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The ability of calves persistently infected (PI) with bovine virus diarrhoea virus BVDV
to respond immunologically to defined antigens other than BVDV was studied. Five
clinically healthy PI calves were studied together with 5 non-PI calves serving as con-
trols. The humoral immune response was tested by measuring the serum antitoxin ti-
tre following immunization against tetanus. The cellular immune response was tested
by the ability to develop a positive reaction in a cutaneous tuberculin test performed 1
month after immunization against Johne's disease (paratuberculosis). Finally, a skin-
sensitizing agent, dinitrochlorobenzene (DNCB), was employed to study whether PI
calves would react by hypersensitization following skin exposure to DNCB for 7 con-
secutive days followed by application of DNCB to a new skin area remote from the
area that had first been exposed.

The response of PI calves to the various types of antigenic stimuli applied was not sig-
nificantly different from that of the control calves. Thus, PI calves developed a potent
antitoxin response after tetanus immunization, they showed a positive reaction to tu-
berculin skin test after immunization against paratuberculosis, and were skin sentitized
with DNCB.

pestivirus; cattle.

Introduction

Infection with bovine virus diarrhoea virus
(BVDV) in pregnant, seronegative cows will
almost invariably be associated with intra-ute-
rine infection of the foetus. If infection occurs
during the first trimester of gestation, the foe-
tus will develop immunotolerance to BVDV
and the calf will become persistently infected
(PI) with BVDV for the rest of its life
(McClurkin et al. 1984). These PI calvgs may
later succumb to mucosal disease (Browntfie et
al. 1984) and are, furthermore, important in

6%

the transmission of the virus to other animals
(Houe 1992; Meyling et al. 1990).

In PI calves, BVDYV is located within or in as-
sociation with cells of the immune system
(Bolin et al. 1987, Bielefeldt Ohmann et al.
1987). Accordingly, it might be inferred that
the PI animal could have a reduced immune
response, not only to BVDV but to other anti-
genic stimuli as well. The existing evidence is,
however, conflicting. Some authors have
found that PI animals were able to produce
antibodies to infectious agents other than
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BVDV (Steck et al. 1980; McClurkin et al.
1984) and, furthermore, their immune tole-
rance did not include strains of BVDV other
than the one causing the persistent infection
during foetal life (Westenbrink et al. 1989).
However, it has been found that PI animals
had a reduced immune response to bovine
leukaemia virus (Roberts et al. 1988), and both
healthy PI animals and animals with mucosal
disease had a reduced level of IgG, (Coulibaly
et al. 1986; Steck et al. 1980). Also, calves with
so-called chronic BVD had reduced numbers
of B lymphocytes (Muscoplat et al. 1973) and
animals with mucosal disease had an in-
creased T-cell suppressor activity (Larsson et
al. 1988). Compared to normal animals, clini-
cally healthy PI calves had reduced numbers
of T-cells (Bielefeldt Ohmann et al. 1987), in-
creased T-cell suppressor activity (Larsson
1988), decreased migration of neutrophils and
decreased blastogenesis of lymphocytes (-
Brown et al. 1991). Finally, PI calves had a
shorter life span and had an increased inci-
dence of infectious disorders (pneumonia, en-
teritis and others) than normal calves (Barber
et al. 1985; Werdin et al. 1989; Houe 1993).
The experiments reported here were designed
to study the humoral and cellular immune re-
sponse of healthy PI calves following immu-
nization against tetanus and Johne’s disease
(paratuberculosis), respectively. Also the abil-
ity of PI calves to become skin sensitized to
dinitrochlorobenzene (DNCB) was studied.

Materials and methods

Animals

After virological examination of cattle in
herds with outbreaks of mucosal disease 5 vi-
raemic but clinically healthy calves were se-
lected. Four calves were Black and White
Danish Dairy breed (approximately 1 year
old) and 1 was a Jersey calf (approximately 1%
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year old). All 5 viraemic animals were anti-
body negative. The calves were brought to the
Royal Veterinary and Agricultural University.
A second blood sample for virus isolation
taken more than 3 weeks after the first sample
proved that the calves were PI. Five antibody
positive and non-viraemic Jersey calves (ap-
proximately 6 mo old) served as controls.

Stimulation of the humoral immune system
All calves were immunized against tetanus (1
ml Tetapur®). Two injections were given 5
weeks apart. Antitoxin titres were deter-
mined using an ELISA-technique on serum
samples that were taken weekly for 8 weeks
following the first immunization (Simonsen et
al. 1986).

Stimulation of the cellular immune system
Immunization against paratuberculo-
sis. All animals were immunized once with 2
ml Neoparasec®. This immunization was per-
formed 2 days later than the first tetanus im-
munization. The animals were tested with
avian tuberculin prior to and 1 month after
immunization. A conventional skin test be-
fore the shoulder was used, and skin thickness
was measured with a slide gauge before and
48 hours after intracutaneous injection of tu-
berculin.

DNCB skin sensitization. The proce-
dure described by Brummerstedt et al. (1974)
was employed. An 8x8 cm skin area on each
side of the lumbar region was chosen. Hairs
were removed with a hair removal agent (de-
pilatory) and the skin thickness measured
with a slide gauge. A 2 per cent DNCB solu-
tion in absolute alcohol was applied to 1 area
for 7 consecutive days. The other area was
treated with 2 per cent absolute alcohol only
(control area). The DNCB skin exposure was
initiated 1 day after the first tetanus immu-
nization.
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Figure 1. Mean tetanus antitoxin titre in 5 PI calves compared to 5 control animals 1 month after immuniza-

tion with Tetapur®.

Two weeks after the last DNCB exposure,
hairs were removed on an area on both shoul-
ders and the skin thickness measured. DNCB
was applied on one side and absolute alcohol
on the other, followed by repeated measure-
ment of skin thickness 24 h later. The degree
of induced hypersensitization was determined
as the ratio between skin thickness after and
before DNCB exposure.

Blood parameters

Blood samples were taken once a week. The
following parameters were determined:
glutaraldehyde gelatination test (indirect de-
termination of immunoglobulin levels), total
serum protein, haematocrit, haemoglobin,
erythrocyte count and total and differential
leucocyte counts, and blood culture for path-
ogenic bacteria. The glutaraldehyde test was
modified for clinical use (Nielsen 1975) from
the original test described by Sandholm

(1974). Blood cultivation was performed as
described by Houe et al. (In press).

Statistical analysis

The antibody titres among PI animals com-
pared to non-PI animals against tetanus was
determined by two-sample students t-test af-
ter logarithmic transformation of the titres.
The increase of skin thickness among PI ani-
mals compared to non-PI animals after tuber-
culin test and sensitization against DNCB
were tested by two sample students t-test on
the ratio between skin thickness after and be-
fore stimulation.

Results

The humoral immune system

Fig. 1 shows the mean antibody titres to teta-
nus toxin (In week 7 there was a missing value
of 1 PI animal). The PI animals developed
higher antibody titre than the controls. In
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Table 1. Tuberculin test of 5 PI calves and 5 con-
trol calves 1 month after immunization against para-
tubrerculosis. Thickness of skin was measured be-
fore and 48 h after injection of avian tuberculin.

Table 2. Skin thickness of r PI calves and 5 control
calves before and 24 h after sensitization with
DNCB.

Skin thickness (mm})

Skin thickness (mm)

Before tuberculin After tuberculin Before DNCB After DNCB
Animal No Animal No
PI calves: PI calves:
1 5.5 30.0 1 8.0 14.0
2 6.5 12.0 2 10.1 15.0
3 5.0 16.5 3 6.0 21.0
4 5.0 17.5 4 9.0 13.0
5 5.5 20.0 5 8.0 13.0
Mean 5.5 19.2 Mean 8.2 15.2
St.Dev. 0.6 6.7 St.Dev. 1.5 33
Control calves: Control calves:
6 5.0 21.0 6 6.5 16.0
7 5.5 19.5 7 7.0 15.0
8 4.0 16.0 8 5.0 21.0
9 3.5 18.5 9 4.5 12.0
10 3.5 11.0 10 4.5 21.0
Mean 4.3 17.2 Mean 5.5 17.0
St.Dev. 0.9 3.91 St.Dev. 1.2 3.9

week 8 the difference was almost significant

(p =0.07).

The cellular immune system

Immunization against paratuberculosis. All
animals were negative at the tuberculin test
performed before immunization against para-
tuberculosis. A negative tuberculin test was
defined as less than 2 mm increase in skin
thickness. Table 1 shows skin thickness at the
tuberculin test made 1 month after immuniza-
tion. The mean ratios between skin thickness
after and before the tuberculin test were 3.5
for PI animals and 4.0 for controls. This differ-
ence was not significant (p = 0.49).

DNCB skin sensitization. Table 2 shows the
skin thickness before and after sensitization
with DNCB. The mean ratios between skin
thickness after and before sensitization were
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2.0 for PI animals and 3.2 for controls. This
difference was not significant (p = 0.08).

Blood parameters

Bacteraemia was not detected in any of the
animals. There was no difference in any of the
measured blood parameters in PI animals
compared to controls (data not shown).

Discussion

Although the immune response against the
antigenic preparations used in this study is not
necessarily equivalent to the ability to combat
infectious diseases, the experiment clarifies if
the PI animals are equivalent to non-PI ani-
mals in recognizing and reacting to foreign
antigens.

The PI animals of the present study showed a



Immune response to other agents of calves with BVDV 309

normal immunological response to all of the 3
antigenic stimuli that they were exposed to.
Quantitatively, their humoral and cellular re-
sponses were not significantly different from
non-PI control calves. This would imply that
the PI calves were not tolerant to antigens
other than BVDYV (i.e. they were immunolog-
ically capable of recognizing them as foreign),
neither were they immunosuppressed to a sig-
nificant extent. However, in the DNCB skin
sensitization test, although not significant (p =
0.08), the PI calves showed a tendency of a
weaker reaction than the controls. Before the
exposure the skin thickness among the control
calves were smaller than among PI animals,
most likely because the controls were
younger. Reduced skin sensitization against
DNCB among PI animals could have been
due to a reduced T-cell mediated immune re-
sponse. Reduced numbers of T-cells in PI ani-
mals have been reported by Bielefeldt Oh-
mann (1987) and Done et al. (1980) found that
foetal infection with BVDV may be asso-
ciated with a reduced development of the thy-
mus. It is anticipated that PI calves, although
not incapable of mounting an immunological
response, may sometimes show certain defi-
ciencies as regards their reactions to patho-
gens (Howard 1990).

PI animals are often undersized for their age
and unthrifty. Furthermore, it is an estab-
lished practical experience that they have an
increased risk of acquiring various infections
(e.g. pneumonia and enteritis), and they have
higher mortality rates than non-infected
calves. This may imply that their resistance to
some infections is low compared with non-PI
calves. This could either be due to a specific
lack of immunological reactivity or it could be
a non-specific phenomenon associated with
the generally low vitality of the calves. Fur-
ther studies are needed to examine whether
the immunological response of PI calves

would vary according to the clinical status of
the animals.
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Sammendrag

Immunsvaret over for andre agentia hos kalve der er
persistent inficerede med bovin virusdiarré virus
(BVDV).

Den immunologiske reaktionsevne hos kalve
persistent inficerede (PI) med bovin virusdiarré vi-
rus (BVDV) over for andre agentia blev undersggt.
5 klinisk sunde Pl-kalve og 5 normale kontrolkalve
blev undersggt. Det humorale immunrespons blev
undersggt ved at méle tetanusantitoksintiter i serum
efter immunisering mod tetanus. Det cellulzre im-
munrespons blev malt ved evnen til at udvise positiv
reaktion efter kutan tuberkulintest udfgrt en maned
efter immunisering mod paratuberkulose. Endelig
undersggtes evnen til at blive hypersensibiliseret
pad huden efter applikation af dinitrochlorbenzen
(DNCB).

PI-kalvenes immunrespons over for de forskellige
antigene stimuli var ikke signifikant forskellige fra
kontrolkalvenes immunrespons. PI-kalvene udvik-
lede et hgjt antitoksintiter efter immunisering mod
tetanus, de havde positiv tuberkulintest efter im-
munisering mod paratuberkulose og deres hud
kunne hypersensibiliseres over for DNCB.
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