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Abstract

Nineteen Brazilian isolates of bovine viral diarrhea virus (BVDVKey words

were characterized antigenically with a panel of 19 monoclonal antBovine viral diarrhea virus
bodies (mAbs) (Corapi WV, Donis RO and Dubovi EJ (199®gri- - BVDV

can Journal of Veterinary Researchb: 1388-1394). Eight isolates * Monoclonal antibodies
were further characterized by cross-neutralization using sheep mongtoss-neutralization
specific antisera. Analysis of mAb binding to viral antigens by indirecf\ntigenic diversity
the native viruses. Local isolates differed from the prototype Singer

strain in recognition by up to 14 mAbs. Only two mAbs - one to the

non-structural protein NS23/p125 and another to the envelope glyco-

protein EO/gp48 - recognized 100% of the isolates. No isolate was

recognized by more than 14 mAbs and twelve viruses reacted with 10

or less mAbs. mAbs to the major envelope glycoprotein E2/gp53

revealed a particularly high degree of antigenic variability in this

glycoprotein. Nine isolates (47.3%) reacted with three or less of 10 E2/

gp53 mAbs, and one isolate was not recognized by any of these mAbs.

Virus-specific antisera to eight isolates plus three standard BVDV

strains raised in lambs had virus-neutralizing titers ranging from 400

to 3200 against the homologous virus. Nonetheless, many antisera

showed significantly reduced neutralizing activity when tested against

heterologous viruses. Up to 128-fold differences in cross-neutraliza-

tion titers were observed for some pairs of viruses. When the coeffi-

cient of antigenic similarity (R) was calculated, 49 of 66 comparisons

(74.24%) between viruses resulted in R values that antigenically

distinguish strains. Moreover, one isolate had R values suggesting that

it belongs to a distinct serologic group. The marked antigenic diversity

observed among Brazilian BVDV isolates should be considered when

planning diagnostic and immunization strategies.
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Introduction cross-neutralization studies (7,13-16). How-
ever, in spite of the antigenic variability, no
Bovine viral diarrhea virus (BVDV) is an clear definition of serotypes has been pos-
important cattle pathogen which causes sigsible to date (7,16). The marked antigenic
nificant losses to the livestock industry aroundvariability of BVD viruses allows differen-
the world (1,2). BVDV is currently classi- tiation between strains, but also represents a
fied within theFlaviviridae, genusPestivirus  potential problem for diagnosis and immuni-
along with the classical swine fever viruszation strategies (7,16).
(CSFV) and border disease virus (BDV) of Very little is known about BVDV infec-
sheep (3). Pestiviruses are small envelopetipn and disease in Brazil. The presence of
positive-sense RNA viruses (4,5) which natuBVDV infection in the country was first
rally infect swine and domestic and wildindicated by clinical reports and serological
ruminants (6). Pestiviruses display considerstudies conducted in the 60's and 70’s (17-
able genetic and antigenic diversity within19). Thereafter, serologic and virologic data
the genus, although all members cross-reabtive confirmed the widespread distribution
serologically to some extent (7). of BVDV infection among Brazilian cattle
BVDV infections in cattle are associated(20,21). To date, approximately 20 BVD
with a variety of clinical manifestations in- isolates have been isolated in Brazil (Botton
cluding inapparent infections, gastroentericSA and Flores EF, unpublished results). The
respiratory, and hemorrhagic syndromes angresent article reports the antigenic charac-
the deadly mucosal disease (MD) (8-10)terization of 19 of these isolates. Analysis of
Infection of pregnant cows by the noncyto+eactivity with a panel of mAbs and cross-
pathic BVDV biotype may result in a variety neutralization studies revealed a marked an-
of outcomes: early or late embryonic deathtigenic diversity among these viruses. This
abortion or mummification, malformations, antigenic diversity may have important im-
stillbirth and birth of weak and non-thriving plications for epidemiologic studies and for
calves (10). Infection of fetuses between 4the diagnosis and control of BVDV infection
and 120 days of gestation often leads to fetah Brazil.
immunotolerance, resulting in the birth of
immunotolerant persistently infected (Pl)Material and Methods
calves (9,10). Most persistently infected ani-
mals develop and die of mucosal diseaseirus isolation, viruses and cells
within the first 6 to 24 months of life (2,9).
Cytopathic and noncytopathic BVDV bio-  Nineteen Brazilian BVDV isolates were
types are usually isolated from animals afstudied. Eleven viruses were isolated from
fected by MD (9). Cytopathic BVD viruses the blood of bovine fetuses collected at
originate from their noncytopathic counter-slaughterhouses in the central region of Rio
part through mutations, recombinations oGrande do Sul State, southern Brazil. Two
rearrangements in the viral RNA genomeadditional BVDV were isolated from serum
(11,12). of a Pl calf (Pelotas, RS) and from the spleen
Serological studies have shown that alef a heifer with gastroenteric disease (Lages,
though BVDV field isolates are antigeni-SC). The other 6 viruses were isolated in
cally related to each other, antigenic differ-other laboratories and sent for characteriza-
ences can be readily detected among virusésn (Botton SA and Flores EF, unpublished
(7,13-15). These antigenic differences havdata). For viral isolation, fetal serum was
been demonstrated by the use of monoclonaloculated onto Madin-Darby bovine kidney
antibodies (mAbs) and hig vitro andin vivo  cells (MDBK, American Type Culture Col-
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lection. Rockville, MD) and submitted to inoculated intranasally and intramuscularly
three blind passages at 48-h intervals. At theiith approximately 10TCIDs, (tissue cul-
end of the third passage, the inoculated celtsre median infectious dose) of each virus.
were submitted to an indirect immunofluo-The animals were housed individually until
rescence assay (IFA) for viral antigens. IFAhe second serum collection. Blood was col-
was performed in acetone-fixed cells, usindected at 15 and 30 days post-inoculatjai (

a pool of anti-BVDV Singer mAbs (22) asto obtain serum which was heat inactivated
the primary antibody, and an FITC-conju-at 58C for 30 min prior to virus neutraliza-
gated anti-mouse IgG (Sigma, St. Louis, MOtion (VN) assays.

USA) as the secondary antibody. The slides

were counterstained with Evans blueyirus-neutralization assays

mounted with PBS:glycerol (1:1) and ob-

served in an epifluorescence microscope. Individual serum samples collected at 15
Samples positive for BVDV antigens wereand 30 daygpi were initially titrated against
identified and the respective viruses weré¢heir homologous viruses in a standard VN

further cultured in MDBK cells. assay (15). The serum samples obtained at
30 dayspi (which had the highest VN titer)
Reactivity with monoclonal antibodies were titrated against each heterologous virus

and the neutralization end points were deter-
A panel of 19 mAbs to the prototypemined for each virus-serum combination.
BVDV Singer strain (22) was used to charVN assays were performed in polystyrene
acterize the Brazilian isolates. The mAb®6-well plates, using doubling two-fold dilu-
were provided by Dr. Ruben Donis, Departtions of each serum (starting at 1:12.5) against
ment of Veterinary and Biomedical Sciencesa fixed dose of virus (approximately 100
University of Nebraska at Lincoln, Lincoln, TCIDs¢/well) and MDBK cells as indicators.
NE, USA. The ability of each individual Readings were performed after 96 h of incu-
mADb to recognize and bind to viral antigengation. Virus growth or neutralization was
was assayed by IFA. Cells infected withmonitored by microscopic examination of
each isolate were incubated with individuathe cytopathic effect for the cytopathic strains
mAbs as the primary antibody, followed by(Singer, NADL and Oregon/C24v) or by
incubation with the secondary antibody astaining the indicator cells for viral antigens
described above. Either ascites fluid (1:500y IFA for the noncytopathic viruses. When-
in phosphate buffered saline; PBS) or supeever a certain serum was titrated with differ-
natants of hybridoma cultures were usecdent viruses, the VN tests were performed at
Mock-infected cells, cells infected with thethe same time on the same plate, using the
prototype Singer strain and stained with eackame preparation of MDBK cells. The cross-
individual mAb, and cells infected with eachneutralization tests yielded 121 values, cor-
isolate and stained with a pool of mAbs wereesponding to the VN titer of each virus-

used as controls. serum combination. These values are re-
ported as the reciprocal of the highest dilu-
Production of virus-monospecific antisera tion of serum capable of preventing viral

replication (Table 2).
Virus-specific antisera against three ref-
erence BVDV strains (Singer, NADL and Calculation of antigenic similarity
Oregon/C24v) and eight Brazilian isolates
were produced in lambs. Eleven BVDV- The data obtained in the cross-neutral-
seronegative, 6- to 8-month-old lambs weréation assays were combined in order to
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calculate the antigenic similarity among theof gastroenteric disease and another from
isolates. The neutralization end points fothe serum of an apparently healthy calf from
each virus-serum combination were coma dairy herd. All these isolates were of the
bined as described by Howard et al. (15) tooncytopathic biotype. The origin and pre-

obtain a percent relatedness value for eadiminary characterization of these and other
pair of viruses. The coefficient of antigenic6 viruses isolated in other laboratories will

similarity (R) was calculated according tobe described elsewhere (Botton SA and
Archetti and Horsfall (23) using the follow- Flores EF, unpublished data).

ing formula:

Reactivity with monoclonal antibodies

R =100 j titer strain | with antiserum Il x titer strain Il with antiserum |

titer strain | with antiserum | x titer strain Il with antiserum ||

The protein specificity of the mAbs used
in this study and a summary of their reactiv-

Table 1 - Reactivity of a panel of monoclonal antibodies (mAb) with Brazilian isolates of

ity with Brazilian BVDV isolates are pre-

Results sented in Table 1. The spectrum of reactivity
of these mAbs with 81 North-American (US)
BVDV isolates BVDV isolates is also presented (22,24).

mAbs to the non-structural protein NS23/

BVD viruses were isolated and identifiedp125 (and its cleavage product NS3/p80)

in 0.75% (11/1396) of the blood sampleshowed a broad spectrum of reactivity, rec-
collected from bovine fetuses. One addiognizing 94.7 to 100% of the isolates both in
tional virus was isolated from a clinical casg¢he US and Brazilian groups of viruses. One
mAD to the envelope glycoprotein EO/gp48
(15c5) also reacted with 100% of the iso-

bovine viral diarrhea virus (BVDV)?. lates. mAbs to the major envelope glycopro-

aAssayed by an indirect immunofluorescence (IFA) assay. PPanel of monoclonal anti-
bodies to the standard BVDV Singer produced and characterized by Corapi et al. (22).

tein E2/gp53 showed a high variation in the
spectrum of reactivity with native viruses.

CReported by Corapi et al. (22) and Carman et al. (24). nd, Not determined. Except for a mAb that recognized 18 (94.7%)

mAb Protein mAb

(n°) specificity identification® isotype Brazilian isolates US isolates (%)¢

native viruses (and 90% of the US'’s), all
other nine mAbs reacted with zero to 11
% (positive/total) isolates (57.9%). Most of the E2/gp53 mAbs

mAb Reactivity with Reactivity with

recognized a higher number of US than Bra-

1 NSz3fpl2s 8127 g6l 94.7(18/19) 100 zilian isolates, although equivalent and lower
2 20.10.6 IgG1 100 (19/19) 100 iy )

- 151415  Ig61 94.7 (18/19) o recognition rates of US viruses were also
4 E2/gp53 1294 1gG1 42.6 (8/19) 79 observed (Table 1). Four mAbs of undeter-
: ey L R mined protein specificity displayed a vari-

6 27b3 IgG2b 0(0/19) 12,5 bl ¢ : tivit .

7 2097 0G2a 368 (7/19) - able spectrum of reactivity recognizing

8 6d11 IgG2a 31.6 (6/19) 24 from 21.1 to 47.4% of the native isolates
9 10f9 lgG1 15.8 (3/19) 7.5 (Table 1). The profile of reactivity of the 19

10 18d4 IgG1 52.6 (10/19) 76 - I

1 pe lgG2b 26.3 (5/19) o5 mAbs with each BraZ|I|§n |s_olate plus th_e
12 718 IgG1 94.7 (18/19) 90 standard US BVDV strains is presented in
13 26¢6 IgG1 26.3 (5/19) 35 Figure 1.

14 EO/gp48 15¢5 IgG2b 100 (19/19) 100

15 3d8 IgG1 42.6 (8/19) 57 _ o

16 Undetermined  3c6 IgG3 31.6 (6/19) 61 Virus-neutralization

17 6c5 nd 42.6 (8/19) nd

e Szi IgG3 AL 20 Virus-specific antisera produced in lambs
19 2d5 nd 26.3 (5/19) nd
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Figure 1 - Reactivity of a panel of
monoclonal antibodies (mAb) to
Protein specificity (mAb) the prototype BVDV Singer

strain with Brazilian BVDV iso-

Isolate NS23/p125 E2/gp53 EO/gp48  Undetermined lates in an indirect immunofluo-

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 rescence assay.

Singer 00000000 O OO0 00O OGOGOSGIEGS

NADL o0000OOO o0 00 o000

Oregon o000 @ ® o000 @

126.1 N N N N ) ® o000 00 00 o

UFSM-3 o000 O ® o000 ® e

126.8 o000 0O ® o ® o000 OO

EVI-006 o000 () ® e ® ® 00 © O ®

152 o000 0O ® ® o000

123.4 o0 o @ ® 00 @

IBSP-4 o0 o ® ® ® o000 O

IBSP-2 o0 o o o ® ® ®

IBSP-5 o0 o ® [ o

LV-96 o0 00 ® ® ®

63 [ N ® ® o o ® e o

UFSM-2 (N N ® o e ® L

IBSP-1 | N ) ® ® o

260/97 o0 O @ ® o

153.15 N X ] e ®

153.19 o000 @ @

126.14 ( N N ® ®

153.1 00 @ ®

UFSM-1 ( N N ) o

® Strong fluorescence Faint fluorescence

native isolates had moderate to high levelalso showed a significant reduction of neu-
of neutralizing antibodies. The VN titerstralizing activity when tested against most of
against the homologous virus in sera colthe viruses examined. Eight-, 16- and 32-
lected at 30 daysi ranged from 400 to 3200 fold differences in VN titers were common
(Table 2). Testing these sera against hetera@mong the different combinations of heter-
ogous viruses, however, yielded variable andlogous viruses (Table 2).

often significantly lower VN titers. Sixty- The VN values for each pair of heterolo-
four to 128-fold reductions in titers weregous viruses were used in order to calculate
observed for some pairs of heterologous sex coefficient of antigenic similarity (R) be-
rum-virus combinations. Antisera UFSM-1tween viruses (Table 3). An R value<#5
and 153-1 showed a reduction from 3200 toepresents four-fold differences in titers be-
25 when tested against isolates 152 anmveen homologous and heterologous anti-
Singer/lUFSM-3, respectively. Antiserum 63sera, indicating significant antigenic differ-

Braz ] Med Biol Res 31(11) 1998
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Table 2 - Virus-neutralizing (VN) antibody titers of monospecific sheep antisera against homologous and
heterologous BVDV2.

aReciprocal of the highest dilution of serum capable of neutralizing 100 TCIDsq of the respective virus.

Virus Antiserum to

Singer NADL Oregon 153.1 153.15 UFSM-3 123.4 152 126.14 UFSM-1 63
Singer 3200 800 200 400 400 50 200 200 400 50 25
NADL 1600 1600 100 800 800 100 400 800 800 1600 12.5
Oregon 400 200 400 400 200 100 800 100 100 400 25
153.1 200 200 50 1600 1600 12.5 400 50 1600 50 50
153.15 800 400 12.5 400 3200 <125 400 800 400 50 25
UFSM-3 800 400 25 400 25 400 400 400 50 400 50
123.4 1600 50 12.5 800 200 <125 3200 1600 800 800 400
152 400 200 100 800 400 100 1600 1600 800 25 50
126.14 100 50 50 400 800 25 800 100 1600 400 25
UFSM-1 400 400 25 400 3200 50 800 200 800 3200 50
63 400 100 12.5 1600 1600 <125 200 25 400 800 1600

Table 3 - Coefficient of antigenic similarity (R) for standard strains and Brazilian BVDV isolates, calculated with
the VN values for homologous and heterologous pairs of viruses?.

aAccording to Archetti and Horsfall (23). PR values <5 are underlined.

Virus Antiserum to
Singer NADL Oregon 153.1 153.15 UFSM-3 1234 152 126.14 UFSM-1 63
Singer 100
NADL 50 100
Oregon 25 17.68 100
153.1 12.5 25 17.68 100
153.15 17.68 25 4.42b 353 100
UFSM-3  17.68 25 12.5 8.84 15.6 100
123.4 17.68 6.25 8.84 25 8.84 6.25 100
152 12.5 25 12.5 125 25 25 70.71 100
126.14 8.84 12.5 8.84 50 25 4.42 35.35 17.6 100
UFSM-1  4.42 3535 8.84 6.25 12.5 12.5 25 3.12 25 100
63 4.42 221 2.21 17.6 8.84 3.12 1225 221 6.25 8.84 100

ences that are greater than would be ethe calculated R values were <5. Five of
pected from the variation in the assay (15,25)hem (50%) involved isolate 63, and 3 in-
R values<5 are obtained when >20-fold volved isolate UFSM-3. Three other viruses
differences in titers occur between homolo{UFSM-1, 152 and 153.15) yielded two R
gous and heterologous antisera and hawalues below 5. These results suggest that
been suggested as the threshold to differentivithin an antigenically variable group of
ate serotypes. Forty-nine (74.24%) of the 66iruses isolate 63 is more distantly related
R values calculated in this study gave valuesnd may belong to a distinct serologic group.
<25. These results corroborate those from

the monoclonal antibody analysis, which reDiscussion

vealed a considerable antigenic variation

within this group of viruses. Ten (15.1%) of  Much of the early work on BVDV fo-
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cused on the antigenic similarities ratheacross their sequence are conserved, mAbs
than on the differences among isolates. Th® NS3/p80 have a wide application in diag-
first in vivo cross-protection studies showedhostic tests by enhancing the accuracy of
that two isolates from different regions ofidentification of these viruses in clinical
the US were antigenically related to eaclaterial (16,22).
other, suggesting thatimmunization withone  Type or strain-specific mAbs are mainly
isolate would protect against heterologouslirected against the two major envelope gly-
BVDV (25). Likewise, in vitro VN tests coproteins (EQ/gp48 and E2/gp53). E2/gp53
demonstrated that BVDV isolated from dif-is thought to be involved in the binding of
ferent clinical syndromes were antigenicallyvirions to cellular receptors in such a way
related, suggesting that distinct serotypethat most mAbs directed against it are neu-
did not exist (14,26). Thereafter, observatralizing (12,31,32). The E2/gp53 gene con-
tions of antigenic relationships were extendethins one of the three hypervariable regions
to the otherPestiviruses- classical swine of the viral genome (12,31). Consequently,
fever virus (CSFV) and border disease virusnany E2/gp53 mAbs are directed against
(BDV) (7,27). The concepts of antigenicepitopes that are differently expressed a-
similarity and of the existence of a singlemong isolates, failing to recognize the equiva-
serologic type for BVDV persisted until re- lent epitopes in field isolates. The pattern of
cently, so that most BVDV vaccines pro-reactivity of 10 E2/gp53 mAbs, however,
duced up to the 90’s were based on a singlemonstrated that the variability is not uni-
BVDV isolate. formly distributed throughout the protein.
It was only with the identification of mAbs reacting with most isolates, such as
cytopathic strains that the antigenic diversitynAb 7.1.8, are probably directed against
of BVDV could be more thoroughly exam- conserved epitopes which are under strong
ined. The availability of cytopathic virusesstructural constraints or simply not subjected
greatly facilitated and improved tlevitro  to immunologic pressure, or both. In con-
virus-neutralization studies (7,16). Nonethetrast, mAbs reacting with few viruses (10f9,
less, more definitive and precise character27b3) are probably directed to epitopes that
ization of the antigenic variability was only are highly variable due to immunological
possible with the development of BVDV- pressure by neutralizing antibodies. These
mAbs in the late 1980’s (22,27) and morestrain-specific or discriminatory mAbs have
recently, as more BVDV gene sequencebBeen widely used and have proven to be
became available (28-30). extremely useful in several areas of research
Production of BVDV-specific mAbs with (7,16,22,27,30-32).
standard laboratory strains has resulted in Several groups have attempted to subdi-
two major groups of mAbs: 1) group-specif-vide BVDV strains into distinct antigenic
ic, which recognize most - if not all - isolatesgroups either by monoclonal antibody bind-
and even othePestivirusesand 2) type or ing or by neutralization assays (7,27,30,
strain-specific, which allow differentiation 32,33). Thus far, none of the hiterto pro-
and discrimination among isolates. The firsposed mAb-based group classifications
group of mADbs is mainly directed againstseems to have universal applicability (7,30).
highly conserved epitopes, mostly in theAlthough mAbs may allow distinction a-
soluble, non-structural polypeptide NS23mong viruses by minor differences, poly-
p125 (7). NS23/p125 is a multifunctionalclonal antisera are better suited to divide
protein whose amino-terminal half (NS3/BVDV isolates into groups. In this study,
p80) is the most conserved polypeptide aallocation of isolates to antigenic groups was
mong Pestiviruseq12). As many epitopes not attempted due to the small nhumber of
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viruses examined. Nonetheless, it was posntigenic similarity reinforced the marked
sible to identify discrete clusters of virusesantigenic diversity and indicated the exist-
whose antigenic profile may provide the baence of rather distinct viruses among the
sis for a tentative group allocation. Pattern8razilian isolates. R values that antigeni-
of reactivity revealed a group of virusescally distinguish strains (<25) were observed
including UFSM-1, 153.1, 153.15, 153.19for several pairs of viruses, most consis-
and 126.14 which are very distinct from thetently for isolates 63 (all its R values were
reference strains. The main variability ofbelow 25), UFSM-1and 3, 126.14 and 123.4.
these viruses is related to the lack of recogniurthermore, R values that suggest alloca-
tion by most E2/gp53 mAbs. These isolatetion of viruses to distinct serologic groups
also showed an almost identical mAb reacwere observed for isolate 63 (five R values
tivity profile within the group. The reactivity below 5) but also for UFSM-1, UFSM-3 and
profile of the other isolates was highly di-123.4. Noteworthy are the low R values
verse, not allowing an easy identification ofobtained for isolate 63 when compared to
distinct groups of antigenically related vi-the Singer, NADL and Oregon/C24v strains.
ruses. These laboratory reference strains have been
Neutralization studies using monospeunequivocally classified as BVDV type |
cific bovine or sheep antisera have detecte@8,29) and have shown a low serological
up to 100-fold differences in cross-neutral-cross-reactivity with North-American type
ization titers among BVDV field isolates Il BVD viruses (29). The quite distinct anti-
(15,30,33). In the present study, a few 68genic profile displayed by isolate 63 and its
and 128-fold differences were observed fodistant antigenic relatedness to reference type
some pairs of viruses, whereas differencesBVDV strongly suggest that this virus be-
of 16- and 32-fold were common throughoutongs to a distinct serologic group within
the comparisons. Interestingly, many of tha8VDV. Genomic sequencing and analysis
16-, 32- and 64-fold differences in cross-of these isolates are currently underway and
neutralization titers involved the Singer strairwill better define a possible group allocation
(virus/serum) against the isolates (or serunfpr Brazilian BVDV isolates.
mentioned above. The low cross-reactivity The biological significance of the anti-
observed among many of the pairs examinegenic diversity of BVDV remains poorly
reflects the marked antigenic diversity deunderstood although its possible implica-
tected by mAb analysis, suggesting that théons seem rather more clear. This antigenic
immune response to a given virus may not beariability may be positively exploited in
protective against an antigenically distinciepidemiologic studies on the patterns of vi-
isolate. rus spread, to discriminate between viruses
Recently, genotypically different BVDV and to determine the origin of isolates in-
strains have been associated with high moxolved in field outbreaks (7,16,20,24). Like-
tality in calves in the US and Canadawise, the variability of surface glycoproteins
(8,28,29). These viruses, tentatively termetias been used to study the epitopes involved
BVDV type Il (28,29), display a low sero- in virus neutralization (22,31) and may be
logic cross-reactivity with the classicaluseful for studying virus-host cell interac-
BVDV strains, now termed type | BVDV tions and identifying virulence and tissue-
(29). In our study, VN titers involving isolate cell tropism determinants (31,34,35). On the
63 showed significant variations all acrossiegative side, the antigenic variability may
the comparisons, with its antiserum showin@ffect the specificity and sensitivity of im-
a poor neutralizing activity against most ofmunological tests used in laboratory diagno-
the viruses examined. The calculation osis (7,24). Furthermore, the existence of field
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isolates that are poorly neutralized by antiBVDV infection in Brazil.
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