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FIG. 3. In situ hybridization of sections of BTV 11-infected kidney (a, b, and c, a single cell supporting viral replication), lung (d and e),
and retina of the eye (f and g) of a 15-day-old embryo. Magnification: a, d, and f, 40x; b, e, and g, 1,000x; c, 2,000x . Arrows indicate portions
of the 40x magnification which are enlarged in panels d and f.

ization could not be detected until 72 h after infection with
the 102.5 and 103.5 ELD50S
At 24 h, when there were no visible signs of virus-

induced lesions, infection of kidney and brain tissues was
evident with the higher concentrations of inoculum (Table
3). By 48 h, BTV could also be detected in the cells
surrounding the spinal cord and in the lung and heart. By 72
h, virus was readily detectable throughout the embryo, when
the hybridization was similar to that found in the previously
described hemorrhagic embryos. Parallel experiments with

BTV 17 gave similar results. Because of the low background
occasionally seen in the liver, it was sometimes more diffi-
cult to identify positive hybridization at the lower concen-
trations of virus, and consequently, there may have been
more BTV replication present in this organ than we have
reported at 24 and 48 h.

Detection of BTV from a field specimen. The sensitivity of
this assay in detecting viral RNA early in infection, that is,
before signs of disease, suggested that it had potential as a
diagnostic procedure to confirm BTV in field samples. Iso-
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and affected tissues earlier than the BTV 11 and 17 labora-
tory strains.

DISCUSSION

In situ cytohybridization was used to detect BTV infection
in developing chicken embryos. Since all the major organs of

BTV

EHDV

BHK-21

FIG. 4. Dot blot hybridizations of [ox-32P]dATP-labeled BTV 17
segment 3 cDNA with RNA from uninfected and BTV- and EHDV-
infected chicken embryos. Fourfold dilutions of the RNA were
added to each well, starting with 1 ,ug ofRNA in the first well on the
left.

lation of a strain of BTV had been made in our laboratory
from a blood specimen of a sheep during a 1985 bluetongue
outbreak in western Texas. Embryos infected with sheep
blood (about 3.7 ELD50s) from which the isolation had been
made were examined at 24, 48, and 72 h after inoculation or
at the time of death (Table 3). Five embryos were examined
each day. After 24 h, viral replication was detected through-
out the brain and kidneys and in a few cells of the spinal
cord. As with the laboratory strains used above, after the
second day, replication in this unmodified strain could be
detected in a number of cells in the heart and lungs, but also
in the liver. Also at 48 h, positive replication could be seen
in other tissues throughout the embryos, including the epi-
thelial cells of the intestinal mucosa (Fig. Sa and b), which
had not been found to support viral replication in embryos
infected with the laboratory strains; the retina; breast mus-
cle; tongue; and skin. Figure Sc is a 1,OOOx magnification of
an uninfected intestinal mucosa. This Texas field strain
appeared to be more virulent, since it affected more tissues

TABLE 2. Effects of time and viral concentration on
the detection of BTV infectivity

Dose Hybridizationa at time postinoculation:
(loglo ELD50) 16 h 24 h 48 h 72 h 96 h 120 h

2.5 - - - + + +
3.5 - - _ + + +
4.5 - + + + + +
5.5 - + ND ND ND ND

a After i.v. inoculation of 11-day-old chicken embryos with BTV 11.
Symbols: -, hybridization was negative in the longitudinal embryo sections;
+, positive hybridization was found in the embryo sections; ND, not done.

TABLE 3. Time that RNA was detectable after infection with
BTV serotype 11 or 17 or the western Texas field strain

Time of detection (h postinoculation)
Tissue

11 or 17a Field strain'

Brain 24 24
Kidney 24 24
Spinal cord 48 24
Heart 48 48
Lung 48 48
Liver 72 48

a Virus titer, 4.5 ELD50."Virus titer, 3.7 ELD50.

b

FIG. 5. In situ hybridization of sections of BTV field strain-
infected intestines at (a) 40x and (b) 1,000x and of uninfected
intestine at 1,000x (c).
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a longitudinal section of the embryo can be viewed simulta-
neously on a single slide, the chicken embryo was a conve-
nient model for examining the pathogenesis of BTV infec-
tion, which is known to cause congenital malformations in
the developing fetus (16, 19). The initial target organs where
replication could consistently be detected as early as 24 h
after inoculation of BTV were the brain and kidneys. Simi-
larly, congenital malformations in in utero-infected fetal
calves and sheep were also reported to be targeted to the
brain (16, 19). At 48 h after BTV inoculation of ECE, viral
infection was not only present in the brain and kidneys, but
had also spread to the spinal cord, heart, and lungs. The liver
was unquestionably involved by the third day. At the time of
death, when the lesions were extensive, viral RNA was
detected throughout the embryo. Additional tissues such as
the retina, tongue, breast muscle, intestinal villi, and skin
could also support viral replication.
Although our procedure could identify specific organs

associated with viral replication, it was difficult to define the
specific cells involved since only nuclei were counterstained.
However, the location of the positive hybridization within
tissue sections and comparisons with hematoxylin-and-eo-
sin-stained sections suggested that many cell types, espe-
cially epithelial cells, were infected. For example, the cells
lining tubules in the kidney, the retina, the epithelial mucosa
of the intestines, and external layer of the cerebellum of the
brains appeared to be highly susceptible to viral replication.
Erythrocytes or their precursors may also harbor virus but
did not appear to be major targets of viral replication, since
viral replication was detected throughout tissues, and espe-
cially in epithelial cells, rather than in luminal areas, where
high concentrations of erythrocytes are found. In addition,
target organs for viral infection did not correlate with those
organs having high concentrations of erythrocytes; that is,
the brain supported replication earlier than the liver.
Whereas the segment 3 BTV probe could not detect IBV-

or NDV-infected cells, it could detect viral RNA of the
closely related EHDV. This segment in EHDV and BTV has
been shown to have sequence homology (6), and the corre-
sponding proteins of EHDV and BTV have also been shown
to share antigenic epitopes (8). Viral replication in EHDV-
infected embryos, however, was only detected in the brain
and kidneys. Hybridization may not have been found in
other tissues either because of the low level of EHDV
replication or because of the low level of specificity of the
probe for EHDV RNA. Gross lesions or other signs of viral
infection were not detected in the EHDV-infected embryos.
The relative specificity of the probe used for EHDV RNA
was considerably less than for BTV.
Along with in situ hybridization techniques, the chicken

embryo, which is the preferred medium for unmodified BTV
isolation, was also shown in these studies to offer a potential
alternative source for rapid and sensitive diagnosis of BTV
infection. BTV from field samples can be confirmed in
infected embryos as early as 24 h postinfection and in the
absence of lesions. Since we have recently been able to
demonstrate BTV replication after only 4 h of hybridization
(unpublished observations), the procedure can be done
within an 8-h day. Therefore, the amount of time required for
confirmation of BTV can conceivably be reduced from
several weeks to 2 days.
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