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Previous studies (1) showed that the course 
of Marek’s disease (MD), a lymphoprolifera- 
tive disease of chickens, was influenced by the 
presence of an avian leukosis virus (ALV). 
Enhanced mortality and gross tumor devel- 
opment were observed following contact- 
exposure of specific pathogen-free (SPF) 
chickens to others inoculated with Marek’s 
disease herpesvirus (MDHV) and Rous- 
associated virus type 2 (RAV-2), an ALV of 
subgroup B, compared to those exposed to 
either virus alone. RAV-2 also altered the 
response of cell cultures to MDHV (2). 
Pre-infection of chicken embryo fibroblast 
(CEF) cultures with RAV-2 rendered the 
cells resistant to MDHV focus-formation. 
This interference phenomenon was accom- 
panied by enhanced ALV complement-fixing 
antigen (COFAL) titers. 

This report presents evidence that other 
subgroups of ALV and reticuloendotheliosis 
virus (REV), an avian oncornavirus anti- 
genically unrelated to ALV (3), also affected 
the responses of chickens to MDHV. 

Materials and methods. Viruses. Three 
cell-free MDHV preparations (Figs. lA, 
1B & C, 1D) were extracted (4) from the 
feather follicle epithelium (FFE) of isolator- 
held LSI-SPF (from Life Sciences, Inc., SPF 
line) or SPAFAS (embryonated eggs, 
COFAL negative from MD-free chickens, 
obtained from SPAFAS, Inc., Norwich, Con- 
necticut) chickens at 4 weeks of age. The 
chickens had been inoculated intraabdomi- 
nally (IA) at 3 days of age with approxi- 
mately 100 MDHV focus-forming units 
(FFU) of a duck embryo fibroblast (DEF) 
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suspension infected with a Georgia isolate 
(supplied by Dr. C. S .  Eidson, University of 
Georgia, Athens, Georgia) of MDHV (5). 
Infectious ALV was not detected in the FFE 
extracts or the DEF suspension by examina- 
tion of inoculated, passaged CEF cultures. 
COFAL (6) ,  resistance-inducing factor 
(RIF) (7), and 60-70s RNA (8) assays were 
employed. Tests (9) for the presence of other 
avian viruses and microbial agents in the 
inocula were uniformly negative. 

RAV-1, RAV-2, RAV-7, and RAV-50 
(ALV subgroups A, B, C & D, respectively) 
and corresponding Rous sarcoma viruses 
were supplied (by Dr. E. H. Bernstein, 
University Labor7 >ries, Highland Park, 
New Jersey) as fluids from infected CEF 
cultures. REV (supplied by Dr. H. Bose, 
University of Texas, Austin, Texas) was con- 
centrated by ultracentrifugation after culti- 
vation in SPAFAS CEF cultures. 

Cell cultures and virus assays. CEF cultures 
(10) were prepared from 10-day-old LSI-SPF 
embryos and chicken kidney (CK) cell cul- 
tures (1 l )  were prepared from strictly quar- 
antined 10-day-old chickens. MDHV in- 
fectivity titers were determined (12) in CK 
cell cultures. MD antigen was demonstrated 
by agar gel precipitin (AGP) tests (13) with 
10% extracts of the skin and FFE in SPGA 
stabilizer (14) and chicken anti-MDHV 
serum. ALV infectivity titers (TCID50) were 
assayed by the RIF procedure. 

Chickens. The derivation and characteris- 
tics of the isolator-derived, barrier-sustained 
LSI-SPF line of chickens that was used in all 
experiments have been described (1). In- 
fectious ALV, MDHV, and other avian 
viruses or adventitious microbial agents have 
not been demonstrated in this line of chick- 
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ens. The C/O phenotype is predominant, 
although the C/B phenotype is occasionally 
detected. The chickens were hatched in a 
barrier-sustained environment and trans- 
ferred in groups of 20-40 to isolators at 3 
days of age. On the following day, the 
groups were inoculated IA with 0.2 ml of 
MDHV (100 FFU), RAV (105TCID50), or a 
mixture of MDHV and RAV. REV was 
administered at a 1/10 dilution in a com- 
parable study. SPGA stabilizer with anti- 
biotics was used as a diluent for the viruses 
and also to inoculate control groups. All 
chickens were observed daily for sympto- 
matology and mortality. An independent 
proportions formula was used in the statis- 
tical analysis of differences in mortality rates. 

Results. In a preliminary experiment, con- 
current inoculation of MDHV and RAV-2 
in LSI-SPF chickens resulted in 33% mor- 
tality by 6 weeks. No deaths occurred in the 
RAV-2 inoculated group and only 5% 
mortality among chickens that received 
MDHV. Fig. 1 illustrates similar enhance- 
ment of mortality rates in all groups of 
chickens inoculated with mixtures of MDHV 
and other oncornaviruses, compared to the 
respective groups inoculated with each virus 
alone. There were no deaths among the con- 
trols inoculated with diluent. 

Chickens inoculated with MDHV and 
RAV-1 showed 33 % cumulative mortality at 
6 weeks, whereas the mortality among chick- 
ens inocuated with each of these viruses alone 
was 6 %  or less (Fig. 1A). In similar experi- 
ments, MDHV and RAV-7 or MDHV and 
RAV-50 mixtures produced mortalities of 
83 % and 75 %, respectively (Figs. 1B and C). 
Lower rates were observed among groups 
inoculated with MDHV (44 %) , RAV-7 (5 %), 
or RAV-50 (25 %). By 16 days post inocula- 
tion 78% of the chickens that received a 
mixture of MDHV and REV (Fig. 1D) were 
dead, and the remaining six birds were mori- 
bund. In view of the early, high mortality in 
this group, as well as 52% mortality in the 
REV group, this experiment was terminated 
at 2; weeks. In the experiments with RAV- 
1, RAV-2, RAV-7, or REV, there were sig- 
nificant differences (P < 0.05) between the 
terminal cumulative mortality of the chick- 
ens inoculated with virus mixtures and the 
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FIG. 1 .  Cumulative mortality among groups of 
20-40, isolator-held LSI-SPF chickens inoculated IA 
at 4 days of age with MDHV preparations and on- 
cornaviruses. 0 - - - - - - 0 MDV (100 FFU); A---A 
RAV (lo6 TCIDm) or REV; 0--0 MDHV + 
RAV or MDHV + REV. No mortality occurred in 
diluent treated control groups. 

mortality of the respective groups inoculated 
with the individual viruses. 

Accompanying the enhanced mortality, an 
increased incidence of neurological symp- 
toms was observed in the chickens inoculated 
with mixtures of MDHV and RAV-1 or 
MDHV and RAV-2. These symptoms in- 
cluded ataxia, paresis with unilateral wing 
droop, and paralysis. 

Tests to detect the presence of MD antigen 
were performed with FFE extracts from 
chickens inoculated with MDHV alone or 
MDHV and RAV-1. ALV interfered with 
MDHV replication as evidenced by the 
frequency and the time to detection of MD 
antigen (Fig. 2). At 3 weeks after inoculation, 
none of the FFE extracts from representative 
chickens inoculated with the MDHV and 
RAV-1 combination showed the presence of 
MD antigen, whereas 60% of those that 
received only MDHV were positive. After 4 
weeks, MD antigen was detected in 50% of 
the chickens inoculated with both viruses 
and was demonstrated in all extracts from 
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FIG. 2. MD antigen (AGP test) in the FFE ex- 
tracts from isolator-held LSI-SPF chickens ionculated 
IA at 4 days of age with MDHV (100 FFU) + 
RAV-1 (lo6 TCIDbo) 0--0, or MDHV 0---0. 
Each point represents the percent incidence of MD 
antigen detected in four to five extracts. 

the MDHV group. By 5 weeks the frequency 
of MD antigen detection among chickens 
inoculated with MDHV and RAV-1 or 
MDHV alone was 25% and 75%, respec- 
tively. A summary of these data shows that, 
during the 3-5 week monitoring period, MD 
antigen was detected in 23 % of the FFE ex- 
tracts from chickens inoculated with MDHV 
and RAV-1. Over the same period, MD 
antigen was present in 79% of the chickens 
that received MDHV alone. 
Discussion. These experiments show that, 

in addition to RAV-2 (1)) other avian on- 
cornaviruses affected the responses of LSI- 
SPF chickens to MDHV. Viral enhancement 
has been demonstrated by nucleic acid 
hybridization techniques (1 5 ) .  Significantly 
higher levels of ALV-specific mRNA were 
detected in tissues from conventional 
chickens exposed to MDHV alone or 
MDHV and RAV-2 than in corresponding 
tissues from chickens exposed to RAV-2 or 
from untreated controls. 

Our data indicate that ALV (RAV-1) in- 
terfered with MD antigen production in the 
FFE. This observation is in agreement with 
the results of in vitro studies in which on- 
cornaviruses interfered with the replication 
of herpesviruses. MDHV focus formation 
was inhibited in CEF cultures preinfected 
with RAV-2 (2) and herpes simplex virus 
was restricted in cells transformed by a 

MDHV isolates have been shown to cx- 
hibit marked differences in pathogenicity for 
chickens (17). Under field conditions, 
MDHV is transmitted by chicken dander 
(18), and it was shown that enveloped, in- 
fectious virions are produced in the FFE (4). 
Electron microscopic examination of the 
FFE from chickens inoculated with both an 
ALV and MDHV revealed the coexistence 
of particles resembling oncornaviruses and 
herpesviruses ( 19). Our observations suggest 
that oncornaviruses that may be present in 
the inoculum could influence host response 
to various isolates of MDHV. 
Summary. Enhancement of mortality rates 

and symptomatology was observed in isola- 
tor-held LSI-SPF chickens concurrently 
inoculated with MDHV and avian oncorna- 
viruses (RAV-1, RAV-2, RAV-7, RAV-50, 
or REV). Interference with MD antigen 
production also was demonstrated in ex- 
tracts of the feather follicle epithelium from 
chickens inoculated with both MDHV and 
RAV- 1. 

1. Frankel, J. W., Farrow, W. M., Prickett, C. O., 
Smith, M. E., Campbell, W. F., and Group& V., 
J. Nut. Cancer Inst. 52,1491 (1974). 

2. Frankel, J. W., and GroupC, V., Nature New Biol. 
234, 125 (1971). 

3. Theilen, G. H., Zeigel, R. F., and Twiehaus, M. 
J., J. Nut. Cancer fnsr. 37,731 (1966). 

4. Calnek, B. W., Adldinger, H. K., and Kahn, D. 
E., Avian Dis, 14, 219 (1970). 

5. Eidson, C. S., and Schmittle, S .  C., Avian Dis. 12, 
467 (1968). 

6. Sarma, P. S., Turner, H. C., and Huebner, R. J., 
Virology 23, 313 (1964). 

7. Rubin, H., Proc. Nut. Acad. Sci. USA 46, 1105 
(1960). 

8. Schlom, J., and Spiegelman, S., Science 174, 840 
(1971). 

9. “Methods for Examining Poultry Biologics and 
for Identifying and Qualifying Avian Pathogens.” 
Subcommittee on Avian Diseases, Committee 
on Animal Health, Agricultural Board, National 
Research Council, National Academy of Sciences, 
Washington, D.C. (1971). 

10. Kottaridis S. D., Luginbuhl, R. E., and Fredrick- 
son, T. N., Avian Dis 12,246 (1968). 

11. Churchill, A. E., and Biggs, P. M., Nature London 
215, 528 (1967). 

12. Adldinger, H. K., and Calnek, B. W., Arch. Ges- 
variety of oncornaviruses (16). amte Virusforsch. 34,391 (1971). 



ONCORNAVIRUS INFLUENCE ON MDHV 517 

13. Chubb, R. C., and Churchill, A. E., Vet. Rec. 83, 
4 (1968). 

14. Bovarnick, M. R., Miller, J. C., and Synder, J. C., 
J. Bacteriol. 59, 509 (1950). 

15. Peters, W. P., Kufe, D., Schlom, J., Frankel, J. 
W., Prickett, C. O., GroupC, V., and Spiegelman, 
S.,  Pmc. Nut. Acud. Sci. USA70,3175 (1973). 

16. Campbell, W. F., Murray, B. K., Biswal, N., and 
Benyesh-Melnick, M., J. Nut. Cancer Znst. 52,757 
(1974). 

17. Biggs, P. M., and Milne, B. S . ,  in “Oncogenesis 

and Herpesviruses” (P. M. Biggs, G. de-ThC, and 
L. N. Payne, eds.), p. 88. International Agency for 
Research on Cancer, Lyon, France (1972). 

18. Beasley, J. N., Patterson, L. T., and McWade, 
D. H., h e r .  J .  Vet. Res. 31,339 (1970). 

19. Hirumi, H., Frankel, J. W., Prickett, C. O., and 
Maramorosch, K., J. Nut. Cancer Znst. 52, 303 
(1 974). 

Received June 23,1975. P.S.E.B.M. 1975, Vol. 150. 


