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Specificity of Avian Leukosis Virus-Induced Hyperlipidemia
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Rous-associated virus 7 (RAV-7) is a subgroup C avian leukosis virus which does not transform cells in
vitro or carry an oncogene. When injected into 1-day-old hatched chicks, RAV-7 causes a low incidence of
lymphoid leukosis after a latent period of several months. In contrast, infection of 10-day-old chicken
embryos with RAV-7 leads to a disease syndrome characterized by stunting, obesity, atrophy of the bursa
and the thymus, high triglyceride and cholesterol levels, reduced thyroxine levels, and increased insulin
levels (Carter et al., Infect. Immun. 39:410-422, 1983; J. K. Carter and R. E. Smith, Infect. Immun. 40:795-
805, 1983). Histopathological examination of tissues from affected chicks revealed an accumulation of lipid
in the liver and an extensive infiltration of the thyroid and pancreas by lymphoblastoid cells. In the present
investigation, the subgroup specificity of this syndrome was investigated. Other subgroup C avian leukosis
viruses (transformation-defective B77, transformation-defective Prague C strain of Rous sarcoma virus, and
RAV-49) caused stunting, infiltration of the thyroid and pancreas, increased liver weights, decreased
thyroxine levels, and increased insulin levels, but they did not cause a uniform, profound increase in
triglyceride and cholesterol levels. Avian leukosis viruses of subgroup A {myeloblastosis-associated virus 1
causing osteopetrosis [MAV-1(0)] and RAV-1}, subgroup B {MAV-2(0), MAV-2 causing nephroblastoma
[MAV-2(N)], and RAV-2}, subgroup D (RAV-50), and subgroup F (ring-necked pheasant virus and RAV-61)
did not cause a syndrome identical to that induced by RAV-7. All of the viruses examined induced some
stunting and a reduction in thyroxine levels which correlated with the stunting. The two subgroup F viruses
caused an infiltration of the thyroid which may have been secondary to severe lung involvement. We
conclude that the RAV-7 syndrome is unique, particularly in the induction of a hyperlipidemia.

Avian retroviruses are classified into five subgroups based
on susceptibility of chicken cells, interference, and neutral-
ization (35, 36). Subgroup classification is a function of the
envelope glycoproteins encoded by the viral env gene.
Nonpathogenic endogenous viruses have been compared
with exogenous and recombinant avian leukosis viruses to
examine the correlation of subgroup with a variety of viral
characteristics, including host range (35), growth rate (34),
and definition of the host target cell for transformation by
avian leukosis viruses in vivo (26, 27, 29). The conclusions of
these studies are that regions of the viral genome near the
env gene are involved in determining host range and growth
rate but that they do not appear to influence the selection of
a particular target for transformation.
Avian leukosis viruses are capable of inducing nonneo-

plastic disease in chickens, including anemia (23, 31), immu-
nosuppression (32), and secondary hyperlipidemia as a result
of endocrine dysfunction (5, 7). These diseases appear after
a short latent period. Although some association with a viral
subgroup is made in the appearance of anemia (31), the
further correlation of a specific disease and a specific
subgroup of avian leukosis virus has not been made.
The present study was initiated to examine the subgroup

specificity of a virus-induced stunting and obesity syndrome
in chickens. The results presented here establish that sub-
group C avian leukosis viruses induce a lymphoblastoid
infiltration of the thyroid and pancreas. This condition was
uniquely induced by subgroup C viruses and was not in-
duced by subgroup A, B, D, or F. The results suggest an
involvement of the virus envelope in a specific nonneoplastic
disease induced by avian leukosis viruses.
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MATERIALS AND METHODS

Viruses. The subgroup C viruses used in this study were
transformation-defective B77 (tdB77), td Prague C strain of
Rous sarcoma virus (tdPrC), Rous-associated virus 49
(RAV-49), and RAV-7. RAV-7 was endpoint purified three
times before use. All subgroup C viruses were grown in
chicken embryo fibroblasts, and titers of the supernatant
stocks were determined before storage at -70°C. Viruses
from various subgroups included two from subgroup A
{myeloblastosis-associated virus 1 causing osteopetrosis
[MAV-1(0)] and RAV-1}, three from subgroup B {MAV-
2(0), MAV-2 causing nephroblastoma [MAV-2(N)], and
RAV-2}, one from subgroup D (RAV-50), and two from
subgroup F (ring-necked pheasant virus [RPV] and RAV-
61), as well as the subgroup C virus RAV-7. All virus stocks
except MAV-1(0) were supematant fluids from infected
chicken embryo fibroblasts. MAV-1(0) was serum passage 3
of biologically purified stock. Titers of the stocks were
determined in chicken embryo fibroblasts, and the titer was
indicated by plaque formation or the use of antisera to viral
p27 in a fluorescent-antibody technique. The origin of the
viruses and their subgroup designations are shown in Table
1.

Chickens. Fertile eggs from the experimental inbred SC
White Leghorn line were obtained from Hyline Internation-
al, Dallas Center, Iowa. Ten-day-old chicken embryos were
inoculated by intravenous injection of a chorioallantoic vein
(1). Subgroup C viruses were used at 102 infectious units per
embryo in 0.1 ml of fluid. This virus dose of RAV-7
reproducibly induced disease in chickens (7). The study with
five subgroups used 104 infectious units per embryo in 0.1 ml
of fluid. The use of two levels of viral inoculum did not affect
the results. After infection as embryos, chickens hatched
with an efficiency of 53 to 100%. Chickens infected with
different viruses were hatched and housed by subgroup in
isolation rooms of the Animal Laboratory Isolation Facility
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TABLE 1. Virus strains used

Strain Subgroup Source Reference

MAV-1(0) A R. E. Smith 30
RAV-1 A R. E. Smith 22
MAV-2(0) B R. E. Smith 30
MAV-2(N) B R. E. Smith 37
RAV-2 B R. E. Smith 22
RAV-7a C C. Moscovici 12
tdB77 C C. Moscovici 33
tdPrC C R. E. Smith 33
RAV-49 C P. K. Vogt 12
RAV-SO D P. K. Vogt 2
RPV F P. K. Vogt 16
RAV-61 F H. H. Hanafusa 18

a Bryan standard strain-associated virus.
b Schmidt-Ruppin-associated virus.

of the Duke University Medical Center, Durham, N.C.
Uninfected chickens were hatched and reared in a separate
room of the same facility. There were 6 to 12 chickens per

experimental group.
Fertile eggs from the obese chicken line (OS), type B'Bl,

were obtained from R. K. Cole, Cornell University, Ithaca,
N.Y. OS chickens were hatched and housed separately from
the infected SC chickens in the isolation facility.

Histological examination. At predetermined intervals,
chickens were fasted for 12 h and sacrificed by exsanguina-
tion via cardiac puncture. Body weights were determined,
and livers were removed and weighed. Sections from the
liver, pancreas, and thyroid were fixed in 10% buffered
Formalin, dehydrated, embedded, sectioned, and stained
with hematoxylin and eosin or methyl green pyronin. All
histological sections were prepared by Experimental Pathol-
ogy Laboratories, Inc., Raleigh, N.C.

Clinical chemistry. Levels of triglyceride and cholesterol
in serum were determined by procedures previously de-
scribed (5).
Hormone assays. Cornpetitive radioimmunoassay determi-

nation of thyroxine (T4) and insulin in serum was performed
as previously reported (7). Determinations for a single time
point were run on one assay so that a direct comparison of
control and experimental levels could be made.

RESULTS

Subgroup C virus-infected and OS chickens. To determine
whether all subgroup C avian leukosis viruses induced a

similar disease syndrome, chickens were infected with 102
infectious units of tdB77, tdPrC, RAV-49, or RAV-7 as 10-
day embryos. Chickens were necropsied and examined at
10, 20, 30, and 45 days posthatch (dph).

Histology. At 10 dph, all of the thyroid tissues from
subgroup C virus-infected chickens were infiltrated with
mononuclear cells which had large nuclei and prominent
nucleoli. The infiltrating cells appeared to be lymphoblas-
toid. The extent of infiltration varied from 25 to 75% of the
tissue (Table 2). The intact follicular epithelial cells were
squamous to cuboidal, and the colloid lacked a uniform
appearance. Involvement of the pancreas varied from slight
(an increased density of islet cell nuclei) in tdB77- and tdPrC-
infected chickens to severe (degeneration and infiltration of
islets) in RAV-49- and RAV-7-infected chickens. The livers
from all virus-infected chickens exhibited a mild, focal
lymphocytic infiltration. Uninfected hatchmates showed no

changes, whereas OS chickens showed mild vacuolization of
the thyroidal colloid.
By 20 dph, the thyroids from all subgroup C virus-infected

chickens and OS chickens contained extensive lymphoid cell
infiltration, and germinal center formation was prominent in
all by 30 dph. The infiltrating cell at 30 dph appeared to be
more mature, and an increase in staining response to methyl
green pyronin was noted, which was an indication of the
presence of plasma cells. The presence of plasma cells was
more pronounced in the thyroids of OS chickens. Pancreata
at 20 and 30 dph showed marked infiltration, with germinal
center formation in all subgroup C virus-infected chickens.
The OS chickens showed no histological alteration in the

TABLE 2. Histology summary for subgroup C avian leukosis viruses

Histology" of the organs at dph:

Virus 10 20 30

Thyroid Pancreas Liver Thyroid Pancreas Liver Thyroid Pancreas Liver

Control NRL NRL NRL NRL NRL NRL NRL NRL NRL
tdB77 1-3+; colloid 1+; pycnotic Focal hepatitis 2+ 4+; germinal Focal infiltra- 4+; germinal Pancreatitis Fatty

not uniform nuclei centers; tion centers
degenera-
tion

tdPrC 3+ Pycnotic Focal hepatitis 1-3+ 2+; germinal Slight fat 3-4+; 2-4+; Fatty
nuclei centers germinal germinal

centers centers

RAV-49 2+ Pycnotic Focal hepatitis 2-3+; ger- 2+ Slight fat; 2-4+; germi- 3-4+; ger- Fatty
nuclei minal ductile pro- nal centers minal

centers liferation centers
RAV-7 1-2+ 2+ Focal hepatitis 2-4+ 2+ Slight fat; 4+; germinal 3-4+; Fatty

germinal centers germinal
centers centers

OS NRL colloid NRL NRL 1-3+ NRL NRL 2+; germinal NRL Fatty
pale centers

a NRL, No remarkable lesions; 1+, less than 25% infiltration; 2+, 25 to 50% infiltration; 3+, 50 to 75% infiltration; 4+, over 75%
infiltration.
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pancreas. The hepatocytes of all subgroup C virus-infected
chickens and OS chickens showed decreased cytoplasmic
staining and slight enlargement, probably due to increased
fat accumulation at 30 dph, and the hepatocytes of RAV-7-
infected chickens showed the greatest change. All uninfect-
ed chickens presented a normal histological picture (Table
2).
Hormone assays. T4 and insulin levels in serum were

examined to indicate an alteration of thyroid and pancreatic
functions, respectively. The level of T4 in the serum of
uninfected chickens ranged from 1.97 to 1.1 pug/dl, with
levels decreasing with age. At 10 dph, RAV-7- and tdB77-
infected chickens had significantly decreased T4 levels (1.33
and 1.51 ,ug/dl, respectively), and the levels continued to
drop in both groups to <0.5 ,ug/dl at 45 dph. Chickens
infected with tdPrC also exhibited a steady decline in T4
levels from 1.59 ,ug/dl at 10 dph to 0.83 ,xg/dl at 45 dph, a
level significantly below that in the uninfected chickens.
RAV-49-infected chickens showed little change in T4 levels
at most times and showed a significantly lower level than that
in the controls only at 20 dph. The OS chickens had levels of
T4 above those in the controls at 10 dph (2.17 versus 1.97
1Lg/dl), but levels of T4 in OS chickens dropped to 0.73 ,ug/dl
by 30 dph, a level significantly lower than that in control
chickens (Fig. 1).
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Insulin levels in tdPrC-infected chickens were significant-
ly higher than those in controls (10.7 versus 7.9 ,uU/ml) at 10
dph. Insulin levels in tdPrC-infected chickens continued to
increase to 15.9 ,uU/ml by 45 dph. The RAV-7-infected
chickens showed increased levels of insulin, ranging from
10.0 to 17.4 RU/ml, whereas control chickens had insulin
levels of 5.2 to 10.6 ,uU/ml. The insulin levels in RAV-7-
infected chickens were significantly increased at 20, 30, and
45 dph (Fig. 1). By 45 dph, tdB77- and RAV-49-infected
chickens had significantly increased levels of insulin (9.21
and 10.47 ,uU/ml, respectively). The OS chickens did not
show an increase in insulin levels at any time (Fig. 1).
Body weight. The weight of uninfected SC chickens was 48

g at 10 dph and increased to 441 g at 45 dph (Fig. 1). RAV-7-
infected chickens were significantly stunted by 20 dph and
weighed only 147 g at 45 dph. Chickens infected with tdB77
were significantly stunted by 30 dph and weighed 200 g at 45
dph. Both tdPrC- and RAV-49-infected chickens were signif-
icantly stunted at 45 dph, with weights of 249 and 272 g,
respectively. The OS chickens were a larger strain of White
Leghorn chicken, and a valid comparison of body weight
with that of SC chickens was not possible (Fig. 1). However,
the growth rate of the OS chickens slowed after 30 dph, and
their physical appearance was similar to that seen in chick-
ens with RAV-7 infection.
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FIG. 1. Physical parameters of chickens infected with subgroup C avian leukosis viruses. Ten-day-old chicken embryos were infected with
four subgroup C avian leukosis viruses. At 10, 20, 30, and 45 dph, chickens were sacrificed and examined. OS chickens which exhibited
spontaneous autoimmune thyroiditis were examined at 10, 20, and 30 dph. Parameters measured were total body weight, relative liver weight
expressed as a percentage of body weight, triglyceride in serum, cholesterol in serum, circulating T4, and circulating insulin. (1) tdB77; (2)
tdPrC; (3) RAV-49; (4) RAV-7; (5) uninfected controls; and (6) OS. The number of chickens examined for each group is as follows: tdB77, 7;
tdPrC, 8; RAV-49, 8; RAV-7, 7; uninfected control, 9; OS, 9. 1 denotes a significant difference from values obtained from uninfected SC
control chickens at P < 0.05. The error bar expresses mean standard error of the mean.
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Liver weight. Relative liver weights were expressed as

liver weight/body weight x 100(%), which expressed both
the decrease in body weight and the increase in actual liver
weight. Uninfected control chickens had a relative liver
weight of 2 to 3% of the body weight. All virus-infected
chickens had relative liver weights of greater than 3.1% of
the body weight at all times, and the relative liver weights
were significantly increased at all times (P - 0.05). The
largest relative liver weight was for RAV-7-infected chickens
at 30 dph when the livers were 5.0% of the total body weight
(Fig. 1).

Clinical chemistry. Triglyceride and cholesterol levels in
serum were determined on fasting serum samples. The
uninfected chickens had triglyceride levels of 68.2 to 90.5
mg/dl and cholesterol levels of 155 to 219 mg/dl. All test
groups showed an increase in triglyceride levels at 10 dph,
with a significant increase in tdB77- and RAV-7-infected
chickens. The increase was significant for RAV-7-infected
chickens at 20 dph (P c 0.01), with a level of 124 mg/dl. By
45 dph, the level of triglyceride in the RAV-7-infected
chickens had reached a mean of 1,500 mg/dl (Fig. 1).

Cholesterol levels in serum were normal in all groups until
20 dph, at which time chickens infected with tdPrC and
RAV-49 and OS chickens were significantly hypocholeste-
rolemic (145.5, 156, and 174 mg/dl, respectively, compared
with 208 mg/dl for the uninfected chickens; Fig. 1). At 30
dph, the level of cholesterol in RAV-7-infected chickens was

281 mg/dl, a level which was significantly hypercholesterol-
emic (P < 0.005). Chickens infected with tdB77 showed an

increase in cholesterol at 30 dph. RAV-49-infected chickens
remained significantly hypocholesterolemic at 30 dph, with a

level of 159.1 mg/dl (P - 0.005). At 45 dph, all virus-infected
chickens had increased cholesterol levels in serum. At no

point did OS chickens show elevated cholesterol levels (Fig.
1).
Subgroups A, B, C, D, and F. A comparison of diseases

induced by four subgroups of avian leukosis viruses and one

subgroup of pheasant viruses was made. Chicken embryos
were infected with 104 infectious units of each virus, and
chickens were necropsied at 35 dph, a time when the RAV-7-
induced syndrome is advanced (7). Various disease states
were found at necropsy and included osteopetrosis, liver
lesions, blood cysts (hemangiomas), nephroblastoma, fibro-
sarcoma, angiosarcoma, and fatty liver (Table 3).

Histology. Sections of the thyroid, pancreas, and liver
were Formalin fixed, processed, and stained with hematoxy-
lin and eosin. The results are summarized in Table 4. At 35
dph, the thyroids from RAV-7-infected chickens were infil-
trated by lymphoblastoid cells and had prominent germinal
center formation. Few follicles remained intact. Subgroup A
viruses, MAV-1(0) and RAV-1, showed slight (1+) thyroid
infiltration which was focal. The infiltrating cell appeared
more mature than that seen in RAV-7-infected tissue, and no

germinal center formation was seen. Subgroup B viruses,
MAV-2(0), MAV-2(N), and RAV-2, showed little or no

infiltration of the thyroid. Thyroids from RAV-2-infected
chickens had very slight (±) focal infiltration. RAV-50, a

subgroup D virus, had a single focus of lymphoid infiltration
which included a prominent germinal center. The subgroup
F viruses, RPV and RAV-61, induced a more extensive focal
infiltration of the thyroids. Both RPV and RAV-61 infection
induced infiltration at 50 to 75% (2 to 3+) with multiple,
prominent germinal centers (Table 4).
The pancreata from all virus-infected chickens except

those infected with RAV-2 had various degrees of interstitial
lymphocytic infiltration. This infiltration was slight for RAV-

1 and extensive for MAV-1(0) and RAV-50. Germinal center
formation was prominent in all affected pancreata. The
infiltration in pancreata from RAV-7-infected chickens was

in areas not defined as interstitial, and multiple perivascular
and periductile germinal centers were present. An acute,
focal pancreatitis was also evident in pancreata from RAV-7-
infected chickens.
The livers of RAV-7-infected chickens had a diffuse fatty

infiltration. Acute and subacute lymphocytic pericholangitis
with numerous heterophils was apparent. None of the livers
from any other subgroup showed diffuse fatty infiltration.
Lymphocytic pericholangitis was apparent in chickens infect-
ed with MAV-1(0), MAV-2(N), and RAV-50. Germinal
center formation was apparent with both RPV and RAV-61
infection. The livers from RAV-2-infected chickens showed
little alteration. The most striking occurrence was the pres-

ence of numerous, discrete, sarcomatous areas in livers from
MAV-1(0)-, RAV-1-, and RAV-50-infected chickens. In
RAV-1-infected chickens, the sarcomatous mass became
multicentric and replaced normal liver. A focal, acute necro-

tizing hepatitis was seen in MAV-2(N)- and RAV-50-infected
chickens. No liver sections were available from MAV-2(0)-
infected chickens, but previous investigations found no

alteration in livers from MAV-2(0)-infected chickens (R. E.
Smith, unpublished data) (Table 4).
Hormone assays. T4 and insulin assays were performed by

competitive radioimmunoassay. Uninfected chickens had T4
levels of 1.89 p.g/dl and insulin levels of 4.92 1LU/ml. All
virus-infected chickens showed a decrease in T4 levels, with
significant (P < 0.05) decreases (in micrograms per deciliter)
as follows: RAV-7, 0.80; RAV-61, 0.90; RPV, 1.1; MAV-
1(0), 1.27; MAV-2(0), 1.18; and MAV-2(N), 1.14. The least
affected were RAV-50-infected chickens, with a level of 1.63
Rg/dl. All T4 levels except those in RAV-61-infected chick-

TABLE 3. Necropsy summary for various avian leukosis viruses"

Virus Subgroup No. Disease (no. affected)infected Disease (no. affected)

MAV-1(0) A 6 Osteopetrosis (4)
Anemia (6)

RAV-1 A 12 Liver lesion (2)
Blood cysts (1)
Fibrosarcoma (1)

MAV-2(0) B 8 Osteopetrosis (7)
Blood cysts (1)

MAV-2(N) B 9 Nephroblastoma (2)
Blood cysts (1)

RAV-2 B 10 Osteopetrosis (1)

RAV-7 C 12 Fat accumulation (10)
Fatty liver (8)

RAV-SO D 10 Anemia (4)
Osteopetrosis (1)

RPV F 10 Angiosarcoma (1)
Fibrosarcoma (1)
Nephroblastoma (1)
Blood cysts (1)

RAV-61 F 9 Angiosarcoma (4)
Fibrosarcoma (3)

a Findings at necropsy which was performed at 35 dph.

J. VIROL.



HYPERLIPIDEMIA AND AVIAN LEUKOSIS VIRUS 305

TABLE 4. Histology summary of various leukosis viruses
Histology'

Virus Subgroup
Thyroid Pancreas Liver

Control NRL NRL NRL

MAV-1(O) A 1+; focal 3+; interstitial infiltration; Lymphocytic pericholangitis;
germinal centers discrete sarcomas

RAV-1 A 1+; mature lymphocytic, 1+; interstitial infiltration; Discrete to multicentric
interstitial infiltration germinal centers sarcomatous masses replacing

normal liver

MAV-2(0) B NRL 2+; interstitial infiltration; Not available
germinal centers

MAV-2(N) B NRL 1+; focal interstitial infiltration; Bile retention; focal acute
germinal centers necrotizing hepatitis;

lymphocytic pericholangitis

RAV-2 B + NRL Foci basophilic cells

RAV-7 C 4+; germinal centers 3+; acute focal pancreatitis; Diffuse fatty infiltration; acute
multiple perivascular and and subacute lymphocytic
periductile germinal centers pericholangitis

RAV-50 D 1+; single focus with 3+; interstitial infiltration; Acute necrotizing hepatitis;
germinal center germinal centers sarcomas; lymphocytic

pericholangitis

RPV F 2-3+; focal; prominent 2+; interstitial infiltration; Germinal centers
germinal centers germinal centers

RAV-61 F 1-3+; focal; prominent 3+; interstitial infiltration; Germinal centers
germinal centers germinal centers

a NRL, No remarkable lesions; t, very slight infiltration; 1+, less than 25% infiltration; 2+, 25 to 50% infiltration; 3+, 50 to 75%
infiltration; 4+, over 75% infiltration.

ens were significantly increased from the levels in RAV-7-
infected chickens (Fig. 2). Insulin levels in RAV-7-infected
chickens were significantly increased at 13.68 ,uU/ml. MAV-
1(0)- and RAV-1-infected chickens showed significant in-
creases in insulin levels, with 7.15 and 6.40 ,uU/ml, respec-
tively. The remaining groups showed little,alteration from
control levels of insulin, and the levels in all groups were
significantly decreased from that in chickens infected with
RAV-7 (Fig. 2).
Body weight. Uninfected chickens in this study weighed an

average of 296 g at 35 dph. All virus-infected chickens were
significantly stunted (P < 0.05); RAV-7-infected chickens
were the most stunted, with an average weight of 147 g.
RAV-61-, RPV-, and MAV-1(0)-infected chickens showed a
pronounced reduction in body weight, with average weights
of 171, 171, and 173 g, respectively (Fig. 2).

Liver weight. Relative liver weight expressed as a percent-
age of body weight was 2.2% for uninfected chickens and
ranged from 2.4 to 6.8% for the virus-infected chickens.
RAV-7-infected chickens showed the largest relative (6.8%)
and real liver weights for all groups (Fig. 2).

Clinical chemistry. Triglyceride and cholesterol levels in
serum for uninfected chickens were 43.2 mg of triglyceride
per dl and 168.8 mg of cholesterol per dl. MAV-1(0)-, RAV-
1-, MAV-2(0)-, RPV-, RAV-61-, and RAV-7-infected chick-
ens all had triglyceride levels significantly increased over
levels in the uninfected controls. All virus-infected chickens,
with the exception of RAV-7-infected chickens, had an
average triglyceride level of below 90.0 mg/dl, significantly
lower than the triglyceride level of 1,560 mg/dl in RAV-7-

infected chickens. Cholesterol levels followed a pattern
similar to the triglyceride levels, with cholesterol levels in all
virus-infected chickens below 220 mg/dl and significantly
lower than the levels of 396.4 mg/dl in RAV-7-infected
chickens (Fig. 2).

DISCUSSION
When RAV-7 is injected into 10-day-old chicken embryos,

the virus induces a rapid hypothyroidism and hyperinsuline-
mia which results in a secondary hyperlipidemia (7). Be-
cause this response is rapid (within 3 to 4 weeks posthatch)
and appears at a high efficiency, the response of chickens to
other subgroup C avian leukosis viruses under identical
conditions was studied. The histological appearance of the
thyroid, pancreas, and liver from chickens infected with
tdB77, tdPrC, RAV-49, and RAV-7 could not be distin-
guished. The thyroids showed a lymphoblastoid infiltration
at 10 dph, and the infiltration progressed to involve most of
the thyroid, with apparent germinal center formation at 30
dph (Table 2). The pancreata from infected chickens showed
a similar infiltration, although some variation in response
was seen early in the course of the disease induced by the
various subgroup C viruses.
The clinical parameters which were examined presented a

more variable picture within the subgroup C avian leukosis
viruses. Infection with three of the four subgroup C viruses
examined eventually resulted in hypothyroidism (T4 levels of
below 0.9 pg/dl by 45 dph). The T4 levels of RAV-49-infected
chickens remained slightly elevated at 45 dph (Fig. 1). This
result was surprising when the histological appearance of the
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FIG. 2. Examination of five avian leukosis virus subgroups for
RAV-7-induced changes. Ten-day-old chicken embryos were infect-
ed with nine avian leukosis viruses from subgroups A, B, C, D, and
F. At 35 dph, chickens were sacrificed, and various parameters were

measured. Parameters measured were total body weight, relative
liver weight expressed as a percentage of body weight, triglyceride
in serum, cholesterol in serum, circulating T4, and circulating
insulin. (1) Uninfected control; (2) MAV-1(0); (3) RAV-1; (4) MAV-
2(0); (5) MAV-2(N); (6) RAV-2; (7) RAV-50; (8) RPV; (9) RAV-61;
(10) RAV-7. The number of chickens examined and the necropsy

summary for examination at 35 dph are shown in Table 3. t = P <
0.05 compared with uninfected control; = P < 0.05 compared
with RAV-7. All bars express means + standard errors of the
means.

thyroid was considered. Hashimoto's thyroiditis is marked
by a diffuse infiltration of the thyroid by lymphocytic and
plasma cells, with formation of germinal centers a common
occurrence (15, 25). Patients with Hashimoto's thyroiditis
may be hypothyroid, hyperthyroid, or euthyroid as mea-
sured by T4 levels. This variable level of circulating T4 is
probably a result of hyperactivity of the remaining intact
follicular epithelial cells (25). The T4 levels (euthyroid to

hypothyroid) seen with subgroup C avian leukosis virus
infection in combination with obvious thyroiditis appear
similar to the findings with Hashimoto's thyroiditis.

Insulin levels in the subgroup C virus-infected chickens
were significantly elevated by 45 dph. This appears to
confirm the involvement of the pancreas which was seen in
the histological examination. Insulin plays a key role in lipid
metabolism (17), and hyperinsulinemia is associated with
hyperlipidemia and obesity (3, 28).

Stunting was significant in all subgroup C virus-infected
chickens. The livers from virus-infected chickens were en-
larged and resulted in a significantly increased relative liver
weight. The cholesterol levels in serum showed a general
elevation as the syndrome progressed, but triglyceride levels
in serum did not follow the same pattern of elevation (Fig. 1).
It appears that all subgroup C avian leukosis viruses resulted
in lymphoblastoid infiltration of both the thyroid and the
pancreas, but RAV-7 was more efficient in the production of
profound hyperlipidemia. A comparison of the subgroup C
avian leukosis viruses shows that RAV-7 shares the least
antigenic cross-reactivity within the subgroup (12). There
could be a correlation between this lack of antigenic related-
ness and the increased pathogenicity of RAV-7, but this
possibility has not been examined.
OS chickens are the result of inbreeding (8), and their

obesity is the phenotypic expression of a genetically deter-
mined autoimmune thyroiditis that appears to be the result of
changes in at least three separate genetic loci (38). A direct
comparison of RAV-7-infected chickens with OS chickens
has shown some similarities and differences in the two
syndromes. Both syndromes resulted in thyroid infiltration
by lymphoblastoid cells, but the RAV-7-infected chickens
were affected earlier after hatching (Table 1), and the infil-
trating cell appeared to be more immature with RAV-7
infection. There was no evidence of pancreatic involvement
in the OS chickens by either histological or hormonal
determinations, nor was there a profound hyperlipidemia.
We were unable to detect precipitating antithyroglobulin in
the sera from any of the RAV-7-infected chickens which
were examined, whereas sera from the OS chickens had
relatively high titers of precipitating antithyroglobulin. When
OS sera were analyzed for the presence of avian leukosis
viruses by means of fluorescent-antibody assay of chicken
embryo fibroblasts exposed to the OS sera, 1 of 15 samples
was found to be positive for the presence of virus antigen
p27. This incidence of avian leukosis virus is consistent with
the open-flock conditions under which the OS breeding
colony was maintained at Cornell University. It appears that
the RAV-7 and OS syndromes are not similar outside the
thyroiditis and resultant hypothyroidism and that the OS
syndrome is probably not the result of avian leukosis virus
infection.
The results from the subgroup C avian leukosis virus study

provided a basis to examine subgroup specificity of this
disease. It appeared that the subgroup C avian leukosis
viruses induced a syndrome which was characterized by
stunting and lymphoblastoid infiltration of the thyroid and
pancreas with resultant hypothyroidism and hyperinsuline-
mia. In addition to RAV-7, the viruses which were examined
were from four other subgroups (A, B, D, and F), some of
which had been previously characterized for disease induc-
tion. MAV-1(0) (subgroup A) and MAV-2(0) (subgroup B)
induce a preponderance of osteopetrosis (30), MAV-2(N)
(subgroup B) induces primarily nephroblastoma (37), and
RPV (subgroup F) induces rapid appearance of lung angio-
sarcomas (6). The remaining viruses examined induce a
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variety of diseases, predominately lymphoid leukosis, usual-
ly after a long latent period (24).
The results of examining eight viruses from four sub-

groups showed that none of the viruses induced a disease
similar to that induced by the subgroup C avian leukosis
viruses. Histological examination of the thyroid, liver, and
pancreas did not reveal a response typical for subgroup C
avian leukosis viruses in any other subgroup (Table 4). At 35
dph, thyroids from subgroup C-infected chickens were uni-
formly infiltrated by lymphoblastoid cells, with multiple
germinal center formation. With the exception of the two
subgroup F viruses, there was only a slight alteration in the
thyroids from chickens infected with any other subgroup of
avian leukosis virus examined. Although both RPV- and
RAV-61-infected chickens showed lymphoid infiltration in
the thyroids and moderate involvement of the pancreata, the
infiltration was focal and appeared secondary to severe lung
lesions. Infiltration of the pancreas was present in all chick-
ens except controls and those infected with RAV-7 and may
reflect a stress response or a cell which is a common target
for avian leukosis viruses. Infection of the pancreas by avian
leukosis viruses has been reported, and the infections are
generally nonpathogenic (10, 11, 21, 39). Fat accumulation
both as adipose and in hepatocytes was apparent only in
RAV-7-infected chickens.
A surprising occurrence was the appearance of lympho-

sarcomas in the livers of the MAV-1(0)-, RAV-50-, and
RAV-1-infected chickens. At necropsy, two of the RAV-1-
infected chickens had discernible lesions, and microscopic
lesions were found in others. The presence of liver tumors
with both subgroup A viruses examined presents an interest-
ing question about the disease specificity of this subgroup.
A dramatic increase in insulin levels was found only in

RAV-7-infected chickens. Chickens infected with two other
viruses (MAV-1(0) and RAV-1) showed significant, but
comparatively small, increases in insulin levels, and RAV-
50-infected chickens showed a slight increase. Chickens
infected with MAV-1(0) and RAV-50 also had more exten-
sive infiltration in the pancreata, whereas RAV-1-infected
chickens had only slight infiltration of the pancreas. It was
interesting that chickens infected with these three viruses
showed pronounced anemia and had liver lymphosarcomas.
The liver is a primary receptor for insulin (20), and a
reduction in receptors might explain the increased insulin
levels.
Decreased levels of T4 were found in all virus-infected

chickens, with significant decreases in those infected with
RAV-7, RPV, and RAV-61. Chickens infected with these
three viruses all had a degree of thyroiditis. Decreases in T4
correlated with stunting except for MAV-2(N) (Fig. 2).
Thyroid function includes the regulation of growth and
metabolism (3, 4, 9, 13), and T4 regulates the expression of
the growth hormone gene (14). Harvey (19) reports an
inhibition of growth hormone release in chickens with in-
creased T4 levels. The correlation of decreased T4 levels and
decreased body weight found in virus-infected chickens
appeared to reflect a mechanism other than reduced growth
hormone levels, which would result in stunting.
An increase in lipids in serum was apparent only in RAV-

7-infected chickens. The triglyceride level was increased to
1,560 mg/dl, whereas the other viruses resulted in no levels
above 90 mg/dl. Cholesterol levels followed a pattern similar
to that seen for triglycerides. Hyperlipidemia was present in
only the RAV-7-infected chickens.
The total syndrome seen in subgroup C avian leukosis

virus infection-infiltration of the thyroid and pancreas as

well as hypothyroidism and hyperinsulinemia-did not result
from infection with subgroup A, B, D, or F avian leukosis
viruses. Although chickens infected with subgroup F viruses
had a degree of thyroid and pancreas infiltration and a
decrease in T4 levels, no hyperinsulinemia, hyperlipidemia,
or fat accumulation resulted. Furthermore, several chickens
infected with RPV or RAV-61 had advanced lung lesions
which would have been fatal.
The results of this study indicate that the envelope of

avian leukosis virus is involved in pathogenic disease. This
result provides a basis for further research into the role of
the envelope in infection and debilitative disease induced by
avian leukosis viruses.
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