
© 2015 Marenzoni et al. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution – Non Commercial (unported, v3.0)  
License. The full terms of the License are available at http://creativecommons.org/licenses/by-nc/3.0/. Non-commercial uses of the work are permitted without any further 

permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on 
how to request permission may be found at: http://www.dovepress.com/permissions.php

Veterinary Medicine: Research and Reports 2015:6 91–101

Veterinary Medicine: Research and Reports Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
91

R e v i e w

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/VMRR.S39473

Gammaherpesvirus infections in equids: a review

Maria Luisa Marenzoni1

Valentina Stefanetti1

Maria Luisa Danzetta1

Peter Joseph Timoney2

1Department of Veterinary Medicine, 
University of Perugia, Perugia, Italy; 
2Department of Veterinary Science, 
Maxwell H Gluck Equine Research 
Center, Lexington, KY, USA

Correspondence: Maria Luisa Marenzoni 
Department of Veterinary Medicine, 
University of Perugia, via S Costanzo 4, 
06126 Perugia, Italy 
Tel +39 07 5585 7720 
Fax +39 07 5585 7765 
Email marialuisa.marenzoni@unipg.it

Abstract: Although the first equine gammaherpesvirus was identified over 50 years ago, the 

isolation and characterization of other members of this virus group has been relatively recent. 

Even so, numerous clinical syndromes have been identified in equid species in association 

with these viruses. Equid gammaherpesviruses are a genetically heterogeneous viral subfamily, 

the function of which in host immune modulation and disease pathogenesis has not yet been 

elucidated. While they share similarities with gammaherpesviruses in humans, the role they 

play in their relationship with the host is the subject of continued interest and research. Their 

widespread presence in horses and other equid species provides a considerable challenge in link-

ing them with particular clinical and pathological conditions and in defining their significance 

from a diagnostic and therapeutic viewpoint. The present review provides an update on the 

taxonomy, epidemiology, and clinical syndromes, especially respiratory, reported in association 

with gammaherpesvirus infection in horses, donkeys, and other equid species.

Keywords: equid gammaherpesviruses, horses, donkeys, other equid species, equine multi-

nodular pulmonary fibrosis

Introduction
The first gammaherpesvirus (γ-HV) in equids (γ-EHV) was isolated from a horse with 

upper respiratory tract disease in 1962. It was referred to as an equine cytomegalovirus.1,2 

In 1987, other γ-EHVs were described.3–5 Although initially considered betaherpesvi-

ruses, they were subsequently reclassified as γ-EHVs and designated equid herpesvirus 

2 (EHV-2) and equid herpesvirus 5 (EHV-5).5 The first asinine γ-HV was isolated from 

an asymptomatic donkey in 1988.6

Since then, γ-EHV infections have been detected worldwide in a range of equid 

species. It has been postulated that these viruses are the result of a coevolution process 

with their hosts lasting for millions of years.7,8 Infections have been reported in horses 

both in the absence of clinical signs and in association with a wide range of clinical 

settings. This makes it difficult to unequivocally define what role, if any, is played by 

these viruses in disease causation.7 Gammaherpesviruses are generally characterized 

by a narrow host range and slow replication cycles. They cause acute infections in 

permissive cells such as epithelial cells, whereas they establish lifelong latency upon 

infection of nonproductive cells, like B lymphocytes and/or T lymphocytes.9 Unlike 

alphaherpesviruses and betaherpesviruses, γ-HV usually avoid giving rise to lytic 

infection upon cell entry and establish latency within the host cell nucleus as circular 

episomal DNA. For this reason, they generally do not result in significant clinical signs 
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upon primary infection of their natural host species, 

whereas they can cause severe disease in related nonhost 

species.10,11

Another possibility is that γ-HV may establish a symbiotic 

relationship with the host, even protecting it from subsequent 

infection by means of heightened innate immune activation 

that is maintained by latent viral infection.12

A characteristic of γ-HV is lymphotropism, sometimes 

associated with aberrations of these cells both in vitro (with 

the immortalization of B lymphocytes) and in vivo (with the 

development of transient and chronic lymphoproliferative 

disorders).9 Recent reports have also described these events 

in infected equids.13–17

Moreover, these viruses are characterized by a wide 

genomic heterogeneity.18–23 This property is believed 

to influence the dynamics of the infection, resulting in 

repeated infections and viral recombination during the life 

of the horse.24–26 Genomic heterogeneity is also relevant from 

the viewpoint of diagnostic testing in that it emphasizes the 

importance of using conserved regions of the viral genome 

when attempting their detection.27,28

Gammaherpesvirus infections directly involve the 

immune response which it would appear they are able to 

modulate. Examination of the EHV-2 genome has shown 

that it encodes a number of genes potentially involved in 

downregulation of the host immune response, including 

an interleukin-10 homolog26,29,30 and proteins similar to 

chemokine receptors.25,26,31–33 The immunomodulatory poten-

tial of these proteins may be exploited by herpesviruses that 

encode viral chemokine receptor “mimics”, by subversion of 

host immunity in the vicinity of infected cells or otherwise 

enhancing virus replication and/or dissemination.34,35

The host immunity modulation property of γ-HV could 

have a role to play in secondary infections. Bacterial infec-

tions associated with γ-HV infection have been described.36–43 

Recently, studies of γ-HV infection by murine herpesvirus 68, 

which can cause persistent infection in mice, found that this 

virus was able to render the uterine cervix susceptible to sys-

temic viral infection during pregnancy and promote the pas-

sage of bacteria through the cervical canal to the uterus from 

the distal female reproductive tract; noninfected pregnant 

mice were normally able to prevent this taking place.39

γ-EHV infections, especially those associated with pul-

monary fibrosis, have been proposed as a model to study 

similar pathologies in humans.44–46 Conversely, knowledge 

gained from other γ-HV infections, especially murine and 

human, could be used in helping understand particular equid 

infections.

The genetic heterogeneity of this subfamily, their function 

in host modulation related to host gene homologs, similarity 

to other human γ-HVs, and recent discoveries about their 

association with the pathogenesis of certain clinical syn-

dromes, emphasize the significance of γ-EHVs as a subject 

for further study.

Taxonomy
According to the latest taxonomic classif ication, the 

order  Herpesvirales comprises three families, ie,  Herpes-

viridae,  Alloherpesviridae, and  Malacoherpesviridae.47 

The Herpesviridae family includes mammalian, avian, and 

reptilian viruses. It is further divided into three subfamilies, 

namely the Alphaherpesvirinae,  Betaherpesvirinae, and 

Gammaherpesvirinae. The  Alphaherpesvirinae subfam-

ily includes equid herpesvirus type 1 (EHV-1, equine 

abortion virus), EHV-3 (equine coital exanthema virus), 

EHV-4 (equine rhinopneumonitis virus), EHV-6 (asinine 

herpesvirus 1, ASH-1), EHV-8 (asinine herpesvirus 3, 

ASH-3), and EHV-9 (gazelle herpesvirus 1), all belonging to 

the genus Varicellovirus. Unlike other equid herpesviruses, 

EHV-9 was originally isolated from a gazelle and designated 

as gazelle herpesvirus type 1; however, its serological cross-

reactivity and genetic similarity with equid herpesviruses 

indicated that it is an equine herpesvirus, showing a wide 

host range and strong neurotropism.48

The other three equid herpesviruses are classified in 

the Gammaherpesvirinae subfamily: EHV-2 and EHV-5 in 

the Percavirus genus, while EHV-7 (asinine herpesvirus 2, 

ASH-2) is currently listed as an unassigned species.47 A num-

ber of unclassified γ-EHVs have been identified in donkeys, 

and the names asinine herpesvirus 4 (ASH-4), asinine her-

pesvirus 5 (ASH-5), and asinine herpesvirus 6 (ASH-6) have 

been proposed.49,50

The horse is the natural host of EHV-1, EHV-2, EHV-3, 

EHV-4, and EHV-5, while the donkey hosts ASH-1 (EHV-6), 

ASH-2 (EHV-7), ASH-3 (EHV-8), ASH-4, ASH-5, and 

ASH-6. Additional γ-HVs have been identified in Namibian 

mountain zebras and in a Somali wild ass.51

EHV-2 and EHV-5 are the most well-known γ-HV of 

equids. Prior to the late 1980s, EHV-2 was classified as a 

betaherpesvirus; at the time, it was not distinguished from 

EHV-5.3–5 Strong cross-reactivity exists between these 

viruses, making it difficult to distinguish these two virus 

infections on serological grounds. For this reason, general 

reference is made to γ-HV infections.52 Accordingly, molecu-

lar detection and typing have been used more frequently than 

serological tests to study these viruses.
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Epidemiology of γ-EHV infections
EHV-2 and EHV-5 are believed to be endemic in horse 

populations worldwide. Various studies have reported a 

wide range of prevalence, ranging from 3%–10%53,54 to 

100%,18,55 with a higher prevalence generally reported for 

EHV-2 than for EHV-5 infection.27,56–58 These differences in 

prevalence are based on time of sampling, geographic loca-

tion, population tested, assay type, specimen type, criteria 

used to define a sample as positive, and the sensitivity and 

specificity of the tests used.27,55,56,59,60 Moreover, detection of 

γ-HV infections may be underestimated in horse populations, 

especially where latent infection is present and viruses are not 

easily detected.44 An age prevalence has been observed both 

for EHV-2 and EHV-5 infections, as is the case with other  

γ-HVs.59,61–68 Horses kept in high-density environments were 

recognized to have a higher risk of infection.61 Nasal shed-

ding of EHV-2 seems more common in the colder months 

of the year.69 Based on sequence divergence of the genome, 

the existence of geographically different strains has been 

hypothesized.22

Transmission occurs horizontally. Although these viruses 

do not appear to cross the placenta, their DNA has been 

detected in the placenta of an aborted fetus, associated with 

neonatal mortality, and in the uterus.42,69–73 In general, it could 

be said that these viruses have been isolated from a wide 

range of tissues/organs in the species they infect.58,69,74–76

The main strategy for survival of these viruses in the 

host population is latency that supervenes after primary 

infection. Both EHV-2 and EHV-5 infect lymphocytes, with 

B lymphocytes thought to represent a major site of EHV-2 

persistence.9,26,77,78 EHV-2 is most frequently isolated from 

leukocytes and lymphoid tissue.79 Other recognized sites of 

latency are the peripheral and central nervous systems.75,79,80 

Detection of EHV-2 DNA in the peripheral nervous system 

is of particular interest, given that the virus targets the upper 

respiratory tract and that the nasal epithelium is innervated by 

the maxillary branch of the trigeminal nerve, and the trigemi-

nal ganglion may be a strategic site of latency of EHV-2.80 

On the other hand, γ-HV affecting cattle and humans has 

also been demonstrated in the peripheral and central nervous 

systems.26,81–83

Potential sites of viral latency have not yet been identified 

for EHV-5,84 notwithstanding the fact that EHV-5 DNA has 

been demonstrated in alveolar macrophages.85

Viral antigens and replicating virus are not detected 

in latently infected animals. Accordingly, latent infection 

cannot be excluded in horses that are polymerase chain 

reaction-negative for replicating EHV-2 or EHV-5.9,44 

Latent infections can be reactivated in the absence of clini-

cal signs, for example, after administration of high doses of 

corticosteroids.26,75,79,86,87 In light of this, detection of equine 

γ-HV may be a consequence of reactivation of latent infec-

tion following a clinical syndrome rather than the inciting 

cause of the clinical syndrome.

EHV-2 infection
Cycle of infection
Early peri-partum infection with EHV-2 occurs in 

foals,7,18,62,88–92 even though these animals generally have 

high titers of maternally-derived antibodies.93 EHV-2 is most 

frequently transmitted horizontally to a newborn foal from its 

dam via the nasopharyngeal route or subsequently, through 

contact with other foals.18,19 Primary infection with EHV-2 

can occur in foals as early as 25–30 days of age, although in 

the majority of cases, foals are infected at 2–4 months when 

maternal antibody titers are declining.7,18,60,90–94 The preva-

lence of infection at this age reaches 100%.18,60,90 Persistent 

infection is established with constant shedding.95 Foals 

shed higher viral loads than adult horses.7 The prevalence 

of infection seems to decline at 9 months,90 at a time when 

antibody levels increase.60,91,92 Periodic reactivation of latent 

infections can occur throughout the life of the horse, resulting 

in spread of infection within a population. However, infec-

tions in later life appear mostly to be asymptomatic.74,79,95 

Seroconversion or an increase in antibody titers has been 

used to identify active infections.54,60,89–92 Antibody titers can 

fluctuate independently of the presence/absence of clinical 

signs.54,74 The level of serum/neutralizing antibodies seems 

to reflect the antigen load and is not necessarily indicative 

of protective immunity, as already reported in immunosup-

pressed humans with cytomegalovirus infection.78 Antibodies 

can be lifelong,62 and the virus can persist and be shed even 

in the presence of high antibody levels, probably due to 

genetic variation among the virus strains in circulation.71,90,92 

Different strains of EHV-2 can infect the same animal. They 

may come from a variety of sources, including reactivation 

of a particular virus strain by the mare or by contact with 

different genotypes from other foals and horses.95 Genomic 

heterogeneity of EHV-2 may also be generated within a 

single host, and may be a consequence of maturation of the 

immune system in the foal.18–21,26,86,96 However, persistent 

infection with constant viral shedding seems less common 

than reinfection and reshedding.95 Genomic heterogeneity of 

the virus may account for frequent reinfections.26

EHV-2 has been detected often in immunocompetent hosts 

in the absence of signs of disease.18,22,26,54–58,60,62,66,69,74,88,93,97–105 
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Schlocker et  al106 have hypothesized that EHV-2 behaves 

differently in foals than in adult horses. It could be that 

EHV-2 is not strictly cell-bound in foals and that it can be 

easily isolated from swab samples obtained from the upper 

respiratory tract and eyes, associated with mild cases of 

infection; on the other hand, the virus is strictly cell-bound 

in adult and older horses, being contained in macrophages 

and possibly lymphocytes.106

Clinical signs
Mild to severe chronic pharyngitis has been associated 

with EHV-2 infection of foals in both natural and experi-

mental settings.107 In natural infection, pharyngitis with 

or without lymphadenopathy can also occur in association 

with other clinical signs of upper respiratory tract disease, 

including rhinitis and occasionally pyrexia associated with 

lymphocytosis.75,90,91,99,108 Continued shedding of EHV-2 into 

the nasopharynx was associated with progression of severity 

of the disease, leading to chronic pharyngitis that was char-

acterized by ulcerative lesions with follicular hyperplasia but 

without overt clinical signs in two experimentally infected 

foals.107 The association of EHV-2 infection with clinical 

signs and a specific lymphocytic response is suggestive of 

an immunologically mediated disease similar to infectious 

mononucleosis caused by Epstein-Barr virus.108

EHV-2 has also been associated with many disease syn-

dromes in older horses, although investigations of clinically 

normal, mature horses are less frequently documented than 

in foals. Experimental studies in horses older than 18 months 

of age have been less successful in reproducing clinical signs 

akin to those observed in foals. There are reports of a poor 

performance syndrome in racehorses related to infection with 

EHV-2,109 reminiscent of what is seen in cases of infectious 

mononucleosis in humans. Clinical signs associated with 

poor performance include general malaise, mild respiratory 

disease sometimes including a cough, chronic lymphoid 

follicular hyperplasia, swelling of regional head and neck 

lymph nodes, pharyngitis, anorexia, low-grade pyrexia, 

and respiratory signs, or persistent poor performance that 

does not respond to antibiotic therapy and affecting mostly 

younger horses.71,110 EHV-2 infection is also associated with 

neutrophilia and long-lasting airway inflammation.20

Although EHV-2 has been associated with conjunctivitis 

in horses of all ages, viral antigen has also been detected in 

the conjunctiva of clinically healthy horses.54,61,75,98,111–115 The 

cells that EHV-2 targets in the conjunctiva of healthy horses 

have been identified as histiocyte-like cells located in the 

submucosa, particularly Langerhans cells.98 The combined 

evidence from natural and experimental infections and the 

success of antiviral therapy in a cohort study would support 

a role for EHV-2 in the pathogenesis of keratoconjunctivitis 

in foals and adult horses,54,61,116 and yearlings following 

immunosuppressive doses of dexamethasone.75

Outbreaks of severe respiratory disease in association 

with EHV-2 infection have been reported in groups of horses 

in many countries,26,55,60,71,88–90,100,101,117,118 with foals aged 

6–10 weeks developing the most severe clinical signs.89

The molecular detection of these viruses, often confirmed 

by immunohistochemistry, has identified them in association 

with a range of previously unidentified pathologies, including 

abortion, endometritis, dermatitis, granulomatous dermatitis, 

and oral and esophageal ulcers.42,69,70,72,119–121

Coinfections associated  
with EHV-2 infection
There have been occasional studies investigating the rela-

tionship with other herpesviral or bacterial infections. It has 

been proposed that EHV-2 may have a role in transactiva-

tion of EHV-1 and EHV-4 either alone or in association 

with EHV-5.42,67,68,70,73–75,84,110,121–128 That notwithstanding, the 

relevance of these findings is not well defined.

Association with bacterial infections has also been 

reported; EHV-2 may act as a possible “open door” for 

these infections.32,42,43,99,118 There is evidence that EHV-2 can 

be associated with outbreaks of bacterial infection of the 

lower respiratory tract resulting in pneumonia, frequently 

caused by Rhodococcus equi. Vaccination with EHV-2 

with or without R. equi has been found to protect against 

R. equi pneumonia.43,129

Immune response to EHV-2 infection
There are very few studies on the nature of the immune 

response to EHV-2 infection, other than it includes a 

significant interferon-gamma response on the part of the 

host.52,108

EHV-5 infection
Cycle of infection
EHV-5 infection in foals occurs later than EHV-2.57,99,130 While 

detection of nasal shedding has been reported in foals as early 

as one month of age,7,18 EHV-5 infection is more prevalent 

at the time of weaning and postweaning.18,55,57,84,91,99,130 An 

age-related prevalence of infection has been identified in 

younger horses, which would appear to be more susceptible 

to infection.59,61 Although the percentage of infected 

horses decreases with age, viral loads do not seem to vary 
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significantly with age.68 Significant genomic variability exists 

among EHV-5 isolates as it does in the case of EHV-2;26,131 

however, it seems less evident than with EHV-2.8,18,21,22,26,113,132 

EHV-5 has been regularly isolated and detected in healthy  

horses.8,18,22,26,27,55,56,58,66,84,133

Clinical signs
EHV-5 has been associated with a number of different 

pathological conditions. Poor performance syndrome 

and respiratory signs in yearlings and adult horses have been 

reported.22,53,66,84,99,100,118,134,135 The role of the virus in ocular 

disease has not been defined.61,113,115 A case of dermatitis, 

similar to herpes-associated erythema multiforme in humans, 

has been described in association with EHV-5.136 Moreover, 

EHV-5 DNA has been found in uterine flushings,121 aborted 

fetuses, and cases of neonatal mortality.42,70 Also, EHV-5 has 

been associated with a systemic granulomatous disease in a 

warmblood gelding with severe oral and esophageal ulceration 

together with spleen and bone marrow involvement.137 More 

recently, a possible link has been suggested between EHV-5 

infection and hematological disorders. Pancytopenia138 and 

chronic T-cell leukemia or lymphoma14–17 have been reported. 

EHV-5 was detected in bone marrow aspirate samples by 

polymerase chain reaction and typical viral inclusions were 

observed in infected cells.14,138 Similar lesions have been 

reported in humans with Epstein-Barr infection.139,140 There 

is also the occasional detection or isolation of EHV-5 as well 

as other viruses or bacteria.42,53,67,68,70,73,84,121,126,134,135

Equine multinodular pulmonary fibrosis
The most relevant association, discovered several years ago, 

is between EHV-5 and a characteristic progressive interstitial 

pulmonary fibrosis, with a nodular appearance, now termed 

equine multinodular pulmonary fibrosis (EMPF). EMPF 

was proposed as a distinct pathological entity in 2007.85 

Since then, sporadic occurrences have been diagnosed 

worldwide.14,17,85,138,141–158 On histological examination, there 

is marked interstitial fibrosis, often with preservation of an 

“alveolar-like” architecture, lined with cuboidal epithelial 

cells. The airways contain primarily neutrophils and mac-

rophages, including some macrophages with eosinophilic 

inclusion bodies in which EHV-5 DNA was identified by in 

situ hybridization.85,158 Recently, EMPF has also been repro-

duced by experimental infection in three of six clinically 

normal horses after inoculation with two strains of EHV-5 

previously isolated from EMPF cases.44 Interestingly, the 

same horses were found to be infected not only with the 

challenge strain but also with other wild strains of EHV-5. 

Based on this study, the route of EHV-5 infection (obtained via 

endoscopy in the accessory lung lobe) has been hypothesized 

as possibly having a role in determining the pathogenesis of 

the disease caused by a virus usually considered nonpatho-

genic in the natural host. The other hypothesis is that only 

particular strains of EHV-5 can cause EMPF.44 Moreover, 

another report found a proportional quantitative relationship 

between EHV-5 load and severity of EMPF lesions. This was 

based on detection of EHV-5 DNA by quantitative real-time 

polymerase chain reaction in bronchoalveolar lavage fluid and 

post mortem tissues, especially lungs, where the highest loads 

of EHV-5 were detected in the most severe EMPF lesions.146 

EHV-5 has been consistently identified in all cases of EMPF, 

alone or in association with EHV-2 or AHV-5, although no 

systematic research of the possible role of these other γ-HVs 

was undertaken in the different studies.85,138,142,143,146,148,158 At 

present, however, it is not possible to unequivocally state 

whether EHV-5 causes EMPF, or whether the environment 

in the lung caused by EMPF results in an increase in EHV-5 

loads. Moreover, the successful response reported after anti-

viral treatment with acyclovir156 and valacyclovir14 in some 

cases of EMPF would not lend support to the causal role of 

EHV-5, based on the fact that numerous other cases did not 

survive following antiviral therapy138,146,158 and some may 

spontaneously recover from the disease.152,158

There is no evidence of natural transmission of EMPF; 

however, it is worth noting that the majority of reported 

cases were housed with other horses that did not develop 

signs of disease. No epidemiological investigations have 

been conducted to date in reported cases of the disease.159,160 

Accordingly, no breed or other risk or predisposing factors 

have yet been identified.

Furthermore, the pathogenesis of EMPF is yet to be 

defined. The majority of cases of the disease have been in 

middle-aged and older horses, but it should also be noted 

that EMPF has been diagnosed in horses younger than 

2 years.85,141,147,149,161 However, the disease is more severe in 

older horses,155 akin to what has been reported with other 

γ-HVs, like murine γ-herpesvirus 68.162

Horses with EMPF generally have a history of weight loss, 

poor condition, exercise intolerance, inappetence, no improve-

ment after treatment for heaves or infectious bronchopneu-

monia, and progression of clinical signs prior to confirmation 

of a diagnosis of EMPF. Variable hyperthermia, wasting, 

and tachycardia are observed on physical examination. The 

respiratory signs are generally severe and remittent, accom-

panied by tachypnea and dyspnea, with significant arterial 

hypoxemia in some cases. Thoracic auscultation is usually 
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abnormal, with wheezes and crackles commonly reported 

both with and without rebreathing examination. Neurological 

signs, ocular signs, oral inflammation, and ulcerations have 

been occasionally observed.138,142,143,149,152 Moreover, ocular 

signs have also developed during treatment.147

Hyperf ibrinoginemia, leucocytosis, neutrophilia, 

monocytosis, anemia, pancytopenia, and hypoxemia have 

frequently been listed in recorded cases. Hypoalbuminemia 

may also occur in some cases.138,160

Multiple organ involvement, including glomerular nephri-

tis, hepatic fibrosis, hepatic parenchymal destruction, and 

myocardial fibrosis have been described.142,146,149,152 Cases 

of EMPF associated with leukemia or lymphoma have been 

reported.14,17 Hypertrophic osteopathy secondary to EMPF 

has been recorded, even where EHV-5 was not detected.147 

Diagnosis of EMPF is generally made late in the clinical 

course of the disease, because the clinical signs are initially 

nonspecific. Radiographic findings are fairly typical and are 

characterized by a severe, diffuse, nodular interstitial pattern 

that is either uniformly distributed or evident primarily in the 

mid-ventral to cranio-ventral lung lobes. Ultrasonographic 

examination reveals a bilateral, diffuse roughening of the 

pleural surface and, as the disease progresses, the existence 

of multiple superficial discrete nodules of varying size. On 

cytological examination, transtracheal aspirates and/or bron-

choalveolar lavage fluid are characterized by a predominance 

of nondegenerate neutrophils with fewer macrophages and 

lymphocytes, with eosinophilic intranuclear inclusion bod-

ies occasionally found in macrophages, suggesting a viral 

etiology. Bronchoalveolar lavage samples from EMPF cases 

are almost uniformly polymerase chain reaction-positive 

for EHV-5 in the cases reported to date, and a quantitative 

relationship has been found between this type of sample and 

EHV-5 load.146,160 However, the presence of EHV-5 in bron-

choalveolar lavage fluid is not currently considered sufficient 

evidence on which to base a diagnosis of EMPF in the absence 

of characteristic clinical signs, radiographic/ultrasonographic 

findings, and especially lung histopathology.85,137,155,159,160 The 

gold standard for ante mortem diagnosis of EMPF is based 

on histopathological evaluation of lung sections obtained 

by percutaneous, ultrasound-guided biopsy procedures, 

and demonstration of characteristic histological lesions of 

EMPF.160 Microbiological analyses are important to rule out 

fungal, bacterial, or silicate-induced granulomatous inter-

stitial lung disease.

Considering its as yet undefined etiology, the treatment 

of EMPF is not definitive and largely symptomatic.160,161 

Corticosteroids are advocated to suppress pulmonary 

inflammation by inhibiting the synthesis of inflammatory 

cytokines and mediators that promote fibrosis and cellular 

infiltration. Antimicrobial therapy is generally recommended 

to prevent bacterial superinfection.160 Use of acyclovir or 

valaciclovir (an acyclovir prodrug with greater bioavailability 

if administered orally) is speculative, because the pathogenic 

role of EHV-5 is not fully proven and the susceptibility of 

equine γ-HV to these antivirals is unknown. That notwith-

standing, antiviral treatment has had a beneficial effect in 

some cases.160 Additional treatment considerations include 

administration of parenteral fluids if the horse is dehydrated, 

and moving the horse to a cool, well ventilated environment. 

Intranasal insufflation of humidified oxygen is indicated in 

hypoxemic horses. Other medications, including nonsteroidal 

anti-inflammatory medications, can be used for management 

of pain and fever.

The prognosis in confirmed cases of EMPF is currently 

poor. The majority of affected horses either die or have to be 

euthanized due to poor response to treatment. Nevertheless, 

resolution of cases of the disease has also been described 

with150,158 or without152 ongoing treatment. It also appears 

that response to treatment is better in horses diagnosed early 

in the clinical course or in mildly affected horses display-

ing a low level of tachypnea, while advanced cases appear 

refractory to treatment. Duration of treatment in horses with 

a diagnosis of EMPF should last at least 6 weeks, provid-

ing adequate time for the anti-inflammatory and antiviral 

therapy to work.160

Immune response to EHV-5 infection
At the moment, there have been no studies aimed at char-

acterizing the immune response against EHV-5 infection in 

healthy horses or in cases of EMPF.

Asinine γ-HV infection
More limited information is available on AHV than on any 

other EHV of horses. The majority of what has been pub-

lished on AHV is based on studies of short genetic sequences 

(generally less than 200 base pairs). Careful consideration 

should be placed on phylogenetic findings, because mistakes 

in viral classification are possible due to the high genomic 

heterogeneity of these viruses.163,164 It is possible that other 

γ-EHVs exist.163

AHV-2 (EHV-7) was isolated for the first time in 1988 

from a healthy donkey.6 Subsequently, AHV-2 DNA was 

detected in 9/114 (7.9%) nasal swabs and 2/96 whole blood 

samples from mules and 1/13 (7.7%) nasal swabs and 2/96 

whole blood samples from donkeys participating in a large 
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show in the USA.163 This study found the prevalence was 

lower compared with γ-HV infection in horses. However, 

this prevalence could be an underestimate due to limited 

information about the known genomic heterogeneity of the 

viruses which could have limited sensitivity in the tests used 

to diagnose the infection.163

AHV-4, AHV-5, and AHV-6 have been associated with 

interstitial pneumonia in donkeys, characterized by marked 

syncytial cell formation. Affected individuals present clini-

cally with acute and often fatal respiratory disease.49,50 In 

particular, Kleiboeker et al49 identified eleven donkeys with 

pulmonary lesions positive for γ-HV DNA (AHV-4 in five 

cases and AHV-5 in six cases), whereas six controls from 

the same farms, none of which had pulmonary lesions, were 

negative for γ-HV DNA. The positive donkeys were from 

five different premises without previous cross-contact and 

two of the herds had a history of recent outbreaks of fatal 

respiratory disease in adult donkeys. However, the clinical 

relevance of these viruses has not yet been established. In 

contrast, another study did not find differences in the dis-

tribution of AHV-4 or AHV-5 in the lungs of donkeys with 

pulmonary fibrosis (n=4) and in controls (n=4), identifying 

six γ-HV DNA-positive cases; however, no further details 

were provided in this report.46

AHV-5 was also reported in association with a case of 

neurological disease in a donkey with depression, mild pare-

sis, and ataxia, that eventually recovered.164

Detection of AHV-5 was reported also in horses, in which 

it was associated with pyogranulomatous pneumonia and 

signs of EMPF. The virus has also been detected in healthy 

animals.53,110,114,148,165 In some of these cases, the virus was 

associated with EHV-5.53,110,114,148 The virus was detected in 

the blood, nasal swabs, and conjunctiva of healthy horses.114 

No previous contact with donkeys was reported in some of 

these reports,114,148 whereas it had been in other cases.165 In 

the case reported by De Witte et al165 of pyogranulomatous 

pneumonia in a pregnant mare, molecular investigation of 

γ-HV DNA was performed on nasal swabs of two donkeys 

and a Quarter horse gelding, cohorts to the case in question, 

and all the animals, including the gelding, were found to be 

positive for AHV-5. It is not clear why the mare developed 

clinical disease whereas the donkeys and the gelding on the 

same farm remained healthy. Perhaps another pathogen or 

the stress associated with pregnancy could have had a role 

in the pathogenesis of the pneumonia.

A suspected role for γ-HV was hypothesized also in a case 

of pulmonary angiocentric lymphoma in a donkey. In this 

case, no γ-HV DNA was detected in the tissues of the animal. 

However, the virus was detected on the farm from which the 

case originated.13

Conclusion
The ubiquitousness of γ-HV in equid populations and their 

natural capacity to establish persistent, latent infections 

continue to make it difficult to assign a causal role for these 

viruses in the etiology of certain clinical syndromes or to 

identify an appropriate means of therapy. Identification of the 

viruses in clinical samples alone is not enough to link them 

with disease. Greater understanding of the pathogenesis of 

these diseases, especially in cases of respiratory infection, 

would enhance our ability to diagnose such diseases and 

more accurately predict the outcome. It would also limit the 

use of inappropriate treatments, like antimicrobial therapy, 

in the present era of antibiotic resistance.

One approach to furthering our understanding of the role 

of these viruses in disease could be to focus future research 

efforts on coinfections associated with γ-HV, based on the 

potential of these viruses to modulate host immune responses, 

and determine whether their role is one of primary patho-

gens or as conditioning agents predisposing to secondary 

infections. Characterization of the immune response to these 

infections both in healthy and in ill equids should help in 

elucidating possible pathological patterns. The study of these 

infections in non-natural hosts should also be investigated.

Moreover, parallels between the γ-EHV and other γ-HVs, 

especially Epstein-Barr virus in humans, could be useful in 

helping to define their pathogenic potential and identify risk 

factors associated with disease as well as develop animal 

models of disease, especially for pulmonary fibrosis.45,46

Another aspect that warrants investigation is the need 

to develop a database of information based on phylogenetic 

studies of the sequences of viruses like EHV-5 or AHVs 

associated with pulmonary lesions, for which only limited 

data currently exist. Such information might enable us to 

identify possible clusters based on specific pathologies, like 

EMPF in horses or pneumonia in donkeys. Further virological 

and epidemiological studies are needed to clarify all these 

unanswered questions and to improve our knowledge of 

the role and involvement of these agents in different equine 

pathological conditions.
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