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ABSTRACT
The Interaction of reovlrus infection and manganese* biotin,
niacin, choline, or folic acid fed to chickens at a dietary level of
2OX, 100%, or 200% of the National Research Council nutrient
requirements of potiltry^l977 (NRC-77) (Nat. Acad. Sci., Washington,
D.C.) was evaluated in five studies.

Responses measured were the

Incidence and severity of tenosynovitis, the incidence of nutrient
deficiency lesions, bone shearing strength, and immunologic responses.
The severity of tenosynovitis was greater in male chickens than
female chickens fed varying dietary levels of manganese, biotin,
choline, or folic acid.

The incidence of tenosynovitis was higher in

male chickens compared to the female chickens at 4 weeks of age in the
manganese, biotin, and choline studies.

Increasing dietary levels of

manganese or biotin decreased the severity of tenosynovitis.
Increasing dietary levels of choline increased the severity of
tenosynovitis.
Reovlrus infection increased the incidence of leg abnormalitites
in chickens deficient in biotin, niacin, and folic acid and decreased
the Incidence of leg abnormalities in chickens deficient in choline.
Male chickens had a higher incidence of leg abnormalities than female
chickens when infected with reovlrus (biotln and niacin studies).
Increasing dietary levels of the vitamins from 20% to 200% of the
NRC-77 requirement decreased the incidence of leg abnormalities, except
for the Infected male chickens in the biotin study.
Infected chickens had reduced absolute shear strengths of the
proximal femur in the choline and folic acid studies, and reduced
xi

proximal and distal tibiotarsal absolute shear strength in the folic
acid study when compared with noninfected chickens.

Reduced proximal

femur and tibiotarsal absolute shearing strength caused by niacin and
biotin deficiencies was observed.
Reovirus infection did not have a detrimental effect on the
Immunological responses to sheep red blood cell, phytohemagglutinin-P,
and purified protein derivative.

Male and female chickens fed varying

dietary levels of selected nutrients had similar antibody responses
against reovirus at 4, 6, and 8 weeks of age.

xii

CHAPTER 1
General Introduction

2

Avian Reovlruses
Avian viral arthritis was first thought to be caused by a virus
closely related to the poxviruses (75).

Subsequent characterization

according to nucleic acid type and utilizing electron microscopy to
determine size, structure, and mode of replication, demonstrated that
the viral agent was a reovirus.
Reovirus is an lcosahedral particle 75 nm in diameter.

The virion

has no envelope, therefore it is resistant to lipases (26,113).

The

virus is resistant to antibiotics, ether, 2% lysol, 3% formalin, and
chloroform (28,75).

Stability of the virion is maintained at 60 C for

8 to 10 hrs, 37 C for 15 to 16 weeks, and 22 C for 48 to 51 weeks (79).
Inactivation of the virus can be achieved with 70% ethanol or .5%
organic iodine (79).
Reovlrus has been isolated in the United States in West Virginia
(77), Main (47), Texas (34), Connecticut (180), in Victoria, Australia
(3), New Zealand (35), Netherlands (111), and other parts of the world
(79,109).

Many of these Isolates reproduced characteristic lesions

when inoculated in specific-pathogen-free chickens.

Isolates that have

been serotyped, appear to have a common antigen (93).
Reovirus has been shown to be transmitted vertically (67) and
through contact exposure (94).

Carriers of the virus may present a

problem since the virus has been shown to persist in the inoculated leg
for 285 days (76).

Livers and spleens of reovirus-infected chickens

have also been shown to harbor the virus for long periods of time (76).
After footpad Inoculation with reovirus, the virus could be reisolated
from the cloaca as late as 16 weeks post-inoculation (49).

3

Although reoviruses produced severe lesions In chickens, turkeys
infected with reovlrus demonstrate no pathological lesion (99,110).
However, reoviruses have produced depression, anorexia, and early
mortality in turkey flocks (99,110)

In 1980, van der Heide et al.

(110) were able to isolate reovirus from a turkey flock demonstrating
a high percent mortality.

When the reovirus was inoculated in

serologically negative chicks, a severe infection resulted which
depended on the route of administration of the inoculum.

Lesions

observed in these chicks included hepatitis, myocarditis, and
tenosynovitis.

Progeny from a breeder flock of chickens vaccinated

with attenuated chicken reovirus developed no lesions when exposed to
the turkey reovirus isolate, thus, cross-neutralization of the turkey
isolate was produced by antibodies passed from the vaccinated broiler
breeders to the progeny.

Serological cross-neutralization was also

observed between the human reovirus isolates (Reo 1, 2, and 3) and
enteric reovirus isolates from chickens (Reo 24, 24, and 59) (25).
Reoviruses were initially described as causing viral arthritis
(tenosynovitis) (3).

Chickens with tenosynovitis demonstrated swelling

of the tendon sheaths of the tarsometatarsal digital flexor tendons
distal to the tarsal joint and the gastrocnemius tendon proximal to the
tarsal joint (79).

In older chickens reoviruses have been thought to

cause rupture of the gastrocnemius tendon proximal to the tarsal joint
(46).

However, some reovirus isolates have resulted in only

microscopic lesions with no apparent gross lesions (78).
Other organs also demonstrated gross and microscopic lesions.
Hydropercarditis has been observed in chickens infected with reoviruses
(5,51).

Hepatitis and myocarditis have also been observed in

4

reovirus-infected chickens (28,92,110).

Kerr and Olson (55) observed

lesions also in the footpad, lung, proventriculus, spleen, bursa of
Fabriclus, cecal tonsilis, brain, gallbladder, and kidney.
Recently, reoviruses have been isolated from chickens
demonstrating lesions typically associated with nutrient deficiencies
(95)).

Clinical signs associated with nutrient deficiencies reported

in numerous laboratories produce both experimentally by reovirus
inoculation or observed in the field in reovirus-infected flocks
include perosis (92), osteoporosis (111), pale bird syndrome (74),
encephalomalcia (111), poor feathering (111), and reduced growth
(47,108).
Vertommen et al. (112) and Kovwenhoven et al. (57) have described
a disease of an unknown etiology that apparently caused a malabsorption
syndrome.

Infected chicks often demonstrated diarrhea, runting,

"helicopter" feathering, dyschondroplasia, reduced plasma carotenoid
levels, poor feed conversion, and increased alkaline phosphatase
activity (57,112).

Bacterium and mycoplasma free homogenates from

intestines of infected chickens reproduced many of these lesions when
inoculated in normal chickens.

Similar lesions were produced in

experimentally reovirus-infected chicks (112).

Chicks with diarrhea

from the same area have been shown to be infected with reovirus (111).
Reoviruses have been shown to infect the intestinal tract of
chicks (25,27,49,99).

Infected chicks often demonstrated diarrhea and

cloacal pasting and have been incriminated in having a malabsorption
syndrome (111).

Some of the systemic lesions of coccidosls and

aflatoxicosis are also the result of intestinal malabsorption
(11,92,106,107).

5

Reoviruses have caused tremendous economical losses In the poultry
Industry.

Annual losses from reoviruses causing viral arthritis are

estimated to 1% to 2% ($20 to $40 million) in broiler flocks* 3% ($1.5
million) in broiler breeder flocks* and 2% to 3Z ($5 to $7.5 million)
In commercial layer flocks (102).

If reoviruses are causing a

malabsorption syndrome, and if lesions such as runting*
encephalomalcia* osteoporosis, pale bird syndrome* and perosls can
directly be linked to reovlrus infection, the magnitude of economic
losses from these viruses are greatly underestimated.
Although a commercial vaccine (sll33) is currently available for
vaccinating breeder flocks (86,108), it may not protect the progeny
against heterologous reovirus isolates (101).

Immunoglobulin 6 (IgG)

is the only immunoglobulin that can enter the egg and eventually the
embryo and thus circulate in the newly hatched chick.

However, IgG is

not a secretory immunoglobulin (i.e., IgA) and therefore may offer
little or no protection against reoviruses invading the intestine.

A

vaccine that is capable of protecting chicks from many of the reovirus
isolates is needed to prevent tenosynovitis, myocarditis, and
hepatitis.

Nutrition and Infection
Dietary modulation has been shown to alter the severity and course
of an infectious agent (9,69,96).

Dietary deficiencies of specific

nutrients, however, are not always associated with increased
susceptibility of the host to disease (96).

Many Infectious and

parasitic agents are more pathogenic in well fed animals than in the
malnourished (69).
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Increased resistance of animals to bacterial infection is often
observed in animals supplemented with selected nutrients.

Mice

deficient in biotin were shown to be more susceptible to Salmonella
typhimurium infection (56).

Choline or methionine deprived rat dams

produced offspring which were also more susceptible to Salmonella
typhimurium (115).

This depressed resistance was suggested to be the

result of reduced immunocompetence of the offspring.

Mice deficient in

copper or protein have been shown to have a reduced survival time when
infected with £. typhuimurium, however, susceptibility of mice was
unaltered in a vitamin

deficient state (73).

Vitamin E

supplementation to diets containing the dietary requirements of all
essential nutrients has been shown to decrease the percent mortality of
mice during Escherichia coll infection (43,103,104).

Protection of

mice against _E. coli was also apparent with vitamin A supplementation
(103.104). Daily doses of vitamin A decreased the mortality of mice
infected with Pseudomonas aeruginosa. Listeria monocytogenes and
Candida albicanB (21).

Brewer's yeast supplementation was also

successful in Increasing the resistance of monkeys and mice to
Staphyloccus aureus, Yersinia pestis, and Brucella melitensis (100).
However, when diets fed to mice were supplemented at high levels with
both vitamins A and E, resistance to E. coli Infection was lost
(103.104).

Folic acid deficiencies had no effect on the susceptibility

of guinea pigs to Shigella infection (72).

Dietary increases in

manganese increased the susceptibility of mice to pneumococcal
infection (45).

Increasing dietary protein levels from 10% to 30%

increased the mortality of chickens infected with Salmonella gallinarum
but not E. coli (44).
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The susceptibility of animals to viral infections can be
controlled with nutrient modulation.

Vitamin A deficient chicks had

lowered resistance to Newcastle disease and Influenza viruses (6).
Mice are also more susceptible to Coxsackle virus
protein:calorie deficient diets (116,117).

infection when fed

When these mice were refed

to normal body weights, natural resistance to the virus was restored.
Supplementation of drinking water with 250 mg% of L-ascorbate elevated
circulating interferon levels in mice exposed to the murine leukemia
virus (98).

Protein deficiencies, on the other hand, have been shown

to decrease the time of mortality in Newcastle disease virus Infected
chickens (44).

Thiamine and protein:calorie deficiencies decreased the

incidence of infection of mice with Lansing's strain of poliomyelitis
virus (85).

Folic acid deficiencies have also been shown to reduce the

ill-effects of intracerebral injections of lymphocytic choriomeningitis
virus in mice (39).

Experimental allergic encephalomyelitis was

completely prevented in viatmin C deficient guinea pigs (68).
The severity of coccidosis in chickens has been reduced by feeding
high dietary levels of vitamin A (29,80).
The work reviewed in this section demonstrates that nutrition and
Infection can interact with one another in the host.

Thus the study of

nutrient modulation in the protection of chickens against viral
arthritis (reovlrus) lesions may have merit.

Nutrition and Immunity
The immune responses of animals can be suppressed or enhanced by
dietary nutrient modulation.

Control of the immune system through

dietary manipulation has recieved much attention in both animals and
man.

Although this subject has been extensively reviewed (17,36,97), a
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brief review of some of the research conducted on this subject is
presented here.
Injections of vitamin A pfior to antigenic stimulation with sheep
red blood cells resulted in enhanced circulating hemagglutinating
antibody titers and splenic antibody forming cells (21,56).

The exact

mechanism of this enhancement is still not understood, however, Cohen
et^ al. (20) demonstrated that the Immunosuppressive effect of
hydrocortisone was alleviated by supplemental vitamin A levels.
Supplemental vitamin A levels also appear to have a role in enhancing
the cellular Immune response.

Vitamin A supplementation has been shown

to decrease the time for graft rejections (53), decrease the number of
1,2 dimethylhdrazine caused tumors on rats (73,89), decrease the
mortality or rate of mortality of mice infected with pathogenic
bacteria and fungus, and restore in vitro transformation and
blastogenesis of splenic lymphocytes from vitamin A deficient mice.
Contrary to vitamin A supplementation, vitamin A deficiencies suppress
immune responses.

Chicks infected with Newcastle disease virus

typically demonstrate some remaining lymphocytes and plasma cells in
nasal and paranasal tissues.

However, these cells are depleted if the

Infected chick is vitamin A deficient (7,8).

Some researchers have

demonstrated that the reduction of thymus and spleen weights during
vitamin A deficiency does not occur on a body weight percentage basis
(70,71).

Clayson (19), and Rogers et al. (90) reviewed the effects of

vitamin A deficiencies and supplementation on the incidence of tumors.
Supplemental levels of vitamin E have been shown to enhance
antibody production to sheep red blood cells (43).

Campbell et al.

(13) were able to enhance the number of splenic antibody producing
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cells by adding supplemental levelB of vitamin G in vitro.
appears to replace the reduction role of adherent cellB.

Vitamin E

Vitamin

supplementation also resulted in an increased passive transfer of
immunoglobulins in utero.
The effects of vitamin E on cellular immunity appears to be
different.

Animals fed high levels of vitamin E appear to be more

resistant to infectious agents (43,103,104).
Closer examinations have demonstrated that not only is antibody
production increased with increased levels of vitamin E, but also
phagocytosis is greatly enhanced (12,84).

In conjunction with the

increased rate of phagocytosis, H^O^ production and bactericidal
activity of phagocytes is greatly reduced (12,84).

Prasad (84) also

demonstrated that vitamin E supplementation resulted in reduced mitogen
induced transformation of circulating lymphocytes of humans in vitro.
They, however, were unable to find similar results in an in vivo
mitogen response.

They concluded that DNA replication may have to

occur before the effects of vitamin E can be observed.

The authors

suggested that vitamin E may offer a means of enhancing antibody
production and decreasing inflammation and cell mediated immunity.
However, at this point the evidence is not sufficient to support such a
hypothesis.

The effect of vitamin E may be partially explained by the

findings of Likoff et al. (61).

They found that supplemental levels of

vitamin E decreased the amount of prostaglandins synthesized by
lymphoid organs.
Thiamine, along with most of the B~complex vitamins, seems to have
little or no effect on the immune response.-

Thiamine deficiencies have

been observed in about 50% of febrile patients in one particular study
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(33).

However, the infection may have caused the deficiency.

Guggenheim and BeuchXer (38) demonstrated that mice deficient in
thiamine were more susceptible to Samonella typhimurium infections.
Ludovici and Axelrod (64) observed a moderate impairment the production
of hemagglutinating titers to human erythrocytes in thiamine deficient
rats.
Riboflavin deficiencies have been shown to result in decreased
antibody responses to Salmonella pullorum antigen in chickens (80).
However, riboflavin deficiencies had an undefined effect on the bursa
of Fabricius, spleen, or thymus (81).
Folic acid deficiencies have been shown to cause a
hypersegmentation of the nucleus of polymorphonuclear cells.
Megaloblastic lymphocytes typically incorporate more
normal cells.

3

H thymidine than

The inhibitory effect of deoxyurldine on

3
H thymidine

uptake is less in megaloblastic lymphocyte cultures than in normal
cells (24).

A folic acid deficiency has been shown to result in

unsupressed transformation and

3
H thymidine uptake in the presence of

deoxyurldine (24,41), suppressed dinitrochlorobenzene skin tests (36),
and depressed phytohemagglutinin stimulated lymphocyte transformation
(22,24,36,41).
In 1951, Ludovici and Axelrod (64) demonstrated that a biotin
deficiency can moderately decrease the primary hemagglutinin titers to
heterologous red blood cells.

It was also shown that subsequent

secondary titers may also be affected.
Pyridoxine deficiencies result in decreased antibody producing
cells.

A normal response is restored shortly after pyridoxine
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injections (58).

Circulating lymphocytes from a pyridoxine host

respond poorly in mixed lymphocyte reactions (1,88).
Pantothenic acid deficient animals have decreased primary and
secondary antibody responses to several antigens (2,40,60).
Supplementation of pantothenic acid after the primary response failed
to restore the anamnestic response.

Lederer et al. demonstrated that

only the peak antibody production was affected, and not the lag phase
or rate of antibody production in pantothenic acid deficient rats (60).
Vitamin

deficiencies apparently have no effect on antibody

production (64).
in vitamin

MacCuish et al. (65) demonstrated that a deficiency

can reduced

stimulated lymphocytes.

3
H thymidine uptake in phytohemagglutinin

Autoradiographs showed that blast formation

was, however, normal.
Deficiencies of vitamin C appear to have no affect on B cell
responses, i.e., systemic anaphylaxis in mammals (105).

Chickens

supplemented with vitamin C had a slight decrease in antibody
production to a T-cell independent antigen when neonates and a moderate
increase in antibody responses to the same antigen in adult birds.
Vitamin C deficiencies also appear to have an effect on immune
responses involving T-cells.

Prolonged survival of allografts (54) and

decreases in delayed hypersensitivities to Mycobacterium has been
demonstrated in animals with vitamin C deficiencies.
The effect of inorganic ions and minerals on the Immune response
(with the exception of iron and zinc) have received little attention
(36).
Children deficient in iron had reduced cutaneous hypersensitivity,
impaired mitogen responses of lymphocytes to phytohemagglutinin,
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reduced circulating T-lymphocytes, and impaired neutrophil bactericidal
activity (16,66).

MacDougall et al. (66) noted that suppressed

cellular Immune responses in iron deficient

children was evident

before anemia was observed.
Zinc deficiencies in rats resulted in reduced responses of blood,
splenic, or thymic lymphocytes exposed to concancavalln A, pokeweed
mitogen, or phytohemagglutinin (37).

Reduced numbers of sple'en

antibody producing cells to sheep red blood cells were found in mice
fed a diet deficient in zinc 4 wks prior to antigenic stimulation but
not when fed the zinc deficient diet at the time of antigenic
stimulation (30).

Nutrient Deficiency Lesions
Although nutrient deficiencies have been shown to reduce the
severity of diseases caused by certain infectious agents (69), severe
nutrient deficiencies may result in lesions which may be more
detrimental to the animal's health than the infectious disease itself.
Certain infectious agents may also result in specific intestinal
malabsorption syndromes or increased dietary requirements of certain
nutrients (96).

Under these conditions, lesions associated with the

pathogen may simply be a lesion of a nutrient deficiency.

Deficiency

lesions associated with nutrients studied in the following chapters are
presented here.
Manganese is best known as a nutrient required for the synthesis
of the intercellular matrix in cartilage (60,95).

Deficiencies of

manganese have been shown to result in the shortening of the femur,
tiblotarsus, tarsometatarsus, humerus, and spinal column (14).
Although a manganese deficiency may result in a reduced growth rate,
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the shortening of the bones is much greater than the retardation of
body weight gain (14).

Caskey and Norris (15) showed that manganese

absorption can be reduced when diets contain high dietary levels of
calcium and phosphorous.
perosis (15.32).

Severely manganese deficient.chicks develop

Laying hens fed diets deficient in manganese have

reduced egg produciton and increased embryo mortality (32).

Hatched

chicks from manganese deficient hens did not demonstrate any increase
in susceptibility to perosis than chicks from well fed hens (32).
Thus, it appears that the incidence of perosis is dependent on the
dietary intake of manganese and not on the reserves of stored manganese
(32).
Blotin deficiencies also result in leg abnormalities (52.82).
Dermatitis has been considered a lesion associated with the biotin
deficiency syndrom (52.82).

Recently, the fatty liver and kidney

syndrome in broilers was shown to be reduced with biotin
supplementation (83).
Biotin is required for the carboxylation and decarboxylation
reactions or the transfer of carbon dioxide from on compound to another
(95).

The specific role of biotln in the prevention of perosis and

dermatitis remains obscure.
Niacin is an important catalyst for carbohydrate, lipid, and
protein metabolism (95).

Since niacin can be synthesized from

tryptophan in the presence of adequate pyridoxine (5,95), the occurence
of deficiencies in niacin are dependent on the dietary levels of
tryptophan and pyridoxine.
The lesions associated with the nlaclii deficiency syndrome are
very similar to those observed In blotin deficient chickens.

Poor feed
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conversion* poor feathering* reduced growth* perosis, and dermatitis
are lesions often associated with niacin deficiencies (10*11,18,115).
Niacin deficient chicks also demonstrate inflamation of the tongue and
oral mucosa (10).
A primary metabolic function of choline is to furnish methyl
groups for the formation of methionine and creatine (95).

An

intermediate of this step is the conversion of choline to betalne (95).
Betaine is incapable of preventing lesions associated with the choline
deficiency syndrome, therefore it appears that choline (Intact) must be
involved directly in the prevention of deficiency lesions (95).
Choline deficient poults or chicks demonstrate reduced growth and
perosis (43*51,52).

The dietary level of choline required for normal

growth appears to be less than the.required level for the prevention of
perosis (31*51).

Choline deficiencies in laying hens had very little

effect on egg production (63).

This suggested that adult chickens may

be able to synthesize choline in amounts needed for normal production.
Folic acid is required for the transfer of single carbon units to
methionine* choline* and thiamine, and the interconversion of serine to
glycine (95).

Folic acid is also important in the synthesis of purines

and pyrimidines.
Lesions associated with the folic acid deficiency syndrome in
chickens are perosis (23), depigmented feathering (62)* and anemia
(87).
Evidence which has linked reovirus infection with nutritional
abnormalities suggest a need for investigating the interaction of
nutrition and reoviruses.

Since the level of a particluar nutrient

providing resistance to a disease depends on the infectious agent, each
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nutrient should be examined at both the deficient and supplemented
level.

The immunocompetence of the chicken should also be evaluated

due to indications that immune functions can be altered by dietary
modulation.
The interactions of nutrients essential for proper developement of
the pelvic limb (manganese, biotin, niacin, choline, folic acid) (95)
and reovirus infection on the severity of reovirus infection,
immunocompetence, and the appearance of nutritional deficiency lesions
were evaluated in separate experiments.
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Five studies were conducted from October( 1980 to January* 1982.
In the first study, the effects of manganese fed at varying dietary
levels on the Incidence and severity of leg problems and the
immunocompetence of reovlrus-infected and noninfected chickens was
evaluated.

The four additional studies were also designed to

investigate the effects of varying dietary levels of blotin, niacin,
choline, or folic acid oh leg problems and immunocompetence of
reovlrus-infected and noninfected chickens.
Chickens.

In each of the five studies 480 Rhode Island Red

speciflc-pathogen-free chicks (strain 77, SPAFAS, Norwich, CT) were
used.

Two groups of 240 chicks were placed in separate houses.

Each

group of 240 chicks was further divided into 12 subgroups of 20 chicks.
Each subgroup of 20 chicks was placed in a separate pen.
Virus.

Reovirus WVU 2937 was obtained from Dr. N.O. Olson

(Morgantown, WV).

The virus was inoculated into the yolk sac of

five-day-old embryos (SPAFAS, Norwich, CT).

Yolk material was collected

and pooled when 50% of the embryos had died (5 days after inoculation).
Yolk material containing reovirus was serially diluted (Log^) and
layered on chick kidney cell culture monolayers.
counted 5 to 7 days after culture infection.

The plaques were

The pooled yolk material

(containing 1 X 10^ plaque-forming units/ml) was frozen and later served
as the virulent viral inoculum in the five studies conducted.
Diets.

Three dietary levels of manganese, biotin, niacin, choline,

or folic acid were studied in the five separate experiments.

Least cost

feed formulation utilizing the IBM MPS program as described by Scott et
al. (2) was used to formulate a basal diet for each nutrient studied.
Each nutrient being investigated was fixed at a dietary level of 20% of
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the National Research Council (1977) nutrient requirements for poultry
(NRC-77) (1).

In each basal diet formulated for each study, the

recommended nutrient level of all other nutrients was met except for the
level of pyridoxine in the niacin basal diet (2).

In this basal diet,

the dietary level of pyridoxine was restrained at a deficient level of
1.6 mg/kg of diet to prevent tryptophan conversion to niacin (2).
Supplemented basal diets at levels of 100% and 200% of the NRC-77
requirement were made by mixing adjusted vitamin premixes with the basal
diets.
Experimental procedure.

In each study all chicks (one day old) in

one room (infected group) were Inoculated with .1 ml of the virulent
reovirus Inoculum (one drop given nasally and the remaining part of the
.1 ml given orally).
chicks.

The other room contained noninfected control

Each of the three experimental dietary levels of the nutrient

being studied was randomly assigned to four pens of chicks in each
room.

Chicks were fed their dietary treatments ad libitum for eight

weeks.
During the course of each experiment, the immunocompetence, the
appearance of leg abnormalities, and the appearance of nutrient
deficiency lesions were studied.

The effects of reovirus infection and

dietary nutrient levels on the immunocompetence, the incidence and
severity of leg abnormalities and tenosynovitis, the appearance of
deficiency lesions, and the bone shearing strength of pelvic limb bones
of chickens are discussed in the following chapters.

Each chapter

represents a manuscript consisting of an abstract, introduction,
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materials and methods, results, discussion section, literature cited,
and tables and figures.
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CHAPTER 3

Black Leg Syndrome in Chickens Fed a Niacin Deficient
Diet and Infected with Reovirus WVU 2937
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Summary
Chickens fed a diet deficient in niacin demonstrated a gross
deficiency lesion not previously reported in the literature.

Black

discoloration of the skin of the tarsometatarsus and feet was observed
in 6- to 8-week old niacin deficient chickens.

Niacin deficient

chickens infected with Reovirus WVU 2937 had a significant increase in
incidences of "black leg", dermatitis and leg abnormalities when
compared to uninfected niacin deficient controls.

Key words:

Niacin. Reovirus. Dermatitis. Leg Abnormalities
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Introduction
Losses

due to leg disorders in poultry caused by diet mixing error

or reovirus

infections (12) have been estimated to exceed 50 million

dollars annually.

Infectious agents have been suspected of causing

increased requirements for vitamins.

Our laboratory"is currently

investigating the effects of dietary vitamin levels and infectious
disease interactions on the
Niacin

productive performance of chickens.

deficiencies in young chicks have been shown to cause

inflammation of the oral mucosa (2)» scaly dermatitis (3,17), and
perosis (3,18).

However, the appearance of any one or all of these

gross lesions are variable.

Other dietary factors, such as tryptophan

(17), leucine (1), pyridoxine (1), and type of ingredient (4) in diets
deficient in niacin may affect the type of niacin deficiency lesions
observed.

Often, when deficiency lesions such as dermatitis or perosis

occur, they may be grossly and histologically indistinguishable from
deficiency lesions produced by other vitamins (5,13).

Summers et al.

(13) and Ferguson et al. (5) could not demonstrate a difference in
gross leg deformities or histological changes in chickens fed dietB
deficient in folic acid, niacin, biotln, and choline.
Reovirus Infection causes lameness in chickens resulting in major
financial losses to the poultry industry.

Although reovirus infection

may not result in bowing or twisting of the tlbiotarsus and
tarsometatarsus (14) as observed in niacin deficiencies (13),
radiographs and histologic examinations have demonstrated that
37
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osteolysis and OBteoneogensis of the tlblotarsus and tarsometatarsus
occurs during early and chronic reovirus infection (6,9).

Upon

investigating the interaction of reovirus infection and niacin
deficiency on leg abnormalities, a gross lesion associated with the
deficiency syndrome, not previously reported in the literature, was
observed in chickens.

Materials and Methods
Chickens.

In each of five experiments, 480 Rhode Island Red

chicks of both sexes (SPAFAS, Norwich, CT) were randomly assigned to
one of two groups.
isolation rooms.

Each group of 240 chicks was housed in separate
Each group was further divided into 12 subgroups of

20 chicks, and each subgroup was placed in a separate pen.
Virus.

Reovirus WVU 2937 (obtained from Dr. N.O. Olson,

Morgantown, WV) in yolk material served as the virulent viral inoculum.
The yolk material had a reovirus titer of 1 x 10^ plaque forming
units/ml on chick kidney cell cultures.
Diets.

Least cost feed formulation (11) utilizing the IBM MPS

program was used to formulate a niacin deficient basal diet (Table 1)
containing a niacin concentration of 20% of the National Research
Council nutrient requirements of poultry (NRC-77) (7).

The NRC-77

requirements were met for all other nutrients except pyridoxine.
Pyridoxine was restrained to a deficient level of 1.6 mg/kg of diet to
prevent a tryptophan conversion to niacin (11).

Additional diets were

prepared by adding to the niacin deficient basal diet a vitamin premix
supplemented with niacin to yield diets containing either 100% or 200%
of the NRC-77 required level of niacin.
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Experimental procedures.

Chicks in one Isolation room (Infected)

were intranasally and orally inoculated with a total dose of .1 ml of
the viral inoculum.

One drop of the Inoculum was given intranasally

and the remaining fraction was given orally.

Chicks in the other

isolation room served as noninfected controls.

The three experimental

niacin diets were randomly assigned to 4 pens of chicks per room.
Chicks were raised on their respective diets for 8 weeks.
Niacin deficiency lesions, i.e., leg abnormalities and dermatitis,
and reovirus induced tenosynovitis were subjectively evaluated at 4, 6,
and 8 weeks and scored as present or absent.
Statistical anaylsis.

Incidence means of deficiency lesions and

tenosynovitis were subjected to analysis of variance.

Mean treatment

differences were tested by Duncan's multiple range test.

Since

deficiency lesions were not observed in chickens fed 100% or 200% of
the NRC-77 dietary level of niacin, statistical analysis was only
conducted in those chickens fed the deficient diet (20% of the
NRC-77 niacin level).

Results and Discussion
Upon evaluating the legs of the chickens used in this experiment,
a niacin deficiency lesion not previously reported was evident.

This

deficiency lesions appeared as a black pigmentation in the skin of the
tarsal joint, tarsometatarsus, and feet (Figure 1).

This "black leg"

condition would have gone unreported; however, the incidence (main
effect of time) was Increased in the 6- and 8-week old chickens (Table

2>Concurrently, chickens fed niacin supplemented basal diets at
levels of 100% or 200% of the NRC-77 requirement of niacin did not
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demonstrate "black leg" or any other niacin deficiency lesion.

Thus

"black leg" was attributed directly to a niacin deficiency.
Microscopic examination of skin sections from a chicken demonstrating
"black leg" syndrome gave no evidence of increased amounts of melanin
or number of melanocytes.

Thus* the nature of the skin hyperpigmenta-

tion is presently unresolved.
Reasons for the absence of this niacin deficiency associated
lesion in the literature may be two-fold.

First, many experiments

studying niacin deficiencies in young chicks were terminated when the
chicks were 4 to 6 weeks old (2,3,4).

In this study, noninfected

niacin deficient chickens demonstrated no "black leg" at 6 weeks.
Second, the genetic type and plummage color of the chicken may have
influenced the presence and detection of deposition of the dark
pigment.
Similar to earlier reports (3), dermatitis and leg abnormalities
were observed in niacin deficient chickens (Tables 3 and 4).

Unlike

"black leg" (Table 2), the incidence of dermatitis and leg
abnormalities was unchanged from 4 to 8 weeks (main effects of time)
(Tables 3 and 4).

It therefore appears that "black leg" syndrome

appears much later than the other deficiency lesions.
The incidence of "black leg", leg abnormalities, and dermatitis
deficiency lesions were significantly increased in the reovirus
infected chickens (main effect of infection) (Tables 2, 3, and 4).
Recently, researchers have gathered evidence that suggests that
reoviruses may cause deficiency syndromes by producing intestinal
malabsorption (8,10,15,16).

'-Pale bird syndrome", perosis, poor growth

and feathering, and reduced Intestinal absorption of carotene has been
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observed In reovirus Infected chickens (8,10,15,16).

Increased

Incidence of dermatitis, leg abnormalities, and "black leg" In the
reovlrus-lnfected chickens when compared with noninfected chickens may
also be the result of a malabsorption of specific nutrients.

Increased

Incidence of niacin deficiency lesions in the infected chickens when
compared with the noninfected chicken was attributed directly to
reovirus infection since the noninfected chickens did not have reovirus
associated tenosynovitis (Table 5).
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Table 1.

Composition of niacin deficient basal
diet
Ingredients

Soybean meal
Casein

Z
17.97
3.00

Isolated soybean protein

12.00

Sucrose

30.00

Cellulose

14.88

Soybean oil

14.00

Diacalcium phosphate

2.50

DL-methionine
Oystershell flour

.15
1.50

Salt

.50

Mineral mixture*’
2
Vitamin mixture

1.00
2.50

contributed the following levels
per kilogram of mineral mixture:

(in grams)

Mn S04 , 44.88; Zn C03 , 14.96; CuS04 *5H20, 29.92;
NaCl, 498,96; Corn, 411.28.

2

Vitamins contributed the following levels

per kilogram of vitamin mixture:

riboflavin, 580

mg; folic acid, 440 mg; choline chloride, 60.5 g;
calcium pantothenate, 2.2 g; biotin, 13.2 g;
dl-methionine, 57.2 g; vitamin

2.64 mg;

vitamin A 1.5x10® IU; vitamin D^, 4.4x10'* IU;
vitamin E, 1100 IV; vitamin K, 440 mg.
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Figure 1.

Black leg syndrome In an 8-week-old chicken fed diets
deficient in niacin.
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Table 2.

Percent Incidence of "black leg" In niacin deficient and
Reovirus HVU 2937 infected and noninfected chickens at 4, 6.
and 8 weeks

Reovirus
Treatment

4wk

Time (% incidence 1 SEM)
6wk
8wk

Noninfected

1.39±1.39C

0C

Infected

1.37±1.37c

14.28±4.44ab

17.31±5.30a

2.891
10.992

CM

1.381

H
•
rs

Hain effect
of time

7.27±3.53bc

Main effect of
infection

12.292

a,b*cMeans with different letter superscripts are significantly
different (p£.05).
*,2Means with different numerical superscripts within the main
effect of either time or Infection are significantly different (p£.01).
SEM - standard error of the mean.
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Table 3.

Percent incidence of dermatitis lesions in niacin deficient
and Reovirus WVU 2937 infected and noninfected chickens at 4,
__________ 6, and 8 weeks_________________________________________________
Reovirus
Treatment
Noninfected
Infected
Main effect
of time

4wk

Main effect of
infection

Time (X incidence ± SEM)
6wk
8wk

1.39±1.39bc
12.33±3.87a

6.86

6.25±3.05abc
9.52±3.73ab

7.88

oc
3.85±2.69abC

2.551
8.572

1.92

a,b*°Means with different superscripts are significantly different
(p£.05).

1 2

* Means with different numerical superscripts within the main

effect of either time or infection are significantly different (pS.Ol).
SEM « standard error of the mean.
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Table 4.

Percent Incidence of leg bending and twisting in niacin
deficient and Reovirus WVU2937 infected and noninfected
__________ chickens at 4» 6, and 8 weeks___________________________
Reovirus
treatment

4wk

Time (% incidence ± SEM)
6wk
8wk

Main effect
of infection

Noninfected

25.00±5.14ab 23.44+5.34b

20.00±5.44b

22.811

Infected

32.88±5.54ab 41.27±6.25a

32.69±6.57ab

35.612

Main effect
of time

28.94

32.36

26.34

a *b,cMeans with different superscripts are significantly different
(p£.05).
1,2Means with different numerical superscripts within the main
effect of either time or infection are significantly different (p£.05).
SEM - standard error of the mean.
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Table 5.

Percent Incidence of tenosynovitis in niacin deficient and
reovirus infected and noninfected chickens at 4, 6, and 8
weeks
______

Reovirus
treatment
Noninfected
Infected
Main effect
of time

4wk

Time (X incidence + SEM)
6wk
8wk

ob

ob

0b

26.03±5.17a

23.81±5.41a

17.31±5.29a

13.02

11.90

8.66

Main effect of
infection
O1
22.382

a *b,cMeans with different superscripts are significantly different
(pS.05).

1 2

* Means with different numerical superscripts within the main

effect of either time or infection are significantly different (pS.OOl).
SEM - standard error of the mean.

CHAPTER 4
Immune Responses of Reovirus WVU 2937 Infected and Noninfected
Chickens Fed Varying Dietary Levels of Selected Nutrients
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Summary
Antibody responses to Reovirus WVU 2937 of 4-, 6-, and 8-week old
chickens fed manganese, biotin, niacin, choline, or folic acid at
dietary levels of 20%, 100%, or 200% of the National Research Council
nutrient requirements (NRC-77) were evaluated in five experiments.
Immune responses to sheep red blood cells (SRBC), phytohemagglutinin-P(PHA-P), and purified protein derivative (PPD) were also
evaluated in eight-week-old reovirus-infected and noninfected chickens
fed varying dietary levels of biotin, niacin, choline, or folic acid.
Varying dietary levels of manganese, blotin, niacin, choline, or
folic acid had no effect on antibody production to reovirus In 4-, 6-,
and 8-week-old chickens.

Male and female chickens demonstrated similar

antibody responses to reovirus.
Biotin, niacin, choline, or folic acid fed at 20%, 100%, or 200%
of the dietary requirement had no effect on immune responses to SRBC,
PHA-P, or PPD in eight-week-old chickens.

Reovirus infection did not

suppress Immune reponses to SRBC, PHA-P, or PPD in eight-week-old
chickens.
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Introduction
Dietary vitamin deficiencies are reported to often render animals
immunoincompetent.

Increased susceptiblity to pathogens has been

reported to occur in animals with thiamin and biotin deficiencies
(lit 19).

Decreased specific antibody production to antigens has been

observed in animals deficient in thiamin, riboflavin, blotln,
pyridoxine, or pantothenic acid (2,12,20,21,23).
also affected by vitamin deficiencies.

Cellular immunity is

Folic acid deficient animals

have decreased skin reaction to dinitrochlorobenzene (10).

Depressed

mixed lymphocyte reactions have been observed in pyridoxine deficient
rats (1,28).

Vitamin A deficiencies have resulted in decreased splenic

organization and thymus atrophy in rats (18) and reduced nasal
lymphocytes in Newcastle disease virus Infected chickens (3,4).
Deficiencies of folic acid or vitamin

result in decreased

lymphocyte transformation when stimulated with phytohemagglutinin-P
(7,8,10,13,24).

With the exception of studies of fat soluble vitamins

(3,4,14,22) very little work has been conducted on the influence of
vitamins on Immunity in chickens.

Although most water soluble vitamins

are abundant in today's poultry rations, possible malabsorption of
vitamins due to coccldia (32), alflatoxlns (31), and reoviruses (5,33)
warrants continued research on effects of vitamin deficiencies on
Immunity.
Reoviruses have been Implicated in suppressing the Immune system
of chickens (16).

This has been evidenced by premature atropy of the
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Bursa of Fabricus and decreased lymphocyte to heterophil ratios.
However, the status of the Immune system of reovirus Infected chickens
has not been conclusively determined.
Recently* reoviruses have been suspected of causing malabsorption
of nutrients (33*35).

Reovirus infected chicks have demonstrated many

gross lesions* i.e.* poor feathering, poor skin pigmentation, perosis,
reduced bone strength* and encephalomalcla (26,29,33).

Similar signs

resulting from vitamin deficiencies and intestinal malabsorption caused
by coccidia (32) and aflatoxins (31) have been reported.
This study was designed to determine the effects of dietary
deficiencies of selected nutrients on the immune responses of reovirus
infected and noninfected chickens.

Materials and Methods
Chickens.

In each of five experiments, 480 reovirus-free Rhode

Island Red chicks of both sexes obtained from SPAFAS Inc. (Norwich, CT)
were randomly assigned to two groups and housed in separate isolation
rooms.

Each group of 240 chicks were further divided into 12 subgroups

of 20 and placed in separate pens.
Virus.

Reovirus WVU 2937 obtained from Dr. N.O. Olson

(Morgantown, WV) was prepared as previously described (16).

The fifth

yolk sac passage of reovirus had a titer of 1.0x10^ plaque forming
units (PFU)/ml on chick kidney cells.
Diets.

Three dietary levels of manganese, biotin, niacin,

choline, or folic acid were studied in five separate experiments.
Least cost feed formulation utilizing the IBM MPS program (30) was used
to formulate a basal diet for each nutrient studied.

The nutrient

being investigated was fixed at a level of 20% of the National Research
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Council (NRC-77) nutrient requirements of poultry (25).

The

recommended practical levels of all other nutrients were met (30).

In

the niacin basal diet, the pyridoxine dietary level was also restrained
at a deficient level of 1.6 mg/kg of diet to prevent tryptophan
conversion to niacin (27).
Supplemented basal diets with vitamin concentrations of 100% and
200% of the

NRC-77 requirement were made by mixing adjusted vitamin

premixes with the basal diets.
Agar Gel Precipitin Test.

Antibody titers to reovirus were

determined using the agar gel precipitin test (AGP).

The agar gel

consisted of Noble agar, 8.5g; tris (hydroxmyethyl)-amino methane,
6.1g; sodium chloride, 85g; diluted to 1 liter in distilled water (pH
8.0).

The suspension was autoclaved at 121 C for 20 mln and 10 ml

aliquots were added to each plastic petre dish measuring 100 x 15 mm.
After gel solidification, wells were cut such that six outer wells
(serum wells) encircled a center well (antigen well).

Serum samples

were serially diluted two-fold in a phosphate buffered saline (PBS)
diluent in microtiter plates.

Each serially diluted serum sample (1:2

to 1:64) was added in sequence to the outer wells of the pattern.
Chorioallantoic membranes (Cams) from Reovirus WVU 2937 infected
embryos were collected, washed with PBS, and ground in a tissue
grinder.

Supernates from the Cams served as the reovirus antigen

placed in the center well.
The highest dilution of serum resulting in a precipitin line
between the serum well and the antigen well was declared the end point
(titer).

Titers were expressed as a logg.
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Sera from the noninfected chickens were tested undiluted using the
AGP test.
Immune parameters.

Hypersensitivity to bovine purified protein

derivative was induced in male chickens by two .1 ml intramuscular
inoculations of Freund's complete adjuvant (Difco, Detroit, HI) in the
breast at different sites.

Following a three week sensitization

period, the thickness of both wattles of each chicken were measured
using a pressure sensitive skin thickness micrometer (The Dyer Co.,
Lancaster, PA).

One wattle then received an intradermal injection of

.1 ml bovine PPD (National Veterinary Services Lab, Ames, IA) and the
opposing wattle was intradermally Injected with .1 ml sterilized
phosphate buffered saline (PBS).

Hattie thicknesses were again

determined 24 hrs post-inoculation.
Wattle reactions to phytohemagglutinln-P (PHA-P) (Difco, Detroit,
MI) were determined in male chickens Intradermally Injected with 100 Mg
PHA-P/.1 ml PBS in one wattle and .1 ml of sterile PBS in the opposing
wattle. Hatties thickness were measured prior to inoculation and 17 hrs
post-lnoculat ion.
Hemagglutinsting antibodies (HA) to sheep red blood cells (SRBC)
were determined seven days following a .1 ml Intravenous injection of
a .5% suspension of thrice washed sheep red blood cells (SRBC).
Hemagglutlnating antibody titers were expressed as the log2 of the
highest dilution of serum that agglutinated an equal volume of .5%
SRBC.
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PPD and PHA-P wattle responses were expressed by the following
formula:
Response - (SW - SW.) - (CW - CW. )
a
b
a
b
Where:

SW

a -

wattle thickness (mm) of the PHA-P or PPD stimulated
wattle 17 or 24 hrs after injection.

SWfa - wattle thickness (mm) of the PHA-P or PPD stimulated
wattle before injection.
CW

&

• control wattle thickness (mm) 17 or 24 hrs after
wattle injection with PBS.

CW^ - control wattle thickness (mm) before wattle
injection with PBS.
Experimental procedure.

In each experiment, all chicks

(one-day-old) in one room (infected group) were inoculated nasally and
orally with a total dose of 1 x 10
virus inoculum).

A

PFU of Reovirus WVU 2937 (.1 ml of

The other room served as noninfected control chicks.

Each of the three experimental diets were randomly assigned and fed ad
libitum for eight weeks to four pens of chicks in each room.
At 2, 4, and 6 weeks four chickens per pen (16

chickens per

dietary treatment per room) were randomly blood sampled by cardiac
puncture.

Serum

samples were collected and stored at -20 C until

antibody titers to reovirus were determined by the agar gel precipitin
test.
In the biotin, niacin, choline, and folic acid studies but not in
the manganese study, eight-^week-old male chickens were randomly
selected and placed in growing batteries on their respective diets for
immune studies.

The wattles of five PPD sensitized male chickens per

dietary treatment per room were PPD stimulated.

Immune responses to
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SRBC of an additional five male chickens per diet per room were
evaluated one week following PHA-P wattle stimulation.
Satlstical analysis.

Antibody titers (AGP) to reoviruB were

subjected to analysis of variance using a generalized linear model.
The arrangement of treatments was a split-plot with dietary level of
the nutrient (20%, 100%, or 200% of the NRC-77) representing the main
effect and sex representing the split effect.
was conducted within each week.

The analysis of variance

Mean treatment differences were

determined using least square differences and all treatment means were
reported as least square estimates of means.
Immune responses to SRBC, PHA-P, and PPD were subjected to
analysis of variance.

Mean treatment differences were determined using

Duncan's multiple range test.

Results
Manganese study.

Neither the dietary level of manganese fed to

-the chickens nor the sex of the chicken had an effect on 4-, 6-, or
8-week-old antibody production to reovirus (Table 1).
Blotin study.

The antibody responses of male and female chickens

to Reovirus WVU 2937 were similar (main effect of sex, Table 2).
Varying dietary levels of biotin also had no effect on antibody
production to reovirus in chickens 4, 6, and 8 weeks old (main effect
of diet, Table 2).

The effect of varying dietary levels of blotin

(main effect of diet) and the infection of the chickens (main effect of
Infection) on immune responses to SRBC, PHA-P, or PPD was not
significant (Table 3).
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Niacin study.

The effect of varying dietary levels of niacin

(main effect of diet) and sex (main effect of sex) on antibody
production to reovirus in 4-, 6-, and 8-week-old chickens was not
significant (Table 4).

However, six-week-old deficient male chickens

had an increased humoral Immune response to reovirus when compared with
deficient female chickens (sex and diet interaction pS.05) (Table 4).
Male and female chickens fed 100% or 200% of the NRC-77 required level
of blotin had similar responses (Table 4).

Similar immune responses to

SRBC, PHA-P, and PPD were observed in reovirus-infected and noninfected
chickens (main effect of infection) fed varying dietary levels of
niacin (main effect of diet, Table 5).
Choline study.

Infected male and female chickens (main effect of

sex) fed varying dietary

levels of choline (main effect of diet) had

similar antibody responses to reovirus at 4, 6, and 8 weeks of age
(Table 6).

Immune responses to PHA-P and PPD were similar in

reovirus-infected and noninfected chickens fed varying dietary levels
of choline (Table 7).

Although the dietary level of choline fed to

chickens (main effect of diet) had no effect on antibody production to
SRBC, reovirus-infected chickens had increased antibody production to
SRBC when compared with noninfected chickens (main effect of infection,
Table 7).
Folic acid study.

Varying dietary levels of folic acid had no

effect on the antibody response of chickens to reovirus at 4 and 6
weeks of age.

However, eight-week-old chickens deficient in folic acid

(20% of the NRC-77) had significantly reduced concentrations of
precipitating antibodies to reovirus when compared to chickens fed
either the 100% or the 200% of the NRC-77 level of folic acid (main
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effect of diet, Table 8).

Sex had no effect on antibody responses to

reovirus In chickens 4-, 6-, or 8-weeks old (Table 8).

Reovirus

infected and noninfected chickens had similar immune responses SRBC,
PHA-P, or PPD (Table 9).

Varying dietary levels of folic acid had no

effect on immune responses to SRBC, PHA-P, or PPD (Table 9).

Discussion
The severity of tenosynovitis (reovirus) has been shown to be
greater in male chickens than in female chickens (6).

In that study,

the mechanism resulting in sex differences in the severity of
tenosynovitis was thought to be the result of Immunosuppression in the
male infected chicken when compared with the female chicken.

In the

data presented here, male and female chickens in five experiments had
similar antibody responses to reovirus.

Therefore, the mechanism

resulting in more severe tenosynovitis in male chickens than female
chickens appears to be independent of antibody responses to reovirus.
Dietary deficiencies of certain nutrients have been shown to
suppress the immune system of mice, rats, and other mammals
(2,12,20,21,23).

The effects of dietary deficiencies of water soluble

vitamins on the immunocompetence of the chicken has received virtually
no investigation.

Glick et al. (9) noted that a 50% reduction of

dietary protein:calorie level was unable to suppress the ability of
chickens to produce antibodies to sheep red blood cells.

He observed a

similar resistance to immunosuppression in chickens deficient in
selective nutrients.

Chickens deficient in manganese, biotin, niacin,

or choline (20% of the NRC-77 requirement) had similar antibody
responses to reovirus at 4, 6, and 8 weeks of age.

Chickens fed diets

deficient in biotin, niacin, choline, or folic acid for eight weeks
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also had normal immune response to SRBC, PHA-P, and PPD.

Resistance to

immunosuppression through dietary modulation observed in the chicken
has not been reported for any other animal species , and thus warrants
investigation.
Reduced antibody titers to reovlrus were observed in folic acid
deficient eight-week-old chickens.

However* normal responses (when

compared to chickens fed higher dietary levels of folic acid) at 4 and
6 weeks of age suggest that Immunosuppression in the folic acid
deficient chickens at eight weeks of age may have been due to chance.
Histopathologic and clinical pathologic evidence has suggested
that reovlrus infection may cause a breakdown in normal Immunological
processes (17).

This view was supported by the fact that the bursa of

Fabricus atrophied 2 months prematurely in reovirus-infected chickens.
Also* the ratio of lymphocytes to heterophils was mildly reduced in
reovirus-infected chickens.

The data presented here suggest that

reovlrus infection does not adversely affect the immunocompetency of
eight-week-old chickens.

In four studies* reovirus-infected and

noninfected chickens had similar humoral and cellular immune responses
to SRBC* PHA-P, and PPD.
In the choline study, reovlrus infected chickens had enhanced
antibody responses to SRBC.

Although similar results have been

observed in mice infected with lactic dehydrogenase virus and
Venezulean equine encephalitis virus (15,27) and in viral vaccinated
chicks (34), increased antibody responses of reovirus-infected chickens
may have been due to chance, since it was observed in only one of four
studies.
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Table 1. Antibody titers to Reovlrus WVU 2937 In Hie and feaale chickens fed varying dietary levels of
■snganese

4-weefc__________
Percent gf
Main effect
HRC-77_______ Male______ Fewale of diet

Antibody titer 1 S.B.M.**
6-week__________
Main effect
Male______ Fenale of diet

B-week
Male_____Fenale

Main effect
of diet

20X

1.99± .48

2.201 .35

2.10

1.981 .32

1.691 .24

1.84

2.251 .54

3.251 .53

2.75

100X

2.91± .42

2.09± .37

2.50

1.72± .35

1.991 .24

1.86

1.551 .71

1.841 .51

1.70

200X

2.111 .37

1.681 .47

1.90

1.851 .32

1.881 .25

1.86

2.821 .92

1.571 .71

2.20

2.34

1.99

1.85

1.85

2.21

2.22

Main effect
of sex

*HIC-77 ■ National Research Connell (1977) Nutrient Requirements of Poultry.
**Aatibody titer 1 standard error of the aean (S.E.M.) expressed as a Log^.

Table 2. Antibody titer* to Reovlrus WVU 2937 In aale and feaale chickens fed varying dietary level* of biotin

Main effect
of diet

Antibody titer ± S.E.H.**
6-week
Main effect
Male______ Feaale of diet

4-oeek
Percent |f
HRC-77

Male______ Feaale

_
8-week
Main effect
Male_____ TeasIs of diet

202

2.951 .81

2.771 .74

2.86

3.001 .89

2.541 .60

2.77

.741 .53

1.591 .50

1.16

1002

2.851 .63

2.941 .98

2.90

2.441 .85

2.441 .85

2.44

1.081 .51

1.021 .52

1.05

2002

2.141 .69

3.431 .98

2.78

2.601 .75

2.521 .75

2.56

1.171 .67

2.301 .46

1.60

2.65

3.05

2.68

2.50

1.00

1.55

Main effect
of sax

*>KC-77 “ Rational Research Council (1977) Hutrlent Requirement* of Poultry.
**Antlbody titer t standard error of the aean (S.E.M.) expressed as a Log^.

Tabla 3. T w m i responses of reovlrus Infected and noninfected eight-week old chickens fed varying dietary
levels of blotln.
T u n i response t S.•H.M.1
PPD*
Mein effect
Main effect
Noninfected of diet Infected Nonlnfected of diet
PHA-P3

SRBC2
Halo effect
Monlnfacted of diet Infected

Percent of
HRC-77

Infected

20Z

3.801 .58

4.601 .24

4.20

.901 .20

.521 .26

.71

1.471 .26

.881 .16

1.18

100X

3.751 .25

4.401 .40

4.08

1.081 .12

.991 .16

1.04

1.761 .21

1.531 .57

1.64

2002

4.401 .24

3.401 .40

3.90

.591 .14

.931 .15

.76

.641 .16

.681 .15

.66

3.98

4.13

.86

.81

1.29

1.03

HaIn effect
of Infection

*S.S.M. “ standard error of the naan.
2SRBC ■ sheep red blood call response expressed as a seen hensgglutlnatlng antibody titer (lofj).
3PHA-P - phytoheaagglutlnln-P response (■) - (PHA-P usttls thlckenss 17 hrs after Injection - PHA-P
wattla thickness before Injection) - (PBS wattle thlckenss 17 hrs after Injection - PBS nettle thlchnese
before Injection).
*PPD • Purified protein derivative response (an) ■ (PPD wattle thickness 24 hrs after Injection - PPD
wattla thickness before injection) - (PBS wattle thickness 24 hrs after Injection - PBS wattle thickness
before injection).
5NHC-77 - Hatlonal Research Council (1977) Nutrient Requirements of Poultry.

Table 4. Antibody titers to Reovlrus WVU 2937 In aale and feaale chickens fed varying dietary levels of niacin

4-week__________
Percent of
Main effect
HRC-77_______ Male______ Peaale of diet

Antibody titer 1 S.E.M.**
fr«et
Main effect
Male______ Feaale of diet

8-week
Male_____Feaale

Main effect
of diet

201

3.58± .69

2.171 .75

2.88

4.171 .64*

1.761 .70b

2.96

4.941 .82

3.941 .96

4.44

100Z

2.911 .84

4.001 .80

3.46

1.631 .79b

3.031 .79*** 2.32

2.761 .91

4.3311.33

3.54

200X

2.511 .72

2.2211.00

2.36

3.251 .61*b 1.251 .6lb

4.201 .82

4.9411.02

4.57

3.00

2.80

3.97

4.40

Main effect
of sex

3.02

2.25

2.01

*HRC-77 » Rational Research Council (1977) Rutrlent Requlreaents of Poultry.
**Antibody titer 1 standard error of the aean (S.E.M.) expressed as a Logg.
**^Titers within a given week’with different letter superscripts are significantly different (p£.05).

Tabic 5. l i n e responses of reovlxus Infected and nonlnfected eight-week old chlckena fed varying dietary
level* of niacin
I— ana reeponaa 1 S.B.M.*
Percent of
HRC-77

Infected

________________ PHA-P3__________
PPP*
Main effect
Main effect
Main effect
HonInfected of diet Infected
Monlnfected of diet Infected Honlnfected of diet

20Z

7.0011.05

7.201 .73

7.10

.731 .26

.721 .15

.72

1.671 .37

1.641 .42

1.66

1002

8.401 .93

7.401 .93

7.90

1.021 .20

.701 .32

.86

1.041 .26

2.231 .30

1.64

200Z

8.001 .63

8.601 .98

8.30

.641 .20

.801 .12

.72

1.191 .30

1.751 .54

1.47

.80

.70

1.30

1.87

SRBC2

Main effect
of Infection

7.80

7.73

*S.B.M. - standard error of the aean.

j

SRBC • sheep red blood cell response expressed aa a aean heaagglutlnating antibody titer (10 (2 )*

3PHA-P ■ phytohenagglntloln-P response (aa) • (PHA-P wattle thlckenss 17 hrs after Injection - PHA-P
wattle thickness before Injection) - (PBS wattle thlckenss 17 hrs after Injection - PBS wattle thlckneas
before Injection).
*PTO " Purified protein derivative response (an) * (PPD wattle thickness 24 hrs after Injection - PPD
wattle thickness before Injection) - (PBS wattle thickness 24 hrs after Injection - PBS wattle thickness
before Injection).
3HRC-77 - Rational Research Council (1977) Nutrient Requirements of Poultry.

Table 6. Antibody titers to Reovlrus WVU 2937 In male and fenale chickens fed varying dietary levela of
choline
________________ Antibody titer i S.E.M.**
4-week
6-week
~
Percent of
Main.effect
Main effect
HRC-77_______ Hale______ Fenale of diet
Male______ Fenale of diet
Male

8-week
Fenale

Main effect
of diet

20Z

3.001 .56

3.401 .51

3.60

4.441 .42

3.741 .39

4.09

5.031 .67

4.371 .49

4.70

100X

4.741 .38

3.301 .30

4.06

4.121 .34

4.121 .60

4.12

3.951 .95

4.001 .50

4.42

200Z

3.311 .59

3.011 .41

3.56

3.991 .30

3.651 .42

3.62

4.1211.00

3.461 .01

4.42

3.95

3.53

4.10

3.04

4.37

4.24

Main effect
of sex

%RC-77 - Rational Research Council (1977) Rutrient Requirements of Poultry.
**Antibody titer i standard error of the nean (S.E.M.) expressed as a Log^.

Tabic 7.

Iaune reaponsea of reovlrus Infected and noninfected eight-week old chickens fed varying dietary
levels of choline
Inwune response ± S.E.M.1
SRBC2

Percent of
HRC-77

Infected

PHA-P3

Main effect
Honlnfected of diet Infected

PPD4
Main effect
Main effect
Honlnfected of diet Infected Honlnfected of diet

202

7.601 .75

5.401 .81

6.50

1.281 .15

1.501 .25

1.39

1.551 .24

2.291 .39

1.92

1002

7.501 .50

6.401 .68

6.95

1.031 .27

1.501 .26

1.04

1.741 .39

1.531 .25

1.64

2002

0.431 .53

6.201 .58

7.32

1.061 .13

1.041 .19

1.05

2.221 .52

1.851 .91

2.04

1.12

1.05

1.84

1.89

Main effect
of infection

7.84*

6.00

3S.E.M. “ standard error of the wean.

2

SRBC a sheep red blood cell response expressed as a wean henagglutlnating antibody titer (logj).

3PHA-P * phytoheaagglutinln-P response (■) “ (PHA-P wattle thlckenss 17 bra after Injection - PHA-P
wattle thickness before Injection) - (PBS wattle thlckenss 17 hrs after injection - PBS wattle thickness
before injection).
*PFD > Purified protein derivative response (■) a (PPD wattle thickness 24 hrs after Injection - PPD
wattle thickness before Injection) - (PBS wattle thickness 24 hrs after Injection - PBS wattle thickness
before Injection).
5HRC-77 a national Research Council (1977) Hutrient Requirements of Poultry.
*,hHain effects with different letter superscripts are statistically different (pS.05).

TabLa B. Antibody tltera to I m i n u DVD 2937 in nolo and fenale chickens fad varying dlatary lavala of
folic add

4-week
Percent of
Main affect
WtC-77______ Male______ Fenale of diet

Antibody titer 1 S.E.M.**
6-week
Main effect
Male______ Feile of diet

8-weak
Male

Fenale

Main affect
of diet

20Z

2.091 .54

2.711 .36

2.40

3.221 .57

3.241 .44

3.23

3.271 .41

2.491 .36

2.881

100X

2.941 .56

2.841 .41

2.89

3.841 .51

4.471 .42

4.16

3.991 .44

3.701 .34

3.842

200X

2.531 .46

2.551 .56

2.54

3.971 .46

4.371 .41

4.17

3.941 .36

4.071 .41

4.002

3.68

4.03

3.73

3.42

Main effect
2.52

2.70

*880-77 * national Research Connell (1977) Kutrlent Requlrananta of Poultry.
**Aatlbody tltar t standard error of the nean (S.E.M.) expressed aa a Lo*j.
1,2Main effects with different nuaberlcal superscripts are significantly different (pS.05).

Table 9, Iaaune m p o u e i of reovlrus Infected and noninfected eight-week old chickens fed varying dietary
levels of folic add
1— me response 1 S.E.M.*
SMC2

__________
Main effect
Honlnfected of diet Infected

PHA-P3_______________________ PPD4
Main effect
Main effect
Honlnfected of diet Infected Honlnfected of diet

Percent of
HRC-77

Infected

20Z

8.40± .40

7.(01 .24

8.00

1.241 .18

1.181 .15

1.21

1.171 .30

1.2(1 .32

1.22

1002

B.501 .29

8.(01 .40

8.55

.821 .15

1.381 .1(

1.10

1.411 .19

.951 .11

1.18

200X

8.0011.05

7.(01 .51

7.80

1.241 .18

1.051 .12

1.14

1.4(1 .12

1.451 .29

1.46

8.30

7.93

1.10

1.20

1.35

1.22

Main effect
of Infection

*S.E.K. • standard error of the nean.

2

SMC ■ sheep red blood cell response expressed as a nean henagglutlnatlng antibody titer (log^).

3PHA-P “ phytohenagglutlnln-P response (an) • (PHA-P vattle thlckenss 17 hrs after Injection - PHA-P
wattle thickness before injection) - (PBS wattle thlckenss 17 hrs after Injection - PBS wattle thickness
before Injection).
4PPD ■ Purified protein derivative response (aw) ■ (PPD wattle thickness 24 hrs after Injection - PPD
wattle thickness before injection) - (PBS wattle thickness 24 hrs after injection - PBS wattle thickness
before Injection).
3HRC-77 - Rational Research Council (1977) Rntrlent Requirements of Poultry.
a’^Maln effects with different letter superscripts are statistically different (pS.05).

CHAPTER 5
Bone Shearing Strengths of Chickens Infected
With Reovirus WVU 2937 and Fed
Varying Levels of Selected Vitamins
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Summary
Bone shearing strengths of the proximal end of the femur and
distal and proximal ends of the tibiotarsus of 8-week old Reovlrus WVU
2937 infected and noninfected chickens fed diets containing either 20%,
100%, or 200% of the NRC-77 requirement of either biotin, niacin,
choline, or folic acid were determined.
Reovirus Infection significantly reduced the absolute shearing
strength of the proximal end of the femur in chickens in the choline
and folic acid studies, and the proximal and distal end of the
tibiotarsus in chickens in the folic acid study when compared to femurs
and tibiotarsl of noninfected chickens.

Reovlrus had no effect on the

absolute shearing strength of the proximal end of the femur in the
blotin or niacin studies, and the proximal end of the tibiotarsus in
the blotin, niacin, or choline studies.
Dietary deficiencies of niacin or biotin but not choline and folic
acid resulted in a significant reduction of the absolute bone shearing
strength of the proximal end of the femur when compared with chickens
fed 100% or 200% of the NRC-77 requirement.

Biotln or niacin

fed at a deficient level also reduced the bone shearing strength of the
proximal end of the tibiotarsus when compared with chickens fed 100% or
200% of NRC-77 level of the vitamin.
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Introduction
Leg abnormalities In poultry continue to be a major economic
problem to the industry.

Genetics (6)» nutrition (14), bacterial and

viral diseases (15), and environment (14) each play a

role inthe

development of leg abnormalities in broiler chickens.

Leg

abnormalities caused by some of these factors are distinct and
interactions of several of these factors may be involved in the obscure
etiologies of other undefined clinical signs and lesions.
Reovirus infection has been shown to cause tenosynovitis (viral
arthritis) in chicks (10).

Typically, lesions of tenosynovitis are

enlargement of the tendons distal to the tarsal joints.

Recently

reovirus has been suspected of causing diseases usually associated with
vitamin deficiencies.

Diseases such as "helicopter feathering" (16),

perosis (12), "pale bird syndrome" (9), and encephalomalcia (16) have
been diagnosed in chickens infected with reovlruses.
syndromes are similar to the poor feathering, slipped

These clinical
tendon,lack of

pigmentation, and neural disorders observed with some vitamin
deficiencies (13).
Osteoporosis ("femoral head necrosis") of the proximal end of the
femur has been attributed to reovirus infection (16).

In a study

conducted by van der Heide et a l . (16) approximately 20% of the
chickens infected orally with a reovirus isolated from the intestinal
tract of chickens developed osteoporosis.

Reovirus induced nutrient

malabsorption was incriminated in some case's of osteoporosis (16).
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Another leg problem in poultry which is of major concern to the
industry is tiblodyschondroplasia.

Genetics (6)* environment (7),

calcium/phosphorous imbalances (1), toxins (17), and feed consumption
and growth rate (3) can influence the incidence of tiblodyschondro
plasia but the etiology of this disease remains unknown.
Tibiodyschondroplasis is characterized by an abnormal mass of cartilage
in the proximal end of the tibiotarsus.
The objective of these studies was to determine the effect of
reovirus Infection and varying dietary levels of blotin, niacin,
choline, or folic acid on diameter, absolute shearing strength, and
corrected shear strength of the pelvic limb bones of chickens.

Materials and Methods
Diets. Effects of varying dietary levels of biotin, niacin,
choline, or folic acid were Individually examined in four experiments.
Basal diets containing 20% of the National Research Council - 1977
(NRC-77) vitamin requirements (8) were formulated for each vitamin
studied using least cost feed formulation utilizing the IBM MPS
program (13).

The dietary requirement of other nutrients was met for

all diets except for the niacin basal diet.

In the niacin basal diet,

the pyrldoxlne dietary level was restrained at deficient level of 1.6
mg/kg of diet to prevent a tryptophan conversion to niacin (13).

In

each study the tested vitamin was supplemented to prepared basal diets
to form additional diets at concentrations of 100% and 200% of the
NRC-77

vitamin requirement.

Virus.

Reovirus WVU 2937

passed four times in the yolk sac of

chick embryos was obtained from Dr. N.O. Olson (West Virginia
University) and inoculated into the yolk sac of 5-day old embryos.

The
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yolk material was harvested five days later and had a titer of 1.0 x
10^ plaque forming units (PFU)/ml on monolayers of chick kidney cell
cultures.
Chickens.

For each of four experiments! 48 one day-old

specific-pathogen-free Rhode Island Red chicks obtained from SPAFAS,
Inc. (Norwhichf CT) were randomly assigned to form two groups of 24
chicks, each group and housed in an isolation room.

Each group of 24

chicks was further divided into subgroups of eight chicks.

Each

subgroup was placed in a separate pen.
Experimental procedure.

In each experiment evaluating biotin,

niacin* choline, or folic acid all day-old chicks in one room (infected
4
group) were inoculated with 1 x 10

PFU of Reovirus WVU 2937 (1 drop

nasally and the remaining part of 0.1 ml orally).
other room served as noninfected controls.

The chicks in the

Each of the three

experimental diets were randomly assigned and fed ad libitum for eight
weeks to one pen of chicks in each room.
period, the chickens

At the end of the eight week

were killed by cervical dislocation, and femurs

and tibiotarsal bones of one leg from each chicken were collected for
shear strength determination.
Bone shearing strength.

Femurs and tibiotarsal bones from the

eight chicks per experimental group were stripped of all tendons,
muscles, and cartilage.

The diameter of the bones was measured with a

caliper to the nearest .01 mm at 10 mm from the end selected for
evaluation, then sheared the following day at the same location using
an Instron Universal Testing Machine, Model 1122 (Instron Corp.,
Canton, MA) with a crosshead speed of 20 mm/min and a scale load of 50
kg.

The maximum force required to shear the bone was recorded as a
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percentage of the 50 kg load (percent absolute shearing strength).

A

shear valuet corrected by bone diameter, was calculated by the
following formula (11):

(.01) (% absolute shearing strength) (50kg) (9.8)
it

* shear value

(bone diameter)2
4

Data analysis.

Bone diameter, percent absolute shearing strength,

and shearing values were subjected to analysis of variance using a
general linear model.

Least square estimates of mean differences in

these variables were made.

Results
Proximal end of the femur.

Chickens fed diets deficient in blotin

or niacin (main effect of diet) had reduced absolute shearing strength
of the proximal end of the femur when compared with chickens fed 100%
or 200% of the NRC-77 dietary level of blotin or niacin.

Diet had no

effect on the shear value or diameter of the proximal femur in the
niacin and biotin studies (Table 1).

The dietary level of choline and

folic acid had no effect on the diameter, absolute shearing strength,
or the shear value of the proximal end of the femur (Table 1).
Reovirus-infected and noninfected chickens (main effect of
infection) had similar femur diameters, femur absolute shearing
strength, and femur shear values in the biotln and niacin studies.
However, reovirus-infected chickens in the choline and folic acid
studies had reduced absolute bone shearing strength of the femur when
compared with the noninfected chickens (Table 1).

The shear value of
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the femur in reovirus-infected chickens was also reduced when compared
with the shear value of the femur in noninfected chickens in the
choline study, but not in the folic acid study.

The bone diameter of

the proximal femur was not different in infected and noninfected
chickens in all studies.
The diet and infection interaction was not significant in all
studies.

However, least square differences did show some treatment

differences.
Proximal end of the tibiotarsus.

Chickens fed diets deficient in

biotin or niacin but not choline or folic acid had a reduced absolute
shearing strength of the proximal end of the tibiotarsus when compared
with chickens fed 100% or 200% of the NRC-77 requirement of these
vitamins (main effect of diet, Table 2).

In the biotin, niacin,

choline, and folic acid studies, tibiotarsal diameter and shear value
was similar at all dietary levels of the nutrients.
Reovirus-infected chickens had a reduced absolute shearing
strength of the proximal tibiotarsus when compared with noninfected
chickens (main effect of infection) in the folic acid study but not in
the biotin, niacin, or choline studies (Table 2).

The shear value was

also reduced in the reovirus-infected chickens when compared with
noninfected chickens in the folic acid sutdy.

Reovirus-infected and

noninfected chickens had similar tibiotarsal diameters in all studies,
and a similar shear value in the biotin, niacin, and choline studies.
The interaction of diet and infection was not significant.
However, least square differences did Bhow some treatment differences.
Distal end of the tibiotarsus.
and folic a d d

Varying dietary levels of choline

(main effect of diet) had no effect on the diameter,
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absolute shearing strength* or shear value of the distal end of the
tibiotarsus (Table 3).
Reovirus-infected chickens had a reduced absolute shearing
strength of the distal end of the tibiotarsus in the folic acid study
but not in the choline study when compared with noninfected chickens.
Reovirus infection had no effect on the diameter or calculated shear
value of the distal end of the tibiotarsus in both the choline and
folic acid studies (Table 3).
The interaction of diet and infection was not significant for any
variable of the distal tibiotarsus in the choline and folic acid
experiments.

Discussion
"Femoral head necrosis*" "brittle bone disease*" and osteoporosis
are terms which have been used to describe necrosis and/or weakening of
the proximal end of the femur in chickens.

Reoviruses have recently

been Implicated as the etiologic agents in this disease (16).

In this

investigation* reovirus significantly reduced the absolute shearing
strength of the proximal femur in chickens in the choline or folic
acid studies.

Although the virus-infected inoculum and dosage were the

same in all treatment groups* reovirus infection did not reduce the
absolute shearing strength of femurs from chickens in the biotin or
niacin studies.
The inconsistency of the ability of reovirus infection to decrease
the shearing strength of the femur may be the result of two factors.
First* the Incidence of clinical tenosynovitis observed at eight weeks
observed in replicates in the choline and folic acid studies was 24 to
43% and 70 to 81%* respectively.

A lower percent incidence of
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tenosynovitis was observed in chickens in the niacin (10 to 18%) and
biotin (16 to 26%) studies.

Reoviruses may have to establish moderate

to severe infections before proximal femur strength is reduced.
Second, the experiments resulting in the highest incidence of
tenosynovitis (choline and folic acid) were conducted in the winter
months (October to January), whereas, the biotin and niacin experiments
were conducted in the summer months (June to August).

The severity of

reovirus infections may have a temporal relationship as demonstrated
with other diseases (18).

Thus, environmental temperature may

influence the severity of the reovirus infection and ultimately affect
the shearing strength of the proximal femur.

These hypotheses are only

speculative and carefully designed experiments using controlled
environments and varying doses of reovlrus Inoculum would have to be
conducted to support the temporal or temperature effect of the severity
of reovlrus infection on bone shearing strength.

From the data

presented here, it is apparent that reovirus Infection significantly
reduces the absolute shearing strength of the proximal end of the
femur when compared with noninfected chickens.

Therefore, as

demonstrated previously (16), reoviruses appear to have a possible role
as an etiological factor in "femoral head necrosis."
Erosion of the articular cartilage and osteoblastic activity of
the distal end of the tibiotarsus in chickens infected with reoviruses
(5) suggest that the strength of other leg bones may also be adversely
affected during reovirus infection.

In the folic acid study reovlrus

Infection significantly reduced the absolute shearing strength of the
proximal and distal end of the tibiotarsus in chickens.

However, the

inconsistent ability of reovlrus infection to reduce the absolute
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shearing strength of the proximal tibiotarsus In the biotin* niacin*
and choline studies* and the distal tibiotarsus in the choline study
makes it difficult to draw firm conclusions.

The decreased bone

strength of the tibiotarsus in the folic acid study may again be a
function of the severity of the infection or time of year.

It can be

concluded that investigators should also consider the effects of
reoviruseB on the tibiotarsus when studying reovlrus and leg
abnormalities.
Dietary deficiencies of biotin* niacin* choline, or folic acid
have been shown to cause leg abnormalities (13).

The gross lesions of

these deficiencies often include bending and twisting of the proximal
tarsometatarsus and distal tibiotarsus.
In a previous report (2), tibiodyschondroplasia was observed in
chickens fed diets deficient in niacin or choline.

In data presented

here, biotin and niacin deficient chickens had a significantly reduced
absolute shearing strength of the proximal end of the tibiotarsus when
compared to chickens fed the higher dietary levels of these vitamins.
Thus* if shear strength serves as a quantitative measure for tibial
dyschondroplasia* biotin and niacin deficiencies may be involved in the
incidence of tibiodyschondroplasia.

Choline and folic acid

deficiencies may not be involved in tibiodyschondroplasia since these
chickens demonstrated a proximal tibiotarsal strength equal to that of
nondeficient chickens.
Dietary deficiencies of niacin or biotin significantly reduced the
shearing strength of the proximal femur when compared with well fed
controls.

These observations were not observed in the choline and

folic acid deficient chickens.

The incidence of leg bending and

twisting in the niacin or biotin deficient chickens at 8*-weeks of age
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varied from 25 to 34% and 18 to 45% respectively.

Leg bending and

twisting at 8 weeks in the choline (2 to 14%) or folic acid (1 to 9%)
deficient chickens was considerably lower.

Thus it is reasonable to

assume that chickens demonstrating the highest incidence of leg
abnormalities (blotin and niacin) would have the lowest mean shear
strength.

The possible role of niacin and blotin deficiencies in

osteoporosis of the proximal end of the femur can not be determined by
these data.

The mechanism resulting in reduced proximal femur strength

associated with niacin or blotin deficiencies may be similar to reduced
femur strength caused by reovirus infection.
Huff jet al. (4) noted that intrinsic bone strength in a diseased
situation is independent of bone diameter.

In all studies presented

here, reovirus infection and the dietary level of the vitamins
effect on bone diameter.

had no

Therefore, absolute shearing strength may

more accurately estimate the intrinsic strength of the bone as affected
by infection and dietary vitamin level than the mathematically
calculated shear value (4).

The bone is not atrue cylinder,

therefore, caution must be taken whenever using physical or mechanical
formulas to transform biological data.
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Tabla 1. Proxlnal femur diameter, percent absolute shearing strength, and shear value of reovlrue-lnfacted and noninfected
chickens fed varylna levels of selected vltaalna
____________________________________ Variable_____________________________________

Nutrient and „
dietary level
Blotin:
20Z
' 100Z
200X
Main effect
of Infection
Niacin:
20Z
100Z

2001
Main effect
of Infection

Noninfected
control

Sheer veins
Absolute shearing
Planeter (■)
strength (» Kg)_________
flEltiti______ __
leovlrus Main effect Noolafected leovlrusMain effect
Neovtrus Main effect Noninfected
Infected
of diet
Infected
of diet
control
control infected
of diet

10.651 .93*?* 9.141 .99®.,
11.541 .93. 11.591 .93?"
12.421 .93®
9.951 .88®*
11.54

9.89
11.74
11.33

10.43

8.541 .64? 10.951 .60*
9.241 .60“
9.451 .69"
9.031 .644“ 9.081 .70“
8.93

9.83

7.311 .31*
7.531 .29*
7.541 .29*

7.521 .31*
7.421 .31*
7.971 .31*

7.46

7.64

8.511 .58*
8.771 .51“
8.581 .51*

B.381 .51?
8.851 .54“
8.171 .51*

8.50

8.47

9.74
9.34
9.06

42.3512.53?
4S.5012.53*
49.3812.53*

37.7112.70"
42.6312.53*
46.1112.38*

45.75

42.15

29.2812.48" 30.2512.32b.
36.8812.32*. 34.5012.68"
34.0012.48*“ 38.5012.68*
33.39

40.04|
44.06,'
47.74

29.76*
35.69“
36.25

34.42

16± .02*
151 .02*
151 .02*

.181 .02*
.141 .02*
.191 .02*

.17

.15

,161 .02*b
,161 .02*.
,161 .02*“
.16

.121 .02b
.151 .02"
.191 .02*

.17
.14
.17

.14
.16
.18

.15

Choline:

201
1001
2001
Main effect
of Infection
Folic Add:

201
1001
2001
Main effect
of Infection

7.42
7.48
7.76

40.1413.35* 30.2813.32?
39.1213.11*.
ab 30.7113.32®
35.0013.11
31.4313.32
38.091

8.44
B.81
8.38

30.812

43.8313.34*. 34.5012.89ab
41.38l2.89*b 40.1413.09'
46.1212.89* 35.0012.89
43.78*

35.21
34.91
33.22

36.54

,321 .03*. .211 .03?
,271 .05*? .221 .02?
,231 .02" .211 .02*
.27*

39.16
40.76
40.56

.212

.231 .03*? .201 .02b
.211 .02“ .211 .02*?
.261 .02* .211 .02"
.23

.26
.24
.22

.22
.21
.24

.21

Dietary level at 201, 1001, or 2001 of the National Basaarcb Council (1977) requirement of the nutrient ahoun.
*'b,cLeast square estimate aeane 1 standard error with different letters within a given nutrient and variable are
significantly different (pS.05).
Shear value ■ (.01)(percent absolute breaking strength)(50 It)(9.8)
v(dlaneter)a
*,2Main effect means with different
(pS.05).

eric superscripts within a given nutrient and variable are significantly different

Table 2. Proximal tlblotarsua diameter, percent absolute shearing strength, and shear value of reovlrua-infected and nonInfected chickens fed varying levels of selected vitamins____________________________________
_________________________________ Variable_______________________ _________ ____

Nutrient and t Noninfected
control
dietary level
Blotin:
20X

100X
200Z

Main effect
of infection
Niacin:
20Z
100Z

200Z
HaIn effect
of Infection
Choline;
20Z
100Z
200Z

Shear value
Absolute shearing
Diameter (wn)
strength (X fa)
Reovirus Main effect Noninfected
Reovirus Haln effect Noninfected Reovirus Main effect
Infected
control
Infected
of diet
of diet
control Infected
of diet

11.551 .51*
12.761 .54
12.05 .54*

11.461 .58*
12.491 .54*
11.831 .54*

12.12

11.92

.ab
11.481 . 74?bc
10.971 .79
12.141 .74*
10.451 .8 6
10.071 .8 6
11.811 .86*
11.64

11.22
11.29
10.94

10.66

8.021 .32
8.491 .28*
8.221 .30*

7.901 .32*
8 .061 .30*
8.011 .3 0

8.24

7 .9 9

Main effect
of Infection

11.51
12.62
11.94

7.96
8 .2 8
8 .1 2

4 2 .7 5 l2 .9 flJ
45.1212.90*
49.3812.90*

3 6 .4 3 1 3 .10b
45.5012.90*.
4 2 .3 8 1 2 .9 0 "

45.75

41.43

28.0013.45*. 35.0013.22?*
38.6213.22*? 31.1713.72
35.6713.72 * 43.3313.72*
34.10

3 6.50

50.1716.00*.
42.1215.19*?
35.4315.55

47.33l6.0Q *b
32.8615.55 .
3 4 .4 3 1 5 .5 5 "

42.57

38.21

49.5016.07***
51.6215.62*
51.4315.62*

35.8815.26b
4 8 .0 0 1 5 .6 2 "
3 9 .2 5 1 .5 2 6 "

5 0 .851

4 1.042

39.59*
4 5 .3 1 ,
45.88

3 1 .5 ° |
3 4 .9 0 ,
39.50

4 8.75
37.49
34.93

.131 .01*
.1 1 1 .01
.131 .01*

.111 .01*
.121 .01*
.131 .01*

.12

.12

.091 .01?
.101 .01*
.101.02*

.111 .01?
.121 .02*
.171 .02*

.1 0

.1 3

.2 8 1 .04*
.231 .04*
.201 .04

.311 .04*
.201 .04*
.211 .04*

.2 4

.24

.171 .03*b
.201 .03*
.211 .03*

.111 .0 2 b
.161 .0 3 ?"
.111 .0 2

.19*

.1 3 2

.1 2
.12
.13

.1 0
.11
.14

.3 0
.22
.2 0

Folic Add:
20Z
100Z
200Z

10.901 .75*
10.591 .65
10.401 .65

11.221 .65*
11.071 .69*
11.671 .65*

10.63

11.32

Main effect
of Infection

11.06
10.83
11.04

42.69
49.81
45.34

.14
.18
.16

Dietary level at 202, 100Z, or 200Z of the National Research Council (1977) requirement of the nutrient ahoun.
**b,cleaet square estimate naans ± standard error with different letters within a given nutrient and variable are
significantly different (pi.0 5 ).
Shear value ■ (.01)(percent absolute breaking strength)(50 Kg)(9.8)
v(diameter)*
1,2Main effect
(pS.05).

ans with different nunerie superscripts within a given nutrient and variable are significantly different

Table 3. Distal tiblotaraua dimeter, percent absolute shearing strength, and shear value of reovirua-lnfected and noninfected chickens fed varying levels of selected vltanlns
________
Variable_____________________________________
AA

Nutrient and ,
dietary level
202
1002
2002
Main effect
of infection
Folic Add:
202
1002
2002
Main effect
of infection

Absolute shearing
Shear value
Dimeter (— )
strength <2 Kg)____________________ (fa/w1)_______
Noninfected
Reovirus Main effect Noninfected
Reovirus Main effect Noninfected Reovirus Main effect
control
infected
of diet____ control_infected
of diet_________ control Infected
of diet
7.141 .33*
7.281 .29
6.981 .31*

6.771 .33*
6.791 .36*
7.331 .31

7.13

6.96

9.031 .55*
8.421 .48*
9.141 .48*

8.251 .51*
8.041 .51*
8.241 .48*

8.86

8.18

6.96
7.04
7.16

8.64
8.23
8.69

37.3313.32*
39.0012.88*
39.1413.07*

35.6713.32*
35.2013.64*
34.8613.0/

38.49

35.24

66.5015.63*
66.1214.88*
67.5014.88T
|
66.71

46.0015.21*,
55.5715.21?
46.8814.88
49.482

36.50
37.10
37.00

56.25
60.84
57.19

.311 .03*
.281 .02*
.321 .02*

.301 .03*
.311 .03*
.251 .02*

.30

.29

.331 .04** .271 .04*
.391 .04*. .341 .04**
.341 .04** .281 .04*°
.35

.30
.30
.28

.30
.36
.31

.30

*Dietsry level at 202, 1002. or 2002 of the National Research Council (1977) requirement of the nutrient shown.
*'*,cLeaat square estimate means 1 standard error with different letters within a given nutrient and variable are
significantly different (pi.05).
AA

Shear valne - (.01)(percent absolute breaking strength)(50 Kg)(9.8)
w(diameter)*

4
*,2Haln effect means with different numeric superscripts within a given nutrient and variable are significantly different
(pi.05).

CHAPTER 6
Enhanced Incidence of Leg Abnormalities in Reovirus WVU 2937
Infected Chickens Fed Varying
Dietary Levels of Selected Vitamins and Minerals
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Summary
The incidence of leg abnormalities in 4-, 6-» and 8-week-old
Reovirus WVU 2937 infected and noninfected chickens fed diets
containing either 20%, 100%, or 200% of the 1977 National Research
Council nutrient requirements (NRC-77) of either manganese, biotin,
niacin, choline, or folic acid was evaluated in five experiments.
Reovirus infection significantly elevated the Incidence of leg
abnormalities in the biotin (8 weeks of age), niacin (4, 6, and 8 weeks
of age), and folic acid (8 weeks of age) deficient chickens, and
decreased the incidence of leg abnormalities in choline deficient
chickens (4, 6, and 8 weeks of age) when compared with noninfected
chickens.

Hale reovirus-lnfected chickens had a significantly greater

incidence of leg abnormalities than reovirus-lnfected female chickens
in the blotin and niacin studies.

No sex differences in the incidence

of leg abnormalities were observed in noninfected chickenB.

The

incidence of leg abnormalities decreased with Increasing dietary levels
of biotin, niacin, choline, or folic acid in all chickens except
reovirus-lnfected male chickens in the biotin study.

In the manganese

study, neither reovirus infection nor dietary nutrient inclusion level
had any effect on the

incidence of leg abnormalities in either male or

female chickens.
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Introduction
Ferosis Is a leg abnormality usually associated with dietary
deficiencies of particular vitamins and minerals (16).

Leg

abnormalities of unknown or obscure etiologies continue to be a major
problem in chickens in broiler flocks fed diets adequate in all
nutrients.
Recently, reoviruses have been incriminated in causing a variety
of diseases, i.e., perosis, pale bird syndrome, helicopter feathering,
femoral head necrosis, and poor growth (8,13,15,18).

These diseases

are clinically similar to those produced by vitamin deficiencies
(9,16).

Reoviruses have been shown to increase the Incidence of

"black-leg syndrome," dermatitis, and perosis in niacin deficient
chickens (2).

Chickens infected with reovirus often demonstrated

reduced pelvic limb bone shearing strengths when compared to
noninfected chickens (3).

Reduced pelvic limb bone shearing strengths

were also observed in niacin or biotln deficient chickens (3).
Reoviruses have also been shown to reduce circulating plasma carotenoid
levels (18).
Since reoviruses have been implicated as a cause of nutrient
malabsorption, experiments were conducted to investigate the
interaction of Reovirus WVU 2937 and varing dietary levels of nutrients
essential for proper leg development on the Incidence of leg
abnormalities in specific-pathogen-free chickens.
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Materials and Methods
Diets.

Manganese, biotin, niacin, choline, and folic acid diets

were studied separately in five experiments.

Basal diets containing

20% of the National Research Council - 1977 (NRC-77) (11) nutrient
requirement of manganese, biotin, niacin, choline, or folic a d d were
formulated by least-cost feed formulation (16).

All other nutrients

were provided In excess of the NRC-77 requirement except for pyrldoxlne
in the niacin experiment.

In each study, additional diets containing

100% and 200% of the NRC-77 nutrient requirement were made by
supplementing the nutrient to the vitamin or mineral premix.
Virus.

The fourth yolk sac passage of Reovirus HVU 2937 with a

titer of 1x10^ plaque forming units (PFU)/ml served as the viral
inoculum (3).
Chickens.

In each study, 480 specific-pathogen-free day old

chicks (strain 77, Rhode Island Reds, SPFAS Inc., Norwich, CT.) were
randomly assigned to two groups of 240, each group housed in an
isolation room.

Each group was further divided into subgroups of 20

chicks, subgroups being placed in separate pens.
Experimental procedure.

In each experiment evaluating manganese,

biotin, niacin, choline, or folic acid, all day-old chicks in one room
4
(infected group) were inoculated intranasally and orally with 1x10
of Reovirus WVU 2937 (4).
noninfected controls.

PFU

The chicks in the other room served as

Each of the three experimental diets (20%, 100%,

and 200% of the NRC-77) were randomly assigned to four pens of chicks
in each room.

Diets were fed ad libitum for eight weeks.

The legs of each chick were examined for presence of leg
abnormalities at 4, 6, and 8 weeks of age and scored for the presence
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or absence of leg abnormalities, and the direction of the deviation
(valgus or vagus).
Data Analysis.

The incidence of normal and abnormal legs of the

male and female chickens in each pen were pooled at 4, 6, and 8 weeks
of age.

Chi-square analyses were conducted on pooled values within

each week.

Results
Manganese study.

In the manganese study, the incidence of leg

abnormalities did not differ among any of the experimental treatment
groups at 4, 6, or 8 weeks of age.

The incidence of leg lesions in

this study remained below five percent, therefore data were not shown.
Biotin study.

Leg abnormalities observed at eight weeks of age

were predominantly valgus or vagus deviation of the tarsometatarsus
distal to the proximal end of the tarsometatarsus.

Other abnormalities

occuring at a lower incidence included twisting and rotation of the
distal tibiotarsus and proximal tarsometatarsus.
The incidence of leg abnormalities was low at 4 and 6 weeks of age
(Table 1.)

Although significant differences were found between

treatment groups at four weeks, six week data demonstrated no
differences.

Therefore, treatment differences found at the fourth week

of age may have been nonspecific and not representative of the effects
of dietary biotin levels and reovirus on the Incidence of leg
abnormalities.
Biotin deficient (20% of the NRC-77) eight-week-old chickens had a
higher incidence of leg abnormalities than chickens fed 100% or 200% of
the NRC-77 blotin requirement (main effect of diet, Table 1).

The

incidence of leg abnormalities in reovirus-lnfected chickens (31.60%)
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was significantly higher than noninfected chickens (12.52%) (Table 1).
Hale chickens had a higher incidence of leg abnormalities (26.16%) than
female chickens (17.95%) at eight weeks of age (pS.05).

The

significant interaction of sex and infection (pS.0001) in the
eight-week-old chickens demonstrated that incidence of leg
abnormalities in noninfected male chickens (12.36%) and noninfected
female chickens (12.67%) were similart whereas infected male chickens
(39.97%) had a higher incidence of leg abnormalities than the female
chickens (23.23%) (Table 1).

Reovirus-lnfected male chickenB did not

demonstrate the reduced incidence of leg abnormalities when dietary
biotin levels increased from 20% to 100% or 200% of the NRC-77 that was
observed in the infected female chickens and noninfected male and
female chickens (interaction of sex, diet, and infection) (Table 1).
Niacin study.

Leg abnormalities in the niacin study at four weeks

of age included enlargement of the proximal tarsometatarsus and valgus
deviation of the tarsometatarsus distal to the tarsal joint.

By the

sixth week of age, valgus deviation of the tarsometatarsus and valgus
curvature of the tarsometatarsus distal to the proximal end was
observed.

Shortened tarsometatarsal bones were evident in some of the

chickens by the eighth week of age.
Chickens fed 20% of the NRC-77 level of niacin had a higher
Incidence of leg abnormalities than those chickens fed biotin at 100%
or 200% of NRC-77 requirement at 4, 6, and 8 weeks of age (main effect
of diet. Table 2).

The Incidence of leg abnormalities was similar in

infected and noninfected chickens at four and eight weeks of age but
slightly increased (p£.05) in infected chickens (18.39%) when compared
with noninfected chickens (11.26%) at six weeks of age (Table 2).

Male
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and female chickens (main effect of Bex) had a similar Incidence of leg
abnormalities at 4, 6, and 8 weeks of age.
The Interaction of sex and infection at six weeks of age
demonstrated that the incidence of leg abnormalities in the infected
male chickens (26.99%) was greater than the Incidence of leg
abnormalities in the infected female chickens (9.8%).

However, the

incidence of leg abnormalities in the noninfected male chickens (9.89%)
and the noninfected female chickens (12.64%) were similar (Table 2).

A

similar sex and infection interaction was observed at eight weeks
(Table 2).

Infected male chickens deficient in niacin (20% of the

NRC-77) had enhanced Incidence of leg abnormalities when compared with
infected female deficient chickens and noninfected male and female
deficient chickens (interaction of sex, diet, and infection) (Table 2).
Choline Btudy.

Valgus deviation of the tarsometatarsus was the

primary leg abnormality observed at four weeks.

This abnormality was

largely replaced by valgus curvature of the tarsometatarsus distal to
the proximal end of the tarsometatarsus, and medial thickening of the
middle of the tarsometatarsus.

Choline deficient (20% of the NRC-77)

4, 6, and 8-week old chickens had a higher Incidence of leg
abnormalities than chickens fed 100% or 200% of the NRC-77 choline
requirement (main effect of diet, Table 3).

Reovirus infected chickens

demonstrated reduced Incidence of leg abnormalities at 4 weeks (6.06%),
6 weeks (2.66%), and 8 weeks (.45%) of age when compared with
noninfected chickens at 4 weeks (10.81%), 6 weeks (7.55%), and 8 weeks
(4.97%) of age (main effect of Infection).

Hale and female chickens

had a similar incidence of leg abnormalities at 4, 6, and 8 weeks of
age (main effect of sex).
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Reovirus-lnfected chickens deficient In choline demonstrated a
lower incidence of leg abnormalities than noninfected chickens at 4, 6,
and 8 weeks of age (Interaction of diet and infection, Table 3).
However, at 100% or 200% of the NRC-77 required level of choline
Infected and noninfected chickens had similar incidences of leg
abnormalities.

Reovirus-lnfected and choline deficient chickenB

demonstrated almost no leg abnormalities at eight weeks of age (1.35%).
Choline deficient noninfected chickens continued to have a high
incidence of leg abnormalities (14.91%) when compared with the choline
deficient reovirus Infected chickens at eight weeks of age (Table 3).
Folic acid study. Leg abnormalities observed in eight-week-old
chickens in the folic acid experiment were predominantly valgus and
vagus deviation of the tarsometatarsus distal to the tarsal joint.
Differences in the Incidence of leg abnormalities were not
observed in any experimental treatment group until the eight week of
age.

At eight weeks, the incidence of leg abnormalities was similar at

all dietary levels of folic acid (main effect of diet, Table 4).
However, reovirus-lnfected chickens, but not the noninfected chickens,
had an Increased incidence of leg abnormalities (10.18%) when fed a
diet deficient in folic acid as compared with the Incidence of leg
abnormalities in the infected chickens fed 100% (1.85%) or 200% (3.22%)
of the NRC-77 required level of folic acid (diet and infection
interaction, Table 4).
Reovirus-lnfected chickens had a higher Incidence of leg
abnormalities (5.08%) than noninfected chickens (1.26%) at eight weeks
of age (main effect of infection).

The significant sex, diet, and

infection interaction appeared to be the result of a high incidence of
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leg abnormalities in the folic acid deficient male infected chickenB
(14.29%) when compared with infected deficient female chickens and
noninfected deficient male and female deficient chickens (Table 4).
The incidence of leg abnormalities in the infected chickens was higher t
in the male chickens than the female chickens (2.02%)» whereas
noninfected male (2.52%) and female chickens (0%) had a similar
incidence of leg abnormalities (sex and infection interaction(
Table 4).

Discussion
Reports have indicated that leg abnormalities are more common in
male chickens than female chickens (7).

In the studies presented here,

noninfected male chickens did not demonstrate an increased Incidence of
leg abnormalities when compared to the female chickens.

However,

reovirus infection significantly increased the incidence of leg
abnormalities above that of female chickens in the biotin, niacin, and
folic acid studies (sex and infection interaction).

Thus, it appears

that in reovirus-free chickens, both male and female chickens are
equally susceptible to lesions produced by selected vitamin
deficiencies.

During reovirus infections, deficient male chickens are

more susceptible to deficiency lesions than female chickens.
Male broiler chickens have higher absolute nutrient requirements
than female chickens.

These higher nutrient requirements are met by

Increased feed consumption, thus, increased nutrient intestinal absorp
tion.

Reovirus is suspected of being capable of reducing nutrient

absorption (2,3,8).

During reovirus infection, it is reasonable to

assume that the chickens with the highest nutrient requirements (males)
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will likely show the highest incidence of deficiency lesions.

Under

conditions of unaltered nutrient absorption (deficient-noninfected)
both male and female chickens should demonstrate similar incidences of
deficiency lesions.

In the studies presented, noninfected deficient

chickens demonstrated similar incidences of leg abnormalities.
Another factor which may elevate the incidence of deficiency
lesions in male chickens has been recently described.

Kale chickens

seem to have more severe tenosynovitis than female chickens (5).
Increased susceptibility of nutrient deficient chickens Infected with
virulent reoviruses could feasibly increase the incidence of leg
abnormalities.
Reovirus infection increased the incidence of leg abnormalities
in eight-week old male and female chickens in the blotin study, and
eight-week old male chickens in the folic acid study when compared with
male or female noninfected chickens of the same age.

It has been

previously shown that reovirus infection may reduce the shearing
strength of pelvic limb bones (3).

Reovirus infection has also been

shown to increase the incidence of deficiency lesions, i.e., "black
leg," dermatitis, and feather depigmentation in vitamin deficient
chickens (4).
The mechanism by which reoviruses can enhance vitamin deficiency
lesions, and cause clinical signs similar to vitamin deficiency (9,16)
lesions in well nourished chickens has not been defined.

Reoviruses

may be indirectly involved in these lesions by causing a malabsorption
syndrome in the gut.

As shown in this study and another (2),

reoviruses can enhance the incidence of vitamin deficiency lesions
(i.e., leg abnormalities).

Reoviruses have been shown to cause
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enteritis (6).

Reovirus-lnfected chicks demonstrated d o a c a l pasting

and diarrhea (14); clinical signs often associated with nutrient
malabsorption.
In the study presented here, choline deficiencies were shown to
produce a high percent incidence of leg abnormalities at four weeks
which appeared to regress by eight weeks of age (Table 3).
Retrogradation of perosis in chickens deficient in choline has been
reported (10,12) and repeated in our laboratory in noninfected chickens
(data not shown).

Apparently the chicken is capable of synthesizing

choline in sufficient quantities at a later age.

The rate of

auto-synthesis appears to be at a high enough level that choline
deficiency lesions cannot be produced in older chickens (16).

However,

if chickens are maintained on a high choline diet beginning at an early
age, then placed on a choline deficient diet, auto-synthesis of choline
does not appear to be activated, and deficiency lesions will appear
(16).
In the choline study, reovirus-lnfected chickens demonstrated
almost complete regression of leg lesions by the sixth week of age.
Leg abnormalities retrograded much less in the noninfected chickens.
Possible malabsorption caused by reovirus infection may have activated
the choline auto-synthesis mechanism at an earlier age, thereby
enabling the infected chickens to overcome the choline deficiency
syndrome more rapidly.
In the biotin study, the incidence of leg abnormalities was
elevated at all dietary levels of blotin in only reovirus-lnfected male
chickens.

This suggests that feeding 200% of the NRC-77 required level

of blotin was not sufficient in preventing leg abnormalities in the
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reovirus-lnfected male chickens.

Since blotin was provided at

approximately these levels in the niacin* choline* folic acid* and
manganese studies* and since reovirus-lnfected male chickens fed 200%
of the NRC-77 diets did not demonstrate high incidences of leg
abnormalities, it appears that unidentified factors other than biotin
are involved in the high level of leg lesions observed in the reovirus
Infected male chickens fed the 100% and 200% of the NRC-77 level of
biotin.
Manganese fed at a dietary level of 200% of the NRC-77 requirement
did not produce deficiency lesions in reovirus-lnfected and noninfected
chickens.

Manganese deficiency has been shown to increase the severity

of tenosynovitis in reovirus infection (5).
In all five studies reported here up to 8% of the chickens fed
100% or 200% of the NRC-77 dietary level of the nutrient being studied
demonstrated leg abnormalities.

Regular handling of these chickens may

have caused low levels of leg abnormalities (1)* therefore this should
be considered independent of dietary modulation or reovirus infection.
The term "leg abnormality" has been used throughout this
manuscript since the specific type of leg abnormalities associated with
reovirus infection and nutrient deficiencies studied have not been
defined. A subsequent report on the histological examination of
abnormal bones will be presented at a later date and should clarify the
type(s) of leg lesions caused by reovirus infection and each of the
nutrient deficiencies.

Suggested terminology, i.e. "valgus" and

"vagus" have been employed to describe the general appearance of the
leg abnormalities (13).
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Table 1. Incidence of leg abnormalities In reovirus-lnfected end noninfected chickens fed varying dietary levels of
blotin and chi-square probabilities for source of variation
Reovirus
infection
and sex
Infected
Hale
Female

20Z

4th Week
200Z
100Z

4.882 11.36

Marginal
means

20Z

6th Week
100Z
200Z

Marginal
means

20Z

8th Week
200Z
100Z

Marginal
means

8.57

8.27

0

5.26

3.13

2.80

48.39

30.77

40.74

39.97

2.78

0.00

10.71

4.50

0

0.00

4.55

2.16

40.63

19.05

10.00

23.23

Marginal
means

3.83

3.68

9.64

6.38

0

2.63

3.84

2.16

44.51

24.91

25.37

31.60

Noninfected
Hale

0

8.11

0

2.70

0

3.23

0

1.08

14.81

15.38

6.90

12.36

0

0

0

0

0

0

0

0

22.58

6.06

9.38

12.67

0

4.06

0

1.35

0

1.62

0

18.70

10.72

8.14

12.52

1.92

4.87

4.82

0

2.12

1.92

31.60

11.88 16.75

Female
Marginal
Main effect
of diet

Source of variation
Sex
Diet
Infection
Sex x Diet
Sex x Infection
Diet x Infection
Sex x Diet x Infection

.54

•
pS.05
NS
pS.01
pS.05
pS.01
pS.05

ps.oi

NS
NS
MS
MS
NS
NS
NS

*HRC-77 requirement * national Research Council Nutrient Requirements for poultry (1977)

.

2Expressed as a percent.

pS.05
pS.01
pS.0001
pS.01
pS.0001
pS.0001
pS.0001

Table 2. Incidence of leg abnormalities In reovirus-lnfected and noninfected chlckena fed varying dietary levela of
niacin and chi-square probabllltlea for source of variation
Reovirus
Infection
and sex
Infected
Male
FensIs

4th Week
100Z
200X
20Z

Week and niacin percent of the NRC-77 requirement1
6th Week
Marginal
Marginal
8th Week
100Z
2001
100Z
200Z
means
20Z
means
20Z

Marginal
means

65.38

9.52

6.06

26.99

6.45

18.18

4.55

6.67

9.80

48.39
16.67

5.56

11.11

18.50
12.94

0

0

20.13
5.56

16.67

15.72

41.78

7.04

6.36

18.39

32.53

2.78

3.22

12.84

0

8.11

3.23

3.85

9.89

19.23

25.71

3.13

9.09

12.64

30.00

3.33
3.57

0

5.56

11.27
10.07

22.58

2.44

3.57

12.38

23.96

1.22

6.84

10.67

24.14

3.18

6.47

11.26

24.62

3.45

1.78

9.95

28.35

3.65

11.76

32.96

5.11

6.42

28.58

3.12

2.50

41.942

8.00

5.56

23.53

4.17

Marginal
neans

32.74

6.08

Nouinfacted
Male
Female

25.71
22.22

7.52

Marginal
Mein effect
of diet

Source of variation
Sex
Diet
Infection
Sex x Diet
Sex x Infection
Diet x Infection
Sex x Diet x Infection

MS
pi.0001
NS
pi.0001
MS
pi.0001
pi.0001

MS
pi.0001
pi.05
ps.oooi
pi.01
pi.oooi
pi.0001

HttC-77 requirement » National Research Council Nutrient Requirements for poultry (1977)
2

Expressed aa a percent.

MS
pi.0001
MS
pi.00001
pi.05
pi.0001
pi.0001

Tabla 3. Incidence of log abnoraalitlee in reovirua-infected and noninfected chickens fad varying dietary I m l i of
cbollne and chi-square probabilities for aource of variation
Reovirus
Infection
and sex

4th Keek
100Z
200Z
20Z

Week and choline percent of the MRC-77 requireaent*
Marginal
6th Week
8tb Deck
Marginal
§||BI
100Z
200Z
■rsns
202
100Z
200Z
20X

Marginal

Infected
Male
FeanIs

15.63

4.88

0

6.84

11.11

0

0

3.70

0

0

0

13.64

0

2.22

5.29

4.88

0

0

1.63

2.70

0

0

.9

Marginal
aeans

14.64

2.44

1.11

6.06

8.00

0

0

2.66

1.35

0

0

.45

Noninfected
Mala
Feaala

31.25
22.56

2.78
0

5.13
3.13

13.05

16.67

2.70

2.78

7.38

13.16

0

0

4.39

8.57

13.79

2.70

6.67

7.72

16.67

0

0

5.56

Marginal
■eana

26.92

1.39

4.13

10.81

IS.23

2.70

4.72

7.55

14.91

0

0

4.97

Main effect
of diet

20.78

1.92

2.62

11.62

1.35

2.36

8.13

0

0

Source of variation
Sex
Diet
Infection
Sex x Diet
Sex x Infection
Diet x Infection
Sex x Diet x Infection

MS
pl.0001
pl.05
pi.0001
MS
pl.0001
pi.0001

MS
pl.0001

ps.oi

pS.001
NS
pl.0001
pS.01

*880-77 nqulnant - national Research Council Nutrient Requirements for poultry (1977)
2

Espnsafd u a percent.

MS
pi.0001
pl.01

pl.001
MS
pi.0001
pl.0001

0

Table 4. Incidence of lag abnormalities In reovlrua-lnfected and noninfected chickens fed varying dietary levels of
folic add and chi-square probabilities for source of variation
Keovlrus
Infection
and sex

4th Week
20Z
200Z
100X

Infected
Male
Female

0

0

2.50

0

0

0

Marginal
nun

0

0

1.25

3.03

5.71

0

0

0

1.52

2.86

.76

1.43

Monlnfectad
Male
Female
Marginal
means
Main effect
of diet

Week and folic acid percent of the NRC-77 requirement*
Marginal
Marginal
6th Keek
8th Week
200Z
means
20Z
100Z
means
20Z
100Z
200Z
.83

2.78

0

0

.93

14.29

0

2.56

0

.85

6.06

.42

1.39

1.28

0

.89

10.18

2.91
0

6.90

3.23

0

3.38

0

0

0

0

0

0

1.46

3.45

1.62

0

1.69

2.42

1.45

0

0

.62

Source of variation
Sex
Diet
Infection
Sex x Diet
Sex x Infection
Diet x Infection
Sex x Diet x Infection

3.7

6.45

8.15

0

0

2.02

1.85

3.22

5.08

4.00

0

3.57

2.52

0

0

0

0

0

1.78

1.26

.2.00
6.09

.92

MS
MS
MS
MS
MS
MS
MS

MS
MS
MS
MS
MS
MS
MS

*MIC-77 requirement ■ latinos! Kaaaarch Council Nutrient Bequlrementa for poultry (1977)
ZEnpresaed as a percent.

Marginal
means

ps.oi
MS
pd.05
pS.05

ps.oi
pl.OS
p6.05

2.50

CHAPTER 7
The Incidence and Severity of Tenosynovitis in Reovirus-Infected
Chickens Fed Varying Dietary Levels of Manganese,
Biotin, Niacin, Choline, or Folic Acid
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Summary
The incidence and severity of tenosynovitis in tendons distal to the
tarsal joint in 4-, 6-* and 8-week-old Reovlrus WVU 2937 infected
chickens fed diets containing either 20%, 100%, or 200% the 1977
National Research Council nutrient requirements (NRC-77) of either
manganese, blotin, niacin, choline, or folic acid was determined in
separate experiments.
Increasing dietary levels of manganese or blotin significantly
reduced the severity of tenosynovitis in male chickens but not female
chickens.

The Incidence of tenosynovitis was not affected by dietary

manipulations.

In contrast, increasing dietary levels of choline

increased the severity but not the incidence of tenosynovitis at eight
weeks of age.

Male reovirus-infected chickens often had more severe

tenosynovitis than reovirus-infected female chickens in the manganese,
blotin, choline, or folic acid studies at 4, 6, or 8 weeks of age.

The

incidence of tenosynovitis was also greater in the 4-week-old male
chickens when compared to female chickens in the manganese, blotin, or
choline studies.
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Introduction
With new advanced knowledge of nutrition and productivity)
livestock are typically not considered undernourished.

However,

enteric disorders caused by toxins, bacteria, viruses, and parasites
can frequently result in an animal being malnourished.
Recent evidence indicates that reoviruses can cause a malabsorp
tion syndrome (7,24).

Lesions associated with this virus resemble

lesions produced by many nutrient deficiencies (6,7,22,24).

Reoviruses

have been shown to enhance the incidence of nutrient deficiency lesions
observed in the niacin, biotin, and folic acid deficiency syndromes

(6).
Since reoviruses are thought to be involved in nutrient disorders
in chickens and since susceptibility of animals to disease can be
modified by dietary manipulations (2,15,25,26,27), experiments were
conducted to investigate the effects of varying dietary levels of
manganese, blotin, niacin, choline, or folic acid on the Incidence and
severity of tenosynovitis in reovirus infected chickens.

Materials and Methods
Chickens.

In each of five experiments 480 reovirus-free Rhode

Island Red chicks of both sexes obtained from SPAFAS Inc. (Norwich, CT)
were randomly assigned to one of two groups.
were housed in isolation rooms.

Each group of 240 chicks

Each group was further divided into 12

subgroups of 20 chicks, subgroups being placed in separate pens.
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Virus.

Reovlrus WVU 2937 was obtained from Dr. N.O. Olson

(Morgantown, WV).

Yolk material from the fifth yolk sac passage with a

virus titer of 1.0 x 10"* plaque forming units/ml on chick kidney cell
cultures (9), was used to establish Infection.
Diets.

Manganese, blotin, niacin, choline, or folic a d d fed at

varying dietary levels were studied in five separate experiments.
Basal diets containing 20% of the National Research Council - 1977
(NRC-77) (17) nutrient requirement of poultry for each of the 5
nutrients studied were formulated using least cost formulation.

The

dietary requirement of other nutrients in each basal diet was met
except for pyridoxine in the niacin basal diet for reasons previously
described (8).

Additional diets were prepared by supplementing the

manganese, biotin, niacin, choline, or folic acid basal diet with the
tested nutrient to yield diets containing 100% and 200% of the NRC-77
requirement of the nutrient tested.
Experimental Procedure.

In each study (manganese, blotin, niacin,

choline, or folic acid) all of the day-old chicks in one isolation room
(infected) were Inoculated nasally (one drop) and orally with a total
dose of 1 x 10

4

plaque forming units of Reovlrus WVU 2937.

isolation room housed noninfected control chicks.

The other

In each nutrient

study, the three experimental diets (20%, 100%, and 200% of the NRC-77)
were randomly assigned to 4 pens of chicks per room.
All chickens in both the Infected and noninfected room were
evaluated for gross swelling in the footpad, tendons distal to the
tarsal joint, tarsal joint, and gastrocnemius tendon at 4, 6, and 8
weeks.

The chickens were scored 0 for no visible swelling, 1 for mild
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swelling, 2 for moderate swelling, and 3 for severe swelling at each of
the four anatomical sites on each leg.
Statistical analysis.

An average swelling of each anatomical site

was determined on each chicken by summing the swelling value of both
legs and dividing by two.

•

Average swelling values of the tarsal joint

and tendons distal to the tarBal joint were subjected to an analysis of
variance using a general linear model.

The statistical analysis was

conducted within the 4th, 6th, and 8th week of age.

Mean treatment

differences were determined by using least square differences.

All

means were reported as least square estimates of means.
The Incidence of tenosynovitis was statistically analyzed within
each time period by chi-square analysis.
Since tenosynovitis was observed in only the reovirus-infected
chickens, only chickens infected with reovlrus were used in the
statistical analysis.

Results
Swelling of the foot pads and gastrocnemius tendons proximal to
the tarsal joint was not observed in any of the studies.

A low

incidence of mild swelling of the tarsal joint was observed in the
reovlrus infected chickens at four weeks of age but was rarely evident
at 6 and 8 weeks of age.

Due to the low incidence or the absence of

inflammation in the tarsal joints and gastrocnemius tendons proximal to
the tarsal joints and foot pads, no inflammation data will be presented
on these tissues.
Inflammation of the foot pads, tendons proximal and distal to the
tarsal joint, and the tarsal joint was not observed in any of the
reovirus-nonlnfected chickens in all experiments.

Reovlrus noninfected
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chickens were Berologically negative to reovlrus Infection as
determined by the agar gel precipitin test.
Only tarsometatarsal tendons demonstrated marked swelling In the
reovirus-infected chickens (tenosynovitis).
Manganese study.

The dietary level of manganese (main effect of

diet) had no effect on the severity of tenosynovitis at 4, 6, or 8
weeks of age.

The severity of tenosynovitis was also similar in male

and female chickens (main effect of sex).

However, the interaction of

diet and sex at 6 and 8 weeks, but not at four weeks of age was
significant (p£.05) (Table 1).
Male chickens, six weeks old, deficient in manganese (20% of the
NRC-77) had more severe tenosynovitis than female chickens fed a
similar diet and male and female chickens fed 200% of the NRC-77 diet.
The dietary level of manganese had no effect on the severity of
tenosynovitis in female chickens (Talbe 1).

Tendon swelling in male

and female chickens fed 100% or 200% of the NRC-77 requirement of
manganese was similar (Table 1).
Male chickens at eight weeks fed diets deficient in manganese also
had more severe tendon swelling than female chickens fed a similar
diet.

Increasing the dietary level of manganese to 200% of the NRC-77

required level significantly reduced the severity of tenosynovitis in
male chickens (Table 1).

Increasing the dietary level of manganese fed

to female chickens from 20% to 100%, but not to 200% of the NRC-77
manganese requirement, increased the severity of tenosynovitis (Table
1).

The severity of tenosynovitis in male and female chickens fed 100%

or 200% of the NRC-77 manganese requirement was not different (Table

1).
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The dietary level of manganese at 4, 6, or 8 weeks of age had no
effect on the incidence of tenosynovitis.

The effects of sex and the

interaction of sex and diet were also not significant at 6 and 8 weeks
of age (Table 2).

However* 45.21% incidence of tenosynovitis

demonstrated by male chickens was significantly greater than the 22.68%
Incidence of tenosynovitis observed in the four-week-old female
chickens (pS.OOl).
Biotin study.

The dietary level of blotin (main effect of diet)

had no effect on the severity of tenosynovitis at 4. 6, or 8 weeks of
age.

The severity of tenosynovitis was also similar in male and female

chickens (main effect of sex) at 6 or 8 weeks of age.

However, at four

weeks, male chickens had significantly more severe tendon swelling than
female chickens (Table 3).

The interaction of sex and diet was

significant at eight weeks (pS.05) but not at 4 or 6 weeks of age.

At

eight weeks the severity of tenosynovitis in male chickens was
significantly reduced by increasing the dietary level of biotin from
20% to 100% or 200% of the NRC-77 required level.

The dietary level of

biotin for the most part had no effect on the severity of tenosynovitis
in the female chickens.

Eight-week-old male chickens had a reduced

severity of tenosynovitis when compared to the female chickens at 100%
of the NRC-77 level of biotin but not at 20% or 200% NRC-77 level of
biotin (Table 3).
The dietary level of biotin and the interaction of diet and sex
had no effect on the incidence of tenosynovitis in 4-, 6-, or
8-week-old chickens.

The effect of sex, however, was significant at

four weeks but not at 6 or 8 weeks of age.

The incidence of

tenosynovitis in male chickens of 43.78% was significantly greater
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(pS.Ol) than 24.30% tenosynovitis in female chickens at 4 weeks of age
Niacin study.

The dietary level of niacin (main effect of diet),

sex of the chickens (main effect of sex), and the interaction of sex
and diet had no effect on the severity or incidence of tenosynovitis in
4-, 6-, or 8-week-old chickens (Tables 5 and 6).

However, least square

treatment differences were observed.
Choline study.

The dietary level of choline (main effect of diet)

had a significant effect on the severity of tenosynovitis at eight
weeks but not at 4 or 6 weeks of age.

Chickens fed 20% of the NRC-77

required level of choline at eight weeks had reduced tendon swelling
when compared to chickens fed diets containing 100% or 200% of the
NRC-77 choline level (Table 7).
Hale chickens had more severe tenosynovitis than female chickens
at 4* 6, and 8 weeks of age (main effect of sex).

The Interaction of

diet and sex was not significant at 4, 6, or 8 weeks of age (Table 7).
However, least square treatment differences were observed.
Hale chickens (50.54% tenosynovitis) also had a higher incidence
of tenosynovitis than female chickens (35.73% tenosynovitis) at four
weeks but not at 6 or 8 weeks of age (Table 8).
Folic acid.

The dietary level of folic a d d (main effect of diet)

had no effect on the severity of tenosynovitis in 4-, 6-, or 8-week-old
chickens.

The interaction of diet and sex was not significant, but

significant least square treatment differences were observed.

Hale

chickens had more severe tendon swelling than female chickens at 4 and
6 weeks but not at eight weeks of age (Table 9).
The incidence of tenosynovitis was not affected by diet, sex, or
the interaction of diet and sex in 4-, 6-, or 8-week-old chickens
(Table 10).
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Discussion
Inflammation of the foot pad and gastrocnemius tendon proximal to
the tlbiotarsal-tarsometatarsal joint was not observed In chickens In
these studies.

Jones e£ al. (13) reported that reoviruses isolated

,

from broiler breeders with rupture of the gastrocnemius tendon were
unable to reproduce tendon swelling proximal to the tarsal joint when
inoculated into day old chickens via the footpad.

Although swelling of

the tendons proximal to the tarsal joints has been observed in younger
chickens (12,20), swelling of these tendons may occur only during
chronic reovlrus infection (14).
Another factor that may have played a role in the type of lesion
observed was the route of inoculation.

Oral inoculation of reoviruses

has been shown to produce leBS severe swelling of tendons in the
tibiotarsal region (10).

Footpad swelling is often observed in

chickens inoculated with reovlrus in the footpad (14).
The incidence or severity of tenosynovitis was often greater in
the male chickens than the female chickens in the manganese, biotin,
choline, and folic acid studies.

Male chickens have been shown to

demonstrate more leg abnormalities than female chickens (5,6,16).
Although some researchers have hypothesized that increased leg
abnormalities in male chickens are the result of increased weight on
the pelvic limb bones (16), others have shown that the weight does not
correlate with the increased incidences of leg abnormalities (5).

The

increased incidences of leg abnormalities cannot be produced in female
chickens by testosterone injection (1) and therefore may be independent
of hormonal control.

A possible mechanism resulting in increased

incidence of leg abnormalities in males has recently been discussed
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(6).

In this latter work, reovirus-free male and female chickens

(specific-pathogen-free) demonstrated similar incidences of leg
abnormalities when deficient in nutrients essential for proper pelvic
limb bone development.

During reovirus infection, male deficient

chickens demonstrated significantly elevated incidences of leg
abnormalities (6).
Reoviruses have been implicated in causing Intestinal nutrient
malabsorption.

The male chicken has a greater absolute nutrient

requirement than the female chicken (19).

During a malabsorption

syndrome (reovirus infection) the male chicken (higher nutrient
requirements) exhibited more severe deficiency lesions than the slower
growing female chicken (6).
Although reovirus-infected male chickens or male chickens fed
diets deficient in blotin, niacin, choline, or folic acid demonstrate
responses to PPD, PHA-P, and SRBC similar to that of noninfected
nutrient sufficient chickens (8), the immune response of younger
chickens to reovirus may be depressed.

This could be the direct result

of reoviruses or indirectly due to nutrient malabsorption.

If the

immune system Is depressed due to reovlrus induced nutrient
malabsorption the male chicken would be most likely to show these signs
and thus have increased tendon swelling.

This hypothesis is further

demonstrated by reduced severity of tenosynovitis lesions at higher
dietary levels of biotin or manganese in the male chickens and no

'

dietary effect in the female chickens.
Dietary modulation has been shown to have a dramatic effect on the
severity and course of an infection.

However, the diversity of

infectious agents render no standard approach to nutritional modulation
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to control all of.the Infectious agents.

Insufficient dietary protein

levels Increased the survival rate of chickens infected with Salmonella
galllnarium and Newcastle disease virus but not JB. coli (4,11).
Chickens deficient in vitamin A demonstrated increased susceptibility
to Newcastle disease virus (2).

,

Supplementation of a diet sufficient

in all nutrients with 60,000 IU of vitamin A decreased mortality to J2.
coli infection; however, if the diet was also supplemented with 300
mg/kg of vitamin E, the additional protection was lost (23).

Other

infected animal species also show variable responses to dietary
nutrient modulation.

Most often dietary deficiencies of particular

nutrients render the animals more susceptible to some infectious agents
(2,15,18,25,26,27) while susceptibility to other pathogens is decreased
in malnourished animals (3,21).
The reason for depressed tendon swelling in the choline deficient
chickens at 8-weeks seems to indicate a reovirus requirement for
choline.

Replicating viruses may require a methyl donor such as

choline.

Another possibility that has been previously discussed (6) is

that increased deficiencies of choline caused by reovlrus Infection may
be able to stimulate the autosynthesis of choline in the chick.
Dietary vitamin and mineral modulation can effect the severity of
tendon swelling of reovirus-infected chickens.

Increased dietary

levels of manganese or biotin may reduce the severity of tenosynovitis,
whereas increased dietary levels of choline may increase the
inflammation of the tendons.

The incidence of tenosynovitis appears to

be unaffected by dietary modulation.
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Table 1. Severity of tenosynovitis In Reovlrus WVU 2937 infected chickens fed varying dietary levels of manganese
Manganese
level #
t NRC-77
20Z

4th week
Male

Female

Main effect
of diet

Week and sex
6th week
Male
Female

.9*1 .10***

.801

.19*b

.87

.621

100Z

.601 .llb

.701 .ll*b

.65

200Z

.771 .10*

.681 .16*

.73

Main effect
of sea

.77

.73

.09*

Main effect
of diet

Male

8th week
Main effect
Female
of diet

.201 .10b

.61

.611 .10*

.261 .10°

.*3

.351 .U*b

.361 .10*b

.36

.631 .IS*1*

.521 .U*b

.58

.304

.331 .10b

.31

.311 .10bc

.451 .10*c

.38

.52

.41

.09b

.42

.29

*MIC-77 “ National Research Council (1977) nutrient requirements for poultry.
**Least square estimates of means; severity of tenosynovitis where 0 - none. 1 ■ mild, 2 “ moderate, and 3 ” severe.
*,b,CMeana with different letter superscripts within a given week are significantly different (pS.05).

bblt 2< Incidence of tenosynovitis and stacisticel probabilities of treatment differences In Xeovlrua DVD
2937 infected chickens fed varying dietary levels of manganese
Manganese
level .
Z NRC-771

4th week
Male

Female

Incidence Z
6th week
Male
Female

Male

8th week
Female

20Z

3B.892

17.65

47.37

38.57

55.88

26.67

IOOZ

52.00

37.50

34.62

38.10

47.83

40.54

200X

44.74

12.90

42.11

30.30

39.39

45.16

Probabilities of treatment^

Effects
Diet
Sex
Dlat*Sax

MS
pS.001
pS.01

MS
MS
MS

^NRC-77 ■ National Research Council (1977) nutrient requirements for poultry.
^Percent Incidence of tenosynovitis distal to the tarsal Joint.
^Cbl-aquare probabilities.

MS
MS
MS

Tabic 3. Severity of tenosynovitis in Reovirus WVU 2937 Infected chickens fed varying dietary levels of blotin
Blotin
level A
Z NIC-77

4th week
Hale

Female

.191 .06b

200X

.351 .06*

Mein effect
of sex

•24l

41

m4
a

iOOX

\•

.181 .10***

20Z

Main effect
of diet

Week and sex
6th week
Hale
Female

Main effect
of diet

Hale

8th week
Female

Main effect
of diet

.10

.241 .10*

.221 .09*

.23

.441 .11*

.281 .10*°

.36

.121 .07b

.16

.061 .07*

.14! .07*

.10

.091 .08*

.321 .08*

.20

.051 .07b

.20

.111 .07*

.171 .07*

.14

.151 .08bc

.131 .07bc

.14

.14

.18

.23

.24

.ll2

*NRC-77 ■ Rational Research Council (1977) nutrient requirements for poultry.
least square estimates of neana; severity of tenosynovitis where 0 - none, 1 * nlld, 2 - Moderate* and 3 “ severe.
with different letter superscripts within a given week are significantly different (pS.05).
l,2Hean* with different numerical superscripts within the sain effects of diet or sex and within a given week are
significantly different (pS.03).

Table 4. Incidence of tenosynovitis and statistical probabilities of treatment differences In Reovirus W O
2937 Infected chickens fed varying dietary levels of biotin
Biotln
level .
X RRC-77

4th week
Male

Feaale

Incidence X
6th week
Male
Feaale

Hale

8th week
Peaale

20X

45.002

34.88

26.67

26.92

16.13

18.75

I00X

47.62

IS.79

12.50

16.67

12.90

36.67

200Z

38.71

22.22

22.22

24.00

20.00

27.27

Effects
Diet
Sex
Dlet*Sex

Probabilities of treataent^
RS
pS.Ol
MS

MS
RS
MS

^HRC-77 ■ Rational Research Council (1977) nutrient requirements for poultry.
2

Percent incidence of tenosynovitis distsl to the tarsal joint.

^Chi-square probabilities.

RS
RS
MS

Table S. Severity of tenosynovitis In Reovlrus WTO 2937 Infected chickens fed varying dietary levels of niacin
IlacIn
level t
X WC-77
20X

_______ 4th seek
Male
Female

Week and sex
Main effect_______ 6th week_______ Main effect
of diet
Male
Female
of diet

Male

8th ueek
.Main effect
Penale
of diet

.241 .08***

.291

.08*

.27

.171 .10*

.341

.11*

.25

.181 .09*b

.231 .ll*b

.21

100X

.191 .07*

.191

.09*

.19

.431 .12*

.301

.12*

.36

.201 .12*b

.081 .12*

.14

200Z

.271 .08*

.311

.12*

.29

.421 .10*

.441

.15*

.43

.171 .10**

.491 .15*

.14

Main effect
of acx

.24

.26

.34

.36

.18

.27

*MRC-77 “ Rational Research Connell (1977) nutrient requirements for poultry.
Least square estimates of means; severity of tenosynovitis where 0 - none. 1 - mild. 2 - moderate, and 3 ■ severe.
***,cMeana with different letter superscripts within a given week are significantly different (pS.05).

Tabla 6.

Rlacln
level .
X RHC-77

Incidence of tenosynovitis and statistical probabilities of treataent differences in leovirue OTU
2937 Infected chickens fed varying dietary levels of niacin

4th week
Feaale

Mala

Incidence X
6th week
Feaale
Male

Male

8th week
Feaale

20X

22.862

28.13

18.18

28.00

12.90

25.00

100X

23.00

33.33

33.33

31.82

16.67

5.26

200X

11.38

27.78

35.68

60.00

26.16

38.66

Probabilities of treataent2

Effects
Mat
Sex
Met*Sax

RS
RS
RS

RS
MS
RS

.

hnC-77 ■ Rational Research Connell (1977) nutrient requirsaents for poultry.
2Percent incidence of tenosynovitis distal to tbs tarsal joint.
^Chi-square probabliltlea.

RS
RS
MS

Ubli 7. Severity of tenosynovitis in Reovirus WVU 2937 Infected chickens fed varying dietary levels of choline
Choline
level .
Z RRC-77

____
4th week
Male

Female

Main effect
of diet

Week and sen
6th week
Hale
Female

Main effect
of diet

Male

8th week
Main effect
Female
of diet

.S5t .10***

.171 .08b

.36

.401 .ll*b

.141 ,09b

.27

.261 .llbc

.101 .08C

.18*

100Z

.511 .OB*

.321 .09*b

.41

.571 .09*

.221 .09b

.39

.661 .09*

.231 .09bc

.452

200Z

.441 .14*b

.221 .I2b

.33

.601 .16*

.361 .12*b

.48

.631 .14*

.461 .12^

.552

• 50l

•24

.52*

.24

.52*

.26

20Z

Main effect
of sen

*ntC-77 * Rational Research Council (1977) nutrient requirements for poultry.
least square estimates of naans; severity of tenosynovitis where 0 ■ none* 1 " wild, 2 - moderate, and 3 - severe.
* ,b,cMeans with different letter superscripts within a given week are significantly different (pS.05).
*t2Neans with different numerical superscripts within the main effects of diet or sen and within a given week are
significantly different (pS.05).

Iibli 8. Incidence of tenosynovitis end statistical probabilities of treatment differences in Reovlrus DVD
2937 Infected chickens fed varying dietary levels of choline
Choline
level .
X RRC-77*

4th week
Hale

Female

Incidence X
6th week
Male
Female

Male

8th week
Feaale

20Z

53.132

37.50

33.33

36.36

31.82

36. B4

100Z

53.66

33.33

44.74

21.88

58.82

25.00

200X

44.83

36.36

46.43

33.33

34.78

34.21

Effects
Diet
Sex
Dlet*Sex

Probabilities of treatment^
RS
pS.03
RS

RS
MS
MS

HmC-77 - Rational Research Council (1977) nutrient requirements for poultry.
^Percent Incidence of tenosynovitis distal to the tarsal Joint.
^Chi-square probabilities.

RS
RS
MS

T«blt 9. Severity of tenosynovitis In Reovlrus WVU 2937 Infected chickens fed varying dietary levels of folic add
folic a d d
level .
X NRC-77
20Z

_______________________________________Week and aen
4th seek_________ Maineffect________6th week_______ Mala effect_______8th seek______ Mela effect
Fenale
Fenale
Male
Feaale
Male
Male
of diet
of diet
of diet
.84± .12*b**

.711 .10b

.78

1.001 .13*b

.781 .10b

.89

1.101 .16*b

.961 .12b

1.03

100Z

1.211 .17*

.611 .09b

.91

1.291 .19*

.721 .09b

1.00

1.501 .25*

.911 .10b

1.20

200Z

.661 .12b

.641 .10b

.65

.821 .14b

.771 .llb

.79

.851 .16b

.921 .12b

.88

1.041

.752

1.15

.93

Main effect
of sex

.
.90

.652

*KRC-77 ■ National Research Council (1977) nutrient requlreaents for poultry.
Least square estinates of neons severity of tenosynovitis where 0 * none, 1 - alld, 2 » noderate, end 3 ■ severe.
*,b,cMaans with different letter superscripts within a given week are significantly different (pi.05).
^>2Means with different annerlcal superscripts within the naln effects of diet or sex and within a given week are
significantly different (pf.OS).

Tabla 10.

Folic a d d
level .
X HRC-77

Incidence of tenosynovitis and statistical probabilities of treatnent differences In Reovirua H I
2937 Infected chickens fed varying dietary levels of folic acid

4th week
Male

Fenale

Incidence Z
6th week
Male
Fenale

Male

8th week
Fenale

20Z

70.592

62.22

68.57

53.57

71.43

69.70

100Z

59.26

66.67

60.87

74.36

88.89

77.14

2002

57.50

65.79

75.68

75.76

74.19

78.57

Effecta
Diet
Sex
Dlet*Sex

Probabilities of treatnent2
HS

MS
HS

HS
MS
HS

Hllt-77 “ Rational lasearch Council (1977) nutrient requireaents for poultry.
^Percent Incidence of tenosynovitis distal to the tarsal Joint.

3

Chl-aquare probabilities.

MS
HS
HS
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Summary
The Interaction of reoviruses and nutritional factors in disease
and immunological responses was examined in Reovirus WVU 2937 Infected
and noninfected chickens fed manganese, biotin, niacin, choline, or
folic acid at a dietary level of either 20%, 100%, or 200% of the
National Research Council's nutrient requirements of poultry - 1977
(NRC-77) (Nat. Acad. Scl., Washington, D.C.) in five separate studies.
The incidence and severity of tenosynovitis, the Incidence of leg
abnormalities, the bone shearing strength of the femur and tibiotarsus,
and the immunological responses of reovirus-lnfected and noninfected
chickens fed varying dietary levels of each nutrient was evaluated.

Manganese Study
Dietary deficiencies of manganese (20% NRC-77) resulted in
enhanced inflammation of the tendons of the tarsometatarsus distal to
the tarsal joint in male chickens at 6 and 8 weeks of age when compared
with male chickens fed the highest dietary level of manganese (200%
NRC-77).

Male reovirus-lnfected chickens fed 20% of the NRC-77 level

of manganese had more severe tenosynovitis than Infected female
chickens fed the same diet at eight weeks of age.

The incidence of

tenosynovitis was greater in male chickens than female chickens at four
weeks of age.
Leg abnormalities resulting from reovirus infection or dietary
deficiencies of manganese were not observed in the manganese study.
138
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Dietary levels of manganese had no effect on the precipitating
antibody titers to reovirus as measured by the agar gel precipitin test
(AGP).

Male and female Infected chickens had similar antibody titers

to reovirus.

»

Biotln Study
The severity of tenosynovitis in male chickens at eight weeks of
age was greater in those chickens fed 20% of the NRC-77 level of biotin
than the 200% of the NRC-77 blotin diet.

Both the severity and

incidence of tenosynovitis was greater in the male chickens than female
chickens at four weeks of age.
Reovirus-lnfected male chickens had a greater incidence of leg
abnormalities than Infected female chickens at eight weeks of age.
However, the Incidence of leg abnormalities was similar in noninfected
male and female chickens.

Reovirus-lnfected chickens had a greater

incidence of leg abnormalities than noninfected chickens at eight weeks
of age.

Increasing dietary levels of biotin from 20% of the NRC-77 to

200% of the NRC-77 level reduced the incidence of leg abnormalities in
eight-week-old reoviruB-infected female chickens and noninfected male
and female chickens but not in infected male chickens.
Reovirus infection had no effect on the absolute shearing strength
of the proximal end of the femur or tibiotarsus.

Chickens deficient in

biotin had reduced absolute shearing strengths of the proximal end of
the femur and tibiotarsus when compared to chickens fed 100% or 200% of
the NRC-77 level of biotln.
Reovirus infection had no effect on the antibody responses of
chickens to sheep red blood cells (SRBC), in vivo mitogen responses to
phytohemagglutinin (PHA), or delayed hypersensitivity responses to
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purified protein derivative (PFD).

Dietary levels of biotln had no

effect on chicken immune responses to SRBC, PHA-P, or PPD.

Varying

dietary levels of biotln or the sex of the chicken had no effect on
antibody titers to reovirus in 4-, 6-, and 8-week-old chlckenB.

Niacin Study
In the niacin study, male and female chickens demonstrated a
similar Incidence and severity of tenosynovitis.

Dietary levels of

niacin fed to reovirus infected chickens had no effect on the incidence
or severity of tenosynovitis.
Reovirus-lnfected male chickens had a higher incidence of leg
abnormalities than reovirus-lnfected female and noninfected male and
female chickens at 6 and 8 weeks of age.

Reovirus-lnfected niacin

deficient chickens also had a higher incidence of dermatitis and
”black-leg" syndrome than noninfected chickens.

Noninfected male and

female chickens, and reovirus-lnfected female chickens had a similar
Incidence of leg abnormalities.

The incidence of leg abnormalities

decreased with increasing dietary levels of niacin in Infected and
noninfected chickens.
Reovirus-lnfected and noninfected chickens had similar absolute
shearing strengths of the proximal end of the femur and tibiotarsus.
Dietary deficiencies of niacin reduced the absolute shearing strength
of the proximal end of the femur and tibiotarsus when compared to
chickens fed 100% or 200Z of the NRC-77 level of niacin.
Reovirus infection had no effect on antibody production to SRBC,
mitogen responses to PHA, delayed hypersensitivity responses to PPD, or
antibody production to reovirus.

The dietary level of niacin fed to

the chickens also had no effect on these immune parameters.

Male and
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female chickens had similar antibody responses to reovirus at 4» 6, and
8 weeks of age.

Choline Study
*

Male Infected chickens in the choline study had more severe
tenosynovitis than female chickens at 4, 6, and 8 weeks of age.

Male

chickens also had a higher Incidence of tenosynovitis than female
chickens at four weeks of age.

Male and female chickens fed 20% of the

NRC-77 dietary level of choline had leBS severe tenosynovitis at eight
weeks of age than those chickens fed the higher dietary levels of
choline (100% or 200% of the NRC-77).
Reovirus-lnfected male and female chickens had a similar incidence
of leg abnormalities at 4. 6. and 8 weeks of age.

Reovirus-lnfected

choline deficient chickens had less leg abnormalities than noninfected
chickens at 4, 6, and 8 weeks of age.

Increasing dietary levels of

choline significantly reduced the incidence of leg abnormalities.
Reovirus-lnfected chickens in the choline study had reduced
absolute shearing strengths of the proximal end of the femur, but not
the proximal and distal end of the tibiotarsus, when compared with
noninfected chickens.

Dietary levels of choline had no effect on the

absolute shearing strength of the femur or tibiotarsus.
Reovirus infection had no effect on jLn vivo mitogen responses to
PHA-P or delayed hypersensitivity responses to PPD.

However,

reovirus-lnfected chickens had significantly higher antibody titers to
SRBC.

The dietary level of choline had no effect on antibody responses

to SRBC or reovirus, mitogen responses to PHA-P or delayed
hypersensitivity responses to PPD.

Male and female chickens in the

choline study had similar antibody responses to reovirus.
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Folic A d d Study
Hale reovirus-lnfected chickens had more severe tenosynovitis than
female chickens at 4 and 6, but not at 8 weeks of age.

However* the

incidence of tenosynovitis was similar in male and female chickens at

•

4, 6* and 8 weeks.
Reovirus-lnfected male chickens showed a higher incidence of leg
abnormalities than infected female and noninfected male and female
chickens at eight weeks of age.

Increasing dietary levels of folic

acid decreased the incidence of leg abnormalities in the eight-week-old
infected male chickens.
Reovirus-lnfected chickens in the folic acid experiment had
reduced absolute shearing strengths of the proximal end of the femur
and tibiotarsus, and of the distal end of the tibiotarsus when compared
with noninfected chickens.

Dietary folic acid levels had no effect on

the absolute shearing strength of these bones.
Reovirus infection had no effect on the antibody responses to
SRBC, mitogen responses to PHA-P or the delayed hypersensitivity
responses to PPD.

Dietary levels of folic acid fed chickens for eight

weeks also had no effect on any of these parameters.

However, reduced

antibody titers to reovirus were observed in the folic acid deficient
chickens at eight weeks of age when compared to chickens fed higher
dietary levels of folic acid, but not at 4 and 6 weeks of age.

Conclusions
Increased Incidence of systemic nutrient deficiency lelons, i.e.,
dermatitis, white feathering, "black-leg", and leg abnormalities
indicated that reoviruses may cause an intestinal malabsorption
syndrome.

This hypothesis was further evidenced by an Increased

incidence of leg abnormalities in the higher nutrient requiring
reovirus-lnfected male chickens, when compared with infected
female chickens, and no sex differences in the incidence of leg
abnormalities in noninfected chickens.

The severity of tenosynovitis is a function of the nutritional
status of the chicken.

Nutritional deficiencies (and possibly

Intestinal malabsorption of nutrients) may result in Increased
severity of tenosynovitis.

Evidence for this hypothesis was an

increased severity of tenosynovitis in chickens deficient in
certain nutrients, and the increased severity of tenosynovitis in
male chickens (higher nutrient requirements) when compared with
female chickens (lower nutrient requirements).

Increased severity of tenosynovitis resulting directly from
nutritional deficiencies of certain nutrients or indirectly from
reovirus Induced malabsorption may not be the result of suppressed
immunocompetence.

This was evidenced by similar precipitin

antibody responses to reoviruB in male and female chickens fed
diets adequate or deficient in manganese, biotin, niacin, choline,
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or folic acid, and similar immunological responses to sheep red
blood cells, phytohemagglutinin-F, or purified protein derivative
in reovirus infected and noninfected chickens fed diets adequate
or deficient in biotin, niacin, choline, or folic acid.

4.

Decreased shearing strength of the proximal femur or proximal and
distal tibiotarsus caused by either reovirus infection or dietary
deficiencies of biotin or niacin also demonstrates the ability of
reovirus infection to mimic nutient deficiency syndromes.

APPENDICES
Source of Variation and Degrees of Freedom
for Analysis of Data Presented in Preceding Chapters
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Appendix 1 .

Source of variation and degrees of freedom associated with
chapter 3 titled "Black leg syndrome in chickens fed a
niacin deficient diet and infected with Reovirus WVU 2937".

Experimental Design:

Complete Randomized Design

Arrangement of Treatments;

Split plot with infection representing the
main plot and time representing the split
plot.

Source of Variation
Total
Infection

Degrees of Freedom
159
1

Error A
Pen/Infection

6

Time

2

Infection X Time

2

Error B
Pen X Time/Infection
Sampling Error

12
136

^Analysis of variance was only conducted with chickens fed the 20%
NRC-77 level of niacin since "black leg" was not observed in any
chickens fed the 1002 or 2002 NRC-77 level of niacin.
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Appendix 2 .

Source of variation and degrees of freedom associated with
chapter 4 titled "Immune responses of Reovirus WVU 2937
infected and noninfected chickens fed varying dietary
levels of selected nutrients".^

Experimental Design;

Complete Randomized Design

Arrangement of Treatments;

2 X 3

Source of Variation
Total

factorial arrangement of treatments

Degrees of Freedom
29

Infection

1

Diet

2

Diet X Infection

2

Error

24

^Source of variation and degrees of freedom in chickens evaluated
for sheep red blood cell responsest phytohemagglutinin responses* and
delayed hypersensitivity responses to purified protein derivative only.
Source of variation in antibody responses to reovirus is in Appendix 3.
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Appendix 3 .

Source of variation and degrees of freedom associated with
chapter 4 titled "Immune responses of Reovirus WVU 2937
infected and noninfected chickens fed varying dietary
1 2
levels of selected nutrients". *

Experimental Design:

Complete Randomized Design

Arrangement of Treatments;

Split plot arrangement of treatments with
diet representing the main plot and sex
representing the split plot.

Analysis was

conducted with each of the 7 time periods.

Source of Variation
Total
Diet

Degrees of Freedom
47
2

Error A
Pen/Diet

9

Sex

1

Sex X Diet

2

Error B
Pen X Sex/Diet
Sampling Error

9
24

^Source of variation and degrees of freedom in chickens evaluated
for antibody responses to reovirus only.

Source of variation in

chickens evaluated for sheep red blood cell responses, phytohemag
glutinin responses, and delayed hypersensitivity responses to purified
protein derivative is in Appendix 2.

2

Analysis was conducted in only the reovirus-lnfected chickens

since the noninfected chickens demonstrated no antibody response to
reovirus.
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Appendix 4 .

Source of variation and degrees of freedom associated with
chapter 5 titled "Bone shearing strengths of chickens
infected with Reovirus WVU 2937 and fed varying levels of
selected vitamins".

Experimental Design;

Complete Randomized Design

Arrangement of Treatments;

2 X 3

Source of Variation
Total

factorial arrangment of treatments.

Degrees of Freedom
47

Infection

1

Diet

2

Diet X Infection

2

Error

42
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Appendix 5 .

Source of variation and degrees of freedom associated with
chapter 6 titled "Enhanced Incidence of leg abnormalities
in Reovirus WVU 2937 Infected chickens fed varying dietary
levels of selected vitamins and minerals".

Experimental Design;

Complete Randomized Design

Arrangment of Treatments;

Split plot arrangement of treatment with
diet and infection arranged as a 2 X 3
factorial on the main plot and sex
representing the split plot.

Source of Variation
Total

Degrees of Freedom
479

Infection

1

Diet

2

Infection X Diet

2

Error A
Pen/Infection X Diet

18

Sex

1

Sex X Infection

1

Sex X Diet

2

Sex X Infection X Diet

2

Error B
Pen X Sex/InfectionX Diet
Sampling Error

18
432
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Appendix 6 .

Source of variation and degrees of freedom associated with
chapter 7 titled "The Incidence and severity of
tenosynovitis In reovirus-lnfected chickens fed varying
dietary levels of manganese, biotln, niacin, choline, or
folic acid".*

Experimental Design:

Complete Randomized Design

Arrangement of Treatments;

Split plot arrangement of treatments with
diet representing the main plot and sex
representing the split plot.

Analysis was

conducted within each of the three time
periods.

Source of Variation
Total

Degrees of Freedom
239

Diet

2

Error A
Pen/Diet

9

Sex

1

Diet X Sex

2

Error B
Pen X Sex/Diet
Sampling Error

9
216

^Analysis was conducted in reovirus-lnfected chickens only since
noninfected chickens demonstrated no tenosynovitis.
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