard PCR assay 
without additional verification. Primer set 1 can 
be used to verify duck plague by nested ampli- 
fication of the standard PCR product from 

primer set 5 if initial amplicon concentrations 
are small (7). Nested primer sets have proven 
useful for detecting small concentrations of 
DNA in latent infections of the trigeminal 
nerve (8,26). Thus, the increased sensitivity of 
nested primers can be used to detect low-level 
duck plague virus shedding in waterfowl. Work 
is in progress to apply these PCR assay methods 
to diagnose suspect cases of duck plague sub- 
mitted to the NWHC. Field studies are under 
way to evaluate the ability of the duck plague 
PCR to identify asymptomatic virus-shedding 
waterfowl. The PCR assay provides a powerful 
new tool for studying the epizootiology of duck 
plague in waterfowl populations. 

REFERENCES 

1. Altschul, S. E, W. Gish, W Miller, E. W. My- 
ers, and D. J. Lipman. Basic local alignment search 
tool. J. Mol. Biol. 215:403-410. 1990. 

2. Brown, S. E., and D. L. Knudson. 96-Well 
plates for recombinant library maintenance and dot- 
blot production. Biotechniques 10:719-721. 1991. 

3. Brown, S. E., J. E. Maruniak, and D. L. 
Knudson. Conserved homologous regions between 
two baculovirus DNAs. J. Gen. Virol. 68:207-212. 
1987. 

4. Burgess, E. C., J. Ossa, and T. M. Yuill. Duck 
plague: a carrier state in waterfowl. Avian Dis. 23: 
940-949. 1979. 

5. Burgess, E. C., and T. M. Yuill. Increased cell 
culture incubation temperatures for duck plague virus 
isolation. Avian Dis. 25:222-224. 1981. 

6. Daly, M. J., S. E. Lincoln, and E. S. Landes. 
Primer. 0.5, unpublished software. Whitehead Insti- 
tute/MIT Center for Genome Research, Cambridge, 
MA. 1991. 

7. Dieffenbach, C. W., T. M. J. Lowe, and G. S. 
Dveksler. General concepts for PCR primer design. 
In: PCR primer: a laboratory manual. C. W. Dief- 
fenbach and G. S. Dveksler, eds. Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, NY. 1995. 

8. Dlugosch, D., A. M. Eis-Hubinger, J. Kleim, 
R. Kaiser, E. Bierhoff, and K. E. Schneweis. Diag- 
nosis of acute and latent varicella-zoster virus infec- 
tions using the polymerase chain reaction. J. Med. 
Virol. 35:136-141. 1991. 

9. Docherty, D. E., and D. J. Henning. The iso- 
lation of a herpesvirus from captive cranes with an 
inclusion body disease. Avian Dis. 24:278-283. 
1980. 

10. Docherty, D. E., and P. G. Slota. Use of Mus- 
covy duck fibroblasts for the isolation of viruses from 
wild birds. J. Tissue Cult. Methods 11:165-170. 
1988. 

11. Friend, M., and G. Pearson. Duck plague: the 
present status. In: Proc. 53rd Annual Conference 
Western Association State Game Fish Commission- 
ers, Salt Lake City, UT 315-325. 1973. 

12. Gardner, R., J. Wilkerson, and J. C. Johnson. 
Molecular characterization of the DNA of anatid her- 
pesvirus 1. Intervirology 36:99-112. 1993. 

13. Gish, W, and D. J. States. Identification of 
protein coding regions by database similarity search. 
Nat. Genet. 3:266-272. 1993. 

14. Gough, R. E. Laboratory confirmed outbreaks 
of duck virus enteritis (duck plague) in the United 
Kingdom from 1977 to 1982. Vet. Rec. 114:262- 
265. 1984. 

15. Kocan, R. M. Duck plague virus replication 
in Muscovy duck fibroblast cells. Avian Dis. 20:574- 
580. 1976. 

16. Lawrence, C. B., T. Y. Shalom, and S. Honda. 
EuGene/SAM sequence analysis software package. 
Molecular Biology Information Resource, Depart- 
ment of Cell Biology, Baylor College of Medicine, 
Houston, TX. 1989. 



Duck plague virus PCR 115 

17. Leibovitz, L. Progress report: duck plague sur- 
veillance of American Anseriformes. Bull. Wildl. Dis. 
Assoc. 4:87-90. 1968. 

18. Leibovitz, L., and J. Hwang. Duck plague on 
the American continent. Avian Dis. 12:361-378. 
1968. 

19. Montali, R. J., M. Bush, and G. A. Greenwell. 
An epornitic of duck viral enteritis in a zoological 
park. J. Am. Vet. Med. Assoc. 169:954-958. 1976. 

20. Montgomery, R. D., G. Stein, Jr., M. N. Nov- 
illa, S. S. Hurley, and R. J. Fink. An outbreak of duck 
virus enteritis (duck plague) in a captive flock of 
mixed waterfowl. Avian Dis. 25:207-213. 1981. 

21. Newcomb, S. S. Duck virus enteritis (duck 
plague) epizootiology and related investigations. J. 
Am. Vet. Med. Assoc. 153:1897-1902. 1968. 

22. Reed, L. J., and H. Muench. A simple method 
for estimating fifty percent endpoints. Am. J. Hyg. 
27:493-497. 1938. 

23. Sambrook, J., E E Fritsch, and T. Maniatis. 
Molecular cloning: a laboratory manual. Cold Spring 

Harbor Laboratory, Cold Spring Harbor, New York. 
1989. 

24. Sanger, E, S. Nicklen, and A. R. Coulson. 
DNA sequencing with chain-terminating inhibitors. 
Proc. Natl. Acad. Sci. U.S.A. 74:5463-5467. 1977. 

25. Snyder, S. B., J. G. Fox, L. H. Campbell, K. 
E Tam, and 0. A. Soave. An epornitic of duck virus 
enteritis (duck plague) in California. J. Am. Vet. 
Med. Assoc. 163:647-652. 1973. 

26. Williams, R. A., M. Bennett, J. M. Bradbury, 
R. M. Gaskell, R. C. Jones and E T. W. Jordan. 
Demonstration of sites of latency of infectious laryn- 
gotracheitis virus using the polymerase chain reac- 
tion. J. Gen. Virol. 73:2415-2420. 1992. 

27. Wolf, K., C. N. Burke, and M. C. Quimby. 
Duck viral enteritis: microtiter plate isolation and 
neutralization test using the duck embryo fibroblast 
cell line. Avian Dis. 18:427-434. 1974. 

ACKNOWLEDGMENTS 

We thank Dr. Roser Velarde for technical assis- 
tance and Mr. Jim Runningen for photography. 


	Cover Page
	Article Contents
	p.106
	p.107
	p.108
	p.109
	p.110
	p.111
	p.112
	p.113
	p.114
	p.115

	Issue Table of Contents
	Avian Diseases, Vol. 43, No. 1, Jan. - Mar., 1999
	Front Matter [pp.i-iii]
	Investigations on Different Ornithobacterium Rhinotracheale "ORT" Isolates [pp.1-7]
	Failure of Viral Protein 3 of Infectious Bursal Disease Virus Produced in Prokaryotic and Eukaryotic Expression Systems to Protect Chickens against the Disease [pp.8-15]
	Comparative Evaluation of Cell Culture-Adapted and Chicken Embryo-Adapted Fowl Pox Vaccine Strains [pp.16-21]
	Serotyping of Chlamydial Clinical Isolates from Birds with Monoclonal Antibodies [pp.22-28]
	Ascarid-Associated Hepatic Foci in Turkeys [pp.29-38]
	Research Note
	Evaluation of Salmonella Serotype Distributions from Commercial Broiler Hatcheries and Grower Houses [pp.39-47]

	Production of a Rabbit Anti-Cockatiel Immunoglobulin G and Characterization of Its Cross-Reactivities with Immunoglobulin G of Other Psittacine Species [pp.48-54]
	Viral Protein 1 Sequence Analysis of Three Infectious Bursal Disease Virus Strains: A Very Virulent Virus, Its Attenuated Form, and an Attenuated Vaccine [pp.55-64]
	Mechanisms of the Eimeria tenella Growth Inhibitory Activity Induced by Concanavalin A and Reticuloendotheliosis Virus Supernatants with Interferon Gamma Activity in Chicken Macrophages and Fibroblasts [pp.65-74]
	A Monoclonal Antibody-Blocking Enzyme-Linked Immunosorbent Assay for the Detection of Serovar-Specific Antibodies to Haemophilus paragallinarum [pp.75-82]
	Safety and Efficacy of Two Live Pasteurella multocida aro-A Mutant Vaccines in Chickens [pp.83-88]
	Influence of Betaine and Salinomycin on Intestinal Absorption of Methionine and Glucose and on the Ultrastructure of Intestinal Cells and Parasite Developmental Stages in Chicks Infected with Eimeria acervulina [pp.89-97]
	Detection of Avian Adenovirus by Polymerase Chain Reaction [pp.98-105]
	Identification of Duck Plague Virus by Polymerase Chain Reaction [pp.106-115]
	The Effect of Route of Inoculation on the Virulence of Raptorial Pasteurella multocida Isolates in Pekin Ducks (Anas platyrhynchos) [pp.116-121]
	Research Notes
	Increased Left Lung Consolidation in Turkey Cholera Related to Larger Left Pulmonary Artery [pp.122-124]
	Newcastle Disease Virus Isolated from Recent Outbreaks in Taiwan Phylogenetically Related to Viruses (Genotype VII) from Recent Outbreaks in Western Europe [pp.125-130]

	Case Reports
	Capillariasis in a Vulture Guinea Fowl [pp.131-135]
	Egg Production Drops in Breeder Turkeys Associated with Western Equine Encephalitis Virus Infection [pp.136-141]
	Characteristics of H7N2 (Nonpathogenic) Avian Influenza Virus Infections in Commercial Layers, in Pennsylvania, 1997-98 [pp.142-149]
	Femoral Fractures in a Young Male Turkey Breeder Flock [pp.150-154]
	Osteochondroma of the Tracheal Wall in a Fischer's Lovebird (Agapornis fischeri, Reichenow 1887) [pp.155-159]
	Crop Impaction Resulting from Feather Ball Formation in Caged Layers [pp.160-163]

	Back Matter [pp.164-166]





