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Abstract:

Bovine viral diarrhea virus (BVDV) is a pestivirus that infects a broad range of wild and
domestic artiodactyls. Pestiviruses can cause a variety of respiratory, gastrointestinal and
reproductive disorders that generate substantial losses in the livestock industry. Sharing of
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water and food sources between wild and domestic populations increases the risk of
interspecies pestivirus transmission. Monitoring pestivirus prevalence in both population
types is vital. No data is currently available on pestivirus genetic diversity in wild artiodactyl
populations in Mexico. Isolation and genetic analysis were done for BVDV from serum
samples collected from 371 captive wild artiodactyls in four regions in central and eastern
Mexico. Samples from two water buffaloes and one fallow deer were positive for BVDV by
RT-PCR. Phylogenetic analysis of the amplified sequences placed them in BVDV
subgenotype 1b. A cytopathic strain was isolated from the deer sample. This is the first report
of bovine viral diarrhea virus in wild artiodactyls in Mexico and the first to identify the virus
subtype.
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Introduction

Bovine viral diarrhea virus (BVDV) belongs to the Pestivirus genus, in the Flaviviridae
family. This genus includes bovine viral diarrhea virus 1 (BVDV1) and bovine viral diarrhea
virus 2 (BVDV2), among other viruses of veterinary importance. The International
Committee on Taxonomy of Viruses (ICTV) classifies BVDV1 as a Pestivirus A species and
BVDV?2 as a Pestivirus B species™. BVDV1 has 21 subgenotypes (1a-1u), while BVDV2
has 4 subgenotypes (2a-2d)®. Strains of BVDV are classified as cytopathic (CP) or
noncytopathic (NCP) biotypes, according to their effect on cultured cells®. The CP biotypes
cause vacuolation and cell death, while NCP biotypes cause no visible alterations in cell
culture®®),

The BVDVs infects a wide range of animals belonging to the order Artiodactyla. Until
recently, BVDV had been recognized primarily as a pathogenic agent in domestic cattle. It
can cause a range of symptoms from subclinical infections to acute infections characterized
by inappetence, transient fever, diarrhea, respiratory disorders and reproductive disorders
such as abortions, mummifications, congenital defects, stillbirths or the birth of
immunotolerant, persistently infected (P1) animals®". However, it is now recognized as a
causal agent of reproductive, respiratory, immunological and neurological alterations in wild
artiodactyls as well®19,
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Vertical transmission of BVDV can occur via transplacental infection, mating or use of
infected semen or embryos*®. Horizontal transmission occurs through direct or indirect
contact with the oral and/or nasal secretions of infected animals®?. Factors such as shared
land use and animal migration can promote the spread of pestiviruses between domestic and
wild animals®. Natural water and food sources are common points of interaction where
viruses can spread to a wide variety of hosts(®?),

BVDV infections generate significant economic losses in the livestock industry in the form
of decreased milk production, substandard reproductive performance, growth retardation,
congenital defects, predisposition to concomitant diseases and increased mortality of young
animals'®, Estimated losses are 46 million dollars/year in England, 44.5 million dollars/yr
in New Zealand®"*®), and 20 million dollars per million births in Denmark®®.

Limited data is available on the genetic diversity of circulating pestiviruses in Mexico;
indeed, just one study has been done in cattle in which four BVDV genetic variants were
identified (subgenotypes 1a, 1b, 1c and, 2a)?®. Considering its economic impact in the
livestock industry®”19 its ease of transmission between domestic and wild
artiodactyls®'221 and the presence of BVDV antibodies in white-tailed deer in Mexico, the
present study objective was to detect and identify the BVDV genotypes present in wild
animals in Mexico to estimate their potential prevalence in the evaluated populations.

Material and methods

Blood samples

A total of 371 blood samples were collected from wild artiodactyls in captivity. The animals
were 2 to 3 yr old and included water buffalo (Bubalus bubalis), fallow deer (Dama dama),
white-tailed deer (Odocoileus virginianus), eland antelope (Taurotragus oryx) and wild boar
(Sus scrofa). They were from Mexico City and the states of Veracruz, Querétaro and Estado
de Mexico.

Using Vacutainer TM tubes, from 3 to 6 ml of blood were taken from the jugular vein of each
animal. Once the blood coagulated, the samples were centrifuged for 20 min at 2,000 rpm in
a clinical centrifuge. The serum was transferred to microcentrifuge tubes and stored at -70
°C until analysis.
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RNA extraction

Total RNA was extracted from serum samples using TRIzol TM LS Reagent, following the
manufacturer’s instructions. Briefly, 400 ul serum was mixed with 900 pl TRIzol™ LS
Reagent by inverting the microfuge tube six times. The mixture was incubated for 5 min at
4 °C, 240 pl chloroform added, homogenized, and incubated for 5 minutes at 4 °C. The
mixture was centrifuged for 15 min at 13,000 g and 4 °C. The supernatant (200 ul) was
transferred to a nuclease-free tube, 600 pl isopropanol was added and the mixture
homogenized. It was incubated at -20 °C for one hour and centrifuged again for 15 min at
13,000 xg and 4 °C. The supernatant was discarded, and the pellet was washed with 1 mi
75% ethanol and centrifuged for 5 min at 13,000 xg and 4 °C. The supernatant was discarded,
and the pellet dried for 5 min at room temperature. The pellets were suspended in 20 pl
nuclease-free water and stored at -70 °C until use. Total RNA was also extracted from
BVDV-free MDBK cells as a negative control and from the NADL reference strain as a
positive control in the RT-PCR

Reverse transcription (RT)

Using a 20 pl/reaction total volume, reverse transcription was done with M-MLV Reverse
Transcriptase (Thermo-Fisher), following a manufacturer-recommended protocol. Reaction
ingredients were 500 ng RNA (1-10 pl), 1 pl random primers (Invitrogen) (0.2 pg/ul), 1 pl
dNTP Mix (10 mM each) and nuclease-free water (sufficient to complete 12 pl). These were
homogenized by pipetting, incubated for 5 min at 65 °C, and, 4 pl 5X buffer, 2 ul 0.1 M DTT
and 1 pl ribonuclease inhibitor (40 U/ul) added. The mixture was homogenized by pipetting
and incubated for 2 min at 37 °C. Complementary DNA was synthesized by adding 1 pl M-
MLV Reverse Transcriptase (200 U/ul) and incubating for 50 min at 37 °C. The reaction was
stopped by heating the mixture to 70 °C for 15 min.

Polymerase chain reaction (PCR) and sequencing

The PCR analysis of the pestivirus 5' UTR region was done using the SUTRfwd/STAR-Trev,
324/326 and HCV90/HCV 368 primers, which amplify 292 bp, 288 bp and 278 bp fragments,
respectively®?2%), Each reaction was prepared in a 25 pl total volume with 2 pul cDNA, 1 pl
sense primer (10 puM), 1 ul antisense primer (10 pM), 1 pul dNTP Mix (10 mM each), 0.2 pl
Taq polymerase (5 U/ul), 5 ul buffer (10 X) and 14.8 ul nuclease-free water.
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The analysis was run in a thermocycler (Select Cycler 11, Select BioProducts) using these
parameters: initial denaturation for 4 min at 94 °C; 30 amplification cycles using denaturation
for 30 sec at 94 °C, alignment for 30 sec at 56.2 °C (BUTRfwd/STAR-Trev primers), 55 °C
(324/326 primers) and 50 °C (HCV90/HCV368 primers), and extension for 30 sec at 72 °C;
and final extension for 10 min at 72 °C.

The RT-PCR products were separated by 1% agarose gel electrophoresis, following the
methodology described®®?%, Agarose gels were stained with GelRed® following the
manufacturer’s protocol. The RT-PCR products were viewed with a UV transilluminator and
purified with the QIAquick® Gel Extraction Kit (Qiagen GmbH) following the
manufacturer's protocol. The amplicons were sequenced in duplicate in both directions with
the BigDye™ Terminator Sequencing Kit on an ABI PRISM® 3130xI Genetic Analyzer at
the UNAM Biotechnology Institute.

Phylogenetic analysis

Phylogenetic reconstruction of the 5' UTR region sequences of the detected viruses was done
using the MEGA 10 program, with the maximum verisimilitude method and the Kimura 2
substitution method with 1,000 bootstraps(?6-28),

Viral isolation

Viral isolation was done following standard cell culture techniques®®, and using 25 cm? cell
culture dishes with a 70% confluence of MDBK cells (BVDV-free) in MEM supplemented
with 5% horse serum. Samples (500 pl) of serum identified as positive by RT-PCR were
deposited in the culture dishes and identification of infected MDBK cell cultures done by
observing cytopathic effects (vacuolation and lysis) 48 h after incubation, RT-PCR, and
sequencing.

The isolation titer was measured using the Reed-Muench method®?. Culture supernatant
(100 pl) containing the isolated virus and 900 ul MEM supplemented with 5% horse serum
were placed in each well of a 96-well microplate. Decimal log dilutions were done in
triplicate from 107! to 108, and the microplates incubated for 48 h at 37 °C.
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Results

The RT-PCR analysis with the 324/326 primers identified BVDV RNA in the serum sample
of a two-year-old female fallow deer identified as 7916 (Mexico City). The SUTRfwd/STAR-
Trev and 324/326 primers identified BVDV RNA in serum samples from two six-mo-old
water buffaloes identified as BUMA 6 and BUMA 15 (Mil Aguas, Veracruz). Phylogenetic
analysis of the 5 UTR amplicons to identify BVDV species and subgenotypes in the
sequences of the three positive samples grouped them in BVDV subgenotype 1b (Figure 1).

Figure 1: Phylogenetic analysis of isolated pestivirus based on a fragment of the 5' UTR
region

BVDV1 SD1/ M96751.1 -
BVDV1 Singer /L32875.1

84 | 'BVDV1 NADL/ AJ133738.1

BVDV1 Bega-like /KF896608.1

90 L Trangie Y546 /AF049222 2

72 | BVDV1 Osloss /M96687.1
7916/MN811649*
BUMAG/MN811650*

BVDV1 NY1/ FJ387232.1
BUMA15/MN811651*

— Pestivirus A

33

BVDV2 SD1301/ KJ000672.1
BVDV2 Hokudai-Lab09 /AB567658.1 L
5 87 Pestivirus B
Py \VDV2 890 /AF039180.1
89 L— BVDV2 New York 93 / AF502399.1

BVDV3 IZSPLV To / HM151361.1

BVDV3 CH-KaHocont /JX9854091

BVDV3 Th04 KhonKaen /FJ040215.1 Pestivirus H
47 |BVDV3 D32/00 HoBif AB871953,1

BVDVS3 Italy 1/101/ HQ231763.1

[: CSFV Brescia /M317681
94 BDV X818 /AF037405.1

I Pronghorn /NC024018.2
100 | Pronghom /AY781152.3

0.10

Reconstruction of the phylogenetic tree rooted in the 5" UTR region built with the maximum verisimilitude
method using the MEGA 10 program with a Kimura 2 substitution model and 1,000 bootstraps. Reference
virus sequences are identified by their GenBank Access numbers, and viral sequences identified in the present
study are in bold with an asterisk.

Phylogenetic analysis of the 5' UTR region indicated that the BUMA 6 (GenBank #:
MN811650) and BUMA 15 (GenBank #: MN811651) sequences exhibited 99.8 % identity
with the NY reference strain of BVDV, which belongs to subgenotype 1b. The 7916
(GenBank #: MN811649) sequence exhibited 99.8 % identity with the Osloss reference strain
of BVDV, which also belongs to subgenotype 1b.
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Use of BVDV-free MDBK cells allowed isolation of a CP biotype virus from the fallow deer
(7916) serum; the titer of the isolated BVDV 1b was 10® CCID50/ml. Virus isolation was
unsuccessful in the water buffalo (BUMA 6 and BUMA 15) serum samples.

Discussion

The BVDV subgenotype 1b is considered the most widely distributed worldwide in cattle,
followed by subgenotypes 1a and 1c®. Subgenotype 1b has been detected in domestic
artiodactyls in various countries (including Mexico) on all five continents®29, In wild
animals, subgenotype 1b has been detected in countries such as Canada (bison)®V, China
(yak)®?, Germany (bongo)®® and the United States (alpaca and white-tailed deer)®+3,

To date, only one study has addressed bovine viral diarrhea prevalence in wild animals in
Mexico®®), Serum samples were collected from white-tailed deer from three states in
northeastern Mexico (Coahuila, Nuevo Leon, and Tamaulipas) and a 63.5 % seroprevalence
identified. However, this study only identified antibodies, and did not involve direct
identification nor genetic characterization of BVDV. The present study is therefore the first
to report on isolation and direct detection of BVDV in wild animals in Mexico, and the first
report of BVDV prevalence in wild animals in central and eastern Mexico.

The primers used in the present analyses allow detection of various pestivirus species
(Pestivirus A-E, G-H)@229  put only BVDV1 subgenotype 1b RNA (Pestivirus A) was
detected. This was found in approximately 1% of the analyzed wild artiodactyl samples. This
proof of BVDV1 subgenotype 1b in wild animals in Mexico suggests that it may transmit
between wild and domestic artiodactyl populations. The present results may contribute to
design of effective disease control programs that include monitoring of domestic and wild
artiodactyls, in addition to vaccination to confer specific protection against the BVDV
subgenotypes currently circulating in Mexico.

Infections with the CP or NCP biotypes of BVDV have different implications for disease
severity©®”3), The NCP biotype is commonly detected in samples associated with respiratory
disorders, while the CP biotype is usually detected in samples from animals with
reproductive, enteric, or systemic disorders®®. Infections with the CP biotype can cause
disorders in embryonic development, such as mummifications, hydrocephalus, retinal
dysplasia, arthrogryphosis, and abortions®®. Intrauterine infections with the NCP biotype
that occur between d 42 and 125 of pregnancy can cause persistent infections in the fetus
and, consequently, the birth of persistently infected animals that are immunotolerant to
BVDV, remain seronegative, and disseminate the virus throughout their lives®40),
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Simultaneous infection with the CP and NCP biotypes in PI artiodactyls results in mucosal
disease, which is lethal. Therefore, presence of the CP and NCP biotypes in the same farm
or location is important because it increases the possibility of co-infections with both
biotypes®L),

PI bulls can shed between 10* and 10" CCID50/ml BVDV in semen during their lifetime®?),
a titer similar to the 10° CCID50/ml isolated from a clinically healthy female fallow deer
(7916) in the present study. This titer suggests that the doe may have been in an early stage
of viremia during an acute, but subclinical, infection which would allow virus detection in
the serum sample. It is also similar to the 10> DICC50/ml in serum, and 10%® DICC50/ml
to 1082 DICC50/ml in nasal secretions reported in white-tailed deer®?.

Unlike in previous studies, the BVDV CP isolated in the present study was from an animal
free of clinical signs. It remains unclear if the viral titer and the absence of clinical signs
observed with the isolated CP biotype are related to a recurrent subclinical infection. Of note
is that the BVDV isolated from the deer serum was capable of replicating in vitro in bovine
cells (MDBK), which suggests that this isolate could infect both species. Further research is
required to evaluate its transmission capacity and virulence in both species.

This study is the first report of the detection and isolation of BVDV (Pestivirus A,
subgenotype 1b, biotype CP) in water buffalo and fallow deer in Mexico. No other pestivirus
species were detected. Further research is needed to better characterize the circulating
pestiviruses in wild animal populations in Mexico since they can represent a source of
infection for domestic species and vice versa. The present results contribute to understanding
the genetic and epidemiological diversity of pestiviruses in the evaluated populations.
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