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Pacheco’s disease (PD) is a common, often fatal, disease of parrots. We cloned a virus isolate from a parrot
that had characteristic lesions of PD. Three viral clones were partially sequenced, demonstrating that this virus
was an alphaherpesvirus most closely related to the gallid herpesvirus 1. Five primer sets were developed from
these sequences. The primer sets were used with PCR to screen tissues or tissue culture media suspected to
contain viruses from 54 outbreaks of PD. The primer sets amplified DNA from all but one sample. Ten
amplification patterns were detected, indicating that PD is caused by a genetically heterogeneous population
of viruses. A single genetic variant (psittacid herpesvirus variant 1) amplified with all primer sets and was the
most common virus variant (62.7%). A single primer set (23F) amplified DNA from all of the positive samples,
suggesting that PCR could be used as a rapid postmortem assay for these viruses. PCR was found to be
significantly more sensitive than tissue culture for the detection of psittacid herpesviruses.

Herpesviruses have been isolated from a range of wild and
domestic birds, among which these viruses have been shown to
cause considerable morbidity and mortality (11, 15, 19, 22, 32,
42). An avian herpesvirus of particular importance is the
psittacid herpesvirus (PsHV), also known as the Pacheco’s
disease (PD) virus. PD was first recognized as an infectious
disease of psittacine birds (parrots) in 1929 (29). Subsequently,
it was proposed that the etiologic agent of PD was a herpes-
virus (8, 36, 37). More recently, preliminary sequence data
suggest that PsHV is an alphaherpesvirus (43). Although de-
scribed in 1929, PD was not recognized again until the early
1970s in flocks of captive parrots in Florida (40, 41). Subse-
quently, this disease has been reported from multiple locations
within the United States (5, 6, 15, 20, 26, 27, 30, 35, 39) and
from around the world, in countries where Central and South
American parrots have been imported (3, 7, 13, 14, 21, 23, 24,
25).

PD is almost exclusively a disease of psittacine birds. There
is one report of a disease resembling PD in a toucan; however,
the relationship between the herpesvirus found in this bird and
PsHYV is not known (4). Mortality in PD outbreaks varies from
the loss of an individual bird to the loss of hundreds of parrots
(3, 5-7, 13-15, 20, 21, 23-27, 30, 35, 39). Most diseased birds
die suddenly without premonitory signs. When signs occur they
are not specific and resemble other systemic infectious dis-
eases. Parrots with signs of disease seldom survive. Although
hematologic and serum biochemical changes have been sug-
gestive of PD (12), the diagnosis of PD in live birds has only
been made based on virus isolation from feces (10).

Gross necropsy findings of PD have been variable and non-
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specific (3, 5, 7, 15, 24, 30, 35, 40, 41). Microscopically, PD has
been characterized by moderate to marked, acute hepatic ne-
crosis with minimal associated inflammation and the presence
of intranuclear inclusion bodies. The abundance of inclusion
bodies, however, has varied from parrot to parrot, and in some
cases the inclusion bodies were either rare or absent entirely.
Splenic necrosis, enteritis, pancreatitis, tracheitis, and air sac-
culitis have been variable features of PD (3, 5, 7, 15, 24, 30, 35,
40, 41). Additional assays that have been used to confirm the
diagnosis of PD have included immunocytochemical staining
of impression smears (15) and paraffin-embedded sections
(33), electron microscopy of negatively stained supernatants of
crushed tissues, and virus isolation (6, 15-18, 26, 30). In situ
hybridization with PD-specific DNA probes has also been re-
ported, but the sequence of these probes and how they were
determined to be PD specific was not documented (34).

The epizootiology of PD is incompletely understood. Based
on serologic data, it appeared that not all PsHV infections
result in disease and that many birds that survived outbreaks
were unapparently infected (10). It has been assumed that
these birds shed virus either intermittently or continuously (10,
30). Several species of conures have been implicated as sources
of outbreaks, but serologic data suggest that many species of
parrots, including Amazon parrots and macaws, may also shed
this virus (10).

In the last 10 years, it has become apparent that PD may be
caused by more than one herpesvirus. Based on serologic
cross-reactivity, five PsHV subtypes have been isolated from
birds with PD-like lesions (16). Also, limited comparisons of
herpesviruses isolated from parrots with PD by restriction en-
zyme digestion of their entire genome have demonstrated a
significant degree of genetic polymorphism (1, 18). The ob-
served variation in the distribution of lesions in birds with PD
also suggests that there may be multiple variants of PsHV.

The use of a PCR that is capable of detecting PsHVs in
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tissues at necropsy and live birds would be of value in control-
ling the impact of these viruses. Rapid postmortem diagnosis
would allow aviculturalists to immediately begin medicating
exposed birds and to make management changes that would
reduce mortality rates. PCR would also be a valuable adjunct
to the pathologist when the histologic lesions were suggestive
but not pathognomic for PD. In the live bird, if the PsHV could
be found on mucous membranes or in the blood, then unap-
parently infected birds could be identified and isolated from
susceptible birds. Detecting unapparently infected birds is par-
ticularly important, since reintroduction efforts of captive birds
back into the wild are being contemplated. For these efforts to
be successful, it will be essential to ensure that the released
birds do not introduce PD to already-threatened native popu-
lations.

To date, comparative serology of PsHV isolates has only
been done in Europe (16). The development of a PCR assay or
assays that could distinguish between the various PsHVs would
allow worldwide investigation of these viruses without the need
for shipping virus isolates or serum from country to country.
Currently, the PD vaccine (Psittimune PDV [Pacheco’s Dis-
ease Vaccine]; Biomune Co., Lenexa, Kans.) available in North
America is monovalent, and it has been suggested that vaccine
prepared against serotype 1 did not protect against serotype 2
(25). A study of the diversity and prevalence of PsHV subtypes
found in North America would provide valuable evidence as to
whether a polyvalent vaccine is needed. Also, a PCR assay
capable of amplifying DNA from all PsHVs would allow direct
amplification of viral DNA from tissues for genetic studies,
bypassing costly and time-consuming virus isolation and puri-
fication procedures.

We report here the partial sequence of a PsHV isolated
from a parrot with histologic lesions characteristic of PD.
These sequence data confirm that this PsHV is an alphaher-
pesvirus that has evolved substantially from the closest known
virus, Gallid HV-1. From the sequence of this virus, five primer
pairs were developed for use in PCR. Amplification patterns
show that there is a predominant PsHV (variant 1) that causes
PD, but there are at least nine less-common variants that are
also etiologic agents of PD. A single primer set was found to
amplify all 10 variants of the PsHV. PCR was also found to be
a highly sensitive assay for the detection of PsHVs in tissues
and culture fluids. In contrast, attempts to isolate these viruses
in chicken embryo fibroblasts (CEFs) were only successful in
58% of the cases.

MATERIALS AND METHODS

Isolation of herpesviruses. Virus isolation attempts were made from one or
more tissues, including the liver, kidney, and spleen, from 31 parrots suspected
to have PD. Each bird represented a different outbreak. When multiple birds
were submitted from the same outbreak, only one of the birds was included in
this study. CEFs derived from 11-day-old specific-pathogen-free embryos were
grown until 75% confluent. The fibroblast monolayer was then incubated with a
10% (wt/vol) homogenate of liver, or combined liver and spleen, in cell culture
medium for 1 h (30). The homogenate was aspirated from the cells, the cells were
washed, and the monolayers were observed daily for 7 days. The presence of a
herpesvirus in the CEF monolayers was confirmed by characteristic cytopathic
effects and the presence of eosinophilic intranuclear inclusion bodies within the
CEFs. Up to three blind passages were undertaken before it was concluded that
the virus would not grow in this culture system.

Purification of reference virus. The reference herpesvirus (PsHV-R) was iso-
lated from the liver of an Amazon parrot (Amazona oratrix) with hepatic and
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splenic lesions characteristic of PD. Pancreatic, intestinal, and inguvial lesions
were not seen. Herpesvirus infection was confirmed, in this bird, by visualization
of herpesvirus virions by electron microscopy of supernatant from crushed tissues
(Texas Veterinary Medical Diagnostic Laboratory [TVMDL], College Station,
Tex.). The virus was isolated in CEF monolayers. Fluid and cellular debris from
the second passage were frozen and thawed three times and cleared by centrif-
ugation at 1,500 X g for 5 min, and the virus was pelleted by centrifugation at
40,000 X g for 4 h. The resulting pellet was resuspended in TE buffer (10 mM
Tris-HCl, 1 mM EDTA [pH 7.4]), layered onto a 30% (wt/vol) sucrose-TE buffer
cushion, and centrifuged at 40,000 X g for 1 h. The virus pellet was rinsed three
times with TE buffer, resuspended in TE, and stored at —20°C. The virus
presence in the pellet was confirmed by negative-contrast electron microscopy of
an aliquot of the resuspended pellet.

DNA isolation. The virus suspension was incubated overnight in 0.5% sodium
dodecyl sulfate with 0.05 w1 of protease K (Promega, Madison, Wis.) per ml at
65°C. The resulting mixture was extracted twice with 1:1 saturated phenol-
chloroform. DNA was precipitated by the addition of a 0.1 volume of 10%
(wt/vol) sodium acetate and 2.5 volumes 100% ethanol and resolubilized in TE
(38).

Cloning reference virus restriction fragments. PsHV-R DNA and pucl8 plas-
mid (Invitrogen, Carlsbad, Calif.) were restricted with HindIII (Promega), li-
gated, and transformed into competent Escherichia coli (One Shot Competent E.
coli; Invitrogen) using the manufacturer’s suggested conditions. Selected recom-
binant colonies were cultured for 16 to 18 h in lactose broth supplemented with
ampicillin (25 mg/ml). Plasmid DNA was isolated using the QIAQuick Gel
Extraction Kit (Qiagen, Valencia, Calif.). To verify that the plasmids contained
an insert, they were digested with HindIII. Digestion products were separated by
electrophoresis in an agarose gel containing ethidium bromide and visualized
with UV light (IS-500 Gel Documentation System; Alpha Innotech, San Lean-
dro, Calif.).

Sequencing. Three clones (9, 11, and 23) were selected for sequencing. Using
forward and reverse universal puc primers and the ABI 377 DNA sequencer
(Perkin-Elmer Cetus, Norwalk, Conn.), the sequences of both terminal portions
of inserts 9 and 11 and the forward end of insert 23 were determined. The newly
determined sequence was used to select new primers (MacVector 5.0; Oxford
Molecular Group, Campbell, Calif.) that were used to sequence further into the
some of the inserts. The sequences were compared to the known databases
(GenBank [National Center for Biotechnology Information, Bethesda, Md.],
Data Bank of Japan [Mishima, Shizuoka, Japan], and EMBL Nucleotide Se-
quence Submissions [Cambridge, United Kingdom]) using the Fasta3 (32) and
BLASTX (2) programs. Sequence data were submitted to GenBank; the acces-
sion numbers are AF261752, AF261753, AF261754, AF261755, and AF261756.

PCR amplification of herpesvirus DNA. PCR primer sets (Table 1) from the
forward sequence of clones 9, 11, and 23 and the reverse sequence of clones 9
and 11 were selected (MacVector 5.0). Purified PsSHV-R DNA and each respec-
tive clone were used as positive controls. DNA extracted from whole 4-day-old
chicken embryos and DNA extracted from the blood of five incubator hatched
parrots were used as negative controls. Primer set MCW45, a microsatellite
marker for chicken embryonic myosin, was used to rule out the possible presence
of chicken DNA in the whole-virus DNA preparation and as a positive control
for chicken embryo DNA (M. X. Groenen, www.zod.wav.nl/vf/research/chicken).

The primer sets were used to screen liver, spleen, and/or kidney from parrots
diagnosed with PD. In one case, cloacal tissue was the only tissue screened. The
diagnosis of PD was based on the presence of one or more of the following
criteria: characteristic histologic lesions, detection of herpesvirus by electron
microscopy, or detection of herpesvirus-infected cells in impression smears of the
spleen or liver by use of a fluorescent-antibody conjugate prepared to a PD
isolate. Tissues were collected from diagnostic submissions to Schubot Exotic
Bird Center (Texas A&M University), to TVMDL, or directly to the authors.
Tissues from 54 parrots, representing 54 independent outbreaks of PD, were
collected for this study. The birds submitted represented 16 species; however, the
species of 10 birds were not recorded. Genomic DNA was isolated with Puregene
DNA Isolation Kit (Gentra Systems, Minneapolis, Minn.) using manufacturer’s
protocols, rehydrated in H,O, and stored at —20°C until use. In three cases,
unfixed tissues were not available. In one case, DNA was extracted directly from
formalin-fixed liver; in another case, DNA was extracted from formalin-fixed
paraffin-embedded liver (Puregene DNA Isolation Kit; Gentra Systems) using
the manufacturer’s protocols. The source of a single DNA sample was tissue
culture medium from the first passage of the virus.

PCR amplifications were performed in a Programmable Thermal Block II
(Lab-line Instruments, Inc., Melrose Park, Ill.) using the following protocol: an
initial denaturation step of 94°C for 5 min, followed by 40 cycles of 60°C (58°C
for primer set 11R) for 45 s, 72°C for 90 s, and 94°C for 30 s, followed by a final
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TABLE 1. PsHV derived PCR primers used in this study

Primer set Sequence (5'-3") ‘;;‘;pé‘rfgi‘

Clone 9 TGAGAGGATGTTCGCACGAGC 489
(forward) CGGCTCTTACTTCAACACGATAACC

Clone 9 GCACATGAGAGACTTCACAGGGC 378
(reverse) TCTAACGCAGGGGAAGCTATACG

Clone 11 CAAGTTCAAAACCGTCGC 394
(forward) TTGCCGCTTCTTCGTGCTC

Clone 11 AATAGGAGCTTTGGGGAGTTGC 310
(reverse)  ACAGCCTTTTCTGGGTGCG

Clone 23 TTTGTCCCACACTTCGTC 281
(forward) ACTACTTTCGCTTTGGCG

“ nt, nucleotides.

extension cycle of 72°C for 5 min, after which the reaction mix was immediately
cooled to 4°C. Each 25-pl reaction mix contained 100 ng of genomic DNA, 25
pmol of each primer, 0.1 mM concentrations of each of the four deoxynucleotide
triphosphates, 2.5 mM magnesium chloride, 0.75 U of Tag, and 1X buffer A (all
reagents; Promega). Amplicons were separated by electrophoresis on a 1%
agarose gel containing ethidium bromide, visualized with UV light, and then
photographed. In all specimens for which amplification products were not seen
for particular primers or for which the amplification product was of a different
molecular mass than the control, the sample was reexamined two more times
with the primer set in question.

Statistical analysis. The chi-square test of independence was used to compare
sensitivity of the PCR to that of culture (28). The percentages of variant 1 viruses
and pooled variants 2 to 10 were compared between those of Amazon parrot
origin and those of African gray parrot origin and between those of Amazon
origin and viruses from all other parrot species using the chi-square test of
independence. Finally, the percentages of culture-positive variant 1 viruses were
compared to the percentages of culture-positive viruses of the pooled variants 2
to 10. Results were considered significant at P < 0.05.

RESULTS

Virus purification. In order to obtain pure virus for cloning,
concentrated virus grown in CEFs was centrifuged through a
sucrose cushion. Electron microscopy revealed that the pellet
consisted entirely of herpesvirus virions. PCR of the DNA
extracted from the virus using a set of primers specific for the
chicken myoglobin gene failed to amplify a product, indicating
that all cellular DNA had been eliminated.

PsHV sequence. Virus DNA restricted with HindIIl was
cloned into a plasmid vector. Three cloned fragments of the
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PsHV-R, fragments 9 (ca. 4 kb), 11 (ca. 10 kb), and 23 (ca. 2
kb), were partially sequenced. The sequences were compared
to the GenBank, Data Bank of Japan, and EMBL Nucleotide
Sequence Submissions databases. The organization of PsSHV-R
was found to be that of an alphaherpesvirus (Table 2). The
nucleotide sequences for five of six open reading frames most
closely matched those of the Gallid HV-1. The sixth open
reading frame coded for UL16, a host range protein. This open
reading frame is not present in Gallid HV-1. This nucleotide
sequence most closely matched the open reading frame for
bovine herpesvirus 1 UL16. The sequence of the reverse end of
clone 9 was speculated to fall within UL21. In the n and n+2
reading frames multiple stop codons were present. In the n+1
reading frame, stop codons were not found, suggesting that this
sequence may be within an open reading frame. However,
there was essentially no identity between this sequence any
other sequences in the known data banks, so the precise loca-
tion of this sequence in the PsHV is not known.

PCR amplification of PsHV DNA. A set of PCR primers was
selected from the DNA sequence of each forward and reverse
sequence of clones 9 and 11 and in the forward sequence of
clone 23 (Table 1). All primers amplified DNA from the ref-
erence virus (PsHV-R) and their respective clone. DNA iso-
lated from a specific-pathogen-free chicken embryo and DNA
isolated from the blood of five incubator-hatched parrot chicks
did not amplify with these primer sets. These primers were
then used to amplify DNA from tissues and cell culture media
suspected to contain PsHVs. Of the 54 samples screened with
the five PCR primer sets, amplification products were pro-
duced with one or more primer sets from 53 (98%) of the
samples. PCR products were described as either positive, neg-
ative, or abnormal (different molecular mass than the control
product). Ten patterns of amplification were observed (Table
3). We have called these PsHV variants 1 (PsHV v1) through
PsHYV variant 10 (PsHV v10). The four most common ampli-
fication patterns and two atypical patterns are shown (Fig. 1).
Most viruses (61%) were detected with all five primer sets.
PsHV v6 was the second most common variant (11%) and
amplified with all but primer set 9R. The remaining variants
were only represented by one (2%) to four (7.5%) of the
viruses assayed. Primer set 23F detected all 53 viruses.

Atypical amplification products occurred in three birds, all
of which were African gray parrots. In these birds primer set
11F did not produce an amplicon of the appropriate mass but
did produce a larger one. This product was partially se-

TABLE 2. Open reading frames within the sequenced fragments of PSHV

Herpesvirus with closest homology”

Clone nt? Corresponding protein Coding region  Portion of protein (nt [%])

9 forward sequence 851 UL19; major capsid protein 703-1 (R)° N terminus Gallid HV-1 (638 [61.8])

9 reverse sequence 379 UL21? 1-379 Unknown None

11 forward sequence 882 ULI14; unknown function 259-847 Complete protein  Gallid HV-1 (361 [64.9])
ULI15A; DNA cleaving/packaging protein ~ 721-882 N terminus None

11 reverse sequence 427 ULDY; origin binding protein 404-1(R)  C terminus Gallid HV-1 (303 [60.7])

23 forward sequence 1,588 ULI17; DNA cleaving/packaging protein 1-523 C terminus Gallid HV-1 (532 [56.4])
UL16; host-range protein 508-1531 Complete protein  Bovine herpesvirus 1 (237 [54.9])

“ nt, nucleotides.

> Number of nucleotides compared and percent homology.

¢ R indicates that the open reading frame was found on the reverse strand.
@ This open reading frame is not present in Gallid HV-1.
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TABLE 3. PCR amplification patterns of the 10 PsHV variants

Amplification pattern” of: Total no. of samples per

Variant .
9F 9R 11F 11R  23F variant
1 + + + + 33
2 - + + + + 4
3 - - + + + 1
4 - - - + + 3
5 - - - - + 1
6 + - + + + 6
7 - + - + + 1
8 + - - - + 1
9 + + - + + 2
10 + - - + + 1

¢+, Amplification product observed. —, amplification product not observed.

quenced, and the sequence was not PsHV DNA, nor was it
found to match any sequence found in the current DNA da-
tabases (data not shown). Therefore, these birds were consid-
ered to be negative with primer set 11F. One of these three
African gray parrots also produced atypical amplification prod-
ucts with primer sets 9R and 11R. In this bird, amplicons of

9F 9R 11F 11R 23F

-....

FIG. 1. PCR amplification patterns from the three of most com-
mon PsHV variants (1, 4, and 6) and two variants represented by a
single virus (7 and 10). The last row (V) demonstrates an atypical
amplification pattern. Primer set 11F produced a larger-than-expected
amplicon. Sequence analysis showed that the product was not herpes-
virus DNA and, instead, it is suspected to be DNA of the host.
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TABLE 4. Distribution of genera or species of bird as a function of

PsHYV variant
Distribution (no.) of genera or species
PsHV -
variant Ama?"" Alfrican Mac_aw Conure Cocka}too Cockatiel Other
species gray  species species
1 16 2 5 3 2 2 3
2 1 3
3 1
4 1 1 1
5 1
6 5 1
7 1 1
8 1
9 2
10 1 1

normal size were produced, as well as two amplicons of smaller
molecular mass. The amplicons of appropriate molecular mass
were partially sequenced and found to be identical to the
PsHV-R sequence. The amplicons of smaller molecular mass
were not sequenced. This virus was considered positive for 9R
and 11R.

The majority of the viruses studied, 28, originated from
Amazon parrots (Amazona spp.) (Table 4). The second most
frequent source of virus, with seven submissions, was the Af-
rican gray parrot (Psitticus erithacis). Seven other species of
parrot were also represented. Three samples were labeled only
as parrot or, in one case, as cockatoo species. The percentage
of variant 1 viruses derived from Amazon parrots compared to
the 10 other variants was statistically indistinguishable from the
percentage of variant 1 viruses found in African gray parrots or
those found in all other non-Amazon parrots combined.

Microscopic lesions found in the tissues of the bird that was
negative by PCR were not typical of PD. There was only
scattered necrosis of hepatocytes and splenocytes, and intranu-
clear inclusion bodies were not seen. However, impression
smears of the liver and spleen were positive using an immu-
nofluorescent conjugate made against a PsHV. These impres-
sion smears were also positive for Chlamydia psittaci using a
immunofluorescent conjugate. The sample used for PCR was
not optimal since the original tissue collected from this bird
was not available, so the frozen suspension used to inoculate
the CEFs was used as the source of DNA.

Correlation of culture attempts and PCR amplification. Iso-
lation attempts were made from 31 fresh or frozen tissues. All
but one of these samples was found to be positive by PCR. Of
the positive PCR samples, virus was grown from 18 (58%). The
only sample suspected to contain a PsHV that was not positive
on PCR did not grow virus. PCR was found to be significantly
more sensitive than culture in detecting PsHV in necropsy
tissues (P = 0.5). There was not a statistically significant dif-
ference between the number of variant 1 viruses that grew in
cell culture and the number of other variants that grew in cell
culture.

DISCUSSION

Sequence data reported here confirm the observations of
VanDevanter et al. that the PsHV is an alphaherpesvirus (43).
The sequence homology is greatest between PsHV-R and Gal-
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lid HV-1, indicating that they are derived from a single pro-
genitor herpesviruses that branched from other known mam-
malian and avian herpesviruses. However, the presence of
extended sequences within the PsHV-R that have virtually no
homology to Gallid HV-1 and the presence of an open reading
frame corresponding to UL16, which is absent in Gallid HV-1,
suggests that these viruses evolved independently of each other
for an extended period of time.

At least five serologically distinct PsHVs are believed to be
the etiologic agent of PD (16). Restriction enzyme analysis of
whole-virus DNA also suggests that there is more than one
PsHV variant (1, 18). Our data document 10 PsHV variants.
These variants are defined by the ability of the five PCR primer
sets to detect their DNA. The failure of DNA amplification
implies that the sequence of the primer sets was sufficiently
different from that of the target virus that annealing did not
occur. We have designated the variants PsHV vl through v10,
as a temporary measure, until the genetic data can be corre-
lated with the serologic data. Not all of these variants are
equally as likely to be found in birds with PD. PsHV vl was
present in 61% of the cases and was identified six times more
frequently than the next most common virus variant. Although
PsHV vl is the most common variant, a significant number of
PD cases reported here (39%) were caused by other variants.
We are currently comparing the PsHV variants described here
with the DNA amplification patterns found in previously re-
ported, serologically distinct PsHVs.

Specific pathotypes with species specificity were not identi-
fied in this study. However, five of seven African gray isolates
represented rare variants. These data are not statistically sig-
nificant with the number of cases available for this study; how-
ever, we will continue to seek samples from African gray par-
rots with PD to determine if this trend is significant.

A single primer set, 23F, was able to detect virus in all but
one of the samples (98%), suggesting that this single primer set
could be used alone as a highly sensitive means of identifying
PsHYV in necropsy specimens and tissue culture fluid and pos-
sibly in the live bird. Rapid detection of PD outbreaks will
result in early treatment of affected flocks, thereby minimizing
further losses. We are currently investigating the possibility
that these primer sets can be used to detect PsHVs in swabs of
the mucous membranes of persistently infected birds. If this
line of investigation proves fruitful, we will be able, for the first
time, to detect and isolate potential sources of these devastat-
ing outbreaks.

Although primer set 23F was able to detect 98% of the
samples examined in this study, we cannot rule out the possi-
bility that there are other rare PsHVs causing PD that cannot
be detected by primer set 23F. A single sample examined in
this study was negative with 23F and the other primer sets.
However, this sample was also culture negative and did not
have the microscopic lesions consistent with PD. The only
reason that it was suspected to contain a PsHV was that it was
positive on immunofluorescence assay. The failure of this sam-
ple to be detected by our primers could be explained if it
contained a divergent herpesvirus whose sequence was not
recognized by the primers. We consider it more likely, how-
ever, that, because the sample was ground tissue that had been
frozen and thawed several times, herpesvirus DNA, if present
at all, was degraded past the point of detection.
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An amplicon of increased molecular mass was produced by
the 11F primer sets with DNA that originated from three
African gray parrots (Fig. 1). This DNA was not herpesvirus
DNA and is suspected to be African gray parrot DNA, al-
though the sequence could not be matched with previously
reported sequences. The origin of the amplicons of lesser mo-
lecular weight produced from a sample of a single African gray
parrot by primer sets 9R and 11R were not sequenced, and
their origin remains unknown.

In this study, herpesvirus DNA was readily detected in the
liver and/or spleen and/or kidney. A previous study has shown
that PsHVs can be isolated from multiple organ systems in
parrots with PD and that many of these birds are viremic at the
time of their death (17). Based on that report, it appears that,
in addition to liver, spleen, and kidney, other tissues, including
syrinx, lung, heart blood, and cerebellum are also excellent
samples to examine by PCR. Previous investigations have
shown that PsHV is shed in the feces of acutely and chronically
ill birds, and the virus is suspected to be shed in the feces of
persistently infected birds (10).

At least a portion of the UL17 gene appears to be highly
conserved within the PsHV variants that we examined. This
leaves open the possibility that the 23F primer set may also
prove to be a useful tool for amplifying viral DNA from the
as-yet-uncharacterized PsHVs (11, 19, 42) and possibly from
the herpesviruses of other avian species.

Other authors have reported that the herpesviruses present
in the tissues of parrots with PD are readily isolated in CEFs
(6,17, 20, 26, 30, 40). We were less successful, since only 61.3%
of virus isolation attempts resulted in virus growth. The cause
of this discrepancy is not known. Because of the relatively low
success of virus isolation attempts, the sensitivity of PCR was
superior to the sensitivity of virus isolation in this study. PCR
also could be performed more quickly than virus isolation;
PCR results could be obtained within a single day after the
sample was provided.

In summary, the etiologic agents of PD are a genetically
heterogeneous population of alphaherpesviruses. We have de-
termined, however, that at least a portion of the UL17 open
reading frame is highly conserved between these virus variants
and that most or all of them can be detected with a single set
of primers. These viruses are thus readily detected, using these
primers and the PCR, in tissues from necropsy specimens and
tissue culture media. Finally, the sequence data that we have
generated now provides investigators and diagnosticians with
the opportunity to develop other molecular diagnostic assays
such as in situ hybridization.
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