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Isolation of the Bluetongue Virus from Texas Sheep—
Culicoides Shown to Be a Vector

D. A. PRICE, D.V.M., and W. T. HARDY, D.V.M.

Sonora, Teras

IN A PREVIOUS paper,® two epizoGtics (oc-
curring in 1948 and 19513 of the disease
then called *‘soremuzzle” were described
and the possibility of its being bluetongue
was suggested. Later, a similar condition
was reported in California and specimens
sent from that state to the Onderstepoort
Jaboratory in the Union of South Africa
resulted in a positive diagnosis of blue-
tongue.?

During 1952, this disease was diagnosed
on only four ranches in Texas. Then, in
mid-May of 1953, we investigated what
proved to be the beginning of another epi-
zootic. Within the following four-month
period, it had extended to many points
within the area shown in figure 1.

Since the major portion of the Texas
sheep population is restricted to those re-
gions in West Texas known as the Ed s
Plateau and the Trans Pecos, it naturally
foliows that an epizodtic involving only
sheep would be restricted to this area; but
it is of particular interest that the three
epizooties had their origins along the Rio
Grande River, which constitutes at once the
southwestern boundary of the area and the
international border. Here, the parallel of
latitude is approximately 29 degrees, and
much warmer climatic conditions prevail in

From the Texas Agricultural Experiment Station, sub-
station No. 14. Sonora, Texas.

Sincerc thanks are extended to the following persons for
assistance and advice: Dr, R. A. Alexander, Onderstepoort
Laboratories. Ondetstepoort, Union of South Africa; and
Dr. W. W. Wirth, U.S. Department of Agriculture. Agri-
Cultural Research Service, Entomology Research Branch,
SDKéion of Insect Detection and Identification, Washington,

The antibiotics for virus procedures were furnished by
Merck & Co.. Inc., Rahway, N. J

early summer than at 32 degrees 30
minutes latitude, the northern extent of
the area, Since spread of the disease is be-
lieved to depend entirely upon an insect
vector which is inactive during the winter
months, it is not strange that the outbreaks
have begun at the southe
area. All three epizoitics begun in May or
June and ferminated during one of the
autumn months,

It should he understood that in each year
the distribution of bluetongue was undoubr-
edly greater than thar shown in figure
1. We have recorded only the first-hand
information which wasg available to us
through field trips, clinical examinations,
and personal communications with veteri-
nary practitioners. county agricultural
agents, and ranchmen. Hearsay reports
would have extended the affected area to
many more West Texas counties; and, in
at least one year, the area would have ex-
tended well into a peighboring state.

ISOLATION AND PROPAGATION OF ONE
STRAIN OF THE VIRUS IN TEXAS

During the years 1950 through 1952,
blood samples from affected sheep were
collected and stored in the oxalate-phenol-
glycerine solution reported by Neitz® to
have kept bluetongue virus viable for more
than twenty-five years at room temperature.
During subsequent attempts to isolate the
agent from this preserved blood by means
of animal inoculation, the scarcity of sus-
ceptible sheep caused many of the blood
specimens to be pooled, and it was from
one such pooled specimen that a mild form
of clinical bluetongue was transmitted to
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susceptible sheep. Neitz and Riemerschmid*
have demonstrated the intensifying effect
of sunlight on the course of this disease
and the severity in this case was no doubt
influenced by the fact that the sheep were
stabled during the entire period. Stabling
could not be avoided because the work was
done during the summer months and it was
therefore necessary to guard against a field
outbreak. After a further passage in sheep,
the infective agent was passed to embryo-
nating hen eggs where it adapted readily
under the conditions to be described.

Fertile hen eggs incubated for six to
eight days at 38 C. were inoculated via the
yolk sac route with a 10-' dilution of cit-
rated infective blood in infusion broth,
with 0.5 ml. of inoculum being used for
each egg. To this and all inoculums men-
tioned hereafter, streptomycin, 12 mg. per
milliliter, was added and an incubation
period of at least ten minutes was provided
prior to inoculation of the eggs.

Since Alexander® has shown that the
bluetongue virus has an optimum growth
temperature below that which is normal for
hen eggs, inoculated eggs were incubated
in duplicate in the only two available incu-
bators, both of forced-draft type. One op-

TABLE |—Protocol to Show Propagati.
Strain of Bluetongue Virus by Ser?a'q‘PaI:s:g:
Eqgs

Results following ino

f Son
Thra:.;:

Egg
gener- Day Day Dagy  Day
ation 1 2 3 4
1 0/14 0/14 014 2/14

0/11 2/11 8/11 11711
0/12 0712 0712 11712
/12 2/12 9/12 10/12
0/6  2/6  4/6 /8
/6 0/6  0/6 1/6
06 0/6  5/6 56
0/6 16 4/6 5/6
06 176 56 576
0/8  6/8  8/8

0711 0/i1 8/11 10,11

0/5 2/5 545
0711 4711 7/1L 11
0/5 0275 4SS i5
/6 56 66

— 10712, 8/11. etc.. means 10 dead. 12 inoeaiaad:
H L1z ul .
8 dead. 11 inoculaced. erc. eed;

erated at 38 (.. the other was set for 33.6
C., but since the work was being done
during the summer months, afternoon tem-
peratures in this incubator were known to
reach as high as 36.7 C. The agent failed to
propagate at 38.0 C.. so subsequent work
was conducted at the lower, but variable,
temperatures, to which the agent became
adapted within the first few generations.

Fig. |—The incidence of bluetongue in Texas is shown by shaded counties.

' yol

e advent of autumn made possible a uni-
- gorm in¢

ubation temperature of 33.6 C. for
rial egg passages beyond the twenty-fifth.
atine egy passages were made via the
k sac route with pooled two- to four-day™
d embryos ground in a Waring blendor
and diluted 10-' with broth, 0.5 mi. of in-
oculum being used per egg. )
Iptravenous inoculation of susceptible
mbs with tenth-passage embryo emulsion
e]icited on the seventh to ninth days a
mermal reaction only (maximum tempera-
fure, 106.4 F.). Chal_lenge three weeks later
with homologous virus demonstrated im-
qunity. Inoculation of lambs with twenty-
first-passage embryo emulsion resultu_i in a
quescionahle hyperthermia only, with a
maximum temperature of 104.9 F. on the
sixth and eighth days. Immunity was again
demonstratnd by challenge with the homolo-
ous virus. Susceptible lambs which were
ipoculated with fortieth-passage embryo
emulsion exhibited even less reaction, but
geveloped an immunity that withstood
challenge by the homologous virus. (Both
of 2 controls inoculated with the challenge
material developed pronounced clinical blue-
tongue and 1 died.) Stabled sheep were
wed for the foregoing passages. Tenta-
tively, the strain just described is called the
“Sonora’ strain.

POSSIBILITY OF MULTIPLE STRAINS OR TYPES

When Dr. R. A, Alexander, director of
veterinary services for the Union of South
Africa, visited this state early in 1953, he
examined specimens which had been pre-
served from the 1951 epizodtic and stated
the opinion that the three zones of coronitis
plainly visible on one of the specimens con-
stituted evidence of the existence of as
many strains of bluetongue in Texas. Sub-
sequently, it has been our observation that
multiple zones are not uncommon, and oc-
casionally a ranchman will relate that his
flock had seemed to recover only to be af-
fected again a week or so later. New
strains are being sought within the limita-
tions imposed by the availability of suscep-
tible sheep, equipment, and personnel.

The infective agent was recently isolated
from a sheep artificially infected by means
of the vector described below and from two
field outhreaks of bluetongue approximately

40 miles from our laboratory and 50 miles
from one another. At the time of this
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Embryos which died two to four days after inocularion.
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Fig. 2—A specimen of Culicoides veriipennis
{Coquillett).

writing, each has been passaged through
several egg generations with considerable
difficulty. but since their velationship to the
Sonora strain or to one another has not
been determined, the matter of their identi-
fication and propagation will be reserved
for a future report.

SEARCH FOR a VECTOR

1t was concluded by Du Toit® that species
of the sylvanic Culicoides midge are trans-
mitters of bluetongue in South Africa, and
no other vector has since been reported.

Acting on this information, the chief of
the Animal Disease and Parasite Research
Branch requested that the Entomology Re-
search Branch niake a taxenomic survey
and biological study of this genus in the
Southwest., The work is now under way,
and the senior author, codperating in the
survey by operating a New .Jersey-type
mosquito trap near the Sonora laboratory.
has used the trap independently to make
catches of Culicoides for transmission trials
in sheep.

A description of negative trials would
serve no purpose, but on one occasion sub-
cutaneous and then intravenous injections
into stabled sheep of a broth emulsion of
Culicoides variipennis females resulted in
the production of clinical bluetongue on the
seventh day. These specimens were taken
from the trap early in the morning, identi-
fied and selected under the dissecting mi-
croscope, ground finely with ground glass
in a mortar, sterile broth added, centri-
fuged at 3,000 r.p.m. for ten minutes, and
the supernatant fluid injected fifteen min-
utes after the addition of 12 mg. of strep-
tomycin and 10,000 units of penicillin per
milliliter of fluid. The inoculum was proved
to be bacteriologically sterile.

On another occasion, a similar transmis-




sion trial resulted in a febrile reaction from
the seventh to twelfth day (maximum tem-
perature, 105.4 F.), with buccal hyperemia
the only lesion noted.

The species of Culicoides used in both
instances was by far the predominating one
at this location at the time the trials were
conducted. From a catch made in the same
light trap on an intervening night, Wirth?
identified a total of 200 (. veriipennis and
only 1 of another species, Culicoides multi-
punctatus. These two instances of trans-
mission are not claimed to be entirely con-
clusive but are deemed significant in view
of the South African work.

SUMMARY

Epizodtics of bluetongue in Texas sheep
are reported to have occurred during the
summers of 1948, 1951, and 1953.

The isolation and propagation of one
Texas strain is briefly deseribed. A lower-
than-normal incubation temperature has
been used for serial egg passages and the
agent apparently has become attenuated.

Transmission of clinical bluetongue in
sheep was accomplished by the injection of
an emulsion of Culicoides variipennis,
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Recent Epizootics

Foot-and-movth disease (aftosa) was re.
ported on February 26 in carabao on Luzop
£. L; the type of virus has not beep de.
termined. Upon request, the U.S.D.A. as.
signed Dr. C. U. Duckworth to assist in jtg
control.

Aftosa control in Me
satisfactorily; no new
in 1954,

Serapie in New York (Erie County) Wag
reported on February 15 by the U. S, D. 4,
This virus neurosis of sheep was eradicateq
in California and Illinois « year ago but hag
recently spread to Obio where contro] hy
quarantine is being attempted.

Vesicular evanthema in -4"}\'(”1-3"18.Was
verified February 12, when authoritjeg
were called by an owner who had recognizeq
the symptoms from a telecast of & U.S.D.A,
film. Before then, V. E. was confined to
California and seven northeastern states,
Arkansas is one of the four infected stateg
where cooking of garbage is not required,

i

BT pmceeding
cases have apPeareq

Hypodermic Injection Centennial

Dr. Alexander Wood, Edinburgh, wag .

the first to give, in 1853, a subcutaneous
Injection in the modern sense (Brit. M. J,
ov. 28, 1953). Twenty drops of a solution
of muriate of morphia were given to an
elderly lady suffering with neuralgia, who
could not take opium by mouth. Intravenous
injections, however, had been given through
a quill since 1657,

1953 Proceedings Book Correction

In the article, “Eviology of Chronic Respiratoty
Disease™ by H. Van Roekel and Olga M. Olesiuk,
Department of Veterinary Science, Massachusetts
Agricultural  College, Amherst, which was pre-
sented before the Section on Pouliry at the Toronto
convention, the usual abbreviation “CRD” for the
disease appeared in lower case “crd” (see pages
289-301, 1953 Proceedings Book).

It should be noted that Dr. Van Roekel checkeg
the galley proofs of the article and indicated “crd
should be capitalized in each instance, However, s
a measure of economy, the editorial department
decided that the expense of resetting about 100
lines of the article was hardly justifiable and so
the incorrect “crd” abbreviations were allowed t0
stand.

This correction notice is printed in fairness 10
the authors, whose original and correct manuscript
was edited for the printer by an inexperient
person. The editorial department greatly regrets
the circumstances.

The History of Pseudorabies in the United States
ROBERT P. HANSON, Ph.D.

Madison, Wisconsin

THE HISTORY of a disease before its ac-
ceptance as an entity is, with few excep-
tions, beyvond reach of the scientific ap-
roach. The exceptions arise from the
recognitiou of signs or ecology of disease
which are sufficiently unigque to permit
tentative diagnosis even from reports
written several hundred years earlier. The
stories which have been pieced together on
rabies and syphilis suggest the fruitfulness
of this method of “historical postmortem’
to those interested in the evolution of
disease.

Accounts of what was probably pseudorabies
during the century prior t its recognition are the
topic of this paper. Pseudorabies of cattle is a
rapidly fatal discase characterized by pruritus. The
dinical picture is usually sufficiently unique for

diagnosis based on clinical observation alone.

Aujeszky,’ a Hungarian physician and veter-
inarian living in Budapest, is credited with the
fist description of pseudorabies which he pub-
lished in 1902. He demonstrated thar a disease oc-
arring natarally in cattle, dogs, and cats was
trapsmissible to rabbits in which it produced
characteristic  signs  which terminated in death.
From that year unil 1930, some 28 papers on
pseudorabies appeared. Aujeszky's disease, infec-
tious bulbar paralysis, or mad itch as the entity
was variously called, was reported from numerous
places in Furope and Brazil, and its presence was
suspected in the United States.

Shope,* in 1931, eswablished that mad itch oc-
aring in cattde in lowa was the same as
Avjeszky's disease. In a series of papers™ ™" pub.
lished in the nexe few vears, he showed that a
mild and usually unrecognized disease of swine
was produced by the agent of mad itch or pseudo-
mbies. The virus was infectious for swine and
Passed readily through the herd. If cattle were
Pastured with infected swine, the transmission to
atle occurred through an abrasion in the skin
but the virus was not transmitted from cow to cow.
During the period 1931 to 1940, interest in pseudo-
fabies increased considerably—199 papers appeared
~but in the next decade, 1941 10 1950, investi-
Bors apparenty turned o0 other problems and
aly 60 papers on che subject were published.
In the United States, pseudorabies is known to
st in g large section of the Middlewest. The
"“’i“:, which has been isolated in Towa, Illinois,
\,Cnnsm., Missouri, and Minnesota, is probably
of O the Department of Veerinary Science, Universicy

isconsin

e NS No. 128, published with the approval of the
Goscor of the Wisconsin Experiment Station.

more common than the incidence of the overe dis-
ease would suggest. An antibody survey” made
in 1934 revealed that 21 of 23 pools of werum ob-
tained from midwestern establishments produc-
ing hog cholera antiserum  contined pseudo-
rabies neutralizing antibodies. Failure recognize
pseudorabies in cawde in other sections of the
country is not evidence of its absence. The virus
was isolated recently in four of the southeastern
states—Louisiana, Alabama, Geargia, and Florida.

As Shope stated in 1931, psendorabies had heen
present in the United States for an unknown lengih
of time. Usually known as mad itch. it was con-
sidered by many to be a forn: of hemorrhagic septi
cemia. White,"” author of a texthook of vererinary
medicine published in 1917, considered mad icch
synoaymous  with pseudorabies, bur withour ex-
perimental evidence. The Alabama outhreak, which
he cites, an instance of pruritas of hotses and mules
rerminating rapidly in death, if pseudorahies was
cerainly not typical of the mad irch of ecarlier
or later observers which usually occurred in catde,
A similar account of w faal discase of
characterized hy prurirus was reported in
by the Florida Board of Health.

Of seven hooks dealing with livestock disease
which were published in America berween 1840
and 1900, two refer o mad iwch. Mclnwsh® de-
scribed it as “dearrangement of caude present more
some vears than others” and said o be caused by
cating cornstalks. Cole' in 1847 gave the symploms
as licking and rubbing, with death in ten 10 twelve
hours.

The farm journals of that era have more in-
formation.  English’ reported o the
Agriculturist that mad iech. although uncommon
in the neighborhood, had destroyed 9 head of caulde
in Auglaize Counry, Ohio, during the last wo
weeks of September in 1857, He referred o the
general helief that it was caused by allowing carle
to eat chewed wads that hogs leave after feec ng on
erecen cornstalks but asked, if this were true, why
the discase did not kill his oeighbor's catde or any
the previous year, since running them widh hogs
was a universal practice.  His description was
typical: abrasion of the skin by rubbing that in-
creased in violence as the disease progressed and
which was associated with general byperireitability,
wwitching, bellowing, finally abrasion of the flesh,
exhaustion, and death, The latter usually occurred
less than thirty-six hours after the firse signs.
Hartzell® of Hancock County, Ilinois, another
reader of the American Agricnlturist, also took
exception to the swine hypothesis. He claimed
that the disease could not be carried by feeding
cattle with hogs because many of the beef cattle
that had been attacked in his area never ran with

mules
1914

Lmerican
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