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SUMMARY

In order to study the immunological state of cattle persistently infected
with BVDYV, the animals were cxamined hematologically and
immunohistochemically. Hematological examination included total and
differential leukocytic count while immunohistochemical assay was
carried out using Avidin Biotin Complex (ABC) immunoperoxidase
method applying monoclonal antibodies to bovine [gA, Secretory IgA,
IgG1 . S-100 ( antigen presenting cells . investigated for the first time
in the present work ) . CD4' (Theperindueer -cclls) and CD8*
(Teyratoxicssuppressor-cells) was used for detection of immune response to
BVDV. All examined animals showed leukopenia characterized by
ncutropenia and lymphopenia. The examined animals cxcept calves
exhibit reduction in IgGl, TgA, Secretory IgA and S-100 whereas there
was no difference between examined immunoglobulins of persistently
infeeted  calves and  healthy uninfected control calves were
observed.Also, therc was no difference between CD4™, CD8™ in
persistently infeeted and healthy control animals. These results suggest
that noncytopathic BVDV seems to cause impairment of immunological
state of persistently infected cattle through its effect on local immunity
but this effect has not been proved in calves examined in the present
study. This is the first study to investigate the cffect of BVDV on local
immunity and the first study of S-100 as immunological cells.

Key words: BVDV-  Persistent  Infection-  Local Tmmunity-
Immunohistochemistry ABC technique- Immunosuppression-
Monoclonal antibodies- Pestiviruses-Immunology- Intestine -
Thymus - Molecular technique

INTRODUCTION

BVDV is the type specics of the Pestivirus genus and classified in
the [amily Flaviviridae (Francki et al.. 1991; Homer et al., 1995)). Based
on the cylopathogenicity in cell culture, BVDV has been divided into two
biotypes cytopathic and noncytopathic (Gillespie et al., 1960). The
nonecytopathic biotype of BVDV predominates over cytopathic BVDV in
naturc (Bolin et al.. 1994; Collen et al.. 2000).

Infection with BVDYV is associated with a spectrum of syndromes
(Baszler et al., 1995; Bitsch et al., 2000) and known to causc multiple
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problems in cattle. The most serious consequence of infection occurs
after in utero infection of the fetus (Yu et al., 1994). cows infected with
BVDV dwing the first four months of gestation (before the fetusis
immunocompetent) may give birth to calves that immunotolerant and
persistently infected with BVDV  (Bolin, 1990). [Furthermore, the
progeny of such persistently infected animals are likewise persistently
infected and immunotolerant (Sopp et al., 1994). After birth, the calves
will remain persistently infected with BVDYV but unable to produce any
significant quantity of neutralizing antibodics (Larsson ct al., 1995)

Immunotolerance and persistent infection with BVDV appears to
be associated with infections with noncytopathic biotype (Kamstrup et
al., 1991)). ITowever, the mechanism by which BVDV induce and
maintain the tolerant state and the kind of interaction that lakes place
between the virus and cells of immune system are still unclear (Coulibaly
et al., 1986). The occurrence of clinically inapparent and persistent form
of BVDV has been reported in many countries allover the world
(Shimizu and Satou, 1987).

BVDYV has been demonstrated to be immunosuppressive agent
which infect the cells of immune system affecting the function of several
cell types resulting in a reduction in the defense mechanisms (Bolin et
al., 1985h; Atluru ctal., 1990; Baker, 1990 and Brown ct al.. 1991) and
many studies have shown that BVDV caused immunosuppression of both
humoral and cell-mediated (unctions (Atluru et al., 1979;Roth et al.,
1986)

In persistently infected animals, it was shown that BVDYV infect B
and 'I' lymphocytes,monocytes as well as null cells, so immunotolerant
state involves the antibody response and cell-mediated mechanisms (Eliis
ct al., 1988 ) which could lcad to defective immune responses and play a
role in the tolerance (Sopp et al.,.1994).

Leukopenia and lymphopenia have previously been observed
following cxperimental inoculation of cattle with BVDYV (Corapi ct al..
1989), the lvmphopenia reflects a decrease in B cells as well as in T cells
subset (Bolin et al., 1983a; Ellis ctal., 1988). Moreover, lymphocytes
and ncutrophils obtained from persistently infected animals have an
altered function (Roth ct al., 1986). Persistently infected cattle may have
a permanent impaired immune response (Muscoplat et al., 1973; Roth et
al., 1986) with extensive damage of the immune system (Howard, 1990)
and seems to have an increased susceptibility to other infections ( Houe
and Heron., 1993). It was clearly demonstrated that cattle persistently
infected with BVDYV have a depressed antibodies to bovine lcukemia
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virus. this depressed response probably resulted from a decrease in IgG1
synthesis (Robetts ct al.. 1988) and both persistently infected animals and
animals with mucosal discasc had a reduced level of 1gG2 (Coulibaly et
al., 1986). In vitro infection of bovine splenic lymphocytes with BVDV
significantly inhibited plasma cell development and immunoglobulin
synthesis, thus indicating hampered function of B cells or the cells that
regulate the B cells (Atluru et al., 1979; Atluru et al., 1990).

Much work has been done in developing methods for study of
BVDV using monoclonal antibodies, this will have an important place in
research studies (Mignon ct al., 1991). There is a need to perform
immunohistochemical technique for further study of BVDYV (Haines et
al., 1992)

Unlorlunately, there has been no documented research about the
cffect of BVD viral infections on the local immune response and a little
is known about the local immunological change of apparently healthy
cattle persistently infected with BVD virus. The purposc of the present
study was to inquire into the immunological effect of BVDV possibly
induced in the local immunity of persistently infected animals using
immunohistochemical procedurcs.

MATERIAL and METHODS

Hematological examination:

Five ml EDTA blood were collected weekly from fourty animals
persistently infected with BVDV. S ml EDTA blood were collected from
5 healthy control animals for 6 months.Total leukocytic count was
performed on an automated cell counter .Differential leukocytic count
was determined by examination of Giemsa stained blood films.
Immunohistochemical assay:

Tissues examined immunohistochemically were collected from
small,large intestine and thymus. These tissues arc kept in 10% neutral
buffered formalin.

Avidin Biotin Complex immunoperoxidase (ABC) method:

The collected tissues were examined for the detection of
TgA secretory lgA, 1gG1,S-100,CD4+ and CD8+ using Avidin Biotin
complex (ABC) immuno- peroxidase method as described by (Hsu et
al 1981:1lewicker et al.,1995) as follow. Paraffin scctions from
examined tissues were cutted at 4 ul and picked up from warm water
(40°C) on poly-L-lysine coated slides and dry overnight in an oven at
37°C Sections were deparaffinized and rehydrated by sequential
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immersion of the slides in xylem followed by graded concentrations of
ethanol and then tap water. The sections were treated [or proteolysis with
phosphate  buffered saline (PBS 0.IM,pH7.6 prewarmed to 37°C)
containing 0.25% trypsin (139 Units/mg; Fluka,Buchs, Switzerland) and
0.02% CaCl2 for 60 min at 37°C.After proteolytic tretment,the sections
washed three tmes cach for 5 min in Tris-PBS (0.05SM, pH7.6).
Endogenous peroxidase activity was blocked by immersion of slides in a
solution of 0.5% H202 in methanol for 30 min atroom temperature
(RT). Before incubation with primary specific monoclonal antibodies
against TgA and IgGl, the sections were overlaid with normal rabbit
serum diluted 1:10 in PBS for 20 min at RT while in case of using
monoclonal antibodies against secretory 1gA, S-100, CD4+ and CD8+ as
primary antibodies, the scctions were incubated with normal swine serum
diluted 1:10 in PBS for 20 min at RT to inhibit non-specilic
immunoglobulin binding. The monoclonal mouse antibodics against [gA
and TgG1 were applied diluted 1:500 and 1:100in PBS while monoclonal
rabbit antibodies against secretory IgA, S-100, CD4+and CD8+ were
applied diluted 1:500,1:1000,1:500 and 1:500 respectively in PBS.
Primary antibodies were incubated with the sections for 18 hours in
humid chamber at 4°C, the slides were then washed three times in Tris
PBS for 5 min. The biotinylated secondary antibodies (Amersham,Little
Chalfont,Buckinghamshire,UK) rabbit anti-mouse immunoglobulin
diluted 1:200 or swine anti-rabbit immunoglobulin diluted 1:100 in PBS
were applied for 30 min at RT. After washing in Tris-PBS three limes for
5 min, the sections were incubated with ABC complex which prepared
according to the manufacturer’s direction (Vectostain Elite ABC Vector
laboratorics.Burlingame,CA, USA) for 30 min at RT. Antibody binding
was demonstrated with a solution of 0.05% 3,3 -diaminobenzidine
tetrahydrochloride (JDAB, Fluka) in Tris PBS containing 0.01% H202
(prepared immediately before use) as peroxidase substrate for 5 min at
RT. All scctions were counterstained with Mayer's hematoxylene,
dchydrated with a series of alcohol ,cleared with xylem and a cover slip
was applied with Entellan (Merck, Darmstadt, Germany). The specificity
of the immunohistochemical reactions was checked by replacing the
primary antisera with non-immune sera or by omitting the secondary
antibodies or the ABC solution. For comparison, sections [rom control
animals were stained with the same monoclonal antibodies.

All data concerned primary monoclonal antibodies used in the
present study are shown in Table (1).
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Table 1: Data of used monoclonal antibodies

Mab Specificity Reference Source
Design
CCc42 IgA Howard and Birmin
Morrison gham,
(1991) UK
Big312 STgA Baldwin et | VMRC,
D3 al., (1988) | Pullman,
- USA
CC21 [eGl Naessen et al., | Birmingham,
(1990) UK
1L-AS8 S-100 Lowe (1990) Tiburg,The
Netherlands
CCR CD4 Bensaid and | Tiburg, The
Hadlam Netherlands
(1991)
CC63 CD§ MacHugh and | Tibur.The
Sopp (1991) Netherlands
MAD = Monoclonal antibodies  sTgA = Secretory lgA
RESULTS
Hematological ~ cxamination  revealed  leukopenia  with
lymphopenia  and neutropenia in  persistently  infected  animals.

Immunohistochemical assay proved a reduction in IgA. Secretory TgA,
lgGGl and S-100 in all examined animals except calves which showed no
reduction in the examined immunoglobulins.No reduction observed in
CD4+ and CD8= in all e¢xamined animals (the results of
immunohistochemistry are shown in Figures {1-9).

DISCUSSION

In  the present study, monoclonal antibodies-based
immunohistochemistry as molecular biology based technique was used in
study of the local immunological response of persistently infected
cattle.Bielefeldt Ohmann (1987) reported that monoclonal antibodics-
based immunohistochemistry has now become an essential part of studies
aimed at clucidating immunological reactions caused by virus infection.
The production of bovine monoclonal antibodies should increase the
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understanding of the immune response of cattle to BVD virus (Onisk et
al.. 1991),

Permanent leukopenia with lymphopenia and neutropenia was
detected in  animals examined in this study. Lcukopenia with
Ivmphopenia and neutropenia have been reported in cattle infected with
BVD virus (Bolin ct al., 1985a; Roth et al., 1986; Ellis et al., 1988; Sopp
el al..1994 and Spagnuolo et al., 1997). however these authors observed
transient  and not permanent leukopenia as they investigated acutely
infected cattle but in the present study I investigated animals persistently
infected with BVD virus.Several explanations for the cause of leukopenia
accompanied BVD viral infection were discussed. The chemotactic
response of monocytes is depressed in the presence of BVD virus
(Ketelsen et al.. 1979) therefore. absence or dysfunction of monocytes as
a result of BVD viral infection could be responsible for the depressed
proliferation of lymphocytes (Larsson, 1988). Atluru ct al. (1992)
assumed that BVD virus may enter T-cells or monocytes ,thus, may
irhibit the ecarly activation of signal transduction enzymes involved in
lymphocyte proliferation.

Immunosuppressive ¢ffect of BVD virus was evidenced in the
present study through the effect of persistent virus on local immunity.
BVD virus considered immunosuppressive in cattle (Coulibaly et al.,
1986; Ellis et al., 1988; Baker, 1990 and Brown etal., 1991). Scveral
explanations  for this  apparent  paradox  were  reported.
Immunosuppressive properties of BVD virus resulted from depression of
Iymphocytes activity and immunoglebulin synthesis (Muscoplat et al.,
1973 and Atluru et al., 1979). Roberts et al., (1988) claimed that BVD
virus suppressed interferon production and impairs Ivmphocytes
function,monocytc chemotaxis and humoral antibody production. BVD
virus inhibited bovine interleukin-2 production and inhibited an
important cnzymes that regulate mononuclear cell prolifcration (Atluru et
al., 1990). Immunosuppressive cffect of BVD virus could be through T-
cell mediated destruction (Liebler et al., 1995). From the result of the
present work, 1 can add that one of the most important mechanisms
concerned immunosuppressive effect of BVD virus in persistently
infected cattle is the effect of virus in the local immunity.

In this study it was found that four major immunoglobulins (Ig A,
Secretory IgA, TgGl and S-100) were reduced in persistently infected
cattle. This finding is intcresting in the context of the apparent tolerance
to the persistent virus as defined by complete absence of neutralizing
antibody  production which characterize these animals (Bielefeldt
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Ohmann ct al. 1987). Atluru et al. 1979) concluded that BVD virus
caused a consistent decrcase in IgG synthesis and the result of work of
Coulibaly et al. (1986) rccorded a reduction of IgG level in persistently
BVD viral infected cattle. It was clearly demonstrated that cattle
persistently infected with BVD virus have a depressed antibody response
to Bovine Leukemia Virus (BLV), this depressed responsc probably
resulted from a decrcased TgG1 synthesis (Roberts et al ., 1988). Great
reduction in S-100 was detceted in the present study, Lack of responsc of
cattle infected with BVD virus could be duc to an indirect effect of BVD
virus on B-cells [unctions caused by a defect in virus antigen presentation
(Bielefeldt Ohmann et al., 1987) but these authors did not investigate
specilic antigen presenting  cells (S-100) which was investigated for the
first time in the present work.

Reduction in the examined immunoglobulins was not observed in
calves examined in  this study, this may be explained by the presence of
colostral antibodies. Persistently infecled animals are often seronegative
(Duffell and Harkness, 1985) but calves may be lested seropositive
because of the presence of maternal immunity (Meyling and Jensen,
1988). Shanon et al. (1992) have concluded that persistently infected
calves which tested negative for BVD virus in the first weeks of life,
subsequently Lested positive when retested at 15 weeks of age, this is due
1o presence of colostral antibodies to BVD virus in the first weeks of
life.The presence of colostral antibodics to pestiviruses has been reported
in calves (Nettleton and Entrican, 1995).

The results of the present study revealed that there are no change
in CD4+ and CD8+ in persistently infected cattle. Sopp ct al. (1 994) and
Nettleton and Entrican (1995) observed no change in the percentage of
CD4+ and CD8+ in persistently infected catlle.Ilowever, many authors
(Atluru ct al., 1979; Roth et al.,1986 and Ellis et al..1988) reported that
immunosuppressive effect of BVDV include both humoral and cell
mediated response, but these authors studied this cffect on blood and not
locally as done in the present work

One of the most important clinical and practical findings in this
study was the presence of permanent leukopenia in persistently infected
antmals, so, great attention should be directed toward animals that have
leukopenia for long time. these animals may be persistently infected
with BVD virus
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and disseminate the virus during the entire life without detection as they
arc apparently healthy.

In conclusion, the immunosuppression caused by BV virus in
persistently infected cattle is a complex multifactorial syndrome, One
explanation of this syndrome which was not investigated before this
study is the effect of BVD virus on the local immunity. This finding may
inerease  our understanding of the cause of maintenance of virus in
persistently infected animals and subsequently its transmission to other
animals. This fact must be putin consideration before planning of any
control program for BVD virus,
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Fig(2,3): Secretory JgA in persistently infected (2) and healthy control (3) animals.
ABC technique.

@ 5)
Fig.(4,5): 1gG1 in persistently infected (4) and healthy control (5) animals, ABC

techniqus
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Fig.(8) CD4+ in heslthy control (a) and persistently infected (b) animals ABC
technique 3 5 . o

TR TR %

@ ®)
Fig.(9) CD8&+ in healthy control (a) and persistently infected (b) animals. ABC
Technique
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