f animals

Review

Viral Diseases in Water Buffalo (Bubalus bubalis): New Insights
and Perspectives

Julio Martinez-Burnes
Belkis Corona-Gonzalez 3

check for
updates

Citation: Martinez-Burnes, J.;
Barrios-Garcia, H.; Carvajal-de la
Fuente, V.; Corona-Gonzalez, B.;
Obregoén Alvarez, D.; Romero-Salas,
D. Viral Diseases in Water Buffalo
(Bubalus bubalis): New Insights and
Perspectives. Animals 2024, 14, 845.
https://doi.org/10.3390/
ani14060845

Academic Editor: Fulvio Marsilio

Received: 16 December 2023
Revised: 27 February 2024
Accepted: 28 February 2024
Published: 9 March 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1,2,%

, Hugo Barrios-Garcia L*([, Verénica Carvajal-de la Fuente 1®,

, Dasiel Obregon Alvarez (0 and Dora Romero-Salas °

Animal Health Group, Facultad de Medicina Veterinaria y Zootecnia, Universidad Auténoma de Tamaulipas,
Victoria City 87000, Tamaulipas, Mexico; vcarvajal@docentes.uat.edu.mx

Instituto de Ecologia Aplicada, Universidad Auténoma de Tamaulipas,

Victoria City 87000, Tamaulipas, Mexico

Departamento de Salud Animal, Centro Nacional de Sanidad Agropecuaria (CENSA),

San José de las Lajas 32700, Cuba; bcorona@censa.edu.cu

4 School of Environmental Sciences, University of Guelph, Guelph, ON N1H 2W1, Canada;
dasieloa@uoguelph.ca

Laboratorio de Parasitologia, Facultad de Medicina Veterinaria y Zootecnia, Universidad Veracruzana,
Colonia Unidad Veracruzana, Veracruz 91710, Veracruz, Mexico; dromero@uv.mx

*  Correspondence: jmburnes@docentes.uat.edu.mx (J.M.-B.); hbarrios@docentes.uat.edu.mx (H.B.-G.)

Simple Summary: Buffaloes are typically raised in tropical, flood-prone zones, thus exposed to
conditions conducive to the growth of disease-causing pathogens and their vectors. They generally
share the habitat with cattle, representing sanitary problems because viral agents can transmit between
both species; many are zoonotic and public health concerns. The mobilization and introduction
of buffaloes and their biological products from one continent or country to another pose a risk of
spreading viral diseases considered exotic in certain regions. This underscores the critical need for
rigorous epidemiological surveillance of infectious diseases within buffalo herds. Additionally, it
highlights the potential implications and risks these diseases pose to other livestock species and
public health in newly inhabited regions. This review discusses the more reported viral diseases
in water buffaloes, their characteristics, epidemiology, disease behavior, and interaction with other
species, vectors, and pathogens. The epidemiology of buffalo viral diseases must be continuously
reconsidered and updated to obtain better prevention and control programs.

Abstract: The water buffalo (Bubalus bubalis) has great adaptability to rustic environments and more
variable conditions than cattle, who generally share the habitat. Diseases carried by buffaloes are
relatively unknown and ignored and could be transmissible; an imbalance occurs between pathogens,
environment, and susceptible hosts, generating a severe animal health problem. Also relevant is the
effect of climate change on the populations of vectors that transmit viral diseases. The discovery
of new virus variants that can pass from bovine (Bos) to buffalo or vice versa or to humans has
highlighted the relevance of viruses crossing the host barrier. This review discusses the clinical
viral diseases most reported in the water buffalo, characteristics, epidemiology, and recent findings
about disease behavior, interaction with other species, the host, vectors, and pathogens. Diseases
reviewed include Foot and Mouth Disease, Rinderpest, Malignant Catarrhal Fever, Infectious Bovine
Rhinotracheitis, Bovine Viral Diarrhea, and Rabies. Also, vector-borne diseases include Lumpy Skin
Disease, Ephemeral Fever, and Blue Tongue. The review also considers emerging viruses such as
Buffalo Pox and Schmallenberg and, finally, other viruses such as papillomatosis. The knowledge and
epidemiology of buffalo viral diseases must be constantly reconsidered and updated for adequate
prevention and control programs.
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1. Introduction

Buffaloes (Bubalus bubalis) are native to Asia, and they were taken to Africa, Europe,
Oceania, and later to the American continent to the United States, Venezuela, Argentina,
and Brazil [1-3]. The buffalo population has multiplied and is currently found in all
American countries [4]. The FAO reported the world population as ~206.6 million in 2018.
Minervino et al. [4] identified 77 countries with buffalo herds, estimating 208,098,759 head.
Most of the buffaloes are in Asia (96.7%), followed by Africa (1.6%), America (1.23%),
Europe (0.22%), and Oceania (0.07%), Since the 1970s, the number of buffaloes in the world
has increased by 91%, five times more than that of cattle. Latin America has the highest
growth in buffalo production systems worldwide. The most numerous herds are found
in decreasing order in Brazil, Venezuela, Colombia, Argentina, Cuba, and Mexico [4]. In
Mexico, the arrival of the buffalo was between 1996 and 1998, coming from Belize but of
Asian origin. According to information from the Mexican Association of Water Buffalo
Breeders (AMEXBU), there are currently herds in 21 states [5], with a total of 45,000 head [4].
Therefore, the introduction of buffaloes to Mexico occurred relatively recently, and much is
still unknown about their demographic and epidemiological situation.

The water buffalo has great adaptability to rustic environments, provides an excellent
conversion of vegetables of low nutritional value into better quality meat and milk, and is
well suited for work, which makes it very attractive to producers [3,6]. Its morphological
and physical characteristics facilitate greater adaptation to more variable conditions than
cattle [2,7]. The production of buffaloes is a viable alternative in areas unsuitable for cattle
due to low, flooded, or swampy terrain, and natural grasslands of low nutritional value
in tropical and subtropical climates. The advantages of this livestock species stem from
its physiological characteristics, such as enhanced longevity, rusticity, extended chewing
duration, efficient ruminal processing, disease resistance, and brief anestrus periods.

Buffaloes often cohabit with cattle, posing health risks as infectious agents can transfer
between the two species, leading to a range of diseases that adversely impact produc-
tion [8]. Many of these pathologies are of infectious origin and are transmitted from one
animal to another, and others are zoonotic, infecting humans and generating public health
problems [9]. Raising buffaloes and cattle together or with other domestic animals and
contact with wild animals in different ecological systems expose the species to diverse
pathogens [10]. These arising contagious illnesses induced by viruses, bacteria, fungi,
protozoa, and endoparasites have a significant economic impact. The importation and
exportation of livestock are significant ways of spreading diseases from one continent or
country to another. The behavior of wallowing or submerging in muddy water predisposes
buffalo to different diseases. Mixing with other buffaloes, ruminants, and other animals
further facilitates disease transmission [10].

Despite the buffalo’s numerous benefits in adapting to different environments, it is
essential to remember that in some countries, it is a recently introduced animal whose
health status is still unknown or undervalued. In addition, the role that it can play as
a reservoir of pathogens can have a transmission effect on other ruminants and public
health. A relevant aspect of the coexistence of the water buffalo with other species in
shared production systems is that when the diseases that the buffaloes carry or could
be susceptible to are unknown, an imbalance occurs between the etiological agents, the
environment and susceptible hosts (buffalo and other species), which can generate a severe
animal health problem and place the health of producers and people in contact with animals
or consumption of their by-products at risk [11]. Therefore, the health-disease concept in
buffalo production acquires great relevance. Hence, in this work, we review the clinical
viral diseases most reported in the water buffalo, as their characteristics, epidemiology, and
recent findings allow a greater knowledge about the health of buffaloes, the behavior of
diseases, their interactions with other species, and the interactions of the hosts, vectors,
and pathogens that may be of benefit to veterinarians, professionals, and technicians. The
reviewed diseases include Foot and Mouth Disease, Rinderpest, Malignant Catarrhal Fever,
Infectious Bovine Rhinotracheitis, Bovine Viral Diarrhea, and Rabies. The vector-borne
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diseases include Lumpy Skin Disease, Ephemeral Fever, and Blue Tongue. This review also
considers emerging viruses such as Buffalo Pox and Schmallenberg and other viruses such
as Papillomatosis.

2. Foot and Mouth Disease (FMD)

An Aftovirus, an RNA virus of the Picornaviridae family, generates FMD involving
cloven-hoofed animals with seven main serotypes: O, A, C, SAT 1, SAT 2, SAT 3, and Asia 1,
with several immunological subtypes of different virulence. Since 1978, the Asia 1 serotype
has been reported to be more severe in buffalo than in cattle. Serotype A has also been
detected in buffaloes related to outbreaks in Southeast Asia [12]. Serotypes O, A, and Asia
1 are endemic in India, with O responsible for more than 80% of FMD outbreaks in that
country [13].

Asia-1 is the most prevalent serotype in Pakistan, followed by A and O. Phylogenetic
investigation revealed numerous distinct clusters of serotypes Asia-1 and A. The study
indicates a high prevalence of subclinical FMDV infection in vaccinated buffalo in Pakistan
and highlights the importance of that undetected subclinical infection in FMD surveillance
in endemic regions [14]. Molecular characterization of the circulating FMDV strains associ-
ated with a recent outbreak in Egyptian water buffaloes revealed that the circulating virus
was SAT-2 serotype, closely related to the lineage of lib12, topotype VII, with a similarity of
98.9%, explaining the high morbidity of FMDV outbreaks in Egypt [15]. Phylogenetic and
sequencing analyses demonstrated that serotype O, EA-3 topotype, VP1 is the prevalent
serotype responsible for FMDYV lesions and high mortality in Egypt’s young calves, adult
cattle, and water buffalo [16]. Status of Botswana from 2006 to 2022: SAT2 topotypes I, 1I,
and III and SAT1 topotype I were responsible for most outbreaks in livestock, including
buffaloes [17]. In Egypt, the emerging FMDV serotype A, the Europe-South America (Euro-
SA) topotype, was recently detected during severe outbreaks that affected several farms,
with higher mortalities in water buffalo than in cattle [18].

FMD is almost everywhere, excluding North and Central America (north of Panama),
Australia, New Zealand, Japan, Great Britain, and Scandinavia. European Union (EU)
countries are usually free [19]. Severe cases have been described in native swamp buffalo
from India, Egypt, Romania, and South America [20,21]. For North and Central America, it
is considered exotic and is one of the main objectives of prevention and control strategies
for its entry.

FMD is an acute and highly transmissible infection that can disseminate to extensive
areas due to the movement of infected or contaminated animals, products, objects, and
individuals. The susceptibility of buffaloes to FMD varies by country and virus strains.
Cattle and buffalo are mainly infected by aerosol transmission, ingestion, or direct contact.
The disease is transmitted during the acute phase, from cattle to buffalo and vice versa [22].
Humans can become contaminated via skin or oral mucosa breaks by managing sick
animals, virus in laboratories, or by consuming infected milk. Infection in humans is
transient and benign, so it is not deemed a severe public health concern, but due to the
number of impacted species, the high infectivity rate, and the fact of virus shedding before
clinical signs appear, it is one of the most feared notifiable diseases. In addition, because
of the similarity of FMD with other vesicular or ulcerative diseases, it is considered a
disease for mandatory notification; its differential diagnosis is essential at the first sign
of an unusual outbreak. The incubation period is 2-21 days (average 3-8). The infection
(morbidity) rate can reach 100 percent; however, low mortality in buffalo can increase by
20-25%. Persistent infection in buffalo during the first 35 days after infection is similar to
that in cattle [22]. The role of the buffalo as an FMD transmitter that can keep the disease
persistent in the absence of clinical disease has been confirmed since 2009 [12].

Clinical signs of FMD in bovines and buffaloes are salivation, sadness, anorexia, and
limpness due to vesicular skin lesions on the lips, tongue, gums, nostrils, coronary bands,
interdigital spaces, and nipples (Figure 1). Initially, there is fever and decreased milk
production. Vesicular lesions become ulcerative and susceptible to infection. Pathological
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changes include non-suppurative lymphoplasmacytic myocarditis [16]. FMD has been
reported in the Indian buffalo (Bubalus bubalis) with characteristics similar to those in cattle,
with differences in minor lesions on the tongue and initial scaly lesions on the feet that
eventually became vesicular in buffaloes [22]. Lactancy can be diminished by up to 30% in
buffaloes. The disease can be more severe in lactating buffalo, with high mortality. However,
all age levels are equally affected and sometimes with high mortality [23]. Vesicular and
ulcerative eruptions characterize postmortem findings.

Figure 1. Female buffalo with severe ulcerative lesions on the gums with Foot and Mouth Disease.
Images kindly provided by Dr. Karima Akool AlSalihi, Associate Professor, College of Veterinary
Medicine/Al Muthanna University, and Dr. Jalil Abed Gatie /Consult/ Veterinary directorate,
Ministry of Agriculture of Iran.

Strategies for FMD control depend on the existing health situation. For free countries,
eradication implies a norm of non-tolerance to the presence or possible invasion of the
virus. In contrast, in countries considered endemic, control implies virus tolerance, but its
effects are minimized with vaccination and other animal health actions [24]. Within the
control strategies, sanitary slaughter is used, which is applied when outbreaks occur in
countries that are free of FMD or as the final stage in an eradication campaign. Control of
the movement and importation of animals and products from countries with the disease to
other free ones, eliminating the origin of infection (slaughter of all infected populations and
those in contact), and epidemiological studies are essential in the eradication. In countries
that “live” with the disease, immunization methods have been studied through inoculation
twice a year, with a cocktail vaccine containing the specific serotypes circulating locally. The
VP1 capsid protein has been proposed by molecular studies as a significant immunogenic
site and tested for vaccines with encouraging results [25]. Recently, the first report on the
genetic and antigenic variation of FMD virus during virus persistence in cattle and domes-
tic Asian buffalo was published. The proportion of animals from which virus RNA was
recovered was not significantly different between cattle and buffalo. However, the virus
was isolated from a higher proportion of buffaloes and for a longer time compared to cattle.
Authors suggest that this may reflect differences in virus-host interactions between cattle
and buffalo that may allow longer survival in buffalo. Alternatively, differences in secretory
antibodies (avidity or amount) between cattle and buffalo could decrease successful virus
recovery from cattle samples [13]. In India, successful long-term vaccination programs
have reduced FMD presentation and losses [26]. However, in Southeast Asian countries,



Animals 2024, 14, 845

5o0f24

despite many years of vaccination, numerous factors have impeded successful FMD con-
trol, including unregulated “informal” cross-border movement of livestock and livestock
products, difficulties in implementing vaccination programs, the emergence of new viruses,
topotypes, and lineages, low-level technical capacity and biosecurity at the national level,
limited farmers’ knowledge of FMD, failure to notify and respond to outbreaks on time,
and limitations in national and international FMD control programs [12]. Continuous
monitoring and serotyping of the existing circulating FMDV isolate and regular vaccination
with reevaluation of the currently used vaccine are recommended in Egypt to prevent the
recurrence of outbreaks [16].

3. Rinderpest

The causative agent of rinderpest is an RNA virus, family Paramyxoviridae, genus
Morbillivirus, characterized by a high rate of morbidity and mortality with virulent strains
that in India can reach up to 77%, but variable with mild strains. It affects cattle, water
buffalo, sheep, goats, and wild animals. It does not affect humans and is not a public health
risk. Buffalo susceptibility is variable: Egyptian and Turkish buffalo appear reasonably
resistant, while Far Eastern species appear highly susceptible. Indian buffaloes are three
times more susceptible than cattle, possibly due to host specificity to virus strains [27]. The
disease has been eliminated from most of the planet. Nevertheless, it has continued to
occur in India, Pakistan, the Philippines, and Turkey, countries where buffaloes are raised.
The virus has never been reported in the Americas, Australia, or New Zealand [20]. The
virus is transmitted by direct and indirect contact through secretions, urine, feces, vaginal
discharge, and milk. The main place of attack is the epithelium of the upper or lower
respiratory tract. The incubation period in buffaloes is 3-7 days, but this can vary due to
differences in innate resistance [28].

Clinical findings of rinderpest in buffaloes include fever (40-42 °C), depression,
anorexia, reduced rumination, rough coat, and increased respiratory and heart rates. After
two to three days, there is congestion of the mucous membranes, intense mucopurulent
tearing and abundant salivation, anorexia, necrosis, and erosion of the oral mucosa. Subse-
quently, profuse hemorrhagic diarrhea with mucus and necrotic debris occurs. In addition
to severe tenesmus, dehydration, abdominal pain, abdominal breathing, weakness, de-
cubitus, hypothermia, and death can occur within seven to twelve days [20]. A peracute
form has been described in young and neonatal animals, and an atypical form even with
abortion and nervous signs. Because of the virus’s lymphotropic effect, latent infections
exacerbate susceptibility to other infectious agents. The characteristic lesions are hemor-
rhages, necrosis, erosions in the mouth, intestine, respiratory tract, lymphadenomegaly
with edema, dehydration, and emaciation [20].

Since there is no specific treatment, only supportive treatment for diarrhea and fluid
loss, sanitary prophylaxis should be used, with isolation or sacrifice of ill and in-contact
animals, destruction and proper disposal of carcasses and infective material, and protection
of unaffected areas. For free countries, the same strategies to avoid introduction where
Foot-and-Mouth Disease is mentioned as an exotic disease would be applicable [20]. In
areas considered epizootic, the attenuated virus strain vaccine is used, which delays
immunity but lasts for life, or it can be readministered in problem areas. The OIE also
recommends heat-stable recombinant vaccines [29]. The Global Rinderpest Eradication
Program (GREP) was initiated in the 1980s [28]. GREP was coordinated by the Food and
Agriculture Organization of the United Nations (FAO) in collaboration with the WOAH and
major donors such as the European Commission, and progressively reduced the number of
countries with the disease; the last outbreak was in Kenya in 2001. The world was officially
declared free of rinderpest in 2011, and it is the first animal disease to be completely
eradicated in human history [30]. However, it is imperative to consider it in the differential
diagnosis of ulcerative and erosive diseases since it is mandatory to report them and to
continue considering all measures and strategies to avoid their reappearance and entry
into different countries.
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4. Malignant Catarrhal Fever

Malignant Catarrhal Fever (MCF) is caused by a lymphotropic herpes virus of the
Orthoherpesviridae Family, subfamily Gammaherpesvirinae, Genus Macavirus with two
species or strains: Macavirus alcelaphinegammal (AIGHV1) and alcelaphine gammaher-
pesvirus 2 (AIGHV2), endemic in wildebeest and antelope, respectively. In addition, a
sheep-associated form (SA-FCM) identified as Macavirus ovinegamma2 (OvGHV?2) is en-
demic in sheep and represents a worldwide problem in cattle and buffalo, as well as the
form recently associated with Macavirus caprinegamma2 (Cp GHV-2), endemic in domes-
tic goats [31]. It is a pansystemic, frequently fatal disease that occurs as a complex of
syndromes that affect ruminant cattle, water buffalo, American bison, and cervids.

The principal carriers and their viruses are sheep (ovine herpesvirus-2), wildebeest
(alcelaphine herpesvirus-1), and goats (caprine herpesvirus-2). Another strain of unidenti-
fied origin causes MCF in white-tailed deer. Virtually all clinical cases are caused by the
sheep or wildebeest viruses.

Regarding epidemiology, AIHV-1-associated disease can be seen in zoos worldwide
and areas of sub-Saharan Africa that contain wildebeest and is the most important MCF
virus in parts of Africa. However, OvHV-2-associated disease can also be seen. In contrast,
OvHV-2 is the main cause of MCF in animals outside of Africa [31]. In the African form in
wild animals, the virus can be transmitted from a latent infection by the African antelope,
which includes the wildebeest, grassland antelope, and the topi or Damalisco, and occurs
in the wild, zoos, and parks. Domestic and wild sheep and goats are also considered virus
reservoirs [32]. Sheep-associated MCF occurs worldwide, and immunosuppression factors
are necessary as precursors of this form [33]. A cross-sectional study on the prevalence and
molecular detection of OvHV-2 in apparently healthy buffalo in Pakistan confirmed that
they could be carrying OvHV-2 acquired from OvHV-2-positive sheep and goats [34].

There is no evidence of transmission to humans. Sheep-associated MCF is of great
economic concern in Indonesia, where water buffaloes are commonly housed with sheep
and goats [35].

MCEF affects all ages and breeds of buffaloes, which are more susceptible than cattle,
with a morbidity of 20-50%, and it is common in late winter/spring [23]. The prognosis
of MCF is unfavorable; once clinical signs are observed, mortality in buffalo is usually
75% to 100% [31]. The incubation period can be up to 200 days. The disease has been
reported in most buffalo-rearing countries [20]. There are reports of MCF in swamp buffalo
in New Zealand [36,37], in Indonesia [38], and in Thailand in association with sheep [39].
In the Americas, there is a report of a single outbreak in Murrah buffaloes in Brazil with the
OHV-2 virus [33], kept with cattle and sheep, with high mortality and a trend of a single
outbreak, similarly to what occurs in other countries [32].

MCEF is an unpredictable disease; cases sometimes occur in animals exposed to carriers
but without incident for years. It is unclear why animals do not always become ill upon
exposure to carriers. However, stressors that increase virus shedding in the carrier and
susceptibility in the incidental host, environmental conditions (high humidity) that increase
survival or concentrate virus, or unusually high virus replication, have been suggested as
possible factors. Pregnant and younger animals appear to be more susceptible.

Classic MCF presents in cattle with fever, ocular and nasal discharge, panophthalmitis,
corneal opacity; generalized lymphadenopathy; arteritis, inflammation, and necrosis of the
digestive, respiratory and urinary mucosa; dermatitis; neurological signs and arthritis [20,32].
In cattle, four clinical forms are described: Peracute, intestinal, head and eyes, and mild. In
buffaloes, the disease is seen in the head and eyes or in intestinal forms [23]. In Indonesian
buffaloes, skin hyperemia, lymphadenomegaly, and depression have been described [38].
Typical signs in buffaloes include anorexia, high fever, depression, and poor body condition,
with necrosis and erosive-ulcerative oral cavity lesions. Neurological signs include ataxia
and severe seizures leading to death. Diarrhea and hematuria are also seen in buffalo [36,37].
Other reports in Thailand describe the same lesions and severity in buffaloes and cattle, with
generalized vasculitis with fibrinoid degeneration [39]. Signs and lesions in water buffaloes
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are similar to those in cattle, except that fibrinoid arteritis is uncommon, oral and esophageal
lesions are rare, keratitis is relatively mild with inconsistent corneal opacity [31,39], and
epicarditis-myocarditis is usually present, with myocardial necrosis [38,39]. In the Americas,
it has been described in an outbreak of MCF in buffaloes in Brazil that clinical manifestations
and lesions were similar to those previously described in cattle and from various geographical
locations with MCF due to OvHV-2 and in Africa associated with AIHV-1 [40]. The authors
confirmed the association of OvHV-2 in this outbreak [33]. This is one of the few studies from
Brazil that have identified OvHV-2 DNA in sheep during MCF outbreaks [40]. Based on signs
and lesions of FCM, it is necessary to consider it in the differential diagnosis of vesicular and
ulcerative diseases, in addition to being mandatory to report due to risk.

Regarding prophylaxis, there is no effective vaccine for MCE. Experimental killed
virus vaccines are not consistent in generating protection under challenge; however, some
have induced significant virus-neutralizing antibody titers. Also, there is a prospect for
a future modified live virus vaccine. In addition, there is no specific treatment and only
support [20]. Therefore, disease control is possible by separating cattle and buffalo from
possible reservoirs, such as sheep, goats, and wildebeest, especially during calving seasons.
Repopulation of cattle ranches with antelope alcelaphines, wild sheep, or goats should be
discouraged. In either case, a negative MCF serological test or a negative PCR test should
be required for any wild ruminants before they are placed in or transferred between zoos to
prevent the introduction of potential virus carriers. The immediate separation of the bovine
or susceptible sheep and goats host or the alcelaphine or wild ruminant is mandatory to
contain an outbreak in buffaloes [20].

5. Infectious Bovine Rhinotracheitis

Infectious Bovine Rhinotracheitis or Infectious Pustular Vulvovaginitis IBR/IPV) is an
infectious disease of cattle due to the bovine herpes virus 1 (BHV-1 or BoV-1H), belonging
to the family Herpesviridae, subfamily Alphaherpesvirinae. Buffalo Alphaherpesvirus was
differentiated from BHV-1 on restriction profiling of viral DNA in Australia, indicating that
it might be a different species [35]. Studies in Italy established that buffaloes are exposed
to both BHV-1 as well as Bubalino Herpes Virus 1 (BuHV-1) at the population and herd
level but not associated with mixed herds, with a high prevalence of coexistence of the two
viruses at the herd level [41,42]. Mortality is low, but economic losses can be considerable.

BHV-1 can infect the upper respiratory or reproductive tracts and disseminate via
monocytes, other leukocytes, and peripheral nerves, evoking latent infection in neuronal
cells of the trigeminal and sacral ganglia. Latent infection permits the virus to prevail
in infected hosts for undetermined periods. Reactivation can occur spontaneously or be
induced by natural or artificial immunosuppressive stimuli (labor, transport), leading to
virus replication, re-excretion, and environmental spreading [20].

IBR-susceptible species are domestic and wild cattle. Transmission occurs through
aerosols, direct and indirect, contact and venereal, artificial insemination, respiratory, eye,
and reproductive secretions (amniotic fluid, placenta, fetus, and semen) of infected animals,
for ten to fourteen days after infection, even asymptomatic, and also through milking
machine suckers [35]. The incubation period is from two to twenty days.

The distribution of the disease is worldwide. The virus was first isolated in Australia
(1972), then in Malaysia, India, and Egypt. In India, seropositivities from 7.1% to 58% to
BHV-1 have been described in buffaloes [20,43,44]. In Italy, serological investigations have
shown seroprevalences ranging from 59 to 82% in herds and 30 to 80% in animals, with
a more active viral circulation when buffalo and domestic cattle are raised together [20].
The first experimental transmission of BoHV-1 in buffaloes was carried out in Italy in 2010,
confirming its susceptibility to infection and the buffalo’s possible role as host/reservoir of
the virus [45]. Also, in Italy, the first virus isolation of BoHV-1 was described in cases of
natural infections in buffaloes with rhinotracheitis and abortions in 2011 and 2012 [46].

In 2012, investigations of buffalo herds from a farm in central Italy (Marche region)
with severe clinical respiratory symptoms in young buffaloes showed that one young buf-
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falo’s viral isolation from nasal swabs was characterized by PCR and genomic sequencing,
resulting in a 100% homology with the glycoprotein E (gE) of Bubaline herpesvirus type 1
(BuHV-1). The study concluded that BuHV-1 was detected in young buffaloes with severe
respiratory clinical symptoms for the first time [47].

In the same country, seroprevalences of 59% have been described in buffaloes with
higher seropositivity to BuBHV-1, which is why it is considered the main circulating
infection of alphaherpesvirus with an impact on mobilization and commercialization [48].
In a recent study in southern Italy, using real-time PCR, fetuses of 14 water buffaloes
that showed abortions were positive for BuHV-1 (4 animals) and/or BoHV-4 (11 animals),
with one of these cases showing co-infection, reporting the first identification of BoHV-4
in water buffaloes [49]. Studies in Switzerland provided evidence for the potential roles
of water buffaloes in the epidemiology of ruminant pestiviruses and possibly bovine
alphaherpesvirus 2, indicating that water buffaloes are susceptible to interspecies viral
transmission and may act as intermediate hosts or even as reservoirs for these viruses [50].

Studies in Brazil describe antibodies against IBR/IPV in 59% of buffalo sera using the
ELISA test [51] and by micro serum neutralization of 14.7% [52]. The first report of the
isolation and molecular characterization of BuHV1 in buffaloes in South America, according
to Maidana et al., was in 2014 in Argentina [53]; it was suggested that two different lineages
of BuHV1 circulate in the buffaloes of that country. In Mexico, the first report of serological
evidence of BHV1 in buffaloes was in Veracruz, with 57.6% of animals seropositive over
seven years of age in five ranches. Cohabitation with cattle was an important factor for the
transmission of bovine herpesvirus in water buffaloes [54]. A second study in 368 buffaloes
showed a seroprevalence of 59%, with a higher prevalence in those older than seven
years (86%) and in females with a history of abortion, although without apparent risk of
interaction with cattle [55].

The respiratory form is characterized by fever (up to 42 °C), diminished milk pro-
duction, anorexia and emaciation, severe hyperemia of the nasal mucosa (red nose), with
multifocal necrosis (Figure 2A,B), serous discharge from nose and eyes, conjunctivitis,
hypersalivation, mastitis, cough and, infrequently, death from obstructive bronchiolitis
or secondary bacterial bronchopneumonia. The respiratory form can be complicated by
abortive one with late abortion (between the fifth and eighth month of gestation) and
retained placenta, which may be the only manifestation. In the genital form, the disease
lasts two to three weeks with moderate fever, hyperemia of the genital mucosa with 1
to 2 mm vesicles, white discharge from the vulva, pollakiuria, and decreased milk pro-
duction, and males suffer balanoposthitis. The disease is more severe in calves under six
months, with diarrhea, meningoencephalitis, blindness, and high mortality [56]. Due to the
type of BHV-1, lesions in the mucosa should be considered in the differential diagnosis of
other viral ulcerative diseases included in this review, mandatory reporting, and exotic for
some countries.

Regarding prophylaxis, there is no specific treatment; broad-spectrum antibiotics
can prevent secondary bacterial bronchopneumonia. Once the virus is in a region, it is
difficult and expensive to eradicate since animals become inapparent carriers when the
disease is established. Routine testing and elimination of positives have been successful in
some countries.

Because BoHV-1 and BuHV-1 are genetically related, it is difficult to differentiate
these two infections during IBR control/eradication programs. There are no indirect tests
accurate enough to differentiate BuAHV-1 and BoAHV-1 infection; seroneutralization does
not differentiate them. Recent studies have explored the potential of a newly developed
glycoprotein E (gE)-enzyme-linked immunosorbent assay (ELISA) test to differentiate both
based on their specific infection status [48].

Different types of inactivated vaccines for BoHV-1 are available, but free countries
restrict their use. However, only Austria, Denmark, Finland, Switzerland, and Sweden have
eradicated it [20]; in others, eradication is not considered necessary or a priority. However,
no commercial vaccine has been developed to date for the control of BuHV-1. Marker
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vaccines lacking one or more genes in charge of glycoprotein or enzyme synthesis are also
used and enable differentiation of vaccinated animals, called Differentiating Infected from
Vaccinated Animals (DIVA). Deleting the gene encoding glycoprotein E (gE) of BoHV-1
is the most generally used genetic marker for the BoHV-1 DIVA vaccine. This vaccine
facilitates the differentiation of immunized animals (gE-negative) from infected ones with
wild-type BoHV-1 or vaccinated with traditional non-deleted vaccines (gE-positive) by gE-
specific ELISA test. Using the single BoHV-1 gE-deleted marker vaccine to control BuHV-1
in water buffaloes has been shown to result in cross-protection against BuHV-1 [57].

Figure 2. (A) One-to-two-year old female water buffalo with ptyalism and multifocal erosive lesions
on the nose (arrow) and gums (arrowhead) caused by IBR at a ranch in Veracruz, Mexico. The female
and the dam tested serologically positive for IBR. (B) Female with multifocal ulcerative stomatitis
(arrowheads) at the same ranch in Veracruz, Mexico.

Recent studies in Italy evaluated an IBR marker immunization protocol to vaccine
against BoHV-1 in buffalo species to protect against BuHV-1. The study findings indicate
that the IBR immunization protocol used to vaccinate cattle against BoHV-1 does not protect
water buffalo against wild type BUHV-1 challenge. Also, further studies are necessary to
test increasing the dose used in cattle to vaccinate water buffaloes [58].



Animals 2024, 14, 845

10 of 24

6. Bovine Viral Diarrhea

This disease is caused by the Bovine Viral Diarrhea virus (BVDV) of the Pestivirus
genus, family Flaviviridae, and can develop many different variants.

Currently, the genus is split into three species: Pestivirus A (Bovine viral diarrhea
virus 1, BVDV-1), Pestivirus B (Bovine viral diarrhea 2, BVDV-2), and Pestivirus H (HoBi-
like pestivirus, atypical ruminant pestivirus) [59]. The origin of HoBi-like viruses is un-
known. One hypothesis is that they originated in South America and were introduced to
other continents through contaminated biological products, such as fetal bovine serum and
vaccines. Another explanation is that the emergence of HoBi-like viruses in cattle resulted
from a host species jumping from water buffalo to cattle. Furthermore, the virus presents
two biotypes: one that produces cytopathic effects (CPE) in cell culture and another that
does not (non-CPE). Persistent infections are caused by the non-CPE viruses that likewise
induce fetal malformations, while CPE viruses induce mucosal disease (MD) [20,60,61].
The non-cytopathic form is the most common in cattle [62].

The disease caused by these new viruses resembles the clinical presentations associated
with BVDV infection [59]. This type of virus has been reported in cattle in Europe, Asia,
and America (Brazil) [10]. In addition to cattle, other ruminants are infected with BVD,
including water buffalo. The high prevalence of BVDV in many countries is thought to
be a result of the ability of non-CPE BVDV to establish lifelong infections after uterine
infection earlier in gestation, thus inducing a pool of persistently infected animals, which
become immunotolerant and shed the virus [63]. This biotype is the most often isolated,
capable of vertical transmission, and responsible for permanent circulation. Its propagation,
manifestation, and distribution depend on its properties, transmission modes, animal
immune status, and demographic risk factors [20].

Studies on buffaloes in some countries show very low seroprevalences to BVDYV,
4.9% in Southeast Asia, or absent [64], and 3.4% in Cambodia [65], assuming that buffaloes
are less susceptible than cattle. However, they are small herds, and the risk of being
seropositive is associated with increased herd size or no permanently infected calves.
In contrast, the prevalence of BVDV in buffaloes in nine Indian states was 23.2% [66].
Studies in Australia from 1993 to 2001 also describe low seroprevalences (4.5%) in buffaloes,
showing they are susceptible, but did not identify persistently infected animals [67]. In 2009,
subgenotype 1b was identified in aborted buffalo fetuses in Italy [68]. Reports from Brazil
describe serological evidence of the presence of BVDV in water buffalo herds from beef and
dairy farms, with two different epidemiological situations. The first noted seroprevalences
from 39.6% to 51.3%, with very variable titers that follow active infection, in large, open
herds, with many management practices. The second, with low seroprevalences from
8.1% to 11.1% and with slight variation in titers, suggests an epidemiological condition
of infection stability, but in small, closed herds, with few management practices and no
introduction of new replacements [69]. Recently, active infection with BVDV subgenotype
1b was identified for the first time in Brazil’s two herds of dairy buffaloes [70]. Of interest,
the virus has been detected in fetal bovine serum from Brazil, Australia, Canada, the United
States, and Mexico [59,71]. Studies in Argentina showed high positivity against BVDV-1
and BVDV-2 in buffalo herds. Molecular analyses confirmed the existence of persistently
infected buffaloes in serologically negative animals, and the presence of natural coinfection
with two different subtypes was confirmed: BVDV (la and 1b subtypes) and also with
both BVDV species (BVDV-1 and BVDV-2) [72]. In Mexico, Medina-Gudifio et al. [73]
reported for the first time the molecular detection of BVDV subgenotype 1b, biotype CP in
captive water buffaloes. In recent studies in Switzerland [50], seropositive water buffaloes
were detected by ELISA and confirmed by VNT. Considering the ban on anti-pestivirus
vaccines in that country, results strongly suggest that seropositive water buffaloes on the
three farms had been transiently infected with BVDV. The highest antibody titers were
measured against BVDV1h, which was the most frequent subgroup in Switzerland prior to
eradication, arguing for a bovine source of transmission.
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BVDV is described as a persistent disease of the mucous membranes and as a hemor-
rhagic syndrome. Clinical findings are influenced by host factors such as BVDV immune
status (immunocompetence or immunotolerance), gestation period, and the BVDV geno-
type involved. Clinical signs in buffaloes are milder than those in cattle but similar in
chronology. Buffalo calves experimentally infected with BVDV showed a temperature
increase of 40 °C, nasal and lacrimal discharge, and diarrhea. Also, erosive and ulcerative
stomatitis with congestion of nasal mucosa and gums, and mild leukopenia (neutropenia
and lymphopenia) that later became leukocytosis (neutrophilia) were observed from day 15
to 32 [20]. The disease behavior is an acute and persistent infection and, depending on the
epidemiological events, can manifest as outbreaks involving large numbers of animals or
as a continuous low incidence of cases in herds. The economic impact is due to productive
and reproductive losses: low milk production, reduced conception rate, abortions, fetal
mummifications, congenital malformations, weak calves, and increased mortality [56].

The findings of new viruses highlight the importance of intensifying prophylaxis
measures to control BVDV infection in cattle and also in buffaloes because these species
coexist in different countries. The main prophylaxis is prevention since there is no treatment.
The most important thing is careful selection, proper diagnosis, and avoiding herd contact
with carrier animals. Prevention focuses on good management and a vaccination program,
although vaccines achieve only partial protection; in any case, they will decrease the
incidence. A modified live virus or killed virus vaccination program should begin between
four and six months of age, at the end of colostral protection, and be repeated before
breeding. In the absence of characteristic clinical signs associated with BVDV, diagnosis is
based on detecting the virus in the laboratory, of antigens or antibodies in serology, or in
milk from unvaccinated dairy herds [56].

7. Blue Tongue

Bluetongue (BT) is a disease caused by a virus of the Reoviridae family, Orbivirus
genus, and biologically transmitted by five species of Culicoides mosquitoes; others con-
sider that at least 20 species may be vectors. Without these vectors, direct or indirect contact
between animals does not transmit the virus [74]. The hosts are all domestic and wild rumi-
nants: sheep, goats, cattle, buffalo, dromedaries, and deer, among others. The incubation
period varies from 4 to 20 days [20,75]. As of 2020, 28 serotypes had been reported globally,
with putative serotypes recently described [75,76].

The distribution of BT is also associated with the distribution of Culicoides vectors.
The BT virus can be introduced into new regions by importing infected animals; however, it
will only survive if vectors are present [20,74]. BT is a clinical disease in Africa, the Middle
East, India, China, the United States, Mexico, and southern Europe. Positive serologic tests
have also been found in Southeast Asia, northern South America, northern Australia, the
Solomon Islands, and New Guinea, and, in buffalo, in Egypt, Botswana, New Guinea, and
India, with seroprevalences as high as 92% [20,76]. A systematic review and meta-analysis
of seroprevalence of BT in India in 2653 buffalo samples showed an overall seroprevalence
of 35%, with variations across regions. Though buffaloes are susceptible to BTV infection,
generally they do not show overt clinical signs of the disease. Since buffaloes are sub-
clinically infected with BTV, they may play an important role in BTV transmission and
have significant implications in BT control by vaccination in India [77]. In Switzerland [50],
seropositive water buffaloes were detected by competitive ELISA, considering that water
buffaloes are susceptible to BTV infection and that a natural infection with BTV seems most
likely to occur.

In Mexico, there is a history of seropositivity in cattle, sheep, and white-tailed deer,
in the latter with seroprevalences of up to 81% but without clinical outbreaks, indicating
enzootic stability [78], as occurs in Texas with 90% seropositivity. The first report of clinical
hemorrhagic disease in deer in Mexico corroborated by PCR was described by Martinez-
Burnes et al. in 2017 [79]. However, there are no reports of buffaloes.
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All ruminants are susceptible to BT infection, but clinical disease occurs more fre-
quently in sheep, white-tailed deer, and cattle. Under natural conditions, it may also
be present in elk, pronghorn, antelope, deer, mouflon, captive yak, camelids, and ele-
phants [75]. BT induces mucosal inflammation, congestion, swelling, and bleeding. The
infection is generally subclinical in cattle and buffaloes. Sheep are the most affected. Dis-
ease manifestations can vary and exhibit fever (42 °C), emaciation, inflammation, ulcers,
and necrosis in gums, cheeks, and tongue. In a small proportion of cases, cyanotic tongue,
redness, and hemorrhages of the coronary band (above the hoof) cause lameness—abortion,
congenital malformations and sometimes pneumonia [80]. The responses of buffaloes to
disease could rely on the serotype, infecting dose, and the species implicated in infecting
the buffalo [56].

Preventing BT in free zones requires quarantine, serological studies, and vector control.
In infected areas, health prophylaxis is through vector control. Vaccination prophylaxis with
modified live virus or buffered polyvalent vaccines is possible. Autochthonous serotypes
obtained from field infections must be preferentially used in the vaccines [75].

Pregnant ewes should not be vaccinated because of the fetal abnormalities and abortion
risk [56]. It is a mandatory reporting disease, and its presence or that of antibodies restricts
the mobilization or export to free countries.

8. Rabies

Rabies is an infectious disease caused by an enveloped RNA virus of the Rhabdoviridae
family and Lyssavirus genus that affects the central nervous system (CNS) in various
mammalian species [20,81].

Rabies is commonly reported in cattle but infrequently in water buffalo or is under-
estimated. The main transmitters in these species are blood-sucking bats, particularly
Desmodus rotundus, which inoculate the virus in saliva [82]. However, some countries, such
as India, report cases in buffalo where it is assumed that the rabies virus is transmitted
by stray dogs or rabid mongooses [83]. Reports in buffaloes are rare since they defend
themselves well against rabid animals. In some countries, no cases have been reported
in buffaloes due to transmission by bats, such as in cattle. However, the mortality of
the buffaloes is 100 percent. In Punjab, India, an enhanced surveillance for rabies at the
state-wide level estimated that 98 (34-294) buffaloes would be expected to be confirmed
with rabies annually [84]. Rabies exists in most countries, except on islands with strict
quarantine regulations. The incubation period is almost three weeks [20,85].

In recent years, the molecular epidemiology and diagnosis of rabies has been based
on the G gene [85]. G glycoprotein plays an important role in viral pathogenicity and
neurotropism [86]. Based on this, a phylogenetic analysis of the Chinese buffalo virus
was performed compared with other animal isolates. Immunofluorescence confirmed the
virus’s presence in a sick buffalo’s brain; it was isolated and named strain Hubei070308,
and with G gene sequencing, it was found that the rabies virus has territoriality but is not
species-specific [87]. Many amino acid substitutions in the G protein were found among
viruses isolated from different animal species or the same species distributed in different
geographic regions. These substituted amino acids may explain why the rabies virus can
cross the host barrier to infect from one animal species to another [87]. There are reports
of rabies in buffaloes in Brazil in a herd in an area considered endemic for bovine rabies;
however, the cases were in young animals that had only received a first vaccination against
the virus [82]. According to official figures in Mexico, positive rabies cases in buffaloes
were reported in 2012 in Veracruz and 2013 in Oaxaca.

The clinical signs of rabies in buffalo resemble those in cattle. A paralytic form (drool-
ing, gnashing of teeth, tail wagging, anorexia, rigidity of the hind legs, paralysis, decubitus,
death in two or three days) or a furious form (hypersensitivity, sexual arousal, dysphagia,
rubbing or hitting the forehead against the ground and other inanimate objects such as
troughs, loud bellowing, collapse, and death) can occur [56]. In clinical nerve paralysis or
ataxia, rabies should be considered in the initial diagnosis, and the official diagnosis by
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immunofluorescence, histopathology, mouse inoculation, or molecular techniques should
be confirmed according to the health guidelines of each country [82].

In those countries where rabies is considered to be transmitted by canine or wildlife
bites, wildlife around animal farms should be controlled, and dogs and cats vaccinated [23].
In countries with blood-sucking bats, such as South America, Central America, and Mexico,
vaccination campaigns for cattle and buffalo herds should be followed, as well as official
control of populations of bats with the presence of the virus, not only to avoid losses in
livestock but also because it is an important zoonosis.

9. Bovine Ephemeral Fever

A virus of the Ephemerovirus genus of the Rhabdoviridae family causes Bovine
Ephemeral Fever (BEF). It falls under the arbovirus category, known as “Three-day disease
or Three-day fever”. It is an arthropod-borne viral disease of cattle and buffalo with
subclinical involvement in various ruminant species. By phylogenetic analysis based on
the Glycoprotein gene, BEFV strains are divided into four clusters: Middle East, East Asia,
South Africa, and Australia [88]. It has been suggested that cervid species may serve as
important reservoirs for transmitting the disease [89], which manifests clinically by the
sudden onset of fever, lameness, rigidity, and spontaneous recovery in three days [23,90,91].

BEF virus is transmitted by biting insects, particularly mosquitoes, mainly Culex
annulirostris; however, the virus has been isolated from eight species of Cullicoides—
sucking mosquitoes. Climatic conditions influence the distribution of insects and the
pattern of disease spread and time of onset. Therefore, most cases occur in hot and humid
conditions. Rainfall, prevailing wind patterns, streams, or other ground water sources have
a significant effect on its occurrence, particularly in wet and dry seasons [88].

The subtropical and temperate regions of Africa, Asia, Australia, and the Middle
East have had the main BEF epidemics [90,91]. The disease is unknown in New Zealand,
Europe, and the Americas [92]. Mortality is low (1 to 2%), but there are reports of mortality
or slaughter of up to 10 to 20%. However, morbidity is considerable (100%), leading to
enormous economic losses in production and disruption of national and international trade
that generates a variety of complications that have drawn attention to this disease [20,92].

Clinical findings in BEF include sudden onset with fever (41 °C) and severe drop in
milk production. Abortion can occur in advanced stages of pregnancy. Animals stop eating
and drinking and become depressed, with drooling and a runny nose. The swallowing
reflex may be affected, resulting in aspiration of food or water and the development of
pneumonia. Also, lameness, typical laminitis posture, muscle swelling in shoulders, back,
and neck, and arthritis with serofibrinous exudate are characteristic of the disease [92].
Tremors, rigidity, and clonic muscle movements also occur [23]. By the third day, the
affected animal is usually on its feet again and will begin to eat. However, the limp and
weakness may last another two to three days. Adults are more affected than calves under
six months. Milk production should return to near normal after three weeks, but affected
cows late in lactation often dry out. Sometimes mastitis develops.

Analyzing the prophylaxis of BEF, high-producing bulls and cows should receive
supportive treatment to reduce temperature and broad-spectrum antibiotics to prevent
secondary bacterial complications. Live and inactivated vaccines against BEF are available.
The live vaccine gives at least 12 months of protection in cattle, following two doses; the
killed one only gives about six months’ protection. Then, buffalo calves can be vaccinated
and revaccinated at six months of age to maintain their immunity [56]. Despite its significant
impact, BEF remains underreported and underestimated. For a more comprehensive global
understanding of BEF outbreaks, it is recommended to list it as a notifiable disease with
the World Organization for Animal Health. This not only eases the reporting process but
also facilitates the evaluation of vaccine effectiveness and the advancement of diagnostic
methods [90]. While the epizootiology of BEF has been thoroughly explored in certain
areas, considerable gaps in knowledge exist regarding its distribution, prevalence, and
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consequences across large regions of Africa and Asia. Few virus strains from these areas
have been retrieved and sequenced.

Additionally, the specific vectors responsible for transmission remain undefined glob-
ally. Such gaps hinder our understanding of the disease’s potential spread, mainly due
to factors like wind-driven vector dispersal influenced by climate change or livestock
movement. It also challenges our ability to evaluate the risk of BEF becoming an enzootic
disease in regions like Europe or America through local transmission vectors [91].

10. Buffalopox

Buffalopox virus (BuffaloPox) (BPXV) is a member of the genus Orthopoxvirus, sub-
family Chordopoxvirinae, family Poxviridae. BPXV is a close variant of the vaccinia or
vaccine virus. Recent genome data show that BPXV shares a more recent common ancestor
of the vaccinia virus (VACV) Lister strain, which had been used to inoculate buffalo calves
to produce a smallpox vaccine. Over time, VACV evolved to BPXV upon establishment in
buffalo to become increasingly pathogenic for this host and cause infections in cattle and
humans [93].

The buffalopox virus was first isolated in India in 1967, and the virus continued to
cause sporadic outbreaks in Asian buffaloes in Bangladesh, India, Indonesia, Pakistan,
Egypt, Russia, and Italy [94]. The same year, the disease was recognized by the Joint
FAO/WHO Expert Committee on Zoonoses as an important zoonotic disease (FAO, 1967).
Forty years later, the buffalopox virus became an emerging contagious viral zoonotic
disease infecting milkers with high morbidity (80%) [93]. Coupled with the current SARS-
CoV2/COVID-19 pandemic, BPXV infections in India depict the vulnerability of humans to
the emergence. Growing OPXV infection incidences are being registered worldwide: BPXV
in Asia, VACV and VACV-like virus (VLV) in Brazil [95], MPXV in East and Central Africa
and the US, and AKPV and ECTV-like OPXV, which are being described at an increasing
rate [93]. The first description of isolation and clinical disease caused by vaccinia virus in
buffaloes in South America was reported in 2019, corroborating previous serological and
molecular studies, and referred to as vaccinia virus Pernambuco (VACV-PE) [96].

Therefore, the epidemiology of the buffalopox virus should be reconsidered more than
30 years after the cessation of the eradication campaigns for human smallpox.

Buffalopox’s clinical signs are similar to those of VACV infections. They are charac-
terized in the soft form by focal skin inflammation (pustular with central necrosis) on the
muzzle, udder, nipples, inner thighs, scrotum, ears, and eyes. It can also evolve into a
severe systemic and cyclical form with diffuse lesions in particular cases [93]. Morbidity
can be very high (70%), but mortality is low [56].

Although not a frequent disease, it is economically relevant in countries where buf-
faloes are raised. It harms the dairy industry due to the 40 to 70% reduction in the
productivity of affected milking animals when it affects the udder and teats, which can lead
to mastitis [56,93]. Individuals in close contact with infected animals can contract the virus,
resulting in smallpox lesions primarily on the forearms, back of the hands, fingers, wrists,
thumbs, right preauricular area, right jaw angle, right side of the nose, and forehead. These
symptoms might be accompanied by swollen regional lymph nodes, general discomfort,
and fever [93].

A specific BPXV vaccine is not available. However, a live vaccine with an attenuated
VACYV strain can be used for prophylactic control and protection of animals in an infected
flock. The appearance and reappearance of these OPXVs are alarming if one considers
that around 50% of the world population over 30 years of age is not vaccinated against
smallpox and is more vulnerable in the event of a reappearance of this disease.

11. Lumpy Skin Disease

The Lumpy skin disease virus (LSDV) is a double-stranded DNA virus belonging
to the genus Capripoxvirus. It is closely related to goat and sheep pox viruses in the
Chordopoxvirinae subfamily of the Poxviridae family [97,98]. The disease is known by
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various names such as “LSD”, “Pseudourticaria”, “Neethling virus disease”, “exanthema
nodularis bovis”, and “knopvelsiekte”. LSD is a non-zoonotic, vector-borne disease, with
a limited host range and currently restricted to ruminants viz. cattle and water buffaloes,
which are particularly susceptible. The arthropod vectors responsible for the disease
spread include biting flies, mosquitoes, and ticks [99]. Wild ruminants can act as potential
reservoirs for disseminating the LSD virus. The emergence might be associated with climate
change in different regions because LSD is an arthropod-borne transmissible disease.

Lumpy skin disease (LSD) is a viral transboundary or transcontinental disease endemic
throughout Africa and in some parts of the Middle East and Europe and has increasing
potential for global spread, with high economic impact that affects cattle and domestic
water buffaloes [97,100]. The first outbreak of LSD was found in 1929 in Zambia, then
spreading throughout Africa and with an ongoing expanding distribution to Asia and
Europe. In 2019, the disease was reported for the first time in many bordering countries in
South Asia, such as India, Nepal, China, and Bangladesh. In 2020, LSD was also recorded
in Bhutan, Sri Lanka, Bangladesh, Vietnam, and southeast China [99]. LSD was also found
in Southeast Asia, in Vietham and Myanmar. In 2021, it further spread to new countries
such as Thailand, Malaysia, Cambodia, and Laos [98,101]. According to the OIE and
WOAH report, at present, the disease is endemic in most African, European, and Asian
countries [99]. After its first appearance in Zambia more than 90 years ago, the virus
dispersed to numerous locations worldwide.

In recent years, LSD has become one of the most devastating and appearing threats to
large ruminants such as domestic cattle, water buffalo, and wild bovine species. The World
Organization for Animal Health (WOAH) includes LSD as one of the most economically
meaningful and notifiable transboundary viral animal illnesses [102].

The disease can emerge several hundred kilometers away from initial (focal) outbreak
sites within a brief period. These attacks have initiated a long-awaited, revived scientific
interest in LSD, resulting in novel research into broad elements of the disease, including
epidemiology, modes of transmission, and associated risk factors. Long-distance dispersion
of LSDV appears to occur through the motion of infected animals. However, distinct
seasonal patterns indicate that arthropod-borne transmission is most likely responsible for
the disease’s swift and aggressive short-distance spread [100].

Vector-borne disease transmission is most likely mechanical. To date, the most likely
vectors for LSDV transmission are blood-sucking arthropods such as stable flies (Stomoxys
calcitrans), mosquitoes (Aedes aegypti), and hard ticks (Rhipicephalus and Amblyomma species).
New evidence suggests that the house fly, Musca domestica, may also play a role in LSDV
transmission [100]. Wild ruminants, such as buffaloes, are thought to play a role in the
epidemiology of these diseases [97]. Hematophagous arthropod-borne mechanical trans-
mission is considered primary and the most common route; however, other transmission
routes related to illegal animal trade have played a role in the emergence of LSD in countries
otherwise/earlier free from it. The LSD virus can be transmitted in saliva and milk and
from infected skin lesions [97].

LSD generates tremendous economic losses, such as leather damage, diminished milk
production, abortion, and death in infected ruminants [98]. LSD is characterized by fever;
mastitis; orchitis; swelling of the peripheral lymph nodes; multiple, firm, characteristic
circumscribed nodular lesions or skin lumps over the whole body; and necrotic plaques in
the mucous membranes [97], and is occasionally associated with systemic signs. Although
LSD has a low mortality rate, the development of lesions can cause complications [101].

No effective treatment against LSD has been developed. Anti-inflammatory drugs
and antibiotics are used as symptomatic treatment. To control the disease, effective control
and preventive measures need to be implemented, as follows: (a) Movement of infected
animals with LSD should be strictly prohibited to prevent the spread of transboundary
disease. Within countries, sick animals should be quarantined for inspection to prevent
the rapid spread of disease. (b) Vector movement due to prevailing winds may cause
disease transmission. Vector control methods including vector traps and insecticides can
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also be used for preventing the disease. (c) Vaccination: A live attenuated vaccine is
available for LSD based on different strains of the LSD virus. Companies have prepared
vaccines, including one based on the Neethling strain like Lumpy Skin Disease Vaccine
for Cattle [99]. A live, attenuated vaccine based on sheep pox virus also has been used to
fight LSD outbreaks [97]. Also, monitoring the situations of LSD outbreaks continuously
by disease surveillance is important [101]. Studies suggest that Egyptian water buffalo
serves as an accidental non-adapted host for the disease, and this point requires deeper
investigation. In addition, the current vaccine strategy should be re-evaluated for more
coverage and effectiveness [103].

The appearance of infections like LSD amid and after COVID-19 has further harmed
the economy. Therefore, it must be reviewed to protect and support the backbone of the
developing countries” economy in Southeast Asia.

12. Schmallenberg Virus (SBV)

In Germany and the Netherlands in 2011, a new cattle sickness was described and
associated with a novel RNA virus named Schmallenberg virus (SBV), similar to the
German locality where the outbreak appeared [104,105]. The discovered SBV contains
sequence similitudes to other viruses in the Peribunyaviridae family, genus Orthobunyavirus,
like Akabane, Aino, and also, the bluetongue virus, an orbivirus, shares several aspects
in epidemiology with SBV, such as the affected mammalian host species and the insect
vector [105].

Culicoides spp. midges play a role in their transmission and are related to climate
change. The mechanism by which the vector-borne SBV survives over winter has not
been clarified yet; however, the potential mechanism of transovarial transmission in the
Culicoides vector was demonstrated in a field study. The initial source of SBV remains
unclear; however, some reports relate cross-reactive antibodies to other Simu serogroup
viruses from African cattle [106].

In 2012, a report from the European Food Safety Agency (EFSA) showed that the virus
had been reported in 14 Central European countries and Eastern Europe. Nowadays, SBV
is considered endemic in Europe, and occasional outbreaks and virus circulation have
been documented in several countries, including Mediterranean countries (such as Italy,
Spain, and Greece) and Northern Europe [107]. SBV re-emerged in cattle and sheep in
Germany and The Netherlands in late 2014 and more recently in Belgium, France, and the
UK. SBV clinical findings have only been seen in domestic ruminants. In contrast, only
indirect serological SBV proof has been reported in wild ruminants (e.g., alpaca, buffalo,
deer, chamois, mouflon, bison), zoo animals (e.g., kudu, zebra, oryx), and some other
mammalians (e.g., horse, wild boar) [106].

Few studies of SBV seroprevalence have been reported in water buffaloes. A study in
Turkey using samples collected from slaughterhouse ruminants between 2006 and 2013,
including Anatolian water buffalo, showed a seroprevalence of only 1.5%. It was suggested
that cattle are more susceptible to SBV infection than buffaloes [108].

A study in Italy in 2020 showed high SBV seroprevalences of 38.2% (cattle) and 43%
(water buffalo) using a commercial SBV ELISA, comparable to that obtained in other
countries under post-epidemic conditions. A virus neutralization assay showed high titers
in many animals, which is assumed to indicate recent exposure. Some environmental
factors were associated with higher seroprevalence, such as mean annual temperature,
distance from the coast, and altitude. Mean annual temperature was found to be the main
factor responsible for the virus distribution in southern Italy [105]. No correlation between
individual factors (species, age, and origin) and SBV positivity was found, although water
buffalo and younger and purchased animals revealed higher seroprevalence [105]. This
study is the first to assess the seroprevalence of SBV in Mediterranean water buffalo and
their role in the SBV epidemiology. Environmental variables appeared to be implicated in
the transmission of infection; greater mean annual temperatures were significantly related
to increased seroprevalence [105]. In contrast, in a preliminary study in China, 4 out of
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21 water buffaloes tested positive for the presence of antibodies using an SBV ELISA that
allowed for the detection of multiple Simbu serogroups [105].

SBV in adult ruminants usually results in non-specific clinical manifestations. In cattle,
SBV infection usually manifests as a mild and brief illness, with anorexia, hyperthermia,
diarrhea and reduced milk yield—also, congenital defects in newborn calves, lambs, and
kids with arthrogryposis and hydranencephaly syndrome [105,106].

Because of the similarity of clinical characteristics of SBV with those of different
ruminant virus diseases, virological and serological diagnosis is needed to confirm the
infection. Detecting anti-SBV antibodies in serum is an indirect method for diagnosing SBV
infections. The enzyme-linked immunosorbent assay and virus neutralization test [106],
and recently, real-time RT-PCR [105], have been used for serological diagnosis.

Vaccination of replacement stocks and control of insect populations are the two most
important methods for preventing SBV outbreaks. Inactivated SBV vaccines have been
developed in Europe to protect sheep and cattle. Recombinant modified-live SBV vac-
cines have been produced, conferring high levels of protection. Although these vaccines
are compatible with DIVA (differentiating infected from vaccinated animals), security
considerations linked to virulence reversion may discourage their broader usage [106].

Epidemiological data support the possible resurgence of SBV infections when favor-
able conditions exist in some countries, including numerous naive susceptible animals and
augmented vector densities [106]. An unresolved issue is how the virus is preserved during
winter when the vector population is scarce or nonexistent. Future studies are necessary to
elucidate the probability of SBV introduction/re-introduction via infected midges imported
from tropical or endemic regions with serological, molecular, and vector prevalence [106].
It is a fact that water buffaloes are suitable hosts for viruses transmitted by Culicoides, as
they prefer wet, swampy environments near water sources (often used for environmental
enrichment). Recent works have anticipated that SBV will re-emerge; hence, it represents a
constant threat to ruminant populations.

13. Papillomatosis

Bovine papillomatosis (BP) has been reported in buffaloes in India [109] and Italy [110],
caused by bovine papillomavirus (BVP). Ten different genotypes of bovine papillomavirus
(BPV) have been identified, from BPV-1 to BPV-10. BPV-1 and BPV-2 are associated with
fibropapillomas in cattle [110]. BP is distributed worldwide in cattle but is relatively less
common in buffaloes and infects cutaneous and mucosal epithelia, causing hyperplastic lesions.

The first report describing the histopathology and ultrastructure of cutaneous, perivul-
var, and vulvar fibropapillomas associated with BPV-1 infection in the water buffalo by
TEM and PCR and the expression of E5 in the fibropapillomas was in Italy in 2009 and
considered an example of cross-species infection from cattle to buffalo by BPV-1 [110].
However, once infection of BPV is established in buffaloes, it spreads from buffalo to
buffalo, with no intermediate involvement of cattle [111].

The first confirmed report on the incidence of cutaneous warts (CWs) in water buf-
faloes associated with BPV-2 was in India in 2010 [109]. Bovine papillomavirus (BPV)-like
particles were identified by negative staining and transmission electron microscopy (TEM).
BPV-2 was detected by PCR and confirmed by nucleotide sequencing and phylogenetic
analysis. Lesions were described as cauliflower-like or dome-shaped lesions, diagnosed as
fibropapilloma/papilloma, and established as a new disease entity [109].

Fibropapillomas in buffaloes are described on the back, gluteal, vulvar, and perivulvar
regions, common sites of scraping and scratching, and it is known that papillomavirus tu-
mors tend to manifest at the site of trauma, probably caused by the release of inflammatory
cytokines, reactivation of the latent virus, and cell proliferation [110].

The first report on ruminal papillomatosis in buffaloes in India and worldwide was
associated with BPV-5, -1, -2 by quantitative real-time PCR [112]. Grossly wart-like lesions
in the rumen, reticulum, mouth, and esophagus revealed small nodular to larger spherical
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or slender growths with a thin base on the mucosa and ruminal pillar. Histopathologically,
they were diagnosed as fibropapilloma/papilloma.

More recently, Jangir et al., in 2017 [111], also in India, studied the pathomorphology
and association of different BPV types in buffalo cutaneous warts, revealing that growths
were either single or multiple, variable in shape and size, and at different body sites.
Histopathologically, they were categorized as papilloma, fibropapilloma, and fibroma. PCR
revealed the presence of BPV-1, -2, and -5 DNA. It was the first time BPV-5 DNA was
detected in buffalo CWs in India. In conclusion, DNA of BPV-1, -2, and -5 was detected
either alone or in mixed infections.

Interestingly, other authors describe thirteen bovine papillomavirus (BPV) types (BPV-
1 to -13) [113]. Apart from BVP 1-2 and 5 related to cutaneous warts or gastrointestinal
lesions, BPV-2 is known to play a central role in bladder carcinogenesis of adult cattle reared
on pasturelands rich in bracken fern (Pteridium aquilinum). Tumors of the urinary bladder
of buffaloes have been only sporadically reported. Roperto et al. was the first to reveal an
association between BPV-2 infection and tumors of the urinary bladder in buffaloes reared
on lands rich in bracken fern in Turkey, demonstrating that BPV-2 is involved in buffalo
bladder carcinogenesis, too. However, BPV-2 DNA was also found in non-neoplastic and
healthy urinary bladder lesions. The results indicated that a latent infection of BPV-2 may
occur in the bubaline normal urothelium [113]. Further virological and epidemiological
studies are necessary to understand the incidence of BVP-2 infections in buffaloes and their
emerging role in neoplastic and non-neoplastic diseases.

No effective therapy is currently available for BPV. Traditional attenuated or killed
vaccines from cultured BPVs are not sufficiently effective. Different therapies have been
implemented in field conditions in bovines, such as surgical removal of warts, cauterization,
immunotherapy, and homologous vaccines. However, effective prophylactic vaccination
against BPV is still not available. Virus-like particles represent a promising vaccine platform
for a diverse array of viruses. These particles mimic the morphological and immunological
features of native virions, but cannot replicate and cause disease due to the absence of a
viral genome [114]. No vaccination studies in buffaloes were identified.

14. Final Considerations

Due to their distinct anatomical and physiological characteristics, water buffaloes are
often postulated to exhibit greater resistance to certain diseases than cattle. However, this
review highlights that buffaloes can be just as vulnerable to specific viral diseases as cattle,
with clinical presentations ranging from mild or subclinical to more severe forms.

A pivotal factor in the epidemiology of these viral diseases is the typical habitat of
buffaloes: tropical, flood-prone zones. With their inherent hot and humid conditions, such
environments, are ideal for the proliferation of disease-causing pathogens or vectors. In ad-
dition, the introduction and movement of buffaloes, even their biological products, among
different continents, countries or regions have been implicated in disseminating exotic
diseases in specific locales, notably Foot-and-Mouth Disease and Rinderpest. Diagnostic
procedures in water buffaloes must duly incorporate these diseases, particularly given
their obligatory reportable designations. In this regard, the notable expansion of buffalo
populations in Latin America underscores the inherent risks linked to the introduction of
external herds or biological products.

The ramifications of the climate change crisis for the epidemiology of viral diseases
affecting buffaloes is another factor that cannot be understated. For instance, shifts in vector
populations responsible for transmitting diseases, exemplified by Orbivirus-induced Blue
Tongue, demand attention. The unpredictable nature of these diseases presents further
complexities. There are instances where animals manifest symptoms suddenly after years
of exposure, which is the case with Malignant Catarrhal Fever. On the other hand, for
some diseases such as Bluetongue, BHV-1, and Bovine Viral Diarrhea, there are reports
of a high seroprevalence in buffaloes in some regions, but this is accompanied by low
disease incidence and mortality, thus exhibiting enzootic stability. Examining infection
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dynamics within these scenarios remains a paramount priority for effectively preventing
and controlling viral diseases in buffalo production systems.

In recent decades, the increasing emergence or recurrence of major transboundary
and emerging animal diseases has evolved into a tremendous economic and public health
concern worldwide, impacting food security by reducing the availability and affordability
of high-quality animal products.

A key issue is that diagnostic tests should be implemented since there are no tests
dedicated to this species; furthermore, it is crucial always to verify the applicability of the
tests developed on cattle, including a study dedicated to the buffalo species.

Lastly, the discovery of new viral variants with the potential for interspecies transmission
—whether between cattle, buffaloes, or humans—highlights the importance of understand-
ing host-pathogen dynamics. The current SARS-CoV2 pandemic, juxtaposed with diseases
like buffalopox, underscores the broader susceptibility to emergent viral pathogens. Con-
tinuous surveillance of viral strains in buffaloes remains critical, given the potential risks of
new variants crossing species barriers.

15. Conclusions

The evolving epidemiology of buffalo viral diseases highlights the imperative for
ongoing surveillance and adaptive research in developing and implementing effective pre-
vention and control programs. Given the complex interactions among buffaloes, co-existing
species, pathogens, and the shared ecological environment, a holistic and interdisciplinary
approach is essential. Such a comprehensive strategy promises the creation of robust health
protocols and proactive disease management measures, adaptable to the ever-changing
environmental and biological challenges.

Author Contributions: Conceptualization, ].M.-B. and H.B.-G.; investigation, ] M.-B. and H.B.-G.;
V.C-d.1E, B.C.-G., D.O.A. and D.R.-S.; writing—original draft preparation, ].M.-B. and H.B.-G.;
writing—review and editing, ] M.-B., H.B.-G., V.C.-d.LE, B.C.-G., D.O.A. and D.R.-S.; project ad-
ministration, H.B.-G. and ].M.-B. All authors have read and agreed to the published version of
the manuscript.

Funding: Funding for publication was gently provided by the Universidad Auténoma de Tamaulipas.
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available in article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Aldo, B.-M.; Alvarez, A.; Armando, M.-C.; Carlos, O.-C.; Daniel, M.-R. Los Sistemas de Produccién de Bufalos En El Trépico
Humedo de América Latina: Un Acercamiento Desde El Enfoque Agroecoldgico. In El Biifalo de Agua en las Américas; Guerrero-
Legarreta, I., Napolitano, F., Mota-Rojas, D., Orihuela, A., Eds.; BM Editores: Ciudad de México, Mexico, 2019.

Calderon, A.; Tique, V.; Ensuncho, C.; Rodriguez, V. Seroprevalencia de Brucella abortus En Bufalos de Agua (Bubalus bubalis) En
El Municipio de Lorica, Cérdoba. Rev. UDCA Actual Divulg. Cient. 2010, 13, 125-132. [CrossRef]

Mingala, C.N.; Villanueva, M.; Cruz, L. River and Swamp Buffaloes: History, Distribution and Their Characteristics. In The Buffalo
(Bubalus bubalis) Production and Research; Presicce, G.A., Ed.; Bentham Science Publishers: Sharjah, United Arab Emirates, 2017;
pp. 3-31. [CrossRef]

Minervino, A.-H.H.; Zava, M.; Vecchio, D.; Borghese, A. Bubalus bubalis: A Short Story. Front. Vet Sci. 2020, 7, 570413. [CrossRef]
[PubMed]

Staff, B.M. (Ed.) Aumenta En México Crianza Del Bufalo de Agua. Available online: https://bmeditores.mx/ganaderia/aumenta-
en-mexicocrianza-del-bufalo-de-agua/ (accessed on 16 July 2023).

Reyes-Sandoval, R.M.; Romero-Salas, D.; Vicente-Martinez, J.G. El Bufalo de Agua Bubalus bubalis: Una Alternativa Para
Aprovechamiento. Bioagrociencias 2023, 16, 57-63. [CrossRef]

Mota-Rojas, D.; Braghieri, A.; Alvarez-Macias, A.; Serrapica, F.; Ramirez-Bribiesca, E.; Cruz-Monterrosa, R.; Masucci, F.; Mora-
Medina, P.; Napolitano, F. The Use of Draught Animals in Rural Labour. Animals 2021, 11, 2683. [CrossRef] [PubMed]


https://doi.org/10.31910/rudca.v13.n2.2010.740
https://doi.org/10.2174/97816810841761170101
https://doi.org/10.3389/fvets.2020.570413
https://www.ncbi.nlm.nih.gov/pubmed/33335917
https://bmeditores.mx/ganaderia/aumenta-en-mexicocrianza-del-bufalo-de-agua/
https://bmeditores.mx/ganaderia/aumenta-en-mexicocrianza-del-bufalo-de-agua/
https://doi.org/10.56369/BAC.4844
https://doi.org/10.3390/ani11092683
https://www.ncbi.nlm.nih.gov/pubmed/34573649

Animals 2024, 14, 845 20 of 24

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

Martinez, D.E.; Jacobo, R.A.; Cipolini, M.E,; Martinez, E.I. Brucelosis En Bufalos Del Noroeste de La Provincia de Corrientes de
Corrientes Argentina. Com. Cient. Tec. 2006, V-046, 1-3.

Motta-Giraldo, J.L.; Clavijo-Hoyos, ].A.; Waltero-Garcia, I.; Abeledo, M.A. Prevalencia de Anticuerpos a Brucella abortus, Leptospira
sp. y Neospora caninum En Hatos Bovinos y Bubalinos En El Departamento de Caquetd, Colombia. Rev. Salud. Anim. 2014, 36,
80-89.

Villanueva, M.A.; Mingala, C.N.; Tubalinal, G.A.S.; Gaban, P.B.V.; Nakajima, C.; Suzuki, Y. Emerging Infectious Diseases in Water
Buffalo: An Economic and Public Health Concern. In Emerging Infectious Diseases in Water Buffalo—An Economic and Public Health
Concern; InTech: London, UK, 2018.

Dominguez-Aguilar, G.; Romero-Salas, D.; Martinez-Herrera, D.I.; Garcia-Vazquez, Z. Los Bufalos de Agua y Las Enfermedades
Infecciosas. Cienc. Hombre. 2013, 26, 1-14.

Blacksell, S.D.; Siengsanan-Lamont, J.; Kamolsiripichaiporn, S.; Gleeson, L.J.; Windsor, P.A. A History of FMD Research and
Control Programmes in Southeast Asia: Lessons from the Past Informing the Future. Epidemiol. Infect. 2019, 147, e171. [CrossRef]
Biswal, ].K.; Ranjan, R.; Subramaniam, S.; Mohapatra, J.K.; Patidar, S.; Sharma, M.K,; Bertram, M.R.; Brito, B.; Rodriguez, L.L.;
Pattnaik, B.; et al. Genetic and Antigenic Variation of Foot-and-Mouth Disease Virus during Persistent Infection in Naturally
Infected Cattle and Asian Buffalo in India. PLoS ONE 2019, 14, €0214832. [CrossRef]

Farooq, U.; Ahmed, Z.; Naeem, K.; Bertram, M.; Brito, B.; Stenfeldt, C.; Pauszek, S.J.; LaRocco, M.; Rodriguez, L.; Arzt, J.
Characterization of Naturally Occurring, New and Persistent Subclinical Foot-and-mouth Disease Virus Infection in Vaccinated
Asian Buffalo in Islamabad Capital Territory, Pakistan. Transbound. Emerg. Dis. 2018, 65, 1836-1850. [CrossRef]

El Damaty, H.M.; Fawzi, EM.; Neamat-Allah, A.N.E; Elsohaby, I.; Abdallah, A.; Farag, G.K.; El-Shazly, Y.A.; Mahmmod, Y.S.
Characterization of Foot and Mouth Disease Virus Serotype SAT-2 in Swamp Water Buffaloes (Bubalus bubalis) under the Egyptian
Smallholder Production System. Animals 2021, 11, 1697. [CrossRef] [PubMed]

Abd-Ellatieff, H.A.; Hegazy, A.A.; AbouRawash, A.-R.A.; Tohamy, H.G.; Al-Shehri, M.; Bazh, E.K.; Hassan, H.; Essa, B.H.
Pathological and Genetic Characterization of Foot and Mouth Disease Viruses Collected from Cattle and Water Buffalo in Egypt.
PLoS ONE 2023, 18, €0291970. [CrossRef] [PubMed]

Kabelo, T.I; Fana, E.M.; Hyera, ] M.; Lebani, K. A Review of Foot-and-Mouth Disease Status and Control Measures in Botswana.
Trop. Anim. Health Prod. 2023, 55, 278. [CrossRef] [PubMed]

Metwally, S.; Bkear, N.; Badr, Y.; Elshafey, B.; Alhag, S.K.; Al-Shuraym, L.A.; Batiha, G.; Fakhry, B.; Hamada, R. A Newly Emerging
Serotype A Strain in Foot-and-Mouth Disease Virus with Higher Severity and Mortality in Buffalo than in Cattle Calves in North
Egypt. Vet. Sci. 2023, 10, 488. [CrossRef] [PubMed]

WOAH. Foot and Mouth Disease. In Manual of Diagnostic Tests and Vaccines for Terrestrial Animals; Hollywood, EU., Ed.; WOAH:
Paris, France, 2022; pp. 27-30.

Fagiolo, A.; Roncoroni, C.; Lai, O.; Borghese, A. Buffalo Pathologies. In Buffalo Production and Research; Borghese, A., Ed.; Food
and Agriculture Organization of the United Nations: Rome, Italy, 2005; pp. 249-296.

Rivera, A.M.; Sanchez-Vazquez, M.].; Pituco, E.M.; Buzanovsky, L.P.; Martini, M.; Cosivi, O. Advances in the Eradication of
Foot-and-Mouth Disease in South America: 2011-2020. Front. Vet. Sci. 2023, 9, 1024071. [CrossRef] [PubMed]

Gomes, I.; Ramalho, A K.; Augé de Mello, P. Infectivity Assays of Foot-and-Mouth Disease Virus: Contact Transmission between
Cattle and Buffalo (Bubalus bubalis) in the Early Stages of Infection. Vet. Rec. 1997, 140, 43—47. [CrossRef]

Sharma, M.C.; Mahesh Kumar, M. Infectious Diseases of Buffaloes. In Proceedings of the Fourth Asian Buffalo Congress,
New Delhi, India, 25-28 February 2003; pp. 152-168.

Di Giacomo, S.; Bucafusco, D.; Schammas, ].M.; Pega, J.; Miraglia, M.C.; Barrionuevo, F; Capozzo, A.V.; Perez-Filgueira, D.M.
Assessment on Different Vaccine Formulation Parameters in the Protection against Heterologous Challenge with FMDV in Cattle.
Viruses 2022, 14, 1781. [CrossRef]

Hao, J.; Shen, C.; Wei, N.; Yan, M.; Zhang, X.; Xu, G.; Zhang, D.; Hou, J.; Cao, W,; Jin, Y.; et al. Foot-and-Mouth Disease
Virus Capsid Protein VP1 Antagonizes TPL2-Mediated Activation of the IRF3/IFN-f3 Signaling Pathway to Facilitate the Virus
Replication. Front. Immunol. 2021, 11, 580334. [CrossRef]

Singh, B.P.; Sharma, M.C.; Tiwari, R. Effect of Foot and Mouth Disease (FMD) Vaccination in Linkage Villages of IVRI’s India.
Livest. Res. Rural Dev. 2007, 19, 119.

Hamilton, K.; Baron, M.D.; Matsuo, K.; Visser, D. Rinderpest Eradication: Challenges for Remaining Disease Free and Implications
for Future Eradication Efforts. Rev. Sci. Tech. 2017, 36, 579-588. [CrossRef]

Obi, T.U.; Roeder, PL.; Geering, W.A. Nature of the Disease. In Manual on the Preparation of Rinderpest Contingency Plans; Food and
Agriculture Organization of the United Nations ©FAO: Rome, Italy, 1999.

Sharma, R.D.; Rakha, N.K.; Nichani, A.K.; Malhotra, D.V. Modern Strategies for the Control of Important Livestock Diseases. In
Sustainable Animal Production; Society for Sustainable Agricultural and Resource Management: Haryana, India, 2001; pp. 109-118.
Taylor, W.E.; Gibbs, E.PJ.; Bandyopadhyay, S.K.; Pastoret, P.-P.; Atang, P. Rinderpest and Its Eradication; OIE and FAO: Paris, France,
2022; 816p. [CrossRef]

Spickler, A.R. Malignant Catarrhal Fever; The Center for Food Security and Public Health: Ames, IA, USA, 2019.

O'Toole, D.; Li, H. The Pathology of Malignant Catarrhal Fever, with an Emphasis on Ovine Herpesvirus 2. Vet. Pathol. 2014, 51,
437-452. [CrossRef]


https://doi.org/10.1017/S0950268819000578
https://doi.org/10.1371/journal.pone.0214832
https://doi.org/10.1111/tbed.12963
https://doi.org/10.3390/ani11061697
https://www.ncbi.nlm.nih.gov/pubmed/34200281
https://doi.org/10.1371/journal.pone.0291970
https://www.ncbi.nlm.nih.gov/pubmed/37819946
https://doi.org/10.1007/s11250-023-03674-5
https://www.ncbi.nlm.nih.gov/pubmed/37500989
https://doi.org/10.3390/vetsci10080488
https://www.ncbi.nlm.nih.gov/pubmed/37624275
https://doi.org/10.3389/fvets.2022.1024071
https://www.ncbi.nlm.nih.gov/pubmed/36699326
https://doi.org/10.1136/vr.140.2.43
https://doi.org/10.3390/v14081781
https://doi.org/10.3389/fimmu.2020.580334
https://doi.org/10.20506/rst.36.2.2676
https://doi.org/10.20506/9789295115606
https://doi.org/10.1177/0300985813520435

Animals 2024, 14, 845 21 of 24

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Costa, E.A.; Bastianetto, E.; Vasconcelos, A.C.; Bomfim, M.R.Q.; da Fonseca, F.G.; Gomes, A.D.; Leite, R.C.; Resende, M. An
Outbreak of Malignant Catarrhal Fever in Murrah Buffaloes in Minas Gerais, Brazil. Pesqui. Vet. Bras. 2009, 29, 395-400. [CrossRef]
Riaz, A.; Dry, I; Dalziel, R.; Rehman, S.U.; Shah, M.A.; Akhtar, HM.N.; Yousaf, A.; Baig, R. Molecular Detection and Characteriza-
tion of Ovine Herpesvirus-2 Using Heminested PCR in Pakistan. J. Vet. Sci. 2021, 22, e51. [CrossRef] [PubMed]

Sunil-Chandra, N.P. Viral Infections of Buffaloes. Rotaviruses and Herpes Viruses. In Proceedings of the Third Asian Buffalo
Congress on the Changing Role of the Buffalo in the New Millennium in Asia, Kandy, Sri Lanka, 27 March 2000; pp. 255-261.
Hill, EI; Arthur, D.G.; Thompson, J. Malignant Catarrhal Fever in a Swamp Buffalo (Bubalus bubalis) Calf in New Zealand. N. Z.
Vet. J. 1993, 41, 35-38. [CrossRef] [PubMed]

Tham, K.M. Molecular and Clinicopathological Diagnosis of Malignant Catarrhal Fever in Cattle, Deer and Buffalo in New
Zealand. Vet. Rec. 1997, 141, 303-306. [CrossRef] [PubMed]

Hoffmann, D.; Soeripto, S.; Sobironingsih, S.; Campbell, R.S.E; Clarke, B.C. The Clinico-Pathology of a Malignant Catarrhal Fever
Syndrome in the Indonesian Swamp Buffalo (Bubalus bubalis). Aust. Vet. 1984, 61, 108-112. [CrossRef] [PubMed]

Teankam, K.; Tantilertcharoen, R.; Boonserm, T.; Suadsong, S.; Banlunara, W. Malignant Catarrhal Fever in Swamp Buffaloes
(Bubalus bubalis): A Retrospective Pathological Study of Outbreaks in Thailand. Thai J. Vet. Med. 2006, 36, 19-30. [CrossRef]
Headley, S.A.; de Oliveira, T.E.S.; Cunha, C.W. A Review of the Epidemiological, Clinical, and Pathological Aspects of Malignant
Catarrhal Fever in Brazil. Braz. J. Microbiol. 2020, 51, 1405-1432. [CrossRef] [PubMed]

Scicluna, M.T,; Saralli, G.; Bruni, G.; Sala, M.; Cocumelli, C.; Caciolo, D.; Condoleo, R.U.; Autorino, G.L. Epidemiological Situation
of Herpesvirus Infections in Buffalo Herds: Bubaline Herpesvirusl or Bovine Herpesvirus1? Ifal. ]. Anim. Sci. 2007, 6, 845-849.
[CrossRef]

Nogarol, C.; Bertolotti, L.; De Carlo, E.; Masoero, L.; Caruso, C.; Profiti, M.; Martucciello, A.; Galiero, G.; Cordioli, P.; Lelli, D.;
et al. Expression and Antigenic Characterization of Bubaline Herpesvirus 1 (BuHV1) Glycoprotein E and Its Potential Application
in the Epidemiology and Control of Alphaherpesvirus Infections in Mediterranean Water Buffalo. . Virol. Methods 2014, 207,
16-21. [CrossRef] [PubMed]

Samrath, D.; Shakya, S.; Rawat, N.; Gilhare, V.R.; Singh, F.; Khan, EF. Seroprevalence of Bovine Herpes Virus Type 1 in Cattle and
Buffaloes from Chhattisgarh. J. Anim. Res. 2016, 6, 641-644. [CrossRef]

Patil, S.S.; Suresh, K.P.,; Velankar, A.; Nayakvadi, S.; Hiremath, J.; Jacob, S.S.; Sridevi, R.; Gowda, C.S.S.; Gejendiran, N.; Shome, B.
Seroprevalence of Infectious Bovine Rhinotracheitis (IBR) in Indian Buffaloes. Indian J. Anim. Res. 2023, 1, 6. [CrossRef]
Scicluna, M.T.; Caprioli, A.; Saralli, G.; Manna, G.; Barone, A.; Cersini, A.; Cardeti, G.; Condoleo, R.U.; Autorino, G.L. Should the
Domestic Buffalo (Bubalus bubalis) Be Considered in the Epidemiology of Bovine Herpesvirus 1 Infection? Vet. Microbiol. 2010,
143, 81-88. [CrossRef]

Fusco, G.; Amoroso, M.G.; Aprea, G.; Veneziano, V.; Guarino, A.; Galiero, G.; Viscardi, M. First Report of Natural BoHV-1
Infection in Water Buffalo. Vet. Rec. 2015, 177, 152. [CrossRef] [PubMed]

Petrini, S.; Amoroso, M.G.; Perugini, G.; Gianfelici, P.; Corrado, F.; Bazzucchi, M.; Paniccia, M.; Casciari, C.; Fortunati, M.;
Giammarioli, M.; et al. Evidence of Bubaline Herpesvirus 1 (BuHV-1) in a Buffalo Herd in Central Italy. Large Anim. Rev. 2012, 18,
113-116.

Caruso, C.; Prato, R.; Ingravalle, F.; Vecchio, D.; Sciarra, A.; Ternavasio, M.; Ceccarelli, L.; Martucciello, A.; Galiero, G.; De Carlo,
E.; et al. Prevalence of Antibodies against Bubaline Herpesvirus (BuHV-1) among Mediterranean Water Buffalo (Bubalus bubalis)
with Implications in Buffalo Trade. Vet. Q. 2016, 36, 184-188. [CrossRef] [PubMed]

Esposito, C.; Fiorito, F.; Miletti, G.; Serra, F.; Balestrieri, A.; Cioffi, B.; Cerracchio, C.; Galiero, G.; De Carlo, E.; Amoroso, M.G.;
et al. Involvement of Herpesviruses in Cases of Abortion among Water Buffaloes in Southern Italy. Vet. Res. Commun. 2022, 46,
719-729. [CrossRef] [PubMed]

Lechmann, J.; Ackermann, M.; Kaiser, V.; Bachofen, C. Viral Infections Shared between Water Buffaloes and Small Ruminants in
Switzerland. J. Vet. Diagn. Investig. 2021, 33, 894-905. [CrossRef] [PubMed]

Munchow, G.; Pisarz, M. Epidemiological Studies of Some Economical Significant Infectious Diseases in Water Buffaloes in the
Central Amazon Region, Brazil. In Proceedings of the Fourth World Buffalo Congress, Sao Paulo, Brazil, 27-30 June 1994; Volume
II, pp. 353-355.

Lage, A.P; Castro, R.S.; Melo, M.I.; Aguiar, P.H.; Barreto Filho, ].B.; Leite, R.C. Prevalence of Antibodies to Bluetongue, Bovine
Herpesvirus 1 and Bovine Viral Diarrhea/Mucosal Disease Viruses in Water Buffaloes in Minas Gerais State, Brazil. Rev. Elev.
Med. Vet. Pays. Trop. 1996, 49, 195-197. [CrossRef] [PubMed]

Maidana, S.S.; Konrad, J.L.; Craig, M.L; Zabal, O.; Mauroy, A.; Thiry, E.; Crudeli, G.; Romera, S.A. First report of isolation
and molecular characterization of bubaline herpesvirus 1 (BuHV1) from Argentinean water buffaloes. Arch. Virol. 2014, 159,
2917-2923. [CrossRef] [PubMed]

Romero-Salas, D.; Alvarado-Esquivel, C.; Dominguez-Aguilar, G.; Cruz-Romero, A.; Ibarra-Priego, N.; Barrientos-Salcedo, C.;
Aguilar-Dominguez, M.; Canseco-Sedano, R.; Espin-Iturbe, L.T.; Sanchez-Anguiano, L.F,; et al. Seroepidemiology of Infection
with Neospora caninum, Leptospira, and Bovine Herpesvirus Type 1 in Water Buffaloes (Bubalus bubalis) in Veracruz, Mexico. Eur.
J. Microbiol. Immunol. 2017, 7, 278-283. [CrossRef]

Romero-Salas, D.; Cruz-Romero, A.; Aguilar-Dominguez, M.; Ibarra-Priego, N.; Barradas-Pina, F.T.; Nogueira Domingues, L.;
Castro-Arellano, I.; Lohmeyer, K.H.; Pérez de Ledn, A.A. Seroepidemiology of Bovine Herpes Virus-1 Infection in Water Buffaloes
from the State of Veracruz, Mexico. Trop. Biomed. 2018, 35, 541-552. [PubMed]


https://doi.org/10.1590/S0100-736X2009000500006
https://doi.org/10.4142/jvs.2021.22.e51
https://www.ncbi.nlm.nih.gov/pubmed/34170092
https://doi.org/10.1080/00480169.1993.35732
https://www.ncbi.nlm.nih.gov/pubmed/16031692
https://doi.org/10.1136/vr.141.12.303
https://www.ncbi.nlm.nih.gov/pubmed/9330475
https://doi.org/10.1111/j.1751-0813.1984.tb07201.x
https://www.ncbi.nlm.nih.gov/pubmed/6540080
https://doi.org/10.56808/2985-1130.2033
https://doi.org/10.1007/s42770-020-00273-6
https://www.ncbi.nlm.nih.gov/pubmed/32542424
https://doi.org/10.4081/ijas.2007.s2.845
https://doi.org/10.1016/j.jviromet.2014.06.023
https://www.ncbi.nlm.nih.gov/pubmed/24992670
https://doi.org/10.5958/2277-940X.2016.00075.9
https://doi.org/10.18805/IJAR.B-5039
https://doi.org/10.1016/j.vetmic.2010.02.016
https://doi.org/10.1136/vr.103139
https://www.ncbi.nlm.nih.gov/pubmed/26198212
https://doi.org/10.1080/01652176.2016.1205236
https://www.ncbi.nlm.nih.gov/pubmed/27334411
https://doi.org/10.1007/s11259-022-09887-7
https://www.ncbi.nlm.nih.gov/pubmed/35080698
https://doi.org/10.1177/10406387211027131
https://www.ncbi.nlm.nih.gov/pubmed/34166139
https://doi.org/10.19182/remvt.9512
https://www.ncbi.nlm.nih.gov/pubmed/9091990
https://doi.org/10.1007/s00705-014-2146-8
https://www.ncbi.nlm.nih.gov/pubmed/24938487
https://doi.org/10.1556/1886.2017.00029
https://www.ncbi.nlm.nih.gov/pubmed/33601829

Animals 2024, 14, 845 22 of 24

56.

57.

58.

59.

60.

61.

62.
63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Olga, L.; Cristina, R.; Giorgio, S.; Tiziana, Z. Fagiolo Antonio. Pathologies. In Buffalo Livestock and Products; Antonio, B., CREA,
Eds.; International Buffalo Federation: Rome, Italy, 2013; pp. 311-366. ISBN 978-88-97081-27-2.

Petrini, S.; Martucciello, A.; Grandoni, F.; De Matteis, G.; Cappelli, G.; Giammarioli, M.; Scoccia, E.; Grassi, C.; Righi, C.; Fusco, G.;
et al. Evaluation of Safety and Efficacy of an Inactivated Marker Vaccine against Bovine Alphaherpesvirus 1 (BoHV-1) in Water
Buffalo (Bubalus bubalis). Vaccines 2021, 9, 355. [CrossRef] [PubMed]

Martucciello, A.; Balestrieri, A.; Righi, C.; Cappelli, G.; Scoccia, E.; Grassi, C.; Brandi, S.; Rossi, E.; Galiero, G.; Gioia, D.;
et al. Evaluation of an Immunization Protocol Using Bovine Alphaherpesvirus 1 GE-Deleted Marker Vaccines against Bubaline
Alphaherpesvirus 1 in Water Buffaloes. Vaccines 2023, 11, 891. [CrossRef] [PubMed]

Bauermann, E.V.; Ridpath, J.E.; Weiblen, R.; Flores, E.F. HoBi-like Viruses. ]. Vet. Diagn. Investig. 2013, 25, 6-15. [CrossRef]
[PubMed]

Smith, D.B.; Meyers, G.; Bukh, J.; Gould, E.A.; Monath, T.; Scott Muerhoff, A.; Pletnev, A.; Rico-Hesse, R.; Stapleton, J.T.;
Simmonds, P; et al. Proposed Revision to the Taxonomy of the Genus Pestivirus, Family Flaviviridae. J. Gen. Virol. 2017, 98,
2106-2112. [CrossRef] [PubMed]

Yesilbag, K.; Alpay, G.; Becher, P. Variability and Global Distribution of Subgenotypes of Bovine Viral Diarrhea Virus. Viruses
2017, 9, 128. [CrossRef] [PubMed]

Neill, J.D. Molecular Biology of Bovine Viral Diarrhea Virus. Biologicals 2013, 41, 2-7. [CrossRef] [PubMed]

Brownlie, J.; Clarke, M.C.; Howard, C.J. Experimental Infection of Cattle in Early Pregnancy with a Cytopathic Strain of Bovine
Virus Diarrhoea Virus. Res. Vet. Sci. 1989, 46, 307-311. [CrossRef]

Olmo, L.; Reichel, M.P.; Nampanya, S.; Khounsy, S.; Wahl, L.C.; Clark, B.A.; Thomson, P.C.; Windsor, P.A.; Bush, R.D. Risk Factors
for Neospora caninum, Bovine Viral Diarrhoea Virus, and Leptospira interrogans Serovar Hardjo Infection in Smallholder Cattle and
Buffalo in Lao PDR. PLoS ONE 2019, 14, e0220335. [CrossRef]

Olmo, L.; Reichel, M.P.; Windsor, P.A.; Suon, S.; Wahl, L.C.; Thomson, P.C.; Bush, R.D. Are Infectious Reproductive Pathogens of
Large Ruminants a Threat to Improving Food Security? An Investigation from Cambodia. Trop. Anim. Health Prod. 2021, 53, 480.
[CrossRef]

Sudharshana, K.J.; Suresh, K.B.; Rajasekhar, M. Prevalence of Bovine Viral Diarrhoea Virus Antibodies in India. Rev. Sci. Tech.
1999, 18, 667-671. [CrossRef] [PubMed]

Evans, C.; Cockcroft, P.; Reichel, M. Antibodies to Bovine Viral Diarrhoea Virus (BVDV) in Water Buffalo (Bubalus bubalis) and
Cattle from the Northern Territory of Australia. Aust. Vet. J. 2016, 94, 423-426. [CrossRef]

Martucciello, A.; De Mia, G.M.; Giammarioli, M.; De Donato, I.; Iovane, G.; Galiero, G. Detection of Bovine Viral Diarrhea Virus
from Three Water Buffalo Fetuses (Bubalus bubalis) in Southern Italy. . Vet. Diagn. Investig. 2009, 21, 137-140. [CrossRef] [PubMed]
Paixao, S.F; Fritzen, ].T.T.; Alfieri, A.F.; Alfieri, A.A. Virus Neutralization Technique as a Tool to Evaluate the Virological Profile
for Bovine Viral Diarrhea Virus Infection in Dairy Water Buffalo (Bubalus bubalis) Herds. Trop. Anim. Health Prod. 2018, 50, 911-914.
[CrossRef] [PubMed]

Paixao, S.F,; Fritzen, ]. T.T.; Crespo, S.E.I; de Moraes Pereira, H.; Alfieri, A.F,; Alfieri, A.A. Bovine Viral Diarrhea Virus Subgenotype
1b in Water Buffalos (Bubalus bubalis) from Brazil. Trop. Anim. Health Prod. 2018, 50, 1947-1950. [CrossRef] [PubMed]
Gomez-Romero, N.; Ridpath, J.E; Basurto-Alcantara, EJ.; Verdugo-Rodriguez, A. Bovine Viral Diarrhea Virus in Cattle from
Mexico: Current Status. Front. Vet. Sci. 2021, 8, 673577. [CrossRef] [PubMed]

Craig, M.I.; Kénig, G.A.; Benitez, D.F.,; Draghi, M.G. Molecular Analyses Detect Natural Coinfection of Water Buffaloes (Bubalus
bubalis) with Bovine Viral Diarrhea Viruses (BVDV) in Serologically Negative Animals. Rev. Argent. Microbiol. 2015, 47, 148-151.
[CrossRef]

Medina-Gudifo, J.; Gomez-Romero, N.; Ramirez-Lezama, ].; Padilla-Noriega, L.; Venegas-Curefio, E.; Basurto-Alcantara, EJ.
Deteccion Del Virus de La Diarrea Viral Bovina En Artiodéctilos Silvestres En Cautiverio En México. Rev. Mex. Cienc. Pecu. 2022,
13, 612-624. [CrossRef]

Subhadra, S.; Sreenivasulu, D.; Pattnaik, R.; Panda, B.K.; Kumar, S. Bluetongue Virus: Past, Present, and Future Scope. |. Infect.
Dev. Ctries. 2023, 17, 147-156. [CrossRef] [PubMed]

Saminathan, M.; Singh, K.P,; Khorajiya, J.H.; Dinesh, M.; Vineetha, S.; Maity, M.; Rahman, A.E; Misri, J.; Malik, Y.S.; Gupta, VK,
et al. An Updated Review on Bluetongue Virus: Epidemiology, Pathobiology, and Advances in Diagnosis and Control with
Special Reference to India. Vet. Q. 2020, 40, 258-321. [CrossRef]

Maan, S.; Tiwari, A.; Chaudhary, D.; Dalal, A.; Bansal, N.; Kumar, V.; Batra, K.; Kumar, A.; Kakker, N.K.; Maan, N.S. A
Comprehensive Study on Seroprevalence of Bluetongue Virus in Haryana State of India. Vet. World 2017, 10, 1464-1470.
[CrossRef] [PubMed]

Rupner, R.N.; VinodhKumar, O.R.; Karthikeyan, R.; Sinha, D.K,; Singh, K.P,; Dubal, Z.B.; Tamta, S.; Gupta, VK, Singh, B.R,;
Malik, Y.S.; et al. Bluetongue in India: A Systematic Review and Meta-Analysis with Emphasis on Diagnosis and Seroprevalence.
Vet. Q. 2020, 40, 229-242. [CrossRef] [PubMed]

Martinez, A.; Salinas, A.; Martinez, F; Cantu, A.; Miller, D.K. Serosurvey for Selected Disease Agents in White-Tailed Deer from
Mexico. J. Wildl. Dis. 1999, 35, 799-803. [CrossRef] [PubMed]

Martinez-Burnes, J.; Barrios-Garcia, H.; Alva-Perez, J.; Ramirez-Romero, R.; Garcia-Marquez, L.; Lopez-Mayagoitia, A. Bluetongue
in White-Tailed Deer (Odocoileus virginianus) in Northeastern Mexico. Braz. J. Vet. Pathol. 2017, 10, 132-135. [CrossRef]


https://doi.org/10.3390/vaccines9040355
https://www.ncbi.nlm.nih.gov/pubmed/33917160
https://doi.org/10.3390/vaccines11050891
https://www.ncbi.nlm.nih.gov/pubmed/37242994
https://doi.org/10.1177/1040638712473103
https://www.ncbi.nlm.nih.gov/pubmed/23345268
https://doi.org/10.1099/jgv.0.000873
https://www.ncbi.nlm.nih.gov/pubmed/28786787
https://doi.org/10.3390/v9060128
https://www.ncbi.nlm.nih.gov/pubmed/28587150
https://doi.org/10.1016/j.biologicals.2012.07.002
https://www.ncbi.nlm.nih.gov/pubmed/22884672
https://doi.org/10.1016/S0034-5288(18)31171-8
https://doi.org/10.1371/journal.pone.0220335
https://doi.org/10.1007/s11250-021-02897-8
https://doi.org/10.20506/rst.18.3.1189
https://www.ncbi.nlm.nih.gov/pubmed/10588010
https://doi.org/10.1111/avj.12517
https://doi.org/10.1177/104063870902100123
https://www.ncbi.nlm.nih.gov/pubmed/19139516
https://doi.org/10.1007/s11250-017-1503-5
https://www.ncbi.nlm.nih.gov/pubmed/29260489
https://doi.org/10.1007/s11250-018-1625-4
https://www.ncbi.nlm.nih.gov/pubmed/29855763
https://doi.org/10.3389/fvets.2021.673577
https://www.ncbi.nlm.nih.gov/pubmed/34485426
https://doi.org/10.1016/j.ram.2015.03.001
https://doi.org/10.22319/rmcp.v13i3.6067
https://doi.org/10.3855/jidc.16947
https://www.ncbi.nlm.nih.gov/pubmed/36897898
https://doi.org/10.1080/01652176.2020.1831708
https://doi.org/10.14202/vetworld.2017.1464-1470
https://www.ncbi.nlm.nih.gov/pubmed/29391687
https://doi.org/10.1080/01652176.2020.1810356
https://www.ncbi.nlm.nih.gov/pubmed/32886028
https://doi.org/10.7589/0090-3558-35.4.799
https://www.ncbi.nlm.nih.gov/pubmed/10574545
https://doi.org/10.24070/bjvp.1983-0246.v10i3p132-135

Animals 2024, 14, 845 23 of 24

80.

81.
82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

Maclachlan, N.J.; Drew, C.P; Darpel, K.E.; Worwa, G. The Pathology and Pathogenesis of Bluetongue. J. Comp. Pathol. 2009, 141,
1-16. [CrossRef] [PubMed]

Jin, J. Rabies. JAMA 2023, 329, 350. [CrossRef] [PubMed]

Bianchi, R.M.; Panziera, W.; de Galiza, G.].N.; Kommers, G.D.; Fighera, R.A. Rabies Outbreak in Buffaloes in Rio Grande Do Sul,
Brazil. Cién Rural 2017, 47, €20160523. [CrossRef]

Chandel, B.S,; Patel, A.C.; Dadawala, A.L.; Chauhan, H.C.; Parsani, H.R.; Shrimali, M.D.; Raval, S.H. Confirmation of Rabies in
Buffalo from Organized Farm of North Gujarat. Buffalo Bull. 2016, 35, 661-666.

Gill, G.S,; Singh, B.B.; Dhand, N.K.; Aulakh, R.S.; Sandhu, B.S.; Ward, M.P,; Brookes, V.J. Estimation of the Incidence of Animal
Rabies in Punjab, India. PLoS ONE 2019, 14, €0222198. [CrossRef] [PubMed]

Zandji, F.; Goshadrou, F.; Meyfour, A.; Vaziri, B. Rabies Infection: An Overview of Lyssavirus-Host Protein Interactions. Iran.
Biomed. J. 2021, 25, 226-242. [CrossRef] [PubMed]

Nadin-Davis, S.A. Molecular Epidemiology. In Rabies: Scientific Basis of the Disease and Its Management; Fooks, A.R., Jackson, A.C.,
Eds.; Elsevier Academic Press: London, UK, 2020; pp. 143-193. ISBN 9780128205723.

Zhang, K.; Guo, J.; Xu, Z.; Xiang, M.; Wu, B.; Chen, H. Diagnosis and Molecular Characterization of Rabies Virus from a Buffalo
in China: A Case Report. Virol. ]. 2011, 8, 101. [CrossRef]

Rezatofighi, S.E.; Mirzadeh, K.; Mahmoodi, F. Molecular Characterization and Phylogenetic Analysis of Bovine Ephemeral Fever
Viruses in Khuzestan Province of Iran in 2018 and 2020. BMC Vet. Res. 2022, 18, 19. [CrossRef]

Yeh, J.; Ga, YJ. Role of Cervids in the Epidemiology of Bovine Ephemeral Fever Virus Infection in the Republic of Korea: A
Cross-sectional Retrospective Study. Vet. Med. Sci. 2023, 9, 301-306. [CrossRef] [PubMed]

Lee, F. Bovine Ephemeral Fever in Asia: Recent Status and Research Gaps. Viruses 2019, 11, 412. [CrossRef]

Walker, PJ.; Klement, E. Epidemiology and Control of Bovine Ephemeral Fever. Vet. Res. 2015, 46, 124. [CrossRef] [PubMed]
Akakpo, A.]. Three-Day Fever. Rev. Sci. Tech. 2015, 34, 525-538.

Eltom, K.; Samy, A.; Abd El Wahed, A.; Czerny, C.-P. Buffalopox Virus: An Emerging Virus in Livestock and Humans. Pathogens
2020, 9, 676. [CrossRef]

Essbauer, S.; Pfeffer, M.; Meyer, H. Zoonotic Poxviruses. Vet. Microbiol. 2010, 140, 229-236. [CrossRef]

de Souza Trindade, G.; Guimaraes da Fonseca, F.; Marques, ].T.; Nogueira, M.L.; Mendes, L.C.N.; Borges, A.S.; Peir, ].R.; Pituco,
E.M.; Bonjardim, C.A.; Ferreira, P.C.P; et al. Aracatuba Virus: A Vaccinialike Virus Associated with Infection in Humans and
Cattle. Emerg. Infect. Dis. 2003, 9, 155-160. [CrossRef] [PubMed]

Lima, M.T.; Oliveira, G.P,; Afonso, J.A.B.; Souto, R.J.C.; de Mendonga, C.L.; Dantas, A.EM.; Abrahao, ]J.S.; Kroon, E.G. An
Update on the Known Host Range of the Brazilian Vaccinia Virus: An Outbreak in Buffalo Calves. Front. Microbiol. 2019, 9, 3327.
[CrossRef] [PubMed]

Okur-Gumusova, S.; Tamer, C.; Ozan, E.; Cavunt, A.; Kadi, H.; Muftuoglu, B.; Eisa Elhag, A.; Yazici, Z.; Albayrak, H. An
Investigation of the Seroprevalence of Crimean Congo Hemorrhagic Fever and Lumpy Skin Disease in Domesticated Water
Buffaloes in Northern Turkey. Trop. Biomed. 2020, 37, 165-173. [PubMed]

Eom, H.J.; Lee, E.-S.; Yoo, H.S. Lumpy Skin Disease as an Emerging Infectious Disease. J. Vet. Sci. 2023, 24, e42. [CrossRef]
[PubMed]

Gupta, T,; Patial, V.; Bali, D.; Angaria, S.; Sharma, M.; Chahota, R. A Review: Lumpy Skin Disease and Its Emergence in India. Vet.
Res. Commun. 2020, 44, 111-118. [CrossRef] [PubMed]

Sprygin, A.; Pestova, Y.; Wallace, D.B.; Tuppurainen, E.; Kononov, A.V. Transmission of Lumpy Skin Disease Virus: A Short
Review. Virus Res. 2019, 269, 197637. [CrossRef] [PubMed]

Ratyotha, K.; Prakobwong, S.; Piratae, S. Lumpy Skin Disease: A Newly Emerging Disease in Southeast Asia. Vet. World 2022, 15,
2764-2771. [CrossRef] [PubMed]

Akther, M.; Akter, S.H.; Sarker, S.; Aleri, ] W.; Annandale, H.; Abraham, S.; Uddin, ].M. Global Burden of Lumpy Skin Disease,
Outbreaks, and Future Challenges. Viruses 2023, 15, 1861. [CrossRef]

Ahmed, E.M,; Eltarabilli, M.M.A_; Shahein, M.A.; Fawzy, M. Lumpy Skin Disease Outbreaks Investigation in Egyptian Cattle and
Buffaloes: Serological Evidence and Molecular Characterization of Genome Termini. Comp. Immunol. Microbiol. Infect. Dis. 2021,
76,101639. [CrossRef] [PubMed]

Hoffmann, B.; Scheuch, M.; Hoper, D.; Jungblut, R.; Holsteg, M.; Schirrmeier, H.; Eschbaumer, M.; Goller, K.V.; Wernike, K,;
Fischer, M.; et al. Novel Orthobunyavirus in Cattle, Europe, 2011. Emerg. Infect. Dis. 2012, 18, 469-472. [CrossRef]

Ferrara, G.; Wernike, K.; Iovane, G.; Pagnini, U.; Montagnaro, S. First Evidence of Schmallenberg Virus Infection in Southern Italy.
BMC Vet. Res. 2023, 19, 95. [CrossRef] [PubMed]

Endalew, A.; Faburay, B.; Wilson, W.; Richt, J. Schmallenberg Disease—A Newly Emerged Culicoides-Borne Viral Disease of
Ruminants. Viruses 2019, 11, 1065. [CrossRef]

Stavrou, A.; Daly, ].M.; Maddison, B.; Gough, K.; Tarlinton, R. How Is Europe Positioned for a Re-Emergence of Schmallenberg
Virus? Vet. J. 2017, 230, 45-51. [CrossRef] [PubMed]

Azkur, AK,; Albayrak, H.; Risvanli, A.; Pestil, Z.; Ozan, E.; Yilmaz, O.; Tonbak, S.; Cavunt, A.; Kady, H.; Macun, H.C,; et al.
Antibodies to Schmallenberg Virus in Domestic Livestock in Turkey. Trop. Anim. Health Prod. 2013, 45, 1825-1828. [CrossRef]
[PubMed]


https://doi.org/10.1016/j.jcpa.2009.04.003
https://www.ncbi.nlm.nih.gov/pubmed/19476953
https://doi.org/10.1001/jama.2022.22254
https://www.ncbi.nlm.nih.gov/pubmed/36692559
https://doi.org/10.1590/0103-8478cr20160523
https://doi.org/10.1371/journal.pone.0222198
https://www.ncbi.nlm.nih.gov/pubmed/31498815
https://doi.org/10.52547/ibj.25.4.226
https://www.ncbi.nlm.nih.gov/pubmed/34217155
https://doi.org/10.1186/1743-422X-8-101
https://doi.org/10.1186/s12917-021-03119-x
https://doi.org/10.1002/vms3.970
https://www.ncbi.nlm.nih.gov/pubmed/36205583
https://doi.org/10.3390/v11050412
https://doi.org/10.1186/s13567-015-0262-4
https://www.ncbi.nlm.nih.gov/pubmed/26511615
https://doi.org/10.3390/pathogens9090676
https://doi.org/10.1016/j.vetmic.2009.08.026
https://doi.org/10.3201/eid0902.020244
https://www.ncbi.nlm.nih.gov/pubmed/12603984
https://doi.org/10.3389/fmicb.2018.03327
https://www.ncbi.nlm.nih.gov/pubmed/30723465
https://www.ncbi.nlm.nih.gov/pubmed/33612727
https://doi.org/10.4142/jvs.23016
https://www.ncbi.nlm.nih.gov/pubmed/37271510
https://doi.org/10.1007/s11259-020-09780-1
https://www.ncbi.nlm.nih.gov/pubmed/32857262
https://doi.org/10.1016/j.virusres.2019.05.015
https://www.ncbi.nlm.nih.gov/pubmed/31152757
https://doi.org/10.14202/vetworld.2022.2764-2771
https://www.ncbi.nlm.nih.gov/pubmed/36718323
https://doi.org/10.3390/v15091861
https://doi.org/10.1016/j.cimid.2021.101639
https://www.ncbi.nlm.nih.gov/pubmed/33770551
https://doi.org/10.3201/eid1803.111905
https://doi.org/10.1186/s12917-023-03666-5
https://www.ncbi.nlm.nih.gov/pubmed/37507724
https://doi.org/10.3390/v11111065
https://doi.org/10.1016/j.tvjl.2017.04.009
https://www.ncbi.nlm.nih.gov/pubmed/28668462
https://doi.org/10.1007/s11250-013-0415-2
https://www.ncbi.nlm.nih.gov/pubmed/23645515

Animals 2024, 14, 845 24 of 24

109.

110.

111.

112.

113.

114.

Singh, V.; Somvanshi, R.; Yasotha, T.; Subodh, S.K.; Singh, S.K.; Dayal, S. Detection of BPV-2 in Cutaneous Warts of Indian Water
Buffaloes (Bubalus bubalis). Buffalo Bull. 2010, 29, 133-140.

Silvestre, O.; Borzacchiello, G.; Nava, D.; Iovane, G.; Russo, V.; Vecchio, D.; D’Ausilio, F; Gault, E.A.; Campo, M.S.; Paciello, O.
Bovine Papillomavirus Type 1 DNA and E5 Oncoprotein Expression in Water Buffalo Fibropapillomas. Vet. Pathol. 2009, 46,
636—641. [CrossRef]

Jangir, B.L.; Bind, R.B.; Kumar, P.; Somvanshi, R. Pathological Studies and Detection of Different Bovine Papilloma Virus Types in
Buffalo Cutaneous Warts. Turk. J. Vet. Anim. Sci. 2017, 41, 306-311. [CrossRef]

Kumar, P.; Nagarajan, N.; Saikumar, G.; Arya, R.S.; Somvanshi, R. Detection of Bovine Papilloma Viruses in Wart-Like Lesions of
Upper Gastrointestinal Tract of Cattle and Buffaloes. Transbound. Emerg. Dis. 2015, 62, 264-271. [CrossRef]

Roperto, S.; Russo, V.; Ozkul, A.; Sepici-Dincel, A.; Maiolino, P; Borzacchiello, G.; Marcus, I.; Esposito, I.; Riccardi, M.G.; Roperto,
F. Bovine Papillomavirus Type 2 Infects the Urinary Bladder of Water Buffalo (Bubalus bubalis) and Plays a Crucial Role in Bubaline
Urothelial Carcinogenesis. J. Gen. Virol. 2013, 94, 403—408. [CrossRef]

Vrablikova, A.; Brezani, V.; Psikal, I.; Fraiberk, M.; Sebela, M.; Fojtikova, M.; Kulich, P.; Hezova, R.; Masek, J. Development of
Modern Immunization Agent against Bovine Papillomavirus Type 1 Infection Based on BPV1 L1 Recombinant Protein. Front. Vet.
Sci. 2023, 10, 1116661. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1354/vp.08-VP-0222-P-FL
https://doi.org/10.3906/vet-1605-17
https://doi.org/10.1111/tbed.12127
https://doi.org/10.1099/vir.0.047662-0
https://doi.org/10.3389/fvets.2023.1116661

	Introduction 
	Foot and Mouth Disease (FMD) 
	Rinderpest 
	Malignant Catarrhal Fever 
	Infectious Bovine Rhinotracheitis 
	Bovine Viral Diarrhea 
	Blue Tongue 
	Rabies 
	Bovine Ephemeral Fever 
	Buffalopox 
	Lumpy Skin Disease 
	Schmallenberg Virus (SBV) 
	Papillomatosis 
	Final Considerations 
	Conclusions 
	References

