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INTRODUCTION 

 

The word herpes derived from the Greek word “herpein” 

which means “to creep”. Herpesviruses are diverse, widely 

successful viruses, able to infect a wide range of animals from 

mussels to humans, with most animal species having at least 

one of the type of herpesvirus. It is likely that every 

vertebrate species is infected with several herpesvirus species 

(Fig. 1). Most of domestic animal species are infected with 

diseases caused by herpesvirus, including infectious bovine 

rhinotracheitis, pseudorabies and malignanat catarrhal fever 

etc. Many of these viruses will be discussed later in this 

chapter. Herpesviruses co-evolve with their individual hosts in 

order to adapt with them (Carter et al. 2007). 

Almost two hundred species had been identified up to 2007 

but it is expected that many more exist and are yet to be 

discovered (Pellet 2007) and few of them are associated with 

mammals, birds, reptiles, amphibian, fishes, and mollusks. 

Most of the herpesviruses can cause latent and lifelong 

persistent infection in host. During latency virus shows very 

limited gene expression but recurrent virus replication occurs 

during stress. Upon stress, virus can reactivate and initiate 

active replication which leads to shedding, transmission, and 

the development of detectable antiviral immune responses. 

Therefore, latent infections in subclinically infected hosts 

allow herpesviruses to maintain themselves in susceptible 

hosts (Roizman and Knipe 2001). 

 

General Properties  

 

Herpesviruses are traditionally classified by their structure 

(Fig. 2). Herpesviruses are double stranded DNA with an 

icosahedral capsid that is coated by a structure named 

“tegument” (Thiry et al. 2006). The whole virus is surrounded 

in an envelope studded with glycoproteins, which are 

important for cell-cell spread and cell entry (Mettenleiter 

1994). DNA in the core has been reported to be arranged in 

the form of a toroid, possibly supported by a spindle made up 

of proteinaceous fibres embedded in the capsid, although the 

precise arrangement of the DNA is not known (Baines 2011; 

Roizman and Knipe 2001). The capsid consists of 162 

capsomeres of 9.5x12.5nm with a total diameter of ~100nm. 

During a cell infection non-enveloped capsids exist in 3 forms: 

A-capsids have no core structure, B-capsids contain a scaffold 

but no genome and C-capsids contain the DNA genome that 

replaces the scaffold (Pellet 2007). 

The tegument refers to the structure between the capsid and 

envelope that has varying thickness depending on the 

infection stage and was reported to have no distinctive 

features (Baines 2011). One of the important roles of the 

tegument is to provide pre-synthesized proteins that can 

influence the host environment on cell entry to suit the virus, 

including shutting down host protein synthesis and inhibiting 

infection defences (Pellet 2007). 

The envelope is made up of lipids and virus-specific 

glycoproteins in greater numbers than other enveloped 

viruses. It has a trilaminar appearance and is thought to be 

derived from altered cell membranes. 

Although highly divergent, all the herpesviruses have four 

common characteristics:  

1) They are involved in enzymes coding, metabolism of 

nucleic acid, synthesized DNA and involved in the processing 

of proteins. 

2) Initially viral DNA is synthesized than nucleus is 

responsible for assembly of capsid, whereas cell cytoplasm is 

responsible for the final processing of the virion. 

3) When infectious progeny are produced by the parent 

virus the host cell lyses occurs.  

4) The most well-known property of the herpesviruses is 

their ability to persist in latent form for the host’s lifetime, 

from this latent state the virus can be reactivated and the 

animal becomes infectious again (Fig. 3) (Roizmann et al. 1992; 

Pellet 2007). 

The variation of the Herpesviridae is represented by the sites 

where they attain latency; their host cell ranges and the length 

of replication cycles which leads to a wide range of clinical 

signs and diseases; individual to each virus and its preferred 

host. 
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Fig. 1: Classification of Herpesviruses of Veterinary Importance (MacLachlan and Dubovi 2017): AlHV1: Alcelaphine Herpesvirus, BHV: Bovine 

Herpesvirus, CalHV: Callitrichine Herpesvirus, CHV-1:  Canine Herpesvirus, EHV: Equine Herpesvirus, GoHV: Gorilline Herpesvirus, HHV:    

Human Herpesvirus, McHV:   Macacine Herpesvirus, OvHV2: Ovine Herpesvirus, PHV: Porcine Herpesvirus, PnHV: Panine Herpesvirus, 

PoHV:    Pongine Herpesvirus. 

 

 
 

Fig. 2: A typical herpesvirus virion. Diagrammatical representation 

showing the major structural components of Herpesvirus. 

 

 
 

Fig: 3: Schematic Diagram of Herpesvirus Lifecycle. 
 

Herpesvirus Replication  

 

For the replication of herpesviruses, key proteins include 

those involved in cell entry, regulation of viral gene 

expression, metabolism nucleotide, viral DNA synthesis, 

structural proteins and assembly of virions. It is also necessary 

for the virus to avoid the host response to viral gene 

expression. This will usually involve programmed cell death, 

which the virus needs to delay long enough to allow viral 

replication (Pellet 2007). Upon the infection of a cell and 

release of viral DNA into the nucleus, viral replication 

depends on ‘temporal’ phasic gene expression of 4 key groups 

of genes. The α (or immediate-early gene) expression is 

stimulated by tegument proteins such as the α-TIF (alpha gene 

trans inducing factor). 

The resulting proteins initiate viral gene replication by 

stimulating expression of β (or early genes) including genes 

important in DNA replication such as DNA polymerase. γ (or 

late genes) are then expressed, sometimes as two groups, 

‘leakylate’ genes that just require the onset of viral DNA 

synthesis and ‘true’ late genes that are entirely dependent on 

prior viral DNA synthesis. This final phase of gene expression 

includes the synthesis of many of the structural proteins such 

as the glycoproteins, allowing the formation and assembly of 

progeny virions as capsids containing the viral genome core. 

Progeny virion are released from the nucleus into the 

cytoplasm where final processing takes place and the tegument 

and envelope is formed before release from the cell (Nanbo et 

al. 2018). 

 

Bovine Herpesviruses 

 

Bovine Herpesvirus-1 

 

Bovine herpes virus-1 belongs to family Herpesviridae, 

subfamily AlphaHerpesvirinae and genus Varicellovirus. BoHV-

1 causes infectious bovine rhinotrachitious, infectious 

balanopothitis and infectious pustular vulvovaginitis, 

conjunctivitis, abortion, encephalitis and generalized 

systematic infection in bovines. It has the tendency to affect 

both younger and older cattle as well as buffaloes (Jones et al. 

2006). 

 

Subtypes 

 

BoHV-1 can be further divided into subtype which are 1.1, 

1.2a and 1.2b (Table 1). Subtype 1.1 is related to the 

respiratory disease and abortion in infected animals. This 
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virus is usually included in BHV-1 vaccine. Subtype 1.2a causes 

infectious pustular vulvovaginitis, infectious balanoposthitis in 

male animals and mild respiratory disease and abortion in 

female animals. Subtype 1.2b is associated with infectious 

balanoposthitis and infectious pustular valvovaginitis 

syndrome but not implicated in abortion (Biswas et al. 2013). 

 

Epidemiology 

 

BHV-1 is widely spread worldwide and reported in many 

countries including Pakistan, USA, Canada, India, turkey, 

Zaire, Italy, Belgium (Castrucci et al. 1997; Boelaert et al. 

2000; Yesilbag et al. 2003; Rajkhowa et al. 2004; Riaz et al. 

2021). BHV-1 causes the infection in ruminants, domestic and 

wild cattle. In UK prevalence of BHV-1 was recorded about 

83% in unvaccinated herds (Woodbine 2009). The sero- 

prevalence of this virus has been determined from 36 to 48% 

in Central and South America and 14 to 60% in Africa (Straub 

1990), 63 to 86% in Egypt (Mahmoud et al. 2009), 36% in 

China (Yan et al. 2008), 60.1% in India (Nandi and Kumar 

2010), 10.7% in Iran (Erfani et al. 2019), 69% in Pakistan (Ur 

Rehman et al. 2021). Riaz et al. (2021) first time reported the 

molecular detection and characterization of BHV-1 from 

clinical case of IBR in Pakistan. IBR infection has not yet been 

reported in some countries like Switzerland, Sweden, Austria, 

Denmark and Finland (Ackermann and Engels 2006).  

 

Table 1: Different subtypes of BoHV-1  

Subtype  Infection  

1.1 Respiratory disease and abortion 

1.2a Infectious pustular vulvovaginitis, infectious 

balanoposthitis, cause mild respiratory disease 

and abortion 

1.2b Infectious balanoposthitis and infectious pustular 

valvovaginitis 

 

 
 

Fig. 4: Schematic diagram of Lifecycle of BHV-1 in susceptible 

host. 

Pathogenesis and Pathology  

 

Entry of BHV-1 occurs through the aerosol route, direct 

contact with nasal secretions, vaginal secretions or semen 

from infected animals. Subsequent to the virus entry into the 

body, replication of this virus takes place in the mucosae of 

respiratory or genital tract. Monocytes and white blood cells 

are responsible for the transport of the virus to the target 

organs within the body (Fig. 4). The virus may also enter into 

the axons of local nerve cells during the primary infection. 

Later virus is transported to the regional ganglions of 

peripheral nerves  and  attain latency in terminal ganglion (in 

respiratory infection) and sacral ganglion (in genital infection) 

(Nandi et al. 2009). Several viral glycoproteins and two 

cellular receptors are involved in the entry of the virus into 

the cell. Initially glycoprotein C (gC) of the virus binds to the 

heparan sulphate proteoglycan receptors of the cell 

(Mettenleiter 1994). Tissue damage and necrosis of epithelial 

cells take place in both respiratory and genital infection due 

to virus infection. Foetal infection and abortion may also 

occur in pregnant cows due to viraemia. 

Immunohistochemistry demonstrated the presence of 

necrotic foci in the peripheral tissues. An intense 

inflammatory reaction can also be developed in the 

respiratory and reproductive tract like shipping fever and 

endometritis (Majumder et al. 2015). 

 

Clinical Signs 

 

The clinical sign and symptoms of IBR include fever, nasal 

discharge, coughing, difficulty in breathing, conjunctivitis, loss 

of appetite, depression, drop in milk production, vesicles, 

ulcer, and abortion (Engels and Ackermann 1996). The nasal 

mucosa is usually hyperemic, hemorrhagic, ulcerated and 

covered by a cream-colored diphtheritic membrane. The 

breath may be fetid. Abortion may occur at second or third 

trimester of gestation, and the virus has also been reported 

to cause mastitis. Infectious pustular vulvovaginitis affected 

cows develop fever, depression and anorexia. Micturition is 

frequent and painful due to inflammation of vulva and vagina. 

Lesions of infectious balanoposthitis in bulls and the clinical 

course of disease are similar to their equivalents in affected 

cows. Genital and respiratory diseases are rarely diagnosed 

simultaneously in the same herd. 

Diagnosis 

 

Diagnosis of the infection of BHV-1 is performed by taking 

history of animals, observing sign, symptoms and gross 

lesions. Virus can be isolated from different organs (kidney, 

lungs, nasal swabs, vaginal swabs, spleen, fetus) and can be 

grown on cell culture and cytopathic effect can be indicative 

of the presence of the virus (Turin and Russo 2003). In the 

early stage of infection, electron microscopy can be used to 

check the virus particle in samples (Nandi et al. 2009). Nested 

PCR and Real-time PCR are widely used to detect the BoHV-

1 DNA in samples (Moore et al. 2000). Immune responses of 

this virus can be characterized by the IgG and IgM antibody 

formation. Virus neutralization test and ELISA test particularly 

indirect and competitive ELISA are widely use to detect the 

antibodies (Biswas et al. 2013).  
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Prevention and Control 

 

Marker vaccines, inactivated vaccines, subunit vaccines and 

modified live vaccine are available to control the infection of 

BHV-1. Due to latent nature of the virus, vaccination cannot 

control the infection completely but reduces the severity of 

clinical signs. This virus has ability to go into latency and 

reactivate from the latency in future so re-vaccination after 6-

months interval should be done regularly. Modified live 

vaccine should not give to the pregnant animals because it 

causes abortion (van Oirschot 1995).  

 

Bovine Herpesvirus 2 

 

Bovine herpesvirus 2 (BHV-2) also belongs to the subfamily 

Alphaherpesviridae. BHV-2 causes two types of infection; 

Pseudo-Lumpy Skin disease (generalized benign skin infection) 

and Bovine Mammillitis (localized ulcerative mammillitis) 

(Radostits 2014).  

 

Epidemiology  

 

The infection caused by BHV-2 has been reported in most of 

the countries worldwide. Prevalence of this virus is higher in 

temperate regions of the world. First time, Bovine mammillitis 

was reported in Ireland, UK, USA, Canada, Australia, France, 

Italy, Brazil, Rwanda (Martin and Scot 1979; O’Connor 1985). 

Serological study of infection of the BHV-2 has been obtained 

in Namibia, south Africa, New Zealand, Belgium (Horner and 

Raynel 1988; Barnard 1997). Pseudo-Lumpy skin disease was 

first time diagnosed south Africa, Kenya, USA, and Australia 

(Woods et al. 1996).  

 

Pathogenesis and Pathology 

 

BHV-2 can be transmitted through air, semen, biting insect, 

milking equipment, and milker’s hand. This virus reaches the 

dermis through skin lesion and may cause short viraemia and 

establishes latent infection in skin and neurons (Martin and 

Scott 1979). Re-activation of BHV-2 and development of 

clinical signs take place due to the stress with udder edema 

and hormonal changes during calving (Kemp at al. 2008). This 

virus causes the sporadic condition and affects lactating 

animals (especially first calvers and first 2 month of lactation) 

(Sharma et al. 1998). Within the 3 weeks infection can spread 

in the herd and incubation period is about 4-10 days. Blue or 

purple lesions develop on the udder, teats and perinea which 

look like ulcers and resolve within four weeks without 

complications. Gulwaddee (Punjabi term literally mean ‘neck 

cutter’) may be used for the Bovine herpes mammillitis due to 

deep non heeling ulcerative lesion on teat. The incubation 

period ranges from 5 to 9 days in Pseudo-lumpy skin disease. 

Lesions may also develop on lips, nose, and mouth of the 

suckling calves Pseudo-lumpy skin disease is febrile and 

generalized disease which appear on the skin of complete 

body and show depression in the center. Ulcers like nodules 

may occur after few days (Gourreau and Pauluzzi 1988).  
 

Clinical Signs 
 

Clinical signs of the pseudo-lumpy skin disease includes mild 

fever, followed by the sudden appearance of skin nodules on 

the face, neck, back, and perineum. In Mammillitis lesions can 

be seen of mostly on teats but sometimes a generalized skin 

disease can be seen. Other lesions and signs include ulcers, 

vesicles, pustules on mucosa, edema and sloughing of skin of 

mammary glands (Scott and Holliman 1984). Milk yield may be 

reduced by as much as 10% as a result of difficulty in milking 

the affected cows, and concurrent mastitis. 
 

Diagnosis, Prevention and Control 
 

Diagnosis can be performed by mean of PCR and 

seroprevalence can be found out through ELISA. Virus can be 

isolated and detected from infected tissues, ganglion and milk 

samples.  

Commercial vaccine against BoHV-2 is not available yet but 

thymidine kinase deficient strains have been used to develop 

live-attenuated vaccines. Proper management practices are 

required in the herds to prevent infections. Insect repellent 

sprays should be used to stop biting flies. Healthy cow should 

not be kept with the affected cows. Disinfection of the 

milking machine with iodophores before taking milk from the 

healthy animals is necessary to stop the spread of the virus 

(Smee and Leonhardt 1994).  

 

Bovine Herpesvirus-4 (BoHV-4) 

 

Bovine Herpesvirus Type 4 belongs to subfamily 

Gammaherpesvirinae and genus Rhadinovirus. The natural 

host of the virus is primarily cattle, but several ruminant and 

non-ruminant species like Felis catus (Cat) Panthera leo (Lion) 

are susceptible to BoHV-4 infection. BoHV-4 cannot be 

associated with specific disease, usually results in a subclinical 

infection in respiratory and reproductive track (Macchi et al. 

2018).  

 

Epidemiology 

 

BoHV-4 is a ubiquitous virus. Its presence has been reported 

from many countries, worldwide. Almost more than 40 

strains of BoHV-4 have been identified across the world. 

These strains are divided into three categories: European 

strain (Movar33/63-like strain), American Strain (DN 599-like 

strain) and African buffalo strain (Gagnon et al. 2017). The 

global Seroprevalence of cattle is estimated to be between 4 

to 30 %. In some herds, the prevalence may be as high as 80% 

(Chastant-Maillard 2015).  

 

Pathology and Pathogenesis 

 

BoHV-4 has very complicated and ambiguous method of 

pathogenicity. It has been isolated from diseased animals as 

well as from healthy animals. It is mainly transmitted via nasal 

and uterine exudate. The BoHV-4 virus replicates primarily 

within epithelial cells in the mucosa following the propagation 

within blood lymphocytes. It shows special propensity 

towards endometrial (uterus lining) and endothelial cell 

(blood vessels lining) leading towards disease development by 

stimulating the inflammatory response.  

Primary infection begins with lytic cycle marked by entry via 

skin and mucus followed by multiplication through cell lysis. 

Lytic cycle ultimately ends at formation of ulcer. Following 

primary infection, BoHV-4 establishs a latent infection by 

residing in peripheral blood leukocytes, the nervous system 

and lymphoid organs. The latent virus reactivates in response 
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to a variety of stimuli such as cellular stress e.g. calving, 

immunosuppression or dexamethasone treatment (Chastant-

Maillard 2015). 
 

Clinical Signs 
 

Pathogenic potential of BoHV-4 is low until and unless it 

combined with some other infectious organisms such as 

Escherichia coli and Trueperella pyogenes. Thus, designating 

BoHV-4 as cofactor or secondary pathogen (Szenci et al. 2016). 

BoHV-4 especially stimulates infection in postpartum period 

causing abortion, vulvovaginitis, endometritis, mastitis, infertility 

and stillbirth. It has also been isolated from respiratory tract 

infection, pneumonia, keratoconjunctivitis, mammilititis, pyrexia 

and from skin lesion etc (Gagnon et al. 2017).  
 

Diagnosis, Prevention and Control 
 

To date, no vaccination and specific medication are available 

against BoHV-4. Diagnosis can be performed by means of 

PCR and seroprevalence can be found out through ELISA. 

The only treatment is in the form of general health care. 

Recovered animals are frequently latent carriers of infection 

and will shed virus sporadically, thus serving as a source of 

infection for others (Chastant-Maillard 2015). 

 

Bovine Herpesvirus 5 

 

Bovine herpesvirus 5 (BHV-5) is species belongs to the genus 

Varicellovirus, subfamily alphaherpesvirinae. This virus is also 

called as bovine encephalitis herpesvirus because it causes 

meningoencephalitis in bovine. Firstly, BHV-5 was taken under 

the subtype of BoHV-1 as BoHV-1.3, but later it was considered 

separate type due to its neuropathogenicity. Bovine herpesvirus 

5 replicate in CNS and causes neurological disease (Studdert 

1989).  

 

Epidemiology 

 

Bovine meningoencephalitis infection caused by BHV-5 was 

first time reported in Australia in 1962 (Johnston et al. 1962). 

Now this virus is reported in most of the countries i.e., USA, 

Europe, Brazil, and Argentina (Abdelmagid et al. 1995; Ely et 

al. 1996; Vogel et al. 2004). The mortality and morbidity rate 

are 15-50% and 100% respectively (Johnston et al. 1962). Due 

to the serological cross-reactivity with the bovine herpesvirus 

1, the prevalence of the this is unknown (Vogel et al. 2003).  

 

Pathogenesis 

 

Main portal of entry of the bovine herpes virus into the animal 

is respiratory tract. In case of BHV-5, primary replication 

occurs in mucosa lining of respiratory tract and virus also 

replicate in the central nervous system which leads to the 

neurological damage (Perez et al. 2002; Vogel et al. 2003). 

There are two routes of this virus after entering into the 

body, first is olfactory tract (through axons terminals which 

innervate olfactory mucosa) and second is trigeminal ganglia 

(site where latency occur) (Nakazato et al. 2000). After 

reactivation from the latency, mild neurological signs could be 

seen. BoHV-5 was also be discovered from the central 

nervous system of the aborted fetus (Perez et al. 2002; Vogel 

et al. 2003; Kirkland et al. 2009) 

Clinical signs 

 

BHV-5 causes infection in upper respiratory tract with 

hyperthermia in initial stage. Neurological signs occur after 9-

10 days of infection which involve circling, depression, 

nystagmus, teeth grinding, opistothonus, and tremors, 

anorexia, hypersalivation and recumbency (Carrillo 1982; 

Meyer et al. 2001).  

 

Prevention and Control 

 

No vaccines are available against the BoHV-5 but sometime 

vaccines of BoHV-1 could be used against the infection of 

BoHV-5 due to close antigenic relationship (Cascio 1999). 

 

Malignant Catarrhal Fever Causing Herpesviruses 

 

Malignant catarrhal fever (MCF) is a sporadic, mostly fatal 

disease of cattle and other cloven-hoofed species including 

deer, water buffalo, bison and swine (Schultheiss et al. 2000). 

MCF is characterized by acute lymphoproliferation and 

marked necrosis in susceptible species. MCF is mainly caused 

by one of the two gammaherpes viruses from genus 

Macavirus; ovine herpesvirus 2 (OvHV-2) and alcelaphine 

herpesvirus 1 (AlHV-1). OvHV-2 is naturally present in sheep 

and causes sheep associated MCF (SA-MCF) while AlHV-l is 

naturally present in wildebeest and causes wildebeest 

associated MCF (WA-MCF). These viruses do not produce 

any clinical disease in their natural hosts but cause MCF in 

susceptible species some of which are closely phylogenetically 

related to the reservoir hosts (Bridgen and Reid 1991).  

The MCF Virus (MCFV) group include ten members which 

belong to the genus macavirus of the Gammaherpesvirinae; 

AlHV-1, OvHV-2, AlHV-2 caprine herpesvirus 2 (CpHV-2) 

(naturally infects goat), Ibex-MCFV (naturally infects Nubian 

ibex), hippotragine herpesvirus 1 (HipHV-1) (naturally infects 

roan antelopes), Muskox-MCFV (naturally infects musk ox), 

Aoudad-MCFV (naturally infects aoudad) and MCFV-WTD 

causing the classic MCF in white-tailed deer (may infect 

domestic goats naturally) (Davison et al. 2009; Russell et al. 

2014; Li et al. 2014; O'Toole and Li 2014). 

 

Epidemiology 

 

WA-MCF was initially observed in Africa and SA-MCF was 

initially observed in Europe however these are found 

worldwide wherever sheep or cattle or other MCF 

susceptible species are kept together (Russell et al. 2014). SA-

MCF has been reported in Europe (Collery and Foley 1996; 

Yus et al. 1999), America (Reid and Robinson, 1987), Africa 

(Rossiter 1981), the Middle East (Abu Elzein et al. 2003), and 

Southeast Asia (Wiyono et al. 1994) and Pakistan (Riaz et al. 

2021). 

The transmission of both AlHV-1 and OvHV-2 from 

wildebeest calves and lambs, respectively, appears to occur by 

contact or aerosol transmission routes, under 1-year of age 

(Russell et al. 2014). Shedding of the virus from the natural 

host is associated with lambing or calving (wildebeest) (Li et 

al. 2014). There have been reports of transmission over 

distances of five kilometres between lambs and bison without 

any physical contact. Infected lambs can transmit OvHV-2, 

through nasal secretions to susceptible species without direct 

contact. Similarly, the oral and nasal discharges by wildebeest 
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calves living in a closed area may initiate the transmission 

(O'Toole and Li 2014).  

 

Pathology and Pathogenesis 

 

The pathogenesis of MCF is poorly understood. Studies have 

shown different models of pathogenesis of MCF viruses in 

natural and susceptible hosts. It is assumed that the virus 

takes entry into host’s body through the upper respiratory 

tract and causes primary infection. Later with the progression 

of infection, a generalized cell-associated viraemia develops. 

However, studies have reported that virus is not present in 

the tissues showing lesions and it is thought that tissue 

damages in MCF are due to immunopathological basis. Cell-

mediated/cytotoxic reactions have been implicated in the 

development of lesions (Quinn et al. 2011). Widespread post-

mortem (PM) lesions can be recognized in MCF affected cases 

however the severity of PM findings can vary between 

animals. PM lesions also include extensive inflammation, 

ulcerations and petechial haemorrhages of the systemic 

mucosal membranes, necrotic lesions of mucosa, enlarged 

lymph nodes, papules and erosive lesions on the tongue 

(Russell et al. 2014). Lesions in the upper respiratory track 

involve hyperaemia of the nasal passage, nasal turbinates, 

larynx and trachea with the presence of mucopurulent 

exudates. Ulcers causing corneal perforations result in the 

entrapment of the iris in the cornea (Schultheiss et al. 2000). 

Lymphocytic infiltration is found as major histopathological 

finding in the affected tissues. 

 

Clinical forms of MCF 

 

MCF-susceptible species are considered as dead-end hosts. 

This disease is characterized by the sudden onset of fever as 

well as ocular and nasal discharge, corneal opacity, 

generalized lymphadenopathy, lymphoid cell infiltration, 

degenerative lesions in the mucosa of the upper respiratory 

tract and the gastrointestinal tract. The natural incubation 

period for cattle is generally 2 to 10 weeks but can be as long 

as 9 months. There can be five overlapping clinical forms of 

MCF; head and eye form, peracute, alimentary, neurological, 

and coetaneous (Russell et al. 2014; O'Toole and Li 2014).  

The head and eye form of the disease is the most common 

and characteristic. In this form, symptoms are predominantly 

seen in head and neck regions of the animal. Discharge from 

eyes and nose is a classic feature of this form (Fig. 5). Other 

signs include fever, inappetence, lesions from buccal cavity 

and muzzle, diarrhoea and depression. Initially the nasal 

discharge is serous but may progress to mucopurulent and 

purulent. Ocular swelling, corneal opacity, photophobia, 

enlargement of lymph nodes in the head and neck region, 

hyperventilation, and/or death are the additional 

presentations which can be seen in affected animals (Costa et 

al. 2009).  

Peracute MCF is the most severe form of the disease. It is 

characterized by pyrexia, depression, diarrhoea, dysentery, 

occasional oral and nasal mucosa inflammation and death 

within 24-72 hours. Severe hemorrhagic gastroenteritis is 

prominent in all affected animals. Intestinal MCF is similar to 

the peracute form (Davison et al. 2009).  

Cutaneous MCF and Neurologic MCF are rare forms of 

disease and appear more often in wild ruminants than in 

cattle. Cutaneous lesions may present in the form of circular 

alopecia that secreted clear yellow exudates in the regions 

sometimes at the base of the horns, the dewclaws and the 

interdigital space (Davison et al. 2009). Nervous signs such as 

hyperaesthesia, incoordination, head shaking and pressing, 

nystagmus and muscle tremors may be present in the absence 

of other clinical signs.  

 

 
 

Fig. 5: A cow exhibiting clinical signs of head and eye form malignant 

catarrhal fever. 

 

Diagnosis 

 

Diagnosis is based on history and clinical presentations, like 

corneal opacity and extensive vasculitis characterized by 

fibrinoid degeneration and significant lymphoid infiltration. 

AlHV-1 can be isolated from the peripheral blood leukocyte 

in calf thyroid cells. Cell culture system has not yet been 

developed to propagate OvHV-2. However, presence of this 

virus or its antigens/DNA can be detected by viral gene 

specific PCR tests from the nasal and blood samples. Although 

for the detection of serum antibodies efforts have been made 

and a competition inhibition ELlSA was developed (Li et al. 

2014) but it was not found reliable enough as compared to 

PCR or histopathological tests. Competition Inhibition ELISA 

to some extent can be used to detect increasing or 

decreasing levels of antibodies in a herd. 

 

Control and Prevention 

 

Due to short clinical course of the disease, MCF affected 

animals can die within a few days after the presentation of 

initial symptoms and the treatment is not viable. Serological 

testing has been used as an important diagnostic tool for both 

natural and susceptible species. AlHV-1 and OvHV-2 are 

serologically related (Schultheiss et al. 2000) and antibodies 

from carrier sheep and MCF affected cattle are able to 

recognize AlHV-1 antigen (Rossiter 1981). Due to the lack of 

an OvHV-2 permissive cell culture system, attenuated AlHV-1 

vaccines were used to try and provide protection against 

OvHV-2, however all the efforts proved unsuccessful. Efforts 

are underway to develop systems which could help in the 

production of OvHV-2 vaccines. The other reliable control 

measure for MCF is to keep susceptible species separated 

from potential natural hosts (Lankester et al. 2016).  
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Equine Herpesviruses 
 
Equine herpesvirus 1 (EHV-1) and equine herpesvirus 4 (EHV-
4) are two antigenically different alpha heprpesviruses and 
responsible of important febrile respiratory diseases in horses 
(Poelaert et al. 2019). Equine herpesvirus 2 (EHV-2) is also a 
commonly found EHV and causes upper respiratory tracts 
infections and conjunctivitis in horses of all ages. Equine 
herpesvirus 3 (EHV-3) mostly causes diseases related to 
reproductive tract like equine coital exanthema, a benign, 
progenital exanthematous disease. Equine herpesvirus 5 
(EHV-5), a gamma Herpesvirus, has been found to be 
associated with equine multinodular pulmonary fibrosis 
(EMPF) however the exact mechanism describing the role of 
EHV-5 in disease is unclear (Negussie et al. 2017). Most 
important of the equine herpesviruses are EHV-1 and EHV-4 
(discussed below).  
 
Epidemiology 

 
Both EHV-1 and EHV-4 are distributed worldwide wherever 
horse populations are present. These viruses cause acute 
respiratory disorders, characterized by rhinopharyngitis and 
tracheobronchitis. It has been reported that outbreaks due to 
EHV-4 occur in foals annually (Garvey et al. 2019). Abortion 
is common in pregnant mares due to EHV-1. Abortions can 
occur at any time during pregnancy without the 
demonstration of clinical signs and symptoms. EHV-1 also has 
a neurologic form in which a higher rate of morbidity and 
mortality is seen. Transmission of EHV-1 and EHV-4 occurs 
by direct or indirect contact with infectious nasal secretions, 
aborted fetuses, placentas, or placental fluids (El Brini et al. 
2021). 
 
Pathogenesis 
 
These viruses begin to multiply in the upper respiratory tract. 
Later it spreads to through lymph nodes, lower respiratory 
tract and lungs. Like other alpha herpesviruses EHV-1 and 
EHV-2 also attain latency in trigeminal ganglia. Infection with 
EHV-4 appears to be limited to the respiratory tract without 
obvious viraemia. EHV-1 replicates in female reproductive 
tract and causes cell-associated viraemia that can lead to 
abortion. EHV-1 also causes vasculitis and thrombosis in the 
placenta and transplacental tissues of the foetus which also 
contribute in abortion (Bryant et al. 2018; El Brini et al. 2021). 
 
Clinical Findings 
 
The incubation periods of EHV-1 and EHV-4 are 2–10 days. 
Clinical signs are fever, serous nasal discharge, malaise, 
pharyngitis, cough, indigestion, and enlargement of regional 
lymphnodes. Secondary bacterial infections are not 
uncommon which worsen the respiratory symptoms leading 
to pulmonary disease (Pavulraj et al. 2021). Horses which 

already have encountered the virus previously develop 
antibodies which give some protection and only mild infection 
occurs in subsequent attacks. Neutropenia and lymphopenia 
is also common in all the infected horses. Other lesions 
include lung edema, thymic and hepatic necrosis; 
haemorrhages on various organs (myocardium, kidneys and 
spleen). Histologic pictures revealed also the presence of 
Intranuclear inclusion bodies in above mentioned tissues 
(Holz et al. 2019).  

In neurologic form of EHV-1, less apparent infection occurs, 

with clinical symptoms ranging from in-coordination and 

posterior partial or complete paralysis and recumbency (El 

Brini et al. 2021). In neurologic form less severe ulcers or 

bleeding occurs in meninges, brain, and spinal cord 

parenchyma has also been reported. A few weeks after 

infection, abortion can occur between 7 and 11 months of 

gestation (Bryant et al. 2018).  

 

Diagnosis 

 

Animals with equine viral rhinopneumonitis usually show 

similar clinical signs and symptoms as of influenza, viral 

arteritis, or other respiratory diseases and difficult to 

diagnose clinically. Virus isolation from nasal cavity and upper 

respiratory tract during early course of infection and 

molecular tests like PCR / real-time PCR can help in 

confirmatory diagnosis. In cases of abortion, a similar pattern 

of diagnostic tests can be performed on infected mares and 

aborted foetus. Active and productive virus can also be 

isolated from other tissues including lungs, liver, adrenal 

gland, and lymphoreticular tissues. Serologic testing of mares 

after abortion has little diagnostic value. Recently, peptide-

based ELISA has been developed that not only confirms the 

increasing levels of EHV-1 antibodies in mares but also allow 

differentiation of EHV-1 and EHV-4 specific antibodies 

(Pavulraj et al. 2021). 

 

Treatment, Prevention and Control 

 

Like other viral infections, there is no specific treatment for 

EHV infection. For prevention and control of EHV-1 and 

EHV-4 related diseases, regular vaccination with inactivated 

or live attenuated vaccines and proper management practices 

are recommended. New horses should not be mixed in old 

herds and should be isolated for 2-3 weeks before mixing in 

other horses, especially pregnant mares. To prevent 

respiratory disease caused by EHV-1 modified-live EHV-1 

vaccine is available. Vaccination for both EHV-1 and/or EHV-4 

should begin from 4–6 months of age and then at 4–6 wk 

after first dose. A third dose is also recommended in virus 

prevalent areas at the age of 10–12 months. In pregnant 

mares, vaccination should be performed more frequently at 

3rd, 5th, 7th, and 9th month of pregnancy with inactivated 

EHV-1/EHV-4 ((Bryant et al. 2018; Pavulraj et al. 2021). 
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