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CMouse Cytomegalovirus

Necrosis of lizfecledl and1( Aorphologicallij N~orina Sribmax-

Infection
ilai GadAcza ClsIurn erziliz fAhoi

- V Donald Henson, MD and Alfonso J. Stiano, MD

- ~ The ultrastructural lesions in the submaxillary glands of C,11in ice chronically
Sinfected 'with the uinurine cytomnegalovirus are reported. Virus was synthesiredf

00 In tile nucl-us of acinar glandular cells. After passage into the cytoplasm. virus
was located in large vesicles which were derived from the Colgi apparatus. These
vesicles, which werce periodic acicl-Schiff positive, mnigrated to the apex of thle
cell and released virus into the acinar lumen or eanaliculi. Evetaly lympho-
cytes infiltrated the interstitium and surrounded the basal lanuina of acinli which
contained infected cells. lit acini encompassed by lymphocytes, both infected cells
ant, morphologically normal acinar cells simultaneously deg~enerated, producing
a small focus of necrosis. Physical contact between lynmphocytes and necrotic cells
did not occur for anl intact basal lamina was alwayvs found interposed between
them. Degeneration of infected cells coincided with a1 decrease :it virus titer in]
the salivary glands. Degeneration of infected and normal acinar cells also oc-
curred in IDBA/,2 mice which lack the fifth component of complement. lit mice
conditioned with cortisone to suppress inflammation, neitber infected nor normal
acinar cells degenerated. We concluded fromt the electron inicroseopc observa-

-tions that lymphocytes terminate chronic MICNV infection, that MICM' infection
of acinar epithelium is not cyiolytic and th~at normal cells also unde.go, necrosis
during termination of chronic MICMV infection. It is postulated thn.' lymnphacytcs
io responding to infection release a cytotoxic substance which diffuse~s into the
acini and causes indiscriminate necrosis of a-Snar cells (Am J Pathol 6S:dS3-202,
1972).

MANY VIRtUSES IIELONGINc TO SEVEPAL DIFFEr.E.NT mIoups

produce chronic infection eit'her in their natural or in cxpcriniental
hosts. With some of these viruses specific pathologic lesions develop
(luring the cou)trse of chronic infection which differ fromn lesions pro.

- duccd dluring acuite infection. F-or instance, in mar., subacute sclcros-
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ing panencephalitis has beeni associatedl with chronic measles virus
infection of the central niervous system; 'and, in mice, glomnerulone.

phrtisfreueatly occurs during chronic lymph~ocytic o~horio e itgitis
virus infections.' The mechanisms of virus-induced tissue inj ry (lur-
ing Chronic infection have not been elucidated, althou~gh there isi a con-
sentience that numerous Inechianisms are involved.'*'

It ~The cytomlegaloviruses (CINV) belong to the herpesvirus family and
cause chironic infection in m' .ny species of animals in wvhich they occur.

In ~ ~ F nebrInat, ogntl V infection causes cytomegalic in-
cluzsion disease. InI older children and adults, CMIV infections have been
associated with pnetlmonitis,-' fever with rash,' hecterophifl-negative inl-
fectious mononucleosis,'-" parotitis "~ and heratitiS.'U-14 As with other
viruses causing persistent infection, disease apparently can occur dur-
ing, the course of chronic CMIV infection,' One approach to understand-
ing the pathogenesis of human CMIV infection involves experimental
studies wvith laboratory animal strains of CMIV. InI mice, the mnurine
cytoniegalovirus (M\CMLV) produccz a hepatitis 11and chronic infec-
tion in salivary glands,'"'- kidneys ", and lymphoid. tissue.", Thec hepatic
lesions and sites of virus persistence are similar to that found in humans
infected wvith CMX'. In this report, the ultrastntctural cellular lesions
that occu~r in the submaxillary' glands during chronic MICMX' infection
arc describ-d. The results sliggest that one mechanism of' virus-induced
tissue injury operates during the termination of chronic infection.

Material-, Prd Methods
mice

Male C-III/Hle and DI3A/2 mice 6 to 8 weeks of age were used. Mice were
obtn-ined from the NIHI breveding colony and were free of MICMV infection.*

Exp-rimental Pm crdw

Mice were inoculated intraperitonealiv %witli 0.2q5 ml or virus sluspension pre-
pare-d by homogenizing the saliv-ary glands of 3-wecek postinfecfrd C It muice.
Virus suspension was initially prepared as a 10%~ homogenate in saline and di-
luttid 10r before injection. Followring infection, submaxillary- glands were re-
Muoved twice a week foi 9 weveks for electren and light microscopy. Generally, thle
le.4 gland was fixed in Bou~in's solution for light micros copy and Ithe right 'gland
wvas cist into I-mm cubes and fixed in 0.1 M phosphate-buffered 4% ghntaraldc-
hyde at pHt 7.2 for electron microscopy. In addition, mice were killed priodi-

ally afe neto o sao iu nthe submaxillary glands. The mecthrds of
virus assay have been dcscribe. .19.

*In conducting the research described in this repor, the investigators adhered to
the -uide for Laboratory An~m_;l Facilities and Care,- as promulgated by the Coin-
mittee on the Cuidc for 1,.aboratory Ansimal Facilities and Care of the Institute or Lab-
Oratory Animal Rezources, Natioral Academy of Sciences.-National Be-search Qouncil.
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Cortisone Administration

CortoiwTP (Cortisone acetate, MIerck, Sha~rpe and Dolime, WVe.t Point, Pa) was
ased. Mice were injecied intraperitolnealiy 3 tinies a week withi 0.5 itig cortisone
beginioing 10 days after MCNIV infection.

Electron Microscopy

Clutaraidehyde-fixed tisstie wa~s washed in Jpoimphate-lbulleredl 51( sucrose
solution pli 7.2, postfixed in 1% osmium tetroxide in water, &-hyhdratedl in al-

A ~cohol and propylene oxide and embedded in Epon 812. Sections were cut on a
Porter-iliuim NIT-2 Ultramnicrotome. lvc '.ic stained witih uranyl acetate and
lead hydroxicc and examnined with a ýinens Ehmskop 1. Over 1600 sections
were examined in the c lectron microscope.

Histology

Bauin's fixed tissues wvere embedded in paraffin and sections sta ined withi
hematoxviin andl easi or by the periodic acid-Schiff reaction. Reticulum stains
were (bilie by the Gridley mne thod.

Results

The submaxillarv glands of CQP mice are trilobed, with each lobe
containing only one t'pe of sccretory cell-serous, mucous or sero-
mucouts. Dutring chronic infection, intranuiclear inclusion bodies ap-
pear predominantl%, in seromticous secreting cells, occasionally in) mu-
cous secreting cells and rarely in serous secreting cells.

tUltrastwucture of the Seromucous Secreting Cells

The uiltrastruicture of thle serormucons secreting cells and acini is
presentedl first as reference for describing chianges in the infected cells.
The acini consist of 8 to 10 pyramid-shaped cells withi the apical regions
forming the acinar lumnen. The cytoplasm of these cells contains a
well-developed Colgi apparatus, small amiounts of rough~l and smoothi
entloplasmnic reticulumn, scattered small secretory granules, small ves-
icles near the Colgi region, occasional laminated mivelin bodies and
lvsosomes. The nucleuis is in the basilar half of thle cell, oval in shiape
andl has finely dispersed chromatin whichi is more dense along the nu-
clear membrane. The nucleolus is not prominent, but wvhen present, it

-is located at the nuclear membrane. Laterallv, the plasma membranes
which interdigitate wvithi adjacent cclls are focally connected by) Ges-
mosomes. Between adjacent cells are a'1cl formed by projecting
niicrovilli. Surrounding the acini is a nonfenestrateci basement lamina
or membrane. Betwee'n ffie basal lamina andI] acinar cells lie the long.
slender cytoplasmnic processes (if the invoepitliciial cells. There are
iio (lesiosonles or interdigitating connections betweenl acinar cells and(
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myocpithelial cells. Intersper~ed b~etween acini in tfic interstitilnin are
collagen bundles, nerve fibers, capillaries and some fibroblasts.A

Multiplication of MCMVn lo ubmaxiliary Glands

Virus appearedI in the submaxillary gtands 7 to 10 daiys after infec-
tion, reached maximumn titers by days 16 to 21, then decreased in titer
(luring the subsequent 3 to 4 weeks. Intranticlear inclti~ion bodies,
whic-h appeared 1 to 3 days J:ter infections virus was detected, in-
creased in number to about day 21, then d~creascd as the virus titer
dleclinled. Concomitant with a decrease in number of inclusions w~as

-a pi -gressive focal interstitial inflamrmatory reaction (Table I).

Ultrastructure of Submaxillary Glands from Infected CH Mice

First Week

There wvere no changes evident. Although mature virus was seen in
the hepatic sinuisoids and vessels on days 4 to 7,"1 none was v'isible in
arteries, capillaries or tissues of the salivary glands.

Second Wuk

The first indication of infection wvas not observed until the twelfth
dlay. The nucici of acinar cells became enkire.erl and rounded and the
chiromatin more uniformly dispersed. WVithin the region of the nucle-
olus, the first assembly of virus wvas seen. The nucleoli which remained
along the nuclear membrane enlarge1 -and exhibited feathering
around the periphery (Figure 1). Ifigh-powver magnification of the
feathery edges revealed hollow fibrils identical to those of the virus

Table 1-Corre;ation of Virologic and Histologic Observations on Submaxillary Glands of
CH Mice Infected with the Murine Cytomnegalovirus

Relative No.
Days after intranuclear Relative amount
infection Virus titer' inclusions Inflammation

4 <1.0 x ll~tt
16 2.9 x10, ++
20 3.2 x104  .......
27 2.0Ox UP.10 ..
34 4.5 X 103 ++....
43 7.5 X1 lo ++
55 1.0XO x 10

Plaque-forming units per rtlilllliter of a 10% salivary gland hom~ogenate.
I Titer for one mouse.
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membrane Irregular dense cores soon becanle associated with and
surroun&l bv these hollow fibrils which seemed to form tile capsid of
the v Subsequently, cores, fibrils and virus were seen throughout
tilt jplasm. As vii us passed into the cytoplasm it acquired a second

me ,: ane from the inner nuclear membrane.
The first change evident in the cyioplasm of infected cells was an

increpse in number and size of organelles. The mitochondria enlarged,
the cisternae of the smooth and rough endoplasmic reticulum dilated
and the number of vesicles greatly increased, especially in the area of
the Golgi apparatus. After emerging from the nucleus, the virions were
usually seen free within the cytoplasm. Eventuailv, they made contact
with a unit membrane of a dilated vesicle, and by a process of invagina-
tion, passed into the vesicle (Figure 2). As the virus entered the vesicle,
it acquired a third membrane, or envelope, from the invaginated part
of the vesicular membrane. Although this process occurred most often
in the Colgi region, we have seen vinis enter vesicles derived from the
endoplasalic reticulum. Initially, the vesicles contained only several
complete viral particles, but as time progressed the vesicles enlarged,
particularly when they approached the apex of the cell, and eventually
contained as many as 100 virions visil)le on thin sections (Figure 3).
Often individual infected cells contained as many as 10 large vesicles
and numerous smaller ones. Inside the vesicles, the virions were ran-
domly arranged in a poorly staining granular matix. With light micro-
scopy, these large vesicles were periodic acid-Schiff positive and ap-
peared as intracytoplasmic inclusion bodies. Eventually, these large
vesicles reached the apical margin and ruptured releasing vints into
the lumen or into the canaliculi (Figure 4).

As shown by multiple sections, the acini usually contained one, rarely
two, infected cells. Occasionally, infected cells were hinucleated with
both nuclei producing vinrs.

At this stage, flhre were no changes in myoepithelial cells, basal
lamina, or interstitial elements. The desmosome connections per-
sisted between adjacent infected and uninfected cells.

Third Week

Durinig this time, the ntumber ef infected cells in,.:reased, reaching
maximum around day 21, which coincided will peak viral titers in the
salivary gland. However, there were no significant changes in the in-
fi.cted cells. Although the number of viral partic'-s within the acinar
lumens, caniculi and d-icts increased, virus w,', never seen in the in-
terstitium, between or entering uninfected c-.lls or in vascular chan-

Wmii
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glands of inbred CAIi ice resembles that reportedl for random bred
Swiss-Webster mice."'

After the sixteenth dlay-, inflammatory cells began to appear thle
interstitaum. Thiey p)rogressivelyt increased in number and suitirsanded

acini in which there were infected cells, often dispersing periacinarI ~ fibroblasts and collagen (Figure 5). The early Craitr~e consisted of
sm~all lymphocytes, and later, a combiuation of small lymphocyltes,
larger lymphocytes Corresponding to the intermediate tvpe,"ý ind( mac-
rophages. The intermediate type predominated and were usuallv found
aligned along the periphery of &thle basal laminia. The lymiphocyltes bad
a moderately developed rough endoplasmnic reticulum, prominent
Colgi apparatus and large nuc-leolus. At this time, silv'er-iinpregnaled
histologic sections showed displacement and fragmentation of the
periacinar reticulum and severe dlistortion of achii by the inflammatory
cells. However, the basal laminai remained intact, despite marked
distortion of the acini1. Penetration of inflammatory cells through the

X ~basal lamina was not observed. Polvmnorphionuiclear leticocytes were
nev'er seen in the interstitial tissues of the salivary glands.

Fourth and Fifth Weeks

During this time, the number of inflammatory cells increased and
the first evidence of necrosis was noted in acini encompassed by, lvm-
1;nocyvtcs. Necrotic changes occurred simultaneously in infected and in
uninfected acinar cells (Figure 6). The lysosomes enlarged, often
coalesced and aeccumulated a dense osmnopilbic amorphous material.
Organedles surroundiag the lysosomes seemed to disintegrate and the
ergastoplasm became disorganized. This was accompaniedi by an inl-

creae innumer and sizeC of laminated bodies wilhl vesicles. In the
infected cells, vesicles which still contained virus collapsed and the
virions wvere dispersed in the cytoplasm. Nucekar chianges occurred
after thle cytoplasmic changes wecre nioderateL; advanced: tile\, con-
siksed of elkromatin condcn~ation and subsequent pyknosis.

The nwimber of uninfeeted cells undergoing necrosis varied in thec dif-
terent acinli. Ill some of the acini, only cells adjacent to infected cells
became riecrotic while in other acini, Jll visible cells except inyoepithce-
lial cells degenerated (Fi~gure 7).

Degeneration of cells was visible oily in acini surrounded by lyml-
phocvtes. Infected cells fbun6 in aeini about which there were no
inflianmatorv cells showed no evidence oi necrosis, even though nu-

merot~s vi a' coting vsIles were present in the cytoplasm. Further-
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more, physical contact between lymphocytes and degene.rating cells
was not observed for an intact basal larmina was alwavs found inter-
posed between them. Necrosis was not recognizled in acini adiacent to
those acini with infected cells. Necrosis of acinar cells was maximal
from days 95 to 35, cor'espording to a progressive decline in the titer
of infectious .virus. Necrotic cells were extruded into the lumen and
apparently were removed by passage out the ducts.

The myopithelial cells did not become infected nor did they d. gen-
erate with the acinar cells. Instead they enlarged and frequcntly
extended their c)'top:a nc :•rocesses toward the acinar lumen in
between acinar cells (Figure 8).

Sixth to Ninth Weeks

This period was characterized by healing. Inflammatory cells
migrated out of the submaxillary gland and the acini regenerated.
The mycepithelial cells assumed their normal size and position. At the
end of this period, the histologY of the salivary gland was indistin-
gu.shable from that of uninfected mice.

Mucous Secreting Glands

In the lobe ,vith mucous secreting cells there were fewer infected
cells and correspondingly less inflammation. However, virus synthesis
and the changes in the acini during termination of infection were
virtually identical to that in the seromucous lobes.

Cortisone Conditioned Mice

In this group of mice the interstitial inflammatory reaction was com-
pletely suppressed throug.i the entire period of observation. Compared
to infected control mice, -nfected cells in this group exhibited greater
cytomegaly, often compre;sii g adjacent cells and severely distorting
the acini. The cytoplasm of these cells also contained more vesicles
filled with virus (Figure 9). However, we could not determine if this
increase In number of vesicles res,-,lted from greater virus production
or delayed rupture at the apical plasma membrane. The assembly of
virus, exodus of virus from the nucleus, and release from infected
cells was the same as that in control mice. However, acini often
contained 2 or 3 infected cells or, less frequently, multinucleated
infected cells.

In the cortisonc-conditioned mice there was no necrosis of infected
or uninfected acinar cells. By day 39, when nearlh all infected cells
had degenerated in control mice, the infected cells were intact and
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showed no evidence of necrosis or focal degenerative changes. Wec
concluded fromn these observations that h Ninphol-ytes are essential for-
terminating chronic MICNV infection.

DBA/2 Mice

The DBA/2 strain was selected hecause it reportedly licks tile fifth
conmponent of complement ( C'5),*- thus affording us the opportunity
tr, test whether necrosis of acinar cells required comp~lement.

The sequence of changes in tile saliva-ry glands oi infected 1fl3A/2
mice w~as similar to that seen in G:il mice. Inflammatory cells ap-
peared in the interstitium and surroundIed acini which contained
infected cells; subsequentl', both infected and uni ifected acinlar cells
degencrated. This suggests, therefore, that C'5 is not essential for
necrosis of acinar cells and termination of MICMV infection.

Discussion
The results of this study support conclusions based onl histologic

observations that termination of chronic MICNIV infectionl is a(ssoiiated
with periacinar accumulation of lympliocytes.'"In addi~Ihn, the electronl
microscope reveaied that, dutring termination of chronic iifcetioii,
infected and morphologically normal acinar cells undergo simuilta-
neouis degeneration producing, in) effect, a small focuis of tissue necrosis.
However, because of the dense inflainmation and severe architectural
distortion, 'these small focal lesions wvere not clearly evident in routine
histologic sections. Interestingly, degeneration of acinar cells occurred
while lymphocytes wt -,ncd along the periphery of thle basal
lamina outside the acini. LNymphocytes were never seen within acini
or in phyv3ical contact with necrostic cellE. The basal lainina, which is
considered to be a product of the overlying epitheliuim, remained
intact and appeared to form an anatomical barrier between infected

clsand ly phocytes.
Because acinar cells degenerated only in the presence of lymnpho-

cvtes, we concluded that these inflamnu~tory cells terminate chronic
MICMV infection. '1 his is consistenit with other studies which suggest
that cell. mediated immunologic mechlanismis terminate certain viral
infections. Nilie, infected with ectromelia virus and injected with aInti-
thypmocvte serum to dlepress cellulhar immunity have a hiigher mnortality
than control mice.-" injections of spleen cells prepared fron imunite
mice into niarasmic inice infected with Coxsackie vi-itis reduce Iluor-
tality, and extent of pathologic lesions.'-" Clinically, ob~servations onl
num11an hifants with primal' immnuno~ogic dleficiency diseases Suggests

-~ -C4 .-
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that cell-mediated immune mechanisms are essential for recovery
from vaccinia virus infectionY6

Although mechanisms by which lymphocytes terminate viral infec-
tions are unknown, recent studies have indicated that in vitro lynipho-
cvtes elaborate sever-)l cytotoxic substances following specific or non-
Sspecific mitogenic sti iulation.2'":' Released in vivo, these uutances
could diffuse and cause widespread tissue damage. Furthl:ri•iore, lym-
1phocytic choriomeningitis virus which also causes ch'onic infection in
mice stimulates release in vitro of a cytotoxic factor from spleen cells of
inmune mice.:"' In vitro, this factor has a nonspecific effect, killing
both infected and uninfected target cells.:"' Because c: these data and
the electron microscopic observations in this study, we suggest that
lymphocytes, in responding to infection, released a cytotoxic sub-
stance which dlilfused into the acini and caused indiscriminate and
simultaneous nccrosis of acinar cells.

The possibility must be considered that uninfected cells either con-
tained virus on their surface or were cryptically infected and were
consequently treated as infected cells by the host. Hlowever. there was
no morphologic evidence for these possibilities; uninfected cells ap-
peared ultrastructurally normal, exhibited normal secretory ac,;vity
prior to necrosis, did not contain intranuclear or intracytop'asmic
virus and (lid not have virus visibly adsorbed on the surface. Further-
more, lymphocytes only surrounded acini in which there were infected
cells. If acinar cells can become cryptically infected with MCMV, then
one might expect that lymphocytes would also 1e found aound acini
in which no overt infected cells were seen. This, however, was not
observed.

These morphologic studies suggest that MCMV infection of acinar
epithelium is not cytolytic, in contrast to in vitro infection of mouse
c.ryo cells "' or macrophages." Necrosis of acinar cells was seen
only after inflammatory cells appeared in the periacinar interstitium
and (lid not occur if cortison, was admninistered to suppress inflam-
umation. These data are in accord with previously published histo-
logic observations on MCMV chronically infected mice conditioned
with cyrtisonc.Y Persistence of infected epithelial cells in the salivary
glands and possibly in the renal tubules with periodic rmlease ef virus
may be one mechanism of chronic intermittent excretion of virus in
the saliva and in the urine.'

We '%, not know what attracts lymphocytes into the salivary glands
of infected mice. It does not seem to be intact virions since tlhev were
never seen outside tile acini. Necrotic cells were not visible until after

- 7-
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the lyipli.-yte! appeared. Most probably, an antigenic alteration on
the surface of infected cells attracted the lymphocytes, perhaps in a
inanner analogous to that by whichi lymphocytes are attracted into the
area of an allograft. Although surface changes on MCMV-infected
cells have not been demonstrated as yet. cells infected with a related
virus, herpes simplex, acquire new membrane antigens demonstrable
lby several immunologic technics"'-: In addition, some interesting
relationships exist between salivary gland tissue and lymphoid tissue.
The submandibular glands of male mice contain a saline extractable
substance which induces generalized lymphoid atrophy in mice and
prolongs survival of H-2 incompatible skin allografts.: 4:: Also, a pro-
tein has been isolated fronm mouse salivary glands which induces in
vivo and in vitro transformation of thymic small lymphocytes into cells
of the plasma series." What role these substances play, if any, in the
pathogenesis of chronic MCMV infection is unknown at preseit.

Results of this study have implications for diseases of suspected viral
etiology which are characterized by focal lesions such as multiple
sclerosis or focal myocardial fibrosis. 11.e morphologic data indi-
cate that focal lesions can develop during the termination of a chronic
viral infection. Consequently, in searching for viruses that cause f'ocal
lehions, one should also look in univvolved areas of ti,;stse since, in the
necrotic foci, the infection may have already been tciminated and the
virus no longer j.tesent. Furthermore, these data raise the question
whither the cerebral lesions of congenital CMV infection or other
pathologic lesions associated with this virus result from a lympho-
cytoxic substance.

Corticosteroids are considered to be contraindicated during CM'J
and many other viral infections. However, if pathologic lesions are
caused by immunologic mechanisms, then corticosteroids or other
immunosuppressive agents may be indicated. For instance, in adult
mice infected with lymphloyti;c ehoriomeningitis virus, immunosup-
pression prevents manifestations of the disease.3" In mice chronically
infected with MCMV cortisone administration clearly suppresses the
histologic lesions in the submaxillary glands '" although it prolongs
the infection. The beneficiai effects of corticosteroid treatment oni

neonatal CMV infections have been reported."1'-!' Perhaps, in these
cases, the corticosteroids were suppressing immunologically induced
tissue injury.

From the morphologic data, we conclude that MCMV infection is
not cytolytic in the salivary glands of mice, that lymphocytes are

responsible for terminating clwonic infection possibly by elaborating a
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cytotoxic substance which diffuses into the acinii and that morphi~log.
cally normial acinar cells also degenerate (luring termination of chronic
infection.
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[Illustrations follow]
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Fig 4-Mouse 23 days after infection. A virus-filled vesicle has ruptured releasing
virus into a canaliculus. Nucleus of Infected cell contains virus. Contiguous uninfected
acinar cells are markedly compressed by the enlarged infected cell and the acinus
distorted. Arrows indicate basal lamina (x 6750).

Fig 5-CMH submaxdllary gland 34 days after MCMV infection. To the right in the
electron microgaph is part of ap acinus surrounded by an Intact basal lamina (arrows).
Infected acinar cell is not incluo%, in the micrograph. Three lymphocytes are present
to the left in the interstitium. Per etration of lymphocytes through basal lamina was
never observed (x 4000).

/!

-.- _



_4

r"3

Fig 5--Section through acinus from submaxillary gland of CH mouse 34 days after MCMV
infection. Many of the acinar cells are undergoing necrosis, characterized by an accumula-
tion of dense osmophilic material within large cytoplasmic vesicles. At this advanced stage
of degeneration, it was often difficult to determine which cell had been infected. An intact
basal lamina is present around the periphery (arrows) (X 480C).

Fig 7-Necrosis of adjacent infected and non-infected acinar cells 34 days post infection.
Basal lamina (arrows) is intact. Infected cell is recognized by remnants of virus-filled
vesicles (long arrow) in cytoplasm. Part of a myoepithelial cell is situated between basal
lamina and noninfected cell (x 10.600).

Fig 8-C.H mouse salivary gland 39 days after infection. Arrows indicate intact basal
lamina. In the center is a myoepithelial cell with its cytoplasm extending toward the acinar
lumen. To the left is a degenerating infected cell recognizable by the presence of incomplete
virions. To the right is degeneration of a noninfected acinar cell characterized by accumula-
tion of dense osmophilic material. Inflammatory cells are present along the basal lamina
outside the acinus (X 6000).
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