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ABSTRACT

During the past several years,
acute infections with bovine viral
diarrhea virus (BVDV) have been
causally linked to hemorrhagic and
acute mucosal disease-like syn-
dromes with high mortality. The
majority of BVDVs isolated in such
cases have been classified as type II
on the basis of genetic and antigenic
characteristics. It was our objective
to examine clinical disease, lesions
and potential sites of viral replica-
tion, following experimental BVDV
type II infection in young calves.. On
approximately day 35 after birth,
calves that had received BVDV-
antibody-negative colostrum were
infected by intranasal inoculation of
5 x 105 TCID50 of BVDV type II iso-
late 24515 in 5 mL of tissue culture
fluid (2.5 mL/nostril). Calves were
monitored twice daily for signs of
clinical disease. Approximately
48-72 h after infection, all calves
developed transient pyrexia (39.4-
40.5°C) and leukopenia. Beginning
on approximately day 7 after infec-
tion, all calves developed watery
diarrhea, pyrexia (40.5-41.6°C),
marked leukopenia (2 75% drop
from preinoculation values), vari-
able thrombocytopenia, and moder-
ate to severe depression. Calves
were euthanized on days 10, 1t, or
12 after infection due to severe dis-
ease. Gross and histological lesions
consisted of multifocal bronchoint-
erstitial pneumonia (involving
10%-25% -of affected lungs), bone
marrow hypoplasia and necrosis,
and minimal erosive lesions in
the alimentary tract. Immuno-
histochemical staining for BVDV

revealed widespread viral antigen
usually within epithelial cells,
smooth muscle cells and mononu-
clear phagocytes in multiple organs,
including lung, Peyer's patches,
gastric mucosa, thymus, adrenal
gland, spleen, lymph nodes, bone
marrow, and skin. This BVDV type
II isolate caused rapidly progres-
sive, severe multisystemic disease in
seronegative calves that was associ-
ated with widespread distribution
of viral antigen and few gross or
histological inflammatory lesions.

RESUME

Au cours des dernieres annees, un
lien causal a ete etabli entre les
infections aigues avec le virus de la
diarrhee virale bovine (VDVB) et
des syndromes hemorragiques et
aigus de la maladie des muqueuses
associee a une forte mortalite. La
majorite des isolats de VDVB
retrouves dans ces cas furent classi-
fies de type II sur la base de leurs
caracte'ristiques genetiques et anti-
geniques. L'objectif ce cette etude
etait d'examiner la maladie cli-
nique, les lesions et les sites poten-
tiels de replication virale suite a
l'infection experimentale de jeunes
veaux par du VDVB de type II.
Environ 35 jours apres la naissance,
des veaux ayant recu du colostrum
ne contenant pas d'anticorps contre
le VDVB furent infectes par voie
intranasale avec 5 x 105 TCID50 de
l'isolat 24515 du VDVB de type II
dans 5 mL de milieu de culture cel-
lulaire (2,5 mL par narine). Les
veaux furent observes deux fois par
jour pour verifier la presence de

signes cliniques. Environ 48-72 h
apres l'infection tous les veaux ont
developpe une hyperthermie transi-
toire (39,4-40,5 °C) et une leuco-
penie. Tous les veaux ont developpe
une diarrhee aqueuse, de l'hyper-
thermie (40,5-41,6 °C), une leu-
copenie marquee (diminution de
2 75 % par rapport aux valeurs
pre-inoculation), une thrombocy-
topenie variable et une depression
moderee a severe environ 7 j apres
l'infection. Les veaux furent eutha-
nasies aux jours 10, 11 ou 12 post-
infection due a leur pauvre etat de
sante. Les lesions macroscopiques et
histologiques observees consistaient
en une broncho-pneumonie multifo-
cale impliquant environ 10-25 %
des poumons, une hypoplasie et une
necrose de la moelle osseuse, et de
minimes lesions erosives dans le
tractus digestif. L'examen immuno-
histochimique pour la presence de
VDVB permit de mettre en evidence
une dissemination generalisee de
l'antigene viral a l'interieur de
cellules epitheliales, de cellules
musculaires lisses et de phagocytes
mononucleaires dans plusieurs
organes dont les poumons, les
plaques de Peyer, la muqueuse gas-
trique, le thymus, les glandes sur-
renales, la rate, les ganglions
lymphatiques, la moelle osseuse et
la peau. Cet isolat de type II du
VDVB cause rapidement une
maladie multisystemique severe
progressive chez des veaux sero-
negatifs et fut associe avec la distri-
bution rapide d'antigene viral
mais causa peu de lesions inflam-
matoires macroscopiques ou
histologiques.

(Traduitpar docteur Serge Messier)
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MATERIALS AND METHODS

In 1946, Olafson and colleagues
reported an apparently new disease in
cattle, "virus diarrhea," characterized
by high fever, leukopenia and severe
ulceration of the alimentary tract
(1,2). This disease was further
described as being acute and conta-
gious. Subsequently, bovine virus
diarrhea virus (BVDV) has been
implicated in numerous clinical
syndromes in cattle, including repro-
ductive failure, fetal defects, and
"mucosal disease" resulting from per-
sistent BVDV infection following
intrauterine exposure during the first
trimester of gestation (3). However, it
was generally thought that most
BVDV infections in cattle were sub-
clinical and followed by complete
recovery and the development of pro-
tective immunity (3).

In the late 1980's BVDVs were
causally linked to acute, hemorrhagic
disease with high morbidity and mor-
tality in affected herds (3). More
recently, noncytopathic BVDVs were
isolated from cattle dying with acute
mucosal disease-like syndromes (5,6).
There have been several epidemics of
acute BVDV-associated disease in the
northeastern US and Canada with
death losses approaching 100% in
some groups of young veal calves
(3,5-7). Recently the extent of genetic
and antigenic diversity of the highly
mutable pestiviruses have been re-
examined (7,8). BVDVs have been
classified into types I and II on the
basis of sequence differences in the 5'
untranslated region of the viral
genome and phenotypic analysis with
panels of monoclonal antibodies (8).
Most of the virulent isolates from
recent cases of acute BVDV in North
America have been classified as
type II (3,5,8).
Although there is a considerable

body of literature concerning the
pathogenesis and lesions of persistent
BVDV infection (9), there is compar-
atively little information on the patho-
genesis of, and extent of systemic
viral replication in acute, virulent
BVDV infections, including type II
BVDVs (5,10-12). It was our objec-
tive to examine the lesions and sites
of viral replication following experi-
mental BVDV type II infection in
young calves similar to those dying in
recent epidemics.

CALVES AND EXPERIMENTAL DESIGN

Eight Holstein and Holstein-beef
cross neonatal bull calves were the
subjects of this study and were treated
in accordance with the Guidelines For
the Care and Use of Experimental
Animals established by the Canadian
Council on Animal Care. Calves
received maternal colostrum or were
prevented from suckling the dam and
were fed pooled colostrum that tested
negative for BVDV-specific antibod-
ies on the basis of an ELISA (13)
using a solubilized (14) antigen pre-
pared from cells infected with the
NADL strain of BVDV. All calves
tested BVDV-negative and BVDV-
specific-antibody-negative prior to
inclusion in the study.

Calves were removed from dams
shortly after birth, housed in isolation
facilities, and maintained on commer-
cial milk replacer (4 L/d) and ad libi-
tum alfalfa-based pelleted feed and
alfalfa-grass hay. On approximately
day 35 after birth, 6 calves were
infected by intranasal inoculation of
5 X 105 TCID50 of BVDV in 5 mL of
tissue culture fluid (2.5 mL/nostril).
Two calves were sham inoculated
controls. Calves were monitored
twice daily for signs of clinical dis-
ease. Rectal temperatures were
recorded twice daily and complete
blood counts were determined on days
0, 1,3,5,7,9,andondays 10, 1l,or 12,
after infection. For humane reasons,
calves that had at least 3 of the 4 fol-
lowing signs for more than 2 consecu-
tive d were euthanized by barbiturate
overdose: rectal temperatures ' 40.6°C,
watery diarrhea, total white cell counts
' 2000 mL, or marked depression.

BVDV

Noncytopathic BVDV isolate
No. 24515 was obtained from the tis-
sues of a fetus from a herd in Ontario,
that experienced acute "mucosal dis-
ease-like" syndrome, gastrointestinal
disease, respiratory disease, and death
of calves and cows. This isolate was
classified as BVDV type II on the basis
of antigenic and genetic analyses (5).
Virus for experimental infection was
propagated in low passage (< 10) cul-
tures of embryonic bovine turbinate
cells and virus passages 7 and 8 were
used for calf infections.

VIRUS ISOLATION

Jugular blood was collected in hep-
arinized tubes. Two mL of blood were
mixed with 13 mL of lysis buffer con-
taining ammonium chloride and cen-
trifuged. The resulting pellet of leuko-
cytes was washed once in sterile
phosphate buffered saline, resus-
pended in 1 mL of modified Eagle's
medium and stored frozen at -70°C.
Two hundred ,LL aliquots of thawed,
mixed samples were cultured with
embryonic bovine turbinate cells
(passage ' 10) in 24 well tissue cul-
ture plates for 7 d. Cultures were
freeze-thawed once and 75 pL of
supernatant was co-cultured with
approximately 104 Madin-Darby
bovine kidney cells, in 100 pLL in
duplicate, in 96-well tissue culture
plates. After 4 d, medium was removed,
the cell monolayers were fixed in ace-
tone and stained for the gp48 antigen
of BVD virus using a monoclonal
antibody (ascites, IgG2b isotype),
15C5 (15) and an avidin-biotin
immunoperoxidase technique (16).
Each 96-well plate contained wells
that were inoculated with 25 ,uL of
serum from a BVDV-persistently-
infected calf (positive control) and
uninoculated cells (negative control).
HEMATOLOGY

Complete blood cell counts were
performed using an automated cell
counter (Baker System 9000 Hematol-
ogy Series Cell Counter, Seronon
Baker Diagnostics, Allentown, Penn-
sylvania, USA). Manual platelet
counts were performed on blood sam-
ples (Unopette Microcollection Sys-
tem, Becton-Dickinson, Rutherford,
New Jersey, USA) from calves num-
bers 2, 3, and 6 using a hemacytome-
ter (Bright-Line Hemacytometer,
American Optical, Scientific Instru-
ment Division, Buffalo, New York,
USA). Plasma protein concentration
was determined by refractometry.
Plasma fibrinogen concentration was
determined by the heat percipitation
technique, with fibrinogen concentra-
tion being the difference between
plasma protein concentration and
plasma protein concentration after
heating plasma at 58°C for 3 min.

HISTOLOGY AND
IMMUNOHISTOCHEMISTRY

Tissue sections were prepared from
paraffin blocks of formalin-fixed
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TABLE I. Analysis of terminal (premortem) blood and bone marrow (postmortem) from calves

Calf Calf Calf Calf Calf Calf Reference
Parameter No. 2 No. 3 No. 6 No. 7 No. 2290 No. 6395 Values*
Total leukocyte count (X 109/L) 1.9 4.5 4.4 1.40 2.20 2.2 7.67-13.8
Segmented neutrophils (x 109/L) 0.114 1.035 0.440 0.098 0.286 0.308 1.451-4.203
Band neutrophils (X l0/L) 0.019 0.495 0.440 0.070 0.176 0.198 0-0.080
Metamyelocyte neutrophils (x 109/L)
Eosinophils (x 109/L) - - 0-0.448
Lymphocytes (x 109/L) 1.710 2.880 2.904 1.190 1.694 1.672 4.682-9.040
Monocytes (X 10/L) 0.057 0.090 0.616 0.042 0.022 0.022 0.524-1.064
Toxic change 1+ 1+ 1+ 1+ 1+ 1+
Platelets (x 109/L) < 100± 20 167 103 121 < 10 192-892
Erythrocyte count (x 102/L) 9.10 10.25 6.85 6.30 8.73 8.25 8.50-10.5
Hemoglobin (g/L) 92 101 75 69 90 87 97-127
Hematocrit (L/L) 0.299 0.316 0.225 0.206 0.280 0.266 0.32-0.40
Mean corpuscular volume (fL) 32.9 30.8 32.8 32.7 32.1 32.3 34.6-41.0
Mean corpuscular hemoglobin (Pg) 10.1 9.9 10.9 11.0 10.3 10.5 10.2-13.4
Mean corpuscular hemoglobin
concentration (g/L) 308 320 333 335 321 327 284-340

Plasma proteins (g/L) 56 48 46 45 48 45 56-68
Fibrinogen (g/L) 6 3 5 6 4 4 0-2.8
Protein: Fibrinogen ratio 8:1 15:1 8:1 7:1 11:1 10:1 > 15:1
Bone marrow hypoplasia hypoplasia hypoplasia ND, hypoplasia hypoplasia

necrosis necrosis
Day of euthanasia 12 10 11 10 10 10
*Reference values for 3-16 wk old calves from: Jain NC. Comparative hematology of common domestic animals. In: Essentials of Veterinary Hema-
tology. Lea & Febiger: Philadelphia, Pennsylvania, 1993: 26.
ND - not done

_ Aaed blood sample (2 d old) precluded automated platelet count: Platelet count estimated from blood smear
§ Not applicable due to platelet clumping

tissue and stained for the presence of
the BVDV using the previously
described immunohistochemical pro-
cedure, adapted for a robotic slide
stainer (16,17). Serial sections from
each tissue block were cut, affixed to
slides coated with a tissue adhesive,
digested with proteolytic enzymes to
counteract the effects of the fixative
on tissue and viral antigens, and
treated to inactivate endogenous per-
oxidases. Slides were stained
immunohistochemically for BVDV
using the monoclonal antibody, 15C5
and an avidin-biotin-complex immuno-
peroxidase method (15,17). Controls
for the specificity of the staining pro-
cedure included serial sections from
each tissue block concurrently stained
using an identical procedure, but
substituting an irrelevant isotype-
matched monoclonal antibody for
15C5. In addition, tissues from
2 clinically-normal, BVDV-negative,
BVDV-seronegative, age-matched,
sham-inoculated control calves were
examined. Positive controls for the
staining procedure included concur-
rent staining of the suspect tissue
specimens with tissues from animals
proven to have succumbed to BVDV-
induced mucosal disease. All tissues
were examined, blindly, by an
observer.

RESULTS

CLINICAL RESPONSES/VIRUS ISOLATION

Approximately 48-72 h after infec-
tion, all 6 calves developed transient
pyrexia (39.4-40.5°C). Beginning
6-8 d after infection all calves devel-
oped unremitting pyrexia (40.5-
41.6°C), that was accompanied by
watery diarrhea, and moderate to
severe depression. Calves were eutha-
nized on day 10 (n = 4), 11 (n = 1), or
12 (n = 1) after infection due to severe
clinical disease. One calf (No. 2)
developed convulsions prior to
euthanasia on day 12. Bovine virus
diarrhea virus was isolated from buffy
coat leukocytes from all calves on 2
or more days after infection.

CLINICAL PATHOLOGIC FINDINGS

Coincident with the 1st episode of
pyrexia there was transient leukope-
nia (approximately 50% of preinocu-
lation values). Beginning approxi-
mately 7-8 d after infection there
was progressive marked leukopenia
(approximately 25% of preinoculation
values) that was further characterized
by neutropenia with a left shift to
metamyelocytes, toxic changes, lym-
phopenia, anemia, thrombocytopenia,
hypoproteinemia and hyperfibrino-
genemia (Table I). Examination of

bone marrow collected at necropsy
revealed that granulopoiesis was min-
imal in all calves, with immature
granulocytic cells predominating.
Thrombopoiesis was depressed in

all cases, except in calf No. 6, in
which mature, but especially imma-
ture, megakaryocytes were present in
relatively high numbers in the bone
marrow. Anemia was mild to moder-
ate, microcytic, normochromic and
nonregenerative in all cases. Bone
marrow necrosis was observed in 2 out
of 5 calves examined (No. 3, No. 2290).
Necrotic bone marrow was character-
ized by areas of indistinct morphol-
ogy, karyorrhexis, and phagocytosis
of debris by large mononuclear cells.
In 3 of 5 calves there was viral anti-
gen (No. 3, No. 6, No. 6395) in stro-
mal cells in the bone marrow. In 2 of
these calves (No. 6, No. 6395), there
was multifocal BVD viral antigen sugges-
tive of viral replication in megakaryocytes.

PATHOLOGY AND
IMMUNOHISTOCHEMISTRY

Alimentary tract - Gross lesions in
the alimentary tract were generally
minimal in all 6 calves. Multifocally,
in all 6 calves, viral antigen was
apparent in squamous epithelium
throughout the oral cavity (Fig. 1).
One calf (No. 6395) had an 8 cm area
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Figure 1. Photomicrograph of oral mucosa
calf No. 6395. Bovine viral diarrhea virus
antigen in the cytoplasm of squamous epithe-
lial cells. ABC immunoperoxidase stain for
BVDV; Bar = 100 jum.

Figure 4. Photomicrograph of ileum calf
No. 7. Bovine viral diarrhea virus antigen in
an ileal Peyer's patch that is depleted of lym-
phocytes. There is minimal inflammation in
crypts in enteric mucosa. ABC immunoper-
oxidase stain for BVDV; Bar = 200 ,uim.

of suffusive subserosal hemorrhage
and focal erosion in the mucosa of the
reticulum (Fig. 2). No hemorrhages
were apparent in the other 5 calves.
Viral antigen was apparent multifo-
cally in the mucosa of the forestom-
achs of all 6 calves (Fig. 3). Two

4...

Figure 2. Reticulum calf No. 6395. There is
subserosal hemorrhage.

Figure 3. Photomicrograph of reticulum calf
No. 6395. Bovine viral diarrhea virus antigen
in the cytoplasm of squamous epithelial cells.
Note degeneration of infected cells and
absence of inflammatory response. ABC
immunoperoxidase stain for BVDV; Bar =
100 Jim.

Figure 5. Lung calf No. 2290. There is con-
solidation in anterior-ventral areas of lung
lobes.

calves (Nos. 3 and 6) had mild hyper-
emia of the small intestine. One calf
(No. 3) had linear hyperemia of the
mucosa of the spiral colon. Infre-
quently, there was necrosis of epithe-
lial cells, erosion, and mild to moder-
ate acute inflammation in the oral
cavity and forestomachs, which was
associated with the presence of
BVDV antigen. Multifocally, in the
abomasum there was viral antigen in

Figure 6. Photomicrograph of lung calf
No. 2290. Bovine viral diarrhea virus antigen
in the cytoplasm of alveolar macrophages
and smooth muscle cells in the tunica muscu-
laris of an arteriole. ABC immunoperoxidase
stain for BVDV; Bar = 50 jim.

the glandular epithelium, usually
unaccompanied by any histological
lesions. Multifocally and segmentally,
there was viral antigen in smooth
muscle in muscularis mucosa, tunica
muscularis, and tunica media of blood
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Figure 7. Photomicrograph of mesenteric
lymph node calf No. 6. Bovine viral diarrhea
virus antigen in the cytoplasm of
macrophages lining sinuses, intrafollicular
dendritic cells and tingible body
macrophages in cortical follicles and in
macrophages in the paracortex. ABC
immunoperoxidase stain for BVDV; Bar =
100 pm.

Figure 10. Photomicrograph of interdigital
skin calf No. 6395. Bovine viral diarrhea
virus antigen in the cytoplasm of squamous
epithelial cells. ABC immunoperoxidase
stain for BVDV; Bar = 100 ,um.

vessels in the forestomachs, aboma-
sum and intestines (Fig. 4). There was
minimal or no evidence of viral anti-
gen in the mucosal epithelium or
glands of the intestines (Fig. 4). Con-
sistently, in all 6 calves, BVDV anti-

Figure 8. Photomicrograph of thymus calf
No. 2. Bovine viral diarrhea virus antigen in
the cytoplasm of large pleomorphic cells in
the cortex and medulla. ABC immunoperoxi-
dase stain for BVDV; Bar = 100 pm.

gen was prominent in Peyer's patches
in the ileum. Virus was present in
stromal (nonlymphoid) cells, but not
evident in lymphocytes (Fig. 4). The
presence of BVDV antigen was asso-
ciated with variable depletion of the
lymphocytes compared to clinically
normal calves. In one calf (No. 2290),
there was widespread viral replication
in Kupffer cells in the liver, and in
another calf (No. 6), there was multi-
focal viral replication in acinar cells
the exocrine pancreas.

Respiratory tract - Gross lesions
consisted of multifocal areas of con-
solidation, ranging from approxi-
mately 10% to 25% of affected lungs
in all 6 calves (Fig. 5). A mixed popu-
lation of bacteria, including Pas-
teurella haemolytica and Actinomyces
pyogenes, were isolated in low num-
bers from one of 2 lungs cultured
(No. 6395).

In 4 of the 6 calves (Nos. 2, 6, 7 and
2290) there was viral antigen in alve-
olar macrophages (Fig. 6). All calves
had some degree of bronchointersti-
tial pneumonia or bronchopneumonia,
however in only one calf (No. 2) was
there BVDV antigen in bronchiolar
epithelium. In another calf (No. 2290)
there was viral antigen focally in the
tunica muscularis of arterioles (Fig. 6).
Virus was not apparent in tissue from
2 of 2 nasal turbinates examined.

Figure 9. Photomicrograph of adrenal gland
calf No. 2290. Bovine viral diarrhea virus
antigen in the cytoplasm of cells in the zona
reticularis. ABC immunoperoxidase stain for
BVDV; Bar = 200 p,m.

Lymphoid tissues - In the mesen-
teric and bronchial lymph nodes, there
was a variable degree of viral antigen
that was largely confined to the
cytoplasm of macrophages in the
medullary sinuses (Fig. 7). There was
scant evidence of viral antigen in
tingible body macrophages and
intrafollicular dendritic cells in folli-
cles (Fig. 7). In the paracortex, scant
viral antigen was present in
macrophages (Fig. 7), and there was
no convincing evidence of viral anti-
gen in lymphocytes (Fig. 7). Neither
was there viral antigen apparent in
medullary B cell cords. In both the
cortex and paracortex, there was mod-
erate depletion of lymphocytes com-
pared to similar sections from clini-
cally normal calves. Viral antigen was
commonly seen focally in the tunica
muscularis of arterioles in the hilus of
lymph nodes. In the spleens of 3 of
the 7 calves (Nos. 2, 3 and 6) BVDV
antigen was present in scattered fixed
mononuclear phagocytes in the red
pulp. In 2 of the 7 calves (Nos. 2 and
6) there was also prominent staining
of mononuclear phagocytes in the
marginal zone of the spleen. There
was virtually no staining for viral
antigen in the follicles or periarterio-
lar sheaths, the B- and T-lymphocyte-
dependent zones, respectively. In the
thymuses of all 6 calves there was
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viral antigen in epithelial cells in
the cortex, and a mixed population
of large epithelial cells in the
medulla, including Hassal's corpus-
cles (Fig. 8).

Central nervous system - There
was no viral antigen nor were there
lesions apparent in representative sec-
tions of cerebral cortex, brain stem, or
cerebellum in any of the 6 calves
examined, including the one calf that
had convulsions prior to euthanasia.

Endocrine tissues - In the adrenal
glands of all 6 calves, there was mul-
tifocal immunohistochemical staining
for BVDV (Fig. 9). This was almost
exclusively in the zona reticularis,
with only an occasional BVDV-
positive, presumably neuroendocrine,
cell in the medulla. In one calf (No. 2)
there were small foci of necrosis asso-
ciated with this BVD viral antigen. In
the same calf there was focal viral
replication in the pituitary gland.
There was no evidence of viral repli-
cation in the thyroid glands of 5 of 5
calves in which this tissue was evaluated.

Urinary tract - There was no evi-
dence of BVDV antigen in the kid-
neys of these 6 calves. One calf
(No. 6395) had a focus of viral antigen
in the smooth muscle of the tunica
muscularis of the urinary bladder.

Skin - Multiple sections of skin
consisting of cutaneous and muco-
cutaneous sites were examined in
one calf (No. 6395), and multifocally,
there was viral antigen in several lay-
ers of squamous epithelium (Fig. 10)
and in hair follicles.

Controls - There were no remark-
able gross or histological lesions in
either of the sham-inoculated control
calves. Neither was there immunohis-
tochemical staining for BVDV anti-
gen in tissue sections from these
calves, nor staining with the irrelevant
control monoclonal antibody.

Positive control sections of enteric
tissue from a case of mucosal disease
had dark granular cytoplasmic stain-
ing of cells in the lamina propria and
tunica muscularis.

DISCUSSION

This BVDV type II isolate caused
severe and rapidly progressive clini-

cal disease in young seronegative
calves. There was variably extensive,
multisystemic distribution of BVDV
antigen, probably indicative of viral
replication in multiple cell types.
There were few gross or histological
inflammatory lesions. These findings
indicate that the virus can induce
severe disease, the cause of which
may not be apparent on the basis of
routine postmortem examination.
Hemorrhage, which has come to be
associated with acute BVDV type II
infections, was not a predominant
pathological finding in these calves.
Moreover, the common finding of
pulmonary consolidation could be
interpreted as enzootic pneumonia, in
which BVDV would infrequently be
considered as an etiologic agent.

Intranasal inoculation of low pas-
sage BVDV to colostrum-fed calves,
as opposed to intravenous inoculation
of infected blood (18) or inoculation
following corticosteroid administra-
tion (11), was used in this study to
approximate more closely the natural
transmission of the virus. Moreover,
these calves were of the same age as
those affected in recent BVDV epi-
demics in veal calves (3,7). The
calves in this study all developed
watery diarrhea, high fever and
pyrexia, variable anorexia, and severe
depression, beginning approximately
7 d after challenge. This is in contrast
to another recent study in which
2 noncytopathic BVDV type II iso-
lates caused mild or no disease fol-
lowing inoculation of neonatal spe-
cific, pathogen-free calves (10). The
differences in clinical presentation
likely indicate heterogeneity in viru-
lence of BVDV type II isolates and in
the clinical manifestations they pro-
duce (10,18,19); however, animal age
and management (gnotobiotic versus
conventional rearing) could also
affect clinical responses and disease
expression. These data also indicate
that the virulence of isolate No. 24515
is stable through at least 8 passages in
cell culture, as is apparently the case
with another noncytopathic type II
isolate (isolate 890) (20).
The role of acute BVDV infections

in respiratory disease in cattle is con-
troversial (3). In part, this is due to
the difficulty in differentiating acute
versus chronic (persistent) infection
in field cases in cattle, including
young calves (21,22). In recent exper-

imental infections with 2 BVDV
type II isolates, neither pneumonia
nor immunohistochemical evidence of
pulmonary infection were reported
(10). Similarly, in a previous report of
experimentally-induced acute infec-
tions, BVDV antigen was identified
only in peribronchiolar lymphoid tis-
sue and no pulmonary lesions were
noted (12). In contrast, as was the
case in the herd from which 24515
was isolated (5), calves in the present
study consistently had pneumonic
lesions at the time of necropsy. These
data support the concept that the
pneumopathogenicity, and perhaps
pulmonary target cell tropism, varies
amongst acutely infecting BVDV iso-
lates (23). However, in only one calf
in the present study could BVDV
infection of bronchiolar epithelium
account for the pneumonia. Instead,
infection of pulmonary alveolar
macrophages was apparent in most of
these calves. Our findings are further
supportive of the concept that BVDV
infection adversely affects the
immune surveillance functions of pul-
monary alveolar macrophages (PAM)
(24-26). It has been demonstrated
experimentally that BVDV infection
concurrent with Pasteurella haemo-
lytica (25) or bovine herpesvirus-I
(24) results in more severe pulmonary
disease or more extensive viral repli-
cation (BHV-1) than either of the
pathogens alone. Currently there is
only one report on the effects of
postnatal BVDV infections on lung
macrophages (26); therefore, specific
functional alterations in PAM occur-
ring with BVDV infection warrant
further attention.

Viral replication has been reported
in various lymphocyte subsets based
on immunohistochemical staining of
the blood of cattle with mucosal dis-
ease (27). Although we and others
found that type II BVDV virus can be
transiently isolated from buffy coat
leukocytes during acute infection
(5,10,18,20,28), in the present study
there was no convincing immunohis-
tochemical evidence of BVDV type II
infection of lymphocytes in lymph
nodes, spleen, nor white blood cells in
inflamed tissues. This was also appar-
ently the case in gnotobiotic calves
infected with BVDV type II isolates
of low virulence that did not cause
significant clinical disease (10).
Extensive and prolonged replication
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in differentiated lymphocytes in blood
and secondary lymphoid organs may
be a feature of persistent infection, or
could vary with the age of the animal
at the time of infection, stage of infec-
tion, or isolate of BVDV.

In contrast to the variable and often
minimal evidence of viral antigen in
secondary lymphoid organs, there was
consistently abundant BVDV antigen
in the ileal Peyer's patches and thy-
mus. Ileal Peyer's patches are critical
in B-cell development in ruminants
(29). Viral antigen was apparent in
nonlymphoid "stromal" cells in ileal
(and jejunal) Peyer's patches, in
which there was depletion of lympho-
cytes and early involution. Stromal
cells comprise subpopulations of
fibroblastic reticulum cells, dendritic
cells and follicular dendritic cells
(30). The phenotype and function of
stromal cells is poorly defined at pre-
sent, and further studies are required
to examine the apparent tropism of
BVDV for subpopulations of these
cells. Although no morphometric
analyses were conducted in these
calves, thymuses were also consid-
ered mildly to moderately depleted of
lymphocytes compared to clinically
normal calves; however, this deple-
tion was associated with apparent
viral replication in stromal cells,
not lymphocytes. Mechanisms of
lymphoid depletion, as well as poten-
tial longterm immunosuppressive
implications for calves that survive
acute infections, require further
investigation.
Changes in the leukograms of the

calves in the present study, specifi-
cally, neutropenia with a left shift to
immature forms and toxic change, is
more consistent with a peripheral tis-
sue demand for neutrophils in excess
of granulopoiesis, than with myelo-
suppression alone. However, both
mechanisms may have been contribu-
tory, as all calves had bone marrow
atrophy and, often, necrosis, as
well as pulmonary inflammation.
Depressed granulopoiesis may have
been due to direct effects of BVDV
infection in myeloid progenitor cells,
or via the indirect effect of virus-
induced cytokines (31).
The anemia in the calves in this

study was attributed to indirect effects
of viral infection, such as hypersecre-
tion of cytokines (31), in as much as
BVDV antigen was not detected in

erythroid progenitor cells. The mech-
anism of thrombocytopenia during
acute BVDV infections is unresolved.
Previously, there has been little direct
evidence of infection of megakary-
ocytes (18,28,32). However, ultra-
structural abnormalities of platelets
(33) and megakaryocyte degeneration
(34) have been reported in swine
infected with hog cholera virus. As in
another recent study (10) the presence
of viral antigen in megakaryocytes in
2 of these of calves, including one
with hemorrhages at necropsy, sug-
gests that direct infection of precursor
cells in the bone marrow may play a
role in platelet depletion, and the
resultant hemorrhagic syndrome that
is a feature of some BVDV type II
infections (18,20).
We consistently found viral antigen

in the adrenal cortex of these experi-
mentally-infected calves. Histological
changes and localization of BVDV in
this anatomical site has previously
been reported in cattle with mucosal
disease (35,36). Moreover, in the pre-
sent study, BVDV antigen was pri-
marily localized to cells of the zona
reticularis. Aside from a high degree
of vascularity, it is not apparent why
the virus has a tropism for the adrenal
gland, or cells of.the zona reticularis
in particular. There was evidence in
only one infected calf of necrosis in
foci of viral infection. If infection were
associated with hypersecretion of
adrenal corticoids, this hyperadreno-
corticism could account for some of
the hematological findings, such as
lymphopenia and marrow necrosis,
and may have contributed to clinical
disease through electrolyte imbalance.
Smooth muscle in numerous

organs, including the tunica media of
arterioles, was a common site of viral
antigen in these calves, and has previ-
ously been reported in cattle with
mucosal disease, and in aborted
fetuses and neonatal deaths (16,37).
In the present study, this immunolo-
calization occurred without any
apparent inflammatory response. To
our knowledge, replication of BVDV
in smooth muscle has not been previ-
ously recognized in animals with
acute BVDV infections.
Only one infected calf in this study

had any clinical signs referable to the
central nervous system. Aside from
small foci of viral replication in the
pituitary gland, BVDV antigen was

not found in the the brain of any of
the infected calves. This is in contrast
to the often extensive viral replication
in nervous and ocular tissues, includ-
ing ganglia in various organs, in per-
sistently infected cattle that has been
causally linked to a wide variety of
congenital defects in the nervous
system (3,27,35).
Our results are consistent with pre-

vious data indicating the tropism of
various BVDV isolates for keratinized
epithelium (10,17,27,35). There was
multifocal viral replication in squa-
mous epithelium of the oral cavity
and the forestomachs. Often this
occurred without obvious damage to
infected cells, and in the absence of
an accompanying cellular inflamma-
tory response, as has been reported in
clinically "normal," persistently-
infected cattle (27). Although BVDV
replication is reported in the skin of
cattle with mucosal disease (27), viral
replication has not been previously
reported in this organ in cattle with
acute infections.
There was little evidence of viral

replication in absorptive mucosal
epithelial cells in the small or large
intestines that could account for the
consistent diarrhea that developed
subsequent to BVDV type II infection
in these calves. Viral replication has
previously been reported in crypt
epithelium of persistently-infected,
clinically normal cattle with mucosal
disease, and, less extensively in cattle
with acute infections (10,17,27,38).
Extensive infection of enteric
mucosal epithelium with noncyto-
pathic BVDV may principally occur
in persistently-infected cattle, in
which there is often extensive extra-
cryptal replication of cytopathic bio-
types in the intestinal mucosae (38),
as well.

Aside from mild to moderate pneu-
monic lesions in all calves, there were
few gross or histological lesions to
account for the severity of clinical
disease in these calves; therefore, the
mechanisms of the clinical signs
observed, including, diarrhea, pyrexia,
and depression are unresolved. As in
previous studies of cattle with
mucosal disease, we found consistent
systemic replication of BVDV in cells
of monocyte/macrophage lineage,
including dendritic cells in lymphoid
organs. Although there are data
documenting the effect of cytokine

167



secretion on BVDV replication in
fibroblasts in vitro (39), there is virtu-
ally nothing known regarding the
effects of BVDV on the cytokine
secretory functions of infected macro-
phages, in vitro or in vivo. Virus stim-
ulated hypersecretion of cytokines (or
corticosteroids), such as interferon ox,
TNF-ox, and IL-1, could have adverse
pleiotropic physiologic (40) effects
resulting in disease similar to that
observed in these calves. This possi-
bility warrants further study, since it
would appear that the host response to
viral infection, rather than direct
effects of the virus per se, may be
responsible for clinical disease.
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