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SUMMARY

Twelve neonate calves were repeatedly challenged with
bovine papilloma virus. All calves were initially susceptible to
bovine papilloma virus and complete resistance to challenge
occurred after the onset of fibroma regression. Fibroma
regression was not correlated with serum antibody titers to
bovine papilloma virus as measured by an immunodiffusion
assay. Fibroma regression occurred prior to the onset of
papillomatosis in 8 of the calves. In the 4 calves that had later
fibroma regression, after the onset of papillomatosis, the
fibromas regressed, but fibropapillomas continued to grow
progressively.

INTRODUCTION

BPV,2 when inoculated into the skin of susceptible calves,

produces an initial dermal fibromatosis evident at about 3
weeks, followed by epidermal papillomatosis at about 2 to 3
months after inoculation (8). There is a wide range of
susceptibility of calves upon 1st exposure to the virus and not
all calves develop mature fibropapillomas. Tumors may
spontaneously regress during any stage of development (4).

Calves exposed to BPV have partial resistance to subsequent
virus inoculation within 4 weeks, but development of
complete resistance varies from 2 weeks to 7 months after
initial inoculation. Early fibromas on resistant calves often
regress, and the growth or regression of fibropapillomas is not
related to BPV resistance (7).

The purpose of the present experiment is to examine the
relation of fibroma regression with antibody and complete
resistance to BPV. Partial resistance to the virus was not
evaluated.

MATERIALS AND METHODS

Twelve neontal calves (dairy breeds) received inoculations in
multiple sites, i.d. (0.1 ml) and by scarification, with a
high-liter BPV containing papilloma homogenate (Isolate 324),
and were challenged in 2 sites i.d. (0.1 ml) with the same
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isolate at monthly intervals until complete resistance to
challenge occurred. Five of the calves, initially challenged with
BPV, were left unchallenged for 5 months or more and then
reexposed to BPV. Serum was obtained at the time of
reexposure and 2 weeks later. SPC's (6) were induced in 2 of

the calves (1640 and 1683) by s.c. implantation of BPV-inocu
lated autogenous skin pieces.

Tumors were measured monthly and the onset of tumor
regression was determined by a measurable decrease in existing
tumor size. Periodic punch biopsies were performed under
local anesthesia. Tissues were processed by routine paraffin
embedding, sectioning, and staining with hematoxylin and
eosin.

Serum was collected from each calf at varying intervals and
stored untij use at -20Â°. Sequential antibody titers to BPV

antigen were determined using serial 2-fold dilutions of serum
with the micro-Ouchterlony immunodiffusion technique (5).
All tests were read as unknowns.

RESULTS

All of the test calves developed fibromas upon initial
exposure to BPV. However, only one-third of the calves (578,
1640, 1678, and 1683) developed fibropapillomas, or warts.
The tumor duration ranged from less than 1 month for
fibromas on some calves to over 14 months for fibropapil
lomas on other calves.

Regression of fibromas occurred during all stages of tumor
development (Tables 1 and 2). All of the fibromas on an
animal regressed simultaneously, despite their different times
of onset. The rate of fibroma regression ranged from a few
days to several weeks. Dermal fibromatosis was evident
microscopically in Calves 259 and 1641 but these tumors
regressed before they were grossly evident. Calves 233, 262,
267, 556, 1070, and 1642 developed grossly visible fibromas
that regressed before 3 months of age and prior to the onset of
papillomatosis. The fibromas of Calves 578, 1640, 1678, and
1683 regressed but tumors in the stage of papillomatosis
continued to grow (Chart 1). Fibroma regression in these
calves occurred after 3 months of age and after the onset of
papillomatosis. Regression of the fibropapillomas occurred
much later.

Regressing fibromas of all calves had an infiltration with
mononuclear leukocytes, mainly lymphocytes, which re
sembled a delayed-type hypersensitivity reaction. The infiltra
tion occurred in patchy areas, usually perivascular, and also as
a diffuse scattering throughout the tumor (Figs. 1 and 2). This
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Table 1

Fibroma regression in relation to circulating antibody and challenge immunity to BPV in
calves that developed only fibromatosis

Age
of

Calves
(mo.)0123456789101112131415Calf

233 Calf259BPV

Chai- BPV Chal-
titer lenge0 titerlenge0

+b 0+R0

R1:161:641:21:101:81:2Calf

262 Calf 267 Calf556BPV

Chai- BPV Chai- BPV Chal-
titer lenge titer lenge titerlenge0+0+0

+0
R 1:1 R- 1:1+1:64

1:64R1:32
1:4 1:81:81:321:41:128Calf

1070 Calf1641BPV

Chai- BPV Chal-

titer lenge titerlenge0

+ 0+R0
R-01:64(101:2CalfBPV

titer01:11:11:201:161:21642Challenge++R_â€”_

"Response of calf to BPV challenge.
b+, tumor growth; -, no response; R, onset of fibroma regression.

Table 2
Fibroma regression in relation to circulating antibody and challenge immunity to BPV in calves that developed fibropapillomatosis

Calf 578 Calf 1640Â° Calf 1678 Calf 1683Â°

Age of Calves
(mo.)01234567891(111121314BPVtiter01:11:81:641:161:8Challenge0 BPV tilerChallenge+e

0++

1:1++
1:2+1:4

+R-
R1:161:641:128

+1:128
R1:64BPV

titerChallenge0

+0
++1:1

+R-1:1281:161:4

+R1:8-BPV

liter01:11:11:81:641:256Challenge+++++R-

"Calves bearing SPC's.
bResponse of calf to BPV challenge.
c+, tumor growth; -, no response; R, onset of fibroma regression.

reaction was seen only in fibromas at the time of regression
and its intensity was proportional to the rate of regression.
Only the fibromas in calves bearing both fibromas and
fibropapillomas at the time of fibroma regression had the
lymphocytic infiltrate. In these calves there was no lympho-
cytic infiltration in the fibromatous areas of the fibropapil
lomas.

Precipitating antibody to BPV developed after exposure to
the virus (Tables 1 and 2). None of the calves had detectable
antibody prior to inoculation and all developed antibody after
BPV challenge. Calf 1641 showed only a weak response. The

titers rose during the time of exposure to BPV, but when 5 of
the calves (233, 556, 1641, 1642, and 1678) were kept for 5
months or more without virus challenge, the antibody levels
dropped in 4 of the calves and remained negative in Calf 1641.
Upon reexposure to a challenging dose of BPV, the calves all
showed a rapid rise in titer within 2 weeks after challenge.
Calves 1640 and 1683, with SPC's, had a steady increase in

antibody titer in the absence of BPV challenge.
Solid immunity to BPV challenge occurred, but not at a

consistent time and not related to BPV antibody levels.
Complete resistance to virus challenge occurred in all 12 of the
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Chart l . Average size of 2 fibropapillomas with progressive growth
and 2 fibromas that regressed on Calf 1640.

calves following the onset of fibroma regression (Tables 1 and
2). When fibroma regression occurred after the onset of
papillomatosis, the calves were resistant to challenge but their
fibropapillomas showed progressive growth. Immunity to
challenge was not permanent; 2 of the calves (1640 and 1678)
were again susceptible to challenge after 5 to 6 months, but
their fibromas underwent early regression.

DISCUSSION

The observation has been made that neonate calves are most
susceptible and older animals are more resistant to BPV (8).
The results of this study indicate that most if not all calves are
susceptible to BPV upon initial exposure. The difference in
susceptibility of calves is apparently due in part to the time of
the onset of fibroma regression. Calves with early regression
could be considered naturally resistant, as no tumor can be
seen. If the onset of regression is delayed, papillomatosis
occurs and fibroma regression does not influence the
fibropapilloma growth. Older animals may be more immuno-
competent, may respond earlier, and thus may not develop
warts as frequently. The finding that immune cattle may later
become susceptible to BPV has been reported previously (1).

Antibody levels to BPV occurred in response to BPV
challenge and a secondary response could be shown upon later
exposure, but antibody titer was not correlated with complete
resistance to BPV challenge. Complete resistance to BPV
challenge occurs only after the onset of fibroma regression.
This study did not try to demonstrate relative resistance to
virus challenge. The antibody levels may be sufficient to
protect against natural exposure or a low dose of BPV.
Vaccination has been shown to have a partial but not complete
protecting effect (2, 7, 9-11). Cattle develop only a weak
serum-neutralizing antibody to BPV (12, 13) and this parallels
the findings of this study.

The calves bearing SPC's (1640 and 1683) appeared to have

a continual exposure to virus as their BPV antibody titers
steadily increased, did not respond to secondary BPV
challenge, and reached higher levels than in the other calves.
Higher BPV antibody levels have been noted previously in
SPC-bearing calves (5).

Fibroma regression was characterized by lymphocytic
infiltration of the tumor. It has been shown that BPV antigen
is not normally present in the dermal fibromas (3, 14), so that

the reaction was apparently against nonviral antigen on the
tumor cells. Membrane antigen on BPV-induced fibroma cells
has been demonstrated (3) and may be the target of the in vivo
response.

Cell-mediated immunity plays an important role in host
response to neoplasia. The evidence presented in this study
suggests that cell-mediated immunity is involved in BPV
fibroma regression. Further studies are planned to examine the
BPV-induced fibroma system, using in vivo and in vitro cellular
immunity assays. Preliminary studies have revealed in vivo
transplantation immunity in calves that have undergone
fibroma regression.

In the typical bovine wart, papillomatosis does not occur
without the presence of fibromatosis and is highly restricted to
where underlying fibromatosis is present. This would explain
why papillomas do not develop when there has been regression
of fibroma before development of papillomatosis. It is not
known why fibropapillomas continue growing even though
separate fibromas in the same calf have regressed.
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Fig. 1. Section of a 2-month-old BPV-induced fibroma undergoing regression. There is dense perivascular as well as diffuse infiltration of the
tumor with lymphocytes. H & E, X 90.

Fig. 2. Note the area of fibroma cell lysis and lymphocyte accumulation (arrow) in an area of the tumor illustrated in Fig. 1. Fibroma cells have
large, oblong nuclei and infiltrating lymphocytes can be recognized by their round, dark nuclei. H & E, X 500.
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