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Association of two newly recognized herpesviruses with
inter stitial pneumonia in donkeys (Equus asinus)

Steven B. Kleiboeker, Susan K. Schommer, Philip J. Johnson, Bernard Ehlers, Susan E. Turnquist,
Magalie Boucher, John M. Kreeger

Abstract. Over a period of 6 years, antemortem and postmortem examinations were performed on a number
of donkeys suffering from respiratory disease. For many cases, initial diagnostic efforts failed to identify an
etiology consistent with the pathologic findings. However, retrospective examination of these cases using con-
sensus primer polymerase chain reaction, designed to recognize herpesviruses from all 3 subfamilies of the
Herpesviridae, amplified a fragment of the highly conserved herpesvirus DNA polymerase gene from a number
of these animals. Two novel herpesviruses, herein designated asinine herpesvirus 4 (AHV4) and asinine her-
pesvirus 5 (AHV5), were consistently detected in lung tissue from donkeys in which the histopathology was
characterized by interstitial pneumonia and marked syncytial cell formation but not in lung tissue from donkeys
with evidence of bacterial or verminous pneumonia. Nucleotide sequence and phylogenetic analysis places these
new viruses within the Gammaherpesvirinae subfamily and indicates that they are most closely related to the
recently identified zebra herpesvirus and wildass herpesvirus as well as equine herpesviruses 2 and 5.

Respiratory pathogens are important causes of dis-and 4, which cause significant reproductive losses
ease in equine species worldwide. Although multiplend respiratory disease worldwitfeEquine herpes-
etiologies have been identified, viral pathogens awv&uses 2 and 5, members of the subfamily Gammabher-
thought to play an important and often primary role ipesvirinag’! are also widespread in the equine popu-
establishing equine respiratory disease. Potential vitation? However, the role of gammaherpesviruses as
etiologic agents implicated in respiratory disease pfimary pathogens in horses is less clear.
horses include equine herpesviruses 1 and 4, influenzé®evelopment of molecular diagnostic techniques
A, and equine arteritis virus as well as equine adenbas provided a new approach for the detection of a
virus and equine rhinovirug?®2°Recently, members of number of pathogens. For diseases caused by viral
the Paramyxoviridae family have been added to tipathogens, molecular diagnostics are not dependent on
list of potential equine respiratory pathogéh®. the development of cell-culture systems for isolation

The Herpesviridae family of viruses contains and characterization of novel pathogens. Rather, mo-
broad range of pathogens that have been grouped ildgoular diagnostic assays can be designed based on re-
the subfamilies Alpha-, Beta- and Gammaherpesvigions of highly conserved DNA sequences that are
nae based on both biologic and genomic characterizaesent within a number of viral families. In this ar-
tion. Herpesviruses of all subfamilies can survive artétle, consensus primer polymerase chain reaction
persist in a population of animals due to the propensiflPCR)? designed to recognize herpesviruses from all
of these pathogens to persist, often through latency,3rsubfamilies of the Herpesviridae was used to detect
individual hosts® In latently infected hosts, virus may2 novel herpesviruses in tissues from a number of don-
be periodically reactivated and shed. Latency is likekeys suffering from interstitial pneumonia that was
to be an important mechanism that has allowed hdnstologically characterized by marked syncytial cell
pesviruses to be perpetuated, even in small isolatiedmation. Phylogenetic analysis of these novel se-
host groups. A number of herpesviruses have been isptences places these newly recognized viruses within
lated or detected from a range of equine species, e Gammaherpesvirinae subfamily and indicates that
cluding donkeys. The most important of these paththey are most closely related to other gammaherpes-
gens are the alphaherpesviruses equine herpesvirusases of equids.

Materials and methods

From the Veterinary Medical Diagnostic Laboratory and the De- )
partment of Veterinary Pathobiology (Kleiboeker, Schommer, Turn- Cases. Between 1995 and 2000, 17 donkeys were sub

quist, Boucher, Kreeger) and the Department of Veterinary Medici 'tted, to the pmversﬂy of M'SSO,u” Veterlr'lary l.\/ledlcal.
and Surgery (Johnson), University of Missouri, College of Veteril€aching Hospital and/or the Veterinary Medical Diagnostic
nary Medicine, Columbia, MO 65211, and the Robert Koch-InstitukaPoratory for antemortem or necropsy examination from a
Nordufer 20, D-13353 Berlin, Germany (Ehlers). total of 6 different premises in Missouri. All but 1 of the
Received for publication September 6, 2001. donkeys died or were euthanized. Moderate to severe respi-
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Table 1. Oligonucleotide primers used for PCR amplification of the DNA polymerase gene fragment.

Assay and primer Direction Sequencé 6 3) Expected size of product
First round

DFA forward GAYTTYGCNAGYYTNTAYCC S

ILK forward TCCTGGACAAGCAGCARNYSGCNMINAA 470 bp (ILK + KG1)

KG1 reverse GTCTTGCTCACCAGNTCNACNCCYTT 725 bp (DFA+ KG1)
Second round

TGV forward TGTAACTCGGTGTAYGGNTTYACNGGNGT C

IYG reverse CACAGAGTCCGTRTCNCCRTADAT 225 bp (TGV+ IYG)

ratory disease was a prominent aspect of the clinical histo® 30 sec), annealing (70 C, 30 sec), and extension (72 C,
for several animals, although some cases were submitted 96r sec), with the annealing temperature in these cycles re-
diagnosis of unknown and/or unspecified disease or for diuced ly 2 C each cycle. An additional 40 cycles of dena-
agnosis of a disease condition not related to the pulmonanyation (94 C, 30 sec), annealing (50 C, 30 sec), and exten-
system. sion (72 C, 90 sec) were performed, followed by a final
Virus isolation. Tissue homogenates of lung were preextension at 72 C for 7 min. Second-round amplification was
pared by mincing approximately 2—4 g tissue in 12—-15 nplerformed using 2ul of the first-round reaction with 1 up-
of Dulbecco’s Modified Eagle Medium cell culture mediastream primer (TGV) and 1 downstream primer (IYG), each
containing 0.5 mg/ml gentamycin and 2ug/ml amphoter- at a final concentration of 0.6M, in a 204l reaction with
icin B. Homogenates were centrifuged at 6,000 for 20 0.5 units HotStarTaq in the manufacturer’'s buffer containing
min, then filtered through a 0.45m filter. Filtered homog- 1.5 mM MgCl, and 0.2 mM (each) dNTP. Thermocycling
enates were adsorbed onto vero, rabbit kidney-13 (RK-1&)nditions for the second-round amplification were 95 C (12
or primary equine dermal cells for 60 min at 37 C, 5% 4/CQmin), followed by 10 cycles of denaturation (94 C, 30 sec),
in a humidified chamber, after which the inoculum was reannealing (70 C, 30 sec), and extension (72 C, 60 sec), with
moved and replaced with growth media. Cells were maithe annealing temperature in these cycles reduced by 2 C
tained under standard conditions for a minimum of 10 dagsach cycle. An additional 40 cycles of denaturation (94 C,
and observed daily for the presence of viral-induced cyt80 sec), annealing (50 C, 30 sec), and extension (72 C, 60
pathic effect. sec) were performed, followed by a final extension at 72 C
Nucleic acid extraction and PCR amplification. Lung tis- for 7 min. For each step in DNA amplification, strict pro-
sue collected at necropsy was homogenized in phosphtieols were followed to prevent cross-contamination of sam-
buffered saline (PBS) (pH 7.4; 2—4 g lung tissue per 5 miples. Second-round amplification products were visualized
One milliliter of this homogenate was centrifuged at 12,000 a 2% agarose, X TAE gel by ethidium bromide staining
X g for 1 min, and the cell pellet was used for DNA ex-and ultraviolet transilluminatio??.
traction. Formalin-fixed, paraffin-embedded tissue sectionsAmplification products of the appropriate size (approxi-
of lung 2 sections per paraffin block, 20n thick for each mately 225 bp) were excised from the gel and purified with
section) were deparaffinized by 2 extractions with xylen¢he Qiaex Il gel extraction kitPurified products were either
followed by centrifugation. Tissue pellets were then washesquenced directly using the herpesvirus IYG primer or
twice with 100% ethanol and dried for 10 min at room temeloned using the pCR-Blunt TOPO II systérivhen ampli-
perature. For DNA extraction from both fresh tissue and pdied fragments were sequenced directly, a minimum of 3
affin-embedded tissue sections, samples were digested vgigluencing reactions was performed for each product. When
Proteinase Kin Buffer ATLa for a minimum of 12 hours at amplified fragments were cloned, a minimum of 3 clones
55 C. The DNA extractions were performed using thwas sequenced using both the universal forward and reverse
QIlAamp DNA mini kit according to the manufacturer’s in-sequencing primers. Nucleotide sequencing was performed
structions. For each of the DNA extraction steps, strict prdoy the DNA Core facility, University of Missouri—-Columbia.
tocols were followed to avoid cross-contamination of sanNucleotide sequence analysis was performed with GeneTool,
ples. The DNA was stored at80 C until used as the tem-version 1.0 C, and BLAST.The herpesviral DNA polymer-
plate for PCR amplification. ase sequences obtained in this study have been deposited in
Amplification of a region of the herpesvirus DNA poly-the National Center for Biotechnology Information database
merase gene was performed with nested degenerate primarg] have been assigned GenBank accession numbers
shown in Table 1, targeted to highly conserved regi®nsAY054990 (AHV4-1), AY054991 (AHV4-2), AY054992
First-round amplification was performed using 2 upstreadHV4-3), AY054993 (AHV5-1), AY054994 (AHV5-2),
primers (DFA and ILK) and 1 downstream primer (KG1)AY054995 (AHV5-3), and AY054996 (AHV5a). For the an-
each at a final concentration of Ouf/, in a 204l reaction imals from which no herpesvirus PCR product was detected,
with 0.5 units HotStarTaign the manufacturer’s buffer con- DNA was extracted and amplified as described above from
taining 1.5 mM MgCJ and 0.2 mM (each) dNTPs. Ther-a total of 3 independent samples of tissue.
mocycling conditions for the first-round amplification were Alignments and phylogenetic analysis. DNA and deduced
95 C (12 min), followed by 10 cycles of denaturation (94mino acid sequences of amplified herpesvirus PCR prod-
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ucts, excluding the primer sequences, were aligned withFigure3. Bronchiolar epithelium is denuded and the lumen con-
CLUSTAL W (1.74) software. Sequences for comparisoffins sloughed epithelium, macrophages, and syncytial cells. There
were obtained from GenBank and corresponded to amilsgnild to moderate fibrosis of the adjacent interstitium. HE.

acid positions 691-745 of the DNA polymerase protein (or

nucleotides 37,158-37,323 of the DNA polymerase proteyy gyrface of this lung contained numerous, multifocal

gene) from equine herpesvirus 2 (GenBank accession T§'coalescing, 1—3-mm in-diameter tan nodules scat-

NC_001650). Phylogenetic analyses of DNA and amino ac .
alignments were performed using maximum parsimo red throughout the parenchyr_na (l.:'g' 1). Greater than
0% of the lung was affected in this case.

methods (DNAPARS or PROTPARS) and distance matri : - Y )
methods (DNADIST or PROTDIST followed by NEIGH- _ Histologic findings in cases that were subsequently

BOR) within the PHYLIP software packadeData sets were PCR positive for herpesvirus ranged from mild, lym-
subjected to bootstrap analysishased on 100 resamplingsphohistiocytic, and suppurative bronchiolitis with peri-
of the original data set, using the SEQBOOT program foronchiolar interstitial inflammatory cell infiltrates to
produce a majority-rule consensus tree. Completed tree filasigs that contained marked, diffuse accumulations of
were visualized using TreeView 125. histiocytes and neutrophils with areas of interstitial fi-
brosis and necrotizing bronchiolitis (Figs. 2, 3). Bron-
chioles often contained abundant mucus mixed with
Gross lesions and histopathology. Gross necropsy neutrophils and cell debris. All herpesviral PCR-pos-
examination of the pulmonary system for cases thigite cases had syncytial cells that contained up to 20
were subsequently PCR positive for herpesvirus typjisible nuclei (Fig. 4). In most severely affected cases,
cally revealed lungs that failed to collapse and comiveolar spaces were obliterated by accumulations of
tained patchy areas of grey, tan, or reddish discolaiistiocytes, neutrophils, edema, and fibrin. Hypertro-
ation predominantly located in anterior ventral lobeghic alveolar epithelium lined affected alveoli. Viral
Gross necropsy examination in one of these animakglusions were not observed.
revealed diffusely edematous lungs that failed to col- Control cases (6 animals) were from additional don-
lapse and were diffusely mottled pink to light tan. ThReys, often originating from the same premises, with

Results
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Figure 2. Photomicrograph of lung from Fig. 1. There are mul- Figure4. Areas of marked interstitial fibrosis that contained nu-
tifocal to coalescing accumulations of mononuclear inflammatomerous syncytial cells were typical of the lesions seen in affected
cells that obliterate and fill alveolar spaces. HE. donkeys. HE.
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respiratory disease that was histologically consistestituted for cytosine and guanine at positions 13 and
with either a bacterial or verminous pneumonia. Casé8, respectively. However, each of the substitutions in
that were interpreted as principally bacterial pneum@HV4-1 and AHV4-2 were translationally silent, and
nia contained marked, diffuse accumulations of nethus a single deduced amino acid sequence is shown
trophils, often associated with areas of coagulative ngr AHV4 in Fig. 5B. The AHV5 was detected in lung
crosis. Cases of verminous pneumonia were charactmples from 6 donkeys. Three single-base substitu-
ized by the presence of nematode larvae in alveolgins were found within the sequences identified as
spaces and peribronchilar accumulations of lymph@aiys and the nucleotide sequence from these sam-
cytes and eosinophils. Herpesviral genomic DNA Wasies have been designated AHV5-1, AHV5-2, AHV5-
n_ot detected_in lung sa_mples from any donkeys wi | and AHV5a (Fig. 5A). The AHV5-2 had a thymi-
either bacterial or verminous pneumonia. _dine substituted for cytosine at position 130, and
Virus isolation and bacteriology. Virus isolation apv5.3 had adenine substituted for guanine at posi-

was attempted on lung homogenates from 7 anlm%lgn 67. These 2 substitutions were translationally si-

(5 of which were subsequently herpesvirus PCR pos; - . ’
itive and 2 of which were PCR negative) using bot%nt. The AHV5a had a thymidine substituted for cy

cultured mammalian cells and embryonated chickensme at position 117, resulting in a semiconserved
Y ino acid change (Fig. 5B). Compared with each oth-

i a
eggs. No cytopathic agents were detected for any o o
the samples tested. Additionally, each lung homo I, AHVA4 and AHV5 (and AHVSa) were 84% iden

nate prepared for virus isolation was tested for ianLE'-Cal at _the amino acid level an(_j 68% |dent|_cal at the
enza A antigen using a commercially available EL1‘SAn.UC|eOt'de Ieyel (Tables 2, 3.)’ W.'th th(_a m(_)st Important
and found to be negative. Bacterial isolation was afifference being a 3-nucleotide insertion in AHVS and
tempted on lung homogenates from 4 animals (all 6f1V52 (positions 127-129) relative to AHV4, result-
which were subsequently herpesvirus PCR positivé}d in @ single amino acid addition. _
No bacteria were recovered from 1 anim8lfepto- Pairwise alignment of both the nucleotide and de-
coccus equi subsp zooepidemicus was recovered from duced amino acid sequences to other herpesvirus se-
1 animal, bothStreptococcus equi subspeciegooepi- JUENCES indicated that AHV4 and AHV5 were most
demicus and Staphylococcus aureus were recovered closely related to zebra herpesvirus (ZHV) and wildass
from 1 animal, and botf&taphylococcus aureus and herpesvirus (WAHV), respectivefy/(Fig. 5A, 5B; Ta-
Mycoplasma spp. were recovered from 1 animal. bles 2, 3). Two amino acid substitutions were present
PCR amplification and sequence analysis. Retro- in AHV4 compared with ZHV; however, both of the
spective examination of previous cases was performsabstitutions were conserved changes. The most sig-
with DNA either held at-80 C or extracted from for- nificant difference between AHV5 and AHV5a com-
malin-fixed, paraffin-embedded tissue blocks, some pared with WAHV was a 3-base insertion found in
which had been stored at room temperature for up WgAHV (bases 132-134), which resulted in a single
6 years. Amplification products were detected followgmino acid addition. Pairwise alignments also dem-
ing consensus primer PCR for herpesvirus in samplgsstrated a reasonably high level of similarity to
from 11 of the 17 donkeys from which lung tissue wagyys and a slightly lower degree of similarity to

tested. All animals that were herpesvirus PCR positiyg /o> 2 widely recognized gammaherpesviruses of
had evidence of interstitial pneumonia with syncytiaéquids’ (Fig. 5A, 5B; Tables 2, 3).

cell formation as a prominent component of the lung

hlstopatho_logy. Herpesvirus genomic DNA was noe{cid sequence alignments of known, representative al-
detected in lung samples from the control group

which had evidence of either a verminous or bacterig a beta-, and gammaherpes_vlrus DNA pqumerase
pneumonia, proteins. The trees produced using both parsimony and

Nucleotide sequencing of the herpesvirus PCR pro(ai_sta_nce methods were very similar. The know.n her-
ucts identified putative genomic DNA of 2 novel buP€SVvirus DNA polymerase sequences clustered into the
closely related herpesviruses, herein designated asirffigdicted herpesvirus subfamilies (Fig. 6), as has been
herpesvirus 4 (AHV4) and asinine herpesvirus @emonstrated by others using similar phylogenetic
(AHV5). The AHV4 was detected in lung samplegnethodologies?233743nclusion of AHV4-, AHVS-,
from 5 donkeys. Three single-base substitutions wed8d AHV5a- deduced amino acid sequences in this
found within the sequences identified as AHV4, anhylogenetic analysis demonstrated that these viruses
the nucleotide sequence from these samples have baeh members of the Gammaherpesvirinae subfamily
designated AHV4-1, AHV4-2, and AHV4-3 (Fig. 5A).and that AHV4, AHVS5, and AHV5a are distinct from,
AHV4-1 had a thymidine substituted for adenine diut most closely related to, other gammaherpesviruses
position 34, and AHV4-2 had 2 adenine residues subf equids.

Phylogenetic trees were constructed based on amino
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A)
10 20 30 40 50 60 70 80 90 100
* * ] * * * * * * *
EHVS GGCCTCGGGCATCCTGCCGTGCCTAAAGATAGCAGAGACGGTCACCTTTCAGGGGAGGAGGATGCTAGAGAGETCCAAGCGCTACATAGAGGCCGTGACT
AHVA-1T .. C..... Covnnn, Toin... Guevaeen, Cueeean Gt AG. .. Gov.n..
AHVA-2 .. A.A..C..... Gt Gueeeenn Coeea G, AG. ... Gevrn.
amva-3' .. C..... Cotee i G Coveeane G AGueennn.. G.o....
ZHV e Co.... Cee e C..G..... C..... Cueean, Gt e G......
WAHV e Cvn.. Cuovnnnn. C..... CouGnaaa. Cueeeean. R G
anvs-1t L. c..... Covnnn. c..... C..G..... Coee T G......
BHVS-2 e Co.... Covnnn. Cou... C..G..... Gt < G......
BHVE-3 Co.... Covvnnn. Cu... C..G..... e e e e G......
AHVSZ e Con... Covennn. C..... C..G..... Gt G G......
EHVZ e CouTeuCuvnnn Cueeea Cown.. C...C.C..... G BC. e GG......
110 120 130 140 150 160
* * * * * *
EHVS CCCGAGGGGTTGGCTGCCATCTTGCA - - - GAGGCCCGTGECGGCCTGCGACCCCGAGGCCAGCTTTARGETC 169
AHV4-1 G CoviCein feeCl. .= CC.Tu ... € GuCle e 166
AHVA-2 DG, CoveCoeen feC.. . .m=CC.T. ... CreGuCleee e 166
AHVA-3 cGaan CoveCheeeeeen S C....===CC.Teuun.... CorGuChe e 166
ZEV e C.C..G...... C...G--C..\ . ==-CC. T ... o T 166
WAHV el C.C..G...... €. GBEGGCC. . GECCC. T v e et st e e et e 172
AHVS-1 ... C.C..G...... €. GBEGGCC. o == =CC. T e e et et e e e et 169
AHVS-2 e C.C..G...... € iGGGGETC .+ == =CC. T e e e et e e et 169
AHVS-3 ... c.C..GC...... €. iGGGGGCC. « == =CC. T e e e e e e e e e e 169
AHVSZ e C.C..G.T....C..GGGGGCC . == ~CC.Tu s sttt et e e e 169
EHV2 ... C....A.A...A...GG---CA...~~-G..T..AG....C...... T..... T ... 166
B)
10 20 30 40 50
* * * * *
EHVS ASGILPCLKIAETVTFQGRRMLERSKRYIEAVTPEGLAATLQR - PVAACDPEASFKV 56
aHVAY el WH -...-.A.D..... 55
ZHV e e e L R S N 55
WAHV et e GGRRPV.......... 57
AHVS! GGR-PV.......... 56
BHUSE oot e e V..GGR-PV.......... 56
EHVZ et Neooo.. Gouenn. D..G-R-RVE.A.D..... 55

Figure 5. A, Alignment of the nucleotide sequences from the herpesvirus DNA polymerase gene. Only nucleotides that differ from the
sequence of EHV5 are shown. Identical bases are shown by a “.” and gaps are shown by a “-". Sequences for EHV5, ZHV, WAHV, and
EHV2 were obtained from GenBank 1 sequence amplified from 2 donkeys; 1 sequence amplified from 3 dori&epdignment of the
deduced amino acid sequences of the same region of the herpesvirus DNA polymerase gene shown above. 8§ deduced amino acid sequence
from amplification products of 5 donkeys and corresponding to the nucleotide sequences from AHV4-1, -2 ||atetlu8ed amino acid
sequence from amplification products of 5 donkeys and corresponding to the nucleotide sequences from AHV5-1, -2, and -3.

Discussion pneumonia with marked syncytial cell formation was

Over a period of 6 years (1995-2000), 17 donke)%Pserved in the _Iungs of 11 of the do_nke_ys. At t_he
originating from 6 different premises within the statdMe Of presentation or necropsy examination, a viral
of Missouri were presented to the University of Mis€ti0logy was suspected for these animals, but diagnos-
souri’s Veterinary Medical Diagnostic Laboratory ofiC testing failed to identify any etiologic agent con-
Veterinary Medical Teaching Hospital for diagnosis ofiStént with the clinical signs and/or observed gross
disease. A morphological diagnosis of interstitizAnd histologic lesions of interstitial pneumonia. How-

Table 2. Percent nucleotide identity of the DNA polymerase Table 3. Percent amino acid identity of the DNA polymerase

gene fragment between gammaherpesviruses of equids. gene fragment between gammaherpesviruses of equids.
EHV5 AHV4* ZHV  WAHV AHV5t AHV5a EHV2 EHV5 AHV4* ZHV ~ WAHV AHV5t AHV5a EHV2
EHV5 100 869 869 854 856 84.8 822 EHV5 100 928 946 894 894 87.7 789
AHV4 ... 100 921 872 887 881 855 AHV4 ... 100 96.3 842 842 824 824
ZHV ... ... 1loo 918 946 940 86.7 ZHV ... ... 1loo 859 859 842 807
WAHV ... ... ... 100 96.7 96.5 825 WAHV ... ... ... 100 98.2 964 84.2
AHV5 e c ... 100 99.0 852 AHV5 e c ... 100 98.2 857
AHV5a ... ... ... 1loo 85.2 AHV5a ... ... ... 100 85.7
EHV2 ... 100 EHV2 ... 100

* Represents the mean of identity values from AHV4-1, -2, -3.  * Represents the mean of identity values from AHV4-1, -2, -3.
T Represents the mean of identity values from AVH5-1, -2, -3. 1 Represents the mean of identity values from AVH5-1, -2, -3.
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ever, retrospective use of a PCR assay, designedSwuthern blot hybridization analysis demonstrated that,
amplify a fragment of the highly conserved herpesviralthough AHV 1 was related to EHV3, it was geneti-
DNA polymerase gen€, followed by nucleotide se- cally distinct. Asinine herpesvirus 2 (AHV2) was iso-
quencing of the PCR products detected herpesviral dated from the blood of an apparently healthy donkey,
nomic DNA in all cases with interstitial pneumoniaand similar analysis found that it was most closely
and syncytial cell formation. Herpesviral genomicelated to the gammaherpesviruses EHV2 and EHV5,
DNA was not detected in a similarly aged group oélthough the overall levels of similarity were estimated
control donkeys that had evidence of either verminoley Southern blot hybridization to be relatively low.
or bacterial pneumonia. Recently, others have us@dinine herpesvirus 3 (AHV3) was isolated from
PCR amplification of the highly conserved DNAhealthy donkeys only after treatment with steroids,
polymerase gene as a means of detecting novel mesnggesting that the donkeys had been latently rather
bers of the Herpesviridae family in diseased tighan actively infected. The AHV3 demonstrated con-
sue12-14.21.2231.343The ability to perform PCR ampli- siderable sequence similarity to the alphaherpesviruses
fication of pathogens from formalin-fixed, paraffin-emEHV1 and, to a lesser extent, EHV4. Experimental
bedded tissué%'7182642has provided the opportunityinoculation of AHV3 into juvenile donkeys that were
to retrospectively examine samples from cases wisieronegative for EHV1 and EHV4 resulted in a tran-
similar lesions. In the present study, DNA was extracsient afebrile rhinitis. Comparison of the restriction en-
ed and herpesvirus DNA was successfully amplifiedbnuclease digestion patterns of AHV1, AHV2, and
from formalin-fixed, paraffin-embedded tissue block&HV3 viral genomic DNA has demonstrated that each
that had been held under ambient conditions for up ¢ these asinine herpesviruses is distinct from each
6 years. other as well as from other herpesviruses. Based on
Nucleotide sequence and phylogenetic analysestbé similarities found in Southern blot hybridizations,
herpesviral PCR products from these cases demamis likely that AHV1 and AHV3 are members of the
strated that 2 novel but closely related herpesvirusBphaherpesvirinae subfamily while AHV2 is a mem-
had been identified. The 2 putative novel pathogerser of the Gammaherpesvirinae subfamily. Unfortu-
designated asinine herpesvirus 4 (AHV4) and asinimately, however, nucleotide sequence data have not
herpesvirus 5 (AHV5), were found to be related tbeen reported for AHV1, AHV2, or AHV3, and thus
other gammaherpesviruses of equids, including equitieir phylogenetic relationship to other herpesviruses,
herpesviruses 2 and*5Based on both nucleotide andas well as to those detected in the present study, cannot
deduced amino acid sequence alignments, the herpgas-assessed at this time.
viruses most closely related to AHV4 and AHV5 (and The role of gammaherpesviruses in equine disease
AHV5a) were those detected in peripheral bloobdas not been well established. Equine herpesvirus 2
mononuclear cells from free-ranging mountain zebrd&HV2) has been linked to respiratory disease, con-
in Namibia and a captive Somali wildaSsgespective- junctivitis, and general malaise in horggg?.20.2839-41
ly. The donkeys from which AHV4, AHV5, and However, infection with EHV2 appears to be wide-
AHV5a were detected originated from 5 different prespread, and several studies have also found EHV2 in
mises, all within the state of Missouri. Although prethe respiratory tract and peripheral blood leukocytes
vious contact between these individual animals @f horses without clinical disease, with isolation and/
herdmates cannot be ruled out, the presence of AH@4 PCR detection rates ranging from 31 to
and AHV5 in several herds suggests that these virusg396419.33.353% Following experimental inoculation of
may be fairly widespread within donkeys and poterHV2 into both juvenile and adult horses, chronic
tially among other equids. The finding that the 2 mogtharyngitis was observed in the young horses while
closely related herpesviruses, ZHV and WAHYV, werthe adult horses remained clinically normais with
detected from equids located in Africa and Europether gammaherpesviruses, latency in lymphocytes has
respectively, suggests a worldwide distribution fdoeen demonstrated for EHV2A second gammaher-
these related viruses, similar to that described fpesvirus of horses, EHV5, has been isolated but is less
EHV2 and EHVS5. well characterized and has not yet been associated with
Isolation of 3 herpesviruses from donkeys has bediseasé®*! Like EHV2, EHV5 also appears to be
previously reported.These viruses have been designvidespread, although somewhat less prevateRor
nated asinine herpesviruses 1, 2, and 3. Asinine hdre 2 recently identified gammaherpesviruses of equids
pesvirus 1 (AHV1) was isolated from a donkey wittzHV and WAHYV, no disease symptoms were reported
vesicular and erosive lesions on the muzzle of a fo the animals from which these viruses were detect-
and the external genitalia and udder of the dam. Whil*?> For animals from which ZHV was identified,
these lesions are similar to those caused by the hleod from a total of 20 free-ranging zebras from Na-
phaherpesvirus EHV3, restriction endonuclease amdbia was initially tested and found positive for anti-
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virus genomes: comparison with the equine herpesviruses. Arch
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bodies to EHV2. Additional testing using PCR and
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