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Abstract

Sheep-associated malignant catarrhal fever (SA-MCF), the form of MCF that occurs in Brazil, is a severe, frequently fatal,
infectious disease caused by ovine gammaherpesvirus-2 (OvHV-2), in which sheep are the asymptomatic hosts and cattle and
other cloven-hoofed animals are the accidental hosts. This review provides a critical analysis of the historical, epidemiological
aspects and the estimated economic impacts associated with SA-MCF in Brazil. Moreover, the clinical manifestations and
pathological lesions associated with SA-MCF in cattle are reviewed and discussed and the phylogenetic distribution of
OVHV-2 in Brazil is presented. OVHV-2 is the only MCF virus identified in animals from Brazil. It is recommended that a
histopathologic diagnosis of SA-MCF be based on all aspects of vascular disease in the affected animal and not only
lymphocytic/necrotizing vasculitis and/or fibrinoid change. Conformation of the intralesional participation of OvHV-2 in these
alterations can be achieved by immunohistochemistry and/or in situ hybridization assays. Additionally, it is proposed that OvHV-
2 should be considered as a possible infectious disease agent associated with the development of bovine respiratory disease in
cattle. Furthermore, the possible role of the small intestine in the dissemination of OVHV-2 is discussed.

Keywords Cattle disease - Diagnosis - Histopathology - Malignant catarrhal fever - Ovine gammaherpesvirus-2 - Vascular
alterations

Historical aspects of malignant catarrhal fever
in Brazil

It is rather likely that the first occurrence of malignant catarrh-
al fever (MCF) in domestic cattle in association with sheep
occurred in Europe by the end of 1700 [1]. By 1850, MCF was
recognized in Africa and the relationship of the wildebeest in
the transmission of MCF was already suspected [2]. However,
the first experimental study with MCF was probably done in
1923 in South Africa by Mettam, where MCF is known as
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snotziekte [3]. In this featured article, Mettam [3] described
that the histopathological findings “reveals the presence of
hyperplasia of the lymphoid tissues, and infiltrations of lym-
phocytes in the parenchyma of the organs, especially in situ-
ations closely related to blood vessels”; these are the hall-
marks for the histologic diagnosis of MCF that is now known
as disseminated vasculitis with fibrinoid change.

The documented chronology of events relative to the char-
acterization of MCF in Brazil based on published manuscripts
is given in Table 1. The first mention of MCF in Brazil prob-
ably dated back to 1924, during which several outbreaks of
cattle mortality that occurred in various cities within the State
of Paraiba, Northeastern Brazil, were investigated [4].
However, the detailed report described the clinical manifesta-
tions and gross findings of 7.9% (3/38) cows [4] that could
have been simultaneously affected by several infectious dis-
ease entities, probably including MCF, but there is no descrip-
tion of the histopathologic findings. These clinical syndromes
were referred to as “hallow” (“oca”), “horn disease” (“mal de
chifres”), or gangrenous coryza (“coriza gangrenosa”) and
were associated with progressive emaciation, corneal ulcera-
tions, ulcerative gingivitis, bronchopneumonia, enlarged
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Table 1 Chronologic epidemiology of sheep-associated malignant catarrhal fever in Brazil
Year/ State Diagnostic  Contact reservoir Mammalian species Animals affected References
period Method host
Total Morbidity Lethality
No. % No. %
1956 RJ HE Sheep Bovine 4200 450 10.7 450 100 Déobereiner and Tokarnia
(1959)
1972 SP HE None Bovine NR 3 - 3 100 Corréa et al. (1972)
1973 RS HE Sheep Bovine 200 40 20 40 100 Barros et al. (1983)
1983 SP HE Sheep Bovine 155 24 155 24 100 Marques et al. (1986)
1985 PR HE Sheep Bovine 237 59 249 56 94.9 Baptista and Guidi (1988)
1994 MT HE, PCR  Sheep Brocket deer (Mazama 10 6 60 6 100 Driemeier etal. (2002)
gouazoubira)
1994 RS HE, PCR  Sheep Bovine 586 34 58 50 98 Rechetal (2005)
1997 RS HE,PCR NR Bovine 480 118 24.6 12 100 Rech etal. (2005)
2000-2005 PB HE Sheep Bovine 190 6 32 6 100 Macédo etal. (2007)
2001-2002 RS HE, PCR  Sheep Bovine 670 30 45 27 90 Garmatz et al. (2004)
2002-2003 MS-SP HE Sheep* Bovine NR 7 — 7 100 Lemos et al. (2005).
20042006 MG HE,PCR  None Swine 56 20 357 20 100 Costaetal. (2010)
2006 MG HE, PCR  Goat Horse 1 1 100 1 100 Costa et al. (2009)
2006-2007 MT HE, PCR  Sheep Bovine 788 14 1.8 14 100 Mendonga et al. (2008)
2007 MG HE, PCR  Sheep Murrah buffalo 145 5 34 5 100 Costa et al. (2009)
(Bubalus bubalis)
2008 MT HE, PCR  Sheep Bovine 1000 NR - - - Luvizotto et al. (2010)
2008 ES HE Sheep Bovine 1 1 100 1 100 Carmo et al. (2011)
2008-2009 RN HE, PCR  Sheep Bovine 229 409 9 100 Headley etal. (2012)
2009 RJ HE Sheep Bovine 90 1 12 1 100 Galvao et al. (2016)
2009-2010 MT HE, PCR  Sheep Bovine NR 2 - 2 100 Furlan et al. (2012)
2012 PR HE,PCR  Goat Bovine 130 1 08 1 100 Headley et al. (2013)
2012-2014 SP, PE, ES,RJ HE,PCR  Sheep Bovine 5637 29 0.5 29 100 Martins etal. (2017)
2013 MT HE, PCR  Sheep Bovine 250 3 12 3 100 Headley et al. (2015)
2013 BA HE Sheep Bovine 35 1 29 1 100 Peixoto et al. (2015)
2017 PE HE, PCR  Sheep Bovine 40 3 75 3 100 Silva Filho et al. (2017)
2017 RJ HE, PCR  Sheep Sambar deer (Rusa unicolor) 23 19 82.6 19 100 Oliveira et al. (2018)
2018 RS HE,PCR  Sheep Bovine 153 1 07 1 100 Pinheiro de Oliveira et al.

(2019)

RJRio de Janeiro, SP Sao Paulo, RS Rio Grande do Sul, PR Parana, MS Mato Grosso do Sul, MG Minas Gerais, MT Mato Grosso, £S Espirito Santo, RN
Rio Grande do Norte, PE Pernambuco, PB Paraiba, BA Bahia, NR not reported, HE histopathology, PCR polymerase chain reaction

*Sheep were not observed at some of the farms investigated

lymph nodes, fibrinous and/or necrotizing tracheitis and lar-
yngitis, and purulent sinusitis [4]. Nevertheless, an extensive
study done within the North and Northeastern regions of
Brazil in 1959 revealed that the horn affections could have
been confused with nutritional deficiencies of cattle, purulent
empyema of the frontal sinuses, and/or chronic sinusitis [5].
Moreover, it seemed that at that time, “hallow” and “horn
disease” as well as other similar terms, were unintentionally
used to indicate or were confused with gangrenous coryza [6].
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The first description of the gross and histopathologic find-
ings associated with MCF in Brazil was done by Ddbereiner
and Tokarnia in 1956 who investigated cattle mortality in Rio
Grande do Norte [6]. At that time, MCF was known as gangre-
nous coryza in Brazil [6] and was referred to as bovine malig-
nant catarrh in Europe and North America [7-9], and snotziekte
in Africa [3, 10]. Although Débereiner and Tokarnia tried un-
successfully to reproduce the disease in rabbits, they concluded
that their histopathologic diagnosis was consistent with similar
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reports worldwide [6]. In fact, the histopathologic lesions de-
scribed in the cases reported by Dobereiner and Tokarnia [6]
were similar to the ongoing studies worldwide [3, 9, 11], where
experimental infection was confirmed in cattle [2], the passive
role of sheep in the development of MCF was discussed [12],
and the utilization of rabbits as a model to study this disease was
proposed [7, 13]. Consequently, it can be argued that
Dobereiner and Tokarnia were the first to effectively describe
the occurrence of MCF in Brazil, since the vascular lesions
associated with MCF continue to be fundamental for the histo-
pathologic diagnosis of this disease, being consistent with those
described by Mettam in 1924 [3]. Alternatively, Torres in 1924
reported the clinical aspects of several diseases [4], and de-
scribed gross manifestations including corneal edema and nasal
secretions, which are frequently observed in cattle infected with
MCEF [14, 15]; but Torres did not provide any associated histo-
logic record of alterations associated with the clinical diseases.
It must be highlighted that some of those alterations observed
by Torres in 1924 could have been attributed to those seen in
cattle with MCF but are easily confused with the clinical man-
ifestations of other diseases such as blue tongue (BT) [14],
bovine viral diarrhea (BVD) [14, 16], infectious bovine
rhinotracheitis (IBR) [16—18], foot-and-mouth disease (FMD)
[14, 16], and other vesicular infectious diseases that affect the
oral and respiratory tracts of cattle. Moreover, the clinical man-
ifestations of MCF are variable and a diagnosis cannot be made
exclusively on gross findings [19].

There was an apparent 13-year absence of scientific data
relative to the occurrence of MCF in Brazil between the cases
described by Débereiner and Tokarnia and the outbreak re-
ported in Sdo Paulo in 1972 [20]. In 1983, Barros and col-
leagues [17] investigated and described another outbreak of
MCEF in cattle that occurred in 1973 at the city of Julio de
Castilhos, approximately 60 km from Santa Maria, Rio
Grande do Sul. These authors clearly differentiated the histo-
pathologic findings associated with MCF from other similar
infectious diseases [17], and probably marked the turning
point for the histopathologic characterization of MCF in
Brazil by presenting detailed histologic findings observed in
several organs. MCF was then described in outbreaks affect-
ing cattle in the States of Sdo Paulo in 1983 [21] and Parana in
1985 [22]. It must be highlighted, that up to this point, all
confirmations of cases of MCF in cattle from Brazil was done
exclusively using the classic histopathologic vascular alter-
ations that are characteristic of this disease.

During 1959-1960, experimental studies confirmed that
Alcelaphine herpesvirus, now renamed Alcelaphine
gammaherpesvirus 1 (AIHV-1), was the etiologic agent associ-
ated with MCF in Affica, after the successful identification of this
virus from blue wildebeest (Connochaetes taurinus) in Kenya
[11]. The first molecular diagnostic method for the characteriza-
tion of MCF was done to amplify AIHV-1 DNA from blue
wildebeest in 1990 [23]. In 1992, ovine gammaherpesvirus 2

(formerly ovine herpesvirus, OvHV-2) DNA was identified in
normal sheep and clinically affected Balinese cattle (Bos
Jjavamcus) and water buffalo (Bubalus bubalis) from Indonesia
[24]. These studies demonstrated that there are at least two prin-
cipal syndromes with similar clinical sings and pathologic alter-
ations associated with MCF in distinct geographical locations:
wildebeest-associated MCF (WA-MCF) in Africa and sheep-
associated MCF (SA-MCF) worldwide. In 1993, Baxter and
others developed a PCR assay that successfully amplified
OvHV-2 DNA from several ruminant species with clinical man-
ifestations of MCF [25]. Seven years later, a quantitative PCR
(qPCR) technique was developed to detect the number of
OvHV-2 DNA copies in sheep [26]. In 2002, Flach and col-
leagues designed PCR assays that are able to differentiate be-
tween OvHV-2 and AIHV-1 [27]. In addition, Cunha and others
in 2009, introduced a multiplex PCR assay to differentiate be-
tween five viral agents associated with MCF [28]. These molec-
ular assays are considered as fundamental for the efficient iden-
tification of MCF in a wide range of mammalian species [29].

Although molecular methods to amplify viral nucleic acids
associated with MCF were established and used worldwide
since 1990, the first molecular detection of OVvHV-2 DNA in
Brazil occurred more than a decade later in 2002 [30]. This
turning point occurred when Driemeier and colleagues revised
the findings of an MCF outbreak that occurred in 1994, during
which brown Brocket deer (Mazama gouazoubira) main-
tained in a zoological park in Cuiabd, Mato Grosso, were
clinically ill and died with histopathologic findings consistent
with this disease [30]. Thereafter, PCR assays were used to
identify OvHV-2 DNA in outbreaks of MCF from the States
of Rio Grande do Sul [31, 32], Minas Gerais [33-35], Mato
Grosso [36, 37], Rio Grande do Norte [38], Parana [39, 40],
Pernambuco [41], and Rio de Janeiro [42]. Consequently, the
utilization of molecular testing associated with typical histo-
pathologic findings is now frequently used to efficiently diag-
nose MCF in Brazil, except for the descriptions in the States of
Sdo Paulo-Mato Grosso do Sul [43], Paraiba [44], Espirito
Santo [45], Rio de Janeiro [46], and Bahia [47], in which
diagnosis was based exclusively on histopathologic findings.
An in situ hybridization (ISH) assay was designed to effec-
tively identify OvHV-2 nucleic acids in tissues with lesions
typical of MCF [48]. The probes used in that diagnostic meth-
od were specific in detecting only OvHV-2 and did not cross-
react with other members of the MCF complex of organisms,
including AIHV-1, AIHV-2, caprine herpesvirus 2 (CpHV-2)
and 3 (CpHV-3) and ibex-MCF virus [48]; this diagnostic
combination confirms an active infection due to the
intralesional detection of the MCF viruses. To this end,
Headley and others [49] have standardized an immunohisto-
chemical (IHC) assay designed to identify OvHV-2 antigens
from formalin-fixed paraffin-embedded (FFPE) tissues sec-
tions; these in situ diagnostic methods are excellent tools for
retrospective studies using archival material.
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In 2001, Garmatz and colleagues successfully transmitted
MCF after an outbreak of the disease in cattle, by using blood
derived from a cow with clinical manifestations of MCF that
was transferred to five asymptomatic calves [31]. Three calves
that were experimentally infected and developed clinical dis-
ease and pathological findings consistent with those described
in MCF, with the amplification of OvHV-2 DNA [31]. These
results represent the first confirmed transmission of MCF in
animals from Brazil, and are similar to the early experimental
studies done in North America [50, 51] and Africa [2, 7, 12].

Macédo and collaborators [44] did a retrospective study of
the cases of SA-MCF diagnosed in cattle from Paraiba,
Northeastern Brazil, and demonstrated that only 3.2%
(6/190) of the submitted cases were infected by OvHV-2.
However, the diagnosis of SA-MCF in this study was based
exclusively on the histopathologic findings recorded without
any molecular analysis.

Costa and others [35] identified typical histopathologic le-
sions of SA-MCF in Murrah buffalos and amplified OVHV-2
DNA from multiple tissues of four buffalos that died of the
head and eye form of MCF; these findings represent the only
documentation of MCF in buffalos from Brazil. The clinical
findings and lesions observed during that outbreak were sim-
ilar to those described in buffalos worldwide with SA-MCF
[52-54]. Additional details of the outbreak of SA-MCF in
buffalos from Brazil are provided below.

In 2013, Headley and others [40] demonstrated transpla-
cental transmission of OVHV-2 from a cow to her offspring
due to the combination of characteristic histopathologic find-
ings in several tissues with the concomitant amplification of
OvHV-2 DNA from both animals. Although vertical transmis-
sion is not frequently observed in SA-MCF, and is not the
most frequent form of dissemination of OVHV-2 to suscepti-
ble hosts [19, 29, 55], these findings demonstrate the possibil-
ity of OvHV-2 transplacental infection to be associated with
SA-MCF. Additionally, congenital transmission of WA-MCF
was experimentally demonstrated in cattle [56]. However, fur-
ther epidemiologic data and studies are required to associate
OvHV-2 as a possible reproductive disease pathogen of cattle.

Eloi and colleagues [57], evaluated the occurrence of
OvHV-2 DNA in sheep (n=188), compared the efficiency
of detection of viral DNA in blood as against nasal secretions
from eight sheep farms, and amplified OvHV-2 DNA from
41.5% (78/188) of the nasal samples. However, the results of
the blood samples are somewhat obscure, while qPCR and
statistical analyses were not used to compare the efficiency
of these results. Nevertheless, these authors indicated that
the efficiency of molecular detection of OVvHV-2 DNA was
twofold higher in nasal secretions relative to blood.
Additionally, sheep from two of the farms evaluated had direct
contact with cattle but without clinical manifestations associ-
ated with MCF [57]. Notwithstanding the above, similar in-
vestigations done by Li and colleagues [58, 59] demonstrated,
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by using qPCR assays, that up to a 100,000-fold increase per
copy of OvHV-2 DNA can be found in nasal samples relative
to blood in sheep during shedding episodes and confirmed
that nasal secretions are the principal means of transmission
of MCF by sheep .

Martins and colleagues [60] did a retrospective study using
a combination of histopathology and qPCR to review a col-
lection of 290 brain samples of cattle derived from several
states of Brazil, between 2012 and 2014. These authors dem-
onstrated that 5.9% (17/290) of the samples evaluated
contained OvHV DNA by qPCR, while histopathologic le-
sions were identified in 47.1% (8/17) of the samples that
contained OvHV-2 DNA. However, there is no consistent
information relative to the anatomic locations of the brain
evaluated in these cases. Although these authors [60] correctly
argued that molecular testing is more sensitive than histopath-
ologic findings to confirm the presence of OVHV-2, they er-
roneously suggested that MCF may be underdiagnosed in
Brazil “since there are no characteristic macro- or microscopic
lesions, and some lesions can be observed only upon post-
mortem examination.” The histopathologic lesions associated
with MCF are characteristic [19, 61, 62], fundamental for the
diagnosis of this disease, have been used since 1923 [3], and
are recognized by the World Organization for Animal Health
(OIE) as diagnostic [16, 19]. Another negative note in this
article was the overstatement made by these authors indicating
that “Malignant catarrhal fever diagnosis in Brazil is usually
made by clinical signs, necropsy, and histology” and cited
only a few of the articles published in Brazil relative to
MCEF to corroborate their statement, but excluded the manu-
scripts that used molecular testing to identify OvHV-2 DNA
in cattle. It is interested to note that the paper by Martins and
colleagues [60] was published in 2017, while the utilization of
molecular testing to identify OvHV-2 in Brazil dated back to
1994. Additionally, the discrepancy between molecular and
histological data in that study [60] may be directly related to
the type of samples examined. Brain does not seem to be very
reliable for the diagnosis MCF, since usually very low amount
of virus can be detected in the brain as compared to other
organs.

Oliveira and colleagues [42] identified OVHV-2 DNA in an
outbreak of MCF in 2017, during which neurological mani-
festations were observed in a group of Sambar deer (Rusa
unicolor), maintained in a park within the state of Rio de
Janeiro. Interestingly, one of these deer was gravid and borne
a 20 cm long fetus [42], which was not evaluated neither for
possible typical histopathologic lesions nor the presence of
OvHV-2 DNA. Nonetheless, this is the second confirmation
of MCF in a wild ruminant from Brazil.

In 2019, Pinheiro de Oliveira and others [63] developed a
digital droplet PCR (ddPCR) methodology to identify OvHV-
2 DNA in cattle and sheep, and have indicated that this strat-
egy has elevated sensitivity and specificity for the
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identification of viral particles from secretions and tissues of
animals. OvHV-2 DNA was detected in blood from asymp-
tomatic sheep, tissues of a MCF affected cow, as well as nasal
and ocular swabs and milk from a sheep that had recently
lambed [63]. However, milk does not seem to play a role in
the transmission of SA-MCF, as demonstrated in experimen-
tal studies [64, 65].

A significant breakthrough to understand the pathogenesis
of OVHV-2 induced SA-MCF was achieved by Pesavento and
collaborators [48] and Headley and colleagues [49] by using
in situ diagnostic methods. Headley and colleagues used the
monoclonal antibody (MAb-15A) in IHC assays to identify
intralesional antigens of OVHV-2 in cattle with neurological
manifestations [49], but without the head and eye form (HEF)
of MCF and that contained OvHV-2 DNA in brain tissues by
PCR [66]. These authors have demonstrated that the MADb-
15A, which binds to a common epitope in MCF viruses, and
previously used exclusively in serological assays to identify
OvHV-2 [67-69], can efficiently detect OVHV-2 antigens
within the cytoplasm of epithelial, some endothelial cells,
and leukocytes [49]. This IHC assay will be a landmark in
the diagnosis of MCF since retrospective studies can be easily
achieved using FFPE archival blocks. Another interesting
finding from the IHC study [49] was widespread angiopathy
in cattle that died with acute manifestations of neurological
disease but without the head and eye form of MCF. These
findings contrast previous descriptions of arterial proliferative
lesions in MCF in which the affected animals had chronic
manifestations of MCF [70-72]; consequently, angiopathy
in MCF may occur in animals with or without the classical
head and eye form and during acute manifestations of neuro-
logic disease.

Etiology of malignant catarrhal fever

Malignant catarrhal fever is a frequently lethal, lymphotropic
and vasotropic [7, 50], viral-induced infectious disease, that is
caused by several agents of the malignant catarrhal fever virus
(MCFV) complex group, subfamily Gammaherpesvirinae
[55, 73], genus Macavirus [74], and is associated with the
proliferation of dysregulated lymphocytes [75, 76]. These vi-
ral disease pathogens infect several members of the orders
Artiodactyla (cloven hoofed animals), including those from
the families Bovidae, Giraffidae, Cervidae, and Suidae [55,
73]. Infections are also described in Equidae from the order
Perissodactyla, odd-hoofed mammals [33]. With the recent
reorganization, the Macavirus genus now contains nine mem-
bers [74], and some of these species have been incriminated in
the development of MCF in specific mammalian hosts [73].
However, not all recognized MCF Vs are currently included in
the Macavirus genus listed by ICTV. An updated list of MCF
species with their associated mammalian hosts that are

pathogenic and the known geographical distribution is given
in Table 2; additional wildlife species that are susceptible to
members of the MCF complex can be consulted [1]. Within
these pathogenic species, OVHV-2, AIHV-1, and CpHV-2 are
more frequently studied, and are considered of moderate eco-
nomic importance due to mortality in susceptible mammalian
species [55]. Moreover, phylogenetic analyses have revealed
new species of the MCFV complex that are distinct from
previously described members of the MCFV including,
Ibex-MCF [77], CpHV-3 [78], and recently a new species
subtype of OVHV-3 [79].

Two syndromes of epidemiological importance are accept-
ed for MCF: wildebeest-associated MCF (WA-MCF) and
sheep-associated MCF, (SA-MCF) [19, 55, 73]. The wilde-
beest is the asymptomatic carrier of WA-MCF, which is in-
duced by AIHV-1 and occurs predominantly in ruminants
from Africa and in wildlife worldwide [19, 61].
Alternatively, SA-MCF occurs worldwide, is caused by
OvHV-2, with sporadic outbreaks in cattle, bison and deer,
while sheep are subclinically infected [19, 55, 61]. Although
MCFV carrier animals are usually asymptomatic, OvHV-2
nucleic acids were detected by ISH associated with PCR am-
plification of OVvHV-2 DNA and histopathologic evidence of
disseminated vasculitis in sheep with clinical disease [80], and
viral load in affected sheep being 100—1000 times more ele-
vated relative to asymptomatic sheep [81]. Therefore, sheep
may also demonstrate histopathologic manifestations associ-
ated with MCF in specific cases. In Brazil, SA-MCF is the
only syndrome, thus far, identified in cattle and other rumi-
nants infected by OvHV-2; clinically infected animals are ep-
idemiologically considered as dead-end hosts and do not
transmit the virus to other susceptible animals [82].
Consequently, sheep are the natural host, while cattle are the
accidental hosts of OVHV-2.

Epidemiology of sheep-associated malignant
catarrhal fever in Brazil

Sheep-associated malignant catarrhal fever in cattle

As indicated previously, SA-MCF in Brazil was initially di-
agnosed in cattle from Rio Grande do North in 1956 [6]. Since
that early description, SA-MCF was described in all geo-
graphical regions of Brazil, but only one outbreak occurred
within the Northern region of the country. The few outbreaks
of SA-MCF in Northern Brazil may represent the correspond-
ing reduced cattle populations in that geographical region. All
SA-MCF outbreaks in Brazil were sporadic, predominantly
affecting beef cattle [17, 20, 22, 31, 36-38, 40, 44, 60], with
few cases in dairy cows [6, 21, 43, 46, 83]. However, all cattle
regardless of breed, age, sex, and age are equally susceptible
to SA-MCF [82].
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Table2 Members of the MCF complex with their associated hosts and geographical distribution'

Virus MCEF hosts Geographical
distribution
Reservoir Susceptible
Alcelaphine gammaherpesvirus 1, Wildebeest (Connochaetes taurinus taurinus; African buffalo (Syncerus caffer) Africa

AIHV-1 C. taurinus albojubatus; C. albojubatus)
Alcelaphine gammaherpesvirus 2, Hartebeest (Alcelaphus buselaphus)
AIHV-2 Topi (Damaliscus lunatus)
Ovine gammaherpesvirus 2, Bighom sheep (Ovis canadensis)
OvHV-2 Domestic sheep (Ovis aries)

Mouflon (Ovis aries orientalis group)

Ovine gammaherpesvirus 3, OvHV-3  Bighomn sheep

Caprine gammaherpesvirus 2, CpHV-2 Domestic goat (Capra hircus)

Caprine gammaherpesvirus 3,
CpHV-3
Ibex-MCFV

Domestic goat (Capra hircus)

Nubian ibex (Capra nubiana)

Hippotragine gammaherpesvirus 1,
HipHV-1

Roan antelope (Hippotragus equinus)
Scimitar-hormed oryx (Oryx dammah)

Domestic cattle (Bos taurus)
Barbary red deer (Cervus elaphus barbarous) Africa

African buffalo (Syncerus caffer) Africa
American bison (Bison bison) Asia
Banteng (Bos javanicus) Europe
Brown brocket deer (Mazama gouazoubira) ~North America
Domestic cattle (Bos taurus) South America
Domestic goat (Capra hircus)
Domestic horse (Equus ferus caballus)
Domestic pig (Sus scrofa)
European bison (Bison bonasus)
Moose (Alces alces)
Murrah buffalo (Bubalus bubalis)
Musk ox (Ovibos moschatus)
Red deer (Cervus elaphus)
Roe deer (Capreolus capreolus)
Sambar deer (Rusa unicolor)
Sika deer (Cervus nippon)
Water buffalo (Bubalus bubalis)
Watusi (Bos taurus africanus)
North America

Domestic pig (Sus scrofa domesticus) Europe

Moose (Alces alces) North America
Pronghorn (Antiocapra americana) Asia

Pudu (Pudu puda)

Roe deer (Capreolus capreolus)

Sika deer (Cervus nippon)

Water buffalo (Bubalus bubalis)
White-tailed deer (Odocoileus virginianus)
Red brocket deer (Mazama americana)
White-tailed deer (Odocoileus virginianus)

North America

Anoa (Bubalus sp.) North America
Bongo (Tragelaphus eurycerus)

Duiker (Cephalophus spp.)

Pronghorn antelope (Antilocapra americana)

Not defined North America

! Adapted from O’Toole and Li: Vet Pathol. 2014; 51:437—452 and Li et al.: Annul Rev. Anim Biosci. 2014; 2:209-233

Most outbreaks of SA-MCEF affected the major cattle pro-
ducing states of Brazil, with the largest number of outbreaks
and associated cattle mortality occurring in Rio Grande do Sul
and Sao Paulo (Fig. 1). The notable difference was with the
states of Mato Grosso do Sul (MS) and Minas Gerais (MG);
these are major regions of cattle production in Brazil [84, 85],
but with few published outbreaks of SA-MCF. Although the
exact reason for this difference is unknow, the sporadic occur-
rence of MCF [55], associated with the number of similar
infectious diseases that must be included in the differential
diagnosis [16, 19] may have resulted in the underdiagnosis
of cases of SA-MCF and could have contributed to the re-
duced number of cases in these areas of elevated cattle pro-
duction. Additionally, the reduced number of cases of SA-
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MCEF in these states may be associated with the absence of
contact between asymptomatic sheep and susceptible cattle
due to technification in cattle production and the reduced
number of sheep populations in these states, considering that
the States of MS and MG contributed towards 2.3% and 1%,
respectively, of the number of sheep from Brazil in 2018 [86].
Underreporting of MCF seems common worldwide, since
MCEF is not on the OIE official list of diseases that must be
communicated by member countries as mandated by the
World Trade Organization [87]; consequently, there is no or-
ganized and enforced reporting system for this disease [73].
Underreporting can also be attributed to the development of
chronic manifestations of MCF in cattle that have survived the
acute infections and remained persistently infected with
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Fig. 1 Geographical demonstration of the morbidity of susceptible cattle due to sheep-associated malignant catarrhal fever in Brazil. The obtained data

were generated with the QGIS software

OvHV-2[70, 72]. Consequently, the reported morbidity, mor-
tality, and lethality rates associated with MCF may be more
elevated than the documented cases.

A graphical overview of the geographical distribution of
the relationship between the reported number of susceptible
cattle to OVHV-2 and the morbidity rate in Brazil based on
published articles is provided at Fig. 1, revealing that morbid-
ity was more elevated in the State of Rio Grande do Norte,
followed by Parana, Rio Grande do Sul, and Rio de Janeiro.
Consequently, SA-MCF-2 was identified in four of the five
geographical regions of Brazil, except the Northern region,
demonstrating that this disease is endemic in this country.
When all outbreaks of SA-MCF in cattle from Brazil were
considered based on published articles, an average morbidity
of 5.6% (818/14,521) was observed since the first description
of MCF, while the average lethality was estimated at 99.3%
(818/824), since most cattle with clinical manifestations of
SA-MCF died (Table 3). This overall estimated SA-MCF as-
sociated mortality in Brazil is similar to that identified in cattle
with neurological disease from the States of Parana, 2.1%; 5/
236 [66], Rio Grande do Sul, 3.3%; 10/305 [88] and the semi-
arid states (6.3%; 7/111) of Northeastern Brazil [89].

Alternatively, a review of the diagnosis of neurological dis-
eases of cattle from the State of Mato Grosso do Sul revealed
that MCF contributed to only 0.4% (2/534) of cattle mortality
[90]; however, almost half (46.3%; 247/534) of the cases of
cattle with neurologic disease from this study remained undi-
agnosed. The incidence of WA-MCF was estimated as 5.6—
6.2% in cattle from high risk regions of the Ngorongoro
District, Tanzania [91], and varies between 3 and 7% in south-
ern Kenya [92]. Consequently, the estimated 5.6% cattle mor-
bidity associated with SA-MCF in Brazil is a reasonable rate
that can be used nationally.

In most outbreaks of MCF, there is a description of the
concomitant rearing of sheep and cattle on the same farm or
pastures. Nevertheless, the association of sheep was unknown
in several outbreaks of SA-MCF in cattle from Rio Grande do
Sul [32], and in swine from Minas Gerais [34]. Interestingly,
bison (Bison bison) reared less than 1 km distant from sheep
were considered at higher risk to develop MCF [93], com-
pared to animals separated by greater distances, as there seems
to be a direct relationship between the distance of sheep herds
and flocks of bison in the development of SA-MCF bison
mortality [94]. Consequently, direct comingling with sheep
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Table 3 Distribution of the cattle

at risks with morbidity and States Number of cattle at risk Morbidity Lethality

lethality rates associated with

Sheep-Associated Malignant Number %o Number %o

Catarrhal Fever in Brazil'
Bahia 35 1 29 1 100
Espirito Santo 255 2 0.8 2 100
Mato Grosso 2038 19 0.9 19 100
Paraiba 190 6 3.2 6 100
Pernambuco 920 8 0.9 8 100
Parana 367 60 16.3 57 95
Rio de Janeiro 4640 452 9.7 452 100
Rio Grande do Norte 22 9 40.9 9 100
Rio Grande do Sul 1936 218 12.3 215 98.6
Séo Paulo 4308 49 1.1 49 100

14,711 824 5.6 818 99.3

! Data compiled and extracted from published articles shown in Table 1

may not be absolutely necessary for the development of MCF
in susceptible animal populations, since aerosol transmission
associated with local climatic conditions, such as wind direc-
tion and speed, temperature, and moisture, and possible me-
chanical vectors may participate in the dissemination of
OvHV-2 [94].

In two outbreaks, goats and not sheep were reared simul-
taneously with cattle [39] and horses [33] that developed SA-
MCEF. Although goats are the natural hosts of CpHV-2, which
forms part of the viral infectious disease agents within the
MCEF group [55, 73], the possibility of simultaneous infections
due to CpHV-2 and OvHV-2 in these two outbreaks from
Brazil [33, 39] or the detection of CpHV-2 in the asymptom-
atic goats was not explored. Goats have been infected by
OvVHV-2 [95, 96] and are associated with the transmission of
MCEF to several wild ruminant species [55], but the role of
goats in the dissemination of MCF to cattle is currently
unknown.

Sheep-associated malignant catarrhal fever in other
animals

Outbreaks of SA-MCF occurred in other production animals
from Brazil, including buffalos [35], horse [33], and pig [34].
Brazil has a considerably population (1.3 million heads) of
buffalos distributed throughout most states [84], but only
one outbreak of SA-MCF was located in buffalos [35]; a sim-
ilar trend of MCF occurs in outbreaks of buffaloes worldwide
[55]. The outbreak from Brazil occurred in Minas Gerais
where Murrah buffalos (Bubalus bubalis) were raised simul-
taneously with cattle and sheep, during which buffalo morbid-
ity was reduced (3.4%; 5/145) but with elevated lethality
(100%; 5/5). The clinical manifestations and pathological
findings observed in the affected buffalos [35] were similar
to that previously described in cattle [55, 61, 73] and buffalos
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from diverse geographical locations with MCF due to OvHV-
2 [52-54, 97] and in Africa associated with AIHV-1 [97].
Moreover, one cow that was at the farm died with clinical
and pathological manifestations consistent with those induced
by OvHV-2, where asymptomatic and affected buffalos that
contained OvHV-2 DNA comingled with infected, asymp-
tomatic sheep [35]; these authors then confirmed the associa-
tion of OVHV-2 with the development of the clinical and
pathological findings observed in this herd of buffalos.
Nevertheless, this is one of the few studies from Brazil that
have identified OvHV-2 DNA in sheep during outbreaks of
SA-MCF.

The report of OVHV-2 in a foal from Minas Gerais [33]
represents the unique demonstration of SA-MCF in a member
ofthe Equidae family of domestic animals, since as of the time
of writing, similar cases have not been published. In that
study, a foal died after acute onset of neurological manifesta-
tions; histopathology revealed lymphocytic nephritis and
granulomatous hepatitis with fibrinoid change at both organs,
while molecular testing amplified OvHV-2 DNA from the
affected arteries by using laser capture microdissection array.
The remarkable event in that case, was the absence of ade-
quate of histopathologic evidence of brain disease to support
the neurological manifestations observed clinically; the au-
thors described non-specific findings in the brain, such as
congestion and hemorrhage [33]. Additionally, OvHV-2
DNA was amplified from goats and adult horses, including
the dam of the foal, that comingled at the farm where the foal
was maintained, while molecular testing to eliminate other
possible infectious causes of neurological diseases in horses
resulted in negative results [33]. Although this case clearly
demonstrated the possibility of SA-MCF to be a potential
infectious disease for members of the Equidae family, addi-
tional reports are required to assess the importance, if any, of
this disease to horses.
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There is only one report of SA-MCEF in pigs from Brazil;
this isolated description may reflect the rarity of porcine MCF
worldwide [98] as compared to cattle. The outbreak in Brazil
occurred between 2004 and 2008, at two commercial pig
farms that had no reported contact with sheep, during which
0.6% (28/4370) of the sows and gilts developed ataxia, con-
vulsions, tremors, and aggressive behavior, while fever
followed by abortion was observed in pregnant gilts and sows
[34]. Histopathology revealed nonsuppurative meningoen-
cephalitis with fibrinoid change in several parts of the brain
and molecular testing revealed OvHV-2 DNA from the
brainstem [34]; however, histopathologic evaluation was not
reported for non-neurologic tissues and it is not clear which
viral disease agents, other than rabies and porcine
lymphotropic herpesviruses, were eliminated as possible
causes of the neurologic manifestations, while the cause of
the aborted fetus were not evaluated. This differential investi-
gation would have been important to exclude the possibility of
simultaneous infections at this outbreak, since additional in-
fectious diseases, including porcine teschovirus, Aujeszky’s
disease, classical swine fever, African swine fever, and por-
cine circovirus are included in the differential diagnosis of
porcine MCF [98].

The first identification of OvHV-2 in pigs was published in
1998 and described two outbreaks of SA-MCF from Norway,
during which respiratory difficulties and the inability to stand
were observed clinically, with widespread fibrinoid change in
multiple tissues, and the amplification of OVvHV-2 DNA from
the affected pigs [99]. Since the first report in Norway in 1998
[99], MCF was diagnosed in pigs from the USA [100-102],
Switzerland [103], Finland [104], Norway [105], the UK
[106], and Vietnam [107]. It is worthy to mention that most
of the cases of SA-MCF in swine reported lesions affecting
multiple systems [99—-101, 108], while the outbreak from
Brazil described lesions restricted to the brain [34]. Studies
have demonstrated that domestic pigs are highly susceptible
to infection by OvHV-2 [108], develop multiple organ disease
[48, 99, 101, 104, 106], and are excellent models to investi-
gate the pathogenesis of MCF [108]. Nevertheless, porcine
MCF may not be of significant threat to the commercial pig
industry [98].

Thus far, outbreaks of SA-MCF in non-domestic animals
in Brazil occurred in the Brocket [30] and Sambar [42] deer
maintained within the states of Mato Grosso and Rio de
Janeiro, respectively. SA-MCF seems to be more severe and
fatal in deer relative to cattle [82]. The first outbreak occurred
in deer maintained in a zoological park at the city of Cuiaba,
Mato Grosso where morbidity was 60% (6/10) and all affected
deer died within 3 days since the onset of acute clinical man-
ifestations associated with MCF [30]. The other outbreak af-
fected deer maintained at a conservationist estate within the
city of Casimiro de Abreu, Rio de Janeiro; morbidity was
more elevated (82.6%; 19/23), with 100% lethality, but the

reported clinical manifestations were predominantly of acute
neurological disease, with death occurring with 2 days after
the onset of initial signs [42]. In both outbreaks, the affected
deer had contact with sheep, developed typical histopatholog-
ic lesions in multiple tissues, and OVHV-2 DNA was ampli-
fied by PCR [30, 42]. The findings of these outbreaks are
similar to those described in other countries where deer devel-
oped manifestations of MCF associated with OvHV-2
[109-113], CpHV-2 [109, 113, 114], and/or an AIHV-2-like
virus [115]. Consequently, it seems that deer are highly sus-
ceptible to infections by members of MCF complex of organ-
isms. However, the clinical manifestations of MCF in exotic
ruminants may not be that characteristic as observed in cattle,
and may be manifested only by conjunctivitis, photophobia,
unilateral corneal edema, fever, depression, lymphadenopa-
thy, occasionally diarrhea, mild serous nasal discharge, and
sudden death [1].

Phylogenetic analysis of OVHV-2 in cattle from Brazil

Most studies [31, 33-36, 38—40, 60] that have used molecular
assays to identify OvHV-2 in Brazil have used the classic
identification method with the Baxter primers [25] based on
the tegument protein gene. However, not all studies that have
performed molecular identification of OvHV-2 in animals
from Brazil have deposited the obtained nucleotide sequences
in public databases. Consequently, when public databases
were consulted, 12 nucleotides sequences suitable for phylo-
genetic analysis were obtained. Sequences were obtained
from four federative states of Brazil, which represent the prin-
cipal cattle producing regions (South, Southeastern, Midwest,
and Northeastern) of Brazil; the animal host of the sequences
were derived predominantly from cattle, with few sequences
from the horse, sheep, pig, and goat. Authors and/or related
scientists are encouraged to deposit nucleotide sequences in
public databases so that detailed epidemiological surveys and
phylogenetic analyses of OvHV-2 in Brazil can be achieved.

The phylogenetic analysis revealed two distinct groups
(Fig. 2), with all sequences derived from cows from the cattle
producing regions of Brazil grouped with the reference strain
of OvHV-2 (DQ198083.1) obtained in the US [116]; this
group also contained sequences derived from horses, sheep,
and goats from the state of Minas Gerais. The other group
consisted of nucleotides that clustered around the UK refer-
ence strain (NC_007646.1; [117]) and contained non-cow se-
quences from Brazil. Additionally, sequences from Brazil
clustered with sequences derived from South Africa,
Germany, Turkey, and Italy.

Additionally, all sequences derived from Brazil demon-
strated 99% and 100% nucleotide identity, indicating that
the type of OVHV-2 circulating in the major cattle producing
regions of Brazil is remarkably similar, if not identical.
Moreover, the sequences from Brazil demonstrated the same
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Fig. 2 Phylogenetic relationship
of OVHV-2 identified in cattle
from Brazil based on the tegu-
ment protein gene. The sequences
derived from Brazil are
highlighted (e); the evolutionary
history was inferred by using the
maximum likelihood method
based on the Jukes-Cantor model.
The geographical origins and the
animal hosts of the sequences
used are provided. MG, Minas
Gerais; MT, Mato Grosso; PR,
Parana; RN, Rio Grande do Norte

EU851177.1 South Africa/cow
# JQ780444 1 Brazil-RN/cow
EU851175.1 South Africa/cow
@ KJ658294 1 Brazil-MT/cow
@ KJ658293.1 Brazil-MT/cow
HM216483.1 Germany/European bison
_ |HM216485.1 Germany/Pere Davids deer
[+ @ KC123170.1 Brazil-PR/cow
DQ198083.1 USA/sheep
@ JQ780445 1 Brazil-RN-PR/cow
@ DQ882652.1 Brazil-MG/sheep
I KU499857 1 Italy/water buffalo
I JN991056.1 Turkey/cow

@ EU718484.1 Brazil-MG/horse
9_| # EU718485.1 Brazil-MG/goat

L @ EU244696.1 Brazil-MG/goat

a @ EU244694 1 Brazil-MG/horse
2‘{ @ EU718487.1 Brazil-MG/goat
NC 007646.1 UK/cow
JX442930.1 India/cow

32

m

I 4 HQ223415.1 Brazil-MG/swine
JF832385.1 India/cow

L UN084010.1 Turkey/sheep
EU432274.1 Murine herpesvirus

0.1

percentage of nucleotide identity with sequences derived
South Africa, Germany, Turkey, and Italy. Similar findings
were obtained in a study done to evaluate the distribution of
OvHV-2 in Mongolian livestock [118], which demonstrated
remarkably high (99-100%) nucleotide identity with se-
quences derived from several countries, including Brazil.

Monitoring of malignant catarrhal fever

The MCF complex of organisms is considered as a high con-
sequence livestock pathogen [119] and SA-MCF is a report-
able disease that in the USA [120]. In Brazil, SA-MCF is also
listed as a disease that requires automatic notification when
diagnosed in any species of domestic animals [121]. However,
MCF is not on the list of the notifiable disease published by
the OIE in 2019 [87], and even in India where the disease is
considered as an emerging infection [122], as well as in Africa
where WA-MCEF is endemic, with elevated cattle fatality (95—
100%) resulting in severe economic losses to farmers in sev-
eral countries within the African continent [123]. The absence
of worldwide regulation as to the notification of MCF may
have contributed towards the apparent reduced global preva-
lence of this disease, probably due to under notification [73].
Nonetheless, initial retrospective studies suggest that OvHV-2
may be associated with the development of bovine respiratory
disease (BRD) in cattle from Brazil, acting individually or in
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association with other disease pathogens of BRD (Oliveira
et al. manuscript in preparation). Therefore, the real preva-
lence of OvHV-2 may be underdiagnosed worldwide (see
discussion below).

Estimated direct economic impacts
of sheep-associated malignant catarrhal fever
on cattle production in Brazil

There is wide variation of the economic impacts associated
with losses due to MCF [73]. Losses have been associated
with death, slaughter, the emergency sale of affected animals,
and reduced price for MCF affected cattle in Ngorongoro
district, Tanzania [91], while the emergency sale of diseased
animals was reported as impacting the economy in Southern
Kenya [92]. However, data relative to the actual financial loss
of cattle due to MCF is unknown. Additionally, there is no
available data of the possible impacts of MCF on the cattle
industry in Brazil. Consequently, knowledge of the economic
impacts of SA-MCEF is fundamental for the implementation of
governmental policies related to this disease.

The estimated direct economic losses due to cattle mortal-
ity associated with SA-MFC in Brazil are summarized in
Table 4, considering that the average annual cattle morbidity
due to SA-MCF is 5.6% (185/14,521), with lethality 0f 99.3%
(Table 3). The average live body weight of cows that died due
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Table 4  Estimated economic impact of sheep-associated malignant catarrhal fever related mortality on cattle production in Brazil

Estimated parameters Cow 200 kg Cow 300 kg Number of cattle Gross domestic product
Average weight/animal (kg) 200 300

Price live weight (USD)' 1 132

Cost/animal (BW/USD) 264 396

Annual operational costs (USD 26.62) therapy” 8.59 12.89

Annual morbidity (7= 819) cost (USD) 215,952 323,928

Annual mortality (n=813) cost (USD) 214,368 321,552

National cattle herd® 217,749,364

Average mortality 5.6%" 12,193,964

Estimated economic loss (USD) 3,219,206,597 4,828,809,896

Percentage of GDP Brazil (USD) 0.00 0.000142527 3,388,000,000,000,000°
Percentage of GDP of livestock farming (USD) 0.00 0.004237755 113,947,368,421,053°

! Canal Rural, https:/canalrural.uol.com.br/cotacao/boi-gordo/
2 Batista et al. 2017

3 Ministério da Agricultura, Pecuaria e Abastecimento, 2017

“ This study

> Wikipedia. Economy of Brazil. GDP Brazil 2018, https://en.wikipedia.org/wiki/Economy of Brazil

% Brazilian Beef Exporters Association, 2018

to SA-MCF probably varied between 200 to 300 kg, which
would represent a hypothetical annual value of $264 (USD)
and $396 per each category of cows. Since the operational
therapeutic cost associated with feedlot cattle reared in
Brazil is 26.62 USD/animal [124], the estimated annual cost
of therapy due to SA-MCF infections may vary between $8.59
and $12.89 per category of cows. It must be underscored that
there is no effective therapy for MCF [16, 73]. However, due
to the similarity of lesions seen in other infectious diseases of
cattle, most affected cattle will probably be subjected to some
therapeutic approach before MCF is eventually diagnosed.
When the average costs associated with morbidity and mor-
tality related to SA-MCF were estimated, morbidity would
have resulted in an economic loss that varied between
$215,592 and $323,928, with mortality costs accounting for
$214,368 to $321,552, considering each category of cow.

If these data are projected nationally and considering an
annual mortality rate, due to SA-MCEF, of 5.6%, an estimated
217 M heads of cattle from the national herd [84, 85] can
possibly be affected, resulting in a projected economic loss
of $3.2 to 4.8 billion per category of cattle. However, these
estimates represent less than 0.0001% of the gross domestic
product (GDP) of Brazil in 2017 [125], and less than 0.004%
of the GDP [126] derived from livestock production within
the same year; livestock farming contributed to 31% of the
GDP generated by agribusiness in 2017 [126]. Although these
are estimated costs, the results demonstrate the reduced impact
of SA-MCF on the local economy. Consequently, these esti-
mates revealed that the possible direct economic losses due to
SA-MCEF related morbidity and mortality of cattle on the live-
stock industry of Brazil are inconsequential when the

economy of the country is considered and may explain the
absence of a systematic obligatory reporting system for this
disease [73], not only in Brazil, but worldwide. Alternatively,
these numbers are probably underestimated, considering the
larger number of unreported cases [73], so the economic im-
pact on individual business may be extremely significant, al-
though when considered at a country level the impact seems
irrelevant. Additionally, the economic scenario may be differ-
ent when highly susceptible mammalian species to MCFV,
such as bison and some cervids, are considered, since higher
morbidity rates are usually observed in these species [1, 73].

Clinical forms of sheep-associated malignant
catarrhal fever in cattle from Brazil

Several clinical forms have been associated with SA-MCF in
cattle, including the head and eye form [55, 61, 127-129],
acute [51, 71] and chronic manifestations [70, 72, 127, 128],
as well as hematuria [127]. The head and eye form (HEF) of
SA-MCF is generally of sudden onset [128] and is the most
frequently occurring clinical manifestation in spontaneous
outbreaks of MCF affecting cattle [55, 127]. This form is
characterized by persistent, elevated fever, 40.5-42.2 °C
[127-129], lymphadenopathy, ocular lesions, depression
[127], severe dyspnea [128] and profuse mucopurulent nasal
and oral discharges [127, 128]. The HEF manifestation of
MCF is the most frequent form of SA-MCF in cattle from
Brazil where the associated clinical manifestations
(Fig. 3a, b) were commonly observed. Table 5 presents the
frequency of the principal clinical findings described in
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Fig. 3 Clinical presentations and
pathologic manifestations of
sheep-associated malignant ca-
tarrhal fever in cattle from Brazil.
The cow is depressed with corne-
al edema and nasal discharge (a);
observe severe conjunctivitis (b)
and profuse nasal discharge (c).
There are ulcerative lesions at the
gingiva (d, e), hard palate (f),
tongue (g), and esophagus (h) of
cows with SA-MCF. ¢, d, f
Reproduced with the kind per-
mission of Headley et al. (2012).
Molecular confirmation of ovine
herpesvirus 2-induced malignant
catarrhal fever lesions in cattle
from Rio Grande do Norte,
Brazil. Pesqui Vet Bras. 32:1213—
1218

outbreaks of SA-MCF in cattle from Brazil and reveals that
corneal opacity, fever, nasal and ocular discharges (Fig. 3¢),
and profuse salivations were the clinical manifestations fre-
quently observed in affected cattle. Other frequent clinical
findings included oral ulcerations, blindness, apathy, nasal
ulcerations, and respiratory distress. Less frequently identified
clinical manifestations included interdigital ulcerations, ulcer-
ative glossitis, gingival ulcerations, depression, and tenesmus.
Nevertheless, corneal opacity, the most frequently described
clinical manifestation observed in SA-MCF from Brazil, is
always present in some form [127, 128, 130, 131], and occurs
due to inflammatory reactions and accumulations of exudative
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cellular deposits at the corneal endothelium [127].
Furthermore, a retrospective study revealed that most cows
that survived (90%; 9/10) and succumbed (80%; 12/15) to
MCF had corneal edema [131]. It must be highlighted that
oral, gingival, and interdigital ulcerations in cattle caused by
OvHV-2 can be easily confused with similar clinical manifes-
tations observed in several infectious diseases including
FMD, BVD, IBR, and BT [14, 16].

Corneal edema in SA-MCF normally occurs 2—5 days post-
infection, begins initially at the limbus and then moves cen-
tripetally within the cornea [127, 128], and occurs with hyper-
emia of the conjunctiva and episclera [128]. This centripetal
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Table 5 Frequency of clinical

manifestations observed in Very frequent

Frequent Less frequent

published outbreaks of sheep-
associated malignant catarrhal fe-
ver in cattle from Brazil

Corneal opacity (n=20)
Fever (n=19)

Nasal discharge (n=19)
Ocular discharge (n=14)
Profuse salivation (n=13)
Anorexia (n=12)

Diarrhea (n=12)
Conjunctivitis (n = 10)

Motor incoordination (n = 10)

Oral ulcerations (n=9)
Apathy (n=9)
Blindness (7=9)
Decumbency (n = 8)

Interdigital ulcerations (n =4)
Nystagmus (n=4)

Ulcerative glossitis (n=4)
Gingival ulcerations (n = 3)
Hematuria (n = 3)
Opisthotonos (n = 3)
Palpebra edema (n = 3)
Lethargy (n=3)

Aggressive behavior (n =3)

Muscular spasms (n=7)
Lymphadenopathy (n=7)
Nasal ulcerations (n = 6)

Respiratory distress (n=5)

Depression (n=3)
Hypermetria (n = 3)

Ruminal atony (n=2)
Abdominal discomfort (n=2)
Agalactia (n=2)

Altered gait (n=2)

Circular movement (n=1)
Ataxia (n=1)

Bruxism (n=1)

Dehydration (n=1)
Disorientation (n=1)
Frequent urination (n=1)
Paralysis (n=1)

Photophobia (n=1)
Proprioceptive deficits (n=1)
Seizures (n=1)

Tenesmus (n=1)

dissemination of corneal edema in SA-MCF distinguishes
these lesions from the edema observed in contagious kerato-
conjunctivitis [127], while the histopathologic features are
fundamental to differentiate this lesion from those observed
in contagious keratoconjunctivitis, BVD, IBR, and thrombotic
meningoencephalitis (TME) [130]. BVD and IBR are endem-
ic diseases of cattle throughout continental Brazil, while the
real incidence of TME induced by Histophilus somni is un-
known and probably underdiagnosed in cattle herds from
Brazil [132, 133]. Furthermore, concomitant uveitis, scleritis,
conjunctivitis, and retinitis may occur with corneal edema in
cattle with MCF [127]. Additionally, corneal edema may
serve as a prognostic factor for the progression of MCF in
affected cattle, since it was demonstrated that the clinical man-
ifestations of corneal edema were improved or unchanged in
cattle that survived MCF, and there was progressive deterio-
ration of corneal edema in cattle that died due to MCF [131].

The important neuropathologic manifestation frequently
observed in the HEF of MCF included profound depression
[127] and motor incoordination [128]. Depression in MCF
may be associated with severe widespread vasculitis of the
brain [127], which can also occur in other neurological

diseases of cattle. Motor incoordination was frequently diag-
nosed in cattle with MCF from Brazil, while depression was
not a common finding (Table 5). The reduced frequency of
depression associated with SA-MCF in Brazil may be because
not all cattle with this clinical manifestation progress to fatal-
ity with consequent autopsy to determine the cause of death or
may be related to the lack of detectable neurologic symptoms
in clinically affected animals. Additionally, underdiagnosis
and/or misdiagnosis of depression in MCF can be associated
with the neurologic manifestations that can be easily confused
with other infectious disease of cattle such as IBR, FMD,
BVD, and TME, resulting in reduced frequency. Although
encephalitic listeriosis due to Listeria monocytogenes is not
a common disease of cattle in Brazil [66, 134], this disease can
produce lesions in other parts of the brain other than the
brainstem [135], and as such can be confused, when the clas-
sical listeria-related neurological lesions are absent, with the
neurological manifestations of SA-MCF.

The acute manifestations of MCF normally last for 2-3 days,
with elevated fever, dyspnea and diarrhea without the typical
clinical findings observed in the HEF of MCF [82]; several cases
of SA-MCF in cattle from Brazil were classified as acute
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manifestations of MCF with corresponding histopathologic
findings in multiple tissues. The salient histopathologic findings
include systemic ulcerations of epithelial surfaces, ophthalmitis,
widespread lymphoid vasculitis with lymphocytic accumula-
tions in the kidney, liver, and meninges [51, 71].

Cases of chronic MCF were described in cattle that dem-
onstrated clinical and pathologic alterations of OvHV-2 after
survival of an initial infection for at least 3 months [70] or
3 years [72]; a similar disease was also described in bison [71].
Two reports of chronic SA-MCF were described in cattle from
Brazil: in the first, one animal developed SA-MCF after
3 months of evolution with progressive emaciation, bilateral
corneal opacity, and profuse salivation [43], and in the other
case, typical clinical manifestations were observed during
40 days, the animal recuperated after maintenance therapy,
became progressively emaciated, and was humanely put-
down [44]. The clinical manifestations observed in chronic
MCEF are associated with the HEF of SA-MCF and included
corneal ulceration, panophthalmitis that progressed to corneal
perforation and iridial prolapse [72], nasal discharge, blepha-
rospasm, and epiphora [70]. Both cows from Brazil with
chronic manifestations of SA-MCF demonstrated the HEF
of MCF, but progressive emaciation as observed in the cows
from Brazil [43, 44] was not reported in the cases from the
USA [70, 72]. By histopathology, the chronic manifestations
of MCF were characterized by widespread vascular lesions
that resulted in arteriopathy in which lymphocytic arteritis,
fibrinoid change, and atherosclerosis were the predominant
vascular lesions [44, 50, 70—72]. In addition, corneal edema
[70-72] and ulceration, uveitis, keratitis [71, 72], portal lym-
phocytic hepatitis [71], degeneration of corneal endothelium
[70], lymphocytic interstitial nephritis, and nonsuppurative
meningoencephalitis [70, 71] were described in cases of
chronic SA-MCF. Intriguingly, proliferative vascular lesions
with the simultaneous intralesional detection of OvHV-2
DNA by IHC and PCR, similar to those described in chronic
SA-MCF were observed in cattle from Southern Brazil that
demonstrated acute manifestations of neurological disease but
without the HEF of SA-MCF [49].

Gross lesions observed in sheep-associated
malignant catarrhal fever in cattle from Brazil

The frequency of the principal gross findings observed in
outbreaks of cattle diagnosed with SA-MCF from Brazil are
given in Table 6 and consisted of lesions typical of the HEF
affecting principally the lymphoid tissue, oral cavity, urinary
system, respiratory tract, and gastrointestinal organs.
Generalized lymphadenopathy (n =41), chronic interstitial
nephritis (7 = 39), and corneal opacity (n =30) were the most
frequently observed gross alterations in cattle with SA-MCF
(Table 6); other lesions that were very frequently identified
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included ulcerative abomasitis (n = 19), glossitis (rn = 18; Fig.
3d), stomatitis (n = 15; Fig. 3e,f), and esophagitis (n = 15; Fig.
3g). Frequent gross lesions associated with SA-MCF included
conjunctivitis (n = 12), erosive esophagitis (n = 11), interstitial
pneumonia (r = 8), and ulcerative tracheitis (n = 6). Less fre-
quently gross alterations included pulmonary emphysema
(n=15), interdigital ulcerations (n =4), suppurative broncho-
pneumonia (n =4), ulcerative palatitis (n =4; Fig. 3h), fetal
deaths (n =2), and enlarged Payer patches (n = 1). The impor-
tance and differential diagnoses associated with the gross
manifestations observed in cattle with SA-MCF from Brazil
were presented within the clinical findings section (see
above).

However, special attention must be given to the report of
fetal deaths in cattle infected with OvHV-2 from Brazil. In one
report [40], a cow with clinical and pathological manifesta-
tions of SA-MCF was carrying a 4-month-old fetus when
succumbed to OVHV-2. Moreover, histopathology of the fetus
revealed lymphoplasmacytic myocarditis; the brain of the fe-
tus and multiple tissues of the cow contained OVHV-2 DNA,
while other common abortive agents were not identified [40].
This case demonstrated transplacental transmission of OVvHV-
2, and it can be inferred that fetal death could have been
associated with infection due to OVHV-2; transplacental trans-
mission of OvHV-2 was suspected in an asymptomatic calf
born to a cow that was persistently infected and recovered
from episodes of SA-MCF [72]. Alternatively, transplacental
dissemination of AIHV-1 was experimentally demonstrated in
calves [56]. However, the actual impact of transplacental
transmission of OvHV-2 on the epidemiology of MCF is
probably low. Nevertheless, a retrospective study (manuscript
in preparation) identified MCFV/OvHV-2 antigens in the
lungs of bovine fetuses (13.1%; 3/23) with interstitial
pneumonia.

Histopathologic findings observed
in sheep-associated malignant catarrhal fever
in cattle from Brazil

The principal histopathologic findings observed per outbreak of
SA-MCF in cattle from Brazil are summarized in Fig. 4, while
the frequency observed per animal from these outbreaks is pro-
vided in Table 7. The most frequently diagnosed histopathologic
findings in animals derived from outbreaks of SA-MCF from
Brazil (Table 7) were disseminated vasculitis (n =45),
nonsuppurative meningoencephalitis (2 = 25), lymphocytic inter-
stitial nephritis (n =22), and portal lymphoplasmacytic hepatitis
(n=16). Frequent histopathologic findings described were
lymphoplasmacytic myocarditis (n=9), lymphocytic uveitis
(n=38), lymphocytic vasculitis of the carotid rete mirabile,
CRM (n =6), interstitial pneumonia (n =15), and thrombosis
(n=15). Infrequent histopathologic findings described in SA-
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Table 6 Frequency of the gross lesions observed in cattle with sheep-associated malignant catarrhal fever from Brazil

Very frequent

Frequent

Less frequent

Generalized lymphadenopathy (n= 41)
Chronic interstitial nephritis (n= 39)
Corneal opacity (n=30)

Congestion of leptomeningeal vessels (n= 26)
Hemorrhage of urinary bladder (n = 20)
Ulcerative abomasitis (7= 19)
Ulcerative glossitis (n= 18)

Ulcerative rhinitis (n= 17)

Edema of the urinary bladder (n= 17)
Ulcerative stomatitis (= 15)
Ulcerative esophagitis (n= 15)

Ulceration of the small intestine (n= 14)

Conjunctivitis (n = 12)

Erosive glossitis (n= 12)

Erosive esophagitis (n= 11)

Ulcerative gingivitis (n= 11)

Erosion of the small intestine (z= 10)
Hepatomegaly (n= 10)

Erosive abomasitis (n= 10)

Keratitis (n= 9)

Erosive gingivitis (n= 9)

Catarrhal rhinitis (n= 9)

Erosion of the respiratory conchae (n= 8)
Ulcerations of the respiratory conchae (n= 8)
Interstitial pneumonia (n = 8)

Buccal papillae necrosis (n= 7)
Ulcerative cystitis (n= 7)

Erosive pharyngitis (n= 6)

Erosive tracheitis (n= 6)

Enhanced lobular pattern of the liver (n= 6)
Ulcerative pharyngitis (n= 6)

Ulceration of the large intestine (n= 6)
Ulcerative tracheitis (n= 6)

Pulmonary emphysema (7= 5)
Epicardial petechial hemorrhage (n= 5)
Increased volume of cerebrospinal fluid (n= 5)
Mucopurulent rhinitis (n = 5)

Lymph node edema (n= 5)

Nasal ulcerations (7= 5)

Erosive stomatitis (n= 4)

Erosion of the large intestine (n= 4)
Hepatic lipidosis (n= 4)

Interdigital ulcerations (n = 4)
Ulcerative ruminitis (n = 4)

Pulmonary edema (n= 4)

Suppurative bronchopneumonia (n= 4)
Ulcerative palatitis (n=4)
Splenomegaly (n= 3)

Pulmonary congestion (n= 3)

Lymph node hyperplasia (n= 3)
Prolapse of the third eyelid (n= 3)
Erosive palatitis (n = 3)

Fetal deaths (n= 2)

Fibrinosuppurative bronchopneumonia (n = 2)
Episcleritis (n= 2)

Nasal congestion (n= 2)

Preputial congestion (n= 2)

Abomasal edema (n= 2)

Erosive rhinitis (n= 2)

Erosive rumenitis (n= 2)

Fibrinous pericarditis (n= 2)

Fibrinous pleuropneumonia (n= 2)
Hydropericardium (n= 2)

Ulceration of mammary teats (n= 2)
Vulvar ulcerations (n= 2)

Necrotizing cystitis (n= 1)

Erosive cystitis (n= 1)

Erosive omasitis (n= 1)

Erosive reticulitis (n= 1)

Payer patch enlargement (n= 1)
Ulcerative laryngitis (n= 1)

Ulcerative omasitis (n= 1)

Ulcerative reticulitis (n= 1)

Ulcerative tracheitis (n= 1)

MCEF in outbreaks of cattle from Brazil lymphoplasmacytic rhi-
nitis (n=4), lymphoplasmacytic cystitis (n =3), lymphocytic
uveitis (n=3), and atrophic lymphoplasmacytic enteritis (n = 1).
Lymphocytic interstitial nephritis with vasculitis
(Fig. 5a, b) seems to be the one of most frequently occurring

histopathologic finding associated with infections induced by
OvVHV-2, and as such, the kidney is one of the organs of
choice to be collected for evaluation during outbreaks of
SA-MCF [19]. However, marked vasculitis nor interstitial ne-
phritis is not always present in the kidneys of cattle with SA-
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Lymphoplasmacytic enteritis

Atrophic enteritis

Lymphyocytic uvetis

Lymphoplasmacytic rhinitis

Interstitial pneumonia

Angiopathy

Thrombosis

Lymphoplasmacytic myocarditis

Principlal histopathologic findings

Rete mirable carotid lymphocytic arteritis

Lymphoplasmacytic hepatitis

Non-suppurative meningoencephalitis

Lymphocytic intersitital nephritis

Lymphoplasmacytic vasculitis

8 10 12 14 16 18 20 22

Outbreaks of MCF

Fig. 4 Distribution of principal histopathologic findings observed in outbreaks of SA-MCF in cattle from Brazil

MCEF. In these cases, angiopathy of renal vessels (Fig. 5c, d)
with concomitant vascular lesions in additional tissues may be
helpful to establish a histopathologic diagnosis of MCF. The
extent of arterial proliferative lesions in MCF may vary from
mild to severe [50, 70, 72], and is characterized by severe
proliferation at the tunica media with endothelial hypertrophy
that may terminate in partial [49] or total [70] occlusion of the
affected vascular lumen. Additionally, intralesional antigens
of OVHV-2 (Fig. Se, f) can be easily identified within the
endothelium of renal capillaries and epithelial cells of renal
tubules by IHC [49], thereby confirming the histopathologic
diagnosis. An interesting feature observed in the kidneys of
cattle with SA-MCF was ballooning degeneration (Fig. 5g, h)
of the uroepithelium at the renal pelvis with intralesional de-
tection of OvHV-2 antigens by IHC [49]. Ballooning degen-
eration is the initial histologic manifestation of viral entry into
epithelial tissues. However, it would be interesting to investi-
gate the intralesional presence of OvHV-2 in the transitional
epithelium of the urinary bladder and kidneys in cattle by IHC
and/or ISH to determine the role of the urinary system in
disease pathogenesis.

Nonsuppurative meningoencephalitis with vasculitis and/
or perivasculitis (Fig. 6a, b) in cattle with MCF must be dif-
ferentiated from other neurological disease of this species. In
Brazil, the principal differential histopathologic diagnosis will
be nonsuppurative meningoencephalitis associated with
BoHV-5, due to the extensive perivascular cuffings and neu-
ronal necrosis [136, 137] that are common to both infectious
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diseases. However, severe cerebral necrosis and intranuclear
inclusion bodies (IB) in astrocytes and neurons are described
within areas of malacia and/or nonsuppurative inflammation
in herpetic meningoencephalitis induced bybovine
alphaherpesvirus-5 (BoHV-5) [137, 138]. Alternatively,
malacia and IB are not typical neurohistopathological findings
of MCF, while extraneural IB have not been described in
cattle with SA-MCEF, since animals that succumb to MCF do
not present IB in affected tissues [55, 129]. This is notewor-
thy, since most gammaherpesviruses are known to produce
intranuclear 1B [139] due to the entry of nucleocapsids into
the nucleus with subsequent intranuclear release of viral DNA
[140]. Furthermore, IB were not observed in experimentally
infected rabbits [13], and in situ detection methods did not
identify intralesional antigens of OVHV-2 within neurological
tissues of cattle with SA-MCF by IHC [49] and ISH [48]
assays. Notwithstanding the above, intranuclear IB were re-
ported in neurons but the identity of these were not confirmed
[82], while IB were identified in experimentally infected rab-
bits [82] and sheep [55]. Consequently, although the neuro-
logical manifestations associated with infections due to
OvHV-2 and BoHV-5 may be similar, there are histopatho-
logic features that can be used to differentiate between these
two neurological diseases of cattle.

Lymphocytic or lymphoplasmacytic hepatitis (Fig. 6¢) in
SA-MCF is frequently observed at the portal traits of the liver
in infected cattle [17, 38, 43, 48, 49] without any significant
lesion to hepatocytes. In these cases, intracytoplasmic OvHV-
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Table 7

Frequency of the histopathologic lesions observed in cattle with sheep-associated malignant catarrhal fever from Brazil

Very frequent Frequent

Less frequent

Disseminated vasculitis (n= 45)
Nonsuppurative meningoencephalitis (n= 25)
Lymphocytic interstitial nephritis (n = 22)
Portal lymphoplasmacytic hepatitis (= 16)

Lymphoplasmacytic keratitis (n= 7)
Nonsuppurative encephalitis (n = 7)
Necrotizing lymphoplasmacytic rhinitis (n = 6)

Lymph node hyperplasia (= 10)
Lymphoplasmacytic myocarditis (n= 9)
Lymphocytic uveitis (n= 8)
Necrotizing lymphadenitis (n= 7)

Bronchopneumonia (n= 4)

Hemorrhagic cystitis (n= 4)
Lymphoplasmacytic enteritis (n= 4)
Necrotizing lymphoplasmacytic enteritis (n= 4)
Splenic depletion (n= 4)

Angiopathy (n=4)

Erosive lymphoplasmacytic enteritis (n = 3)

Lymphocytic vasculitis of carotid rete

mirabile (n=6)

Interstitial pneumonia (n= 5)

Thrombosis (n=5)

Ulcerative lymphoplasmacytic enteritis (n= 5)
Ulcerative lymphoplasmacytic rhinitis (n= 5)

Erosive lymphoplasmacytic esophagitis (n= 3)
Erosive lymphoplasmacytic stomatitis (n= 3)
Lymphoplasmacytic cystitis (n= 3)
Lymphoplasmacytic conjunctivitis (= 3)
Lymphocytic thyroiditis (n= 3)
Lymphocytic uveitis (n=3)
Necrotizing lymphoplasmacytic stomatitis (n = 3)
Pulmonary edema (n= 3)
Ulcerative lymphoplasmacytic cystitis (n= 3)
Ulcerative lymphoplasmacytic abomasitis (n= 3)
Ulcerative lymphoplasmacytic colitis (n= 3)
Ulcerative lymphoplasmacytic esophagitis (n= 3)
Hemorrhagic lymph nodes (n= 2)
Erosive lymphoplasmacytic rumenitis (n= 2)
Lymphoid depletion (n= 2)
Lymphoplasmacytic iridocyclitis (n= 2)
Necrotizing lymphoplasmacytic colitis (n= 2)
Ulcerative lymphoplasmacytic sinusitis (n= 2)
Ulcerative lymphoplasmacytic stomatitis (n= 2)
Necrotizing lymphoplasmacytic vaginitis (n= 1)
Ulcerative lymphoplasmacytic glossitis (n= 1)
Ulcerative lymphoplasmacytic gingivitis (n= 1)
Urinary bladder edema (n= 1) Atrophic
lymphoplasmacytic enteritis (n=1)

2 antigens are demonstrable within degenerated epithelial
cells of the bile ducts (Fig. 6d) and not within hepatocytes.
Similarly, ISH detected OvHV-2 within leucocytes at the por-
tal regions of the kidney in cattle [48]. This specific pattern of
hepatitis in cattle may suggest an extra-hepatic origin of the
inflammatory infiltrate, probably enteric via the portal system.
Moreover, rabbits [76, 141-144] and bison [145, 146] exper-
imentally infected with OvHV-2 demonstrated predominately
portal lymphocytic hepatitis [76, 142—144, 147], with multi-
focal hepatocellular necrosis being identified in rabbits [76,
141-144], buffalos [53], and sheep [81]. Although rabbits and
bison are more sensitive to infections by OvHV-2 relative to
cattle [142, 143, 145, 148], and rabbits are considered as the
ideal model to investigate the pathogenesis of SA-MCF [142,
144], meningoencephalitis with vasculitis at the rete carotid

that is frequently diagnosed in cattle, seems not to occur in
rabbits. The absence of necrotizing hepatitis in cattle relative
to other animals and the infrequent occurrence of meningoen-
cephalitis in rabbits may represent species characteristics rel-
ative to infection by OvHV-2.

Although the participation of the intestines in the pathogen-
esis of OVHV-2 is not well elucidated [49], there are descrip-
tions of intestinal lesions in SA-MCF affecting cattle [8, 17,
49, 51, 72, 148, 149], bison [71, 145, 146], buffalos [52-54,
97], and sheep [81]. To this end, elevated loads of OVHV-2
were demonstrated within intestinal segments of sheep with
OvHV-2-induced systemic vasculitis [80], as well as in sheep
naturally infected by OvHV-2 [150] and in sheep with a SA-
MCF like syndrome [81]. Furthermore, OvHV-2 proteins
were detected within intestinal epithelia and the intestinal M

@ Springer



1422

Braz J Microbiol (2020) 51:1405-1432

Fig. 5 Histopathologic and
immunohistochemical findings
observed in the kidneys of cattle
infected by OVHV-2.
Histopathologic demonstration of
lymphocytic nephritis (a) with
vasculitis and perivasculitis (b)
and angiopathy (c, d) in the
kidneys of cattle. Observe
positive intracytoplasmic
immunoreactivity to antigens of
OvHV-2 within the epithelial
cells of renal tubules in sections of
the kidney with lymphocytic in-
terstitial nephritis (e) and
angiopathy (arrow, f). There is
ballooning degeneration of the
uroepithelium of the renal pelvis
(g); a closer view showing the
severely degenerated epithelial
cells (h). Hematoxylin and eosin
stain (a—d, g, h);
immunoperoxidase counter-
stained with hematoxylin (e, f).
Bar, a—¢ 100 pm; d—g 50 pm; h
20 um
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cells of rabbits experimental infected with OVHV-2 [151],in  based on viral load, relative to the lungs [150], with similar
cattle and buffalo with corresponding histopathologic evi-  results occurring in FFPE tissue sections [152]. However, the
dence of disease [149], while OVHV-2 antigens were identi-  current pathogenesis theory for the dissemination of OVvHV-2
fied within the intestines of cattle (Fig. 6e, f) with or without  indicates that primary lytic replication occurs in the lungs
enteric disease [49]. Although two of these animals were con-  [142, 143, 145, 153], between 1 and 2 weeks postinfection
comitantly infected by BVDV, there was comparatively more  [145, 153], after which viral dissemination occurs via infected
intralesional OvHV-2 antigens relative to those of BVDV  lymphocytes. In addition, there was positive correlation be-
[49]. Additionally, in several cases of SA-MCF the adjacent ~ tween viral load and lesion score in affected tissues [145], with
mesenteric lymph nodes were either infected by OvHV-2 [49,  infected lymphocytes being the key participants in determin-
51, 147, 149], or contained elevated viral loads of OVHV-2 ing lytic or non-lytic infections in infected animals [75, 154].
[48, 150]. Moreover, the small intestine and the mesenteric It must be underscored that lytic infection does not occur in
lymph nodes received a comparatively more elevated score,  other tissues before the initial reaction in the lungs [143, 145,

@ Springer



Braz J Microbiol (2020) 51:1405-1432

1423

Fig. 6 Histopathologic and immunohistochemical findings associated
with OvHV-2 in the brain, liver, and intestine of cattle with SA-MCF.
There is nonsuppurative meningoencephalitis with vasculitis (a, b) and
portal lymphocytic hepatitis (¢) with intracytoplasmic accumulations of
OvHV-2 antigens within degenerated bile duct epithelial cells and the

153], confirming the lungs as the initial site of replication for
OVHV-2 in both the carrier and clinically susceptible hosts.
Even though initial pulmonary replication with lytic infection
is characteristic of gammaherpesvirus [140, 155], the partici-
pation of the intestine via the mesenteric lymph nodes in the
dissemination and/or maintenance of OvHV-2 warrants addi-
tional investigations. Consequently, one wonders if the gut-
lung axis phenomenon [156] is associated with the develop-
ment of SA-MCF.

However, this possible viral maintenance must be differen-
tiated from latency associated with OvHV-2, since
gammaherpesviruses maintain latency in persistently infected

o '
e < cithd
e NPT
e

-

endothelia of a capillary vessel (arrow) at the portal region of the liver
(d). Observe atrophic enteritis (e) associated with intralesional
intracytoplasmic OvHV-2 antigens within cryptal epithelial cells (f).
Hematoxylin and eosin stain (a—c, €); immunoperoxidase counterstained
with hematoxylin (d, e). Bar, a, e 100 um; b, £ 50 pm; ¢ 200 pm; d 20 pm

lymphocytes without any lytic replication [154, 155]. In fact,
it is now known that latency in infections due to herpesviruses
is associated with viral encoded microRNAs (miRNAs) that
are fundamental for the regulation of gene expression via post-
transcriptional mechanisms [155]. Moreover, latency induced
specifically by OvHV-2 seems to be controlled by miRNAs
located at the open reading frame (ORF) 73 of the viral ge-
nome [75]. Additionally, experimental studies have identified
ORF73 in association with ORF25 (lytic expression) and 50
(viral activation) transcripts in the lungs, lymph nodes, spleen,
liver, and urinary bladder of rabbits [144]. Consequently, the
identification of microRNAs are fundamental to understand
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the pathogenesis of MCF; thus far, 35 OvHV-2 microRNAs
were discovered [157], and it would be interesting to see the
role of these in the development of MCF.

Vascular alterations are fundamental to obtain a consistent
histopathologic diagnosis of MCF, and have ranged from fi-
brinoid change (previous referred to as fibrinoid degeneration/
necrosis), lymphocytic and/or necrotizing vasculitis,
angiopathy, and arteriopathy [3, 12, 49, 50, 55, 70].
However, these vascular lesions are more consistent, exacer-
bated, and dramatic when observed at the eye and CRM, and
are probably the results of a direct viral-mediated inflamma-
tory and/or degenerative reaction [48]. Consistent

Fig. 7 Histopathologic lesions
observed at the eye and carotid
rete mirabile (CRM) of cattle in-
fected with OVHV-2. There is
lymphocytic uveitis (a) and vas-
culitis (b) with thrombosis (¢) of
the eye. Observe lymphocytic
vasculitis (d, e) of arteries of the
CRM. There is proliferation of the
tunica media resulting in partial
occlusion (star) of the affected
vessel (f), and angiopathy (g, h)
due to marked proliferation of the
vascular endothelium.
Hematoxylin and eosin stain; Bar, L S —— L
a, b, e, £200 um; ¢, d 500 um; g S SR
50 um; h 100 pm = = =
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histopathologic ocular lesions frequently observed in SA-
MCEF include corneal edema, lymphocytic vasculitis, uveitis
(Fig. 7a, b), and keratitis with vasculitis of small vessels of the
retina [51, 72, 130]; thrombosis (Fig. 7c) can also be observed.
The CRM is the tissue of choice to confirm a histopathologic
diagnosis of SA-MCF in cattle [55], but is not frequently
collected at post-mortem evaluations due to its anatomic loca-
tion at the base of the brain. The most frequently diagnosed
histologic lesions at the CRM are necrotizing lymphocytic
vasculitis (Fig. 7d, ) and fibrinoid change; in some of these
lesions, there is severe proliferation of the intima and media of
affected arteries resulting in total or partial occlusion of the
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vascular lumen (Fig. 7f). Proliferative vascular lesions at the
CRM (Fig. 7g, h), due to marked proliferation of the intima
and media of affected vessels with or without an related in-
flammatory or necrotic exudate, was described in cattle with
chronic SA-MCF with the HEF of the disease [70, 72] and in
cattle with acute neurological manifestations but without the
HEF form of SA-MCF [49]. Therefore, when considering a
histopathologic diagnosis of vascular lesions at the CRM, all
spectrum of arterial lesions must be considered, since these
lesions are progressive relative to the degree of degeneration
and/or necrosis and the related inflammatory exudate [50].

Fig. 8 Histopathologic
demonstration of angiopathy
induced by OVHV-2 in
nonneurologic tissues of cattle
infected by OvHV-2. Observe
proliferating vascular lesions at
the lungs (a, b), spleen (¢, d),
lymph node (e), and kidney (f).
There is ballooning degeneration
(arrows) of vascular endothelial
cells of an artery at the spleen (g)
and lung (h), with the intravascu-
lar accumulation of a lipid-like
(star) material within the artery of
the spleen. Hematoxylin and eo-
sin stain. Bar, a—¢ 100 um; d, g, h
20 pm; e, £50 pm

It is worthy to mention that proliferative vascular lesions in
SA-MCEF is not restricted to the CRM but can be observed in
any organ of the affected animal, principally the lungs
(Fig. 8a, b), spleen, (Fig. 8c, d), lymph nodes (Fig. 8e), and
kidneys (Fig. 8f). Although the sequential events of OvHV-2
induced vasculitis are not fully known, it seems logical that
the progression of vascular lesions in SA-MCF initiates with
ballooning degeneration of the vascular endothelium (Fig.
8g, h) due to the direct effects of OVHV-2 [48], there is then
progressive step-wise damage from the intima to the adventi-
tia [50], considering that endothelial damage is the first step
towards the obliteration of vascular lumens [70]. Persistent
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injury to the damaged endothelium will then induce the liber-
ation of inflammatory mediators such as the platelet-derived
growth factor (PDGF) [70]. One of the functions of PDGF is
the stimulation of smooth muscle cells (SMCs) [158] within
the damaged vessel. The subsequent migration of SMC from
the media to the intima [158] is fundamental for the develop-
ment of angiopathy, which probably occurs before vasculitis,
that is associated with an influx of T lymphocytes [76, 80,
147], while fibrinoid change and/or vascular occlusion are
the likely end results of the damaged vascular wall.
Nevertheless, experimental studies are required to determine
the correct sequence of vascular events in SA-MCF. However,
if the sequence of these vascular events is correct, the ob-
served histopathologic findings will vary with diseases pro-
gression. Consequently, one specific histologic vascular alter-
ation should not be used to arrive at a histopathologic diagno-
sis of SA-MCF, and in situ confirmation of the participation of
OvHV-2 in the development of these lesions can be achieved
by IHC [49] and ISH [48] assays.

The case for OvHV-2 as a viral disease
pathogen associated with the development
of bovine respiratory disease

Although there is convincing evidence that OvHV-2 initially
replicates within the epithelial cells of the lungs [145, 153,
159], the participation of OVHV-2 towards the development
of BRD in feedlot cattle was never formally proposed. In most
cases of SA-MCEF, the associated pulmonary disease is fre-
quently classified as interstitial pneumonia [6, 22, 38, 49,
55, 142, 153, 159]; there are also descriptions of histiocytic
bronchointerstitial pneumonia [ 160] and granulomatous pneu-
monia [142] associated with infections due to OvHV-2.
Interstitial pneumonia (IP) of infectious origin in domestic
animals occurs either due to the aerogenous or hematogenous
dissemination of infectious disease pathogens, with lesions to
either the endothelial, basement membrane or epithelial com-
ponents of the pulmonary interstitium [161, 162].

Although IP in domestic animals are predominantly induced
by viral agents; pneumotropic viral disease pathogens induce
lesions to the alveolar epithelium (type I and II pneumocytes),
while endotheliotropic viruses affect the vascular endothelium
[161], so the origin of IP is based on the histologic structure of
the pulmonary parenchyma primarily affected. The alveolar
parenchyma of domestic animals is lined by epithelial cells
referred to as pneumocytes, with most epithelial cells being
predominantly type I pneumocytes, with less than 7% being
of type Il pneumocytes, which are located at the junction of
two adjacent alveolar septa [162]. Moreover, experimental stud-
ies have demonstrated that infection by OvHV-2 in sheep re-
sults in lytic replication predominantly within type II
pneumocytes [159]. The reduced amount of type II alveolar
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cells would probably be responsible for the scattered and dis-
crete accumulation of OvVHV-2 within epithelial cells of infect-
ed pulmonary tissues [159]. Alternatively, the scattered lytic
replication observed [159] may represent a transient infection
frequently observed in acute interstitial pneumonia [161].
However, the specific pattern of pneumonia associated with
OvHV-2 was never fully investigated. This is of fundamental
importance to effectively characterize the pulmonary lesions of
OvHV-2 in cattle, considering that pneumonia of domestic an-
imals can be classified in four broad groups: namely, broncho-
pneumonia (suppurative and fibrinous), interstitial, embolic,
and granulomatous pneumonia [161].

A retrospective review of pulmonary tissues (n = 144) from
beef and dairy cattle submitted to our laboratory for etiologic
diagnosis revealed that IP was the most frequent (71.5%; 103/
144) pattern of pulmonary disease diagnosed using IHC as-
says to detect several pathogens associated with BRD (manu-
script in preparation). Additionally, MCFV/OvHV-2 antigens
were associated with IP in 45.6% (47/103) of the cases eval-
uated. Moreover, singular infections due to OvHV-2 repre-
sented 19.1% (9/47) of all pulmonary patterns of IP identified,
with mixed infectious, particularly with BVDV, contributing
towards 80.9% (38/47) of these. OVHV-2 antigens were iden-
tified within several epithelial cells of the lungs, including
endothelial cells (Fig. 9a), type II pneumocytes (Fig. 9b),
bronchial and bronchiolar epithelium (Fig. 9¢), chondrocytes
of hyaline cartilage (Fig. 9d), bronchial mixed glands
(Fig. 9e), and leukocytes within the alveoli of the lungs of
cattle with IP in field cases of SA-MCF. Additionally,
OvHV-2 antigens were identified within epithelial cells in
field cases of cattle with suppurative bronchopneumonia
(Fig. 9f) and cuffing pneumonia (Fig. 9g); the latter frequently
associated with pneumonia induced by Mycoplasma bovis.
More surprisingly, OvHV-2 antigens were identified in the
bronchiolar epithelium of a “normal-looking” pulmonary sec-
tion of a cow (Fig. 9h). Therefore, it may seem that OVvHV-2
pneumonia may be more frequent than previously diagnosed
in cattle, since the associated pulmonary disease may not have
a characteristic pattern or OvHV-2 may occur simultaneously
with other infectious pathogens of BRD. Collectively, these
factors may contribute to the underdiagnosis of SA-MCF
worldwide [73], considering that BRD is a major economic
problem of beef cattle in the Americas, Australia, the UK, and
some European countries.

The current role of OVHV-2 in the pathogenesis of BRD in
cattle is unknown. Consequently, studies must be done to
understand the contribution of OvHV-2 towards the develop-
ment of BRD and provide answers to basic questions. Is
OvVHV-2 an innocent bystander or a primary infectious disease
pathogen of BRD? Do lytic replication in type I pneumocytes
results in cell death via apoptosis, oncosis, pyroptosis, or sim-
ply necrosis? What are the histopathologic and/or ultrastruc-
tural manifestations of viral replication in type II
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Fig. 9 Immunohistochemical
evidence of the participation of
OvHV-2 in the development of
bovine respiratory disease. There
is positive intracytoplasmic im-
munoreactivity to OvHV-2 anti-
gens in the vascular endothelial
cells (a, arrows), in type II
pneumocytes (black arrow), and
leucocytes (open arrows) in the
alveolar space (b). Observe posi-
tive immunolabeling of OVHV-2
antigens in the bronchiolar epi-
thelium (c¢), within chondrocytes
(arrows) of the hyaline cartilage
of the bronchus (d), and within
epithelial cells of bronchial mixed
glands (e). There is positive im-
munoreactivity to epithelial cells
of the bronchus that is filled with
neutrophilic exudate (star) in a
cow with purulent bronchopneu-
monia (f) and identification of
OvHV-2 antigens in the epithelia
in case of cuffing pneumonia (g).
Observe immunolabeling of
OvHV-2 antigens at the bronchi-
olar epithelium in a normally
looking section of the lungs (h).
Immunoperoxidase counter-
stained with hematoxylin. Bar, a,
b 20 um; ¢, g 100 pm; d—£ 50 pm;
h 200 pm

pneumocytes? What mechanisms are responsible for the de-
velopment of OvHV-2 associated IP? Does the virus act as a
pneumotropic or endotheliotropic agent? Is there any evidence
for the gut-lung axis in the pathogenesis of OvHV-2 pneumo-
nia? What are the effects of concomitant infections relative to
the occurrence of OvHV-2 induced pneumonia in cattle? Are
there specific histologic features associated with OvHV-2 that
can facilitate a histopathologic diagnosis of pulmonary dis-
ease, since IHC and/or ISH assays may not be present in all
diagnostic laboratories worldwide? Adequate responses to
these initial doubts will provide substantial answers to the
possible role of OvHV-2 in the development of BRD and

can be achieved by using a combination of IHC and/or ISH
assays in association with molecular evaluations.

Conclusions

Sheep-associated malignant catarrhal fever is endemic in all
geographical regions of Brazil, produces reduced morbidity
with elevated mortality and lethality in affected cattle herds,
but has no significant impact on the economy of the country.
Sheep are the asymptomatic hosts of OvHV-2 while cattle and
other cloven-hooved animals are the accidental hosts that
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present a wide spectrum of clinical manifestations. Moreover,
OvHV-2 is the only MCFV identified in animals from this
geographical region. Phylogenetic analysis suggests that the
type of OvHV-2 circulating in Brazil is similar within all ma-
jor cattle producing regions of the country. An adequate his-
topathologic diagnosis of SA-MCF in cattle requires the col-
lection of specific tissues at post-mortem, particularly repre-
sentative samples from the mesenteric lymph node, small in-
testine, lung, eye, carotid rete mirabile, kidney, and urinary
bladder. Attention must be paid to the wide variation of vas-
cular alterations that are characteristic of SA-MCF in multiple
tissues and the participation of OvHV-2 in these lesions can be
achieved by the intralesional identification via available IHC
and IHS assays. With modern diagnostic pathology, the com-
bined use of PCR assays associated with the salient histopath-
ologic findings and in situ identification of OVHV-2 is recom-
mended for an efficient confirmation of MCF in Brazil and
must be encouraged so that data can be accumulated for mo-
lecular epidemiological studies. There is accumulating evi-
dence to demonstrate that OvHV-2 may contribute to the de-
velopment of BRD in cattle. Confirmation of this will signif-
icantly increase the worldwide prevalence of MCF, consider-
ing the known economic impacts related with BRD in feedlot
cattle. Future studies investigating the role of the intestine in
the pathogenesis of SA-MCF will be necessary to understand
the pathogenesis of OVHV-2 in susceptible hosts. The utiliza-
tion of in situ diagnostic methods will result in the identifica-
tion of more cases of SA-MCF in cattle and other susceptible
species via retrospective studies using archival FFPE blocks.
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