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Introduction 

Bluetongue (BT) is an insect-transmitted, virus disease of 
domestic and wild ruminants. The disease was first described 
in South Africa, but has subsequently been recognized in a 
number of other countries, including the United States. 1, 2 

The first confirmed cases of BT within the United States 
were among sheep in California in 1952, although the disease 

. had been earlier suspected in Texas. 3, 4 The first isolate of 
bluetongue virus (BTV) from United States cattle came from 
a blood sample collected in Oregon during 1959. 5 

Serological surveys indicate BTV infection is now 
widespread within the United States, most particularly in the 
South, West and South West states. 6-8 

Bluetongue virus is a member of the family Reoviridae, 
and the prototype virus of the genus or bi virus. 9 Twenty-one 
serotypes of BTV are currently recognized worldwide, and 
serotypes I 0, I I, 13 and 17 are present in the United 
States. 10, 11 

Transmission 

Bluetongue is not contagious, rather it is usually 
transmitted by biting gnats. Culicoides variipennis is 
considered the most important vector within the United 
States. 12 Bluetongue virus must replicate within the gnat 
before it can be transmitted to a vertebrate host and after the 
gnat feeds, there follows an incubation period of some IO 
days before the gnat can transmit the virus. C. variipennis is 
able to transmit BTV from infected cattle to sheep and vice 
versa. 12 C. pallidipennis, an important vector of BTV in 
Africa and the Middle East, exhibits a distinct host 
preference for cattle rather than sheep. Infection of gnats is 
usually lifelong, in which time individual insects may feed on 
3 or 4 different hosts. Outbreaks of bluetongue in sheep 
often coincide with the peak vector season, which is usually 
late summer and fall. The gnat prospers in moist, warm 
conditions and succumbs to extremes of either cold or 
dryness. Thus outbreaks often cease after the first frost of the 
season. Shallow water contaminated with fecal material is 
favored as a breeding site for the gnat, particularly the still, 
muddy water about the margins of ponds, small streams, 
ditches, lagoons, sewage ponds, or water troughs. 

Although culicoides are very important as transmitters of 
infection in a local area, viremic animals transported over 
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long distances serve as a new source of infection when 
introduced into an area. 8 Of particular importance in this 
respect are cattle which may appear clinically normal; 
however, they may be viremic for 5 to 8 weeks. These 
infected animals if introduced into an area with a susceptible 
gnat population may readily introduce new virus or new 
viral serotypes into a susceptible population. If culicoides 
are active when the infected animal arrives, the gnats are 
available to biologically transmit virus between infected 
animals and in susceptible populations. Movement of 
animals during bluetongue season represents a very 
important means of disseminating BT infection. 

Bluetongue virus has been isolated from the semen of 
infected bulls which is a cause of concern in the artificial 
breeding industry and to bluetongue free countries that 
import bovine semen as BTV can be transmitted to non
pregnant cattle by intra-uterine inoculation of virus. i:i 
Recent studies indicate that viral shedding in semen occurs 
only during the time that the bulls are viremic. This may last 
as long as 40 to 50 days following the initial infection. 15 

Epizootiology 

BT is a seasonal infection with the limits associated with 
the activity of culicoides. 6, 8 In the southern states these 
insects may remain active for long periods, whereas the more 
northern areas, infection occurs in the late summer and fall. 
In most of California, infections begin in July and continue 
until December or until the first frost. Similar patterns of 
infection have been observed in other western states. As a 
group, cattle appear to peak out with BT infection before the 
other species. 6 Epidemiological surveys have not confirmed 
the hypothesis that cattle are the overwintering host of 
bluetongue virus.6, 8 

Of the four recognized sero-types of BTV known to cause 
infection in the U.S., serotype 11 appears to be the most con-

Acknowledgements: Supported in part by USDA/ 
APHIS Contract 12-16-5-1046; USDA/A RS Contract 58-
9A HZ-9-464 and 58-9A H X-2-653; Cal(f'ornia Cattleman's 
Assn.; Cal(/: Milk Advisory Board; USDA Special Res. 
Grant 59-2063-0-2-049-0. 

23 

0 
"O 
(D 

:::::s 

~ 
('.") 
(D 
00 
00 

0.. -· r:n 
,-+
..,; 

~ s. -· 0 
? 



sistent cause of infection. Of the total number of 278 bovine 
BT\/ isolates, serotype 11 accounts for 51 %, BTV-13, 26%; 
BTV-17, 17%; and BTV-10, 6%. In about one-third of the 
herds from which BTV was isolated, two or more BTV 
serotypes were isolated from different animals. 6 Often one 
serotype will preceed another serotype in a herd. In some 
instances 2 serotypes of virus were isolated from an animal at 
the same bleeding indicating dual infection. 40 

Infection of Cattle 
Bluetongue virus infection of cattle is important for at 

least four reasons: a) Outbreaks of I) infection and 2) clinical 
disease among infected cattle; b) Infected cattle may be 
reservoirs of BTV; c) Reproductive losses among pregnant 
cattle; d) Restrictions placed on importation and 
exportation of ruminants. In order to better define the 
biology of BT in cattle, we arbitrarily divide it into I) sub
clinical infection and 2) bluetongue disease. 

1. Subclinical Infection 
When considering the clinical signs of BT in cattle, it must 

be emphasized that most infections are inapparent. This is 
most graphically illustrated by a popular method of BT 
control employed by South African sheep farmers: Cattle 
are grazed in close proximity to sheep because Culicoides 
pallidipennis prefers to feed on cattle rather than sheep. 
Apparently this technique reduces the incidence of ovine BT 
yet cattle losses to BT are not sufficient to discourage the 
practice. 

As early as 1905 it was recognized that cattle could 
become infected with BTV, but until the descriptions of BT 
in cattle by Bekker et al in 1934, BTV was thought to 
produce overt disease only in sheep. 16 Numerous descrip
tions of disease in cattle, associated with BTV infection, have 
followed that initial report. 2, 17-2 1 In areas where BTV is 
enzootic most infections are not clinically obvious, and 
viremia and seroconversion may be the only evidence of 
infection. For instance, BTV infection of cattle in Northern 
Australia is widespread, but disease has not been reported in 
either naturally or experimentally infected cattle. BT 
infection of cattle is common in southern and western U.S.; 
however, clinical bluetongue disease is rare. 

2. Bluerongue Disease 
Descriptions of the acute BT disease in cattle include an 

initial fever and stiffness of gait, followed by hyperemia and 
subsequent ulceration of the nasal and oral cavities which is 
accompanied by profuse salivation and inanition, crusting 
and sloughing of the muzzle, dermal edema and vesicles and 
necrosis of the skin; severe coronitis and eventual alopecia. 
16, 1iu 1 Mortality is usually low but convalescence may be 
prolonged and milk production will fall or cease in lactating 
animals. A chronic ill-thrift syndrome associated with 
persistent BTV infection has been described. Bulls may have 
temporary infertility as a result of the initial infection; 
however they appear to recover with no subsequent loss in 
reproductive capacity. 

A number of other diseases of cattle may mimick BT, and 
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2 are of particular interest. Ibaraki virus, another orbivirus, 
has been associated with outbreaks of severe, bluetongue-
like disease among cattle in Japan. Mycotic stomatitis is a 
bovine disease of unknown etiology, but with clinical signs 
very similar to those of bluetongue. It also occurs most 
commonly in the late summer or fall, and outbreaks often 
cease after the first frost. Morbidity and mortality are low. 
Mycotic stomatitis has not been experimentally reproduced 
or transmitted, thus its relationship to BT is speculative. 

Adequate descriptions of necropsy lesions in cattle with 
BT are somewhat lacking, perhaps because of the low 
mortality in affected cattle. Cattle with BT that are 
necropsied may have severe ulceration throughout the nasal 
and oral cavities, trachea, udder, interdigital space and skin, 
plus irregular congestion and hemorrhage in the gastrointes
tinal tract and some parenchymatous organs. 

Studies on the pathogenesis of BT in cattle have been 
hampered by the difficulty encountered in experimental 
reproduction of the disease. The severity of disease may 
depend upon a number of factors, including the pathogeni
city of a particular virus, the host's inate susceptibility at the 
time of challenge, and environmental factors such as solar 
irradiation. 

The lesions observed in cattle with BT suggest the virus 
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has a predilection for the skin and the mucosa of the nasal 
cavity and the upper gastrointestinal tract. However the 
pathogenesis of BT has been adequately investigated only in 
species other than the bovine. For instance, lesions in 
infected deer are secondary to small vessel thrombosis and ,.g 
subsequent disseminated intravascular coagulation. 22 ,2-1 g 
Lesions in affected sheep may also be secondary to vascular ~ 

lesions. n 
(D 

In some natural outbreaks of BT older cattle are more ~ 

commonly affected than young ones. Metcalf hypothesized &. 
that BT is a hypersensitivity disease, and the disproportion- q 
ate incidence of overt disease in older animals was a 5-= 
reflection of their increased likelihood of having experienced §... 
multiple exposures to BTV. Recent studies indicate that a ~ 
hypersensitive condition can occur with BT antigens. 
Experimental evidence shows that once the sensitized cattle 
are reexposed to live BT virus of the same serotype, the cattle 
develop clinical bluetongue. The clinical signs appear to be 
the result of an IgE mediated immune disease. It has been 
possible to transfer to noninfected recipients through serum 
the skin reactive (lgE) antibody which then reacts with BT 
virus resulting in an immediate hypersensitivity. The clinical 
manifestation includes weaping, ulcerative dermatitis, 
vesicular and ulcerative lesions of the oral cavity, coronet, 
and stiffness and lameness. 

b) Virus Reservoir 
Cattle have been proposed to be a reservoir host for BTV 

for a number of reasons : viremia is often prolonged in 
infected cattle; Some experimental cattle infected with BTV, 
may develop prolonged infections; the majority of infected 
cattle exhibit no clinical signs of disease and mortality is 
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usually minimal.24 

Viremia 
The virus is cell associated during viremia. Pini et al 

concluded that bloodborne virus was associated with the 
buffy coat rather than plasma, and found the spleen and 
mesenteric lymph nodes to be the organs most suitable for 
virus isolation. 25 Luedke found that washed erythrocytes 
contain 10 to 100 times more virus than an equal volume of 
cells from the buffy coat, and the plasma contained signifi
cantly less virus than either cell fraction. 26 Often when BTV 
was isolated from red blood cells taken from cattle, it could 
not be isolated from buffy coat, cells or plasma in the same 
blood sample. There is little agreement among investigators 
as to the duration of viremia in infected cattle, but to some 
extent this may reflect the sensitivity of the different 
methods used for virus isolation. Viremia is often prolonged 
lasting as long as 50 to 70 days. 24 

The process responsible for clearance of BTV from 
infected cattle is yet to be defined. Antibody alone is 
apparently unable to clear the virus, because infectious virus 
and its specific neutralizing antibody may coexist in the 
blood of infected animals for prolonged periods. Luedke 
suggested that virus circulates in a site protected from 
antibody. 24,26 It is not known if virus that is associated with 
red blood cells is absorbed to the red cell membrane or has 
an intraerythrocytic location, as does Colorado tick fever 
virus which is also an orbivirus. 

Identification of the specific response that enables 
infected cattle to clear BTV, is a prerequisite to the 
development of a logical method of prophylaxis. 

Persistent Infections 
Luedke et al reported that co_ws inoculated with BTV at 5 

or 7½ months of gestation give birth to calves with BTV 
specific antibody, although virus and antibody did coexist in 
the blood of some calves at the time of birth. 27 , 28 However, 
infection of pregnant heifers at gestation day 60 or 120 
subsequently lead to the birth of some calves that were 
persistently infected with BTV and apparently immunolo
gically incompetent to BTV. 27 Unfortunately it is not known 
at what stage of gestation virus actually crossed the placenta 
and infected the fetuses. Feeding of C. variipennis on a 
persistently infected bull was sometimes associated with a 
dramatic rise in the titer of circulating virus. Such an animal 
would be an ideal reservoir of BTV, available to vectors 
whenever they emerge after periods of adverse climatic 
conditions. However, attempts by others to experimentally 
reproduce similar infections have not been successful. 15 It is 
not known if persistently infected cattle that are immunolo
gically tolerant to BTV occur in nature because in extensive 
surveys virus isolations have not common!y been made from 
cattle in spring, when persistently infected cattle might be 
expected to shower virus after exposure to the increasing 
gnat populations that appear at that time. 6,x Further, fetuses 
exposed to BTV in early gestation during the BT season 
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would be delivered in Spring, and BTV has not been 
commonly isolated from Spring calves. 

c) Reproductive Losses 
Infection of pregnant cattle with BTV has reportedly 

caused fetal malformation or abortion, however the 
spectrum of such fetal aberrations has not been adequately 
defined and their significance is unresolved . Natural BTV 
infection of 2 pregnant cattle was associated with abortion of 
I animal and malformation of the fetus born to the second. 29 

Experimental BTV, serotype 13, infection of 60 and 120 day 
pregnant heifers lead to abortion or mummification of 2 
fetuses and malformations of fetuses born to some of the 
others. Abortion has also followed infection of cattle in an 
advanced stage of pregnancy, but in this outbreak virus 
isolation was not reported from aborted fetuses and 
abortion can be a sequalae of maternal viral illness rather 
than infection of the fetus. In view of the very limited 
number of reported instances in which abortion has been 
associated with proven BTV infection, the role of BTV in 
bovine abortion must be considered as dubious until more 
comprehensive studies are undertaken. 

Bluetongue virus has been incriminated as a cause of 
hydranencephaly in the bovine, following either direct fetal 
inoculation or after transplacental transmission of virus in 
the course of natural infections of pregnant cattle. 30 The 
lesions in the brains of term calves might sometimes be 
mistaken for a non infectious hydrocephalus, however the 
real incidence of BTV-infected hydranencephaly is 
unknown. Of considerable significance is the fact that calves 
affected with hydranencephaly would not survive and thus 
they could not function as virus reservoirs in nature, even if 
they were born persistently infected. Thus hydranencephaly 
and prolonged persistent infection are mutually exclusive 
potential sequelae of infections in early gestation. 

A number of other teratogenic defects have inconsistently 
been attributed to BTV infection in utero. 28 Malformations 
described include arthrogryposis, agnathia, prognathia, and 
gingival hyperplasia. However these lesions were mild and 
their relationship to BTV infection is somewhat speculative. 
The condition described as gingival hyperplasia is a 
consistent, normal finding in newborn calves. 

The influence of BTV infection on early embryonic 
mortality is an area that requires investigation. Preliminary 
research in this laboratory suggests that BTV-serotypes I 0, 
13, and 17 cause hydranencephaly if infection occurs 
between 85 and 125 days gestation. If BTV does cause 
embryonic loss its effects are likely to be subtle and seasonal. 
If BTV caused any dramatic embryonic mortality, obvious 
differences in fertility would be expected between BTV 
endemic and non-endemic areas during the U.S.'s BT season 
of late summer and fall. 

Diagnosis of Bluetongue Virus Infect ion 
The diagnosis of BT infection is difficult because the 

clinical syndrome is poorly defined and it is often confused 
with clinical bovine virus diarrhea (BYD) and infectious 
bovine rhinotrachectis (IBR). The most definitive means of 
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diagnosing infection is by virus isolation : collection of 
heparinized blood samples, which are then refrigerated 
during shipment to the la boratory is the best means of 
isola ting virus. These samples are then inoculated into 
embryonating chicken eggs . 31, 32 Identification of BTV by 
either fluorescent antibody with anti BTV serum or 
serotyping of the specific viral isolates on tiss ue culture 
confirm the viral isolates as BTV. 

Serological tests are used to identify those animals that 
have been exposed to BTV a ntigens; however it does not 
indicate that the animals are infected. In one study, 40% of 
the cattle from which BTV was isolated did not have demon
strable agar gel precipitating antibody. 6 In those instances 
where se rum samples were collected a few weeks la ter , most, 
but not all o f the cattle se roconverted. 

The most useful serologic tests a re those that identify the 
group specific antigens of a ll 2 l serotypes and on occasion to 
epizootic hemorrologic di sease virus (EH D). These tests are 
the l) bluetongue immunodiffusion test (BTI D) which is a 
modification of the 2) micro agar gel immunodiffusion test 
(AG ID or AG D), 3) the complement-fixation test (CF) and 
4) the enzyme-linked immunosorbent assay (ELISA) _:LU 7 

Either the BTID and / or CF test results are the principle tests 
res ult s that are accepted by most countries of the world 
which import ruminants. Cattle may maintain AG ID 
antibodies for varying lengths of time. In our experimental 
studies where only one exposure to BT virus was known to 
occur, demonstra ble a ntibodies lasted from 6 to 20 weeks. In 
a few instances BTI D antibodies were transient , lasting only 
one we e k. On th e other hand cattle followed in 
edidemiolog ic studi es remained BTID positive for 3 years. 

CF and ELISA tests are for antibodies to group 
antigens. 35, 36 The CF test does not appear to be as sensitive 
as the BTID a nd therefore it is not used as frequently as the 
BTID. -' 4 The ELISA test has the potential of developing into 
a useful quantit a tive test can be used to identify antibodies to 
group a ntigens.-17 

Neutraliz ing antibodies a re specific for the serotype of 
virus ca us ing infection. -'x, 39 There maybe a limited degree o f 
cross reactivity ; however serotype specific a ntibodies a re 
highest to th a t viru s cau s ing infection. Neutrali z ing 
antibody tes ts can be used to get an impress ion of the 
serotypes of virus active in a group of cattle at any one time. 
These antibodies las t much longer than the BTID and CF 
antibodies. 

Control 

Control of BT infection is difficult s ince no vaccines ex ist 
for ca ttle. Th e modified live v irus vaccines available for use 
in sheep should not be used in ca ttle. 

The best means of controlling infection in cattle is through 
control of the culicoides vector. This can be accomplished by 
frequent application of larvicides to water sources such as 
ponds, lagoons, etc. Variation oflagoon or pond water levels 
at weekly intervals will reduce the breeding sites of the 
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culicoides. Application of insecticides at weekly intervals to 
cattle may reduce an insect population sufficiently so that 
the infection rate is reduced. 

References 
I. Anomyo us: Report o r cattle and shee p disease co mmiss io n. So uth Afri ca 
16:189. 1876-1 877. 2. Bow ne . . I. G .. Lued ke, A . .J . a nd .J ochim. M.M .: 
Blueto ngue of shee p a nd ca ttle: Pa_st. prese nt a nd future. JA VM A. 
151 : 1801 - 1803. 1967. 3. Mc Kercher. D. G .. McGowa n. B .. Howa rth . . I.A . 
and Sa it o, J .K.: A prelimin ary report on the iso la ti on a nd id entifi cati on of 
the bluetongue virus from shee p in Ca lifo rni a . .J AVMA 122: 300-301 . 
1953. 4. Ha rd y. W.T. and Price . D.A.: So remu n. le of shee p. J AVM A 
120:23-25. 1952. 5. Rey nolds . G. E.: C linica l as pects of bluetongue in 
Orego n cattle. Proc. Soc . Mtg. USA HA. 75:74-79. 1972. 6. Osburn . 8 .1.. 
McGowa n. B .. Heron . B .. el al: Epi rno ti ologic stud y of blueto ngue: 
Viro logic a nd sero logic res ults . Am. J . Vet. Res. 42:884-887. 198 1. 7. 
Metca lf, H.E .. Pea rso n . .J .E. a nd Klin gs porn . A. L. : Bluetongue in cattl e: A 
se rologic survey o f" sla ughter ca ttle in the Unit ed States. Am . .J . Vet. Res. 
42: 1057-106 1. 198 1. 8. Stott .. I. L.. Else, K.C.. McGowa n. B. e l al: 
Epi rno ti ology of bluetongue virus in wes tern United States. Proc. Ann . 
Mtg. US AHA 85:170-1 80. 198 1. 9. Murphy. F.A .. Bo rd en. E. C.. Shope. 
R.E. a nd Harriso n. A .K.: Phys iochemica l and morph ologica l rela ti onship 
of some arthropod-borne viruses to bluetongue virus - a new taxonomic 
group : Electron mi crosco pic studies . .I . Ge n. Vi ro l. 13 :273-288. 1971. 10. 
Verwoe rd . D.W .. Huisma ns. H. a nd Erasmu s. 8 . .1 .: Orbi vi ruses. In : H. 
Frae nk el-Conrat a nd R. R. Wagner (Eds) . Newly C ha racteri zed Vertebra te 
Viruses. Plenum Press . New Yo rk. N.Y .. pp . 285-345. 1979. 11. Ba rber. 
T. L.: Te mp oral a ppea ra nce. geogra phic distributi o n a nd spec ies o f o rigin 
o f bluetongue virus serotypes in th e Unit ed States. Am . .J . Vet. Res. 
40:1654-1 656. 1980. 12. Lued ke. A . .J . .J o nes. R.H . a nd .J ochim, M.M.: 
T ransmissi on o f bluetongue between sheep a nd ca ttle by Culicoide., 

1·ariipen11i.1. Am . .I . Vet. Res. 28 :457-460. 1967. 13 . Luedk e, A. J .. .J o nes, 
R.H. a nd Walt on. T.E .: Overwinterin g mec hanism fo r blueto ngue virus: 
Bi o logica l recove ry of la tent virus fro m a bov ine by hites of" Culico ides 
1•ariitJennis. Am . .J . T Med. a nd Hyg. 26:3 13-325. 1977. 14. Neve l! . E. M.: 
Ca ttl e a nd Culico ides hiting mid ges as possible ove rwinterin g hosts of 
bluetongue viru s. Ond erstepoo rt .I . Vet. Res . 38:65-72. 1971. 15. Bowe n, 
R.A . Persona l Co mmunicati on. 1982. 16. Bekk er, .I. G .. DeKoc k. W. and 
Quinla n. J .B.: The occurrence a nd identi fica ti on of bluetongue in cattle -
Th e so-ca ll ed pse ud o-foo t-a nd -m o uth di sease in So uth A fri ca. 
Onderst epoo rt J . Vet. Sci. Anim . I ndust. 2: 393-507. 1934. 17. De Kock. G .. 
DuTo it , R. M. a nd Ne it z W.O.: O bse rva ti ons on hlu eto ngue in ca ttle a nd 
shee p. Onderst epoo rt .J . Yet. Sc i. 8: 129- 180. 1937. 18. Maso n. J .G. a nd 
Ne it z. W. O.: Erosive stomatitis of cattl e. O nd erstepoo rt J . Ye t. Sci. 15 : 149-
157. 1940. 19. Rey nolds. G.E.: C linica l aspects of bluetongue in Orego n 
ca ltle. Proc. Ann . Mt g. USA HA 75 :74-79. 1972. 20. Bow ne. J .G .. Luedk e, 
A . .J .• J oc him . M.M. and Metca lf. H.E. : Blueto ngue disease in cattl e. 
.I A VMA 153:662-668. 1968. 2 1. Metca lf. H. E .. La mme. J . a nd Bea l. Y.C.: 
Es tim ate of in cid ence a nd direct eco nomic losses du e to bluetongue in 
Miss issippi ca tt le during 1979. Proc. 84th Mtg. USA HA. 186-202. 
1981. 22 . Sta ir. E.L.. Ro hinso n. R.M. a nd J o nes. L. P.: Spontaneo us 
hluetongue in Texas wh ite-tailed deer. Path . Vet. 5:164-1 73. 1968. 23. 
Yosdin gh. R.A .. T ra iner. D. P. a nd Eas terd ay . B.C.: Ex perim ental 
bluetongue disease in whit e-t a iled dee r. Ca n. J . Co mp . Med. Vet. Sci. 
32:382-387. 1968. 24. Luedk e. A. J .. J ochim. M.M. a nd J ones. R.H.: 
Blueto ngue in ca ttle: viremi a. Am. J. Vet. Res. 30:5 11-5 16. 1969. 25. Pini . 
A.: A stu dy o n the path oge nes is of bluetongue: Replicati o n of th e virus in 
the o rga ns of infected shee p. O nd erstepoo rt J . Vet. Res . 43 : 159- 164, 1976. 

26. Luedk e. A.J .: D istribution o f virus in blood co mp onent s durin g 
vire mi a of hlueto ngue. Proc. US An H Assoc. 74:9-2 1, 1970. 27. J oc him. 
M. M .. Luedk e. A.J . a nd Chow. T.L.: Bluetongue in cattle: lmmunoge ni c 
a nd clinica l res ponses in ca lves inocul ated in ut ero a nd a ft er birth . Am. J . 
Vet. Res . 35 :5 17-522. 1974. 28. Lued ke. A . .J .• J oc him. M.M. a nd J ones. 
R. H.: Bluetongue in cattle: Eff ects of culico ides wJriipenni.,· tra nsmitted 
bluetongue virus on pregnant heifers a nd their calves. Am. J. Vet. Res. 

27 

0 
'"O 
(D 

~ 

~ 
(") 
(D 
00 
00 

0.. ...... 
00 
,-t,-
'"i 

~ 
~ ...... 
0 p 



38:1687-1695, 1977. 29. McKercher, D.G., Saito, J.K. and Singh, R.V.: 
Serologic evidence of an etiologic role for bluetongue virus in 
hydranencephaly of calves. JAVMA 156: 1044-1047, 1970. 30. Richards, 
W.P.C., Crenshaw, G.L. and Bushnell, R.B. : Hydranencephaly of calves 
associated with natural bluetongue virus infection. Cornell Vet 61 :336-348, 
1971. 31. Goldsmit, L. and Barzilai, E.: An improved method for the 
isolation and identification of bluetongue virus by intravenous inoculation 
of embryonating chicken eggs. J. Comp. Path. 78:477-487, 1968. 32. 
Foster, N.M. and Luedke, A.J. : Direct assay for bluetongue virus by 
intravascular inoculation of embryonating chicken eggs. Am. J. Vet. Res. 
29:749-753 . 33. Pearson, J .E. and Jochim, M .M .: Protocal for the 
immunodiffusion test for bluetongue. Proc. Ann. Mtg. Am. Assoc. Vet. 
Lab. Diagnosticians . 22:463-471, 1980. 34. Jochim, M .M.: Improvement 
of the AG P test for bluetongue. Proc. Ann. Mtg. Am. Assoc. Vet Lab. 
Diagnosticians. 19 :361-373, 1976. 35. Robertson, A., Appel , M., 

28 

Bannister, G.L. et al: Studies on bluetongue. IV. Complement-fixing 
activity of ovine and bovine sera. Can. J. Comp. Med. Vet Sci. 29: 113-117, 
1965. 36. Pearson, J.E., Canbrey, E.A. and Gustafson, G.A.: Bluetongue 

virus in cattle: Complement fixing antibody response and viremia in 
experimentally infected animals. Proc. U.S. An. Hlth. Assn. pp . 524-531, 
1974. 37. Mannings, J.9. and Chin, M.F.: Bluetonguevirus: Detection of 
viral immunoglobulin G by means of enzyme-linked immunosorbent assay. 
Curr. M icrobiol. 4:381-385 , 1980. 38. Thomas, F .C. and Trainer, D.O.: 
Bluetongue Virus. (I) In pregnant white-tailed deer (2) A plaque reduction 
neutralization test. J . Wild!. Dis. 6:384-388, 1970. 39. Jochim, M.M. and 
Jones, S .C.: Plaque neutralization of bluetongue virus and epizootic 
hemorrhagic disease virus in BHK-21 cells. Am. J. Vet Res . 37:1345-1347, 
1976. 40. Stott, J .L. , Osburn, J.I. and Barber, T.L.: Recovery of dual 
serotypes of bluetongue virus from infected sheep and cattle. Vet. Micro . 
7: 197-207. 

THE BOVINE PROCEEDINGS-No. 15 

0 
"'O 
(D 

~ 

~ 
(") 
(D 
00 
00 

0.. ...... 
00 
.-t-
'"i 

~ 
~ ...... 
0 p 



How you and Ralabol can help cattlemen 
improve their management programs. 
You know most cattlemen could profit from a 
better health care program. And you'd like to 
supply it to them. 

But you can't make much progress if you're 
only called in on an "as needed" basis. 

Recommending Ralabol can help. 
Ralabol is the only implant cleared for 

both steers and heifers at any stage of growth. 
Recommending a systematic program of 

Ralabol implants every 65 to 100 days does 
more than give your clients up to an extra 35 

pounds of gain per head. 
It also gives you the opportunity to serve 

them as a consultant on a continuing basis as 
part of a sound cattle management program. 

Talk to your veterinary distributor or write 
Brae Laboratories, Box 266, Terre Haute, IN 
47808. Or call toll free 1-800/457-0851 or 
1-800/457-0871. 

Find out how much Ralabol can do for 
the growth of your services. 

RALABOt 
Anabolic Agent 

~ The Quality of Life,, 
Brae Laboratories of 
International Minerals 
& Chemical Corporation 
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