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Abstract
Sheep-associated malignant catarrhal fever (SA-MCF) is a severe, frequently fatal, lymphoproliferative disease that affects 
a wide variety of ruminants and is caused by ovine gammaherpesvirus 2 (OvHV-2), a member of the MCF virus (MCFV) 
complex. The typical clinical manifestations of SA-MCF are well known and easily recognized by veterinarians, resulting in 
clinical diagnosis of MCF when characteristic clinical signs are present. This article describes the findings observed in cattle 
infected with OvHV-2 but without typical clinical manifestations of SA-MCF. Three calves with episodes of diarrhea before 
death and a yearling that died suddenly were investigated. Gross alterations were not suggestive of SA-MCF. Histopathology 
revealed a combination of proliferating vascular lesions (PVLs) and necrotizing vasculitis in three animals (two calves and 
the yearling); with PVLs being identified only at the carotid rete mirabile of two calves infected with OvHV-2. Additional 
significant histopathologic lesions included atrophic enteritis, portal lymphocytic hepatitis, interstitial pneumonia, suppura-
tive bacterial bronchopneumonia, and pulmonary hemorrhage. An immunohistochemical assay designed to identify only 
antigens of MCFV revealed, positive, intralesional, intracytoplasmic immunoreactivity within epithelial cells of multiple 
tissues of all animals with PVLs. PCR assays amplified OvHV-2 DNA from multiple tissues of the animals that contained 
MCFV proteins, confirming the MCFV identified as OvHV-2. Additionally, bovine coronavirus (BCoV) nucleic acids were 
amplified from tissues of all animals, including the animal not infected by OvHV-2. Collectively, these findings confirmed 
the participation of OvHV-2 in the development of the disease patterns observed in these animals that were concomitantly 
infected by BCoV and provide additional confirmation that cattle can be subclinically infected with OvHV-2. Consequently, 
the real occurrence of OvHV-2-related disease may be more elevated than reported, since asymptomatic or subclinically 
infected animals are not likely to be investigated for OvHV-2. Furthermore, PVLs should be included as possible histologic 
indicators of OvHV-2-related diseases in ruminants.

Keywords  Asymptomatic infections · Atrophic enteritis · BCoV · Malignant catarrhal fever virus · OvHV-2; Proliferating 
vascular lesions · Subclinical SA-MCF

Introduction

Malignant catarrhal fever (MCF) is a lymphoproliferative 
disease, caused by the MCF virus (MCFV) complex, that 
affects a wide variety of mammalian hosts in different geo-
graphical locations [1–3]. Moreover, all MCFV members 
are genetically and antigenically related [4, 5] since they 
share the 15A antigenic epitope and have marked similar-
ity at the conserved regions of the DNA polymerase gene 
[4, 6]. Although all members of the MCFV complex are 
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located within the subfamily Gammaherpesvirinae, genus 
Macavirus [5, 7], not all members of this genus have been 
associated with MCF. Furthermore, all members of MCFV 
complex known to cause MCF [1–3] have not been fully 
recognized by the International Committee on Taxonomy of 
Viruses [7]. Nevertheless, most studies have been focused 
on aspects associated with the agents of epidemiological 
importance of MCF, namely ovine gammaherpesvirus 2 
(OvHV-2) and alcelaphine gammaherpesvirus 1 (AlHV-1). 
OvHV-2 produces sheep associated-MCF (SA-MCF) which 
is endemic in ruminants worldwide [2, 3, 8], while AlHV-1 
is the cause of wildebeest-associated MCF that occurs in 
cattle from Africa and in ruminants maintained in zoologi-
cal parks [3, 8].

The clinical manifestations associated with SA-MCF are 
easily recognized by practicing veterinarians [1, 3], so a clin-
ical diagnosis of SA-MCF is readily achieved when typical 
signs are present in affected animals. The clinical syndromes 
of SA-MCF in ruminants include the classical head and eye 
form [1, 9, 10], in addition to the alimentary [9], chronic 
[11, 12], neurological [13, 14], peracute, and cutaneous [1, 
2] manifestations of MCF. Moreover, abrupt fever (> 41 °C) 
is characteristic of MCF [1], even in the alimentary form 
in which severe diarrhea may be present [9]. Additionally, 
cattle with neurological manifestations [13, 15], and healthy 
cows [13, 15] and the American bison, Bison bison [16–18] 
developed typical SA-MCF histologic lesions but without 
clinical signs suggestive of MCF. Furthermore, intralesional 
antigens of MCFV were identified in cattle with bovine 
respiratory disease, BRD [19], pulmonary [20], and renal 
diseases [21], but without any clinical manifestation and/
or diagnosis of MCF, suggesting that these animals were 
infected by OvHV-2 but without the characteristic clinical 
signs of SA-MCF.

This then raises the question as to the possibility that 
asymptomatic or subclinical infection in cattle by OvHV-2 
being more frequent than previously considered. Therefore, 
the real incidence of SA-MCF may be more elevated than 
documented [3]. Accordingly, this paper is opportune as it 
presents the pathological, immunohistochemical, and molec-
ular findings of cattle infected with OvHV-2 but without 
typical clinical manifestation of SA-MCF, providing addi-
tional evidence of this unusual manifestation of MCF.

Materials and methods

Geographical locations, animals, and clinical 
information

Animals from two distinct geographical locations were used 
during this study. The first consisted of a dairy breeding 
unit (farm A) located on the outskirts of the city of Toledo, 

approximately, 305  km distant from Londrina, Paraná, 
Southern Brazil. The other location was a beef cattle farm 
located at Altamira do Parana (farm B), situated approxi-
mately 227 km distant from Londrina, being 107 km away 
from farm A. Additionally, cattle at these farms were not 
reared or had any contact with sheep.

Three Holstein calves, from farm A, with a clinical 
history of posterior paresis that progressed to permanent 
recumbency were attended at the Large Animal Clinics, Vet-
erinary Teaching Hospital, Universidade Estadual de Lond-
rina (VTH-UEL), Paraná, Southern Brazil. The consulting 
veterinarian indicated that the clinical manifestations initi-
ated after the animals were 3–11 days of age and that three 
other calves developed similar clinical signs and died. He 
further indicated that intestinal fragments of these animals 
were submitted for histopathologic evaluation; serum col-
lected ante-mortem and fragments of the brain were sent for 
the identification of Neospora caninum by ELISA and PCR. 
One of the samples contained N. caninum DNA; enteritis 
suggestive of infection by Cryptosporidium spp. was diag-
nosed in all calves by histopathology. Cows at this dairy unit 
are routinely immunized against leptospirosis, clostridial 
diseases, bovine coronavirus (BCoV), and bovine viral diar-
rhea virus (BVDV). Additionally, all calves were medicated 
at the dairy unit with penicillin (G procaine and G benza-
thine) and flunixin meglumine. Furthermore, cerebrospinal 
fluid (CSF) and blood samples were collected for laboratory 
evaluations. However, one calf died spontaneously, and two 
were euthanized, within 1 day after hospitalization.

Tissue sections of a 1.5-year-old Nelore heifer from farm 
B, with a clinical diagnosis of clostridiosis, were received 
for pathologic diagnosis at the Laboratory of Animal 
Pathology, VTH-UEL. Farm B is a small beef cattle unit 
that recently introduced animals from other locations. The 
referring veterinarian indicated that an additional 11 ani-
mals were maintained within the same area as the yearling. 
Furthermore, three heifers died suddenly after presenting 
episodes of fetid diarrhea; one of these had emphysematous 
swelling at the larger leg muscles which induced a clinical 
diagnosis of clostridial disease. The death of all animals was 
acute and sudden, i.e., being found dead without any observ-
able clinical manifestations. He also indicated that cattle at 
this farm were fed with star grass (Cynodon nlemfuensis), 
had poor conversion rates, while water was ad libitum.

Post‑mortem evaluation and tissue collection

All calves from farm A were submitted for routine post-mor-
tem evaluations soon after death. Tissue samples of all major 
organs of the calves (lungs, liver, kidney, intestine, brain, 
spinal cord, and spleen) were collected, fixed by immer-
sion in 10% buffered formalin solution, routinely processed 
for histopathologic evaluation, and visualized with the 
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hematoxylin and eosin (H&E) stain. Similar tissue fragments 
of the yearling from farm B, but without the central nervous 
system, were received and processed as indicated. Addition-
ally, selected formalin fixed paraffin-embeded (FFPE) sec-
tions of the carotid rete mirabile (CRM) of the calves from 
farm A were stained with the Verhoeff-Van Gieson (VVG) 
histochemical method to identify elastin.

Furthermore, selected FFPE tissues sections of the lungs, 
intestine, and kidneys of all animals were used in immuno-
histochemical (IHC) assays to identify intralesional antigens 
of viruses. Moreover, tissue fragments of selected organs 
were maintained frozen or in 70% alcohol solution until used 
in molecular investigations.

Immunohistochemical identification of viral disease 
pathogens

Selected FFPE tissues sections of the lungs, kidneys, and 
small intestine of all animals were used in IHC assays 
designed to identify intralesional antigens of bovine res-
piratory syncytial virus, (BRSV), bovine alphaherpesvirus 
1 (BoHV-1), BVDV [22], and MCFV [15]. Furthermore, 
FFPE tissue fragments of the brain were used to identify 
intralesional antigens of MCFV and BoHV-5. Positive con-
trols consisted of FFPE tissue sections known to contain 
antigens of BRSV, BVDV, BoHV-1 [22], BoHV-5 [23], and 
OvHV-2 [15]. Two negative controls were used in all IHC 
assays: the first consisted of replacing the primary antibodies 
by its respective diluent, while in the second, the primary 
antibodies were administered on FFPE tissues known to 
demonstrate negative immunoreactive to the primary anti-
bodies. Negative and positive controls were included in all 
IHC assays.

Molecular detection of infectious disease pathogens

The nucleic acid extraction was performed from 500-µl pro-
teinase K pre-treated aliquots of tissue suspensions (brain, 
lung, kidney, spleen, intestine, and liver; Supplemental 
Table 1) using a combination of the phenol/chloroform/
isoamyl alcohol and silica/guanidine isothiocyanate methods 
[24, 25]. The extracted nucleic acids were eluted in 50 µl of 
UltraPure™ DEPC-treated water (Invitrogen™ Life Tech-
nologies, Carlsbad, CA, USA) and stored at − 80 °C. Ster-
ile, ultrapure water was used as the negative control in all 
nucleic acid extractions and subsequent procedures.

Molecular assays were performed to detect the nucleic 
acids of the principal infectious disease agents (Supple-
mental Table 1) associated with respiratory and systemic 
diseases of cattle. These included OvHV-2 [26], BVDV 
[27], BRSV [28], BoHV-1 and -5 [29], BCoV [30], bovine 
parainfluenza virus 3 [31], Mannheimia haemolytica [32], 
Pasteurella multocida [33], Histophilus somni [34], and 

Mycoplasma bovis [35]. Positive controls consisted of 
the utilization of nucleic acids of these infectious agents 
derived from previous studies: OvHV-2 [36], BVDV, 
BoHV-1, BRSV, BCoV, BRSV, M. haemolytica, P. mul-
tocida, H. somni, M. bovis [37, 38], and BoHV-5 [23]. 
As indicate above, negative control consisted of ster-
ile, ultrapure water; positive and negative controls were 
included in each molecular assay.

Nucleotide sequence analysis of OvHV‑2 and BCoV

The products of OvHV-2 tegument protein gene (amplified 
from the liver; animal #4) and the N gene of BCoV (from 
fragments of the kidney; animal #2) were purified using 
the PureLink® Quick Gel Extraction and PCR Purification 
Combo Kit (Invitrogen® Life Technologies, Carlsbad, CA, 
USA), quantified by using a Qubit® Fluorometer (Invitro-
gen® Life Technologies, Eugene, OR, USA), and submit-
ted to sequencing in both directions with the forward and 
reverse primers used in the respective molecular assays in 
an ABI3500 Genetic Analyzer sequencer with the BigDye 
Terminator v3.1 Cycle Sequencing Kit (Applied Biosys-
tems®, Foster City, CA, USA).

Sequence quality analyses and consensus sequences 
were obtained using PHRED and CAP3 software (http://​
aspar​agin.​cenar​gen.​embra​pa.​br/​phph/), respectively. 
Similarity searches were performed with nucleotide (nt) 
sequences deposited in GenBank using the Basic Local 
Alignment Search Tool software (https://​blast.​ncbi.​nlm.​
nih.​gov/​Blast.​cgi). The identity of the nt sequences was 
confirmed by comparison with reference sequences avail-
able in GenBank. Sequence alignment and identity matrix 
were performed by using the BioEdit software version 
7.2.5 [39].

Phylogenetic analyses of OvHV‑2 and BCoV

Multiple and pairwise alignments were done for the nt 
sequences of OvHV-2 and BCoV derived from this study 
with strains available in GenBank, including prototype 
strains for each organism, using MEGA software version 
7.0.26 [40]; sequence identity matrices were then con-
structed with the BioEdit software version 7.2.5 [39]. Phy-
logenetic trees were obtained by using the maximum likeli-
hood method with the Jukes-Cantor model for OvHV-2 [41] 
and with the general time reversible model for BCoV [42] 
using MEGA software version 7.0.26 [40]. Murine herpes 
virus served as the outgroup for the OvHV-2 phylogenetic 
analysis, while human coronavirus was used as the outgroup 
for the BCoV analysis. Bootstrapping probabilities were cal-
culated using 1000 replicates.
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Results

Clinical manifestations and laboratory evaluations

All Holstein calves were afebrile, with body temperatures 
varying between 36.1 and 37.9℃; fever was not observed in 
the Nelore yearling. The clinical manifestations observed in 
all animals are summarized in Table 1; duration of disease 
was chronic in the Holstein calves and hyperacute with sud-
den death in the yearling. Additionally, all Holstein calves 
had a combination of enteric and neurological disease mani-
festations; fetid diarrhea was observed in all of these, but 
no definite neurological syndrome was established. Further-
more, alterations were not observed in all CSF and blood 
samples submitted for laboratory analyses.

Gross, histopathologic, and histochemical findings

The principal gross lesions are summarized in Table 2; all 
Holstein calves had hypertrophy of mesenteric and illiac 
lymph nodes with a mixture of pulmonary and intestinal 
alterations. Hemorrhagic enteritis (Fig. 1A) was observed 
only in animal #1, ulcerative abomasitis (Fig. 1B) in animals 
#2 and #3, and with pulmonary diseases (Fig. 1C–D) in ani-
mals #2, #3, and #4. Gross alterations were not observed in 
the lungs of animal #1 (Fig. 1E).

Histopathologic alterations were predominantly enteric, 
pulmonary, and vascular in animals #2–4 (Table 2); except 
in the intestinal fragments received from the Nelore year-
ling (#4), where severe postmortem autolysis was observed, 
probably due to inadequate fixation. Atrophic hemorrhagic 
enteritis with cryptal necrosis (Fig. 2A) was observed only 
in animal #1; alternatively, there was severe atrophic enteritis 
with cryptal necrosis (Fig. 2B–C) and ulcerative abomasi-
tis (Fig. 2D) in animals #2 and #3. Pulmonary lesions were 
more severe in animal #3; being consisted predominantly 
of severe, multifocal to coalescing suppurative bacterial 

bronchopneumonia and thrombosis (Fig. 2E–F) with islands 
of interstitial pneumonia and necrotizing bronchitis. 
Although pulmonary hemorrhage was predominant in animal 
#4, there were foci of interstitial pneumonia with necrotiz-
ing vasculitis (Fig. 2G). Furthermore, there was a mixture of 
interstitial pneumonia and bronchopneumonia in animal #2, 
while the pulmonary findings in animal #1 were non-specific, 
consisting predominantly of edema and congestion. Addition-
ally, significant histopathologic alterations included portal 
lymphocytic hepatitis (animals #2–4; Fig. 2H) and lympho-
cytic interstitial nephritis (animals #2 and #4).

Furthermore, proliferating vascular lesions (PVLs), inter-
preted as hyperplastic arteriopathy, were observed in mul-
tiple tissues of animals #2–4 (Fig. 3A–C) and at the CRM 
of animals #2 and 3 (Fig. 3B–C) but not in calf #1; lympho-
cytic vasculitis was observed only at the CRM of animal #2 
(Fig. 3D–E). Moreover, histochemical evaluation with the 
VVG stain revealed severe proliferation of collagenous tissue 
that resulted in partial obliteration of arteries at the CRM of 
animals #2 and #3 (Fig. 3F–G) but not in animal #1 (Fig. 3H).

Immunohistochemical identification of disease 
pathogens

Positive, widespread, intracytoplasmic immunoreactiv-
ity to MCFV antigens were observed in multiple tissues 
of animals #2–4 (Table 2), with immunolabeling being 
predominantly pulmonary, renal, and intestinal. Antigens 
of MCFV were not identified in any tissues of animal #1 
(Supplemental Fig. 1A–C). Positive immunoreactivity to 
MCFV antigens was identified within the epithelial cells 
of peribronchial glands and bronchial epithelium of the 
lungs (animals #2–4, Fig. 4A–C), epithelial cells of renal 
tubules (animals #2–4, Fig. 4D), and within cryptal epi-
thelial cells of the small intestine (animals #2–3; Fig. 4E). 
Furthermore, intralesional MCFV antigens were identi-
fied within epithelial cells of bronchi and bronchiole that 
contained suppurative exudate in animal #3 with bacterial 

Table 1   Clinical manifestations 
and the outcome of cattle 
concomitantly infected by 
OvHV-2 and BCoV

Animals Biological data Clinical manifestations Duration (days) Outcome

Farm A
#1 Holstein, female, 32 days old Fetid yellow diarrhea

Flaccid tetraparesis
Permanent recumbency

22 Euthanasia

#2 Holstein, female, 34 days old Fetid yellow diarrhea
Flaccid tetraparesis
Permanent recumbency

31 Euthanasia

#3 Holstein, female, 37 days old Fetid yellow diarrhea
Flaccid tetraparesis
Permanent recumbency

25 Spontaneous death

Farm B
#4 Nelore, female, 18 months old Sudden death 1 Spontaneous death
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pneumonia (Fig. 4F). Additionally, there was positive 
immunolabeling of MCFV antigens even within epithe-
lial cells of intestinal crypts that contained necrotic debris 
(Fig. 4G–H), within epithelial cells of the abomasum with 
necrotizing abomasitis (Fig. 4I), renal capillaries (Fig. 4J), 
and within hepatocytes and epithelial cells of bile ducts of 

animal #4 with portal lymphocytic hepatitis (Fig. 4K–L). 
Moreover, there was positive, patchy, localized, intracy-
toplasmic immunoreactivity to BVDV antigens within 
bronchial epithelial cells of the lungs of animal #4 (Sup-
plemental Fig. 1D). Positive immunoreactivity was not 
identified for antigens of BRSV, BoHV-1, and BoHV-5.

Table 2   Principal gross and histopathologic findings with immunohistochemical and molecular investigations of disease agents in cattle with 
SA-MCF

Footnote: 1Only positive molecular results are shown; 2positive immunoreactivity to bovine viral diarrhea virus antigens

Animals Principal gross lesions Histopathologic lesions MCFV 
immunore-
activity

Molecular 
identification1

Type of infection

OvHV-2 BCoV

#1 Enlarged mesenteric and illiac lymph 
nodes

Hemorrhagic enteritis with promi-
nence of Payer patches

Renal congestion

Atrophic hemorrhagic enteritis with 
cryptal necrosis

Cerebrum, nonsuppurative encephalitis 
with neuronal necrosis

Kidneys, interstitial and vascular 
congestion

Lymph nodes, medullary congestion

Absent Absent Kidney
Lung
Spleen
Intestine

Single

#2 Cranioventral pulmonary consolidation
Intestinal congestion with prominence 

of Payer patches
Enlarged mesenteric and illiac lymph 

nodes
Renal infarction
Ulcerative abomasitis

Atrophic enteritis with cryptal necrosis
Bronchopneumonia
Carotid rete mirabile, intimal prolifera-

tion, and lymphocytic vasculitis
Cerebrum, neuronal necrosis, severe 

multifocal gliosis, satellitosis
Interstitial pneumonia
Lymph nodes, follicular lymphoid 

hyperplasia
Lymphoplasmacytic interstitial 

nephritis
Portal lymphoplasmacytic hepatitis
Renal cortical infarction
Spinal cord, neuronal necrosis
Ulcerative abomasitis

Intestine
Kidneys
Lung

Lung
Kidney

Lung
Kidney

Dual

#3 Enlarged mesenteric and illiac lymph 
nodes

Necrohemorrhagic bronchopneumonia
Ulcerative and perforated abomasitis

Atrophic enteritis with cryptal necrosis
Ballooning degeneration of the tran-

sitional epithelium of the urinary 
bladder

Cerebrum and cerebellum, neuronal 
necrosis

Depletion of splenic lymphoid tissue
Carotid rete mirabile, intimal prolifera-

tion
Necrotizing bacterial abomasitis
Portal lymphoplasmacytic hepatitis
Proliferative vascular lesions: spleen, 

liver, lung
Suppurative bacterial bronchopneu-

monia

Intestine
Kidney
Lung

Brain
Lung

Kidney
Lung
Spleen

Dual

#4 Pulmonary hemorrhage Interstitial nephritis with lymphocytic 
necrotizing vasculitis

Interstitial pneumonia with lympho-
cytic necrotizing vasculitis

Lymphoplasmacytic myocarditis with 
lymphocytic necrotizing vasculitis

Portal lymphocytic hepatitis
Proliferative vascular lesions: kidney, 

lung, small intestine
Pulmonary hemorrhage

Kidney
Liver
Lung2

Liver
Lung

Lung Triple
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Molecular identification of infectious disease 
pathogens

Nucleic acids of BCoV and OvHV-2 were amplified 
from multiple tissues of all animals, except in animal #1 
from which OvHV-2 DNA was not amplified (Table 2). 
Sequence analyses confirmed the specificity of the 
amplicons of the OvHV-2 tegument protein gene derived 
from the liver of animal #4 and the BCoV N gene origi-
nated from the kidney of animal #2. These nt sequences 
are deposited in GenBank (OvHV-2, MZ500969; BCoV, 
MZ500968). Furthermore, nucleic acids of the other 
infectious disease pathogens evaluated were not ampli-
fied from any of the tissues submitted from the four 
calves (Supplemental Table 1).

Phylogenetic analyses of the partial nucleotide 
sequences of OvHV‑2 and BCoV

The strain from this study clustered with the prototype 
strains of OvHV-2 (Fig. 5). The wild-type OvHV-2 strain 
derived from this study showed nt sequence identities 
ranging from 97.9 to 100% with other 19 OvHV-2 strains 
deposited in GenBank. Moreover, this strain demonstrated 
100% and 98.6% sequence identity with the prototype strains 
BJ1035 and NC007646 of OvHV-2, respectively, and 98.6% 
nt sequence identity with strains (GenBank accession num-
bers # JQ780444, MZ221210, and KJ658293) previously 
reported from Brazil.

Comparative analysis between the nucleotide sequence of 
the N gene of the BCoV strain identified in this study with 

Fig. 1   Gross observations in 
calves simultaneously infected 
with ovine gammaherpesvirus 
2 and bovine coronavirus. The 
intestinal mucosa is bloody with 
prominence of Payer patch (A) 
and there is multifocal necro-
hemorrhagic abomasitis (B). 
Comparative lung analysis of 
Holstein calves: observe areas 
of pulmonary consolidation (C, 
animal #2), severe necrohemor-
rhagic bronchopneumonia at the 
cranioventral region of the lungs 
(D, animal #3), and the normal 
gross features (E, animal #1). 
Ruler, scale in centimeters
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other 34 BCoV strains available in GenBank revealed nt 
identities ranging from 98.3 to 100%. The Mebus prototype 
strain (GenBank accession number # U00735) and other 
strains previously reported from Brazil (GenBank accession 
numbers # KM982442, KP860296, and KU167034) showed 
99.5% sequence nt identity with the BCoV strain identified 
in this study.

Discussion

The results of the histopathologic, histochemical, immu-
nohistochemical, and molecular investigations confirmed 
that these animals without any typical clinical manifesta-
tion or gross lesions suggestive of SA-MCF were infected 
by OvHV-2. More specifically, the histopathologic 

Fig. 2   Histopathologic 
findings observed in calves 
concomitantly infected by 
ovine gammaherpesvirus 2 and 
bovine coronavirus. There is 
severe atrophic enteritis (A) 
and accumulation of necrotic 
debris (arrows) within intestinal 
crypts (B); closer view of 
cryptal necrosis (C). Observe 
ulcerative abomasitis (D) and 
suppurative bronchopneumonia 
associated with foci (arrows) of 
intralesional bacterial colonies 
(E); closer view of intralesional 
bacteria (F). There is intersti-
tial pneumonia with necrotiz-
ing vasculitis (arrow; G) and 
portal lymphocytic hepatitis 
(H). Hematoxylin and eosin 
stain. Bar: A, D 500 µm; B, G 
100 µm; C 20 µm; E 200 µm; F, 
H 50 µm
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identification of widespread PVLs in several tissues and the 
histochemical demonstrating of intimal thickening at the 
CRM in two calves are suggestive of chronic manifestations 
of SA-MCF; similar typical cases of chronic SA-MCF were 
previously described in cattle [11, 12] and bison [43]. More-
over, IHC identified intralesional MCFV antigens in multiple 
tissues of two calves and the yearling, while the PCR assays 
confirmed these viral proteins as nucleic acids of OvHV-2; 
similar results were described in cattle [15] and in a sheep 
[44] spontaneously infected by OvHV-2. Finally, the con-
comitant amplification of BCoV nucleic acids from multiple 
tissues of all animals indicates that this virus participated 

in the development of the diseases herein described, while 
the IHC identification of intralesional BVDV antigens from 
the lung of animal #3 demonstrated that this calf was also 
infected by this virus. Consequently, singular (animal #1), 
dual (animals #2 and 3), and triple infections were confirmed 
(animal #4).

The clinical manifestations demonstrated by all ani-
mals from this study were nonspecific for any neurological 
syndrome and were not suggestive of SA-MCF [1, 9, 10]; 
consequently, a clinical diagnosis of MCF was not made. 
Moreover, fever which is part of the alimentary form (Con-
stable et al. 2017), and characteristic of SA-MCF (O’Toole 

Fig. 3   Proliferative arterial 
lesions associated with infection 
by ovine gammaherpesvirus 
2 in animals. There is prolif-
eration of the intimal layer of 
arteries from the lung (A) and 
at the carotid rete mirabile (B, 
C); observe degeneration of the 
intimal layer (arrows, B) and 
luminal obliteration (C). There 
is transmural lymphocytic vas-
culitis at the carotid rete mira-
bile of calf #2 (D), that is better 
appreciated at the closer view 
(E). Observe intimal prolifera-
tion at the carotid rete mirabile 
of calves infected by OvHV-2 
(#2, F; #3, G) with partial 
obliteration of an affected artery 
of animal #3 (G). Compare the 
absence of intimal proliferation 
at the carotid rete mirabile in 
calf #1 that was not infected by 
OvHV-2 (H). Hematoxylin and 
eosin stain (A–E); Verhoeff-
Van Gieson histochemical 
method (F–H). Bars: A 50 µm; 
B 20 µm; C, E–H 100 µm; D 
200 µm
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et al. 2014), was not observed in any of the animals from the 
current study. In fact, MCF was only suspected after histo-
pathological arterial lesions (vasculitis and PVLs) sugges-
tive of SA-MCF were observed in multiple tissues of these 
animals, with subsequent confirmation by IHC and PCR. 
Alternatively, cattle without any clinical manifestations, 
gross, and histologic demonstration of SA-MCF vasculitis 
contained OvHV-2 DNA [45]. Furthermore, our group has 
demonstrated the participation of OvHV-2 in cattle with 
neurological syndromes but without typical clinical manifes-
tations of SA-MCF [15], with similar findings in cattle with 
pulmonary [19, 20, 22] and renal [21] diseases. Additionally, 
several reports have confirmed the participation of OvHV-2 

in cattle [13, 16, 45, 46] and the American bison [16–18] 
without typical clinical manifestations of SA-MCF. Moreo-
ver, it was suggested that infected animals without typical 
SA-MCA may be subclinically infected by OvHV-2 [16].

Although the exact reason for the occurrence of subclini-
cal or asymptomatic SA-MCF in ruminants is currently 
unknown, subclinical infections of OvHV-2 have been 
associated with stress-related conditions in bison [18], and 
reduced viral load, non-propagation of free virus or reinfec-
tion in cattle [45]. In this case, the viral load was not evalu-
ated, but all animals were concomitantly infected by BCoV, 
and demonstrated pathologic findings that can be attrib-
uted to this viral disease pathogen [47, 48]. Accordingly, 

Fig. 4   Immunohistochemi-
cal identification of malignant 
catarrhal fever virus antigens 
in cattle. There is positive 
intracytoplasmic immunoreac-
tivity to MCFV antigens within 
bronchial epithelial cells (A), 
(B)), and epithelium (arrow) 
of peribronchial glands (C)) 
of the lungs. Observe intra-
cytoplasmic immunolabelling 
of MCFV antigens within 
renal tubular epithelium (D)), 
cryptal epithelial cells (E)), and 
bronchial epithelium contain-
ing purulent exudate (Ex) (F)). 
Compare positive immunoreac-
tivity to MCFV antigens within 
epithelial cells of intestinal 
crypts with (arrow) (G)) and 
without accumulation of tissue 
debris (H)). There is positive 
immunoreactivity within epithe-
lial cells of the abomasum (I)), 
renal capillary (J)), hepatocytes 
(K)), and bile duct epithelium 
(L)). Immunoperoxidase coun-
terstained with hematoxylin. 
Bar: A, B, G–I, K, L 20µ; C, D 
20 µm; E and 5, 50 µm

441Brazilian Journal of Microbiology (2022) 53:433–446



1 3

concomitant pulmonary and enteric infections due to BCoV 
could have predisposed these animals to infection [48, 49], 
resulting in asymptomatic or subclinical SA-MCF. There-
fore, it seems that under specific conditions, cattle may be 
asymptomatic or be subclinically infected with OvHV-2, 
with the possibility of having gross and/or histopathologic 
lesions characteristic of SA-MCF, but without typical clini-
cal manifestations of this disease; similar asymptomatic 
manifestations with histopathologic demonstration of dis-
ease were described in calves experimentally infected with 
BoHV-5 [50]. Therefore, subclinical infections or asympto-
matic disease status may be a pattern for herpesviruses of 
cattle. Collectively, these findings confirm the affirmation 
that SA-MCF or OvHV-2-associated diseases may be under-
reported worldwide [3], since animals that are asymptomatic 
would not be investigated for the possible participation of 
OvHV-2.

BCoV is a common pneumotropic viral disease pathogen 
that is associated with respiratory and enteric diseases of 
cattle worldwide, due to dual tropism for the respiratory and 
intestinal tracts [48, 51, 52]. Diseases syndromes attributed 
to the participation of BCoV in specific age groups of cattle 
include bovine respiratory disease (BRD), calf pneumonia 
[48, 53], neonatal diarrhea, and winter dysentery [49, 53, 
54]. All calves from this study had some form of pulmo-
nary disease demonstrated by histopathology and contained 
nucleic acids of BCoV in the lungs, indicating that these 
animals were infected by BCoV [48, 54]. Alternatively, all 
Holstein calves demonstrated severe enteric disease clini-
cally with histopathologic lesions consistent with those 

attributed to BCoV [47, 49, 52]. Although nucleic acids of 
BCoV were only amplified from the intestinal fragments 
of the calf with hemorrhagic enteritis, all calves contained 
viral BCoV RNA in multiple tissues, so intestinal dissemi-
nation could have been associated with viremia [48, 52]. 
Nevertheless, an interesting finding in this study was the 
positive immunoreactivity to MCFV antigens within epi-
thelial cells of intestinal crypts, even those that contained 
necrotic debris, of animals #2 and 3; similar results were 
described in cows [15, 20] and a sheep [44]. Additionally, 
cryptal necrosis as observed in calves #1–3 are histopatho-
logic manifestations seen in infections due to BCoV [47, 
48] and BVDV [55, 56]. However, BVDV nucleic acids or 
proteins were not identified from the lungs or intestine of 
these calves, suggesting that this viral disease pathogen did 
not participate in the development of the diseases patterns 
herein described and that these animals were concomitantly 
infected by BCoV and OvHV-2. Consequently, the role of 
OvHV-2 in the development of enteric diseases in cattle, 
either acting as an innocent bystander or a primary contribu-
tor [19], must be fully investigated, considering that enteric 
disease is also associated with MCF in bison [17, 43, 57].

During this study, the PVLs (hyperplastic arteriopathy) 
were only identified at the CRM of the two calves infected 
with OvHV-2, being absent in the calf that did not contain 
MCFV viral proteins or OvHV-2 nucleic acids. These are 
compelling evidence that PVLs are associated with OvHV-2 
infections and are indictive of chronic manifestations of 
infections due to OvHV-2; similar lesions were described in 
cattle [11, 12, 15], bison [43], and sheep [44] infected with 

Fig. 5   Molecular phylogenetic 
analysis of partial tegument pro-
tein gene of ovine gammaher-
pesvirus-2 strains by maximum 
likelihood method based on 
the Jukes-Cantor model. The 
analysis involved 19 nucleotide 
sequences of OvHV-2; murine 
herpesvirus sequence was used 
as the out-group. The sequence 
derived from this study is 
highlighted (●). The Gen-
Bank reference number, name, 
country, and species origin of 
the strains used in this analysis 
are provided
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OvHV-2. Moreover, the PVLS herein described in these two 
calves with resulting partial luminal obliteration with mini-
mum vasculitis can be classified as grade 3 arterial lesions 
associated with OvHV-2 [17]. The clinical evolution of dis-
ease manifestations in these animals varied between 25 and 
31 days; comparatively, arterial lesions were more severe in 
cattle that recovered from MCF after at least 90 days [11, 
12] and in bison after 80 days of disease progression [43]. 
Alternatively, PVLs of less intensity and severity occurred 
in cattle with acute neurological manifestations [15] and 
in sheep after 28 days of progressive emaciation [44], sug-
gesting that the degree and extent of PVLs in SA-MCF are 
time dependent. The marked difference between the cases 
herein presented and those described in cattle [11, 12] and 
bison [43] was the absence of typical clinical manifesta-
tions of SA-MCF in these calves as well as the cows with 
neurological manifestations [15]. Although the duration of 
disease progression was unknown in a retrospective study of 
BRD, PVLs were significant histologic features to diagnose 
MCFV-associated pneumonia in cattle with BRD, during 
which MCFV antigens were identified in 53.3% (64/120) 
of all cattle with BRD [19]. Furthermore, since PVLs are 
considered as the consequence of severe vasculitis [12] 
that is characteristic of SA-MCF [1], these vascular lesions 
may be essential histologic elements for the histopathologic 
diagnosis of OvHV-2-associated diseases in the absence 
of necrotizing vasculitis. Nonetheless, it is recommended 
that these histologic vascular alterations must be associated 
with additional diagnostic strategy (e.g., PCR, IHC, and/or 
in situ hybridisation) for the efficient confirmation of OvHV-
2-related diseases.

All animals infected with OvHV-2 had distinct patterns 
of pulmonary diseases, including interstitial pneumonia 
(animals #2 and #4) and suppurative bronchopneumonia 
(animal #4); similar findings were identified in cattle with 
BRD due to infections with a MCFV, more likely, OvHV-2 
[19]. Additionally, necrotizing vasculitis, the hallmark for 
a histologic diagnosis of MCF [1–3], was only observed in 
animal #4; suggesting that this histologic alteration should 
not be the only histopathologic feature used to arrive at a 
diagnosis of OvHV-2-associated pneumonia. As indicated 
previously, PVLs, as identified in the lungs of animals #3 
and #4, are significant histologic features for the histologic 
diagnosis of pneumonia associated with MCFV [19]. Fur-
thermore, the pulmonary findings observed in these animals 
support the theory that OvHV-2 can act as a disease patho-
gen in the development of pulmonary disease in cattle [2, 
19]. Therefore, a histologic diagnosis of OvHV-2-associated 
pneumonia should not be based exclusively on the finding 
of necrotizing vasculitis, since OvHV-2 antigens and/or pro-
teins can be identified in tissues of cattle without the charac-
teristic lesion of SA-MCF. Intriguingly in these cases, was 
the absence of molecular amplification of common bacterial 

pathogens associated with the development of suppurative 
bronchopneumonia of cattle from the pulmonary fragments 
of animal #3. This inconsistency can be attributed to the 
submission of pulmonary fragments without bacteria for 
molecular testing, considering that the lesions in this animal 
were predominantly cranioventral.

The histopathologic findings observed in the brains of the 
two calves infected with OvHV-2 are nonspecific for SA-
MCF, since typical manifestations of necrotizing vasculitis 
and non-suppurative encephalitis, as described in neurologic 
MCF [13, 14], were not observed. However, it was demon-
strated that the neuropathologic manifestations of SA-MCF 
seem variable, where typical histologic alterations may be 
absent in cases of neurological MCF, and require molecular 
testing to confirm infection, since in situ identification of 
intralesional viral proteins of OvHV-2 may be inconsist-
ent [58]. Similar inconsistent or lack of in situ labeling of 
OvHV-2 viral proteins was observed the brains of cattle [15, 
59], with patchy IHC demonstration of MCFV antigens in 
a sheep with histopathologic evidence of SA-MCF [44]. 
Additionally, positive immunolabeling was not observed in 
the neurological tissues of the two calves herein described 
with nonspecific neuropathological alterations, while in 
one of these (#3) OvHV-2 nucleic acids were amplified. 
Accordingly, an efficient diagnosis of OvHV-2-associated 
encephalitis in cattle would require molecular testing in the 
absence of typical histologic demonstration of SA-MCF. 
Nevertheless, additional evaluations of brain tissues of ani-
mals using a combination of in situ identification of intral-
esional OvHV-2 proteins and the molecular amplification of 
nucleic acids are needed to fully understand the dynamics of 
OvHV-2 encephalitis in cattle.

All cattle infected with OvHV-2 during this investigation 
were not maintained on farms that had sheep or were not 
reared concomitantly with sheep. In most outbreaks of SA-
MCF in cattle, there is a history of the concomitant rearing 
of sheep and cattle on the same farm or close to a feedlot 
and/or farm [1, 2], resulting in direct or indirect contact with 
secretions from the reservoir host [1]. Nevertheless, there 
are similar documented outbreaks of SA-MCF in cattle [16, 
60, 61], white-tailed deer (Odocoileus virginianus) [62], 
and bison [17, 63] in which there is no known history of 
direct contact between sheep and the infected ruminants. 
Since all infected cattle from this study did not demonstrate 
typical clinical manifestations of SA-MCF, the possibility 
of recrudescence of persistent infection by OvHV-2 [16, 
17] cannot be totally discarded. Nonetheless, these findings 
are indicative of subclinical manifestation of SA-MCF, as 
was postulated for cattle and bison [16]. Additionally, it was 
demonstrated that bison reared in properties that are within 
less than 1 km distant from locations containing sheep are 
more likely to develop MCF [63]. Furthermore, the mortal-
ity rate associated with SA-MCF seems directly proportional 
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to the distance between farms containing lambs and bison 
feedlots [64]. Consequently, there is no need to have direct 
comingling between sheep and cattle for the development of 
SA-MCF or infections due to OvHV-2, since environmental 
conditions and mechanical vectors may play an important 
role in the dissemination of this virus over long distances 
[64].

In conclusion, OvHV-2-associated infections are 
described in cattle without typical clinical manifesta-
tions of SA-MCF but concomitantly infected with BCoV. 
OvHV-2 infections were confirmed due to disseminated 
vascular lesions associated with positive immunoreactivity 
to MCFV antigens in multiple tissues and the amplifica-
tion of OvHV-2 nucleic acids from these animals. These 
findings indicate that under special conditions, cattle may 
be subclinically infected by OvHV-2. Consequently, the 
occurrence of OvHV-2 infections may be more elevated than 
previously reported, since ruminants that die without typi-
cal clinical manifestations of SA-MCF are not likely to be 
investigated for the possible participation of OvHV-2. Fur-
thermore, necrotizing vasculitis that is typical of OvHV-2 
infections should not be used as the only histologic feature 
for a histopathologic diagnosis of SA-MCF, since antigens 
and/or nucleic acids of OvHV-2 can be identified in tissues 
of cattle without this fundamental histologic diagnostic fea-
ture of MCF.
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