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Abstract 
Introduction: Sheep associated-malignant catarrhal fever is a frequently fatal, lymphoproliferative, and vascular disease caused by ovine 
gammaherpesvirus 2 (OvGHV2), a member of the malignant catarrhal fever virus (MCFV) complex. OvGHV2-related epidemics normally 
have reduced morbidity with elevated lethality.  
Methodology: This study investigated the causes of elevated morbidity, mortality, and lethality in cattle maintained on Brachiaria grass pastures 
and with neurological and enteric disease syndromes from nine farms in Paraná, Southern Brazil.  
Results: The principal histopathological findings included necrotizing lymphocytic vasculitis, proliferative vascular lesions, and toxic 
cholangiohepatitis. An immunohistochemical (IHC) assay utilizing the 15A monoclonal antibody (15A-MAb), which is specific for MCFV, 
revealed positive intracytoplasmic immunoreactivity within the epithelial cells of the lungs, intestine, liver, and kidneys in most animals, 
confirming infections by MCFV. PCR detected singular infections by OvGHV2 (n = 3) and bovine gammaherpesvirus 6 BoGHV6 (n = 3) in 
cattle with positive intracytoplasmic immunoreactivity by the 15A-MAb IHC assay. In one animal with positive immunoreactivity to the 15A-
MAb IHC assay, neither Macavirus was identified through molecular testing. 
Conclusions: These findings suggested that these two Macavirus were associated with the positive IHC findings. Additionally, the non-
detection of OvGHV2 and BoGHV6 in the organs of one animal, despite typical vascular lesions and with positive IHC results, suggests that 
another Macavirus may be involved. Moreover, the identification of BoGHV6 DNA in cattle not infected by OvGHV2 but containing MCFV 
antigens, indicates cross-reactivity of BoGHV6 with the 15A-MAb assay. The possibe role of Bracharia on the occurrence of these infections 
is discussd.  
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Introduction 

Malignant catarrhal fever (MCF) is a frequently 
fatal, lymphoproliferative disease of artiodactyls 
(cloven-hoofed animals) that is caused by specific 
members of the genus Macavirus, subfamily 
Gammaherpesvirinae, family Herpesviridae [1]. The 
15A-monoclonal antibody (15A-MAb) is one of several 

major MAb of members of the Macavirus genus [2]. 
This MAb is considered restricted to Macavirus that 
cause MCF since they all share the 15A antigenic 
epitope [3], are well-conserved within the DNA 
polymerase gene [4], and are collectively referred to as 
the malignant catarrhal fever virus (MCFV) complex 
[4,5]. The 15A antigenic epitope, located on the viral 
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glycoprotein complex [2,6], was the base for the 
development of competitive inhibition enzyme-linked 
immunosorbent assays [6,7]. Furthermore, the 15A-
MAb was standardized to be used in 
immunohistochemical (IHC) assays [8] for the 
identification of MCFV tissue antigens, considering 
that this epitope is restricted to the MCFV complex 
[4,5]. This IHC assay was then used for the detection of 
intralesional tissue antigens of MCFV in cattle with 
renal [9], and pulmonary [10] alterations and in 
ruminants [11,12] infected by OvGHV2. 

Members of the Macavirus genus known to be 
associated with the development of MCF in susceptible 
mammalian hosts include ovine gammaherpesvirus 2 
(OvGHV2), alcelaphine gammaherpesvirus 1 and -2 
(AlGHV1 -2), and caprine gammaherpesvirus 2 [13-
15]. Alternatively, the participation of bovine 
gammaherpesvirus 6 (BoGHV6), another Macavirus, in 
the pathogenesis of disease processes in ruminants 
remains controversial [16] and was never associated 
with MCF.  

Epidemiologically, two widely accepted forms of 
MCF are recognized and intensively studied: sheep 
associated-malignant catarrhal fever (SA-MCF) and 
wildebeest associated-MCF (WA-MCF), in which 
sheep and wildebeest, respectively, are the reservoir 
hosts for the associated virus [13-15]. WA-MCF is 
caused by AlGHV1 and -2 and occurs predominantly in 
artiodactyls from Africa and in wildlife maintained in 
some zoological parks in the USA [17,18]. 
Alternatively, SA-MCF occurs worldwide in numerous 
ungulates and is caused by OvGHV2, during which the 
reservoir host is asymptomatic, while the dead-end 
hosts develop several typical clinical manifestations of 
MCF [13,14,18]. Although continental Brazil may 
harbor several members of the Macavirus genus, only 
OvGHV2 has been associated with the development of 
MCF in mammalian hosts [15].  

The characteristic clinical manifestations of SA-
MCF observed in the dead-end hosts are the head-and-

eye [14], alimentary [17,19], neurological [17], and 
cutaneous [3,19,20] forms as well as peracute/acute and 
chronic manifestations [19,21,22]. The course of the 
alimentary form of MCF is frequently acute [19,21] and 
is characterized by profuse diarrhea and dysentery [21], 
without typical ocular lesions, and occurs 
predominantly in cattle without direct contact with 
sheep [19], with death occurring 12-72 hours after the 
onset of diarrhea or dysentery [23]. Furthermore, in the 
alimentary form of MCF, diarrhea may be the only 
noticeable clinical manifestation which frequently 
results in misdiagnosis with other common enteric 
diseases of cattle, including bovine viral diarrhea 
[21,23]. Additionally, the cutaneous manifestations of 
SA-MCF can be clinically confused with 
hypersensitivity and/or photosensitivity reactions [20]. 

This study presents the findings observed in 
outbreaks associated with affections due to OvGHV2 in 
cattle from Southern Brazil.  

 
Methodology 
Animals, geographical locations of study, and 
epidemiological data  

From early April to the end of October 2022, 
farmers and veterinarians from diverse geographical 
regions of Paraná (PR) State, Southern Brazil, 
reportedly informed that there was elevated cattle 
morbidity and mortality associated with a mysterious 
disease. The Veterinary Teaching Hospital, 
Universidade Estadual de Londrina (VTH-UEL), 
received animals and/or tissues (n = 16) submitted from 
farmers and veterinarians to investigate and provide a 
diagnosis of the ongoing cattle mortality. However, not 
all farmers with similar problems sought to investigate 
the cause of cattle mortality. The geographical locations 
of the related cattle mortality with the principal ongoing 
clinical syndromes reported at each farm are provided 
(Table 1). Furthermore, these farms are located in some 
mesoregions of Paraná state (Figure 1), where elevated 

Table 1. Epidemiological data associated with clinical manifestations of SA- MCF in cattle farms from Paraná, Southern Brazil, 2022. 
Farm # Geographical location Period of occurrence Principal clinical syndrome Presence of sheep Animals 

Total Sick Dead Morbidity (%) Mortality (%) Lethality (%) 
A Ribeirão Claro April Neurological No 300 1 1 0.3 0.3 100 
B Pitanga June Neurological Commingling with cattle 300 5 5 1.7 1.7 100 
C Bandeirantes August - October Alimentary Yes 450 200 200 44.4 44.4 100 
D Ibaiti August - September Alimentary No 1800 80 46 4.4 2.6 57.5 
E Jandaia do Sul September Alimentary No 1000 10 10 1.0 1.0 100 
F Santo Antônio de Platina August - September Alimentary No 340 32 28 9.4 8.2 87.5 
G Abatiá August - September Alimentary No 790 150 60 19.0 7.6 40 
H Apucarana August - September Alimentary Sheep within proximity 70 26 21 37.1 30.0 80.8 
I Londrina August Alimentary Yes 14 2 2 14.3 14.3 100 

Total     5064 506 373 10.0 7.4 73.7 
Average        14.6 12.2 85.1 
Median        9.4 7.6 100 

1 Quartile        1.7 1.7 72.5 
3 Quartile        19.0 14.3 100 
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prevalence levels of MCFV tissue antigens were 
previously identified in cattle with renal lesions [9].  

Cattle at most of these farms were routinely 
immunized against bovine rabies, bovine viral diarrhea 
virus (BVDV), bovine alphaherpesvirus 1 (BoAHV1), 
and Clostridium spp. Furthermore, there were reported 
frustrating attempts at treating cattle with severe 
alimentary syndrome since some animals reportedly 
responded to diverse antibiotic and maintenance 
therapies, but most succumbed to intestinal disease. 

 
Clinical and laboratory evaluations 

Cattle (n = 7) in extremis from three farms (C, D, 
and E) were evaluated clinically; blood and/or serum 
samples from four of these were submitted for 
hematological and/or biochemical analyses. However, 
not all animals evaluated clinically were submitted for 
routine post-mortem evaluations.  

 
Post-mortem evaluations, histopathology, and 
histochemistry 

Tissue sections obtained during post-mortem 
evaluations (n = 4) and received for histopathological 
analyses (n = 12) were collected in duplicates for 
routine pathological and molecular diagnostics. Tissues 
for histopathological evaluation were routinely 
processed with the Hematoxylin and eosin stain. 
Selected sections of some of these were evaluated with 
the Verhoeff-Van Gieson (VVG) histochemical method 
to identify the integrity of elastin within arteries. 
Selected tissue sections were used in an 
immunohistochemical (IHC) assay to detect 
intralesional tissue antigens of MCFV. Tissue 
fragments of freshly collected and/or received organs 
were used in molecular assays for the detection of 
common disease agents of cattle were maintained at -80 
℃ until used in molecular assays. 

 
Immunohistochemical identification of MCFV 

IHC assay was done on selected formalin-fixed 
paraffin-embedded (FFPE) tissue sections derived from 
animals (n = 16) submitted to post-mortem evaluations 
and/or received for histopathological analyses. 
Whenever possible, specific FFPE sections of the lungs, 
kidney, intestine, and liver were used in an IHC assay 
designed to identify intralesional antigens of MCFV 
using the 15A-MAb as previously described [8]. 
Positive controls consisted of FFPE tissue sections 
known to contain antigens of OvGHV2 from previous 
studies [8,11]. Two negative controls were used in all 
IHC assays: the first consisted of replacing the 15A-
MAb with its diluent, while in the second, the 15A-

MAb was placed on FFPE tissues known to 
demonstrate negative immunoreactivity to OvGHV2. 
Negative and positive controls were included in all IHC 
assays. 

 
Molecular detection of infectious disease agents 
associated with respiratory, enteric, and neurological 
diseases of cattle 

Nucleic acid extractions using the 
phenol/chloroform/isoamyl alcohol and 
silica/guanidine isothiocyanate method as described in 
Alfieri et al. and Boom et al. [24,25] were done only 
from tissue suspensions of the freshly collected organs; 
molecular analyses were not done on tissues fixed in 
formalin solution or derived from FFPE tissue blocks. 
The extracted nucleic acid was eluted in 50 µL of 
UltraPure DEPC-treated water (Invitrogen Life 
Technologies, Carlsbad, CA, USA) and maintained at -
80 °C until used in molecular assays.  

Molecular assays were performed to amplify the 
DNA and/or RNA of the common infectious disease 
agents associated with respiratory, enteric, and 
neurological diseases of cattle. These molecular assays 
were done based on previously described protocols for 
OvGHV2, BoGHV6, BVDV, bovine respiratory 
syncytial virus (BRSV), bovine alphaherpesvirus 1 and 
5 (BoAHV1- and 5), bovine coronavirus (BCoV), 
bovine rotavirus A (BRV), bovine parainfluenza virus 
3 (BPIV-3), Mannheimia haemolytica, Pasteurella 
multocida, Histophilus somni, Mycoplasmopsis bovis 
(formerly Mycoplasma bovis), and mollicutes. A list of 
the specific genes targeted and the required amplicon to 
be amplified by these molecular assays is provided 
(Supplementary Table 1). Some of these agents are 
specific to a particular organ/system, but most are 
associated with infections in multiple organs/systems of 
cattle. Sterile, ultrapure water was used as the negative 

Figure 1. Map demonstrating the geographical locations of each 
farm within the mesoregions of Paraná state, Southern Brazil. 
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control in all nucleic acid extractions and molecular 
procedures. 

The products of the OvGHV2 and BoGHV6 PCR 
purified using the PureLink® Quick Gel Extraction and 
PCR Purification Combo Kit (Invitrogen® Life 
Technologies, Carlsbad, CA, USA), quantified by using 
a Qubit® Fluorometer (Invitrogen® Life Technologies, 
Eugene, OR, USA), and submitted 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 
Biosystems®, Foster City, CA, USA).  

Sequence quality analyses and consensus sequences 
were obtained using PHRED and CAP3 homepage 
(http://asparagin.cenargen.embrapa.br/phph/), 
respectively. Similarity searches of the OvGHV2 and 
BoGHV6 gene were performed with nucleotide (nt) 
sequences deposited in GenBank using the Basic Local 
Alignment Search Tool homepage 
(https://blast.ncbi.nlm.nih.gov/Blast.cgi). 

Furthermore, specific segments of the brains of the 
two animals with neurological syndromes were 
submitted to the Official Regional Diagnostic 
Veterinary Laboratory (Centro de Diagnóstico Marcos 
Enrietti), Curitiba, Paraná, to detect the presence of 
bovine lyssavirus.  

 
Determination of infections by OvGHV2, BoGHV6, 
and MCFV in the establishment of singular and 
concomitant infections 

The characterization of singular and/or multiple 
infections observed in each animal was determined due 
to the combination of the IHC detection of tissue 
antigens of MCFV and the molecular amplification of 
nucleic acids of the specific infectious disease pathogen 
in one and/or several organs of the same animal. 
Consequently, a diagnosis of OvGHV2-related 
infections was established due to the detection of 
MCFV tissue antigens by IHC with the concomitant 
amplification of OvGHV2 DNA by PCR. Similarly, 
BoGHV6-associated diseases were confirmed due to 
the detection of MCFV tissue antigens with the 
simultaneous molecular detection of BoGHV6 DNA by 
PCR. An infection was termed MCFV-associated in 
animals that did not contain either OvGHV2 or 
BoGHV6 DNA by PCR but demonstrated positive 
immunoreactivity with the 15A-MAb IHC assay.   

 

Results 
Epidemiological findings and clinical syndromes 

The first reported mortality received at the 
Laboratory of Animal Pathology, UEL, occurred in 
mid-April from a farm located in Ribeirão Claro, PR, 
where one cow suddenly died of neurological 
manifestations (Table 1). This was then followed by 
another report of neurological disease affecting cattle 
from the city of Pitanga, PR, in June. It must be 
highlighted that both of these regions had previous 
episodes of confirmed bovine and equine rabies; 
therefore, rabies was suspected by the farmers and 
consulting veterinarians.  

Seven reports of elevated cattle mortality in several 
regions of Paraná associated with diarrhea between 
August and October were examined (Table 1). At all 
these farms the main reported clinical manifestation 
was profuse diarrhea followed by emaciation resulting 
in death within a few days. Cattle at these farms with 
enteric disease were reared on pastures containing 
Brachiaria spp., supplemented predominantly by 
mineral salt; water was provided ad libitum from wells 
or streams within these farms.  

The overall data associated with cattle morbidity 
and mortality from nine farms located within distinct 
geographical locations of the State of Paraná, Southern 
Brazil are presented in Table 1: a total of 5,064 heads 
of cattle were at risk, 10% (506/5,064) were sick, and 
7.4% (373/5,064) of these died during these outbreaks. 
The median morbidity rate (Table 1) was calculated as 
9.4% (Q1: 1.7%; Q3: 19%); the median mortality rate 
was determined as 7.6% (Q1: 1.7%; Q3: 14.3%), while 
the median lethality rate was estimated as 100% (Q1: 
72.5%; Q3: 100%). 

Two principal clinical manifestations were 
observed at these farms in association with affections 
due to OvGHV2, resulting in alimentary (n = 7) and 
neurological (n = 2) syndromes. When the rates of 
morbidity, mortality, and lethality were compared with 
the type of clinical disease manifestations, the 
morbidity rate associated with cattle that died of 
neurological syndromes was very low (0.3 – 1.7%), 
while cattle with alimentary manifestations had 
morbidity rates ranging from 1-44.4% (Table 1). 
Additionally, all cattle with neurological manifestations 
died (100% lethality); while the lethality rate associated 
with intestinal disease fluctuated between 40 - 100%. 
Comparatively, more cattle demonstrated the 
alimentary syndrome relative to the neurological 
manifestations, while some cattle with the alimentary 
form recovered from these affections.  
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Sheep were not reared within the proximity and/or 
on most (55.5%; 5/9) of these farms (Table 1). 
However, commingling between sheep and cattle 
occurred in animals that died of neurological disease 
(Farm B), while sheep were reared (Farms C and I) or 
within 50 km of cattle (Farm H) with alimentary 
syndrome. Furthermore, the most elevated indices of 
morbidity and mortality (44.4%) with elevated lethality 
(100%) were identified at Farm C, where cattle 
developed alimentary disease and were reared 
concomitantly with sheep. The farms from this study 
are located in three mesoregions (Northeast, n = 5; 
North central, n = 3; South central, n = 1) of Paraná state 
and correspond to regions with comparatively elevated 
positive immunoreactivity to MCFV antigens in cattle 
with renal lesions [9]. 

 
Clinical and laboratory information 

Seven animals with severe intestinal disease were 
evaluated clinically at the VTH-UEL and/or 
Universidade Estadual do Norte do Paraná, Paraná, 
Southern Brazil; however, postmortem evaluations 
and/or tissues were not received from all animals that 
were clinically evaluated by large animal clinicians at 
these institutions. The principal clinical manifestations, 
duration of disease progression, and the clinical 
outcome reported at each farm are provided in Table 2. 
The age of the affected cattle ranged from 1.5 to 7 years, 
with most animals being more than 2 years of age.  

Cattle from farms with reported neurological 
syndromes died within 24-72 hours after the onset of 
clinical manifestations; one was prostrated with ataxia 
and lateral recumbency while the other was found dead 

after a brief episode of muscular tremors. The 
alimentary manifestations reported from animals of the 
seven farms were quite similar with the affected cattle 
demonstrating some form of diarrhea (liquid, fetid, or 
bloody), with progressive emaciation and death 
occurring at most farms within 24-78 hours after the 
onset of clinical manifestations. However, the enteric 
syndrome at Farm F reportedly occurred for 5-7 days. 
Additionally, cutaneous photosensitivity was only 
observed in cattle from Farms D and E. Most cattle 
(56.3%; 9/16) evaluated from Farms with the 
neurological (A and B) and enteric (D, F-I) syndromes 
died spontaneously after episodes of clinical 
manifestations, while the animals from Farms C (n = 6) 
and E (n = 1) with enteric disease were euthanized in 
extremis (Table 2). 

The results of the hematological and biochemical 
analyses obtained from blood and/or serum collected 
from animals at three farms are resumed in Table 3. 
Laboratory evaluation of the red blood cells did not 
reveal anemia in any of the animals evaluated; however, 
three animals were moderately dehydrated. 
Leukocytosis with neutrophilia was the most significant 
hematological alteration observed. A similar pattern of 
alterations to the white blood cells was observed for the 
animals from Farms C (Animal #3), D (Animal #9), and 
E (Animal #11), where leukocytosis with neutrophilia 
was very severe in animals from Farms D and E; these 
alterations were accompanied by marked 
hyperfibrinogenemia (animals from all Farms). These 
results are indicators of an ongoing inflammatory 
process. 

Table 2. Biological data, principal clinical manifestations, disease progression, and clinical outcome observed in cattle infected with 
immunohistochemical and molecular detection of Macavirus. 

Farm # # animal Biological data Principal clinical manifestations 
reported at each farm 

Disease progression 
(hours) Clinical outcome 

A 1 3.5- year- old, mixed breed male Muscular tremors 24 hrs Spontaneous death 
B 2 5- year- old, Nellore, cow Prostration, ataxia, lateral decumbency 48 - 72 hrs Spontaneous death 

C* 

3 

2- year- old, Nellore, cow 
Fetid, liquid, brown- colored diarrhea, dehydration, 

permanent lateral decumbency, ruminal hypomotility, 
flaccid tetraparesis 

24 - 48 hrs Euthanized in- 
extremis 

4 
5 
6 
7 
8 

D* 
9 

1.5- year- old, Nellore, cow 
Liquid diarrhea, progressive emaciation, external 

decumbency, ruffled hair- coat, cutaneous 
photosensitivity lesions 

72 - 96 hrs Spontaneous death 10 

E 11 1.5- year- old, Nellore, cow Fetid, liquid, brown- colored diarrhea, chest edema, 
cutaneous photosensitivity lesions, 48 - 72 hrs Euthanized in- 

extremis 

F 12 7- year- old, Nellore, cow Fetid, profuse, bloody diarrhea, progressive emaciation, 
aggressive behavior 120 - 168 hrs Spontaneous death 

13 5- year- old, Nellore, cow Diarrhea 24 - 72 hrs Spontaneous death 
G 14 4- year- old, Nellore cow Diarrhea and respiratory difficulties 24 - 48 hrs Spontaneous death 
H 15 6- year- old, Nellore, cow   Spontaneous death 
I 16 12- year- old, Holstein cow Bloody diarrhea 24 - 48 hrs Spontaneous death 

*: biological data is only available for one animal from these farms. 
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Analysis of the biochemical alterations indicated 
liver dysfunction as a common pattern in all animals at 
these three Farms, with the renal system not being 
affected since the urea and creatinine values were 
within physiological limits. The elevated enzymatic 
activities of serum gamma-glutamyl transferase and 
aspartate aminotransferase indicated that all animals 
evaluated had cholangitis and hepatocytic lesions, 
respectively. Furthermore, elevations of total, direct, 
and indirect bilirubin concentrations were detected in 

most cattle, indicating cholestasis and decreased ability 
of the liver to conjugate bilirubin. Additionally, the 
hypoalbuminemia observed in all animals and the 
icteric serum are further evidence of impaired liver 
function and the loss of enteric protein. The elevation 
of serum creatine kinase activity indicated that all 
animals suffered from muscular lesions, which could 
have been related to permanent recumbency or primary 
muscular damage. 

 
Pathological and histochemical findings 

Four of the animals (#4, 10, 11, and 15) evaluated 
were submitted to complete post-mortem evaluations at 
the VTH-UEL. Tissues were received for 
histopathological diagnosis for the other 12 animals. 
Tissues from animal #3 were not submitted for 
pathological diagnosis, while significant 
histopathological alterations were not observed in the 
organs of animal #16. The principal histopathological 
patterns diagnosed during this study are summarized in 
Figure 2, with interstitial pneumonia (n = 13), atrophic 
enteritis (n = 12), interstitial nephritis (n = 11), and toxic 
cholangiohepatitis (n = 8) being the most frequent 
lesions identified.   

Figure 2. Principal histopathological findings in cattle infected 
with Macavirus. 

Table 3. Hematological and biochemical findings observed at cattle farms during outbreaks of neurological and alimentary infections 
associated with ovine gammaherpesvirus 2. 
Laboratory parameters Animals from Farms Physiological 

Interval1 Hemogram C1 C2a D E 
Red blood cells (× 10⁶/mm³) 7.85 ND 8.39 8.78 5 – 10 
Hemoglobin (g/dL) 11.1 ND 13.3 10.7 8 – 15 
PCV (%) 38 ND 40 34.6 24 – 46 
MCV (fl) 48.4 ND 47.6 39.4 40 – 60 
MCH (pg) 14.1 ND 15.8 12.2 11 – 17 
MCHC (%) 29.2 ND 33.3 30.9 30 – 36 
White blood cells (/mm³) 17,000 ND 66,400 41,400 4,000 – 12,000 
Metamyelocytes (/mm³) 170 ND 0 0 0 
Band neutrophils (/mm³) 170 ND 0 0 0 – 120 
Mature neutrophils (/mm³) 12,410 ND 55,776 33,534 600 – 4,000 
Lymphocytes (/mm³) 4,250 ND 10,624 7,038 2,000 – 7,500 
Monocytes (/mm³) 0 ND 0 828 25 – 800 
Fibrinogen (mg/dL) 1,200 ND 1,000 1,200 200 – 700 
Serum biochemistry      
Total Protein (g/dL) 7.2 ND 6 8.4 6.7 – 7.4 
Albumin (g/dL) 1.2 1.3 2.2 ND 3.0 – 3.5 
Creatinine (mg/dL) 1.5 1.2 2.6 2,1 1.0 – 2.0 
Urea (mg/dL) 84 ND 99 ND 20 – 30 
ALP (U/L) ND ND ND 270 0 – 488 
GGT (U/L)b 111 175 38 305 6.1 – 17.4 
AST (U/L)b 538 1,190 856 709 78 – 132 
CK (U/L) 39,280 78,375 68,950 3,813 35 – 280 
Total Bilirubin (mg/dL) 2.9 4.3 ND 5.2 0.01 – 0.50 
Conjugated bilirubin (mg/dL) 1 2 ND 2.2 0.04 – 0.44 
Unconjugated bilirubin (mg/dL) 1.9 2.3 ND 3 0.03 
Observation Icteric serum+ + + Icteric serum+ + Icteric serum + + Icteric serum+ +  

a: only serum was collected from this animal; b: hepatic activities (GGT and AST) were extremely elevated in cattle with toxic cholangiohepatitis. PCV: packed 
cell volume; MCV: mean corpuscular volume; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration; ALP: alkaline 
phosphatase; GGT: gamma-glutamyl transferase; AST: aspartate aminotransferase; CK: creatine kinase; ND: not done. + : mild; + + : moderate; + + + : severe.  
1: Radostits OM, Gay CC, Hinchcliff KW, Constable PD (2007) Veterinary Medicine: a textbook of the disease of cattle, horses, sheep, pigs, and goats. 10th ed. 
Saunders Elsevier, Edinburgh. 2156p. 
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The principal histopathological alterations observed 
in each animal evaluated are summarized in Table 4. 
Brain fragments were only received from one of the 
animals (#2) with clinical manifestations of a 
neurological syndrome. In this animal, histological 
findings indicative of brain disease were restricted to 
neuronal necrosis with lymphocytic vasculitis and 
proliferative vascular lesions (PVL), also referred to as 
arteriopathy, at the arteries of the carotid rete mirabile 
(CRM); these lesions at the CRM are diagnostic for SA-
MCF [26]. Most animals that died of the alimentary 
syndrome had histopathological evidence of 
simultaneous pulmonary, enteric, and renal disease. 
Furthermore, most (61.5%; 8/13) of these cattle 
evaluated by histopathology, had evidence of toxic 
cholangiohepatitis.  

Most animals (81.2%; 13/16) developed 
lymphoplasmacytic interstitial pneumonia (LIP) with 
simultaneous foci of purulent bronchopneumonia (n = 
4) and extensive areas of pulmonary hemorrhage (n = 
2). LIP was characterized by marked thickening of 
pulmonary alveoli due to severe proliferation of Type II 
pneumocytes with accumulations of 
lymphoplasmacytic inflammatory infiltrates and 
erythrocytes within pulmonary interstitium but without 
any neutrophilic exudate within pulmonary airways 
(Figure 3A-B). Most animals (85.7%; 12/14) that died 
of the alimentary syndrome had histological evidence 
of enteric disease, being characterized as 
lymphoplasmacytic atrophic enteritis due to blunting 
and/or shorting of intestinal villi with varying degrees 
of accumulations of lymphoplasmacytic infiltrates 
within the intestinal mucosa (Figure 3C-D). 
Histological evidence of renal alterations was observed 
in cattle with clinical manifestations of both alimentary 
and neurological manifestations, with 
lymphoplasmacytic interstitial nephritis (Figure 3E) 
being the most predominant lesion identified in the 
kidney. Two distinct patterns of hepatic lesions were 
observed: lymphocytic portal hepatitis (n = 7), 
occurring in cattle with both clinical syndromes and 

Figure 3. Histopathological findings observed in cattle infected 
with OvGHV2. There is widespread lymphoplasmacytic interstitial 
pneumonia (A), which is better appreciated with a closer view (B). 
Observe areas of blunting (arrows) of the intestine (C) with severe 
accumulations of lymphoplasmacytic infiltrates at the mucosa (D), 
and foci (*) of lymphoplasmacytic interstitial nephritis (E) 
surrounding a degenerated artery (arrow) within the kidney. There 
is an accumulation of foamy macrophages (*) within the liver (F), 
negative images of several crystals (arrows) within bile ducts (G), 
and ductal (arrow) biliary stasis (H). Hematoxylin and eosin stain. 
Bars, A and C, 500 µm; B, D-G, 50 µm. 

 

Figure 4. Vascular lesions identified in cattle infected with ovine 
gammaherpesvirus 2. There is a proliferative vascular lesion 
(arteriopathy) in the lungs (A) and the muscular layer of the small 
intestine (B); compared with varying degrees of fibrinoid 
degeneration (change) at the muscular layer of the same animal (C-
E). Observe arteriopathy at the carotid rete mirabile (F), which is 
easily identified with the Verhoeff-Van Gieson histochemical stain 
for elastin (G). Hematoxylin and eosin stain, A-F. Bars, A, 100 µm; 
B, C, E, and F, 50 µm; D, 20 µm. 
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toxic cholangiohepatitis (TCH, n = 8), diagnosed only 
in cattle with the alimentary syndrome. TCH was 
characterized due to the accumulations of foamy 
macrophages, negative images of crystals, proliferation 
of bile duct epithelial cells, biliary and canicular stasis, 
and bridging fibrosis (Figure 3F-H); these lesions are 
characteristic of the intoxication of saponins due to the 
ingestion of Brachiaria spp. [27-29].  

Two types of vascular lesions (Table 4) were 
identified by histopathology in multiple tissues of cattle 
that died of both clinical syndromes: vasculitis and 
PVLs (also referred to as angiopathy). PVLs were 
characterized due to proliferation and/or degeneration 
of the intima and media of arteries with consequent 

luminal obstruction. In animals with vasculitis, there 
was severe fibrinoid degeneration (or change) and/or 
lymphocytic vasculitis at the arteries within the 
muscular layer of the small intestine, CRM, as well as 
the lungs (Figure 4A), and kidneys. In the muscular 
layer of the small intestine of animal #11, there was a 
distinct transition from necrotizing vasculitis with 
fibrinoid change to PVL (Figure 4B-E). Additionally, 
the PLV identified by routine histopathology at the 
CRM was easily visualized with the VVG 
histochemical method to identify elastin within arteries 
(Figure 4F-G).  

  

Table 4. Principal histopathological diagnoses observed in cattle infected with ovine gammaherpesvirus 2.  
Histopathological diagnoses Animals1 

1 2 4 5 6 7 8 9 10 11 12 13 14 15 
Brain: gliosis with neuronal necrosis  x x            
Carotid rete mirabile: lymphocytic vasculitis  x        x     
Carotid rete mirabile: proliferative vascular lesions          x    x 
Hepatocellular degeneration          x x   x 
Lymphocytic cystitis   x            
Lymphocytic myocarditis           x    
Lymphocytic portal hepatitis x x x  x x  x     x  
Lymphoplasmacytic abomasitis x              
Lymphoplasmacytic atrophic enteritis   x x x x x x x x x x x x 
Lymphoplasmacytic interstitial nephritis x x x  x x x  x x x x  x 
Lymphoplasmacytic interstitial pneumonia x x x x x x x x x x x x x  
Membranous glomerulonephritis              x 
Nonsuppurative encephalitis         x      
Proliferative vascular lesions x x x        x x x  
Pulmonary edema    x           
Pulmonary emphysema          x    x 
Pulmonary hemorrhage x  x            
Purulent bronchopneumonia  x      x x x     
Tubular renal degeneration    x           
Tubular renal necrosis             x  
Toxic cholangiohepatitis    x    x x x x x x x 
Vasculitis x x x        x x   

1Tissues were not received for histopathological evaluations from animal #3; significant pathological alterations were not observed in animal #16. 

Table 5. Immunohistochemical and molecular findings observed in cattle from farms infected by ovine gammaherpesvirus 2 (OvGHV2). 
Farms 

# Animal# MCFV IHC OvGHV2 tegument protein 
nPCR 

Additional pulmonary 
infections by PCR Type of 

Infection1 Results 
Lung Liver Kidney Sm. Int Lung Liver Kidney Sm. Int. BoGHV6 BCoV HS 

A 1 - ve - ve - ve - ve + ve - ve - ve - ve + ve - ve + ve Triple OvGHV2 + BoGHV6 + H. somni 
B 2 + ve + ve + ve + ve + ve - ve - ve NC + ve - ve - ve Dual OvGHV2 + BoGHV6 
C 3 NC NC NC NC + ve - ve - ve - ve + ve - ve - ve Dual OvGHV2 + BoGHV6 
 4 + ve + ve + ve + ve - ve - ve - ve - ve + ve - ve - ve Singular BoGHV6 
 5 + ve + ve + ve + ve NC NC NC NC NC NC NC Singular MCFV 
 6 + ve + ve + ve + ve NC NC NC NC NC NC NC Singular MCFV 
 7 + ve + ve - ve + ve - ve - ve - ve - ve + ve - ve - ve Singular BoGHV6 
 8 + ve NC + ve + ve + ve NC - ve NC - ve - ve - ve Singular OvGHV2 

D 9 - ve - ve NC - ve - ve - ve NC NC - ve + ve - ve Singular BCoV 
 10 + ve + ve + ve + ve - ve - ve - ve - ve - ve - ve + ve Dual H. somni + MCFV 

E 11 - ve - ve - ve - ve - ve - ve + ve + ve - ve - ve + ve Dual OvGHV2 + H. somni 
F 12 + ve + ve + ve + ve - ve - ve - ve - ve + ve - ve - ve Singular BoGHV6 
 13 - ve - ve - ve - ve - ve - ve - ve + ve - ve - ve - ve Singular OvGHV2 

G 14 + ve + ve - ve + ve + ve - ve + ve - ve - ve - ve - ve Singular OvGHV2 
H 15 - ve + ve + ve + ve + ve + ve - ve - ve + ve - ve - ve Dual OvGHV2 + BoGHV6 

I 16 a - ve - ve - ve - ve + ve - ve - ve - ve + ve + ve - ve Quadruple OvHGV2 + BoHV6 + BCoV + 
BoAHV1 

n  9 9 8 10 7 1 2 2 8 2 3   
- ve: negative: + ve: positive; NC: not collecetd; MCFV IHC: malignant catarrhal fever virus immunohistochemistry; snPCR: seminested PCR; OvGHV2: ovine 
gammaherpesvirus 2; BoGHV6: bovine gammaherpesvirus 6; MCFV: malignant catarrhal fever virus; BCoV: bovine coronavirus; H. somni: Histophilus somni. 
1: based on the molecular and/or immunohistochemical detection of infectious disease agent(s) within one or more organs of the same animal. a: lung infected 
with bovine alphaherpesvirus 1 by PCR. 
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Immunohistochemical identification of MCFV tissue 
antigens 

Intralesional tissue antigens of MCFV were 
detected in multiple organs (lungs, liver, kidney, and 
small intestine) from most of the cattle (68.7%; 11/16) 
evaluated, with the exception being in FFPE sections 
derived from cattle maintained at Farms A, E, and I, as 
well as one animal from Farms D and F (Table 5). 
Additionally, from the animals with positive 
immunoreactivity by the 15A-MAb IHC assay, most 
(54.5%; 6/11) of these contained intralesional tissue 
antigens of MCFV in all four organs evaluated. 
Furthermore, positive intralesional intracytoplasmic 
immunoreactivity for MCFV antigens was detected in 
cattle with histopathologic confirmation of enteric (n = 

10), pulmonary, hepatic (n = 9), and renal (n = 8) 
diseases. 

Positive, patchy, intralesional, intracytoplasmic 
immunoreactivity to MCFV antigens were identified 
principally within bronchiolar and bronchial epithelium 
as well as the epithelium of peribronchial glands of the 
lungs and rarely within pulmonary macrophages 
(Figure 5A-C) in the lungs of cattle with interstitial 
pneumonia. Similarly, positive intracytoplasmic 
immunoreactivity was detected predominantly within 
bile duct epithelium and within several, randomly 
located, hepatocytes of the liver (Figure 5D-E) of 
animals with lymphocytic portal hepatitis. 
Additionally, positive intracytoplasmic 
immunoreactivity to MCFV antigens was intense and 
widespread within the epithelial cells of the intestinal 
crypts with lymphoplasmacytic atrophic enteritis 
(Figure 4F-G) and within epithelial cells of the renal 
tubules of cattle with lymphoplasmacytic interstitial 
nephritis (Figure 5H-I).  

 
Molecular detection of OvGHV2 and other viral 
disease pathogens of cattle 

The summary of the molecular detection of viral 
and bacterial disease pathogens evaluated during this 
study is presented in Table 5. OvGHV2 was the 
pathogen most frequently (64.3%; 9/14) amplified from 
at least one tissue of most animals evaluated by 
molecular diagnostics since fresh samples from two 
animals (#5 and 6) were not submitted for molecular 
identification. Consequently, OvGHV2 was amplified 
in cattle originating from all Farms, except Farm D, 
where the two animals were infected by a combination 
of BCoV, MCFV, and H. somni. Furthermore, in five 
animals (#1, 2, 3, 15, and 16) there was simultaneous 
amplification of OvGHV2 and BoGHV6 DNA, with 
positive immunoreactivity for MCFV tissue antigens 
being detected in two (# 2 and 15) of these. 
Interestingly, only BoGHV6 DNA was amplified from 
the tissues of three animals (#4, 7, and 12) that 
contained intralesional tissue antigens of MCFV. 
Furthermore, animal #10 was only infected by H. 
somni; the organs (liver, kidney, lungs, and intestine) of 
this animal demonstrated positive immunoreactivity by 
the MCFV IHC assay but without the molecular 
detection of either OvGHV2 or BoGHV6.  

At these Farms singular (n = 7), dual (n = 5), triple 
(n = 1; OvGHV2, BoGHV6, H. somni), and quadruple 
(n = 1; OvGHV2, BoGHV6, BCoV, BoAHV1) 
infections were identified by molecular 
characterization, with MCFV being confirmed in the 
other two animals by IHC. Additionally, the nucleic 

Figure 5. Immunohistochemical detection of intralesional tissue 
antigens of malignant catarrhal fever virus (MCFV) in the organs 
of cattle intoxicated by the ingestion of Brachiaria spp. Observe 
positive intracytoplasmic immunoreactivity to MCFV antigens 
within the bronchial epithelium (A, B) and pulmonary macrophage 
(C, arrow) of the lung. There is intracytoplasmic detection of 
MCFV antigens within epithelial cells of bile ducts (D) and 
hepatocytes and Kupffer cells (E, arrows) of the liver, epithelial 
cells of intestinal crypts (F-G), and renal tubular epithelium (H-I). 
Immunoperoxidase counterstained with Hematoxylin. Bars, A, E, 
G, H, and I, 20 µm; B, C, 10 µm; D, 50 µm; F, 100 µm. 
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acids of BVDV, BRSV, bovine rotavirus A, BoAHV5, 
M. haemolytica, P. multocida, M. bovis, and mollicutes 
were not amplified from the tissues evaluated during 
this study. Furthermore, bovine lyssavirus was not 
confirmed from the brain tissues of the two cows with 
neurological syndrome that were submitted to the 
Official Regional Diagnostic Veterinary Laboratory   

 
Relationship between vascular lesions and the 
detection of Macavirus  

All vascular lesions identified in multiple organs of 
cattle from this study occurred in animals with a 
diagnosis of Macavirus (OvGHV2 and BoGHV6) by 
PCR assays are provided in Table 6. PVLs were more 
frequently identified (53.3%; 8/15) relative to vasculitis 
(40%; 6/15), considering that the organs of one animal 
were not received for histopathological diagnosis. 
OvGHV2 was detected in all animals with vasculitis, 
except for animals # 4 and 12 which had PVLs but were 
only infected by BoGHV6. Furthermore, at least one of 
the Macavirus investigated was detected by PCR in 
three animals (#7, 8, and 16) without histopathological 
evidence of vasculitis in any of the organs evaluated. 
Additionally, in animal #10 without histological 
evidence of vascular disease, MCFV was identified by 
IHC without the concomitant molecular detection of 
OvGHV2 and BoGHV6. 

 
Discussion 

The lesions identified during the histopathological 
and histochemical investigations of this study are 
consistent with those described in cattle [15,30] and 
bison [31] infected with OvGHV2. The positive 
immunoreactivity to the 15A MAb IHC assay in most 

tissues of the cattle investigated indicated that these 
animals were infected by a MCFV [8], considering that 
all Macavirus known to induce MCF share the 15A 
epitope [6,32], which cannot be differentiated within 
members of MCFV complex [3]. The molecular 
identification of OvGHV2 with the Baxter PCR assay 
[33], in most animals with positive immunoreactivity 
by the 15A-MAb IHC assay, confirmed that these were 
infected by OvGHV2, since differentiation of infections 
induced by MCFV requires the utilization of specific 
primers [32]. However, in three animals with positive 
immunoreactivity for the 15A-MAb by IHC in multiple 
tissues, only BoGHV6 was detected by PCR, 
suggesting that this Macavirus was associated with the 
intralesional tissue antigens identified by IHC in these 
cases. Additionally, in one cow with positive 
immunoreactivity to the 15A-MAb IHC assay, neither 
OvGHV2 nor BoGHV6, was identified by molecular 
assays. These findings may suggest the possible 
participation of a different Macavirus in the 
development of the lesions identified in this animal. 
Furthermore, the non-amplification of the DNA/RNA 
of BVDV, BRSV, BRV, BoAHV5, M. haemolytica, P. 
multocida, M. bovis, and mollicutes suggest that these 
were not associated with the disease processes 
identified during these outbreaks.  

 
Macavirus-associated lesions in cattle 

The histopathological findings observed during this 
investigation were previously described in ruminants 
infected with OvGHV2, but with [12,22] and without 
[11,22,34] the typical clinical manifestations of SA-
MCF. During this investigation, infected cattle had 
comparatively more PVLs (also referred to as 

Table 6. Relationship between the histopathological identification of vascular lesions and the diagnosis of Macavirus by PCR or 
immunohistochemistry1. 

Animal # Types of vascular lesion Diagnosis of Macavirus 
Proliferative Vascular Lesions Vasculitis OvGHV2 PCR BoGHV6 PCR MCFV IHC 

1 + ve + ve + ve + ve  
2 + ve + ve + ve + ve  
3a   + ve + ve  
4 + ve + ve  + ve  
5b     + ve 
6b     + ve 
7    + ve  
8   + ve   
9      
10     + ve 
11 + ve + ve + ve   
12 + ve + ve  + ve  
13 + ve + ve + ve   
14 + ve  + ve   
15 + ve  + ve + ve  
16   + ve + ve  

1: only positive results are shown; Macavirus was not diagnosed in the other animals. a: tissues not received for histopathological evaluations; b: organs not 
collected for molecular characterization. + ve: positive. MCFV IHC: malignant catarrhal fever virus immunohistochemistry; OvGHV2: ovine gammaherpesvirus 
2; BoGHV6: bovine gammaherpesvirus 6. 
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angiopathy) relative to vasculitis, while all animals with 
PVLs were infected by at least one of these Macavirus. 
These findings demonstrated that although the salient 
histopathological alteration in OvGHV2-associated 
infections is vasculitis with fibrinoid degeneration 
[14,15,23], a histopathological diagnosis of OvGHV2-
2-associated infections should not be based exclusively 
on vasculitis [11]. This is because the vascular lesions 
associated with OvGHV2-related infections are 
progressive, from acute arteritis to chronic hyperplastic 
arteriopathy with occlusion of vascular lumen and 
disruption of vascular elastin [31]. These progressive 
vascular alterations were observed in the intestine of 
one cow with lymphoplasmacytic atrophic enteritis 
during this study. Recent investigations have 
demonstrated that the vascular alterations in SA-MCF 
are most likely associated with a currently unknown 
trigger mechanism that results in the infection of T 
cells, monocytes, proliferating macrophages, and the 
activation of vascular endothelial cells [26]. 

An interesting finding during this investigation was 
the occurrence of interstitial pneumonia in cattle (n = 
13) with both clinical syndromes. Furthermore, three of 
these had positive immunoreactivity to the 15A-MAb 
IHC assay, with the amplification of only OvGHV2 (n 
= 2) and BoGHV6 (n = 1) DNA from the pulmonary 
samples by PCR. Additionally, three animals with 
interstitial pneumonia were simultaneously infected by 
only OvGHV2 and BoGHV6. These are additional 
findings to support the participation of OvGHV2 as a 
possible cause of pulmonary disease in cattle [15] since 
viral replication occurs initially within pulmonary 
epithelial cells [35,36]. Moreover, these results are in 
accord with a recent study that demonstrated the role of 
OvGHV2 in the development of bovine respiratory 
disease in dairy calves with clinical manifestations of 
respiratory impairment [12]. Furthermore, interstitial 
pneumonia is frequently diagnosed in cattle with SA-
MCF [15], while BoGHV6 was previously associated 
with the development of pneumonia in a cow [37]. 
Consequently, these findings are additional evidence to 
support the role of, at least OvGHV2 in the 
development of pulmonary disease in ruminants. It 
must be highlighted that most animals infected by these 
Macavirus were poisoned due to the ingestion of 
Brachiaria spp. (see below). However, there is no 
association between Brachiaria spp. intoxication and 
the development of pulmonary disease in cattle [27,28], 
suggesting that the interstitial pneumonia identified 
during this study was of viral origin.  

The 15A-MAb was initially used in serological 
evaluations to detect the presence of MCFV antibodies 

in a wide range of mammalian species from the USA 
[5,6] and Europe [38-40]. We later designed an IHC to 
detect intralesional antigens of MCFV in tissues of 
cattle where confirmation of infection by OvGHV2 was 
obtained by PCR [8] and used this assay to detect 
MCFV [9,10] and/or OvGHV2 [11,12,41] in ruminants. 
Collectively, these studies demonstrated that the 15A-
MAb can be used effectively to identify intralesional 
tissue antigens of MCFV and OvGHV2 (when used in 
conjunction with specific PCR assays). In this study, 
only BoGHV6 was detected in three animals (#4, 7, and 
12) with positive immunoreactivity by the 15A-MAb 
IHC assay for MCFV and with vascular lesions typical 
of MCF in two of these (#4 and 12); OvGHV2 was not 
detected in any of the tissues analyzed from these 
animals by PCR. Consequently, these findings 
demonstrated that the 15A-MAb IHC assay can also be 
used to detect intralesional tissue antigens of BoGHV6, 
with conformation of BoGHV6 being obtained with 
specific molecular assays.  

These findings then raise the question as to whether 
BoGHV6 is an infectious disease pathogen or a 
commensal organism of ruminants and, consequently, 
its importance in veterinary medicine. Several studies 
have identified BoGHV6 DNA in tissues of ruminants 
and have suggested the possible participation of this 
Macavirus in the development of disease processes of 
ruminants with reproductive [42-46], 
lymphoproliferative [47], fetal [16], and pulmonary 
[37] lesions. Alternatively, no association was 
determined between the occurrence of BoGHV6 in 
ruminants with disease syndromes in studies done in 
Europe and the USA, while additional studies were 
suggested as necessary to confirm the participation of 
this virus in disease processes [45,46]. The possible role 
of BoGHV6 in the development of pulmonary disease 
was described above. Additionally, during this study 
two animals with clinical manifestations of the enteric 
syndrome with typical MCF-related vascular lesions 
were infected by only BoGHV6, suggesting that this 
agent could have contributed to the development of the 
enteric disease with the histopathological vascular 
alterations observed in these cases. Since these findings 
are interesting and suggest that BoGHV6 may be 
directly associated with the development of these 
vascular lesions, studies are being initiated to determine 
the viral load of this agent in these animals in an attempt 
to correlate with possible infectability and/or 
pathogenicity.  
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Epidemiological data of Macavirus-related infections 
Cattle infected during this study did not present the 

classical “head and eye” form of SA-MCF, so 
infections by OvGHV2 were only suspected during 
histopathological evaluations and then confirmed by 
molecular detection. Similar reports were described in 
cattle [8,11,48-50] and bison [7,31,51], which may 
suggest that these animals were subclinically infected. 
Additionally, both animals from this investigation with 
the neurological syndromes died acutely without 
clinical manifestations of typical SA-MCF; this seems 
to be the pattern for cattle with the neurological 
manifestations of OvGHV2, as was observed in other 
cases [8,48,49]. Consequently, it is recommended that 
OvGHV2-induced infection could be used as a 
differential diagnosis in areas where bovine rabies is 
endemic, since during this investigation, as well as in 
other cases of acute neurological infections due to 
OvGHV2 [8,48,49], the initial clinical diagnosis of 
cattle was bovine rabies, considering that bovine rabies 
is probably the most frequent cause of neurological 
disease in cattle from Brazil [52-54].  

The animals from this study were maintained on 
farms located within geographical regions of Paraná 
state where elevated prevalence (41-69.2%) of MCFV 
tissue antigens were identified in cattle with renal 
lesions [9], suggesting that a MCFV, most likely 
OvGHV2, may be endemic within this state. 
Consequently, seroepidemiological surveys are being 
implemented to estimate the number of cattle exposed 
to OvGHV2 in Paraná, and more extensively Brazil, 
since MCF is endemic in most geographical regions of 
this continental nation and results in an annual 
estimated economic loss of 3.2 - 4.8 billion USD [15]. 
Additionally, MCF is one of the most frequently 
diagnosed inflammatory neurological diseases of cattle 
from the southern states of Paraná [53] and Rio Grande 
do Sul [52], as well as the semiarid Northeastern region 
of Brazil [54].  

Of epidemiological importance during this 
investigation, was the absence of sheep on most farms 
where OvGHV2-related infections were diagnosed; 
similar findings were described in an outbreak of SA-
MCF in cattle with 100% lethality from Paraná state 
[53] and other geographical regions of Brazil [15]. 
Sheep are the asymptomatic hosts and are responsible 
for the dissemination of OvGHV2 to susceptible 
animals [13,14,17]. Accordingly, the absence of sheep 
at Farm D, where neither OvGHV2 nor BoGHV6 was 
not detected in cattle with typical histopathological 
lesions of OvGHV2, is another indication of the 
possible circulation of an undiagnosed Macavirus in 

cattle herds from Brazil where sheep may not be the 
asymptomatic host. Additionally, most animals were 
maintained on farms that presented the alimentary 
manifestations associated with OvGHV2 infections 
with variable lethality rates (40-100%); elevated 
lethality was related to enteric disease induced by 
OvGHV2 in cattle [19] and bison [31], with the clinical 
course being between 1 to 3 days [19]. Most cattle that 
succumbed to the alimentary syndrome during this 
study died within three days of the onset of clinical 
manifestations. Although there seems to be no seasonal 
occurrence of OvGHV2-induced infections, during this 
study most outbreaks occurred during August to 
September 2022, which corresponds to the end of 
winter and the beginning of spring in Brazil.  

 
Possible effects of Brachiaria spp. poisoning on viral 
infections 

During this study, eight animals from farms with 
enteric disease demonstrated histopathological 
evidence of TCH, characteristic of poisoning due to the 
ingestion of Brachiaria spp. [28,29,55]. Additionally, 
cutaneous photosensitization was observed in two of 
these, while there was significant elevation in the serum 
activities of hepatic enzymes (GGT and AST) of three 
animals; these are demonstrations of the typical clinical 
manifestation and biochemical alterations 
characteristics of TCH due to Brachiaria spp. poisoning 
[27-29]. Furthermore, MCF was previously diagnosed 
in cattle maintained on Brachiaria brizantha pastures 
[56] and in cattle with suspected ingestion of bracken 
fern [57], while OvGHV2 DNA was amplified from 
nasal secretions (61.1%; 88/144) of sheep reared 
predominantly on Brachiaria spp. [58]. However, a 
possible association between plant poisoning and 
infection due to OvGHV2 was only suggested for cattle 
that ingested bracken fern [57]. Additionally, cattle 
maintained on Brachiaria brizantha that ingested 
sprouts of Senecio brasiliensis were simultaneously 
infected by BVDV [59]. These findings may suggest 
that under special conditions plant intoxications may 
have a synergic effect on the development of viral 
infections in cattle. 

In 2022, there was an extremely prolonged and 
abnormal dry period during most of the winter and the 
beginning of spring within most mesoregions of Paraná 
state, with early rainfall beginning during the transition 
from winter to spring. Coincidentally, the transition 
between winter and spring in Southern Brazil is 
associated with the early regrowth of Brachiaria spp. 
grass due to ideal relative humidity, temperature, and 
insolation [29]. Furthermore, there is an excessive 
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increase in the saponin concentration of the newly 
reborn grass [27,29]. Consequently, the elevated 
concentration of the toxins contained in Brachiaria spp. 
during this transitional period probably favored plant 
poisoning, resulting in severe TCH at several farms, 
which may have partially been associated with the 
elevated cattle mortality with infections by OvGHV2 
being stimulated by the toxic components of Brachiaria 
spp. or simply a simultaneous occurrence.   

The toxic compounds identified in Brachiaria spp. 
are several steroidal saponins, including dichotomin, 
dioscin [27], and protodioscin [27,29,55]. Experimental 
studies have demonstrated that the concentration of 
protodioscin increases progressively during plant 
growth, flowering, seeding, and regrowth [29,55]. The 
effects of saponins on animal production, health, and 
performance have been extensively reviewed [60,61], 
with a wide range of positive relative to negative 
functions being identified, including the stimulation of 
the cell-mediated immune system due to the production 
of cytokines [60] and the increase of microbial protein 
synthesis [61]. It must be highlighted that SA-MCF 
affects immune cell subtypes, particularly CD8+ 
lymphocytes [17,26], and increases in cellular 
activation may exacerbate the clinical signs and 
pathological manifestations associated with this disease 
in affected cattle. However, the direct influences of the 
toxic compounds contained in Brachiaria spp. on 
possible synergic effects on OvGHV2 infections in 
ruminants have not been investigated and are currently 
unknown, so the occurrence during this investigation 
may be simply coincidental and without any effect on 
the development of viral diseases. Nevertheless, studies 
are being implemented to investigate a possible 
association between the concentrations of the plant 
toxin and the viral load in affected ruminants 
maintained on Brachiaria spp. pastures. 

 
Conclusions 

Cattle maintained on Brachiaria spp. pastures 
developed neurological and enteric clinical syndromes 
with histopathological evidence of infections 
predominantly by OvGHV2. Immunohistochemistry 
detected the antigens of MCFV in multiple organs of all 
animals with the 15A-MAb IHC assay. Molecular 
investigations confirmed singular infections of 
OvGHV2 and BoGHV6 in cattle with positive 
intracytoplasmic immunoreactivity with the 15A-MAb 
assay. These findings demonstrated that this MAb can 
also be used to detect tissue antigens of BoGHV6. The 
detection of intralesional MCFV tissue antigens with 
the simultaneous amplification of OvGHV2 from the 

lungs of cattle with interstitial pneumonia in singular 
infectious due to this pathogen provides additional 
evidence of the association of OvGHV2 with the 
development of pulmonary disease in cattle. 
Furthermore, most animals infected during this 
investigation had histopathological evidence of toxic 
cholangiopathies characteristics of poisoning by 
Brachiaria spp. Therefore, it is rather likely that the 
elevated cattle mortality observed during these 
outbreaks was partially associated with intoxication by 
Brachiaria spp., with infections by OvGHV2 being a 
concomitant occurrence or possibly exacerbated due to 
stimulation of immune cells by the toxic components of 
Brachiaria spp.  
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Annex – Supplementary Items 
 
Supplementary Table 1. Targets genes, primers, and amplicon size of the molecular assays used to identify infectious pathogens of respiratory, 
neurological, and enteric diseases of cattle. 

Pathogens Target genes Primer sequences (5’ – 3’) Amplicons 
size (bp) Reference 

Viral 

OvGHV2 Tegument protein 
Fw – AGTCTGGGTATATGAATCCAGATGGCTCTC 
Rv - AAGATAAGCACCAGTTATGCATCTGATAAA 
Rv – TTCTGGGGTAGTGGCGAGCGAAGGCTTC 

 
422 
238 

1 

BoGHV6 polymerase gene external 
region 

Fw- ACAGACGGGCAGCAGATAAG 
Rv- ATGGTTCGCCCCTGTAGAGT 
Rv- AGTCTACCACGAGCACAGGA 

 
551 
166 

2 

BCoV N gene 
Fw - CGATGAGGCTATTCCGAC- 
Rv – TGTGGGTGCGAGTTCTGC 
Fw - TTGCTAGTCTTGTTCTGGC 

 
454 
251 

3 

BVDV 5’UTR Fw – ATGCCCWTAGTAGGACTAGCA 
Rv – TCAACTCCATGTGCCATGTAC 288 4 

BRSV Glycoprotein G 

Fw - CCACCCTAGCAATGATAACCTTGAC  
Rv - AAGAGAGGATGCYTTGCTGTGG 
Fw - CATCAATCCAAAGCACCACACTGTC  
Rv - GCTAGTTCTGTGGTGGATTGTTGTC 

 
603 

 
371 

5 

BoAHV1 Glycoprotein C Fw - CAACCGAGACGGAAAGCTCC 
Rv- AGTGCACGTACAGCGGCTCG 354 6 

BoAHV5 Glycoprotein C Fw - CGGACGAGACGCCCTTGG 
Rv- AGTGCACGTACAGCGGCTCG 159 6 

BPI3 HN gene Fw - GAATGACTCATGATAGAGGTAT 
Rv - AGGACAACCAGTTGTATTACAT  647 7 

BRV VP7 gene Fw- GGCTTTAAAAGAGAGAATTTCCGTCTGG 
Rv - GGTCACATCATACAATTCTAATCTAAG 1062 12 

Bacterial 
Mannheimia 
haemolytica lktA-artJ intergenic region Fw - GTCCCTGTGTTTTCATTATAAG 

Rv - CACTCGATAATTATTCTAAATTAG 385 8 

Histophilus 
somni 16S rDNA Fw - GAAGGCGATTAGTTTAAGAG 

Rv - TTCGGGCACCAAGTRTTCA 400 9 

Pasteurella 
multocida ORF KMT1 clone Fw – GCTGTAAACGAACTCGCCAC 

Rv - ATCCGCTATTTACCCAGTGG  460 10 

Mycoplasma 
bovis ITS region 

Fw - CCGTCAAACYATGGGAGC  
Rv – GTGYCCCGCCMTACTCAGG 
Fw - GTACACTTGTCTTTTATCACTATA  
Rv - AAGGTATCTCGCTTTATGTCCT 

864 
 

488 

11 
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