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Three newborn, colostrum deprived calves were inoculated by

the intranasal, intratracheal, conjunctival and oral routes with a sub-

group II bovine adenovirus strain 7T. An initial viremia and febrile

response occurred in all calves with widespread dissemination of the

virus through the body. Clinical signs consisted of pyrexia, soft

feces and diarrhea.

Virus isolation from serum samples indicated pyrexia was

associated with a viremia of short duration. Virus was isolated from

the feces beginning one day following the onset of viremia.

At necropsy, virus was recovered from many organs sampled

including those of the lower respiratory tract, gastrointestinal tract,

genital tract, and central nervous sytem. The virus was rarely

isolated from the upper respiratory tract.



Parenteral, serum-virus neutralizing antibody was not present

in two calves necropsied seven days post inoculation but was present

in low concentration in one calf 10 days post inoculation.

Fluorescent antibody staining of tissues indicated virus replica-

tion throughout the respiratory and enteric tracts as well as other

tissues of all calves.

Major characteristics of pathogenesis, parameters for further

study, and criteria for viral isolation and disease detection and

diagnosis were discussed.
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PATHOGENESIS OF BOVINE ADENOVIRAL
INFECTIONS IN NEWBORN CALVES

INTRODUCTION

The study of adenoviruses has drawn considerable attention

since their first isolation from humans in the early 1950's. These

agents have been shown to produce a wide variety of syndromes in man

relating to infection of the gastrointestinal and upper and lower

respiratory tracts. Disease is usually more severe in the young or

when one first becomes exposed to the virus.

Bovine adenoviruses were first isolated in 1959 and have since

been implicated in a wide variety of disease syndromes including

enteritis, respiratory dis ease, conjunctivitis, keratoconjunctivitis

and febrile disease. One syndrome, pneumoenteritis of calves, has

a major world-wide economic significance. Adenoviral infection of

this type has been shown to be the major cause of this calfhood

disease in central Europe. However, the pathogenesis of this and

other bovine diseases caused by adenovirus infection has not been

extensively studied. This is especially true for members of the

subgroup II bovine adenoviruses where complete pathogensis studies

have not been reported.

A subgroup II bovine adenovirus (strain 7T) has been isolated

in Oregon from a calf with fatal pneumoenteritis. Three newborn,
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colostrum deprived calves were inoculated by the intratracheal,

intranasal, conjunctival and oral routes to insure maximum exposure

by these natural routes of infection.

A complete pathogensis study was then conducted. Although

the number of inoculated calves was limited, the goals of the study

which follow were achieved:

(1) characterize the major pathogensis features of the disease,

(2) to define parameters for further pathogenesis studies, and

(3) to establish criteria for viral isolation, and disease detection

and diagnosis.
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LITERATURE REVIEW

Adenoviral Classification

Huebner first proposed a definition of the adenoviral group in

1954 (36). Five group-defining characteristics for inclusion within

the group were established from the six original human isolates of the

virus. These characteristics were: (1) cytopathogenicity primarily

in human tissue culture with predilection for epithelial cells, (2) ether

resistance and heat stability to 56°C for 30 minutes, (3) lack of

pathogenicity for laboratory animals, (4) possession of a soluble

complement-fixing (CF) antigen, and (5) possession of a group reac-

tive CF antigen. With few modifications these criteria are still valid

for most adenoviruses (36, 63).

These viruses have subsequently been studied in some detail and

much additional knowledge has been accumulated concerning their

physical, chemical and biological properties.

The adenovirus particle consists solely of nucleic acid and

protein. The nucleic acid is double-stranded deoxyribonucleic acid

(DNA). The adenovirus capsid is icosehedral with 5:3:2 cubic

symmetry. The capsid is composed of 252. hollow, cylindrical

capsomeres. Each of the 12 vertex capsomeres (pentons) has a pro-

jecting fiber tipped with a knob. The remaining 240 capsomeres on
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the two- or three-fold symmetry axis have six surrounding capso-

meres (27, 33, 34, p. 862-863, 79, p. 123-124). The nucleocapsid

has a diameter of 60-90 mil excluding the fibers. There is no

envelope surrounding the nucleocapsid.

Adenoviruses are resistant to the action of lipid solvents such

as ether, chloroform, fluorocarbons, and deoxycholate (34, p. 864,

83). This finding indicates the viruses are devoid of essential lipid.

Adenoviruses are more stable at acid than at alkaline pH (34, p. 864).

Adenoviruses in general replicate in the epithelial or epithelial-

like cells of cell cultures (15, 24, 34, p. 871). They invoke an

enhanced utilization of glucose in these cells leading to an increase in

organic acids. For this reason adenovirus infected cell cultures

become more acid than noninfected cells (23, 34, p. 871).

Replication within the nucleus of infected cells has been studied

by fluorescent antibody techniques and by electron microscopy (9, 42,

78). Intranuclear packing of particles into crystalline aggregates

is a distinctive property of the adenovirus group (42). Intranuclear

inclusions formed by various types of avian and mammalian adeno-

viruses may differ and both type A and B intranuclear inclusions may

be observed (46, 57, 71). Mature virus particles do not readily

dissociate from the infected cells and less than one percent are

detectable in cell culture fluids (34, p. 870-871).
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Assembly of viral subunits is an inefficient process with only

10-15% of the viral DNA and protein incorporated into viral particles;

the remainder is found in the nucleus as part of the intranuclear

inclusions (26, 30, 34, p. 870).

After an initial acute infection, adenoviruses have been found to

remain latent in various tissues including tonsillar and adenoidal

tissue of children and in bovine testicular tissue and the kidneys of

dogs (7, 11, 61, 79, p. 125).

Several types of adenoviruses are oncogenic in newborn experi-

mentally infected hamsters causing undifferentiated sarcomas (34,

p. 872). Human types 12 and 18, as well as bovine adenovirus type 3,

simian, and avian adenoviruses, have been shown to cause such

tumors (16, 35, 37, 67).

Adenovirus infection in cell cultures produces a typical cyto-

pathogenic effect (CPE) characterized by cell rounding, clumping and

increased refractility (32, 57, 63, 65).

A variety of antigens are produced by adenoviruses. The major

antigen is the soluble cross-reacting antigen that is immunologically

and morphologically identical to the non-vertex capsomere (27, 54,

66, 78). This antigen is identified by CF or gel diffusion and is the

most definite criterion for inclusion of viruses in the adenovirus group

(25, 58). The type specific antigen is also found in the viral capsid

(74).
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Adenoviruses also possess a "cell detaching factor" which

causes cultured cells to round, clump and detach from the glass

surface (22, 56, 63, 64). This "toxin-like" factor reacts as a group

antigen but has not been identified as a viral subunit (22). The

presence of this substance probably plays an important role in the

production of CPE in virus infected cell cultures (22).

Adenoviruses naturally infect several species of animals.

These hosts include man, non-human primates, sheep, cattle,

horses, pigs, rodents, chickens and dogs (63, 79, p. 121- 128).

Experimentally inoculated laboratory animals such as guinea pigs,

rabbits, and hamsters have been infected but clinical disease signs

(with the exception of sarcomas in newborn hamsters) are seldom

observed (16, 35, 63, 67).

Adenoviruses infect a wide variety of different tissues in their

respective natural hosts. They are important inhabitants of the

intestinal tract in humans (34, p. 860). Ocular infections have been

described for humans, monkeys, dogs, horses and cattle (11, 18,

34, p. 878, 50, 77). Lymphoid tissue is a common sight of viral

replication for humans and cattle while the liver and kidney are fre-

quently infected in dogs, chickens, pigs, monkeys and mice (11, 17,

18, 38, 58, 69, 70, 71, 79, p. 125-127). Virus has also been iso-

lated from the central nervous system in humans, monkeys, cattle,

pigs, and the fox (37, p. 876, 41, 55, 58, 62, p. 97, 72), Tissue of
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the respiratory tract supports viral replication in most animal species

including man (1, 7, 18, 20, 21, 34, p. 876-878, 50, 51, 69, 76, 77,

80).

Bovine Adenoviruses

In the late 1950!s certain animal sera including bovine sera

were shown to inhibit the replication of human adenoviruses when such

sera were used in growth media (28). Klein and coworkers postulated

that the inhibition was a result of antibodies in bovine serum to human

adenoviruses or related viruses. It was during the search for the

virus or viruses which induced these antibodies that Klein et al. in

1959 isolated the first bovine adenovirus (43). Two isolates were

recovered from the feces of apparently healthy bovines (43, 44).

These two strains were antigenically distinct from each other but

related to human adenovirus by the group-specific antigen. Isolates

#10 and #19 have now been designated bovine adenoviruses type 1 and

2 respectively (43, 44).

Several additional strains of each virus type have been isolated

and studied by inoculation into newborn calves (39, 52). All strains

have been shown to produce the same clinical response. Bovine

adenovirus type 1 (strain 10088) produced mild respiratory illness

when inoculated by the intratracheal and intranasal routes into

seronegative 6-12 week old calves (52). Inoculation by the conjunctival
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route, however, failed to produce a clinical response. Ide et al.

inoculated 6-15 week old calves intratracheally or intravenously with

a Canadian strain of bovine adenovirus type 1 (39). No clinical

response was observed but calves did develop an immune response.

Darbyshire et aL studied the pathogenesis of both type 1 bovine

adenovirus (strain #10) and type 2 bovine adenovirus (strain #19) in

newborn, colostrum deprived calves inoculated by the intranasal and

intratracheal routes. A mild clinical response consisting of ocular

and nasal discharge and mild diarrhea was noted (19). One calf,

inoculated with type 2 bovine adenovirus, developed acute fatal

pneumonia and enteritis. Gross pathological changes were limited

to the lungs (19). Virus was recovered from the nasal cavity, con-

junctiva, lungs, intestinal tract, feces and various organs including

the central nervous system of these calves. Type 1 bovine adenovirus

was recovered more consistently than type 2 (19).

A third bovine adenovirus serotype (strain WBR 1) was isolated

in 1965 by Darbyshire et al. in Great Britain from the conjunctiva of

a healthy adult bovine (18). The isolate exhibited no serological

relationship to type 1 or 2 bovine adenovirus or any human adenovirus

serotype. However, it possessed properties of adenoviruses including

the group reactive antigen and production of typical CPE in bovine

cell cultures (18).



Darbyshire and coworkers inoculated newborn, colostrum,

deprived calves intranasally and intratracheally with the WBR 1 strain

(18). Calves demonstrated more severe signs than those inoculated

with type 1 and 2. Pyrexia and mucoid nasal or conjunctival dis-

charges were seen and five of eight calves developed diarrhea. Virus

was recovered from the feces for up to 10 days and nasal and con-

junctival secretions for up to 11 days following inoculation. Gross

pathologic changes at necropsy were limited to the respiratory tract

which showed varying degrees of consolidation, collapse and emphy-

sema depending on the time lapse following inoculation. Lympha-

dentis of the bronchial and mediastinal lymph nodes was also noted.

The most prominent histologic finding was bronchiolitis. Typical

intranuclear inclusions were present in the cells of the lungs, tracheal

mucosa, and retropharyngeal, mediastinal and bronchial lymph nodes.

Immunodiffusion tests indicated that a group reactive precipitating

antibody developed in three to four weeks post inoculation and per-

sisted for about two months (18). No viremia was associated with

infection in any of the eight calves. Virus was isolated from the con-

junctiva, nasal mucosa, tonsil, larynx, tracheal mucosa, bronchial

lymph node, mediastinal lymph nodes and lungs of these calves. Only

one isolation was made from the enteric tract (18).

Bartha and Aldasy in 1966 reported the isolation of an additional

adenovirus serotype represented by three identical strains (THT, THB
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and TKO) from calves with virus diarrhea (4). The THT strain was

isolated from the lung of a calf that had died as a result of diarrhea

and dehydration. Strain THB was isolated from the intestinal contents

of one calf and strain TKO from the nasal secretions of another. All

strains showed typical characteristics of the adenovirus group and had

the common CF antigen (1), Laboratory animals (rabbits, guinea

pigs, albino rats, mice and 10-day-old embryonated eggs) did not

demonstrate a clinical response when inoculated with the virus. All

of the strains produced CPE in epithelial but not fibroblastic cells of

bovine testicular cell cultures. No CPE was seen in bovine fetal

kidney cell cultures. No clinical response was observed when the

virus was inoculated by the intravenous or intranasal routes into

six-week-old calves. However, these calves were not tested prior

to inoculation to determine whether they were seronegative to the

adenovirus (3). The THT isolate was proposed as the prototype

strain for type 4 bovine adenovirus (4).

Bartha and Aldasy recovered 78 more adenovirus isolates

from calves with pneumoenteritis (3). They inoculated several of

these isolates by the intravenous, oral, intranasal and intratracheal

routes into newborn, colostrum deprived calves. All calves elicited

a febrile response. Varying degrees of dyspnea, nasal and ocular

discharge, cough and diarrhea were also seen. Virus was recovered

from intestinal contents and mucosal scrapings of the lung, trachea
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and other organs of these calves (1). Strain B4/65 was proposed as

the prototype strain for type 5 bovine adenovirus since it was not

neutralized by antiserum to types 1-4 (4).

Rondhuis reported the isolation of another serologically distinct

bovine adenovirus recovered as a latent virus in primary veal testicu-

lar cell cultures (61). Like types 4 and 5, this virus (strain 671130)

did not replicate or produce CPE in bovine fetal kidney (BFK) cell

cultures. The CPE spread slowly in veal testical cell cultures and

the titer rarely exceeded 103.5 TCID
50 log 10/ml. The isolate is now

considered to be the prototype strain of type 6 bovine adenovirus (61).

The type 7 bovine adenovirus was isolated by Inaba and co

workers in Japan in 1967 (40). The prototype strain, Fukoroi, was

recovered from the blood of an adult bovine with a febrile disease with

signs of watery diarrhea and nasal and conjunctival discharges. The

isolate was recovered in veal testicle cell cultures and failed to

replicate or produce CPE in BFK cell cultures (40, 49).

Bartha in 1970 reported the isolation of yet another bovine

adenovirus serotype, strain Misk/67 from calves with pneumoenteritis.

This strain showed a partial serological relationship to bovine

adenovirus types 4, 5 and 6. The Misk/67 strain was proposed as

the prototype for the type 8 bovine adenovirus (6).

The most recently recognized bovine adenovirus type was

recovered from the kidneys of apparently healthy calves in Bulgaria



12

by Guenov (29). The prototype strain, Sofia 4/67, did not show a

relationship to type 1-8 bovine adenoviruses in serum-virus neutraliza-

tion tests and was thus proposed as type 9 bovine adenovirus (29).

Bovine adenoviruses may tentatively be divided into two sub-

groups on the basis of certain physical and biological characteristics

(2). Bovine adenoviruses in subgroup I are represented by types 1, 2,

3 and possibly 9. They have the following characteristics: (1) pos-

sess the soluble antigen common with human adenoviruses, (2) are

heat inactivated at 56°C for 30 minutes, (3) replicate well in BFK

cell cultures, (4) form irregular shaped intranuclear inclusion bodies

in infected cells, and (5) may be readily isolated in the first passage

in cell cultures.

Bovine adenovirus types 4, 5, 6 and possibly 7 and 8 have

been included in subgroup II. The properties of this subgroup are:

(1) possess only trace amounts of the common soluble antigen of human

adenoviruses, (2) are partially inactivated at 56°C for 30 minutes,

(3) do not replicate well in bovine fetal kidney cell cultures, (4) form

regular multiple intranuclear inclusion bodies, and (5) are isolated in

bovine testicular cells after several blind passages (2).
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MATERIALS AND METHODS

Cell culture growth medium consisted of Ear les Balanced Salt

Solution containing 0. 5% lactalbumin hydrolysate (EBSS-LAH)1

supplemented with 10% bovine serum inactivated at 60 oC for 30

minutes. Antibiotics (streptomycin 100 µg /ml and Penicillin G 100 U/

ml) were added to control bacterial growth. EBSS-LAH medium

devoid of bovine serum was used to rinse cell monolayers prior to

inoculation. Mono layers were rinsed three times with 1.0 ml each

time.

Maintenance medium consisted of a mixture of equal volumes

Eagles Minimum Essential Medium (MEM) and 199 medium (E-199) sup-

plemented with 3. 0-5. 0% fetal bovine serum which was heat inactivated

at 60°C for 30 minutes. Medium used for first passage of samples

for virus isolation contained 50 µg /ml Neomycin sulfate. 2

Phosphate buffered saline (PBS pH 7. 25) was used as a diluent

for serum neutralization tests and for suspension of virus for calf

inoculation. Virus isolation diluent (VID) consisted of 1X PBS, 1. 0%

peptone, 0.25% gelatin and 50 /m1 Neomycin sulfate. This diluent

was used to suspend nasal, throat and conjunctival swabs, feces

1 DIFCO Laboratories, Detroit, Michigan.
z Neomycin Solution 10, 000 mcg /ml, GIBCO, Grand Island, New York.
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samples and organ preparations for virus isolation.

Cell Cultures

Primary bovine testicular (BT) cell cultures were used through-

out this study. Testicles were obtained asceptically from 2-12 week

old calves. The intact testicle was placed in 100°C water for five

seconds and removed immediately into sterile water at 4°C and held

for two minutes. The tunica and epididymis were dissected from the

parenchyma and the latter minced into pieces 2-4 mm2 in size. The

minced tissue was then processed by the trypsin digestion method

using 0. 15% trypsin and 0. 20% ethylenedinitrilotetraacetic acid. Cells

were differentially centrifuged and resuspended in growth media at a

concentration of 1 x 106 cells /ml. Screw cap culture tubes (16 x 125

mm) were used for routine virus isolation, titration, identification

and serum-virus neutralization. Plastic screw cap tissue culture flasks

25 cm2 (30 ml) were used for preparation of virus stock. Leighton

tubes containing coverslips were employed for production of cells used

for fluorescent antibody controls. Screw cap tubes were inoculated

with 1.0 ml of cell culture suspension while the plastic flasks and

Leighton tubes contained 6. 0 ml and 2.0 ml respectively. All tubes

and flasks were incubated at 37°C in a stationary position. Cultures

were inoculated in 2-3 days when a confluent monolayer had formed

(Figure 1, p. 36).
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Virus

The prototype virus (strain 7T) was isolated from the tonsillar

fossa of a five-day-old calf experiencing marked mucoid diarrhea and

mild upper respiratory disease (48). The calf succumbed to the

disease five days after samples were taken. The virus was isolated

in the fifth blind passage in BT cell cultures and showed no evidence

of replication (CPE) in bovine fetal kidney cell cultures. This proto-

type virus was shown to be chloroform resistant, produced single to

multiple, regular intranuclear inclusion bodies in infected cells and

contained DNA as the nucleic acid type. It was tentatively placed in

the subgroup II bovine adenovirus classification (2, 48).

Stock virus for serum-virus neutralization and rabbit and calf

inoculation was prepared by inoculating BT cell cultures in flasks with

the 7T virus. Cells were rinsed three times with 5.0 ml of EBSS-LAH

prior to inoculation. After rinsing, 4.0 ml of the virus was introduced

on the monolayer. The inoculum was absorbed to the cells for 30-60

minutes at 37°C. Five milliliters of maintenance media were then

added to each flask and flasks were incubated at 37°C in a stationary

position. When the CPE of the epithelial cells was 75- 100% complete,

approximately five to seven days post inoculation, the flasks were

freeze-thawed once (Figure 2, p. 36). Maintenance medium and

partially lysed cells were then pooled and subjected to ultrasonic
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disruption 3 using a high power probe on a scale setting of 40 for 10-15

seconds. After sonication the suspension was centrifuged at 2, 150 G

for 20 minutes and the supernatant fluid placed in vials and stored at

-70°C.

Prior to test animal inoculation, the above stock virus was

thawed and ultracentrifuged 120 minutes at 105, 700 G. The pellet was

then resuspended in PBS to the volume indicated under calf inoculation.

Virus titration was conducted on an aliquot of the virus suspension to

determine the amount of virus present in the inoculum. Virus titra-

tions were conducted using serial 1/2 log
10

dilutions. Three to four

tubes were inoculated per dilution. Cell cultures were examined for

CPE until the 14th day post inoculation (PI). Virus titers were cal-

culated by the method of Reed and Muench (59).

Stock virus for electron microscopy were prepared from virus

infected cell layers in screw cap tubes. When CPE of the epithelial

cells was 75-100% complete, cells were scraped from the glass and

centrifuged at 2, 000 G for 20 minutes. The pellet was placed in

gluteraldehyde, fixed according to the method of Bennet and Luft, and

embedded in "Bojax, " a modified Mollenhauer embedding mixture

(8, 53). Thin sections were cut approximately 600-900 X in thickness

and stained with Reynold's lead citrate (60). Sections were then

3Biosonik IV cell disrupter, Bronwill Scientific Inc. , Rochester,
New York.
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examined by electron microscopy with a Philips EM 300 transmission

electron microscope and photographs were taken.

Test Animals

Test animals were Holstein-Fresian male calves obtained at

birth from a local dairy. Prior to delivery the dams were washed

to prevent contamination of the calf with fecal material. Calves were

then delivered with assistance and immediately placed in a sanitized

box and transported to a sanitized pen in an isolation building. Pens

were 4. 5 x 9 feet in size. The temperature was maintained above

15°C with the aid of electric heat lamps and heaters.

Calves were initially fed canned condensed milk and a culture of

Lactobacillus acidophilus4. They were also initially fed 70 ml and

injected intravenously (IV) with 30 ml of normal bovine serum free of

antibodies to the 7T virus. Calves subsequently were fed an equal

mixture of reconstituted canned condensed milk and a commercial milk

replacer. Each animal received the above mentioned milk mixture in

a volume equal to 5. 0% of the total body weight on the first day of life,

8. 0% on the second and third days and 10. 0% thereafter.

Calf 11972 was inoculated when one day old with 19. 0 ml (950

TCID
50) of the prototype virus 7T strain. Ten milliliters were

inoculated intratracheally, 5. 0 ml orally, and 4. 0 ml in the con-

junctival sac. Calf 11173 was also inoculated when one day old. The

4 Lactonoc, Norden Laboratories, Lincoln, Nebraska.
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total inoculum was 18. 0 ml (900 TCID
50

) Ten milliliters were given

intratracheally and 8. 0 ml orally, Calf 42773 was inoculated at 12

days of age with a total inoculum of 17.0 ml (850 TCID50). Ten

milliliters were given intratracheally, 5.0 ml intranasally and 1. 0 ml

in each conjunctival sac.

During the course of the trial period each calf was force

exercised on a daily basis. This was accomplished by forcing the

animal to walk backward around the pen for approximately 100 feet.

Calves were sampled once a day prior to morning or evening

feeding. Blood was taken in the morning for the leucocyte count,

differential, and virus isolation and serological studies. Blood for

serological and virus isolation studies was maintained at 25°C for

8-12 hours then centrifuged at 1, 400 G for 20 minutes. The serum

was removed and either stored at -70°C or inoculated directly into

cell cultures.

Samples for virus isolation from the conjunctiva, nasal cavity

and throat (tonsillar fossa) were taken with the aid of a cotton or

dacron tipped applicator stick. After sampling, the tip of the appli-

cator stick was broken off and placed in a tube containing 4.0 ml of

VID. The tube was frozen at -70°C and stored until processed for

virus isolation. Prior to inoculation of cell cultures, the material

was thawed and fluid expressed from the swabs. The fluid was then

centrifuged at 2, 250 G for 20 minutes and the supernatant fluid was

removed and inoculated onto BT cell cultures.
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Temperature of the calves was taken twice daily prior to the

morning and evening feedings and prior to force exercise.

Feces were collected from each bowel movement and a 30%

suspension was made with VID. This suspension was mixed 30

minutes at 4 oC with the aid of a magnetic stirrer. Fluid was then

centrifuged for 30 minutes at 2, 250 G. The supernatant fluid was

removed and recentrifuged at 12, 100 G for 30 minutes. The remain-

ing fluid was inoculated into cell cultures or stored at -70°C until

it was inoculated.

The trial period for each calf varied. Calf 11972 was held until

eight days old, seven days PI; calf 11173 until 11 days old, 10 days PI,

and calf 42773 19 days old, seven days PI. At the end of each trial

period calves were euthanized with sodium barbitol and necropsied.

Testicle and lung or kidney were collected asceptically

immediately after euthanasia and processed for production of organ

cell cultures. Ten to 20 g. of each organ to be tested for virus isolation

were collected and frozen at -70°C. Samples for fluorescent anti-

body studies were placed in isopentane and immediately frozen at

-70°C. Ten percent formalin was used to fix samples for histological

examination.

White blood cells were cultured for virus isolation by collecting

40 ml of blood in Alseverb solution at necropsy. The blood was

centrifuged at 1, 400 G for 20 minutes, the buffy coat was removed
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and washed three times in Alsever's solution. The white blood cells

were then removed and inoculated onto cell cultures.

Organs collected for organ cultures were dissected into small

pieces and trypsinized with a trypsin solution using the same method

as used for cell culture production. Cells were dispensed into screw

cap tubes at a concentration of 1 x 106 cells per tube and incubated at

37°C in stationary racks.

Organ samples taken for virus isolation were thawed and ground

with sterile sand to a 20% suspension using VID. The suspension was

then centrifuged at 2, 000 G for 20 minutes and the supernatant fluid

removed. Heavily contaminated samples (samples from the digestive

tract) were recentrifuged at 12, 100 G for 30 minutes. The super-

natant fluid was then used for cell cultures inoculation.

Virus Isolation

Each specimen for virus isolation was inoculated onto three

culture tubes using a 0.2 ml inoculum volume. Inoculums were

allowed to absorb to the cell monolayers for 30-60 minutes at 37°C.

First passage feces samples were rinsed one time with 1. 0 ml E-199

prior to the addition of the maintenance medium. All cultures were

incubated at 37 o .
C stationary racks. At least 10% of the total

number of tubes inoculated was left uninoculated as cell controls.
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Cell cultures were examined for CPE at 7-14 days post inocula-

tion, those showing 75-100% CPE of the epithelial cells were harvested

by freeze-thawing two times. The material from each sample was

then pooled and tested for virus identification. Cultures showing no

CPE by the 14th day PI were blind passaged four times for a total

time in cultures of 56 days before being designated negative. Serial

10-fold dilutions were made of the original serum and fecal samples

and each blind passage was inoculated tube-for-tube so an accurate

titer of the virus in these specimens could be determined.

Antiserum

After sonication and ultracentrifugation, stock virus was

partially purified with trifluorotrichloroethane 5. This virus prepara-

tion was used to inoculate five-to six-week-old New Zealand white

rabbits. Rabbits were injected initially with 2.0 ml of the virus

preparation in an ear vein. Two milliliters of an equal volume of

virus and Fruend's adjuvant were also injected intramuscularly in

each hind leg. One milliliter of the virus preparation was then

injected IV into each rabbit at weekly intervals for three weeks.

Nineteen days following the final injection the rabbits were exsan-

guinated. Serum extracted from the whole blood was filter sterilized

and stored at -700C.

5Allied Chemical & Dye Corp. , New York, New York.
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Serology

Virus strains isolated from infected calves were identified by

the serum-virus neutralization test using hyperimmune rabbit serum

to the 7T virus strain. The antiserum was diluted to contain two

antibody units (one antibody unit was defined as the last two-fold

dilution series which completely neutralized 50 TCID50 of the 7T

virus strain). Virus isolates were considered identical to the proto-

type virus if all tubes containing the serum-virus mixture showed no

CPE while all virus control tubes showed 75-100% CPE of the epi-

thelial cells by 14 days PI.

Serum-virus neutralization tests were performed to determine

the antibody titer of serum collected from calves. An equal amount

of serial two-fold dilutions of test serum was added to 50 TCID
50

of the 7T virus strain. The serum-virus mixture was allowed to

react for 60 minutes at 37°C and then was inoculated onto each of three

cell culture tubes. The cultures were examined for CPE at 10 days

PI. The last dilution which showed no CPE was considered the anti-

body titer of the serum.

Fluorescent Antibody Technique

Gamma globulin was separated from hyperimmune rabbit serum

by the method of Levy and Sober (45). The protein content of the
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gamma globulin was adjusted to 10-30 mg/ml. The solution was

reacted with spectrophotometrically purified fluorescein isothio-

cyanate (FITC)6 by the method of Clarke and Sheppard (12). Unreacted

FITC was separated from the conjugate on a Sephadex G50 modified

dextran column. Thimersol solution 1 :1, 000 was then added to the

labelled gamma globulin for a final concentration of 1:10, 000. The

conjugated gamma globulin was then stored frozen at -20°C.

Coverslips containing infected and non-infected testicular cell

monolayers were removed from Leighton tubes when CPE was 75-100%

complete. They were placed in acetone at 24 °C for at least 30 min-

utes and then stored at -20°C in acetone. Covers lips were removed

from acetone and the cell monolayers covered with 1: 30 rhodamine B

counterstain in 1/15 M PBS (pH 7. 7). The coverslips were then

placed in a prewarmed, humidified chamber for 15-20 minutes,

removed and rinsed three times in 1/15 M PBS (pH 7. 7). The cell

layer was then stained with the FITC labelled conjugate for 20 min-

utes at 37 °C in a prewarmed, humidified chamber, rinsed three

times in 1/15 M PBS (pH 7.7), and finally rinsed once in distilled

water. Covers lips were air dried and mounted on glass microscope

slides with a xylol miscible permanent mounting resin7
. After

6Fluorescein isothiocyanate, BBL Division of BioQuest,
Cockeysville, Maryland.

7Fluoromount, Edward Gurr Ltd. , London, England.
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mounting, slides were stored at 4°C in the dark until examined,

usually within 12 hours. Slides were examined with a Zeiss universal

microscope with a dark-field condenser, a HB 200 mercury light

source (with BG 12/21 exciting filter and 50 barrier filter).

Tissue sections for fluorescent antibody studies were removed

from -20°C isopentane and immediately mounted in a water soluble

tissue embedding mechum8
. The tissue was cut approximately 8 p.

thick with a cryostat at -20°C to -25°C. Sections were placed on

alcohol cleaned, glass microscope slides, 15-20 sections per slide.

Slides were air dried and placed in acetone at -20°C for at least 15

minutes. Slides with sections were then removed from acetone and

stained by the method described above for coverslip staining.

Photography

Photomicrographs of fluorescent antibody stained tissue sections

were taken using a Zeiss camera on the Zeiss microscope described

above with Kodachrome X film (ASA 64) with 120-180 second exposure

times.

Photomicrographs of cell monolayers were taken using the

Zeiss microscope with bright field illumination with Kodachrome X

film (ASA 64) and exposure time of 1/50 second.

80. T. C. Compound, Ames Co. , Division of Miles Laboratories Inc. ,
Elkard, Indiana.
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Electron photomicrographs were taken using the Philips EM 300

electron microscope with Kodak electron image plates with exposure

time of two seconds.
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Clinical Response

26

Calf 11972 elicited the most severe clinical disease signs of the

three experimentally inoculated calves. The febrile response of this

calf is shown in Figure 3. The temperature rose to 39. 4°C on day

2 PI and remained elevated until the calf was necropsied six days

later (PI day 7). On PI day 4 blood was observed in the feces of this

calf but the feces consistency remained firm. The feces were soft in

consistency on PI day 5 and more blood and some mucus were

observed. Diarrhea began on PI day 6 when the feces contained a

moderate amount of mucus and reddish brown blood. Diarrhea with

blood and mucus continued until PI day 7 when the animal was necrop--

sied. The calf remained normal in general appearance until day 6 PI.

At this time the calf appeared dull and showed some dyspnea when

force exercised. Weakness was also observed. The calf was dull in

appearance, showed moderate weakness, and breathed heavily when

force exercised on PI day 7. Also on this day, partial anorexia

developed and this condition continued until the animal was necropsied.

Leucocyte count and differential are shown in Figures 4 and 5

respectively.

Calf 11173 elicited mild clinical disease signs throughout the
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trial period. Febrile response was first detected on PI day 2 (Figure

3). Pyrexia continued until the calf was necropsied, eight days later.

Fecal consistency became soft and feces contained a slight amount of

blood on PI days 6 and 7. The feces continued soft in consistency

with a slight to moderate amount of mucus until the calf was necrop-

sied on PI day 10. Frank blood was observed in the feces after PI

day 7. Leucocyte count and differential are shown in Figures 4 and

6 respectively.

Calf 42773 showed fewer and less severe clinical disease signs

than the other two calves. Febrile response began on day 2 PI and

fluctuated above normal for the length of the trial period (Figure 3).

Feces became soft on day 2 PI with mucus first appearing on day 4.

A trace of blood was seen in the feces only on day 5 PL The feces

remained soft and slightly mucoid until necropsy on day 7 PI. Leuco-

cyte count and differential are shown in Figures 4 and 7 respectively.

Virus Isolation

Virus was isolated from the serum of all three calves (Table I).

Virus titers were low in all calves and reached a level of greater than

or equal to 100 TCID50 only in calf 11972 (Table IV). Virus was

isolated from the feces of calves 11972 and 42773 (Table I). Virus

titer reached a peak of 9500 TCID
50

per gram of feces on day 4 in

calf 11972 (Table V). The maximum titer in calf 42773 reached
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5300 TCID
50

per gram of feces on days 5 and 6 PI (Table V).

Virus isolation results from organs sampled at necropsy from

all three calves are shown in Table II. Virus isolation results from

clinical samples (nasal, throat and conjunctival swabs, serum and

feces) are shown in Table I.

Serum-Virus Neutralization

Production of serum neutralizing antibodies was not detected

in calves 11972 or 42773 during the trial periods. An antibody titer of

1:4 was first detected in calf 11173 on PI day 7. On PI day 8 the titer

reached a level of 1:16.

Electron Microscopy

Electron photomicrographs revealed both full and empty virus

particles in the nuclei of infected testicular cells (Figure 8). Par-

ticles were found singly, in groups or in crystalline arrays (Figures

8 and 9). Particles appeared to have a dense inner core and a less

dense outer shell and measured 70-85 mil in diameter (Figures 8, 9

and 10).

Fluorescent Antibody Technique

Results of fluorescent antibody stained tissues are shown in

Table III. In the intestinal tract where the tissue surface could be



29

observed in detail, fluorescent cells were consistently noted in the

intestinal lamina propria of all three calves (Figures 8 and 9).

Massive autofluorescence prevented interpretation of results in heart

valve and brain sections from calf 42773.



Table I, Virus Isolation Results During the Trial Period of Calves Experimentally
Infected with Bovine Adenovirus Strain 7T.

Calf Day Post Inoculation
2 3 4 5 6 7 8 9 10

11972
S S S S S

T T T
C NEC

N

11173

T T

S S S S

NEC

42773
S S S

NEC

F = feces
S = serum
T = throat
C = conjunctiva
N = nasal
NEC = day of necropsy
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Table II. Virus Isolation Results from Samples taken at Necropsy
from Calves Experimentally Infected with Bovine Adenovirus
Strain 7T.

Area Sample 11972 11173 42773

Head & neck aTonsil +b +

Suprapharyngeal
LINc + - +
Parotid LN + NT d NT
Nasal mucosa NT NT +

Brain + +

Respiratory
tract Lung:

apical lobe + +
diaphragmatic + +

cardiac + +

Bronchial LN + NT
Mediastinal LN + - +

Gastrointestinal
tract

Other

Abomasum
Duodenum
Jejunum
Ileum
Colon
Mesenteric LN:

duodenum
jejunum NT
ileum

+

NT NT

Heart NT NT
Spleen + - +

Kidney NT -
Adrenal Gland NT + NT
Liver +
Testicle + + +

a

b
+ = positive viral isolation

= no viral isolation
cLN = lymph node
dNT = sample not tested
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Table III. Fluorescent Antibody Test Results from Samples taken at
Necropsy from Calves Experimentally Infected with Bovine
Adenovirus Strain 7T.

Area Sample 11972 11173 42773

Head & neck Tonsil +
a b

Suprapharyngeal
LNc + +

Nasal mucosa NT d NT

Res piratory
tract Lung:

apical lobe
diaphramatic
cardiac

Bronchial LN
Mediastinal LN NT

Gastrointestinal
tract Abomasum NT NT +

Duodenum + +

Jejunum + + +

Ileum + + +

Colon NT +

Mesenteric LN:
duodenum + NT NT
jejunum NT + +

ileum + + +

Other Heart NT NT AUTO
Spleen NT NT NT
Kidney NT + -
Adrenal gland NT - NT
Liver NT +

Testicle NT NT +

Brain NT NT AUTO

a + = positive viral isolation
b

c
= no viral isolation

LN = lymph node
dN T = sample not tested
eAUTO = autofluorescence - could not be interpreted
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Table IV. Virus Isolation Results of Titered Serum from Calves
Experimentally Infected with Bovine Adenovirus Strain
7T.

Day Post Calf Calf Calf
Inoculation 11972 11173 42773

1
b

2

3 9

4 100
5 100 8

6 100 16

7 100 16
NEC NEC

8

9

10 NEC

a
+=Undiluted serum positive for virus isolation but serum not titered
b
- =Negative
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Table V. Virus Isolation Results of Titered Feces from Calves
Experimentally Infected with Bovine Adenovirus Strain
7T.

Day Post
Inoculation

Calf
11972

Calf
11173

Calf
42773

1 53 `^. -b 53

2

3

4 9500 5300

5 9500 . 53000

6 5300 53000

7 290 CcN
NEC NEC

8

9

10 NEC

aTiter expressed in tissue culture infective doses/50 ml.
b

- = Negative
c NC = no feces collected
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Figure 1. Photomicrograph of confluent monolayer of uninfected
bovine testicular cells three days post inoculation.
Magnification 83 X.

Figure Z. Photomicrograph of bovine testicular cell culture infected
with strain 7T bovine adenovirus showing rounding, clump-
ing and increased refractibility of 100% complete CPE of
the epithelial cells. Magnification 83 X.
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Figure 8. Thin section electron photomicrograph of the nucleus of a
bovine testicular cell infected with bovine adenovirus strain
7T, showing virus particles singly and in groups in nuclear
vacuoles. Magnification 75, 225 X.
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Figure 9. Thin section electron photomicrograph of the nucleus of a
bovine testicular cell infected with bovine adenovirus strain
7T showing virus particles aligned in a crystalline array.
Magnification 90, 860X.



44



45

Figure 10. Thin section electron photomicrograph of the nucleus of
a bovine testicular cell infected with bovine adenovirus
strain 7T showing virus particles in a vacuole.
Magnification 225, 000X.
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Figure 11. Photomicrograph section of ileum (calf 42773) showing
greenish-yellow virus infected cells in the lamina propria.
Fluorescene isothiocyanate conjugated anti-7T virus
gamma globulin, rhodamine B bovine albumin counter-
stain, dark field illumination. Magnification 118X.

Figure 12. Photomicrograph section of jejunum (calf 42773) showing
greenish-yellow cells in the lamina propria. Fluorescene
isothiocyanate conjugate anti-7T virus gamma globulin,
rhodamine B bovine albumin counterstain, dark field
illumination. Magnification 1I8X.
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DISCUSSION

Comparatively mild disease signs were observed in experi-

mentally infected calves in this study. Clinical signs of pyrexia,

anorexia, diarrhea and increased respiratory rate were all noted.

In general these signs were milder than those described in the natural

disease (1, 10, 13, 40, 79, p. 126). Calves in this study were main-

tained in an ideal environment and were not subjected to stress. They

were not in contact with other calves and there was no opportunity for

the virus to gain virulence by rapid transmission from one animal to

another. The navel of each calf was disinfected at birth. Ideal

nutritional conditions were maintained. These practices which mini-

mized stress possibly resulted in the reduced severity of the disease.

Clinical disease signs were similar to those reported in other

calf inoculation studies with subgroup II bovine adenoviruses. In these

studies the most consistent clinical finding was a febrile response (1,

10, 1 4, 62, 75). Signs of respiratory embarrassment including

dyspnea and hyperpnea have also been reported (1, 10, 16). Calves

in this trial did show an abnormally high respiration rate but only

when force exercised. The presence of diarrhea or abnormally soft

feces appears to be a common sign of infection as seen in this study

and as noted by others (1, 10, 75).



50

The leucocyte differential of the normal newborn calf changes

considerably with age. The lymphocyte percentage at birth is usually

less than 50% (range 30-50%). The neutrophile count usually exceeds

the 50% level. These percentages change erratically during the first

week of life showing near normal values of 45-75% lymphocytes and

15-45% neutrophiles by one week of age (68, p. 151-156).

Some viral diseases are associated with an early lymphopenia,

eosinophilia and neutrophilia. The extent of lymphopenia varies with

the virus and disease severity. A marked neutrophilia is usually

associated with secondary bacterial infection (68, p. 273-274).

Since only three calves were used in the present study, it is not

possible to predict any consistent change in the leucocyte count or

differential. There was an abnormally high absolute lymphocyte count

in calves 11972 and 11173 (Figure 5). Adenoviruses serve as good

antigens and perhaps this is a reflection of the fact that there is a

good lymphocyte response prior to antibody production. However,

Cole and Tanaka et al. reported leukopenia in calves inoculated with

type 4 and 6 bovine adenoviruses (14, 75).

Viremia experienced by calves in this study was generally of

low titer. Calf 11972 had the highest titer viremia which was greater

than or equal to 100 TCID
50

per milliliter and was maintained for

four days. It is of interest to note that this calf also showed more

severe disease signs than the other two calves. The viremia titer in
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calves 11173 and 42773 reached a maximum of 16.0 TCID
50

per

milliliter of serum on PI days 6 and 7.

The febrile response usually began on PI day 2, approximately

one day prior to the detection of viremia. Pyrexia continued through-

out the trial with temperatures of calves tending to fluctuate.

Morning temperatures were generally lower than evening tempera-

tures. Normal physiological fluctuation, changes in the ambient

temperature and pyrexia induced by infection account for this observa-

tion. Accordingly, a temperature of 39. 2 oC or greater was con-

sidered abnormally elevated. Tanaka et al. also reported viremia of

short duration and low titer in calves experimentally infected with

type 4 bovine adenovirus (75).

Virus isolation from the feces of two calves indicated the

presence of virus in the intestinal tract. Virus isolation from feces

of calves 11972 and 42773 began shortly after the onset of viremia

(PI day 4) and continued until necropsy. The virus titers in the feces

remained comparatively low (between 53 and 53000 TCID50 per

gram feces). Virus was not isolated from the feces of calf 11173. In

this calf, virus titer may have been too low to detect virus by isola-

tion methods. Fluorescent antibody staining of several sections of

intestinal tissues revealed the presence of virus infected cells. These

data indicate the virus was replicating in the intestinal tract and not

merely being shed from more anterior organs. It is likely, therefore,
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that intestinal viral infection was the primary cause of the diarrhea or

soft feces in these calves. Virus was isolated from the feces of calves

11972 and 42773 on day 1 PI. This presumably resulted from some

inoculum passing through the digestive tract.

Results of other studies dealing with subgroup II bovine adeno-

virus infections suggest the virus is only sporadically isolated from

nasal cavity and conjunctiva (1, 10). Data from this trial confirm

these observations, Virus was isolated from throat, nasal and con-

junctival swabs only from calf 11972 and recovery was not consistent

enough to be significant. Fluorescent antibody and virus isolation

studies from organ samples collected at necropsy indicated that virus

was present in the tonsil and nasal cavity, however. Either the virus

was present in these areas but in a concentration too low to be detected

by swab isolation methods or the virus was replicating in tissues

other than the superficial mucus membrane cells. The latter hypothe-

sis is supported by fluorescent antibody staining of mucus membranes

from other organs such as the intestinal tract where virus was seen

in the lamina propria. Virus isolation from throat swabs of calf 11173

on days 1 and 2 PI was likely a result of inoculum remaining in the

tonsillar fossa area and not virus localization and shedding since no

virus was isolated on subsequent days. Fluorescent antibody staining

of the tonsillar tissue collected at necropsy was also negative.
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Virus isolation was successful from many organs which were

sampled at necropsy. This has been a frequent finding in other reports

where recovery has been made from various organs including the

lungs, bronchial and pharyngeal lymph nodes, tonsils, nasal mucosa,

spleen, liver, kidneys and small intestine (1, 10, 14, 62).

Though virus was frequently isolated from organs of calves

11972 and 42773, few isolations were made from calf 11173. This

calf was necropsied 10 days PI, three days later than the other two

calves. Parenteral virus neutralizing antibodies present in the serum

of this calf at necropsy may have been responsible for this finding.

When an organ was prepared (ground) for virus isolation, the newly

released virus may have been neutralized by these antibodies. Such

neutralizing antibodies were not present in calves 11972 and 42773.

Virus was isolated from the testicular parenchyma of all three

calves. Rondhuis first isolated type 6 bovine adenovirus from unin-

oculated bovine testicular cell cultures where the viruses had probably

produced a latent infection (61). Other workers have substantiated

this finding and have concluded that latent viral infection of this organ

is not rare (5). In a sexually immature animal the virus unquestion-

ably reaches the testicle during the viremic stage. This suggests

that the virus may localize in this tissue and produce chronic or latent

infection. Consequently, to detect latent viruses in testicular cell

cultures, care must be taken to use a sufficient number of
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uninoculated cell control tubes (at least 10% of the total number

inoculated). Latent viruses, if undetected, could interfere with results

of virus isolation and identification (5). The question of chronic viral

infection and its bearing on spermatogenesis in calves once they reach

puberty remains to be answered.

The isolation of virus from the brain of calves 11972 and 42773

is interesting. Rondhuis also recovered a subgroup II bovine adeno-

virus (type 6) from several areas of the central nervous system in

experimentally infected calves (62). No signs of nervous system

disturbance in infected calves has been reported, and no signs were

observed in this study.

Calf 11173 showed a serum-virus neutralizing antibody increase

beginning approximately day 7 PI. This titer reached a level of

1:16 on day 10 PI when the animal was necropsied. No serum-virus

neutralizing antibody titer was detected in the other calves which were

necropsied on PI day 7. This finding suggests that, under these

experimental conditions, calves began to produce virus neutralizing

antibodies between day 7 and 10 PI. Other workers have also

reported an antibody titer increase in calves infected with bovine

adenoviruses (19, 39, 47). Darbyshire et al. reported antibody

against type 3 bovine adenovirus begins 10-14 days PI and persists for

at least 10 weeks without decline in titer (19). Ide et al. , working with

type 1 bovine adenovirus, found neutralizing antibody titers were
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rarely present prior to day 7 PI but were invariably present by day

14 (39).

Fluorescent antibody techniques proved to be an effective tool in

studying the disease pathogenesis. Results from calf 11173 illustrate

the usefulness of this technique. Intact virus infected cells were

detected in many organ samples taken at necropsy even though the

virus could not be isolated in cell cultures.

The fluorescent antibody technique offers yet another distinct

advantage. Virus infected cells can be detected in comparatively

intact tissue and the site of replication can often be determined. In

the present study, virus was found localized in the lamina propria of

intestinal tissues.

A major complication with the technique, however, is non-

specific autofluorescence. Even though virus was isolated from the

brain, massive autofluorescence made some fluorescent antibody

stained sections impossible to interpret. No attempt was made to

determine the cause of this nonspecific fluorescence nor was it

determined whether absorption with brain powder could block such

nonspecific fluorescence. It is evident that virus isolation and fluores-

cent antibody techniques complimented one another in a study of this

type.

The findings of this investigation plus the observations of other

investigators indicate that the viremic process is responsible for the



56

dissemination of the virus throughout the body. Secondary bacterial

infection, particularly of the respiratory and enteric tracts, may

occur and probably accounts for the more severe disease signs

observed in natural outbreaks of pneumoenteritis in calves.

The understanding of the disease pathogenesis is an important

early step in establishing proper diagnosis, control, and preventative

procedures. This study has provided basic information concerning

the disease pathogenesis. Likewise, much information has been

gained concerning virus isolation and detection procedures. Although

the virus serotype has not been established, the information gathered

thus far may tentatively serve as a pathogenesis model for other

bovine adenovirus subgroup II infections in calves.

The 7T strain replicated in the endothelial cells of the blood

vascular system as indicated by the presence of a viremia in all test

calves and by histopathologic findings (73), Since viremia is generally

short lived, parenteral antibodies may neutralize the virus after

seven to eight days. Time of sampling for virus isolation, therefore,

appears to be critical. Serum samples for virus isolation must be

taken early in the course of the disease and shortly after the onset of

the febrile response. Swabs taken for sampling of the upper respira-

tory tract were shown not to be an effective method of virus recovery.

Isolation of virus may, in some cases, be accomplished from feces

shortly after the onset of viremia.
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In addition to the information presented on optimal sampling

time, it is evident that virus isolation for diagnosis can be cumber-

some since considerable technical expertise and laboratory equipment

are required. This is especially true of subgroup II bovine adenoviruses

where several blind passages are usually required before CPE

becomes evident. In addition, several more weeks may be required

for identification. Fluorescent antibody staining of infected tissue

requires considerably less time and laboratory equipment for virus

detection and identification. Also, since the problem of virus

neutralization by parenteral antibody does not interfere with this

technique, sampling may be conducted over a wider time period. The

disadvantage of this technique, at least for internal organs, is that the

animal usually must be necropsied. Certain tissues such as those

from lymph nodes and testicles consistently show good fluorescence

in infected animals. Selective collection of these tissues might also

aid in diagnosis.

Further calf inoculation studies are needed to more fully

explore the disease pathogensis. Calf inoculation and necropsy at an

earlier time (three to four days PI) could give insight into initial

virus dissemination and pathology. Longer term trials of 1Z to 21

days would aid in the study of virus localization and antibody response.

Lastly, studies of animals held for several weeks after inoculation
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would make possible better investigation of serological response

particularly as it relates to local antibody production and the presence

of latent virus infection,
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