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Larsson, B.: Failure to induce Mucosal Disease in Cattle Persistently Infected
with Bovine Viral Diarrhea Virus by Treatment with Adrenocorticotropic Hormo-
ne. Acta vet. scand. 1988, 29, 1-8. - Recent research has shown that cattle that de-
velop mucosal disease (MD) often, if not always, have been persistently infected
with bovine viral diarrhea virus (BVDV) since birth. The purpose of the present
study was to determine whether MD could be induced by immunosuppression of
persistently BVDV-infected cattle. For that purpose, adrenocorticotropic hormo-
ne (ACTH) was injected intramuscularly, twice daily for 5 consecutive days in 4
persistently BVDV-infected cattle and in 3 control cattie. Before the ACTH treat-
ment, the numbers of leukocytes, neutrophils and mononuclear cells (MNC) per
litre of blood in BVDV-infected cattle were in the same range as in the controls. Si-
milarly, the proportions of B cells, T cells, monocytes and Fcy+ cells (cells with re-
ceptor for the Fc part of IgG) were the same in the 2 groups of animals. On the
other hand, the proliferative response to mitogen stimulation of MNC obtained
from the control animals was twice as high as the corresponding value of the persi-
stently BVDV-infected cattle.

In all animals, ACTH treatment caused increased cortisol concentrations, leuko-
cytosis, neutrophilia and decreased mitogen-induced lymphocyte stimulation.
However, the MNC count and the proportions of B cells, T cells, Fey* cells and
monocytes remained unaltered. In spite of the immunosuppression, indicated by
the decrease in mitogen-induced lymphocyte stimulation. ACTH treatment did
not provoke any clinical signs of MD in the persistently BVDV-infected cattle.

persistent BVDV infection; ACTH; mononuclear cell subpopulations;
lymphocyte stimulation.

Introduction

Mucosal disease (MD) is distinguished by
erosions of the mucosa of alimentary tract
and by high mortality rates (Ramsey & Chi-
vers 1953), whereas bovine viral diarrhea
(BVD) is characterized by diarrhea, leukope-
nia and subsequent recovery (Olafson et al.
1946). The causative agent of both the syn-
dromes is the bovine viral diarrhea virus
(BVDV). Whereas BVD is caused by a pri-

mary infection with BVDYV, the pathogenisis
of MD is more complex. In 1968 Malmquist
suggested that MD occurs in cattle which are
persistently infected with and immunotole-
rant to BVDV; immunotolerance is establis-
hed in the fetus during early pregnancy fol-
lowing a transplacental infection. This hy-
pothesis has later been supported by results
of other authors (Liess et al. 1974, Steck et
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al. 1980, Roeder & Drew 1984, Brownlie et
al. 1984).

From an immunological point of view, persi-
stently BVDV-infected cattle have no or only
low levels of antibodies to the agent. The in-
fected animals have normal numbers of leu-
kocytes as well as normal proportions of B
and T lymphocytes (Bolin et al. 1985) but
isolated lymphocytes respond poorly to mi-
togen stimulation (Roth et al. 1986). The
weakened proliferation of their lymphocytes
may be attributed to an increased suppressor
activity, exerted by mononuclear cells
(MNC) with receptor for the Fc part of IgG
(Fcy+ cells) (Larsson 1988).

Why persistently BVDV-infected cattle de-
velop MD is not fully understood. Experi-
mentally, MD can be provoked by infecting
cattle which carry a non-cytopathic strain of
the virus with a cytopathic strain of BVDV
(Brownlie et al. 1984, Bolin et al. 1985). Mu-
cosal disease may also develop after a muta-
tion of the persistent infecting agent (Brown-
lie et al. 1986), but also other mechanisms
may be involved. Colostrum-fed calves, se-
ronegative to BVDV, have after treatment
with high doses of the immunosuppressive
drug dexamethasone and subsequent inocu-
lation with BVDYV, developed a disease simi-
lar to MD (Shope et al. 1976). Therefore, it is
possible that external stress and high cortisol
levels may provoke MD. A direct approach
to evaluate the effect of cortisol is to admini-
ster adrenocorticotropic hormone (ACTH).

The purpose of the present study was there-
fore primary to investigate whether MD
could be provoked in persistently BVDV-in-
fected cattle by treating the animals with
ACTH. Secondly, the effects of ACTH
treatment on plasma cortisol (P-cortisol),
total and differential leukocyte counts, and
composition and function of blood mono-
nuclear cells (MNC) were studied in persi-
stently BVDV-infected cattle and compared

Acta vet. scand. vol. 29 no. 1 - 1988

B. Larsson

with the effect of the same treatment in con-
trol animals.

Materials and methods

Cattle

The 4 persistently BVDV-infected cattle
(nos. 1-4) used in the study were of Swedish
Friesian breed (no. 1, aged 10 months) and
of Swedish Red and White breed (no. 2, aged
15 months; nos. 3 and 4, both aged 3 years).
The virus was detected in serum from the
animals twice, 2 months apart, as described
elsewhere (Larsson et al. 1988). The animals
had no serum antibodies to the agent as de-
termined by an indirect enzyme-linked im-
munosorbent assay (Juntti et al. 1987).
Three control animals (nos. 5-7) were selec-
ted to match the BVDV-infected cattle nos.
1, 3 and 4 with respect to age and breed. The
controls were negative for BVDV isolation
from serum but did have serum antibodies to
BVDV.

Experimental design

The study was carried out during 2 periods, 1
month apart. During the first period, 2 per-
sistently BVDV-infected cattle (nos. 1 and 2)
and 1 control animal (no. 5) were subjected
to ACTH treatment, while controls 6 and 7
were used as untreated controls.

In the second period the other 2 BVDV-in-
fected cattle (nos. 3 and 4) and controls 6
and 7 were injected with ACTH, while ani-
mal no. 5 was used as an untreated control.
Rectal temperature and clinical signs of dis-
ease were recorded daily during and 1 month
following ACTH treatment.

Blood samples and ACTH treatment

Blood samples were taken by jugular vein
puncture, 3 days and 1 day prior to ACTH
treatment. The animals subjected to admini-
stration with ACTH (Acton prolongatum®,
Ferring, Malmo6, Sweden) were given 60
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IE/100 kg of body weight intramuscularly
twice daily (8 a.m. and 4.30 p.m.) for 5 con-
secutive days. The animals were bled at 11
a.m. on the second day (day 2), on the fourth
day (day 4) during ACTH treatment, and
again 2 days after completion of treatment.
Untreated controls were bled on the same
occasions as the ACTH-treated animals.

Blood analyses

Total and differential leukocyte counts and
determination of the level of cortisol in plas-
ma (P-cortisol) were performed at the Dept.
of Clinical Chemistry, Swedish University of
Agricultural Sciences, Uppsala, Sweden,
using standard methods. Briefly, the num-
ber of leukocytes was measured with a cel-
loscope and differential counts were carried
out on EDTA blood smears, stained with
Giemsa’s and May-Griinwald’s solutions.
The level of P-cortisol was determined by ra-
dio-immunoassay (Nyberg et al. 1988).

Isolation of mononuclear cells from blood
Mononuclear cells (MNC) were isolated ac-
cording to the method of Bayum (1968), mo-
dified for cattle as described by Johnson &
Morein (1977). Briefly, after centrifugation
of heparinized blood on Ficoll-paque (Phar-
macia Fine Chemicals, Uppsala, Sweden),
the MNC were isolated from the interphase,
washed three times in phosphate-buffered
saline (pH 7.2) and resuspended in RPMI-
1640 growth medium, supplemented with
10% heat-inactivated fetal calf serum, 2
mmol/l L-glutamine, 200 IU/ml penicillin
and 200 pg/ml streptomycin (complete med-
ium).

Identification of blood MNC subpopula-
tions

The MNC were characterized by methods
previously described for cattle (Johansson &

Morein 1983, Fossum et al. 1985, Matsson et
al. 1985). Briefly, B cells were detected by
fluoresceinated F(ab’), fragments of rabbit
antibodies to bovine IgM. T cells were iden-
tified as cells attaching the lectin Helix po-
matia A hemagglutinin by an indirect immu-
nofluorescence method. MNC with receptor
for the Fc part of IgG (Fcy+cells) were detec-
ted by rosette formation, using erythrocytes
coated with IgG. Monocytes were identified
as cells ingesting 3 or more latex beads after
20 h of incubation at 37°C. The proportions
of respective subpopulation were determi-
ned by counting 200 cells under a fluorescen-
ce microscope.

Lymphocyte stimulation test

The concentration of MNC was adjusted to
3 % 10¢ cells per ml complete medium. Equal
volumes (100 pl) of cell suspension and com-
plete medium (control culture), or complete
medium containing mitogen, were added per
well to microtitre plates. The mitogens used
were Concanavalin A (Con A) (Pharmacia
Fine Chemicals, Uppsala, Sweden) 1 pg/
well and pokeweed mitogen (PWM) (Boeh-
ringer Mannheim, Mannheim, W. Germa-
ny) 1 pg/well.

Each type of culture was set up in quadrupli-
cate, incubated for 3 days at 37°C, pulsed
with 1 uCi 3H-thymidine and reincubated
for 1 day. The cells were harvested and the
radioactivity measured. The results are ex-
pressed as mean counts per min (cpm) for
each type of culture.

Expression of results and statistical analysis
The pretreatment data were calculated as
mean values of the 2 blood samples taken
prior to ACTH treatment. The suppression
of mitogen-induced lymphocyte prolifera-
tion during ACTH administration was cal-
culated according to the formula:
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% Suppression =

cpm during ACTH administration
a- % & ) x 100
cpm before ACTH administration
Student’s t-test was used for the statistical
analysis. Data are expressed as means-

+S.E.M. unless otherwise indicated.

Results

Clinical signs

The animals appeared healthy and none had
a rectal temperature above 39.2°C throug-
hout the observation period.

The level of P-cortisol

In all animals the level of P-cortisol was be-
low 20 nmol/l prior to ACTH treatment.
The mean level of P-cortisol increased du-
ring the ACTH treatment to 23016 nmol/1
(day 2) and to 253227 nmol/] (day 4) in the
persistently BVDV-infected group. Similar-
ly, the mean level of cortisol increased to
206+30 nmol/l (day 2) and to 210+17
nmol/1 (day 4) in the ACTH-treated control
group. Two days after completion of the
ACTH treatment, the levels of P-cortisol re-
verted to their initial value. The level of P-
cortisol remained below 20 nmol/1 in the un-
treated group throughout the period.

Total and differential leukocyte counts

The total and differential leukocyte counts
before, during and after ACTH treatment
are shown in Fig. 1. Total numbers of leuko-
cytes, as well as the numbers of neutrophils,
were increased in blood, both from persi-
stently BVDV-infected cattle and from con-
trols during ACTH treatment, compared
with the pretreatment data. Numbers of eo-
sinophils fell during ACTH treatment to
about half of the pretreatment value. The to-
tal number of MNC was not affected by
ACTH treatment.
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Figure 1. The number of leukocytes (total bar),
neutrophils (N), eosinophils () and mononuclear
cells (O) before, during and after ACTH administra-
tion. The leukocytes were collected from 4 head of
cattle persistently infected with bovine viral diarrhea
virus (a), 3 controls (b) and 3 untreated controls (c).

Mononuclear cell subpopulations

The proportions of B cells, T cells, Fcy+ cells
and of monocytes were not significantly af-
fected by ACTH treatment (Table 1).

Stimulatory response of lymphocytes to mi-
togens

- The intensity of lymphocyte proliferation in-
duced by mitogen stimulation was tested be-
fore, during and after ACTH treatment. De-
tails are given in Fig. 2. Before ACTH treat-
ment, lymphocytes from persistently
BVDV-infected cattle responded with less
intensity to Con A and to PWM stimulation
than did lymphocytes from controls.
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Table 1. The mean proportions of B cells, T cells, Fcy+ cells and monocytes among blood mononuclear cells
(MNC) before, during and after ACTH administration in cattle persistently infected with bovine viral diarrhea
virus (n=4), in controls (n=3) and in untreated controls (n=3).

B cells (%) T cells (%) Monocytes (%) Fcy+cells (%)

Day of BVDV Con- Un- BVDV Con- Un- BVDV Con- Un- BVDV Con- Un-
ACTH in- trols treated in- trols treated in- trols treated in- trols treated
treatment fected controls  fected controls  fected controls  fected controls
Before 20.1 17.3 16.7 60.5 59.6 57.8 5.1 5.0 4.2 220 16.0 19.0
2 18.5 16.7 16.0 62.0 59.0 58.3 7.0 4.7 3.0 23.2 163 20.6
4 21.2 163 15.7 61.3 61.0 59.6 6.8 7.0 3.7 23.5 19.0 20.0
After 21.0 16.7 157 60.3 60.0 61.3 4.0 4.6 3.7 22.0 18.0 18.7
The effect of ACTH administration on Canp
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lymphocyte stimulation was evaluated by - 3 @it g §-
calculating the percentage alteration of cpm : nr { s wh
values in comparison with the pretreatment e i ool {{
data. ACTH treatment did not affect the B £ { 5-
proliferation of lymphocytes in cultures wi- -0 {
thout mitogen. However, the mitogen-indu- BN
ced lymphocyte stimulation was significant- _ wf i :‘;'"‘i e i
ly suppressed during ATCH treatment, both = Ll 5 .l
in cultures of lymphocytes obtained from z i g . af_
control animals (Con A: day 2 and day 4, R 5 b { {
p<0.01; PWM: day 2 and day 4, p<0.05) -40

and from persistently BVDV-infected cattle
(Con A: day 2 and day 4, p<0.001; PWM:
day 2, p<0.01, day 4, not significant). The
cpm values obtained 2 days after completion
of ACTH treatment were close to the pre-
teatment values.

The mitogenic responses of lymphocytes
from untreated controls were in the same
range throughout the period.

Discussion

One expression of the body’s general respon-
se to external stress is the release of ACTH
from the pituitary gland, which stimulates
the adrenal cortex to increase the secretion
of cortisol. High concentrations of cortisol
are associated with suppression of the immu-
ne response and increased susceptibility of
the animal to infections (for review see Roth
1985). Shope et al. (1976) reported that ad-
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Figure 2. The suppressive effect of ACTH admini-
stration on the proliferation of mononuclear cells
(MNC). The MNC were collected from 4 head of
cattle persistently infected with bovine viral diarrhea
virus (1), 3 controls (l) and 3 untreated controls
(®). The stimulatory responses of MNC to pokeweed
mitogen (PWM) and to Concanavalin A (Con A) be-
fore ACTH administration are expressed as counts
per min (cpm) and during and after ACTH admini-
stration as percentage suppression vs. pretreatment
data. Data are expressed as means+S.E.M. Signifi-
cant suppression is indicated by * (p<0.05),
** (p<0.01) and *** (p<0.001).

Acta vet. scand. vol. 29 no. 1 - 1988



6 B. Larsson

ministration of large doses of dexamethaso-
ne before and after BVDV inoculation of se-
ronegative calves induced a disease similar to
MD, but it was not stated whether the calves
were initially free from BVDYV infection or
not. In the present study, administration of
ACTH resulted in a 20-fold increase in P-
cortisol, but none of the persistently BVDV-
infected animals showed any clinical sign of
disease throughout the observation period
of 1 month or longer.

Treatment with ACTH induced the expected
alterations in total and differential leukocyte
counts. In both groups of animals there was
a doubling of the number of leukocytes, a
three-fold increase in the number of neu-
trophils and a 50% reduction in the number
of eosinophils- changes which have been re-
ported earlier to result from ACTH injec-
tions (Paape et al. 1977, Gwazdauskas et al.
1980, Roth et al. 1982).

The number of MNC in blood did not alter
during ACTH administration which is in
agreement with results published by other
authors (Paape et al. 1977, Roth et al. 1982).
However, the function of MNC was reduced
during ACTH treatment, as indicated by a
significantly suppressed mitogen-induced
proliferation of lymphocytes, both in
BVDV-infected cattle and in control animals
(Fig. 2). Similarly, administration of ACTH
to cattle has earlier been shown to suppress
the lymphocyte proliferation induced by
Con A, PWM and by phytohemagglutinin
(Roth et al. 1982). The exact mechanisms by
which ACTH administration depresses
lymphocyte proliferation in cattle is not fully
understood. It may be attributable to an in-
hibited production of interleukin 2 by MNC
(Blencha & Baker 1986), to a direct inhibito-
ry effect of cortisol on mitosis, or to a redi-
stribution of a subpopulation of MNC ha-
ving regulatory functions to the extravascu-
lar compartment (Parrillo & Fauci 1979). As
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regards regulatory cells, bovine monocytes
have been shown to have enhancer proper-
ties in lymphocyte stimulation tests (Mastro
& Sniezek 1983/1984) whereas bovine Fey*
cells have suppressor activity in the same test
(Fossum et al. 1985). The suppressive effect
of Fcy+ cells is more pronounced in persi-
stently BVDV-infected cattle than in con-
trols (Larsson, 1988). However, the num-
bers of monocytes and of Fcy+ cells as well
as of B and T cells were not significantly inf-
luenced by administration of ACTH. Thus,
the mutual proportions of the subpopula-
tions tested in this study could not account
for the weakened response of lymphocytes
to mitogen stimulation.

In conclusion, administration of ACTH du-
ring a 5-day period to 4 cattle persistently in-
fected with BVDV did not elicit any clinical
symptoms of MD. This finding does not exc-
lude the possibility that stress might be in-
volved in the pathogenesis of MD. Admini-
stration of ACTH had the same effect in the
BVDV-infected cattle as in the control ani-
mals, i.e., it elicited increased P-cortisol le-
vels, reduced the response of lymphocytes to
mitogen stimulation, and produced leukocy-
tosis and neutrophilia, but the numbers of
MNC as well as the proportions of B celis, T
cells, Fcy+ cells and monocytes remained
unaltered.
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Sammanfattning

Forsék att framkalla mucosal disease hos nétkreatur
persistent infekterade med bovint virusdiarré virus
genom injektioner med adrenocorticotropt hormon.
Senare ars forskning har visat att nétkreatur som ut-
vecklar mucosal disease (MD) ofta har varit kroniskt
infekterade med bovint virusdiarré virus (BVDV) se-
dan fodelsen. Syftet med denna studie var att under-

soka om en immunsuppression av persistent BVDV
infekterade djur kan framkalla MD. Av detta skiil
injicerades 4 kroniskt infekterade djur och 3 kontrol-
ler med adrenocortiocotropt hormon (ACTH) 2 gan-
ger dagligen i 5 dagar. Fére ACTH behandlingen var
antalet leukocyter, neutrofiler och mononukleira
celler (MNC) per liter blod hos kroniskt BVDYV in-
fekterade djur pA samma niva som hos kontrolldju-
ren. Aven proportionerna B celler, T celler, monocy-
ter och Fey+ celler (celler med receptor for Fc delen
av IgG) var lika i de bada grupperna. Didremot svara-
de lymfocyter fran kroniskt BVDYV infekterade djur
sdmre pa mitogenstimulering 4n vad lymfocyter fran
kontrolldjuren gjorde.

Alla djur svarade pA ACTH behandling med stegra-
de cortisol vdrden i plasma, leukocytos, neutrofili
och en minskad mitogen inducerad lymfocytprolife-
ration. Antalet MNC och proportionerna av B celler,
T celler, Fcy* celler och mononcyter férblev ofdran-
drade under ACTH behandling. Trots den observe-
rade immunosuppressionen, indikerad av den min-
skade benégenheten av lymfocyterna att svara p4 mi-
togen stimulering, framkallade ACTH behandling
inga symtom pa MD hos kroniskt BVDV infekterade
djur.
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