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One hundred and fourty-one lambs showing signs of pneumonia

and/or enteritis from four different flocks in western Oregon were

sampled for virus isolation. Two ovine adenoviruses, antigenically

distinct from each other and from bovine adenoviruses, were

isolated from the nasal mucosa and feces of two lambs. The lambs

were showing signs of pneumonia (475N isolate) and enteritis (47F

isolate).

A serological survey was performed using sera from the lambs

sampled for virus isolation and adult sheep from 3 of the 4 flocks.

The sera were tested for antibodies against the 475N virus and 47F

virus as well as some selected bovine viruses (PI-3, 'BR, BVD, and

adenoviruses types 3, 6 and 8). Adult sheep from 19 other Oregon

flocks were also tested for antibodies to the two ovine



adenoviruses. Positive antibody titers to 47F and 475N viruses

were detected in 73% and 29% respectively of sheep in flocks

outside of those sampled for virus isolation. The incidence of

positive antibody titers in adult sheep from those flocks sampled

fro virus isolation was 54% for 47F and 98% for 475N. Sheep also

had low levels of antibodies to PI-3, IBR, BVD, BA-3 and BA-8.

A preliminary pathogenicity study using isolates 475N and 47F

was completed with six lambs of varying ages and histories as

subjects, (three lambs were inoculated with each virus). The 475N

virus produced a proliferative bronchopneumonia that was moderately

severe. The 47F isolate produced lesions of a mild interstitial

pneumonia but did not produce severe signs of pneumonia or

enteritis in the lambs. Both viruses were recovered from the

tissues taken from the lambs at necropsy.
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VIRAL CAUSES OF PNEUMOENTERITIS

IN LAMBS IN WESTERN OREGON

INalODUCTION

Diseases of the newborn are one of the major causes of sheep

loss throughout the world (1). Prevention and control of these

diseases would add significantly to the quality of life for humans

through increased production of food and animal by-products.

Diseases of newborn animals have been studied in some detail in

the major species of animals, i.e.; calf, piglet and foal. Diseases

of lambs and kids have received little attention in research in the

United States because of their lessor economic importance in this

country.

The purpose of this study was to identify viruses which may be

responsible for initiating pneumonia and/or enteritis in young lambs.

An epizootiological study was conducted on lambs from four flocks in

the Willamette Valley of Oregon. Viral isolation and serological

studies were conducted in young lambs showing signs of pneumonia

and/or enteritis. In addition, serologic studies of adult sheep in

three of the four flocks under consideration were completed to

determine the incidence of infection with selected pathogenic bovine

viruses as well as ovine viruses isolated during the study.
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Infectivity studies were conducted in lambs with two different ovine

adenoviruses which were isolated in the initial study.

The results of this study would then serve as a basis for

in-depth research undertaken to identify the significance of

individual viruses and to initiate proper prevention and control

measures.



3

LITERATURE REVIEW

PNEUMONIA

Contagious pneumonia in sheep was first reported in Iceland in

1929. The bacterium Pasteurella hemolytica was isolated from

moribund sheep and was considered to be one of the primary

etiological agents of pneumonia in sheep at that time (2).

Since the above initial report, there have been numerous reports

of pneumonia in lambs from many different countries. Forty-four

percent of 955 lambs slaughtered in 1951 in Ohio had varying degrees

of pneumonic lesions. The bacteria Pasteurella maltocida and

hemolytica were isolated from these cases (3). Subsequent studies

concerning the pathogenesis of disease with pasteurella species as

etiological agents of acute ovine pneumonia failed to confirm these

bacteria as primary causes of the disease (4,5,6,7). Subsequent

studies were conducted which compared the bacterial flora of normal

lungs and of lungs which had pathological lesions of pneumonia.

These studies again confirmed that pasteurella bacteria were

frequently isolated from areas of lung tissue which were undergoing a

disease process. These studies also confirmed a strong correlation

for the presence of the bacterium in the nasal cavity and lungs of

sheep with pneumonia. It was concluded that other microorganisms

might initiate the disease, but if certain bacteria were present in
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the nasal cavity, infection was more severe and pneumonia could

result (8,9,10). The current concept of the etiology of ovine

pneumonia is that viruses initially infect the animal, and bacteria

from the environment or nasal cavity subsequently invade the

virus-damaged tissue resulting in variable tissue damage. Many

different bacteria or related microorganisms have been isolated from

ovine lungs with pathological changes. These microorganisms include,

but are not limited to one or more species of the following:

Pasteurella, streptococci, staphylococci, pseudomonas,

corynebacterium, neisseria, hempphilus, mycoplasma and chlamydia

(3,9,11,12,13).

Viruses by themselves may not cause severe pathological changes.

Nevertheless these microorganisms are frequently important in

initiating the disease process. Effective prevention and control of

these disease complexes may best begin by at controlling viral

infection (14). The major viruses implicated in the etiology of

ovine pneumonia include: Parainfluenza virus type 3 (P13)

(15,16,17,18,19), respiratory syncytial virus (RSV) (20),

cytamegalovirus (CMV) (21), ovine herpes virus (CEN) (22) and ovine

adenoviruses OM (23,24,25,26).
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Parainfluenza virus type 3

Parainfluenza virus type 3 was isolated from cattle with

clinical signs of shipping fever in 1959 (27). Hore isolated the PI3

virus from sheep in Scotland in 1966 (28), and demonstrated its

infectivity for sheep in 1976 (21). Subsequent disease investigation

studies conducted in New Zealand, Canada and the United States have

implicated PI3 virus in ovine pneumonia. The virus has been isolated

from the nasal cavity and lungs of lambs with pneumonia on numerous

occasions (19,29,30,31,32).

The PI3 virus is a large (150-180nm) virus, which has an outer

envelope and has a nucleocapsid which may be spherical or elongated

in filamentous forms which range up to 600nm in length. The envelope

is covered with projections 12.5-15nm in length. The virus has a

single-stranded RNA genome. The intact virus is sensitive to lipid

solvents (i.e. chloroform and ether), and hemagglutinates a variety

of red blood cells. It is a member of the Paramyxoviridae family.

The ovine PI3 strains are cytopathic for fetal lamb kidney cells.

There appears to be a marked antigenic similarity between bovine,

human and ovine strains of PI3 (31,33,34,35).

Pasteurella hemolytica has been isolated in most

naturally-occuring outbreaks where PI3 has been implicated as the

primary etiologic agent (28), though the primary cause of the disease
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in some cases may be pasteurella. Several experiments were conducted

to determine the clinical and pathological responses of lambs to

combined infections of Pasteurella bOnaLtiaa and PI3 as well as

infections produced by each organism alone. The most severe lesions

were produced when lambs were exposed to PI3 and Pasteurella,

hemolytica together. Though the results of the work were not

consistent; specific-pathogen-free, colostrum- deprived lambs

developed a severe respiratory disease when exposed to both agents.

Only a mild transitory respiratory disease was observed in animals

receiving either of the two pathogens alone (36,37,38).

Respiratory syncytial virus

Respiratory syncytial virus has more recently been recognized as

a respiratory pathogen of calves in the United States (39,40). RSV

has not been isolated from sheep with naturally-occuring infection.

However, there is serologic evidence that sheep have been infected

with RSV virus which is antigenically similar to, or identical to,

bovine RSV (40,41).

Lambs have been experimentally infected with bovine RSV and

Pasteurella hemolytica . Clinical signs of respiratory disease were

more severe than when lambs were exposed to either RSV alone or L.

hemolytica alone (14,42).

RSV is a member of the same family as paramyxoviruses and thus
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is indistinguishable from PI3 morphologically. RSV contains an

envelope and has a single strand of RNA in its nucleocapsid. The

virus is lipid-solvent sensitive and is 90-120nm in diameter. It

does not hemagglutinate erythrocytes. The cytopathic effect (CPE),

seen in cell culture, is a characteristic syncytial formation. The

virus replicates in a variety of cell culture types of bovine and

ovine origin (34,35).

Cytamegalovirus

Cytomegalovirus has been commonly associated with rhinitis in

swine (43). This virus was first isolated from two lambs in New

Zealand. The lambs were submitted for necropsy in an effort to

determine the cause of "unthriftiness" in the flock (44). The virus

has also been isolated from a group of lambs in Indiana. Signs of

disease included; malaise, conjunctivitis and respiratory distress.

The significance of cytomegalovirus infection in sheep is unknown

(21).

Histologically, cells infected by CMV swell and develop

intranuclear inclusion bodies. Cytamegalovirus, like other members

of the Herpesviridae family, has an outer envelope. The inner capsid

is icosohedral in shape and has 162 capsomeres. The virion contains

a double-stranded DNA genane. The virus is 100-200nm in size,

including the envelope. Because they have an envelope, they are
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sensitive to ether and chloroform. Cytomegaloviruses differ from

other herpesviruses in that they replicate slowly, are species

specific and tend to remain strictly cell-associated.

Cytomegaloviruses typically replicate well in cell cultures composed

of fibroblasts. Infected cells may release virus particles

regularly, but the cell may still remain viable for up to 8 weeks

(35).

Herpesvirus

Infectious bovine rhinotracheitis virus, like cytamegalovirus, is

a member of the Herpesviridae family. CMV and IBR viruses are

antigenically distinct from each other. Including the outer

envelope, IBR virus measures 180-250nm in diameter and the capsid

varies fray. 95-105nm. IBR virus is noted as a cell-associated virus,

but not to the extent as CMV. Like other herpesviruses, IBR

possesses a double strand of DNA for its nucleocapsid. The virus has

162 capsomeres (34,35).

The IBR virus is a widely-recognized respiratory pathogen in

cattle. A herpesvirus of undesignated type has been isolated from

the trachea of a slaughtered market lamb that had gross pathological

lesions of consolidation pneumonia. The virus was antigenically

distinct from bovine herpesvirus type 1 (IBR virus). The virus

morphology was not confirmed by electron microscopy. Classification
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was based on chemical properties of the virus only (22).

Adenovirus

Adenoviruses have frequently been implicated in respiratory and

enteric diseases of animals and man. The first isolation of these

viruses from domestic animals was reported in 1963 when Aldisy et.

al. recovered adenoviruses from calves with pneumoenteritis (45).

Subsequent serological studies using the agar gel-diffusion test and

a group-specific antigen, demonstrated that a variety of animals show

some evidence of past infection with different members of this viral

group. Accordingly; horses, cattle, sheep, goats, swine and deer are

believed to harbour different adenoviral types even though viruses

have not been recovered from all the animal species listed (46).

The first isolation of adenoviruses in sheep was reported in

1969 from Northern Ireland. Three virus types were recovered from

feces of normal and diseased lambs. These isolates were designated

as ovine adenoviruses (OAV) types 1, 2 and 3 (47,48). An additional

adenovirus (0AV type 4) was isolated from a group of 4 lambs

10-weeks-old that had severe respiratory disease (24). In further

characterization studies, OAV type 4 was shown to replicate in

intestinal and respiratory tissue. Lesions were particularly severe

in the pulmonary alveoli. Focal areas of hepatic necrosis were also

described (49,50).
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An adenovirus antigenically similar to bovine adenovirus type 2

was isolated from Merino lambs with mild respiratory illness in

southern Hungary. The virus was capable of causing clinical

pneumonia in colostrum-deprived lambs and produced similar signs and

lesions in a colostrum-deprived calf. In addition, the virus was

shown to produce bronchiolitis and enteritis in the

experimentally-infected lambs (25,51).

OAV type 5 was isolated from healthy lambs in Turkey. This

isolate has not been inoculated into susceptible lambs and no data is

available regarding its ability to induce disease (52).

Two different adenovirus types were recovered from lambs with

respiratory disease in New Zealand (26). Isolate WV 419/75 produced

mild signs of disease when inoculated into susceptible lambs.

Disease signs were characterized by sneezing, coughing, nasal

discharge and possible central nervous system disease.

Histopathological lesions consisted of proliferative bronchiolitis.

Typical adenoviral inclusion bodies were present in affected

cells (53).

To determine certain epizootiological characteristics of a viral

disease, several investigational approaches have been used. One

approach concerns the isolation or detection of viruses from animals

undergoing a disease process. Another process which can add valuable

data concerning the incidence of specific infections is the use of

serological studies. In this case, sera from animals experiencing a
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specific disease syndrome are tested for the production of antibodies

to a suspected etiological agent of a disease. Serological studies

have proven to be a useful tool in determining the incidence of

infection of numerous viral diseases. However, few serological

studies have been undertaken with ovine adenoviruses. In one study

involving 600 sheep in Scotland, 83% of the animals tested had

antibodies to OAV 1, 2, 3 or 4 (55).

Certain serological studies can also be used to measure the

degree of antigenic similarity of viruses within a specific viral

family or genera. Studies measure fine antigenic similarities when

the serum-virus neutralization (SN) test is used, but for more

general antigenic similarities such tests as the complement fixation

(CF) test are used.

Adair et. al. compared the antigenic similarity of mammalian

adenoviruses by means of the SN test. All virus types were shown to

be of distinct antigenic types. Among the bovine and ovine

adenoviral group, bovine adenovirus OM type 2 virus was

neutralized (shared some type-specific antigens) by low antiserum

dilutions to OAV types 2 and 3. In addition, BAV type 5 was

neutralized by low antiserum dilutions to BAV type 8 and OAV type 2.

No bovine or ovine virus was neutralized by antiserum to human

adenoviruses (55).

The CF test is commonly used to demonstrate a common

group-specific antigen. In fact, the presence of this common antigen
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is normally required in order to classify a virus as a member of the

adenovirus group. Bel6k, PL.fi and Tuboly have shown that all ovine

adenovirus types (0AV 1-5) possess a common group-specific antigen

with, human adenoviruses (56).

Adenoviruses, members of the family Adenoviridae, contain double

strands of DNA in their nucleocapsid. They do not have an outer

envelope, are 60-90nm in diameter and are icosohedral in shape. The

capsid contains 252 capsomeres. These viruses are lipid-solvent

resistant, stable to acids and are relatively heat sensitive. In

infected cells adenoviruses produce large basophilic intranuclear

inclusion bodies which vary in type and number according to serotype

(56,57). Each strain is antigenically distinct by SN tests, but

there is a common group-specific antigen that can be detected by

complement fixation (35,58).
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ENTERITIS

Enteritis, or scours in lambs can be induced by a wide variety

of microorganisms. The severity of disease is often influenced by

stress-inducing factors such as marked temperature changes, cold or

wet weather, poor nutrition and unsanitary environmental conditions

(59).

The bacterium Espherichia coli has long been considered a

primary etiological agent of lamb scours. Among other

characteristics, the "pathogenic" strains of this bacterium generally

possess a thick capsule which tends to prevent their destruction by

phagocytic cells. In addition to pathogenic strains of L. coli

serving as primary etiological agents of lambs scours, non-pathogenic

strains of L. coli bacteria are also considered to be important

"secondary" invaders of intestinal tissue after initial viral

infection. The synergistic effect between virus infection and L.

coli invasion is not well understood (59,60).

Salmonella sp. are recognized enteric pathogens for most species

of animals (61). There have been few reports of lamb diarrhea caused

by this bacterium. Lambs are frequently raised in high densities and

in large numbers, and ewes and their lambs are usually held in close

confinement housing. It is surprising that enteritis due to

salmonella infection is not more prevalent or diagnosed more

frequently (47,62).
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Several viruses have been inplicated as etiological agents of

lamb enteritis. Rotaviruses (63,64), cornaviruses (65,66) and

adenoviruses (47,48) have all been isolated from lambs with clinical

signs of diarrhea. Parvoviruses have been isolated from several

species of animals with diarrhea, but the virus has not been isolated

from sheep (67).

Rotavirus

Bovine rotavirus was the first virus of the Reoviridae family to

be recognized as a important enteric pathogen. This virus now serves

as the reference virus type for this family. Mice, cattle, humans,

swine, horses and sheep have all been shown to have

naturally-occurring rotaviral diarrheal infections (68).

Cross infection of rotavirus to different species of animals has

been demonstrated. Human rotavirus has been transmitted to pigs,

calves and lambs. Foal and lamb rotaviruses have been transmitted to

pigs (69).

Rotaviral infections are most common in the neonatal animal

(newborn to weaning). Infection is much milder in older animals.

Subclinical infection can occur in the neonatal animal if infection

takes place with the concurrent ingestion of colostrum. Presumably

the virus is neutralized by antibodies of colostral origin if such

antibodies are present (63).
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Lamb rotaviruses have been isolated in Northern Ireland (47) and

Hungary (64). In both cases, the isolates were obtained from

scouring lambs. The early phase of the disease in Hungary was

characterized by acute catarrhal oneumonia and enteritis. Severe

clinical signs of pneumonia and diarrhea followed and were associated

with bacterial infection. Experimental infection of young lambs with

the Hungarian isolate showed the virus to be pathogenic and capable

of inducing diarrhea (65).

Rotaviruses are 70-75nm in diameter and have a double

icosohedral capsid. The nucleic acid is composed of a

single-stranded RNA core. Rotaviruses are resistant to lipid

solvents and are stable at a low pH. They produce intracytoplasmic

inclusion bodies in infected cells. Rotaviruses hemagglutinate human

type 0 red blood cells (34).

Coronavirus

Transmissible gastroenteritis in swine was the earliest enteric

disease where a coronavirus was shown to serve as an etiological

agent. Coronaviruses are known to cause infection in rodents, dogs

and calves (70). Coronaviruses from lamb samples have not been shown

to replicate in cell cultures, but virus particles have been detected

by electron microscopy in feces of lambs with diarrhea (65,66).

Protection from infection is due to the production of the
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immunoglobulin secretory IgA (SIgA) in the intestinal tract, or from

colostral SIgA. Circulating igA does not protect the animal from

clinical disease (72).

Coronaviruses are spherical or oblong in shape and vary in size

from 80-130nm. They have a modified envelope composed of

pedunculated, club-shaped peplaneres positioned over the capsid. The

nucleic acid is composed of a single strand of WA. Coronaviruses

are members of the family Coronaviridae (34).

Parvoviruses

Parvoviral infections have been associated with enteric diseases

of cats, dogs, mink, cattle and rodents (67). Parvoviruses have not

been isolated from lambs. Adeno-associated viruses, recently named

dependoviruses, are members of the family Parvoviridae. These

viruses are not associated with parvoviral diarrhea and replicate

only in cells infected with an adenovirus (68). The significance of

the replication of dependoviruses in adenoviral infection is not yet

understood (72).

Parvoviruses are 18-20nm in diameter. Their capsid is of

icosohedral symmetry and contains 32 capsomeres. The nucleic acid is

composed of single- stranded DNA and there is no outer envelope.

Most members of this genus agglutinate guinea pig erthrocytes (35).
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Adenoviruses

The review of adenoviruses was discussed under "Pneumonia".

Fatal adenoviral diarrhea has been described in man (73). It is not

uncommon for different animals in the same flock that have an

adenoviral infection to show signs of enteritis and/or pneumonia.
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MATERIALS AND METHODS

Cell cultures and media

Cultures of Fetal lamb kidney (FLK) cells were propagated

continuously and were in their 2nd through 55th passage when used.

Fetal bovine kidney (BK) cells were obtained from a fetus in

approximately the 7th month of gestation. These cells were in their

10th through 20th passage when used. All cell cultures were

propagated in either plastic flasks, tubes or multi-well plates.

When transferred, cells were resuspended at a concentration of 4 x

10
6cells/m1 in growth medium.

Growth medium consisted of Eagles minimal essential medium (/001)

supplemented with 0.5% lactalbumin hydrolysate and 10% bovine serum.

Three percent horse serum was used in place of bovine serum in media

of cell cultures used to propagate virus and in virus isolation

studies. In serum -virus neutralization (SN) studies, 10% horse serum

replaced bovine serum.

Virus isolation diluent ma consisted of physiologically

buffered saline (PBS) pH 7.2, 0.1% nutrient broth, 0.25% gelatin and

50 Ag neomycin sulfate per ml.
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Flocks Sampled

Samples were taken from four flocks of sheep in the Willamette

Valley of western Oregon. Each flock was a minimum of 20 km from the

other flocks tested. Lambs in all the flocks had a previous history

of pneumonia and/or enteritis.

Flock one consisted of approximately 700 ewes and was located

within one km of Corvallis, Oregon. The flock was a university

research and teaching sheep population. Each ewe and its newborn

lamb were held in small pens by themselves (jugs) for 24-36 hours

prior to being placed into mixing pens. Ewes and lambs were kept in

mixing pens for 10-14 days and then placed in a large pasture. Lambs

with enteritis typically showed signs of diarrhea during the first

week of life. When pneumonia was observed, lambs typically were

under 14 days old.

Flock two was a purebred Hampshire flock located 48 km north of

Corvallis, Oregon. All ewes were kept in a poorly ventilated barn

during lambing season. Additional clean bedding was added to lambing

and mixing pens when needed but soiled bedding was not removed.

After parturition, ewes and lambs were placed in jugs with concrete

floors which were covered with straw. The jugs were located in the

most poorly ventilated area of the barn. Jugs were cleaned and lime

placed on the floor between sets of animals. Many lambs (estimated

at 10% cf the lambs born) died before they were sampled; i.e., less
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than 7 days old. Total lamb mortality was 30-40%. In an attempt to

decrease lamb losses, management elected to vaccinate 50% of the

lambs with a modified-live vaccine to 1BR and PI3 by intranasal

administration' at one day of age. Lambs were removed to mixing

pens in the same barn at 2-3 days of age and were kept in the mixing

pens for one to three weeks. Very few lambs showed signs of

pneumonia and/or enteritis once they were moved onto pasture.

Flock three was a 1500-ewe commercial flock located 45 km east

of Corvallis, Oregon. Ewes lambed on a large ryegrass pasture during

the day. They were brought into a covered "drop lot" area to be fed

and to lamb at night. Ewes and lambs were placed in jugs which had

dirt floors which were covered with straw. Jugs were located in a

clean barn that had adequate ventilation. Ewes and lambs were placed

in mixing pens within 24 hours of birth and were moved to pasture at

3 days of age. Mixing pens, as well as jugs, were cleaned and

covered with lime between groups of animals. Very few lambs showed

signs of illness after they were moved to pasture.

Flock four was a commercial flock composed of 1000 ewes located

14 km south of Corvallis, Oregon. Ewes lambed on a large ryegrass

pasture. Ewes and lambs were placed in jugs which were located in a

well-ventilated barn. The floor of the jugs was dirt. Soiled

bedding was removed after each usage and clean bedding was added.

Mixing pens were located adjacent to the jugs; this pen was not

1. Nasalgen, Jensen-Salsbery Laboratories, Kansas City, Missouri
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cleaned during the lambing season. Mixing pens were partially

covered but drainage from rain water was poor and the area was quite

muddy. When a group of lambs was moved to a new pasture area, sick

lambs were moved with the rest of the flock. Treatment of sick lambs

was sporadic.

Flock four was not sampled until approximately 60% of the ewes

had lambed. Second serum samples were not obtainable from most of

the lambs.

Sample collection and preparation

Lambs showing clinical signs of pneumonia or diarrhea were

segregated and held in separate mixing pens. The tip of a

dacron-tipped applicator stick was used to take samples from the

rectum (lambs with diarrhea) and conjunctival and nasal mucosal

membranes (lambs with pneumonia) for use in virus isolation studies.

The membranes were rubbed vigorously with the dacron tip which was

then broken from the swab into a tube of VID. In addition, 10-20

grams of feces were collected in a vial from lambs that had diarrhea

for direct electron microscopic examination. Conjunctival and rectal

swabs were also taken from one of approximately every 5-10 sick lambs

for isolation and identification of bacteria.

Blood serum samples were taken from each lamb at the time of the

original sample collection and approximately 7 days later.

Tubes which contained swabs were cooled immediately to 4 C and
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frozen at -20 C within one hour.

Serum from blood was removed after the preparation clotted.

Serum was heat inactivated at 50 C for 30 minutes then stored at

-20 C until it was used.

Virus Isolation

Samples for virus isolation were thawed, and the tip of the swab

was removed from the VID. The material was centrifuged at 850 x g

for 15 minutes and supernatant fluid was used to inoculate FLK cells.

Cell cultures were rinsed three times prior to inoculation with

maintenance media. The last rinse was discarded. Each of three

culture tubes was then inoculated with 0.2 ml of the supernatant

fluid, and the inoculum was absorbed for 1-2 hours

(conjunctival-nasal swabs) or 30 minutes (rectal swabs). After

adsorption, cultures were rinsed once and maintenance media was

added.

All cells were examined every other day for cytopathic effect

(CPE). Cells were considered negative if no CPE was present after

three passages in FLK cells. Each passage was incubated from 7-14

days at 37 C. Cultures were harvested when 75-100% of the cells in

the tube showed cytopathic effect. Electron Microscopy

Fecal samples were examined with and electron microscope for

presence of virus particles. Fecal samples were diluted 1:50 in cold
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phosphate buffered saline (PRS) and mixed well. The suspensions were

centrifuged at 1000 x g for 20 minutes at 4 C. The supernatant was

removed and centrifuged again 7,800 x g for 20 minutes at 4 C. The

supernatant fluid was removed and centrifuged for one hour at 80,000

x g at 4 C. The supernatant fluid was discarded and the pellet was

gently washed with distilled water. A pasteur pipette was used to

gently triturate the sample until the pellet was dispersed. A

formvar, carbon-coated grid was placed on a drop of the reconstituted

pellet for 2 minutes. The grid was rinsed with distilled water,

blotted dry and placed, virus side down, on a drop of 1.5%

phosphotungistic acid, pH 6.85, for 30 seconds. The grid was blotted

dry and examined with a transmission electron microscope, (Phillips

EM 300), using magnifications of 27,000 to 35,000. A minimum of 4

grid areas per sample were examined.

Electron microscopy studies were also undertaken using

terminal-passage cell culture material (negative CPE) and material

from cell cultures which showed evidence of viral activity. TWo

techniques were used to prepare these samples for examination.

In the first technique, cells were frozen and thawed five times

to release virus particles from the cells. The supernatant fluid was

first clarified by centrifuging 7,800 x g for 20 minutes. The

supernatant fluid was pelleted by centrifuging at 80,000 x g for one

hour. The second technique involved initial clarification of cell

debris by centrifugation at 7,800 x g and then mixing two-thirds
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volume of supernatant fluid with one-third volume of 1,1,2

Trichlorotrifluroethane
2

, shaking the material for 8 minutes

at 4 C and centrifuging at 1000 x g for 5 minutes at 4 C. The

preparation was then centrifuged at 7,840 x g for 15 minutes. The

supernatant fluid was pelleted at 80,000 x g for one hour. The

pellet was triturated with water and the sample was prepared for

electron microscopic examination as described above.

Virus Purification

Two ovine viruses, which were isolated from lambs in this study

were purified by the end point dilution method. Successive half-log

dilutions of the virus stock suspension were inoculated onto FLK

cells in 15 x 125 mm screw-capped tubes. The highest dilution of

virus showing characteristic CPE was propagated in FLK cultures and

diluted again as described above. The test was repeated three times.

Preparation of Antisera to Isolates

The two ovine adenoviruses isolated in this study were purified

prior to inoculation in rabbits. A pool of each virus was prepared

and clarified by centrifugation at 7,800 x g for 20 minutes. The

supernatant fluid was pelleted at 80,000 x g for one hour and

reconstituted in 1 M tris buffer (pH 8.0) with 1% ethylenediamino

2. Uvasol, EM Reagents, Elmsford, New York
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tetraacetic acid (EDTA). One ml of the suspension was layered over

3.5 ml of CsC1 in 1.25 by 5 cm nitrose cellulose tubes. Specific

gravity of the CsC1 was 1.34 gm per ml. The tubes were centrifuged

at 100,000 x g for 20 hours in a swinging bucket rotor. The band

containing a high concentration of intact virus was collected,

dialysed against PBS and used to inoculate rabbits.

Antiserum to each adenovirus was prepared by inoculating

7-week-old New Zealand White rabbits. Each rabbit was given 1 ml of

the virus suspension intravenously (IV) with 1 ml of an equal amount

of virus adjuvant
3
preparation intramuscularly (IM). Each rabbit

was subsequently inoculated with 0.75 ml virus suspension weekly for

2 more inoculations. Twenty-one days after the last inoculation,

rabbits were exsanguinated. Serum was heat inactivated at 56 C for

30 minutes.

Virus Characterization

Electron Microscopy

Positive samples were prepared for electron microscopic

examination by the method described previously. Adenovirus

preparations were examined for the presence of adeno-associated

viruses. This technique was similar to that described above for

virus purification prior to inoculation into rabbits. The only

3. Freund's Complete Adjuvant, Difco Laboratories, Detroit, Michigan
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exception was that the CsC1 had a specific gravity of 1.40 gm per ml.

Fractions of the centrifuged product were collected. The fraction

which had a specific gravity cf 1.40 was examined with an electron

microscope for presence of adeno--associated viruses.

Chloroform sensitivity was determined by the method described by

Feldman and Wang (74).

Inclusion Development

FLK cells were propagated in multi-well plastic plates which

contained 15 mm round coverslips. After a monolayer developed, the

cells were infected with the test virus (475N or 47F). Coverslips

containing infected cells were removed at 24, 48, 72 and 96 hours

post-inoculation. Cells were fixed in Carnoy's fixative prior to

staining with acridine orange, and Zenker's fixative prior to

staining with hematoxylin-eosin.

Serological Studies

The serum-virus neutralization (SN) test was used to determine

the antigenic identity of viruses isolated in this study by comparing

the isolates with known reference bovine and ovine viruses. The SN

test was also used in a serologic survey using the lambs sampled for

virus isolation and adult sheep from 3 of the 4 flocks tested in the

initial study. In addition, a serological survey was conducted using

94 sheep, 29 goats and 6 cattle. Seventy-four sheep were from
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western Oregon and represented 15 flocks. Twenty sheep were from 5

flocks and represented other geographical areas of the state.

The SN test was used to determine the titer of antibodies to

reference viruses. Two-fold dilutions of test serum (25 Al) were

allowed to react with an equal volume of virus which contained 100

tissue culture medium infectious doses (TCIE ). The serum virus

mixture was incubated one hour at 25 C in wells of microtiter plates.

After incubation, 100,1 of growth medium which contained 5 x 105

FLK cells per ml was added to each well. The microtiter plates were

incubated at 37 C and examined for evidence of cytopathic effect in

5-7 days.

The hemagglutination inhibition (HI) test was used to examine

representative sera for the presence of PI3 antibody (75). After

heat inactivation, serum was treated with kaolin to remove

non-specific hemagglutinating substances. Equal amounts of two-fold

dilutions of serum (25A1) and virus (8 hemagglutinating units) were

allowed to react for 1 hour at 25 C. A 0.5% bovine red blood cell

(RBC) suspension (25A1) was then added to each mixture and

hemagglutinating activity was evaluated after 2 hours incubation at

25 C.

Hemagglutination Studies

Virus isolates 47F and 475N were tested for hemagglutination

activity with a 0.4% suspension of human type 0, chicken, horse, rat,



28

mouse, cattle, sheep, goat and guinea pig red blood cells. The test

was conducted at 4 C, 25 C and 37 C.

Complement Fixation Test

The complement-fixation (CF) test was used to test for common

group-specific antigens with other mammalian adenoviruses. Serial

two-fold dilutions of serum were reacted with 2 units of antigen for

18 hours at 4 C in the presence of 2 units of complement. The lowest

dilution of serum showing complete hemolysis was considered the end

point (76).

Bacteriology

Nasal swabs and fecal specimens were examined for selected

bacterial pathogens. Nasal swabs were inoculated onto 5% sheep blood

agar plates and into thioglycolate broth. Fecal material was

inoculated onto McConkey's agar and into tetrathionate broth.

Cultures were incubated at 37 C and examined at 24 and 48 hours.

Lamb Inoculations

Three lambs, which were conventionally raised, and ranged in age

from one to two weeks (#1, 2, and 3) were inoculated with

isolate 475N. Each lamb received 2.8 x 10
5
TCID50 total virus
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dose. One-half of the dose was given orally and one-half was

injected intratracheally. Three conventionally raised lambs, ages 8

days, 7 weeks and 5 days, (#4, 5 and 6 respectively) were given the

47F virus isolate. One-half of the 1.6 x 10
5
TCID

50
dose was

given orally and one-half was given intratracheally.

Conjunctival and nasal swabs and blood samples were collected at

periodic intervals from both groups of lambs during the study. Fecal

swabs were also collected daily from the lambs inoculated with 47F.

Two lambs inoculated with the 475N isolate were necropsied on

post-inoculation day (PID) 3 and the remaining lamb was necropsied on

PID 7. Two lambs inoculated with 47F were necropsied on PID 7 and

the remaining lamb was necropsied on PID 8.

The procedure used for isolation of virus from conjunctival and

nasal swabs was the same as that described for isolation from field

samples. Lung and kidney taken at necropsy were minced and cells

were separated with trypsin. Cells were planted in 15 x 125 mm

plastic screw-capped tubes and propagated in MEN with 10% horse

serum. Other tissues taken at necropsy were minced, ground in a 20%

suspension, centrifuged at 850 x g for 20 minutes and the supernatant

fluid inoculated onto FLK cells. The inoculum was absorbed for 30-45

minutes on FLK cultures. Cultures were rinsed and maintained as

described above, and were examined on alternate days for evidence of

CPE. Cell cultures were considered negative if no CPE was present

after three passages. Cells showing CPE were harvested when 75-100%
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of the cells in the culture were involved. Positive identification

of viral isolates was confirmed by the SN test.

Lung specimens from lambs 01, 3 and 4 were cultured aerobically

at 37 C on 5% sheep blood agar and McConkey agar, and in

thioglycolate broth with subculture onto blood agar.

Tissue samples for microscopic examination were fixed in 10%

buffered formalin, processed and embedded in paraffin, sectioned at

6AM, and stained with henatoxylin- eosin. Tissues for fluorescent

antibody examination were frozen at -70 C, sectioned at 10 4m, and

fixed in acetone. The indirect fluorescent antibody technique was

used. Sections were reacted with purified antibody to the virus

produced in rabbits. The sections were then reacted with anti-rabbit

IgG (goat origin) conjugated with fluorescein isothiocyanate.

For the SN test, serum was heat inactivated at 56 C for 30

minutes. Serum was serially diluted in 2-fold steps and treated in

the same fashion as described for the SN test.
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RESULTS

Flock one was composed of 700 ewes. Lambs from this flock

experienced an 11% morbidity rate for pneumonitis and enteritis.

There was a 20% mortality rate. Flock two contained 345 lambs and

approximately 45% were showing signs of pneumonitis or enteritis.

The mortality rate was approximately 40% and many lambs died prior to

sampling for virus isolation. Flock three contained approximately

1500 ewes. Thirty lambs were sampled which had pneumonitis or

enteritis and the mortality rate was approximately 23%. Sampling of

flock four was initiated several weeks after the lambing season

started, and no accurate morbidity and mortality data was obtained.

No viruses were isolated from flock one and three. Fran flock

two, PI3 virus was isolated from conjunctival-nasal samples from six

lambs, IBR virus was isolated from the conjunctival-nasal secretions

from one lamb and an adenovirus was isolated from the feces of one

lamb.

All six of the Iambs from which PI3 was isolated and the lamb

from which IBR was isolated showed one or more signs of an upper or

lower respiratory disease, i.e.; sneezing, coughing, oculonasal

discharge and dyspnea.

The ovine adenovirus isolate 47F was isolated from a
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two-week-old lamb from flock two that had clinical signs of

pneumonenteritis. At the time of the initial sampling, the lamb was

febrile, had a cough and a watery-yellow diarrhea. Five days later

when the lamb was again sampled, it was very weak, continued to show

signs of diarrhea and had an oculonasal discharge. The lamb was

treated with antibiotics, antidiarrheal products and electrolytes.

It succumbed to the disease two days after the second sample period.

The course of the disease was 10 days.

A second ovine adenovirus, isolate 475N, was recovered from the

conjunctival-nasal swab of a three-week-old lamb in flock four. The

lamb was first noticed to have signs of respiratory disease two days

previously. At the time of sampling it had a mucopurulent oculonasal

discharge, cough, dyspnea and an increased respiratory rate. The

lamb was treated with antibiotics intermittantly, and the respiratory

disease had improved considerably when it was examined 7 days later.

However, the lamb had not gained as much weight as other single lambs

of the same age in the flock.

Viruses 47F and 475N were characterized in further detail. The

CPE produced by each virus appeared post-inoculation day (PID) 1-3

depending on the inoculum dose. Initially there was a slight

enlargement of individual cells in the monolayer. As CPE progressed,

the cells became rounder. Cells infected by 47F separated from the

cell sheet as the CPE involvement progressed beyond 50% of the cells

in the culture. With 475N, the cells enlarged but remained
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semi-attached in clumps until the CPE involved approximately 100% of

the cells (figures 1, 2 and 3).

Each virus was inoculated onto cultures of lamb testicular (LT),

bovine testicular (BT), fetal bovine kidney (BK) and lamb turbinate

(LTB) cells. Virus 47F produced CPE in the first passage of FBK

cells but did not produce CPE or replicate after the first passage in

BK cells. The 47F isolate produced CPE and replicated in the

remaining cell types; i.e., LT, BT and LTB cells. The virus was

originally isolated in FLK cells; the titer of virus after

replication in these cells did not exceed 2.0 x 105 TCID50 per

ml.

Isolate 475N was inoculated and allowed to replicate in the cell

culture types as listed above for 47F, i.e.; LT, BT and BK. The

isolate produced CPE and replicated in all these cell cultures. The

475N virus was originally isolated in FLK cells. After three

passages in these cells, the virus titer did not exceed 1.0 x 106

TCID
50

per ml.

When reacted with antiserum against bovine adenoviruses types

1-8, neither 47F nor 475N were neutralized. Reciprocal SN tests

between 47F and 475N demonstrated the two Oregon isolates were

antigenically distinct i.e., different antigenic types.

The development of inclusion bodies was similar for 47F and

475N. The first stages of inclusion body formation were seen at 27

hours post inoculation (PI) and consisted of one to three small
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eosinophilic granules in the nucleus of the cell. By 35 hours PI, up

to 10 eosinophilic granules were seen in one nucleus. At 43 hours

more granules were evident, they were less intensely eosinophilic and

they were beginning to aggregate in groups. At 60 hours, the

inclusion bodies were beginning to show a basophilic reaction which

appeared to begin around the rim. The eosinophilic character of some

inclusions was still evident and the bodies presented a metachromatic

color. As the inclusion developed, the metachromatic granules showed

frank coalescence which incorporated the nucleoli. The mature

inclusion contained a basophilic to metachromatic central mass

surrounded by a clear halo (figures 4, 5, 6 & 7).

The nuclei of cells infected with 475N and 47F stained an

intense yellow-green color when reacted with acridine orange and

viewed with a fluorescence microscope (figures 8, 9 & 10). Both

viral isolates were resistant to the action of chloroform.

Isolate 47F hemagglutinated rat RBC's at a low titer when the

preparation was allowed to react at 4 C and 25 C. No agglutination

took place at 37 C. Isolate 475N agglutinated rat RBC's at 4 C and

25 C with a titer of 1:4. No agglutination took place at 37 C.

Isolate 475N also agglutinated mouse RBC's at 4 C with a titer of

1:4. No aggultination took place at 37 C. Neither 47F nor 475N

agglutinated any of the other RBC's tested at any temperature; i.e.,

4 C, 25 C or 37 C.

Results of the CF test are presented in table 1. Both 47F and
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475N were shown to possess common group-specific antigens with human

and bovine adenoviruses and with each other. Group-specific antigens

were not shared with members of subgroup II bovine adenoviruses.

When viewed with the electron microscope, isolate 47F was shown

to range in size from 85nm to 89nm (average 86nm). Isolate 475N

ranged in size from 85nm to 93nm (average 89.5nm). When viewed along

the edge of two triangular facets, each virus contained a total of

six capsomeres. Accordingly, the capsomere number was calculated to

be 252 (figure 11 & 12).

Results from the serological survey are presented in tables 2-6.

A high percentage of the lambs had SN titers to both the 47F and 475N

virus. Table 6 presents a summary of the serological response to the

viruses listed. When the acute serum samples of all four flocks were

compared with the convalescent sample, 8% of the lambs had a 4-fold

or greater SN response to 475N, while 13% had a demonstrable antibody

response to 47F. The SN titer from the remaining lambs either

decreased 2-fold, remained the same or had a 2-fold increase in

titer.

At least four randomly-selected lambs from each of the four

flocks were tested for SN antibodies against BA types 3, 6 and 8; IBR

and BVD. The same lambs were also tested for HI antibodies against

PI-3. At least 4 randomly-selected adult sheep from flocks 1, 2 and

4 were also tested for SN or HI antibodies against the same viruses.

Lambs did not have SN antibodies against BA-3 or BA-6, but 2 of 21
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lambs (9.8%) had antibodies against BA-8. With adult sheep, 13 of 55

(23.6%) and 5 of 8 (62%) had SN antibodies against BA-3 and BA-8

respectively. Adult sheep also did not have antibodies against BA-6.

Thirty-four lambs in flock two were examined for SN antibody

response to IBR virus. All but three of these lambs were vaccinated

with a nasal-spray modified-live virus designed for use in cattle

(Nasalgen). The three unvaccinated lambs with titers to IBR were

from the same flock as the vaccinated lambs. In acute sera; 5 of 34

(15%) had SN antibodies, whereas 16 of 29 (55%) had SN antibodies in

the convalescent serum. All of the lambs which were sampled in the

acute stage were showing signs of respiratory and/or enteric disease.

One of 12 adults tested of the randomly-selected animals from all

flocks,(8.3%) had SN antibodies to the IBR virus.

Random testing of lambs and adult sheep in the four flocks

indicated that antibodies to BVD virus were found in 3 of 17 lambs

(17.6%) and 1 of 12 adults (8.3%).

Adult sheep in flocks 1, 2 and 4 had a high level of SN

antibodies to isolates 475N and 47F. Serum-virus neutralizing

antibodies were found in 98% of 43 sheep for 475N and 94% of 18 sheep

for 47F. In contrast to these figures, 82 serum samples taken from

adult sheep at the Benton County and Oregon State Fair had a 29.5 and

73.4 percentage of SN antibodies to 475N and 47F isolates

respectively. This difference for the 475N virus was shown to be

significant by the Chi square test (p < 0.005).
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Serum from 29 goats representing eight herds, taken at the

Benton County Fair, also had SN antibodies to the two ovine

adenovirus isolates (24% for 475N and 57% for 47F). Graphs comparing

the detectable serum-virus neutralization titers to isolates 475N and

47F, using serum from various flocks of sheep and goats, are

presented in figures 13 and 14.

Six adult cattle, which were held in isolation, also had

evidence of previous infection with the ovine adenovirus isolates.

All six cattle had antibodies to 475N and one of three cattle tested

had antibodies to the 47F isolate.

A total of 37 samples for bacteriological isolation from

conjunctival-nasal swabs were taken. Pasteurella hemolytica was

isolated in 3 cases and Pasteurella pultocida was isolated in 3

cases. Samples were taken from the feces of 5 lambs with diarrhea.

All isolates were shown to be Escherichia coli .

Lambs which were inoculated with the 475N ovine adenovirus

showed varying degrees of respiratory tract disease. Two of three

lambs inoculated with 475N virus (lambs #1 and #3) began coughing and

became severely dyspneic by PID 3. Their temperatures ranged from

37.1 C to 44.4 C during the course of the disease. Respiratory signs

were accompanied by marked anorexia and lethargy. Both lambs had

mild diarrhea on PID 2 and 3. These two lambs were necropsied on PID

3 since it appeared they would not survive another day. The

remaining lamb (#2) did not show signs of respiratory disease until
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PID 6, but it was anorexic on PID 4-7. In addition, this lamb had a

slight mucopurulent nasal discharge, a persistent cough and was

lethargic on PID 6 and 7.

There were no clinical signs of respiratory disease in lambs

(#4, #5, #6) inoculated with isolate 47F, and enteric signs were mild

and non-specific. The oldest lamb (#5) had soft, pasty-green feces

throughout the trial; however, a moderate infestation of coccidia was

detected at necropsy. Lamb #4 had tympanites and semi-formed

yellowish-brown feces on PID 4-6. Lamb #6 had semi-solid yellow to

yellowish -brown feces on the day of inoculation through PID 5. Lambs

#4 and #6 became anorexic on PID 6 and 5 respectively.

Large portions of the cranial, middle and accessory lung lobes

of the lambs inoculated with adenovirus 475N were slightly swollen,

dark red and firm. Bloody fluid exuded from the cut surfaces.

Approximately 5-10% of the caudal lobes of lambs #1 and #3 were

similarly affected (figure 15). There was some interstitial

emphysema in the cranial lobes of lamb #1. The tracheobronchial and

caudal mediastinal lymph nodes were mildly enlarged. The other

organs appeared normal. The lung lesions of lambs #2 were more

diffuse than the lesions in lambs #1 and #3, and the lesions were

consistently present in all lung lobes (figure 16).

Lesions in the respiratory tract of lambs inoculated with

isolate 47F were mild. They consisted of single or multiple small,

depressed, dark red, atelectic foci ranging from 0.3 to 4 an in



39

diameter scattered over the cranial, middle or accessory lobes

(figures 17, 18 & 19). The tracheobronchial and caudal mediastinal

lymph nodes were slightly enlarged. The Peyers patches in all 3

lambs were raised and enlarged and the mesenteric lymph nodes were

mildly swollen.

In the 3 lambs inoculated with 475N adenovirus, there was severe

bronchiolitis with epithelial cellular swelling, proliferation, and

necrosis. Some swollen bronchiolar epithelial cells contained large

basophilic intranuclear inclusion bodies (figures 20 & 21). Many

bronchioles and peribronciolar alveoli were filled with neutrophils.

Proliferation and swelling of alveolar Type II epithelial cells and

accumulation of alveolar macrophages caused consolidation in some

areas of the parenchyma. Occasional cells of undetermined origin

that were in the parenchyma contained intranuclear inclusion bodies

(figure 22). The respiratory lymph nodes had apparent lymphoid

hyperplasia with moderate neutrophil infiltrates in sinuses. There

was lymphoid atrophy of mesenteric lymph nodes and lymph nodules in

the intestinal.wall, but the intestinal mucosa was normal. The

livers and kidneys of these three lambs were normal microscopically.

The respiratory tract lesions in lambs inoculated with 47F

consisted of mild to moderate interstitial pneumonia. There were

irregular areas of atelectasis and extensive areas of alveolar septal

thickening caused by infusion of proteinaceous fluid and infiltration

of large mononuclear cells and a few lymphocytes (figure 23).
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Occasional bronchioles and alveoli contained small numbers of

neutrophils and some alveoli contained alveolar macrophages. The

ileal mucosal epithelium of lamb #5 contained a moderate number of

coccidia confirming infection with this organism. The intestines of

lambs #4 and #6 were normal microscopically as were the livers and

kidneys of all 3 lambs.

Bacterial cultures of lung tissue from lambs #1 and #3

confirmed that no bacteria were present. Ecsherichia coli bacteria

were isolated in low numbers from lamb #4. This isolate was judged

to be a contaminant.

A summary of virus isolation results is presented in tables 7

and 8. Viruses isolated from samples taken during the course of the

disease and at necropsy formed typical adenoviral CPE in FLK cell

cultures. All viruses recovered from lambs #1 through #3 were

identified as the 475N adenovirus. Likewise, all viral isolates from

lambs #4 through #6 were confirmed as the 47F virus. No other

viruses were recovered from any of the lambs.

Specific fluorescence due to the presence of viral-infected

cells was present in lung tissue from lambs #1, #2 and #3; from the

tracheobronchial lymph nodes of lambs #1 and *2 and the palatine

tonsil of lamb #3. Viral-infected cells were present in the

submucosal area of the duodenum of laMb #6 which was specific for the

47F isolate (figures 24 and 25).

Lambs #1, #2 and #3 did not have preinoculation SN titers to the
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475N virus, nor were there detectable antibodies in sera at the time

of euthanasia. Lambs #4 and #6 had preinoculation SN titers to 47F

virus of 1:32 and 1:4 respectively, while lamb #5 had no antibodies

to this virus. There was no significant change (greater than a

4-fold increase or decrease) in any of the SN antibody titers of the

lambs during the experimental period.
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Figure 1. FLK cells 48 hours post-inoculation with the
475N virus. Infected cells are rounded and enlarged. x500

Figure 2. FLK cells 48 hours post-inoculation with the
47F virus. Infected cells are rounded and enlarged. x500
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''AFIr8re 3. 48 hour cell control.

Figure 4. FLK cells 27 hours postinoculation with the
475N virus, H&E stain. Small intranuclear eosin() hilic
granules (arrows) representing early inclusion bo
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Figure 5. FLK cells 43 hours postinoculation with the
475N virus showing amorphous eosinophilic coalescing mass
in the nucleus (arrows). H&E stain. x2400

Figure 6. FLK cells 96 hours postinoculation with the
475N virus showing large intranuclear basophilic inclusion
bodies which have surrounded the nucleolus. There is a
"halo" surrounding the mature inclusion body. H&E stain.
x2400
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Figure 7. FLK cells 43 hours uninoculated cell control.
H&E stain. x2400

Fiaure 8. FLK cells 72 hours postinoculation with the
475N virus. Mature inclusion stains an intense
yellow-green with the acridine orange stain. x1500
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Figure 9. FLK cells 72 hours postinoculation with the 47F
virus. Mature inclusion bodies stain an intense
yellow-green with the acridine orange stain. x1500

Figure 10. FLK cells 72 hour lininoculated cell control.
Nucleoli containing DNA stain intense yellow-green with
the acridine orange stain and the RNA in the cytoplasm
stains red. x1500
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Figure 11. Electron micrograph of the 47F adenovirus.
Picture on right shows one facet with 6 capsomeres on an
edge. x230,000.

Figure 12. Electron ricrograph of the 475N adenovirus.
Picture on right shows one facet with 6 capsomeres on the
edge. x230,000.
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Ficure 15. Ventral view of lungs from Iamb 41 inoculated
with the 475N virus. Large areas of the left cranial lobe
and right middle lobe were involved as well as ventral
areas of the other lobes.

Figure 16. Ventral view of lungs from lamb #2 inoculated
with the 475N virus. Major areas of the ventral portions
of all lobes were reddened.



Figure 17. Closeup of the right cranial lung lobe of Iamb
#4 inoculated with the 47F virus, showing small, dark red
foci (arrow).

Figure 18. Dorsal view of left cranial lobe of lamb #5
inoculated with the 47F virus, showing a dark red
depressed area (arrow).
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Figure 19. Small red area on medial surface of left
cranial lung lobe of lamb #6 inoculated with the 47F virus
(arrow) .

Figure 20. Bronchiole from lamb #2 filled with
polymorphonuclear leucocytes and sloughed epithelial
cells, some containing large intranuclear inclusion bodies
(arrow pointing to inclusion body). H&E stain. x450



Figure 21. Enlargement of same area as figure 20. Arrow
is pointing to inclusion body. H&E stain. x1500

Figure 22. Lung from lmb #2 with areas of alveolar type
II epithelial cell proliferation (arrow) in an area of--
consolidation. H&E-stain. x1500
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Figure 23, Photomicrograph of lung from lamb #4 showing
areas of intersititial pneumonia. x450

Figure 24. Duodenum from lamb #6. Bright apple-oreen
color in cell due to reaction of viral antigen with
antibody conjugatea with fluorescein isothlocyanate.
x1500
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Figure 25. Bronchiolar epithelium from lamb #3. Bright
apple -green color in cell due to reaction of viral antigen
with antibody conjugated with fluorescein isothiocyanate.
x1500



56

Table 1

RESULTS OF COMPLEMENT FIXATION ANTIBODY TEST

Antiserum Antigen

Adenovirus

Group Control

CF Antigen**

Ovine

47F

Ovine

475N

Pitinoc BA3 <1:16 <1:16 <1:16

Final BA3 1:64 1:64 1:128

Final 475N 1:64 1:128 1:512

Final Human Type 13* 1:128 1:128 1:64

Preinoc 47F <1:16 1:16 <1:16

Final 47F 1:64 1:1024 1:256

Preinoc BA4 7T <1:16 <1:16

Final BA4 77 1:64 <1:16

Preinoc BA5 st65 <1:16 <1:16

Final BA5 st65 1:32 <1:16

Preinoc BA6 <1:16 <1:16

Final BA6 1:64 <1:16

Preinoc BA7 Fukuroi <1:16 <1:16

Final BA7 Fukuroi 1:64 <1:16

Preinoc BA8 Misk <1:16 <1:16

Preinoc BA8 Misk 1:64 <1:16

Preinoc=preinoculation rabbit serum

Final=final postinoculation rabbit serum

* Human type 13, Strain AA - NIH Reagent Antigen

- National Institute of Allergy and Infectious Diseases

Bethesda, Maryland

**Adenovirus Group Control CF Antigen - Microbiological

Associates



Table 2
RESULTS or SEROLOGICAL SURVEY

Flock 1

No. with % No. with %

Virus strain No. No. % , 4-fold + 4-fold < 2-fold < 2-fold

or type tested positive positive Increase increase increase increase

475N Acute 36 30 83.3

Con 31 29 93.5 5 16.1 26 83.9

Adults 10 9 90

. 47F Acute 10 9 90

Con NT

Adults 10 9 90

P13 Acute

Con NT

Adults 5

13A3 Lambs

Adults 10 1 10

BA6 Lambs 4 0 0

Adults NT

OAS Lambs 4 2 50

Adults

80 Lambs 4 1 25

Adults 4 0 0

!OR lambs 4 0 0

Adults 4 0 0

Antibody titers (5N for all but P1-3, which is HI) are expressed as reciprocal of serum dilution. Acute is first lamb sample,

convalescent (con) is second lamb sample. NT is not tested.



Table 3

RESULTS or SEROLOGIC SURVEY

Flock 2

Virus strain No.

or type tested

No.

positive

57

%

positive

78.1

No. with
> 4-fold
increase

%
> 4-fold
increase

No. with
< 2-fold
increase

70

%
< 2-fold
increase

97.2475N Acute 73

Con 72 50 69.4 3 4.1

Adults 4 4 100

47F Acute 63 61 98.4 54 87.1

Con 62 58 93.5 8 12.9

Adults 4 4 100

PI3 Acute* 9 1 11.1

Con NT

Adults 4 2 50

8A3 Lambs 20 0 0

Adults 18 1 5.5

BAG Lambs 4 0 0

Adults 4 0 0

BAR Lambs 4 0

Adults 4 3 75

BVD Lambs 5 1 20

Adults 4 0

IBR Lambs* Acute 34 5 14.7

Con 29 16 55.2 3 10.3 26 89.7

Adults 4 0 0

*Lambs vaccinated with modified live 188, P13 intranasal vaccine
Antibody titers (SN for all but P1-3, which is HI) are expressed as reciprocal of serum dilution. Acute is first lamb sample,

convalescent (con) is second lamb sample. NT is not tested.



Table 4

RESULTS OF SEROLOGIC SURVEY

Flock 3

No. with No. with
Virus strain No. No. > 4-fold > 4-fold < 2-fold < 2-fold
or type tested positive positive Increase Increase increase Increase

475N Acute 25 17 68

Con 23 18 78.3 1 4.3 22 95.7

Adults NT

47F Acute 4 4 100

Con NT

Adults NT

PI3 Acute 19 11 57.9

Con 18 9 50.0 0 0 18 100

Adults NT

BA3 Lambs 4 0 0

Adults NT

8A6 Lambs 4 0 0

Adults NT

BAB Lambs 4 0 0

Adults NT

BVO Lambs 4 0 0

Adults NT

IBR Lambs 4 0 0

Adults NT

Antibody titers (SN for all but PI-3, which is HI) are expressed as reciprocal of serum dilution. Acute is first lamb sample,
convalescent (con) is second lamb sample. NT is not tested.



Table 5

RESULTS OF SEROLOGIC SURVEY

flock 4

Virus strain

or

No.

tested
No.

positive
%

positive

57.1

No. with
> 4-fold
increase

%

, 4-fold
increase

No. with
< 2-fold
increase

%

< 2-fold
increase.qPo

475N Acute 7 4

Con 5 3 60.0 2 40 3 60

Adults 29 29 100

47f Acute 4 4 100

Con NT

Adults 4 4 100

PI3 Acute 9 5 55.5

Con 5 3 60 0 0 5 100

Adults 28 2 7.1

BA3 Lambs 5 0 0

Adults 27 11 40.7

BA6 Lambs 4 0 0

Adults 4 0 0

BAR lambs 9 0 0

Adults 4 2 50

BV0 Lambs 4 1 25

Adults 4 1 25

IBR Lambs 4 0 0

Adults 4 0 0

Antibody titers (SN for all but PI-3, which is 111) are expressed as reciprocal of serum dilution. Acute is first lamb

sample, convalescent (con) is second lamb sample. NT is not tested.



Table 6
RESULTS OF SEROLOGIC SURVEY

Sunvery'of all Flocks

No. with % No. with %

Virus strain No. No. % ) 4-fold , 4-fold < 2-fold < 2-fold

or type tested positive positive increase increase increase increase

475N Acute 141 108 76.6

Con 131 100 76.3 11 8.34 120 91.6

Adults 43 42 97.7

47F Acute 81 78 96.3

Con 62 58 93.5 8 12.9 54 87.1

Adults 18 17 94.4

P13 Acute 33 16 55.0

Con 23 12 52.1 0 0 23 100

Adults 37 4 10.8

8A3 Lambs 45 0 0

Adults 55 13 23.6

8I6 Lambs 16 0 0

AdUlts 8 0 0

8A8 Lambs 21 2 9.5

Adults 8 5 67.0

BYO Lambs 17 3 17.6

Adults 12 1 8.3

188 Lambs* 12 0 0

Adults 12 1 8.3

**Does not include lambs from flock 7 (vaccinated 06 modified Mee P13, 10R intranasal vaccine

Antibody titers (SN for all but P1-3, which is HI) are expressed as reciprocal of serum dilution. Acute is first lamb sample,

convalescent (con) is second lamb sample. NT is not tested.



Table 7
SUMMARY OF CLINICAL SIGNS, VIRUS RECOVERY AND

FLUORESCENT ANTIBODY RESULTS FOR LAMBS INOCULATED WITH 475N ADENOVTRUS

Clinical Signs, PID Virus Isolation
Organs Nasal Fluorescent

Cultured Swab Antibody
(+) or (-) PID Positive

Lamb if

Maximum
Temperature

Respiratory Enteric

Euthanitized
& Necropsied

PID

PIDa Cb

1 3 40.4 1 -> 3 3 3

2 3 39.11 6 -> 7 6 ÷ 7 7

3 3 40.0 3 3 3

kidney (-) 2 lung

lung (+) bronchial In
jejunum (-)
mediastinal 1n ( +)
bronchial in (+)
mesenteric in (+)
bronchus (-)
blood (-)

kidney (-) 6, 7 lung

lung (+) bronchial In

jejunum (+)
bronchial in (-)
mesenteric in (-)
blood (-)

kidney (-) 2, 3 lung

lung (+) palatine tonsil

jejunum (-)
mediastinal in (-)
bronchial In (-)
mesenteric In (-)
bronchus (+)
blood (-) cr,

palative in (+)
N)

a
PID = Post inoculation day

b
C = Centigrade degrees

c
ln = lymph node



Table 8

SUMMARY OF CLINICAL SIGNS AND VIRUS RECOVERY RESULTS
FOR LAMBS INOCULATED WITH 47F ADENOVIRUS

Clinical Signs, RID Virus Isolation

Lamb #

Maximum
Temperature Respiratory Enteric

Euthanitized
& Necropsied

PID

PID
a

C
b

4 4 & 5 40.44 none 2 + 7 7

5 4 & 5 40.2 none 1 -4- 8
d

8

6 3 40.1 1 3 1 5 7

Organs
Cultured
(+) or (-)

kidney (-)
lung ( +)

jejunum (-)
mesenteric In (-)
duodenum (-)
colon (-)
ileum (-)
palatine tonsil (+)

kidney (-)
lung (-)
jejunum (+)
mediastinal In (+)
bronchial In (-)
duodenum (-)
ileum (-)
palantine tonsil (+)

kidney (-)
lung (+)
jejunum (-)
bronchial in (-)
mesenteric in (-)
duodenum (-)
ileum (-)
cecum (+)

Nasal

Swab
PID

Fecal

Swab
PID

1,2,3,6,7 3,5,6

1,5,6,7 1,5,6,7

1,5,6,7 4,5

a
PID = Post inoculation day

b
C = Centigrade degrees

c
ln = lymph node

d
Moderate coccidial infection
diagnosed at necropsy
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DISCUSSION

Selection of the flocks to be sampled in the present study was

based on proximity to the research center, owner cooperation and past

history of respiratory disease in lambs. Although the presence of

enteric tract disease was considered, less emphasis was placed on

this condition.

Comparatively little is known concerning disease of newborn

lambs because very little research emphasis has been placed on this

subject. This is in part due to the basic nature of studying the

epizootiology of lamb diseases as they occur with the management

conditions which prevail in the western United States (including

western Oregon). The ewe and newborn lamb or lambs are held in

confinement for approximately one week and then placed in a pasture

where it would be very difficult to conduct additional viral

isolation or serological sampling. Accordingly, sampling for disease

investigation usually must be completed during the first seven to ten

days of the life of the animal. Judging from work with other animal

species, viruses usually do not infect the newborn until after 2

weeks of age. The only exception to this generalized statement is

with rotaviruses and coronaviruses which may cause infection of the

enteric tract and produce diarrhea within the first one to two days

of life. Based on this information, it was anticipated that the
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current investigation would not yield an overabundance of viral

isolates which might play a potential role in initiating diseases of

the newborn. Accordingly, much of the enteric and respiratory

disease observed from field cases in this study was probably due to

the delicate interaction of the normal bacterial flora establishing

themselves in the newborn lamb as the lamb adjusts from a sterile

in-utero life to a "contaminated" environment.

The ovine adenoviruses isolated in this study (47F and 475N)

could have been in the very beginning stages of initiating infection

in the flocks from which they were isolated. One to five percent of

lambs in all flocks showed a significant antibody titer increase to

isolate 475N. In flock two, serological studies indicated eight

percent of the lambs developed a significant antibody titer increase.

Additional isolation and/or serological studies undertaken three to

four weeks later would be needed to confirm this supposition. It is

evident from the high percentage of ewes that had antibody titers to

the two ovine adenoviruses that, sometime during the life of the

animal, infection does take place. The serological studies indicated

that 90-100% of adult sheep had previously been infected with either

47F or 475N.

Parainfluenza virus type 3 viral infection did not appear to be

involved in the respiratory disease observed in flocks 1, 3 and 4.

The virus was not isolated from diseased lambs nor was there any

evidence of serological conversion in lambs. In flock 2, lambs were
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vaccinated with a coMbined modified-live nasal spray vaccine for PI3

and IBR. The PI3 virus was readily isolated from these lambs, an

observation which was anticipated. The vaccine in question was

designed for use in cattle. Calves shed the virus in nasal and

ocular secretions for an average of 8 days, but some may shed the

virus for 14-16 days (77).

The virus IBR has not been confirmed as an etiological agent of

naturally-occurring disease in sheep. The response of lambs in flock

2 to intranasal vaccination with this virus indicated lambs can

become infected. What effect modified-live IBR virus infection has

in lambs is not known. As the virus has been modified for use in

cattle there is no guarantee that it is modified for lambs. It is

noteworthy that the Iambs from which IBR and PI3 were isolated were

showing signs of disease. In addition, the practice of introducing a

virus, even a modified virus, from one species into another generates

the potential problem of creating a new viral disease for the species

in question. This practice, especially with herpes viruses, should

be strongly discouraged.

It is noteworthy that 40-50% of non-vaccinated lambs had HI

titers to PI3, while 11% of the ewes had titers to this virus. The

ewes probably concentrated IgG antibody in the colostrum from blood

serum. The lambs received a sufficient quantity of colostrum for the

antibodies to be detected in their blood.

Serological studies of lamb serum against BA3, 6 and 8 were
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undertaken because these adenoviruses, in addition to other viruses,

are believed to serve as etiological agents of calf respiratory

disease (78). Even though BA3 was not isolated from lambs, nor did

any lamb possess SN antibodies against this virus, it is interesting

to note that 23% of adult sheep serum had antibodies. Serum-viral

neutralizing antibodies to BA6 were not present in any sera tested.

In contrast to other bovine adenoviruses, 10% of the lambs and 63% of

the ewes had antibodies to BA8. This virus shares common antigens

with several bovine adenoviruses. Accordingly, it is not clear if

sheep can become infected with BA8 or a similar antigenically-related

virus. While this high percentage of serologically positive sheep is

interesting, the sample size was too small and involved too few

flocks to allow firm statements.

From the viral isolation and serological studies in this

investigation, BVD did not appear to be involved in the respiratory

or enteric diseases. A virus antigenically similar to the BVD virus

can infect lambs in utero, and is associated with "hairy-shaker"

lambs (79).

The finding that serum from some goats and cattle neutralizes

the 47F and 475N viruses suggests that these viruses are capable of

infecting these two animal species. No adenoviruses have been

recovered to date from goats. Since antiserum to BA 1-8 does not

neutralize 47F or 475N, one would assume there are as yet

unidentified adenoviruses of cattle which are antigenically similar
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to the two different ovine adenoviruses.

The two ovine viruses isolated from this study properly can be

placed in the adenovirus group based on their size, shape, capsomer

number, resistance to chloroform, inclusion body appearance and

common group-specific antigens with known human and bovine

adenoviruses (35). Nucleic acid type is an important criterion for

classification of viruses, and this determination was undertaken

indirectly by staining infected cells with the florochrome acridine

orange. Typical adenovirus inclusions which flouresced with a

yellow-green color suggested the viruses were composed of deoxyribose

nucleic acid.

The agglutination of red blood cells of various species is not a

criterion for classification of adenoviruses. This characteristic is

important from two aspects. If the viruses agglutinate a specfic

type of red blood cells in an efficient manner, serological studies

using the HI method can be undertaken rather than the more

time-consuming and expensive SN test. The second reason this

characteristic was determined is that adenovirus replication is not

infrequently associated with the replication of parvoviruses

(dependoviruses). The latter viruses are usually considered to have

the unique ability to agglutinate red blood cells of several animal

species in an efficient manner (78). The fact that reference viral

pools hemagglutinated red blood cells in very low titers and that no

other viral particles were seen upon electron microscopy examination
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confirms that the isolates were free of dependoviruses.

Bovine adenoviruses can be classified into two subgroups;

subgroup one and subgroup two. The criteria for such classification

among serveral characteristics is based on the number of inclusion

bodies in infected cells, the degree or amount of common

group-specific antigen associated with the viral capsid and the cell

type required for replication. The two adenoviruses isolated from

sheep in this study had similarities to the bovine subgroup one

viruses. Both viral isolates usually developed one mature inclusion

in infected cells, as compared to 2-12 inclusions for subgroup two

bovine adenoviruses. Both isolates had abundant amounts of common

group-specific antigen. Bovine adenoviruses of subgroup two

classification only have trace amounts of this antigen. Both ovine

isolates replicated in kidney cell cultures of the host species and

not just testicular cell cultures. Subgroup two bovine adenoviruses

generally require, or replicate better in, testicular cells.

Adenoviruses from all species studied, except the fowl, show

characteristics of the bovine adenovirus subgroup one classification.

This study demonstrated that ovine isolates 47F and 475N possess

common characteristics similar to adenoviruses from other species of

animals and not to subgroup two bovine adenoviruses.

Clinical signs and lesions observed in lambs inoculated with the

475N isolate were similar to those produced in lambs in New Zealand

by Davies and co-workers with ovine adenovirus strain WV 419/75 (53).
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Bronchiolitis has been reported in adenoviral pneumonia (80,81).

Intranuclear inclusions have been observed in naturally-occurring

pneumonia of sheep (51). Cytomegally has been reported in

naturally-occurring pneumonias of sheep, and the causative agent has

been tentatively identified as an adenovirus (82, 83, 84).

Fluorescent antibody examination of lung tissue of lambs

infected with isolate 475N revealed the presence of viral-infected

cells primarily in larger bronchioles and only occasionally in

alveolar cells. Stained preparations of this tissue and fluorescent

antibody examination indicated viral-infected cells were sloughing

because of necrosis. One may conclude that these infected necrotic

cells are rapidly phagocytized and disappear from infected sheep and

probably would not be observed if such tissue was examined later in

the disease period. Accordingly, it would be difficult to diagnose

this type of pneumonia on routine histopathological examination of

lung tissue. Sheep, like other species, usually are not necropsied

early in a naturally-occurring disease process.

The clinical signs of disease and the intensity of lesions

produced by isolate 47F were not as severe as those observed with the

475N virus. The presence of pulmonary and enteric histopathological

changes indicated the virus can cause infection of these tissues.

Since lambs infected with this isolate had circulating SN antibodies,

it is not clear if these antibodies modulated the severity of

infection. Fluorescent antibody results showed few infected cells in
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the lamina propria of the intestine.

The febrile response of both groups of lambs was not considered

significant due to normal fluctuations in neonatal lamb temperatures.

The presence of circulating antibody against the two viruses

prior to their inoculation in lambs indicates these antibodies do not

protect against infection. Their mere presence is probably not a

good indicator of disease resistance (85). The lambs would have to

produce the immunoglobulin SIgA on mucous membranes to prevent

infection. Even though colostrum may contain IgG and IgA, the IgA

component is rapidly eliminated by way of excretion in the urine. In

addition, there is no mechanism whereby circulating IgA may attach to

the secretory component and be liberated on mucous membrane surfaces.

Experimentally-infected lambs did not produce detectable 4-fold

increases in SN antibody (IgM or IgG) within the 7 day test period of

experimental inoculation. Titer decreases of SN antibody observed in

lambs #4 and #6 were probably due to passive decay of antibody of

colostral origin.

The role of 475N and 47F in neonatal diseases of lambs is

unclear, but these preliminary studies indicate more research is

warranted. Such studies should include evidence of infection with

the viruses and a correlation of infection incidence with severity of

disease. Further studies using experimental vaccines and their

effect on prevention or amelioration would be in order if these

viruses are determined to have a significant role in pneumonitis or
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pneumoenteritis.

Ovine adenovirus vaccines have been developed in Hungary.

Vaccination of ewes with monovalent or bivalent adenovirus types have

been shown to protect 2-3-week-old lambs against a challenge dose of

the virus (86). Vaccines have not been developed that are effective

in protecting lambs from diseases produced by adenoviruses prior to 2

weeks of age. Further virus research on diseases of lambs in the

United States should focus on protection of very young animals;

either through specific protection through vaccination of the mother

to the viruses known to cause disease in the flock or by production

of substances in the lamb; i.e., interferon, which could temporarily

protect the lamb from viral infections during the first few weeks of

life.
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