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Abstract:
Experimental congenital infection with a murine herpesvirus, mouse thymic virus (TA), in BALB/c
mice was evaluated as a potential model to study the immunopathologic effects induced by
herpesviruses in utero. The specific objectives of this investigation were to; a) evaluate the ability of
TA to cross the placental barrier, b) determine the ability of TA to induce abortion, early fetal death,
stillbirth or fetal infection following either intravenous or intra-peritoneal inoculation of pregnant mice,
c) characterize the lesions present in the TA-infected offspring, and d) define the immunologic status of
the offspring.
Immunopathologic studies were performed to determine the effects of TA on susceptible newborn mice
less than 24-hours-old. Findings of a positive infection in virus inoculated newborn mice were utilized
as a control for the comparative evaluation of the offspring from inoculated pregnant mice.
Histopathologic evaluation of thymuses from TA-infected newborn mice indicated a necrosis of the
thymus followed by an inflammatory response and eventual regeneration of new thymic tissue.
A total of five congenital experiments were conducted to characterize pathological changes and
immunological alterations. Pregnant mice were inoculated in first, second, and third trimesters of
gestation. The thymic structure of newborn offspring was evaluated before nursing, after nursing on the
original inoculated dam, and after grafting to uninoculated lactating adult mice. In that mice allowed to
nurse their natural dam demonstrated no histopathologic changes equivalent to those observed in mice
infected as newborns, it was concluded that virus was not passed in colostrum, milk, or saliva.
Moreover, since those mice born to dams infected during pregnancy and subsequently grafted to
noninfected lactating dams shortly after birth also displayed no histopathologic changes, it can be
additionally concluded that detectable viral infection was not passed transplacentally. An incidental
finding was observed in the thymuses of two seven-day-old offspring from a pregnant mouse which
had been inoculated on day 17 of gestation. In these animals, an absence of demarcation between
cortex and medulla and accompanying lymphodepletion was found. Results of subsequent experiments
conducted to determine consistency of these findings were negative.
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ABSTRACT
Experimental congenital infection with a murine herpes
virus, mouse thymic virus (TA), in BALB/c mice was evaluated
as a potential model to study the immunopathologic effects
induced by herpesviruses iji utero» The specific objectives
of this investigation were to; a) evaluate the ability of TA
to cross the placental barrier, b) determine the ability of
TA to induce abortion, early fetal death, stillbirth or
fetal infection following either intravenous or intraperitoneal inoculation of pregnant mice, c) characterize
the lesions present in the TA-infected offspring, and d)
define the immunologic status of the offspring.
Immunopathologic studies were performed to determine
the effects of TA on susceptible newborn mice less than 24hours-old. Findings of a positive infection'in virus inocu
lated newborn mice were utilized as a control for the com
parative evaluation of the offspring from inoculated-preg
nant mice. Histopathologic evaluation of thymuses from TAinfected newborn mice indicated a necrosis of the thymus
followed by an inflammatory response and eventual regener
ation of new thymic tissue.
A total of five congenital experiments were conducted
to qharacterize pathological changes and immunological
alterations. Pregnant mice were inoculated in first, second
and third trimesters of gestation. The thymic structure
of newborn offspring was evaluated before nursing, after
nursing on the original inoculated dam, and after grafting
to uninoculated lactating adult mice. In that mice allowed
to nurse their natural dam demonstrated no histopathologic
changes equivalent to those observed in mice infected as
newborns, it was concluded that virus was not passed in
colostrum, milk, or saliva. Moreover, since those mice
born to dams infected during pregnancy and subsequently
grafted to noninfected lactating dams shortly after birth
also displayed no histopathologic changes, it can be
additionally concluded that detectable viral infection
was not passed transplacentally. An incidental finding
was observed in the thymuses of two seven-day-old offspring
from a pregnant mouse which had been inoculated on day 17
of gestation. In these animals, an absence of demarcation
between cortex and medulla and accompanying lymphodepletion
was found. Results of subsequent experiments conducted
to determine consistency of these findings were negative.
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CHAPTER I
INTRODUCTION
Congenital viral infections can have devastating consequences on a developing fetus.

In the broadest

sense, congenital infections can potentially produce
three deleterious effects; a) malformations, b) abnormal
function with or without tissue damage, and c) latent
infection with subsequent induction of disease (11).

By

far the most striking observations concerning human con
genital defects were those made on infants whose mothers
were infected with rubella virus early in pregnancy
(51,88). In addition to rubella, it has been established
that human maternal infection with cytomegalovirus (25,44),
vaccinia (2), or herpes simplex (28,79,93) can result in
fetal damage.
Basically, three principles are involved in the
production of congenital viral diseases: a) the ability
of the virus to infect the pregnant animal, b) the timing
of infection in relation to the stage of gestation, and
c ) the nature of the virus and its capacity to produce
disease in the fetus (11).

The sequence of events that

may occur prior to and following viral infection of the
fetus are illustrated in Appendix A.

2

Rowe and Capps (76) isolated a herpesvirus, "thymic
agent" (TA, also termed mouse thymic virus) which produced
acute necrosis in the medulla and cortex of the thymus
of neonatal mice.

Whereas thymic necrosis was character

istic of the infection in newborn animals, the salivary
glands of adult mice became chronically infected and re
leased virus into the saliva (19).

Since it was highly

tropic for the thymus of newborn animals, thymic lympho
cytes were deficient in T-c ell functions, i.e., thfe
ability to produce antibody to thymus-dependent antigens
and to proliferate in response to certain lectins or to
allogeneic cells (13).

Consequently, TA-infection appears

to affect the immune system in a manner similar to rubella
virus in humans, lymphocytic choriomeningitis in mice,
avian leukosis, murine leukemia (25), and infectious bursal
disease of birds (36,43,81,82,83).
Perhaps the most interesting aspect of TA-infection
is the way it affects newborn mice as compared to. adult
animals.

TA could be isolated from blood and viscera of

young mice infected as newborns (i.e. less than 24 hours
of age), but only from the salivary glands of infected
adults (19).

Most herpesvirus infections of humans and

animals have been shown to have an affinity for epithelial
tissue and produce latent infections (30).

Infection

during pregnancy, however, can induce abortion or

3

generalized fetal infection (28,78,93).

The association

of equine (15,20,59,90,91), bovine (48,61,64), swine (23,
42,50), canine (10,33,86), feline (39), and murine
herpesviruses (44) with abortion and congenital infection
suggests common pathogenetic mechanisms by which indigenous
herpesviruses affect the gravid uterus.
Relatively little information is available regarding
the pathogenesis of abortion, fetal death, or fetal in
fection caused by herpesviruses.

In order to study the

pathogeneses of congenital infections with herpesviruses
an appropriate animal model is needed.
The purpose of this study was to investigate experi
mental congenital infection with mouse thymic virus in
BALB/c mice as a potential model for the study of the
immunopatho logic effects induced by herpesviruses in
humans and other animals infected in utero.
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CHAPTER 2
LITERATURE REVIEW
CANINE
Canine herpesvirus (CHV) , apparently widespread in the
canine population (as indicated by serologic studies), has
been repeatedly isolated from normal dogs (9). Small foci
of necrosis and ulceration in the urogenital tract of the
bitch were undetected by many investigators while attention
focused on viral associated mild respiratory infection in
older dogs (4,16).

In contrast, newborn pups which acquire
\

the virus via transplacental infection or by exposure in
passage through the vagina of the bitch develop a peracute,
fatal systemic infection (16,86).

The CHV is capable of

passing the placental barrier and causing disease and death
of some of the fetuses (86).

In other apparently healthy

animals the virus remains latent, becoming activated under
certain conditions (86).

Puppies which survive for several

days exhibit a disseminated nonsuppurative menirigoencephaIomyelitis characterized by focal and segmental destruction
of gray and white matter and diffuse and focal microgliosis
(71).

Histopathologically, the lesions, characterized by

focal degeneration, necrosis, and presence of intranuclear
inclusion bodies in the placental labyrinth (32), are

5

similar to those reported in cats experimentally infected
with feline herpesvirus (39).

Stuart and associates (86)

suggest that there is a close correlation between the
occurrence of pup runts, stillbirths, and CHV infection
in the bitch.
BOVINE
Infectious bovine rhinotracheitis (!BR), recognized
for decades as a febrile catarrhal upper respiratory
disease, typically occurs where cattle are congregated.
In adults, it has been found that virus infection by
aerosol produces multiple foci of necrosis in the nasal
passages, pharynx, larynx, trachea, and large bronchi (30).
On occasions the virus is shown to produce meningoenceph
alitis in calves (27), keratoconjunctivitis (I), or
abortions in pregnant cows (12,48,61,64,69)..

Owen and

coworkers (69) isolated virus from aborted, dead in_ utero,
and live fetuses during both the first and third trimesters
of pregnancy.

The IBR virus was isolated from most fetal

tissues having microscopic lesions and rarely from fetal
tissues without lesions.

Therefore there appears to be a

relationship between the presence of virus and microscopic
lesions.

The virus enters the fetus directly by the fetal

circulation (hematogenous route) or directly by transversing the placenta and amniotic fluid (placento-amniotic
route) (69).

The fetal lesions which characterize

6

abortions caused by the IBR virus include focal necrotizing
hepatitis, necrotizing placentitis, and irregularly dis
tributed focal necrotic lesions in other organs (48).
EQUINE
Abortion in mares caused by equine rhinopneumonitis
virus, originally described by Doll (20), has been recog
nized as a disease entity in many parts of the world.
In weanlings, the disease is manifested by a mild febrile
reaction accompanied by a rhinitis or nasal catarrh which
appears in the fall months (30).
lings and weanlings is negligible.

The mortality in suck
In aborting mares,

clinical signs are not evident, but there are character
istic lesions in the fetuses (59).

Histological changes

include widely disseminated focal hepatocellular necrosis
characterized by typical eosinophilic intranuclear in
clusion bodies (15,59,90), interstitial pneumonia, and a
bronchopneumonia (59).

The interlobular septa of the lungs

are both edematous and infiltrated with mononuclear .
inflammatory cells, and intranuclear inclusion bodies are
observed in bronchial and alveolar cells (90).

Studies

conducted by Corner and associates (15) revealed the pre
viously unrecorded presence of typical inclusion bodies in
the pancreas, kidney, small intestine, and myocardium.
FELINE
Feline viral rhinotracheitis (FVR) has been associated
with acute febrile upper respiratory disease in the cat.
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The characteristic histologic features of this disease
include intranuclear inclusion bodies in the epithelial
cells of the upper respiratory tract, tonsils and
nictitating membranes (18). Clinically, the disease is
!
characterized by fever, neutrophilic leukocytosis,
paroxysmal sneeziqg and coughing, copious nasal exudate,
dyspnea, anorexia, and pronounced weight loss (40).

The

virus is capable of causing several different ocular
manifestations in affected cats, including ulcerative
keratitis which closely resembles recurrent dendritic
ulcerative keratitis in herpes simplex virus infection
of humans (6).
Hoover and Griesemer (39) investigated experimental
FVR infection in the pregnant cat and characterized the
lesions produced in the uterus, placenta,and fetus.
Intravenous inoculation of pregnant cats produces minimal
illness in queens but results in abortion, intrauterine
fetal death, and fetal infection. Placental -lesions
include multiple infarcts in the placental labyrinth,
thrombosis of maternal vessels in the endometrium and
placenta, and multifocal necrosis of the giant-cell
trophoblast.

Coagulative necrosis in the placental

labyrinth has also been reported with congenital infection
with herpes simplex virus (93) and IBR virus (64).
F ocal hepatic necrosis present in the fetus congenitally

I

8

infected with FRV is similar to the lesions associated
with congenital infection by the equine (91), bovine
(48,69), and human herpesviruses (34).
PORCINE
Pseudorabies virus (PRV, Aujeszky's disease) has
long been recognized as a severe, highly fatal disease
of newborn pigs in the United States (74).

When virus

is shed into the environment, overt disease is evidenced
by abortion and stillbirths (50), tremors, and other signs
of central nervous system disease in piglets (74); and
is also a rapidly fatal disease of cattle (30).

In most

infections of adult pigs, PRV persists as a latent, subclinical infection of the nasopharynx.
necrosis

Small foci of

and other evidence of herpesvirus infection are

present in the nasal and tonsillar mucosa, and virus is
shed in the nasal or oral secretions (30).

In contrast

to adult pigs, infection of the nasopharynx of neonatal
piglets leads to disseminated encephalomyelitis which at
times is rapidly fatal (14,74).

Histopathologically,

placental lesions are characterized by degeneration,
necrosis, and presence of intranuclear inclusion bodies
in the trophoblasts and mesenchymal cells of the chorionic
fossae (42). These lesions are similar to those reported
in GHV of dogs (32) and in cattle infected with IBR (48).
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The isolation of PRV from the spleen and liver of aborted
fetuses indicates the ability to cross the placental
barrier,
causing

thus producing lesions in porcine fetuses and
reproductive failure in sows (42). .

CYTOMEGALOVIRUS
Cytomegalic inclusion disease has been reported
in guinea pigs (63), mice (44,57), sheep (31), swine
(23), and nonhuman primates (85) .

Nodules of hyper

plastic epithelial cells with cytomegalic-type inclusions
have also been observed in the lungs of elephants (60).
The highly species-specific cytomegaloviruses are
capable of initiating prolonged active infections.
Although they produce little, if any, clinically apparent
disease in the adult, in some species they have an adverse
effect on gestation .(44).

The human cytomegalovirus

causes severe pathologic change in the fetus following
placental transfer and invasion of fetal tissues (44).
While studying the murine cytomegalovirus (MCMV) as a
possible experimental model for the human infection,
Manhini and Medearis (57) concluded that MCMV infection
of pregnant mice causes fetal loss without evidence of
fetal infection.
Inclusion body rhinitis of swine, caused, by a cyto
megalovirus type herpesvirus, has been shown to be
Principally a disease of the respiratory tract accompanied
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by anemia in pigs less than four weeks of age (30).
Cytomegalic inclusions are found in nasal mucosa, kidney,
brain, liver, and adrenal cortex (47).

Under experimental

conditions, susceptible pregnant sows exhibit a mild
disease accompanied by an increased number of mummified
and stillborn fetuses.

Virus can be isolated from various

internal organs of some fetuses indicating transplacental
transmission» and some survivors excrete virus and transmit
the infection to other nonin fected piglets (23).
In summary, the herpesvirus group includes ,a large
number of cytopathogenic, epithelialtropic viruses in
which there is a clear relationship between age and sus
ceptibility.

Neonatal animals succumb during a disease

to which they would be relatively resistant a few weeks
later, or become infected jLn utero.

Such herpesviruses

include: pseudorabies virus (14,74), canine herpesvirus
(10,16,33,71,86), equine rhinopneumonitis (15,20,59,90),
infectious bovine rhinotracheitis (12,48,61,69), feline
rhinotracheitis (39) , mouse cytomegalovirus (44,57) , and
inclusion body rhinitis (23).

The evaluation of trans

placental transmission with mouse thymic virus may
contribute to a better understanding of the pathogenetic
mechanisms involved in these disease processes.

11

MOUSE THYMIC VIRUS
Virus Isolation
The initial isolation of mouse thymic virus by Roue
and Capps (76) ? was an incidental finding during a blind
passage series of a suspension of pooled lactating breast
tissue, mammary tumor, and stomach contents of suckling
mice.

This suspension was inoculated into newborn out-

bred mice and a blind passage series was initiated.

No

illness was observed until the fifth passage in which
routine histologic sections indicated a small portion
of the thymus was necrotic.

These findings were consistent

through 39 serial newborn mouse passages since the
fifth passage of the initial series, with induction
of thymic necrosis in 96% of mice examined at six to
eight days, and 96% of the mice examined at 14 to 20 days.
Twenty-one additional isolations of an apparently
identical agent were made from tissues and mouth swabs
of retired breeder mice of the same mouse colony.
This isolation was indicative of a chronic phase.
Ultrastructure
Electron microscopic studies conducted by Banfield
(76) on thin sections of the thymus from infected mice
six days post-inoculation indicated intranuclear and
intracytoplasmic particles, the latter having an additional
membrane, possibly of cellular origin.

However, further
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attempts were not made to identify or classify these
particles due to a number of technical problems which
made it difficult to obtain exact information on the
virus.
Parker and associates (70) described some aspects
of the morphology of the virus particle observed only
in mice inoculated with TA.

Intranuclear particles

approximately 108 nm in diameter were limited by a single
membrane and often had a complete nucleoid.

The cyto

plasmic and extracellular particles had a rough-surfaced
outercoat measuring approximately 135 nm in diameter.
The nucleoid of the particles in all locations was often
a ribbon-shaped, oblong structure measuring approximately
74 by 45 nm.

There was little evidence of margination

of nuclear chromatin in any of the infected cells.

There

were accumulations of intranuclear filaments approximately
10 nm in diameter seen in cells with and without evidence
of herpes-type particles.

Based upon the morphology of

TA particles described by Parker and associates (70),
together with the physical properties of both heat and
ether lability described by Rowe and Capps (76), this
agent has been placed in the herpesvirus group.
Newborn Infection
When freshly prepared suspensions of infected tissue
were inoculated into infant mice, (i.e. less than 24 hours
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of age) they showed no evidence of overt disease or excess
mortality (13).

However, they exhibited a long lasting

disability, associated with eye infections, a runting
syndrome, hair loss, and enhanced susceptibility to
infection.
Infection in newborn mice causes extensive necrosis
of the thymic cortex and medulla from ten to 14 days after
inoculation followed by recovery over several weeks.
During the acute phase of infection, lasting about ten
days, virus can be recovered from the thymus, salivary . .
glands, blood, and viscera.

For seven months after acute

infection, virus can be demonstrated in the salivary glands
but not elsewhere (19).
Cross and associates (19) conducted studies in which
virus distribution in tissues of infected neonatal mice
was examined.

Litters of day old NIH Swiss mice were

inoculated intraperitoneally (i.p.) with TA.

At various

points in time after infection, mice were bled and pools
of thymuses, salivary glands, brains, and viscera (which
included heart, lung, spleen, liver, and kidneys) were .
prepared.

Samples from twenty mice were pooled between

days one and 14 and on days 21 and 219; six mice comprised
each sample.

Results indicated that infectious virus was

first detected in the thymus on day three, with a maximum
titer of IO3 -3 ID^q per 10 mg of tissue on day seven.
Virus titers of the thymuses examined for TA were negative
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from days 14 through 219.

A viremia was present on day

three with maximum titers on day seven, but by day ten
viremia could not be detected.

A trace amount of virus

was detected on day 70 in a sample of undiluted blood
(Refer to Appendix B).
Adult Infection
Cross and coworkers (19) evaluated adult NIH Swiss
mice inoculated i.p. with TA.

Extracts of pools of viscera

and thymus were prepared from these animals at various
points in time after inoculation.

These pools were then

inoculated into newborn mice, and the thymuses of these
mice were passed once more into newborn mice.

In contrast

to the course of infection in newborn mice, a chronic
infection of the salivary glands in adults became
established without apparent infection of the thymus.
No evidence of virus was detected in the thymus, brain,
viscera, or blood.

The histology, of the thymus and lymph

nodes harvested on days two through 14 was within normal
limit (Refer to Appendix C).
i
•
'
Therefore, the analyses of data from both adult and
neonatal infection with TA strongly suggests that this
virus has a greater pathogenicity for newborn animals as
manifested by thymic necrosis.
Pathogenesis in Newborn Mice
In a study reported by Cross and associates (19) on
the pathogenesis of TA infection in newborn NIH Swiss mice,
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both macroscopic and microscopic lesions of the thymus
were evaluated.

Histologic examination revealed nuclear

inclusions on day five, but necrosis was not apparent
macroscopicaly, even though infectious virus was detected
in the thymus.

Maximum thymic necrosis was observed on

days ten and 14 but appeared first on day seven.

Upon

gross examination, visible lesions were first reported
on day seven.

Thymuses examined on days ten and 14 were

very small and white, while focal necrosis was still visible
as white areas on days 21 and 35. Scar tissue was the only
visible lesion observed in thymuses 75 and 115 days post
inoculation.
Microscopic examination of tissues collected in the
studies (19) revealed maximum inclusion bodies on day
seven, which was directly correlated with virus titer.
By day ten, nuclear inclusions decreased, virus titer
dropped and maximum state of necrosis was observed.

The

medulla of the thymus had become a.mass of necrotic
material, and no areas rich in lymphocytes remained in
the cortex.

No nuclear inclusions ,were observed on day

14, but this was the first time giant cells were observed
in the thymuses.

The thymus appeared necrotic in some

areas while in others, a granulomatous reaction was
evident.

On day 21 partial repopulation with thymocytes

had occurred in the cortical areas of the thymuses and no
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infectious virus was recovered.
with a granulomatous response.

Giant cells were numerous
A histological granuloma

tous reaction was observed on day 35 <, with visible foci
of necrosis.

By day 77 the thymuses returned to normal

except for some scar tissue.

Cortical and medullary

regions were clearly delineated.
Indirect fluorescent antibody tests of infected
thymuses revegled nuclear fluorescence in cells of the
cortical and medullary areas of the thymus p with the
strongest fluorescence seen in the cortex (19).

The size

and shape of the nuclear inclusions in the cells varied,
and many cells contained more than one inclusion.

The

presence of nuclear inclusions corresponded in time to the
detection of the infectious agent by virus isolation.
Although the histology of the thymus was almost normal
(partial repopulation with thymocytes) by day 21, the
weight of thymuses from TA-in fected animals was signifi
cantly less than normal controls until day 42 (19).

Maximum

weight loss correlated with maximum necrosis (seven and
14 days).
A more recent study conducted by Wood and associates
(94) was undertaken to determine if spleen and mesenteric
lymph node necrosis occurred as a result of TA infection
of newborn mice.

Through histopathologic evaluation it

was determined that necrosis was more severe in the

17

thymus, followed by mesenteric lymph nodes and spleen.
Reconstitution of the damaged tissue occurred first in the
thymus, followed by the spleen and finally the lymph nodes.
It was concluded that all lymphoid tissues underwent
necrosis following TA-infection, however with a lesser
degree in the secondary lymphoid organs.
Immunologic Evaluation of Infected Newborn Mice
Cohen and associates (13) have shown that mice
infected at birth with TA had a severe but temporary
impairment of T-c ell functions.

Splenocytes from such

animals failed to undergo stimulation by T-cell lectins
such as phytohemagglutinin (PHA) and concanavalih A
(Con A).

There was a small amount of proliferation in

response to pokeweed mitogen, a T-cell lectin known to
have some B-c ell stimulating capacity.

Reactivity to all

three lectins returned around five to six weeks after
birth and was equivalent to that of controls at eight weeks
Reactivity to bacterial lipopolysaccharide, a B-c ell lectin
was unimpaired in virus-infected animals.

It was also, re

ported that despite the profound loss of spleen cell
reactivity, thymocyte PHA reactivity was intact in virusinfected mice.
Cohen et al. (13) reported that spleens also failed
to yield a primary in_ vitro antibody response to a !-depen
dent antigen, sheep red blood cells, despite normal
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responses to a !-independent antigen, trinitrophenol-ficoll.
In addition, both spleen and thymus cells from young virusinfected animals had diminished proliferative responses
to allogeneic cells, as well as a decreased ability to
generate cells which mediate lysis of allogeneic target
cells (killer !-cells).

It could be concluded from these
-

studies that infection with IA results in depression of
some parameters of !-cell function, while sparing others.
Moreover, IA apparently has no effect on B-c ell function,
independent of helper !-cells.

Ihese _in vitro studies

suggest that IA might selectively affect particular sub
populations of !-cells (i.e., helper, cytotoxic, or
suppressor !-cells).
Morse and associates (65) evaluated the _in vivo effect
of neonatal infection with IA on the ontogeny of cells
regulating the antibody response to type III pneumococcal
polysaccharide.

!heir results indicate that the virus

does not affect B-c ell function or the development of
suppressor !-cells, but causes a transient delay in the
development of helper !-cell function.
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CHAPTER 3
MATERIALS AND METHODS
MICE
A breeding colony of BALB/c mice was purchased from
Charles River Inc. (Wilmington, MA).

Animals derived from

that colony were used throughout this study.

During the

course of experimentation, animals were maintained in a
controlled environment and housed in Nalgene polycarbonate
cages (Cat. no. 10712-154, VWR Scientific Inc., Seattle,
WA) which were fitted with filter tops (Lab Products,
Rochelle Park, NO).

Bedding (SAN-I-CEL, Paxton Processing

Co., Inc., Paxton, IL), diet (Wayne MRH 22/5 Lab Blox,
Neff's Animal Specialties, Missoula, MT), and water were
steam sterilized before use.

A routine animal health pro

gram was implemented in which the stock colony was peri
odically tested for the following viruses from serum
submitted to Microbiological Associates (Bethesda, MD):
mouse hepatitis virus, minute virus of mice, lymphocytic
choriomeningitis virus, Sendai virus, and pneumonia virus
of mice.

Serum samples were also assayed for the enzyme

lactate dehydrogenase by Vetpath (Teterboro, NJ).
Mice termed newborn in experiments were less than
24-hours-old and adult mice were six to eight weeks of
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age.

In congenital experiments, conception was initiated

by leaving one male with three females for 24 hours at
which time the male was removed and the day of removal
was termed day one.
MEDIUM
Powdered RPMI 1640 medium (Gibco, Gand Island, NY)
was prepared to IOX concentration in distilled, deionized
water including NaHCO^, filtered through, a 0.22 urn filter,
and stored at 4° C .

Prior to use it was diluted to single

strength concentration with sterile, distilled, deionized
water and supplemented with 2-mercaptoethanol (Sigma,
St. Louis, MO) 50 uM; glutamine (Gibco), 2 mM; penicillin
(Pfizer, Groton, Cl), 50 lU/ml; and gentamicin (Sharing,
Kenilworth, NI), 50 ug/ml.

The pH was adjusted to 7.1

with I N HCl and osmolarity adjusted to 300 mOsm with
8.5% saline or water.

In some experiments, this medium

was further supplemented with 10% fetal calf serum (PCS,
Hy-Clone, Sterile Systems, Logan, UT).
Serum-free Iscove's medium (IMDM) was prepared as
previously described (5).

Powdered Dulbecco's Modified

Eagle Medium (Gibco) was dissolved to 1.25X concentration
in distilled, deionized water.
with the following:

It was then supplemented

NaHCO^, 31 mM; HEPES (Research

Organics, Cleveland, OH), 25 mM; cystine-HCL (Sigma),
120 uM; NagSeO^ (Sigma), 160 uM; 2-mercaptoethanoI (Sigma),
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50 uM; fatty acid-free bovine serum albumin (BSA, Sigma)„
14.5 uM; human transferrin (Behring Diagnostics„ Sommerville, NJ), 1.13 mM, 1/3-saturated with FeCl^, alanine
(Sigma), 222 uM; asparagine (Sigma), 131 uM; aspartic acid
(Sigma), 180 uM; glutamic acid (Sigma), 410 uM; proline
(Sigma), 8.7 mM; sodium pyruvate (Gibco), 8.7 mM; biotin
(Sigma), 23 uM; Vitamin

(Sigma), 4.0 uM; glutamine

(Gibco), 2.0 uM; penicillin (Pfizer), 50 lU/ml; and genta
micin (Schering), 50 ug/ml.

A suspension of cholesterol

(Sigma), 19 uM; Iinoleic acid (Sigma), 10 uM; and 1-oleyl2-palmitoyl phosphatidyl choline (Sigma), 1.0 mM, was pre
pared in IX DMEM containing 290 uM fatty acid-free BSA
(Sigma).

This suspension was sonicated at 4° C for 10 to

12 minutes at 80 watts and added to the previous mixture
at a ration of 1:400 (volume/volume).

The medium was

brought to working concentration with distilled, deionized
water, the pH adjusted to 7.1, and osmolarity adjusted to
300 mOsm.

It was then filtered through a 0.22 urn filter

and stored in 500 ml aliquots at -76° C until used.
STOCK VIRUS
TA virus seed (TA 9940/21, Microbiological Associates)
was the fifth newborn mouse passage comprising a 10% ex
tract of thymuses, livers, spleens, kidneys, and adrenals.
The stock virus, used in subsequent experiments, was pre
pared by passing the TA virus seed a total of five times
■in newborn BALB/c mice.

Newborn mice were inoculated
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intraperit oneaIly (i.p.) with 0.05 ml (I ID^q ) of virus
with a 1.0 ml syringe fitted with a 23 gauge by I inch
needle. For passage, thymic tissues were harvested seven
days after inoculation and all tissues were homogenized
on ice in 15 ml Ten Broeck tissue homogenizers (Cat. no.
62400-530, VWR Scientific Inc.) in 1640 RPMI medium.

To

prepare a 10% extract, 9 parts of medium (by volume) were
added to I part of tissue (by weight), and both medium and
tissues were held in an ice bath at 4° C .

The tissue sus

pension was centrifuged at 4° C for 20 minutes at 800 xg
in a refrigerated centrifuge with a swinging bucket rotor.
The supernatant was removed, aliquoted into 1.0 ml vials,
quick frozen on dry ice, and stored in both liquid nitrogen
and at -64° C in a Kelvinator freezer.

All experiments

were carried out with frozen virus passages #3, 4, and.5.
The supernatant from the stock virus preparation was
filtered through a 0.45 urn Swiney filter.

It was then

inoculated i.p. (0.05 mis, I ID^q, as before) into newborn
mice.

Thymuses were harvested seven days post-inoculation

and evaluated histologically.
Electron Microscopy
To verify the presence of TA virus, the pellet from
the stock virus preparation (passage #3) was negatively
stained and observed with an electron microscope.

The

stock pool of virus was centrifuged at a low speed to pellet

'i
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the cells.

The supernatant fluid was discarded and the

pellet resuspended in 2.0 ml of sterile distilled water„
Four to six drops of the suspension were added to a spot
well containing two drops of 4?o phosphotungstic acid, two
drops of freshly prepared 0.3% suspension of BSA, and 15
to 30 drops of distilled water.

The resulting suspension

was mixed in a pipette and placed into an all-glass
nebulizer (Ted Pella Inc., Tustin, CA).

The preparation

was sprayed onto a carbon coated formvar filmed grid and
immediately examined using a JEOL IOOCX transmission
electron microscope operated at 80-100 KV.
Virus Titration '
Since a tissue culture system had not been established
for TA, it was necessary to titer the virus in newborn
mice according to the method of Reed and Muench (75).
Newborn mice were inoculated i.p. with 0.05 ml (I ID^q )
of TA passage #3.

The stock virus was diluted (serial

Iogi0 dilutions) from 10"

to 10~

in RPMI 1640 medium,

and control animals were inoculated with medium only since
sham thymuses from seven-day-old normal BALB/c mice were
not available at the time.

Thymuses were harvested seven

days post-inoculation and the following parameters evalu
ated:

a) thymic weights, b) total body weights, c) im

prints of the thymus, Carnoy's fixed (77) and stained with
a rapid hematoxylin and eosin (H&E), and d). light
microscopy samples of the thymus, fixed in 9 parts
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mercuric chloride and I part concentrated formalin (76),
paraffin embedded, and stained with a routine H&E.
Light microscopy sections of thymuses from individual
mice were scored from 0 to +3 as follows: .0 normal thymus,
+1 isolated foci of necrosis, +2 larger areas of
necrosis with maintenance of thymic architecture, +3 the
medullary area consisted of a mass of necrotic material
and the cortex contained depleted areas of lymphocytes
and scattered necrotic debri.
Test of Stock Virus for Murine Contaminants
The stock virus (passage #3) was tested for murine
contaminants included in the routine animal health program
Sixteen female 33-day-old BALB/c mice were obtained
from Charles River Inc..

Throughout the experiments they

were maintained in a Trexler Flexible plastic isolator
(Snyder Manufacturing Company, New Philadelphia, OH) with
a blower, air filter, entry portal, and exhaust trap.
Mice were divided into two groups consisting of eight mice
each:

TA-inoculated and sham-inoculated (thymus extract

from normal seven-day-old BALB/c mice).

Animals were

inoculated i.p. with 0.5 ml (10 ID^q ) of virus or normal
thymus extract.

The serum from each group was pooled at

the end of the sixth week and tested for the presence of
potential murine contaminants previously mentioned.
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ADAPTION TO TISSUE CULTURE SYSTEM
Long term murine interleukin 2 (IL2) dependent T-c ells
(CTLL2, Dr. Paul Baker, Veterinary Research Lab, Bozeman,
MT), mouse mammary tumor cells (MMT 060562, American Type
Culture Collection, Rockville, MD), McCoy's cells (Flow
Labs, Inglewood, CA), and cultured thymocytes from TAinoculated newborn mice seven days post-inoculation were
utilized as host cells.

All cells were incubated at 370 C

in a humidified atmosphere with 5% COg,'
Long term T-cell line
CTLL2 cells (5.0 ml) were seeded at 5 x 10^/ml in
a tissue culture flask (#3018, Falcon, Division BectonDickinson, Oxnard, CA) containing IMDM and 1.0 unit/ml
of rat IL2.

After two days in culture 1.0 ml (20 ID ^ )

of passage- #3 was added to the flask.
Mouse Mammary Tumor Cells
The use of mouse mammary tumor cells (MMT) as a host
cell line for TA replication was based upon the initial
isolation of the virus by Rowe and Capps (76).

Cells (5.0

ml) were seeded at I x 10^/ml in tissue culture flasks
(#3018, Falcon) with IMDM supplemented with 5% FCS.

Upon

con fl u e n c y t h e cells were washed with phosphate buffered
saline; and 3 to 4 ml of trypsin were added to the monolayer
for one minute, removed and the flask incubated for ten
minutes.

Five ml of medium were added, cells resuspended

and passed at a 1:10 dilution in IMDM containing 5% FCS.
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Upon the removal of medium after two days in culture,
cells were infected with 1.0 ml of TA passage #3 (20. ID
and incubated for one hour.

Four ml of IMDM supplemented

with 5% FCS were added, incubated, and observed for cytopathogenic effect (CPE).

Supernatant was removed,

aliquoted into 1.0 ml vials,

and stored at -64° C .

In order to possibly enhance viral attachment to MMT
cells (7), DEAE-dextran (Sigma) prepared in sterile,
distilled deionized water at a concentration of 10 mg/ml
was added to the culture medium at a final concentration
of 50 ug/ml.

Cells (100 ul) were adjusted to I x 10^/ml

and plated in triplicate in sterile, 96-well, flat
bottom microtiter plates (//IS-FB 96TC, Linbro) with
varying concentrations of dextran: 200, 100, 50,
25, 12, 0 ug/ml.

Both noninfected.(medium only,

IMDM supplemented with 5% FCS) and TA-in fected (passage
#3 or MMT infected) supernatants were cultured for
various periods of time.
At times indicated, wells were pulsed with 50
ul of culture medium containing 10 uCi/ml [ ) -Tdr
(sp. act., 1.9 Ci/mM, Schwartz/Mann, Spring Valley,
NY).

Plates were then incubated for an additional

four hours prior to harvesting via a Bellco automated
sample harvester.

Glass fiber filter strips containing

[ ] -Tdr-Iabeled well contents were air dried, placed
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into a toluene-base cocktail (#NEF-903, New England
Nuclear, Boston, MA), and counted for 0.3 minute
on a Beckman LSlOOC liquid scintillation counter»
Results were expressed as the mean cpm + I SEiuI for
triplicate wells.
MMT cells were cultured on sterile 12 mm cover
glass discs (Rochester Scientific Co. Inc., Rochester,
NY) placed in 24 well tissue cluster plates (Costar
#3524, Linbro, Cambridge, MA).

One drop (100 ul)
5
of cells at a concentration of I x 10 /ml was plated

per coverslip and incubated for one hour to ensure
adherence.

One m). of medium, IMQM,supplemented with

5/6 FCS, was added and coverslips were incubated until
confluent.

At this time medium was aspirated off

and cells inoculated with 100 ul of virus passage
#3 with the addition o;f 100 ug/ml of dextran plus
appropriate controls (TA + 0 ug/ml dextran, medium
+ 100 ug/ml dextran, medium + 0 ug/ml dextran).
After 45 minutes of incubation, covers lips were washed
with 1.0 ml of medium and replaced with fresh medium.
At various times, supernatants were removed and frozen
and coverslips were fixed in Carnoy1s fluid stained
with a rapid H&E.
The supernatant from MMT-infected coverslips
was inoculated (0.2 ml, 4 ID50) into newborn mice,
harvested seven days post-inoculation, and thymuses were

evaluated histologically.

Tissues were fixed in

mercuric chloride concentrated formalin and stained
with a routine H&E.
McCoy's Cells
Similar procedures utilized in the cultivation,
infecting, and pulsing of MMT cells in microtiter plates
and coverslips were followed for McCoy's cells, except
that RPMI 1640 medium supplemented with 10% FCS was used
to culture the cells.
Thymocytes from TA-Inoculated Newborn Mice
Thymuses from TA-inoculated newborn mice seven days
post-inoculation were removed aseptically and placed in
a petri dish containing sterile RPMI 1640 medium
supplemented with glutamine (25 mM), penicillin (50 ID/ml),
and gentamicin (50 ug/ml).

Thymic pieces were repeatedly

forced through a 10.0 ml syringe (without a needle) and
transferred to a new petri dish containing medium.

Thymic

parenchyma was separated from supportive connective tissue
by passing through a 20 gauge needle and placed into a
50 ml centrifuge tube to settle for ten minutes.

The

suspension was transferred with a pasteur pipette and
centrifuged for ten minutes at 350 xg.

The supernatant

was then removed with a pasteur pipette and the pellet
suspended in 200 ul (per thymus) of RPMI 1640 medium
supplemented with 10% FCS and crude rat IL2, 1.0 unit/ml.
Cells (100 ul) were plated on 12 mm glass coverslips in
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a 24 well cluster plate (#3524, Linbro) with appropriate
controls (i.e. thymocytes from sham-inoculated newborn
mice seven days post-inoculation).

Based upon obser

vations of the cells in culture, coverslips were stained
with an a naphthyl acetate esterase stain (Sigma).

The

supernatant from cultured cells was inoculated (0.2 ml,
4 IDcn) into newborn mice, and thymuses were harvested at
seven days post-inoculation and evaluated histologically.
EVALUATION OF CONGENITAL TRANSMISSION
Since the exact time of onset of thymic necrosis in
congenitally infected newborn animals was unknown, a pilot
experiment was conducted to determine the specific time of
infection.

After this preliminary experiment, subsequent

investigations would be conducted for this sequence and
analysis performed in the areas of pathology and
immunology.
Pathologic Evaluation
Both macroscopic and microscopic pathologic changes
induced by the virus in TA-inocuIated newborn animals were
utilized as a positive control for the histologic evalu
ation of mice infected in utero.

Newborn mice inoculated

with 0.2 ml (4 ID50) of virus were sacrificed at various
time intervals and thymuses were fixed in a mercuric
chloride concentrated formalin fixative, paraffin embedded,
and stained with a routine H&E..
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The following five congenital, experiments were
conducted to evaluate both pathologic and immunologic in
vestigations. Evaluation in all experiments included
histopathologic analysis of individual thymuses including
light microscopy samples (mercuric chloride concentrated
formalin fixed, stained with a routine H&E), thymic
imprints (Carnoy's fixed, rapid H&E stained), and thymic
weights.
Experiment #1
The purpose of this pilot experiment was to examine
the ability of TA to pass the placental barrier and induce
an infection with pathologic changes in the offspring.
The ability of the virus to induce such changes may be
governed by the time in gestation in which the pregnant
females were inoculated, therefore the inoculation schedule
was varied.

Pregnant BALB/c mice (four animals per day)

were inoculated i.p. with 0.5 ml (10 ID^q ) of virus passage
#3 on days I, 5, 10, 15, and 20 of gestation.
inoculated controls were not included.

Sham-

Offspring were

examined I, 7, and 11 (one animal) days after birth to
determine if an jm utero infection had been established.
Experiment #2
The experimental design was based upon the results
of the pilot experiment, specifically those obtained from
the day 17 of gestation inoculation with 1.0 ml of TA
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(10 ID^q )» in which the virus was present in the dam four
days before delivery.

The ability of the virus to pass

through the placenta may be dose dependent (10

vs

20 ID^Q) and the possibility of virus transfer in the
milk was considered.

Three pregnant females and one sham

control were inoculated per day (days 10p 12, 14, and 16
of gestation) with 1.0 ml (20 ID^g) of passage V/4A.

Off

spring were examined before nursing (BN) and at seven days
of age.

Thymic extracts of day old mice (BN) from a female

inoculated on day 16 of gestation were passed (0.2 ml, .
4 ID^g) into newborn BALB/c mice. The thymuses from these
animals were harvested and examined at seven days post
inoculation.
Experiment #3
This experiment expanded upon the observations from
the day 17 inoculation and additionally examined the
possibilities of .virus transfer by way of the milk and
direct contact with the inoculated dam through the
grafting of offspring (BN) from infected dams to uninocu
lated lactating animals.

Four pregnant females plus one

sham control were inoculated i.p. with 1.0 ml (20 ID^g)
of passage #4A on day 17 of gestation.

Thymuses from

offspring were evaluated on days I, 5, and 7 after birth.
Experiment #4
The experiment was designed to repeat a day 17 of
gestation inoculation (virus administered four days before

32

parturition) and took into consideration variables in
earlier experiments.

A variation in gestation period

was compensated through the consideration of both a 20
and 21 day period.

Previous experiments were conducted

with two virus passages, passage it3 (used in experiment
I) and passage #4A (in experiments 2,3).
were incorporated in this experiment.

Both passages ^

The route of inocu

lation may have a bearing on the ability of the virus
to induce changes.

In addition to i.p. 1.0 ml (20 ID,.

inoculations used in earlier experiments, virus was admin
istered via an intravenous (i.v.) route (0.2 ml, 4 ID^q )
into the retro-orbital sinus.

Offspring were grafted

to uninoculated animals (BN) and examined at one and seven
days of age.

Therefore the experimental design included

the usage of two virus passages, two routes of inoculation
and the grafting of offspring (BN).

One to two animals

were inoculated per group; sham inoculated animals were
not included but normal BALB/c mice were used as controls
for light, samples.

Salivary gland samples were evaluated

histologically from two dams to observe viral inclusions
which had been previously reported by Cross (19) in TAinocu lated adult mice.
Experiment #5
Offspring from animals inoculated in the first (days
1-7), second (8-14) and third (15-21) trimester of
pregnancy were evaluated.

Pregnant BALB/c mice were

33

inoculated with 1,0 ml (20 ID^q ) of passage #5B;

first

trimester: four mice, second trimester: five mice, third
trimester: two mice.

Control mice were inoculated with

thymic extract from newborn mice seven days of age.
Immunologic Evaluation
In order to determine a more sensitive method of
evaluation, the immunologic response of offspring infected
on day 17 i^ utero was evaluated seven days after birth.
Before congenitally infected newborn animals were analyzed,
a known positive infection in such animals was established
through the inoculation of newborn mice.
were then evaluated immunologicaIly.

These animals

TA-inoculated new

born mice seven days post-inoculation were the control
animals used for the comparison of seven day old newborn
mice infected on day 17 _in utero.

Therefore, this was

an age matched control.
Thymuses and spleens from seven day old mice pre
viously inoculated with TA at birth (0.5 ml, 10 ID^q ,
passage M B ) were collected in sterile RPMI 1640 medium
supplemented with glutamine (25 mM), penicillin (50 lU/ml),
and gentamicin (50 ug/ml).

The thymocyte suspension was

prepared as previously described.

Spleens placed in a

petri dish containing medium were injected with a 1.0 ml
tuberculin syringe containing additional medium and teased
apart with forceps.

The suspension was repeatedly forced
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through a 10.0 ml syringe (without a needle) and trans
ferred to a new petri dish containing medium.

Splenic

parenchyma was separated from supportive connective tissue
by passing through a 20 gauge needle and placed into a
centrifuge tube to settle for 20 minutes.

The suspension
I
was transferred to a second tube and centrifuged at 350
xg for ten minutes. The pelleted splenocytes were adjusted
to I x 10^/ml in RPMI 1640 medium supplemented with 10%
FCS, and thymocytes were adjusted to 2 x 10^/ml.

Cells

were cultured with Con A (two fold serially diluted with
medium beginning with 10 ug/ml), crude rat IL2 containing
a mitogenic dose of Con A, (1.0 unit/ml), and medium.
Cells, lectin, IL2, and medium (100 ul) were plated in
triplicate in sterile, 96-well, flat bottom microtiter
plates (#IS-FB 96TC, Linbro) and incubated at 37° C in a
humidified atmosphere at 5% CO 2•
At times indicated, wells were pulsed with 50 ul of
culture medium containing 10 uCi [ ] -Tdr/ml.

Plates were

then re incubated for an additional four hours prior to
harvesting via a Bellco automated sample harvester and
counted via liquid scintillation as described earlier.
Results were expressed as the mean cpm.+ SEM for tripli
■ 'V

cate wells.
Thymocytes and splenocytes from congenitally-infected
and sham-infected seven-day-old mice were prepared and

35

cultured as above except that Con A dilutions began with
5 ug/ml.
Offspring from TA-Inoculated Datn Bred to Littermates
Offspring from a dam inoculated on day 15 of gestation
(1.0 ml, 10 ID^q , passage #4B) were bred to littermates
(six-weeks-old) and the thymuses of the offspring (second
generation) were examined macroscopically at one and seven
days of age„
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CHAPTER 4
RESULTS
STOCK VIRUS
Histologic evaluation of thymuses from animals inocu
lated with a filtered preparation of passage #3 (I ID^^)
and harvested seven days post-inoculation revealed exten
sive necrosis and scattered accumulations of nuclear debri
as the result of karyorrh ex is (Fig. I).
Electron Microscopy
The negatively stained virion, constructed of capsomeres (Fig. 2) was very pleomorphic, ranging in size from
120 nm (Fig. 2) to 170 nm (Fig. 3).
Virus Titration
The virus titer calculated according to the method
of Reed and Muench (75) in newborn mice inoculated with
virus and harvested seven days post-inoculation was 10 2 °6
(Refer to table I).

Light microscopy samples of infected
_o
thymuses indicated 100% necrosis for virus titered at IOand 16.6% necrosis for 10

(Fig. 4).

Thymic weights (Fig.

5) of TA-in fected and control animals evaluated seven days
post-inoculation revealed maximum weight loss in virus
dilutions IO-2 (9.45 + 5.16 mg) and IO-"5 (17.04 + 6.60 mg).
Similarly, total body weights (Fig. 6) remained Iqw at these.

Table I.

DILUTION

Titration8 of mouse thymic virus in newborn mice
the methods of Reed and Muench

//ANIMALS
IN LITTER

THYMIC® % THYMIC
NECROSIS NECROSIS

-2

4 .

4

100 ..

-3

6

I

-4 .

6

-5

THYMIC
WEIGHTS(mg)

according to

TOTAL BODY
WEIGHTS (g)

SCORE

9.45 (+5.16) 4.41 (+.28)

3,3,3,2

16.6

17.04 (+6.60) 4.37 ( + . 2 9 )

2,0*oo»

0

0

23.62 (+10.47)5.37 (+.37)

Ooeeseo

7

0

0

17.46 ( + 7 . 9 9 )

Oeo o oo o

-6

6

0

0

26.42

(+2.53) 5.47 ( + . 2 1 )

Oeeooeo

-7

9

0

0

24.33 (+5.25) 4.66 (+.33)

Ooeeeoo

-8

5

0

0

29.62 (+3.99) 5.80 ( + . 3 2 )

Oe o e e o e

control^

4

0

0

19.57 (+5.38) 4.96 (+.2?)

Ooeooe »

4.72

(+.35)

Calculation of virus titers IO2e6
^BALB/c mice less than 24-hours-old were inoculated i,p„ with 0.05 ml
(I ID^q ) of TA passage #3.
cStock virus (TA passage #3) was diluted.in RPMI 1640 medium.
^Mice were inoculated i.p. with 0.05 ml of RPMI 1640 medium.
0

-p

’ Based upon histologic evaluation.
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dilutions, 4.41 + .28 g and 4.37 + .29 g respectively.
The decrease in both thymic and total body weights
correlated with the histologic finding of thymic necrosis
A fluctuation in the remaining weights was evident and
may be attributed to individual variation.
Histopathologic evaluation of thymuses indicated
the darkly stained cortical area of a 0 scored thymus
appeared densely packed with thymocytes in comparison
to the medulla, in which they were less abundant but re
placed by reticular cells and supporting stroma (Fig.
7).

A reduction in cortical area was apparent in the

+2 scored thymus with subsequent maintenance of thymic
architecture (Fig. 8).

Massive necrosis was observed

in a +3 thymus and individual cell necrosis was evident
by.the accumulation of nuclear debri (Fig. 9).
Test of Stock Virus for Murine Contaminants
Serum samples tested for contamination of murine
viruses indicated the stock virus to be free of the
following:

mouse hepatitis virus, minute virus of mice,

lymphocytic choriomeningitis virus, Sendai virus, and
pneumonia virus of mice (Refer to Table 2).

Samples

were also examined for the enzyme lactate dehydrogenase
which was found to be high in serum from TA-infected
animals (4,521 IU/L) and low in the serum from shaminfected animals (1,496 IU/L), when compared to normal

Table 2.

Laboratory results of serum samples tested for murine
contaminants from TA-and sham-inoculated mice
TA Serum

Sham Serum

--- ----C
----- --------- -------■— --

__________
__________
— ------ ----- ----—

4,521 IU/L

1,496 IU/L

VIRUSES :b
Pneumonia Virus of Mice (PVM)
Sendai Virus
'
•
Minute Virus of Mice (MVM)
Mouse Hepatitis Virus (MHV)
Lymphocytic Choriomeningitis Virus (LCM)
ENZYME:d
Lactate Dehydrogenase (LDH)

aTwo groups consisting of eight female BALB/c mice (35-days-old)
inoculated i.p. with 10 I D o f virus (passage #3) or normal thymic
I3extract.
^Tested by Microbiological Associates, Bethesda, MD.
^Negative results
Tested by Vetpath, Teterboro, NJ „

I
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values ranging from 1,500 to 3,000 IU/L (67).

The high

values in the TA animals correlated with the presence
of thymic necrosis.
ADAPTION TO TISSUE CULTURE
All cell lines utilized as host cells for TA repli
cation were negative.

However, when thymocytes from TA-

and sham-inoculated (4 ID^g) newborn animals harvested
seven days post-inoculation were cultured with IL2, large
cells were first observed on day six in culture.

These

cells were stained with « naphthyl acetate esterase stain,
which is an enzyme specific for cells of monocytic lineage
and stains cytoplasmic granules black.

RAW 264 cells,

a known monocytic tumor cell line from BALB/c mice (73),
were used as a positive stain control (Fig. 10).

Mono

cytic cells were observed in cultures of normal thymocytes
(Fig. 11), but a significant difference in size was noted
as compared to cultured thymocytes from TA-inoculated
animals (Fig. 12).

The intensity of the granules almost

obscured the nucleus.
Pathologic changes in the thymus of newborn animals
inoculated (4 ID^q) with supernatants from MMT-infected
coverslips and cultured thymocytes from TA-inoculated
newborn animals were not observed at seven days postinoculation.
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EVALUATION OF CONGENITAL TRANSMISSION
Conditions encountered during in^ vivo congenital
experiments included:

a) cannibalism by adult mice

towards newborn animals,

b) the inability to determine

pregnancy predominately in the first trimester, and c)
the variation in gestation periods which interfered with
inoculation schedules.
Pathologic Evaluation
Both macroscopic and microscopic pathologic changes
induced by the virus in the thymus of inoculated (4 ID^q )
newborn animals harvested seven days post-inoculation
were utilized as a positive control for the evaluation
of mice infected i^n utero.
Gross Evaluation:
During the acute phase of the disease, TA-inoculated
newborn mice exhibited a runted condition as compared
to age matched control animals,

A slight difference in

total body size was first noted five days post-inoculation
(Fig. 13) and the thymus appeared normal, still main
taining opacity (Fig. 14).

However, at six days the

thymus took on a more whitish color in comparison to that
of control mice (Fig. 15, 16).

The striking difference

in total body size at seven days (Fig. 17) correlated
with previous observations of maximum virus titer (19)
and a reduction in thymic dimensions attributed to the
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prominance of the lobes (Fig. 18).

At ten days, normal

thymic architecture was obscured and the organ appeared
small and block-like (Fig. 19, 20).

Histopathologic

evaluation revealed that the thymus was at a stage of
maximal necrosis at ten days.

At day 23 a repair process

was evident as the thymus regained opacity (Fig. 21),
and the difference in total body size was less dramatic
(Fig. 22).

The left thymic lobe exhibited a mottled

surface due to foci of necrosis (Fig. 23).

The thymic

structure was comparable to that of the normal control
at both 29 (Fig. 24) and 35 days post-inoculation (Fig.
25).
Histopathologic Evaluation;
Through histopathologic evaluation it was evident
that TA induced a necrosis of the thymus followed by a
characteristic reaction referred to as granulomatous
inflammation.

Therefore, this inflammatory response

set into motion a series of events which healed and aided
in reconstitution of the damaged tissue.

At six days

post-inoculation, the cortical area was thinner in com
parison to the medulla, a ration of I:3 as compared to
a normal of 2;I (Fig. 26).

The cortex exhibited a

paucity of cells with no clear demarcation from the
medulla on day seven.

The loss of normal thymic

architecture was evident in the lymphodepleted cortical
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and medullary areas (Fig. 27, 28).

On days eight to ten,

the thymus was observed at its height of necrosis in which
diffuse necrosis (90%) was evident by the extension from
the medulla to the capsule of degenerative cellular debri
(Fig. 29).

At this stage, intranuclear inclusion bodies

were observed in the thymocytes with margination of nuclear
chromatin (Fig. 30).

On days 12 to 14 there was evidence

of an inflammatory response, as indicated by the appear
ance of multinucleated giant cells (Fig. 31).

Addition

ally, partial repopulation of thymocytes was apparent
around blood vessels (Fig. 32) and the outer margin of
the cortical area (Fig. 33).

At 16 days, repopulation

occurred locally as evidenced by an increase in mitotic
figures (Fig, 34).

Discrete foci of mineralized necrotic

material were first observed on day 21 (Fig. 35) and
progressed to day 24 at which time mineralization was
prominent with multinucleated giant cells in close
proximity (Fig. 36) and the majority of the medullary
area was mineralized (Fig. 37).

However, on days 29 to

35 isolated foci of mineralization were observed withr
out evidence of giant cells (Fig. 38).
In summary, the pathologic changes induced by TA in
the thymus of inoculated newborn mice included:

a) thymic

necrosis, initially beginning with the mature T-cells of
the medulla and consequently spreading to the cortex, b)
an inflammatory response in which multinucleated giant
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cells phagocytized necrotic debri, c) mineralization of
necrotic tissue (dystrophic calcification), and d)
ultimately a partial repopulation of the thymus with new
thymocytes perhaps from remaining viable cells of the
thymus and/or from a nonthymic source (i.e. bone marrow).
Experiment #1
Histologic evaluation of all thymic samples of off
spring from dams inoculated with 10 ID^q of passage #3
on days 5, 10, 13, and 20 of gestation did not reveal
pathologic changes.

During the course of the experiment

as these thymuses were harvested and macroscopic changes
were not evident (block-like thymus), one pregnant female
(day 17 of gestation) was inoculated with 20 ID^q of
passage #3.

Thymic evaluation of two seven-day-old runted

offspring from this female revealed no demarcation between
cortical and medullary areas (Fig. 39) accompanied by
Iymphodepletion and evidence of pyknotic nuclei (Fig. 40).
It appeared that either the virus concentration (20 ID^q )
or the day in gestation of inoculation, day 17, attributed
to the experimental results.
Experiment #2
The offspring from adult mice inoculated with 20 ID^g
of passage #4 on days 10, 12, 14, and 16 of gestation,
examined before nursing and at seven-days-old were not
runted and thymuses were histologically comparable to shaminoculated controls.

Additionally, histologic evaluation
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of thymuses from newborn mice (seven days post-inoculation)
which had been inoculated with thymic extracts

(4 ID^g)

from day old mice (BN) infected on day 16 of gestation
did not reveal alteration of thymic structure.

Therefore

the experiment indicated the virus concentration 20 ID^q
had no bearing on the ability of the virus to induce path
ologic changes of the thymus of animals inoculated Ini utero
Experiment #5
This experiment was designed to repeat results of a
day 17 inoculation with 20 IQ^q of virus administered four
days before parturition (from Expt. #1).

However due to

variation in gestation period, animals delivered one to
three days post-inoculation.

Two offspring (nursed by an

uninoculated female) from a dam administered virus one
day before delivery exhibited a runted condition as com
pared to Iitt ermates.

Thymuses from these five-day-old .

animals displayed a reduction of the cortical area by %
(Fig. 41) compared to a five-day-old normal control
42).

Medullary thymocytes remained well

(Fig.

defined (Fig. 43)

Experiment #4
Two virus passages and routes of inoculation were
incorporated into the experiment.

Three pregnant mice

were inoculated i.p. with 20 ID^g of virus four days before
parturition.

Two of these animals were inoculated with
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passage #4, of which the offspring of one dam were switched
to an uninoculated female„

Offspring of the third animal

(inoculated with passage #3) were nursed by the original
dam.

Histopathologic evaluation of thymuses from one-and

seven-day-old offspring switched to uninoculated animals
and those nursed by the same dam did not reveal alteration
of thymic structure.

Additionally, histologic evaluation

of salivary glands from these inoculated adults seven days
following parturition did not reveal viral inclusions.
Experiment #3
Thymuses from seven-day-old offspring of dams inocu
lated in first (day 1-7), second (8-14), and third (15-21)
trimester of pregnancy did not exhibit pathologic changes
when compared to thymuses from seven-day-old mice of shaminoculated females.
Immunologic Evaluation
Incorporated [^Hj-Tdr Response of Inoculated Newborn Mice:
The proliferative response of spleen and thymus cells
obtained from sham- and TA-infected newborn mice (harvested
seven days post-inoculation) to IL2 and various concentra
tions of Con A was measured as cpm of incorporated [ ] Tdr.
Thymocytes:

Thymocytes from sham-infected newborn mice

cultured with Con A remained unstimulated on days one
through five compared to those of TA-infected newborn mice
(Fig. 44).

One day after initiation of culture of
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thymocytes from TA-infected newborns, ["5Hj-Tdr incorpora
tion peaked at 5„0 ug/ml Con A with a maximum of 19,810
+ 1,208 c pm compared to sham-infected newborn thymocytes
of 1,980 + 146 cpm.

On succeeding days 2, 3, 4, and 5

stimulation was not observed.
Optimum T-cell blast transformation in IL2 of
thymocytes from TA-ih fected newborns resulted on days
I, 2, and 3 after initiation of culture as evidenced by
3
c pm of incorporated [ Hj-Tdr of 14,430 + 160 cpm, 14,819 +
1,099 cpm, and 8,534 + 619 cpm respectively, in comparison
to thymocytes from sham-infected newborn animals which
did not incorporate radionucleotide label in IL2 signifi
cantly greater than medium alone (Fig. 45).
Splenocytes;

The proliferative response of splenocytes

from sham- and TA-infected newborns cultured with various
concentrations of Con A was assayed (Fig. 46).

Spleno

cytes from TA-infected newborn mice were unstimulated on
days 2, 3, 4, and 5 at which time counts remained below
5,000 cpm of incorporated [ Hj-Tdr.

Maximal activity was

found to be that of splenocytes from sham-inoculated new
born mice stimulated with 10.0 ug/ml Con A, harvested two
days after initial culture and consequently exhibiting
counts of 34,359 + 964 cpm compared to splenocytes from
TA-infected animals of 3,600 + 355 cpm which gradually
decreased to 2,441 + 307 cpm on day five.
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Splenpcytes from TA-inoculated animals cultured in
both medium and IL2 did not exhibit significant blastogenesis on day 2 (2,327 + 205 cpm, 5,075 + 388 cpm
respectively),

day 3 (2,130 + 300 cpm, 2,262 + 246 cpm

respectively),

day 4 (1,815 + 234 cpm, 2,007 + 153 cpm

respectively),

and day 5 (1,233 + 196 cpm, 1,437 + 299 cpm

respectively) (Fig. 47).

Blast transformation in medium

and IL2 was observed in cultured splenocytes from shaminoculated mice from day one to day five with maximum
counts of 3,140 + 203 cpm (medium) and 22,447 + 1,203 cpm
(IL2) on day three.
Incorporated [ H]-Tdr Response of Offspring from an
Inoculated Adult Mouse:
The proliferative response of spleen and thymus cells
obtained from offspring (seven-days-old) of adults inocu
lated on day 17 of gestation was assayed with IL2 and
various concentrations of Con A.
Thymocytes:

Thymocytes harvested from offspring of sham-

and TA-inoculated females cultured with Con A did not
exhibit lymphocyte proliferation on days one through six.
The cpm of incorporated ["^Hj-Tdr for both offspring from
TA-and sham-inoculated animals remained below 2,000 cpm
(Fig. 48).

This was compared to thymocytes from TA-inocu-

lated newborn mice cultured with Con A which exhibited
optimal blastogenesis on day one with a maximum of 19,810
+ 1,208 cpm in 5.0 ug/ml Con A (Fig. 44).
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Thymocytes from offspring of TA- and sham-inoculated
females remained unstimulated in both medium and IL2
compared to thymocytes from TA-inocuIated newborn animals
cultured with IL2 in which lymphocyte blast transformation
was observed on days I, 2, and 3 with optimum blastogenesis
on day 2 and a maximum count in IL2 of 14,819 + 1,099 c pm
(Fig. 49).
Spenocytes:

Splenocytes from offspring of both TA- and

sham-inoculated females cultured with Con A did not exhibit
lymphocyte blastogenesis on days I, 2, 3, 4, and 6 (Fig.
50).

However, splenocytes from offspring of sham-inocu

lated adults displayed a slight proliferation in 2.5 ug/ml
Con A on day five with a maximum count of 2,902 + 432 c pm
in contrast to splenocytes from offspring of TA-inoculated
females with 47I + 86 cpm.

This was not significant when

compared to splenocytes from sham-inoculated newborns in
which maximum counts were 34,359 + 964 cpm of incorporated
[5H M d r

(Fig. 46).

Splenocytes from offspring of TA- and sham-inoculated
females cultured in both medium and IL2 exhibited a pro
liferative response on days one through six with optimal
blastogenesis on day three (Fig. 51).

Offspring of sham-

inoculated females displayed maximum counts of 230 + 3 6
cpm, 11,833 + 600 cpm.

Additionally, offspring from TA-

inoculated females exhibited counts of 975 + 368 c pm $
15,398 + 1,352 cpm.

However, the degree of stimulation
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between the offspring of TA- and sham-inoculated females
was not significantly different.

This was compared to

splenocytes from TA-inoculated newborn mice which did not
exhibit blastogenesis in IL2 (Fig. 47).
Offspring from TA-Inoculated Dam Bred to Littermates
Macroscopic evaluation of thymuses from seven-dayold newborns of offspring originally born to a female
inoculated ,on day 1£ of gestation (20 ID,.^» passage #4B)
did not reveal gross pathologic changes.
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Fig. I.

LM. H&E of
inoculated
(harvested
exhibiting
X4QQ.

thymus from a newborn BALB/c mouse
with filtered TA suspension
seven days post-inoculation)
extensive necrosis in the medulla.
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Fig. 2.

EM. Negatively stained virion (120 nm)
displaying ca psomeres. X4 2,900.

Fig. 3.

EM. Negatively stained pleomorphic virion
(170 nm). X65,000.

53

C on tro l
V ir u s Titration (-log

Fig. 4.

iq/0.05

ml)

Percent thymic necrosis based upon histologic
evaluation of newborn mice (7 dpi) inoculated
with TA. The virus titer as calculated^agcording
to the method of Reed and Muench was 10 * .
Newborn mice were inoculated i.p. with 0.05 ml
(I ID c q ) of virus. The stock virus was diluted
(serial log dilutions) in RPMI 1640 medium and
control animals were inoculated with mediuoj only.
One littergWas inoculated per dilution (10
through 10 plus controls) which includeded 4,
5,5,7,6,8,5,3 animals respectively. Thymic
necrosis was evaluated according to: imprints
of the thymus, Carnoy1s fixed and stained with
a rapid H&E, and light microscopy samples of
the thymus, fixed in a mercuric chloride concen
trated formalin fixative, parrafin embedded, and
stained with a routine H&E.
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Control
V iru s Titration (-log
Fig. 5.

i q / 0 .0 5

ml)

Thymic weights of newborn mice (7 dpi) inoculated
with TA with the standard error of litter samples
at each point. The virus titer as calculated
ac^ogding to the method of Reed and Muench was
10 * . Newborn mice were inoculated i.p. with
0.05 ml (I IDsn) of virus. The stock virus was
diluted (serial Iog^n dilutions) in RPMI 1640
medium and control animals were inoculated with
medium only.2 One littergwas inoculated per
dilation (10 through 10 plus controls) which
included 4,5,5,7,6,8,5,3 animals respectively.
Thymuses were harvested and individual weights
were calculated.
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Fig. 6.

1

I

2

3

I

I

I

I

4 5
6
7
Virus Titration (-log

I

^

I- -

8
Control
1 0 /0.05 ml)

Total body weights of newborn mice (7 dpi) inocu
lated with TA with the standard error of litter
samples at each point. The virus titer as calcu
lated ^cgording to the method of Reed and Muench
was 10 * . Newborn mice were inoculated i.p. with
0.05 ml (I ID SQ) of virus. The stock virus was
diluted (serial log.„ dilutions) in RPMI 1640
medium and control animals were inoculated with
medium only.2 One litter^was inoculated per
dilution (10 through 10 plus controls) which
included 4,5,5,7,6,8,5,3 animals respectively.
Animals were euthanized and total body weights
were calculated.

5

Fig. 7.

6

LM. H&E of 0 scored thymus from a control newborn
mouse. Densely packed thymocytes in the cortical
area (C), medulla (M) composed of reticular cells
and supporting stroma. XlOO.
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Fig. 8.

LM. H&E of +2 scored thymus from a virus infected
newborn mouse harvested seven days post-inocula
tion. Thinner cortical area (C) with maintenance
of thymic architecture. X100.
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Fig. 9.

LM. H&E of +3 scored thymus from a virus infected
newborn mouse harvested seven days post
inoculation. Massive necrosis of the entire
thymus, individual cell necrosis as evident by
the accumulation of nuclear debri (arrow). X400.
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Fig. 10.

LM. Esterase stained control RAW 264 cells three
days in culture with dark granulation of the
cytoplasm. X400.
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Fig. 11.

LM. Esterase stained thymocytes six days in
culture from a sham-infected newborn mouse
harvested seven days post-inoculation. X400.
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%

Fig. 12.

LM. Esterase stained thymocytes six days in
culture from a virus-infected newborn mouse
harvested seven days post-inoculation. The
intensity of the granules obscures the nucleus.
X400.

Fig. 13.

Slight difference in total body size.
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Fig. 14.

Thymus appears normal, still maintaining opacity
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Fig. 15.

Meager contrast in total body size
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Fig

16.

Thymus exhibits a whitish color in comparison
to the normal control.

6

Fig. 17.

6

Striking difference in total body size
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Fig. 18.

Shrinkage of thymus, lobes are very prominent
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Fig. 19

Contrast in total body size is less extreme
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Fig. 20.

Small, block-like thymus, normal structure is
not apparent.
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Fig. 21.

The difference in total body size is less
dramatic as observed earlier at seven days
post-inoculation (7 dpi).
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Fig. 22.

The thymus is regaining its opacity, however
the left lobe appears mottled (arrow)
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Fig. 23.

The left thymic lobe (23 dpi) displays foci
of necrosis visible as white spots (arrow).
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Fig.

24.

Thymic structure is comparable to that of the
normal control.
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Fig. 25.

Thymic structure resembles that of the control
animal.
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Fig. 26.

LM. At 6 dpi the cortical area (C) becomes
thinner in comparison to the medulla (M).
A ratio of 1:3 as compared to normal, 2:1.
XlOQ .
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Fig. 27.

LM. The cortex (C) shows paucicity of cells with
no clear demarcation from the medulla (M) on day
seven, therefore a loss of normal thymic
architecture. XlOO.
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Fig. 28.

LM. At 7 dpi both cortical (C) and medullary
(M) areas are lymphodepleted. X400.
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Fig. 29.

LM. Diffuse necrosis (90%) extends from the
medulla (M) to the cortex (C) with scattered
accumulations of degenerative cellular debri
(arrows) (8 dpi). X400.
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Fig. 30.

LM. At 10 dpi intranuclear inclusion bodies
(arrows) are evident in thymocytes with
margination of nuclear chromatin. XllOO.
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Fig. 31. LM. Evidence of an inflammatory response (12 dpi)
by the appearance of multinucleated giant cells
(arrows). X400.
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Fig. 32.

LM. At 13 dpi partial repopulation of thymocytes
(arrows) around blood vessels (BV). X400.
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Fig. 33.

LM. Partial repopulation of thymocytes (arrow)
at the outer margin of the cortical area
(14 dpi). X400.
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Fig. 34.

LM. At 16 dpi an increase in the number of
mitotic figures (arrows) is noted. XllOO.

8 4

Fig. 35.

LM. Discrete foci of mineralized material
(arrows) at 21 dpi. XlOO.
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Fig. 36.

LM. At 24 dpi mineralization is evident with
multinucleated giant cells (arrows) in close
proximity. X400.
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Fig. 37.

LM. At 24 dpi most of the medullary area is
mineralized. XlOO.
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Fig. 38.

LM. Isolated foci of mineralization without
evidence of giant cells at 33 dpi. X400.
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Fig. 39.

LM. Thymus from a seven-day-old offspring of
a dam inoculated with 20 ID
of TA on day 17
of gestation (virus administered four days
before parturition). Note the lack of
distinction between cortex (C) and medulla (M).

8 9

Fig. 40. LM. Thymus from a seven-day-old offspring of a
dam inoculated with 20 ID^ of TA on day 17 of
gestation (virus administered four days before
parturition). The medulla (M) appears moderately
lymphodepleted with evidence of pyknotic nuclei
(arrow). X400.
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Fig. 41.

LM. Thymus from a five-day-old offspring of a
dam administered virus one day before parturi
tion. Note a reduction of cortical (C) and
medullary (M) area by 1/2 as compared to
control (Fig. 42). XlOO.

9 1

Fig. 42.

LM. Thymus of a control five-day-old mouse.
Cortical (C) to medullary (M) ratio is 2:1.
X100.
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Fig. 43.

LM. Thymus from a five-day-old offspring of a
dam administered virus one day before parturi
tion. Medullary thymocytes appear well defined.
X400.
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Incorporated [3H]-Tdr response of thymocytes
from TA-in ocu lated (•— •) and sham-inoculated
(■— «) newborn mice harvested seven days post
inoculation cultured with various concentra
tions of Con-jA. Cells were pulsed for four
hours with [ h]-Tdr prior to harvesting. Bars
represent SEM radionucleotide incorporation
for triplicate cultures.
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Incorporated [ Hj-Tdr response of thymocytes from T A-in ocuIat ed ( ■ )
and sham-inoculated ( D ) newborn mice harvested seven days post
inoculation cultured yith medium (M) and crude IL2.
Cells were pulsed
for four hours with [ Hj-Tdr prior to harvesting.
Bars represent SEM
radionucleotide incorporation for triplicate cultures.
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Incorporated [ H]-T dr response of splenocyt es
from TA-inoculated (*— *) and sham -inoculated
(■---■) newborn mice harvested seven days post
inoculation cultured with various concentra
tions of Con,A. Cells were pulsed for four
hours with [ ] -Tdr prior to harvesting. Bars
represent SEM radionucleotide incorporation
for triplicate cultures.
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Incorporated [ H ]-Tdr response of splenocytes from TA-inoculated ( H )
and sham-inoculated ( □ ) newborn mice harvested seven days post
inoculation cultured ^ith medium (M) and crude IL 2. Cells were pulsed
for four hours with L H]-T dr prior to harvesting.
Bars represent SEM
radionucleotide incorporation for triplicate cultures.
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Incorporated [^H]-Tdr response of thymocytes
from seven-day-old offspring of a TA-inocuIated
(•— ») and sham-inoculated (•— ■) dam (admin
istered four days before parturition) cultured
with various concentrations of Cog A. Cells
were pulsed for four hours with [ H]-Tdr prior
to harvesting. Bars represent SEM radionucleo
tide incorporation for triplicate cultures.
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Incorporated [5H]-Tdr response of thymocytes
from seven-day-old offspring of a TA-inoculated
(I ) and sham-inoculated ( □ ) dam (admin
istered four days before parturition) cultured
with medium (M) and crude IL 2 (Bottom graph).
The response is compared to thymocytes from TAinocu lated ( ■ ) and sham-inoculated ( □ ) new
born mice (Top grgph). Cells were pulsed for
four hours with [ H ]-T dr prior to harvesting.
Bars represent SEM radionucleotide incorporation
for triplicate cultures.
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Incorporated [ H]-Tdr response of splenocytes
from seven-day-old offspring of a TA-inocuIated
(•— •) and sham-inoculated (■•— ■) dam (admin
istered four days before parturition) cultured
with various concentrations of Cog A. Cells
were pulsed for four hours with ["5H ]-T dr prior
to harvesting. Bars represent SEM radionucleotide incorporation for triplicate cultures.
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Incorporated [ H ]-T dr response of splenocytes from seven-day-old off
spring of a TA-inoculated ( ■ ) and sham-inoculated ( O ) dam (adminis
tered four days before parturition) cultured with medium (M) and crude
IL 2 . Cells were pulsed for four hours with [0 Hj-Tdr prior to harvesting.
Bars represent SEM radionucleotide incorporation for triplicate cultures.
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CHAPTER 5
DISCUSSION
In contrast to the previous studies of the patho
genesis of TA, utilizing newborn NIH Swiss mice (19),
the present study revealed earlier pathologic changes
in the thymuses of BALB/c mice infected as newborns„
Gross changes were first seen on day six, with a small,
block-like thymus on day seven.

Maximum thymic necrosis

accompanied by intranuclear inclusions in the thymocytes
was observed on days eight to ten.

The changes observed

in BALB/c mice differs from the course of the infection
in NIH.Swiss mice (19), in which gross thymic changes
have been observed on day seven and thymic necrosis was
evident on days 10 to 14.

The advancement of thymic

changes in BALB/c mice in our studies is accompanied by
an earlier repair process, as suggested by an inflammatory
reaction on day 12 and repopulation of the thymus by
thymocytes on day 13.
Since the propagation of TA has been limited to the
definitive animal host, newborn mice, efforts were di
rected to develop an _ir^ vitro cultivation of cells capable
of supporting virus replication.

However, various host

cells utilized for TA replication failed to yield virus.
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This may have been due to the lack of receptor molecules
on the cell surfaces, or the absence of medium constituents
required for the support of virus infection in cell culture.
In considering the susceptible cell, particular atten
tion has been focused on the concept of viral receptors.
The presence of these chemical groupings on the cellular
surface determines to a large extent whether viral attach
ment and penetration can take place.

The chemical

specificity of receptors underlies the long-recognized
tissue tropisms of different viruses (41).

Experiments

showing the importance of cell surface receptors in host
and tissue susceptibility to viral infection were con
ducted by Holland and his colleagues (38) with poliovirus,
an enterovirus.

It was found that susceptible human

tissues (brain, spinal cord, intestine) have receptors
for poliovirus, whereas nonsusceptible tissues do not.
Therefore, enterovirus tropisms are due, to a large extent,
to affinity or lack of affinity between virus protein
surfaces and a specific component on the surface of the
various cells of the body.
Various substances may interact with either virions
or cellular receptors and influence attachment of virus
(55).

A polycation like DEAE-dextran can inhibit attachment

of some viruses to host cells (26), as well as enhance
the infectivity of several others (17,21,46,53,68,84,89).
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Therefore, in the examination of possible host cells
capable of supporting TA replication, dextran was
utilized as an enhancer of viral attachment (7).

However,

if viral receptor molecules were not present on cultured
cells, viral attachment could not be enhanced with the
I
use of dextran. Based upon the absence of CPE and passage
of supernatant fluid from TA-inoculated cell cultures into
susceptible newborn mice, it was evident that the host
cells studied were unsuitable for TA replication.
Medium constituents required for support of virus
infection in cell culture vary markedly, depending on the
virus studied and the cell system employed.

For example,

foot-and-mouth disease virus and poliovirus have simple
requirements.

The former multiplied in calf kidney cells

in the presence of inorganic salts and glucose (72), and
the latter proliferated readily in HeLa cells nourished
by a medium containing balanced salts, glucose, and
glutamine (22).

i
,

Tankersley (87) examined the nutritional requirements
of a herpes simplex-human cell system in order to determine
their effects upon continuing infection.

Eleven of the

twelve amino acids studied, as well as glutamine, were
shown to be required for continuing viral replication.
One of these amino acids, arginine, was found to affect

I

the appearance of viral CPE. Lysine, the sole amino acid
not required, actually inhibited viral proliferation.

104

In the present research both IMDM and RPMI 1640 medium
used in the maintenance

of cell cultures were supple

mented with lysine, arginine, and glutamine, but the
relationship of nutritional requirements for the propa
gation of TA was not investigated.

This may have a bearing

on the ability of TA to replicate in cell culture.
Transplacental transmission of virus was not observed
as evidenced by immunologic and morphologic (light micro
scopy) parameters.

Histopathologic evaluation of a total

of 143 offspring from adult mice inoculated in various
stages of pregnancy was conducted.

Of that total, 139

offspring displayed absolutely no detectable pathologic
alteration of thymic architecture.

Incidental alterations

in thymic structure not equivalent to those of a known
positive infection in newborn positive control mice were
observed in two five-day-old runted offspring born to
an adult to which virus was administered one day before
parturition.

Thymuses from these newborn mice displayed

a reduction of the cortical area with maintenance of
medullary thymocytes.

Thymic lymphodepletion was

observed in thymuses of two seven-day-old offspring born
to an adult administered virus on day 17 of gestation.
Additional experiments were conducted to reproduce these
findings, but histopathologic changes in the thymuses
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were not observed in the repeated experiments.

The sig

nificance of these incidental findings in four mice re
mains unexplained.

In addition to examining transplacental

transmission of TA, experiments of this study also suggest
that virus was not transmitted via the milk, colostrum, or
by direct contact with the infected dam since mice allowed
to nurse their natural dam did not exhibit histopathologic
changes equivalent to those observed in infected newborn
animals.
To determine whether a more sensitive method of
evaluation might reveal transplacental transmission of
virus, the immunologic responses of thymocytes and splenocytes from offspring of adult mice inoculated on day 17
of gestation were examined.

Results were compared to

the immunologic responses of TA-inoculated newborn mice.
Proliferation of Con A stimulated thymocytes from TAinoculated newborn animals was observed only on day one.
Blast transformation was observed when the thymocytes
were cultured with crude IL2.

Thymocytes harvested from

offspring of adult mice inoculated on day 17 of gestation
did not proliferate in response to Con A or crude IL2.
Splenocytes from infected newborn mice remained
unstimulated in both crude IL2 and varying concentrations
of Con A, compared with splenocytes from offspring of
inoculated mice which exhibited blast transformation.
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It was evident that the responses of both thymocytes
and spenocytes cultured with Con A and crude IL2 from
seven-day-old offspring of adult mice inoculated on day
17 of gestation were significantly different from those
observed in infected newborn mice seven days postinocu
lation.

Immunologic results correlated well with the

histopathologic findings of no evidence of a TAinfection.

These findings together with the negative

histopathologic observations of 139 offspring from in
oculated adult mice support the hypothesis that TA fails
to cross the placental barrier.
According to Catalano and Sever (11), the pregnant
animal must be capable of being infected in order for fetal
infection to occur.

A chronic infection of the salivary

glands in adult mice inoculated with TA has been reported
previously without apparent infection of the thymus (19).
The sole histopathologic finding in these animals were
intranuclear inclusion bodies observed in the acinar cells
of the salivary glands.

Based upon this observation,

tissue sections of salivary glands from pregnant females
inoculated with a viable inoculum (as evidenced by passage
into newborn mice) seven days post-partum were examined.
Intranuclear inclusion were hot observed in the salivary
glands from the adult mice.

The negative findings may

be due to the absence of adult infection, in which case
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transplacental infection of offspring would not be ex
pected, or it is possible that an age-dependent resist
ance to TA is associated with the lack of transplacental
infection of offspring.
Age-dependent resistance is a phenomenon described
for many virus-host combinations (80).

For example, intra-

peritoneal inoculation of newborn mice with herpes simplex
virus is followed by rapid spread of virus to viscera and
brain with eventual encephalitis and death (3,45,49).
Similar treatment of adult mice results in no viral spread,
morbidity, or mortality.

Evidence suggesting that macro

phage maturation might be a contributing factor in agedependent resistance to herpesvirus infections was pre
sented by Johnson (45).

His work demonstrated virus

transmission in vitro and in_ vivo from macrophages of
suckling mice, but not adult mice.

It was concluded that

age-dependent resistance to herpesvirus was associated
with changes in the ability of peritoneal macrophages to
contain herpesvirus infection within the cell.
Hirsh and coworkers (37) presented studies designed
to evaluate further the role of the peritoneal macrophage
barrier in_ vivo and to elucidate the mechanisms of this
barrier effect in_ vitro.

Macrophages transfered from

adult mice were shown to

protect suckling mice from sub

sequent intraperitonea I infection with herpesvirus.

The
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mechanisms of protection were related to both increased
interferon production and to increased intracellular de
struction of virus.

Adult mice responded to the intra-

peritoneal inoculation of proteose-peptone by the pro
duction of activated macrophages that differed from
unstimulated macrophages in several respects.

These

activated macrophages produced more interferon after viral
challenge and effectively destroyed intracellular herpes
virus.

Activated macrophages also exhibited enhanced

phagocytosis, attached more readily to surfaces, and sub
sequently spread more rapidly.

Suckling mice did not

respond to proteose-peptone inoculation with the produc
tion of activated macrophage populations.
Investigations performed by Korsantiya and
Smorodintsev (52) evaluated the transplacental transmission
of endogenous interferon in pregnant mice inoculated with
influenza or Newcastle disease virus, both myxoviruses.
The results of this investigation revealed the possibility
of antenatal (intrauterine) transmission of non-specific
resistance from mother to fetus.

A positive correlation

was found between the intensity of interferon production
in pregnant mice and the degree of resistance of their
offspring to lethal influenza infection.

The endogenous

interferon which penetrated the placenta provided the
fetus with a state of resistance to viral infection.
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Zawatzky et al. (95) examined interferon production,
natural killer (NK) cell activation, and viral replication
in newborn and adult mice inoculated i „p „ with herpes
simplex, virus type I (HSV-I).

Their work documented that

early interferon production and NK cell activation is
very low or absent in newborn mice, but that pre-NK cells
are present since high NK cell activity was measured 72
hours after virus injection.

As interferon is a potent

inducer of NK cell activity (29,35,54,58), Zawatzky and
associates proposed that since the early interferon re
sponse in newborn mice was defective, early NK cell
activation was also defective.
A correlation between the structural variation of
the placenta and the ability of a virus to be transmitted
in utero has been suggested by Johnson (44) with cyto
megalovirus (CMV) .

Experimental murine CMV inoculation

initiated during pregnancy was shown to cause an active
generalized maternal infection.

However, virologic or

histologic evidence of infection was not found in fetal
tissues at any stage of pregnancy.

This was compared

to the human CMV which appeared to commonly cross the
human placenta apparently during primary infection in
the pregnant woman (62).

An anatomic placental "barrier*1

in the murine placenta was suggested by Johnson (44).

This was based upon the fact that although the murine and
human placentas are both hemochorial membranes composed
only of fetal elements, the human type contains one layer
of cellular trophoblasts, in contrast to the three layered
trophoblasts of the murine type (24).
It does not appear feasible that such a structural
barrier exists in any species against herpesviruses since
many herpesviruses in domestic animals are known to cross
the placental barrier, including those of the horse (15,
20,59,90,91), cow (48,61,64), pig (23,42,50), dog (10,33,
86), and .cat (39);

The number of membranes comprising

the placental structure of these domestic animals are
varied and greater than those found in mice and humans„
For example, the placental structure of the horse and pig
is epitheliochorial, comprised of six membranes.

The

placenta of the cow is syndesmochorial, composed of five
membranes; the cat and dog placental types are endo
theliochorial, comprised of four membranes (8).
The reasons for resistance of adult mice to HSV and
particularly the relevant defense mechanisms are complex
and poorly understood.

Lopez (56) has shown that

resistance of adult mice to HSV is related to active
defense mechanisms which are bone marrow-dependent.
A mechanism of resistance which is independent of mature
T-cells was documented by Zawatzky et al. (96) by

Ill
demonstrating that homozygous nude mice are not more
susceptible to HSV infection than their heterozygous
littermates.

Several lines of evidence suggest that

cellular immunity plays an important role in the. defense
against HSV infections.

First, HSV can persist both in

vivo and Ki vitro despite the presence of high concentra
tions of neutralizing antibody (66).

Second, HSV infec

tions are more severe in patients with deficiencies in
cellular immunity (92).

Third, experimental suppression

of the cellular immune response makes animals more sus
ceptible to HSV infection.

It remains to be determined

which of the various host defense mechanisms plays the
decisive role against experimental viral infection of the
adult mouse to HSV and greater susceptibility in suckling
mice.
The findings of active defense mechanisms in adult
mice may explain the contrast between TA-infected new
born mice and adults, and may also suggest the reasons
for lack of transplacental infection.

Newborn mice

inoculated i.p. with TA might be expected to be extremely
susceptible to infection since defense mechanisms are
immature and not yet fully functional.

If pregnant adult

mice with their active defense mechanisms present an
effective barrier to TA-infeet ion, then TA-infections
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would not occur in adult mice.

According to the work

of Catalano and Sever (11), transplacental infection
would not be established.
The results of the present study suggest that mouse
thymic virus is not a suitable model for evaluation of
the immu no pat ho logic responses of _in utero infection with
herpesviruses.

Further experiments are needed to

characterize a tissue culture system to support TA
replication.

This would provide a positive method of

evaluation of _in utero infection.

Based upon the predi

lection of the virus for newborn animals over adults,
experiments should be conducted to determine the mechanisms
of this age-dependent susceptibility.

/
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CHAPTER 6
SUMMARY
Experiments were conducted to explore the ability of
mouse, thymic virus to cross the placental barrier and
induce pathologic changes in the offspring.

The following

parameters were varied in order to maximize the possi
bilities of inducing lesions:

(a) the time of inoculation

(first, second and third trimester), (b) the route of
inoculation (i.v,., i.p,), and (c) thp virus concentration
(10 ID50, 20 ID50).
Immunopathologic studies were performed to determine
the effects of TA on susceptible newborn mice less than
24-hours-old.

Findings of a positive infection in virus-

inoculated newborn mice were utilized as a control for
the comparative evaluation of the offspring from inocu
lated pregnant mice.

Histopathologic evaluation

of thymuses from TA-in fected newborn mice showed that
infection was associated with a necrosis of the thymus
followed by an inflammatory response and reconstitution
of the damaged tissue.
Five congenital experiments were conducted to
characterize pathological changes and immunological
alterations.

Histopathologic evaluation of 143
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offspring from adult mice inoculated in various stages
of pregnancy was conducted.

Of that total, 139 offspring

displayed no detectable alteration of normal thymic
architecture.

Minor alterations in thymic structure,

not equivalent to those of a known positive infection
in newborn positive control mice, were observed in two
five-day-old runted offspring born to an adult to which
virus was administered one day before parturition.
Thymuses from the runted animals displayed a reduction
of the cortical area with maintenance of medullary
thymocytes.

Secondly, thymic lymphodepletion was observed

in thymuses of two seven-day-old offspring born to an adult
administered virus on day 17 of gestation.

Additional

experiments were conducted to reproduce this thymic alter
ation but changes in the thymus were not observed in
repeated experiments.

In addition to examining the

transplacental transmission of TA, experiments of this
study suggested that virus was not transmitted via the
milk, colostrum, or by direct

contact with the infected

dam since mice allowed to nurse their natural dam did.
not exhibit histopathologic changes equivalent to those
observed in infected newborn animals.
To determine whether a more sensitive method of
evaluation might reveal transmission of virus, the
immunologic response of thymocytes and splenocytes from
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offspring of adult mice inoculated on day 17 of gestation
were examined.

Results were compared with the immuno

logic responses of TA-inoculated newborn mice.

Prolifer

ation of Con A stimulated thymocytes from TA-inoculated
newborn animals was observed only on day one.

Blast

transformation was observed on days I, 2, and 3 when
the thymocytes were cultured with crude IL2„

Thymocytes

harvested from offspring of adult mice inoculated on day
17 of gestation did not proliferate in response.to Con A
'■

or crude IL2.

■

Splenocytes from infected newborn mice

remained unstimulated in both crude IL2 and varying con
centrations of Con A compared with s plenocytes from off
spring of inoculated mice exhibiting blast transformation.
It was evident that the responses of both thymocytes
and splenocytes cultured with Con A and crude IL2 from
seven-day-old offspring of adult mice inoculated on day
17 of gestation were not comparable with that of infected
newborn mice seven days post-inoculation.

Immunologic

results suggest that the minor alterations in thymic
structure observed in four offspring were not associated
with TA-infeetion.

These findings together with the

negative histopathologic observations of 139 offspring
from inoculated adult mice support to the conclusion
that TA fails to cross the placental barrier and induce
fetal infections.
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This study suggests that mouse thymic virus infection
is not a suitable model for evaluation of the immunopathologic responses of both humans and animals infected '
in utero with herpesviruses.
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APPENDIX A
Pathogenesis of viral invasion of the fetus and
fetal outcome

V I R U S

SUSCEPTIBLE
G R AVID

Normal

Spontaneous
Abortion ^

Viremia
A M N I O N I C
INFECTION

PLACENTAL
INFECTION

FETAL
INFECTION
? I m mu n e
Mechanisms

Normal
Fetus

? Mechanisms

Infected
Fetus
(+ Disease)

Fetal D e a t h
(Abortion
Stillbirth)

Atelformation
(+ Death)

Reproduced, with permission, from Annual Review of Microbiology,
Volume 25.
©
1971 by Annual Reviews' Inc.
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APPENDIX B
Comparison of the growth of TA in various
tissues of newborn mice
Virus T iters*3
Days after Salivary
Infection
Glands
Thymus
Vise era0
Brain
e
—
——
I

3

Blo od
——

3

Trace

0.4

Trace

--.

0.7

5

0.3

3.1

2.3

NTd

0.8

7

1.0

3.5

0.5

Trace

1.9

10

2.4

1.3

Trace

NT

--

14

1.7

—

Trac e

——

—

21

1.7

——

—

—

—

35

2.6

--

——

70

2.7

——

Trace

219

1.4
’

---

Trace

Trac e

Mice less than 24 hours old were inoculated i.p. with
approximately 5 „0 ID,- . Individual pools of tissues
were made from 20 mice on days I to 14; the number was
reduced to 6 on days 21 to 219.
^Virus titers were expressed as the log, n ID^n per 10 mg
of tissue. Ten fold dilutions were made from 20% tissue
extracts and undiluted blood samples, and mice were inocu
lated i.p. with 0.05 ml.
cViscera were pools of kidneys, lungs, livers, spleens, and
hearts.
^Not tested
^Negative titers
SOURCE: Cross et al..1979
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APPENDIX C
Comparison of the growth of mouse thymic
virus ip different ^issues
of adult mice
VIRUS TITERSb
Days after
Inoculation

Thymus
Vise era
Brain
Blood

Salivary
Glands
<
C

o
2

—

7

2.9

14

2.6

35

CM

70

3.1

— — —

d

aAdult mice were inoculated i.p. with 100 ID,-^ of virus.
Virus titers were expressed as the negative Iog1r1 per
0.05 ml.
1U
CNo virus detected in stock pools of 20% tissue extracts
or undiluted blood for any of the negative samples.
^Serial 10-fold dilutions were prepared from 20% extracts
of tissues.
SOURCE: Cross et al.'1979.
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APPENDIX D
Routine Hematoxylin and Eosin Stain
Fixation:

Mercuric chloride concentration formalin

Sections:

5 microns

Procedure:
I.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

Bring section to distilled water
Gill 11 Hematoxylin------------------------7
Tap water wash-------------- *------------ 2
4% Acetic acid--- -----10
Tap water wash---------------3
Bluing solution-- -------1
Tap water wash--------5
80% ETOH---------------- -------- ------- — I
95% ETOH--- --------------------------?---2
Eosin solution-------------------1
95% ETOH, 2 changes--------------------- 20
10 0% ETOH , 2 changes-------------------- 20
I
Xylene---------------20
Xylene clear and mount

minutes
minutes
dips
minutes
minute
minutes
minute
minutes
minute
dips each
dips f then
minute
dips

S olutions:
Gill II Hematoxylin, bluing solution and Eosin purchased
from Lerner Laboratories through VWR Scientific»
Mercuric chloride concentrated formalin fixative
8 grams HgClg dissolved in 100 ml of distilled water
9 parts HgClg: I part cocnentrated formalin
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APPENDIX E
Rapid Hematoxylin and Eosin Stain
Fixation:

Carnoy1s fluid

Sections:

Imprints

Procedure:
1. 9 5% ETOH---- ------------------------- -----20 to 30 dips
2. Distilled water------ -------------------- 20 to 30 dips
3 o Gill 11 Hematoxylin---------------------- 1 minute
.4. Tap water wash---------1 minute
5. 4% Acetic acid----5 dips
6. Distilled water— ------------2 minutes
7. Bluing solution-----------1 minute
8 . Tap water wash---*---2 minutes
9. 95% ETOH----- — ---------------------- — 15 dips
10. 85% ETOH-----------15 dips
11. E os in solution-------30 seconds
12. 95% ETOH---— -----------15 dips
13. 10 0% ETOH (2 changes )----- -— ----------- -15 dips
14. Xylene (2 changes)------------- — --- ---- 15 dips
15. Xylene clear and mount
Solutions:
Gill II Hematoxylin, bluing solution and Eosin purchased
from. Lerner Laboratories through VWR Scientific.

Inmiimopathologic
evaluation of
experimental transmissioi
of mouse thymic virus
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