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ABSTRACT

HUNTER, P., ERASMUS, B.J., & VORSTER, J.H. 2001. Teratogenicity of a mutagenised Rift Valley
fever strain (MVP12) in sheep. Onderstepoort Journal of Veterinary Research, 69:95-98

A 5-fluorouracil mutagenised Rift Valley fever virus strain, which was shown to be attenuated and
immunogenic in cattle and sheep, was evaluated for its ability to cause teratogenic effects in preg-
nant sheep. A group of 50 sheep at various stages of pregnancy was inoculated with the virus and
the pregnancies followed to term. There were two abortions and 14 % of the lambs produced by vac-
cinated ewes showed teratogenic effects, the most prevalent being spinal hypoplasia, hydranen-
cephaly, brachygnathia inferior and arthrygryposis. The foetal malformations of the central nervous
and musculo-skeletal systems were mostly consistent with those observed in sheep vaccinated with
the attenuated Smithburn RVF strain. The teratogenic eftects of MVP12 were not seen in previous
experiments by other authors as immunisation of sheep took place in the second to third trimester

of pregnancy, when the foetal brain tissue has completed most of its cell division.
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INTRODUCTION

Rift Valley fever (RVF) is a mosquito-borne virus
disease of humans and animals. Although it is en-
demic in Africa it has the potential to spread outside
the continent and become established where the
vectors occur, as recent outbreaks in the Middle
East have demonstrated (CDC report 2000).

Vaccines available currently for immunising stock
are formalin-killed vaccines (Harrington, Lupton,
Crabbs, Peters, Reynolds & Slone 1980; Barnard &
Botha 1977; Yedloutschnig, Dardiri, Mebus, Walker
& Eddy 1981) and the live attenuated Smithburn
strain (Smithburn 1949). Both types of vaccines
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have disadvantages and therefore alternative vac-
cines have been investigated.

A RVF virus strain isolated from a human patient
was mutagenised by passaging it in the presence
of 5-fluorouracil (Caplen, Peters, & Bishop 1985).
At the 12th passage the mutagenised virus (MVP
12) was shown to be attenuated in hamsters (Rossi
& Turrell 1988) and adult mice (Caplen et al. 1985).
This vaccine was tested in pregnant ewes and said
to be non-abortigenic in sheep (Morrill, Jennings,
Caplen, Turrell, Johnson & Peters 1987; Morrill, Car-
penter, Taylor, Ramsburg, Quance & Peters 1991),
and effective in cattle on virulent challenge (Morrill,
Mebus & Peters 1997a; Morrill, Mebus & Peters
1997b). The MVP-12 strain was shown to be safe
when used as a vaccine in young lambs and pro-
tected them against challenge (Hubbard, Basker-
ville& Stephenson 1991).

Since the live attenuated Smithburn RVF strain has
been shown to be teratogenic in a proportion of
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pregnant ewes (Coetzer & Barnard 1977; Davies
1981) the MVP 12 strain was investigated more
extensively for these characteristics in this study.
Ewes at various stages of pregnancy were vacci-
nated with MVP 12 strain and allowed to carry the
lambs to term.

MATERIALS AND METHODS

Virus strain

The MVP 12 strain (ZH548-P12), prepared by the
Salk Institute (Swiftwater, PA, 18370, USA; Code
TSI-GSD 223) on MRC-5 cells, was supplied as a
freeze-dried preparation in glass vials. The freeze-
dried virus preparations were titrated in a plaque
assay on Vero cells to determine the virus titre.

Animals

Susceptible seronegative Merino type ewes were
housed under insect-free conditions throughout the
experiment.

Experimental design

The ewes were synchronised as described by Kel-
lerman, Prozesky, Schultz, Rabie, Van Ark, Maar-
tens & Lubben (1991). Rams were placed with the
ewes for 30 days, after which pregnant ewes were
identified using sonar. The ewes were then sepa-
rated into groups for vaccination at different stages
of pregnancy. Each of the five groups contained ten
animals and groups were vaccinated at 28, 35, 42,
49 and 56 days, respectively, using a vaccine dose
of 1 x 108 plaque forming units. The ewes’ temper-
atures were taken from days 2—14 and monitored
for clinical signs. Thereafter they were inspected
daily for signs of abortion or other complications.
Stillborn foetuses and dead lambs were submitted
for post-mortem examination.

RESULTS

All vaccinates seroconverted, confirming inocula-
tion with the virus (results not shown). No signs of
fever or malaise were seen in the vaccinated ewes.
However, there were severe effects on the foetus-
es in all groups, with the exception of the group
vaccinated on the 28" day of pregnancy (Table 1).
Two foetuses were aborted at 12 and 13 weeks but
were too decomposed for examination. Between
15-28 % of the total number of lambs born to each
group was affected, and 14 % of the total number of
lambs produced by all the groups. The teratogenic
effects seen in the lambs are summarized in Table
2.

DISCUSSION

The mutagenised MVP 12 vaccine strain induced a
high percentage of malformations of the nervous
and musculo-skeletal systems. Lambs of ewes vac-
cinated from 35-56 days of pregnancy were affect-
ed, while those vaccinated at 28 days were not.
The teratogenic effects were mostly similar to those
recorded in experimental work with the neurotropic
Smithburn strain as described by Coetzer & Bar-
nard (1977) who found that vaccinating nine ewes
at 42-74 days of pregnancy with the Smithburn
strain produced teratogenicity in 4 out of the 13
lambs born to the group. The lesions described in
these lambs were hydranencephaly, microen-
cephaly and arthrogryposis. MVP12 did not induce
teratogenicity in previous experiments in sheep
probably due to the fact that the sheep were 90—
110 days pregnant at the time of inoculation (Morrill
et al. 1987, 1991).

Teratogenic viruses appear to have an affinity for
rapidly dividing cells of the nervous tissue, which in
sheep foetuses occurs approximately in the first
trimester of pregnancy (Mclintosh, Baghurst, Potter

TABLE 1 A summary of the results obtained when ewes were vaccinated with MVP12 at various stages of pregnancy

Time of vaccination No. of ewes No. of lambs Abortions No. of lambs with Remarks
(days) teratogenic effects
28 9 13 - - -
35 10 19 1 3 3**
42 10 17 1* 3 -
49 10 13 - 2 —
56 11 13 - 3 —
* Foetuses too decomposed for analysis

> Death due to dystocia and stillbirth unrelated to teratology
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& Hetzel 1979). It has been shown with other tera-
togenic viruses, such as attenuated bluetongue
virus, that injection at 50-58 days of pregnancy
causes hydranencephaly, but when injected at 100
days causes only a mild encephalitis (Coetzer
1994).

Another interesting feature of the study was that in
the case of one multiple birth, one twin was affect-
ed while the other showed no teratogenic effects.
Since twinning in synchronized sheep is usually
dizygous, the difference between the twins may be
due to genetic susceptibilities to the virus which are
known to occur in other species (Peters & Ander-
son 1981). Humoral and cellular immune functions
develop fairly early in foetal lambs (Tizard 1992).

In conclusion, the MVP 12 vaccine strain appears
to have marked neurotropic characteristics and it
therefore has no advantages over the currently
used live Smithburn vaccine.

REFERENCES

BARNARD, B.J.H. & BOTHA, M.J. 1977. An inactivated Rift
Valley fever vaccine. Journal of the South African Veterinary
Association, 8:45—48.

CAPLEN, H., PETERS, C.J. & BISHOP, D.H.L. 1985. Mutagen-
directed attenuation of Rift Valley fever virus as a method for
vaccine development. Journal of General Virology, 66:
2271-2277.

CDC REPORT, 2000. Update on outbreak of Rift Valley fever—
Saudi Arabia, August-November 2000. Journal of the Ameri-
can Medical Association, 284:2989-2990.

COETZER, J AW & BARNARD, B.J.H. 1977. Hydrops amnii
with hydranencephaly and arthrogryposis with Wesselsbron
disease and Rift Valley fever viruses as aetiological agents.
Onderstepoort Journal of Veterinary Research, 44:119-126.

COETZER, J.AW. 1994. Viral teratology of ruminants, in Infec-
tious diseases of livestock with special refrence to Southern
Africa, edited by J.AW. Coetzer, G.R. Thomson & R.C.
Tustin. Cape Town: Oxford University Press: 1539— 1548.

DAVIES, F.G. 1981. Rift Valley fever in Kenya. Proceedings of
49" General session of OIE, Paris, May 1981.

98

HARRINGTON, D.G., LUPTON, HW., CRABBS, C.L., PETERS,
C.J., REYNOLDS, J.A. & SLONE, T.W. 1980. Evaluation of
a formalin-inactivated Rift Valley fever vaccine in sheep.
American Journal of Veterinary Research, 41:1559-1564.

HUBBARD, K.A., BASKERVILLE, A. & STEPHENSON, J.R.
1991. Ability of mutagenised virus variant to protect young
lambs from Rift Valley fever. American Journal of Veterinary
Research, 52:50-55.

KELLERMAN, T.S., PROZESKY, L., SCHULTZ, R.A., RABIE,
C.J., VAN ARK, H., MAARTENS, B.P. & LUBBEN, A. 1991.
Perinatal mortality in lambs of ewes exposed to cultures of
Diplodia maydis during gestation. Onderstepoort Journal of
Veterinary Research, 58:297-308.

McINTOSH, G.H., BAGHURST, K.I., POTTER, B.J. & HETZEL,
B. §. 1979. Foetal brain development in sheep. Neuropath-
ology and Applied Neurobiology, 5:103—114.

MORRILL, J.C., JENNINGS, G.B., CAPLEN, H., TURRELL,
M.J., JOHNSON, AJ. & PETERS, C.J. 1987. Patogenicity
and immunogenicity of a mutagen-attenuated Rift Valley
fever virus immunogen in pregnant ewes. American Journal
of Veterinary Research, 48:1042-1047.

MORRILL, J.C., CARPENTER, L., TAYLOR, D., RAMSBURG,
H.H., QUANCE, J. & PETERS, C.J. 1991. Further evalua-
tion of a mutagen attenuated Rift Valley fever vaccine in
sheep. Vaccine, 9:35-41.

MORRILL, J.C., MEBUS, C.A. & PETERS, C.J. 1997a. Safety
and efficacy of a mutagen-attenuated Rift Valley fever vac-
cine in cattle. American Journal of Veterinary Research, 58:
1104-1109.

MORRILL, J.C., MEBUS, C.A, & PETERS, C.J. 1997b. Safety of
a mutagen-attenuated Rift Valley fever virus vaccine for fetal
and neonatal bovids. American Journal of Veterinary Re-
search, 58:1110-1114.

PETERS, C.J. & ANDERSON, G.W. 1981. Pathogenesis of Rift
Valley fever. Contributions to Epidemiology and Biostatis-
tics, 3:21-41.

ROSSI, C.A. & TURRELL, M.J. 1988. Characterization of atten-
tuated strains of Rift Valley fever virus. Journal of General
Virology, 69:817—-823.

SMITHBURN, K.C. 1949. Rift Valley fever; the neurotropic
adaption of the virus and the experimental use of this modi-
fied virus as a vaccine. The British Journal of Experimental
Pathology, 30:1-16.

TIZARD, |. 1992. Veterinary Immunology: an introduction. 4" ed.
Philadelphia USA: W.B Saunders Company.

YEDLOUTSCHNIG, R.J., DARDIRI, A.H., MEBUS, C.A., WALK-
ER, J.S., & EDDY, G.A. 1981. Abortion in vaccinated sheep
and cattle after challenge with Rift Valley fever virus. The
Veterinary Record, 109:383-384.





