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Abstract:
African pygmy goats were experimentally infected with a bovine respiratory syncytial virus. There
were no signs of clinical disease in infected goats.

Histological and ultrastructural studies were performed to examine the effects of respiratory syncytial
virus on the bronchi, bronchioles and alveolar epithelium. Histologically, a bronchial plug consisting of
cell debris, macrophages and lymphocytes was observed in one goat. Changes in bronchioles consisted
of a peribronchiolar infiltration with monocytes. The alveolar septa in two goats were thickened due to
fibrosis, infiltrating monocytes and polymorphonuclear leukocytes in the alveolar connective tissue.
Ultrastructurally, respiratory syncytial virus maturation occurred at the plasma membrane. Virions
were observed budding from the plasma membrane of ciliated cells and nonciliated nonsecretory cells
in bronchioles, and from the plasma membrane of type I and type II alveolar pneumonocytes.

This study suggested the African pygmy goat may be a suitable animal model for bovine respiratory
disease.
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ABSTRACT

African pygmy goats were experimentally infected with a bovine
‘respiratory syncytial virus. There were no signs of clinical disease
in infected goats. o ’

Histological and ultrastructural studies were performed to
examineé the effects of respiratory syncytial virus on the bronchi,
bronchioles and alveolar epithelium. Histologically, a.bronchial
plug consisting of cell debris, macrophages and lymphocytes was
observed in one goat. Changes in bronchioles consisted of a peri-
bronchiolar infiltration with monocytes. The alveolar septa in two
goats were thickened due to fibrosis, infiltrating monocytés and
polymorphonuclear leukocytes in the alveolar.connective tissue.
Ultrastructurally, respiratory syncytial virus maturation occurred
at the plasma membrane. Virions were observed budding from the
plasma membrane of ciliated cells and nonciliated nonsecretory
cells in bronchioles, and from the plasma membrane of type I and
type II alveolar pneumonocytes.

This study suggested the African pygmy goat may be a sultable
animal model for bovine respiratory dlsease.




CHAPTER 1
INTRODUCTION

The respifatory syncytial virus (RSV) is an important re-
spiratory tract pathogen.in human infants under the age of 1 year
and is common in infections in the adult human population. Sero-
logical surveys demonstrated that neutralizing antibodies for the
virus were present in 90% of the population by. 15 years of age
(13, 25-27, 54).'

The bovine RSQ is worldwide in distribution and is an important
etiological agent in the bovine fespiratory diséase complex (BRDC)
(59, 84, 90, 92). Since the BRDC is of multipie etiology, it is
extremely difficult to evalute the role of RSV. Experimental
RSV infections are rarely fatal in caives, but can decrease tbe
host's resistance to allow other pathogens to complicatelthe complex
(23). |
: In order to study the pathogenesis of RSV a good animal model ig
needed. Cebus monkeyé have been partially evaluated and were shown
to develop pulmonar§ lesions during infection (88).. Lambs were
evaluated and have the potential to serve as an animal model (30).

The purpose of this study was .to examine the pygm? goat as a
possible animal model for respiratory disease induced by boYine RSV.
Histological and ultrastructural data were obﬁained in an attempt to

study events in the pathbgenesis of bovine RSV infections.




CHAPTER 2
LITERATURE REVIEW

The.ﬁltrastructure of the lung‘has been studied in séveral
mammalian épecies, inciuding human (20, 58, 72),'bovine (3, 39, 40,
91), caprine (7, 57), ovine (63)Vand porcine (42). With the advent
of ﬁighirésolution electron microscopy, moré studies concgrniné
normal and diseased lungs should be uﬁdertaken.

Bronchi and Bronchioles

The bronchi and bronchiéles were composed of a variety of cells,
including ciliated and'nonciliated cells, ﬁoblef cells, brush célls
and Clara gells. |

The columnaf shaped ciliated cells were wider at the luminal  sur-
face than at the base and formed complex interdigitations with basal
cel;s, ihtérmediate cells and adjacent.ceils'via desmoéomes. ‘An
irregular intercellular space surrounde@ #he célls, ekcépt at the
luminal surface, where tight junctions we?e formed - (49). The cell
cytoplasm was not as electron dense as in the nbnciliéted cells be—
cause'they.were void of secretory products (22).

~Qrganelles found in cilié;ed cells included- rough endoplasmic
reticulum; free ribosomes, mﬁltivesicular bodies, and occasionally,
lysosomes and glycogen (225. Tonofilaments were aiéo found,_élthough

they were few in number. . Ultrastructurally, they were fine filaments
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4-5 nm in diaﬁeter, ofAindéfinite length, and served an internal
reinforcing function (48). The golgi apparatus was well developed
and was located in a paranuclear position. Numerous mitochbﬁaria
were located beneath tﬁe basal boaies to which cilia were aﬁtached
(22).

Cilia were motile brocessés, =10 pm long‘and 0.2-0.3 jm in
diameter (15, 22). Each cilium was composed of 9 peripheral doublet
tubules which surrounded two single central tubules. Located on one
tubule of each doublet Qas a sho?t projection composed of the protein
dynein (15).

Atypical cilia have been observed in several disease states
(38, 86, 100). Pedersen and Mygind (86) df;scribed cilia in which
fhere was a lack of dynein arms on the outer microtubﬁles as weil as
complete disorganization of the axonemal matrix. Eliasson, Mossberg,
Camner and Afzelius (38) observed that an absence of dynein arms in
cilia from nasal and bronchial mucosa supported the hypothesig that
congénital defects in cilia will cause chronic respiratory tract in-
fections. Sturdess, Chao, Wong, Aspin and Turner (100) revealed
cilia with defective radial spokes.as a cause of human respiratory
disease. They obsérved cil;a f;om‘nasal and bronchial biopsies that
displayea normal tubﬁles,’nekin links, and dyneih.afms, but lacked
fadial spokes. In manf of the‘cilia, one of the outer doubiet micro-

tubules was displaced into the central region of the axoneme.
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Sturgess et al. suggested this displacement of the duter doublet
was épparently due to the lack of radial spéke;.

| The apical border of ciliated cells possessed micrdvilli (Sé).
Miérovilli were cylindrical cell procésses 0.5-1 ym long and BO;IQO'
nm in diameter (15, 22). Bundles of straiéht pérallel actin fil-
aments ran longitundinally through the core and occasionally ex- -
tended into the apical .cytoplasm (155. . The diameter of these actin
filaments was 5 nm (34).

Goblet.cells were columnar cells that contained numerous mucous
granules .and ribosomes. Lower portions of goblet celis were agtached
ﬁo adjacent cells'via desmosomes,,thle luminal intercellular borders
werehélosed by tight junctional complexes. Goblet cells possessed
a well developed golgi complex and extensive netwogks of'fbugh endd;
plasmic reticulum (22). The surfaces of goblet cells appeared
swollen ~ probably due to accumulated mucin that was about to be re-
leased (5). Release of the mucous granules was accomplished by apo-
crine secretion (50). Microvilli were absent on the swollen surfacé
and were usually more numerous élong the cell periphery. iThese sur;
face microvilli were 0.4 jm long and 0.12 pm in diameter (?).

Rhodin and Dalhamn (é7) first described brush cells in the rat
tracheal epithelium and noted their infrequent occurrence. Since
“that time, brush cellé have been described by othef investigators in

tracheal epithelium and epithelium of large and small bronchi (3, 5,
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12, 73). Meyrick and Reid (75) described a brush cell in the ra?
alveolar Iining epithélium and felt that if it was observeé in‘ }
otﬁer species, it should be called a type III ppeumonoéyte. Hijiya
(55) described prolife?ation of the alveolaf brush cell cauééa b?
intraperitoneal.injeétions of bleomycin sulphate. The brush cell
was especially prominent in‘areas of_the 1ﬁng whgre interstitial &
pneumonia Aeveloped.

The gltrastructure.of the brush cell, whether found in tracheal,
bronchial or alveolar epithelium, was similar. They were columnar
cells which‘rested on a basement membrane and reaéhed Fhe lumen (22).'
They coﬁtaiﬁed a dense ﬁdpulation of microvilli on the luminal border
that weie 1-2 n long and approximately 0.17-0.25 p wide (3; 5, 22,
73). Brush cells contained more cytoplasmic filament bundles than-
did goblet cells or potent;al ciliated cells. These cytoplasmic
filaments eXEenQed from the tiﬁé of the micfovilli dowﬁ into thé
cyfoplasm of the cell (3, 5). The function of the brush cell was un-
known, although the prééence‘of vaéuoles ahd pinoéytic veéicles
within the cytoplasm suégested an absorptive function (3, 75, 87).

The epithelium of terminal'bronchioies was'mainly composed of
two cell typés.; the ciliated gell and the taller nonciliated cell.
Clara (28) gave é detailed description of the nonciliated bronchiolar

epithelial deil and today these cells are referred to as Clara cells.
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é
Clara suggested that they function as apocrine cells which‘secretg
a nonmucoid substance (98). |

Nideﬁ (78).proposed that the Clara cell was the major source of
'pulmonary phospholipid productidn (presumably surfactant), while the
ﬁype II alveolar epiﬁhelial cell (“large alveoiar" cell) possessed-
phagocytic capabilities and functioned for the clearance of lipids
and other méte?ials from the alveoli. Niden sﬁggested the possibility
that the phospholipid might be sfnthesized in‘the type II cell, but
concluded the study demonstrated phagocytic activity of the type II
cell and that the radioactive‘material (tritiated palmitate or
acetate) was ingested by the cell as free phospholipid lying iﬂ the
alveoli.

Aézopardi and Thurlbeck (9) supported Niden's (78) hypotHesis
thét the Clara cell did secrete a phospholipid. Théy found the Clara
cell did not secrete- acid mucopolysaccharides, but was rich in choline;
containing phospholipids in a firmly bound form, progably as a lipo-
protein. Cuté and Conen'(Bl) supported Azzopardi and Thurlbeck (9)
regarding the cytochemistry and secretory funition of Ciara cells.
Clara cells did contain phospholipid bound to a nonlipid, probably
protein, and Cutz and Coneﬁ (31) further reported that phospholipid
in type II cells.was free or 1oo$ely bound.v Cutz and éonen (31) diad
not support Niden's (78) suggestion that the type Ii cell was a

phagocytic cell. They believed that a cell metabolically active
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toward a secretory function would unlikely be actively phagocytic.
The secretions of Clara cells proﬁably made up tye hypophase com-
ponent of the alveolar lining layer and secretiogs from type II
cells contributed to the surfaée.film, |

Askin and Kuhn (6) demonstrated that'type,il alveolar cells
(granular pneumonocytes) were a major source of éipalmitoyl lecithin,
an important Eomponent in pulmonary sﬁrfactahtm Autoradiography
led to the conclusion that dipalmitoyl lecitﬁin was not synthesized
by Clara cells, and thérefore, Clara cells did not functiop in phe
éynthesis of pulmonary surfaétant;

Stinson ana Loogli (98) supported the fact thaf Clara cells
possessed a secretory function and provided ultrastructural evidence
of seéretory activity. Some electron den;e'gfénules protruding into
the lumen from the surface of Clara cells were enclosed in a uniform,.
incomplete thin layer of cytoplasm, Highly suggestive of merocrine
secretion. Other protrﬁding granules werelenveloped‘in a thin ¢yto-
plasmic coat, suggesting apocrine sccretion. Merocrine secretion in-
volved fusion of the limiting membrane of the secfetory granuié.with
the plésma’ﬁembrane of the cell, and rupture of the.membrénéé with
release of the cgntents-into the lumen. Apocrine seciegion involveé
a pinching-off process with release of c&téplasmic buds into the
lumen, followed by dissociation of the enve}ope. Stinson and LOosii

(98) proposed both modes of secretion occurred in Clara cells.




8
therton, Purchase and Corrin (46) demonstratéd apocrine,'nét‘mero—
crine sécretioﬁ in Clara cells by_u?iliz;ﬁg i—2 pm plastic sectiéns
stained with_hémathylin égd eosin.

Smith, Greenberg aﬁd Spjut‘(§5)'compéred the ultrastructure of
thé Clara cell in several mammalian species. Membrane bound secfé—
tory granules were present in all species, but were sparse in humans
-and calves. Oniy in rat secretory gianules were crystalloid struc-
.tures up to B‘yﬁ in length,obserQed. Clara cells in‘mice, rats and
rabbits contained abundant smooth endoplasmic reticulum in the
apical cytoplasm, whereaé human Clara ce;ls contained rough endo-
pl;smic reticulum in parallel cisternae. Glycogen, bresent in the
rabbit and particularly prominent in the calf, was absent in the
‘rat, mouse and.human.l Only through understa;ding the cémpérative
u;trastructﬁre céﬁ the exact roles of Clara cells be understood in
the pathophysiology of the lung t95).

Alveolar Epithelium

In 1952 Low (71) described the existence of a pulmonary epithe~
lium and observed that the epithelium completely covered the alveolar
walls. Swigart and Kane (10l) disagreed with Low (71) and found
that the'épithelial lining of the alveoli was interrupted.“Watraéh
and Vatter (104) ;evealed a continuous epitheliﬁm combosed ofvtwo
céil types: one cell, Was an elongated fbrﬁ'ﬁossessiné long, atten-

uated cytoplasmic‘extehsions; the other cell, usually large and
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polygonal in shape, wés located in.alveolar niéhes. Occasioné%iy.
small invaginations were observed oﬁ fhe inner surface of the cyto-
plasmic e#tehsions as well asloh surfaces of microvilli. Thé s@r—
face oé the poiyéonal shaped cell ofte# displayéd mierovilli and.its
cytoplasm contained large 6paque bodies which showéd ir?egular lami-
nated internal'structures. The junction between two épithe;ial cell;
was a narrow space not exéeediﬁg 20 nm in width. ‘Watrach'and Vaéter
"(104) described é fused basement membréne,between the alveolar
epithelium and thé,continuoﬁs capillary endothel ium which, when near
the intersticés of thé alveolar wall, wou}@ separate and follow the
alveolar epitheiium and the éapillary*endothelium. Epling.(39)
supported Watrach and Vatter (104) in that the alveblar’épithelial
lininé was continuous and rested on a baéement membrane. He found
the majority of the epithelial cells éossesséd long, thin cytoplasmic
processes and occasionally these céllé posseésed microvilli. Lameliar,
structures were_obéérved,in the cells fhat'bulged into the alveolar
lumen and these buiginq ceils contained nuﬁergus microvilli. Epling
(39) déscribed épithelial celi junctions as an intercellular space
measuring 20 nm. The alveolar epithélium and capiLlary endothelium
"poséessed thei; own basement membranes and,in tBe thinnést pért}
were éeparated by a fused bésement membréne.

In 1964 Eéling (40) déscribed lattice and lgméllar structgrgs iﬁ

the alﬁeolar lumen of normal cattle' as ﬁell as cattle that had high’




‘lO

mountain disease. He discussed the possibility that these structures
might be a result of degeﬁerating epifheliél cells due to death, or
might be related to the production of surfactant.

Kikkawa, Motoyama and Cook (63) found inclusion bodies in type
IT alvgolar epithelial cells (granular pneumonqcytes) that were
closely relatéd to surfactant.' Inclusion bodiés first appeared in
lambs around l2l:da§s of gestation and increased in number with.in—
creased gestation.‘ Normal surface éctivity of lung extracts appeéred
at 126 days of'gestation. No laminated or myelin figures were fouhd
in alveoli before the appearance of type I1 cell inclusion bodies.
Niden (78) propo;ed that the type II cells were phagocytic cells
and aided in the removal of lipids from the alveoli and were not
associated with surfactant production. Dermer (32) found surfgctqnt
phospholipid at the surfaces of alveolar epithelial cells, in vesicles.
containgd in thé cytoplasm of type I eéithelial cells (membrapous
pneumonocytes) and Within basement membranes that separated alveolar
epithelium from endothelium. His obsérvations indicated that sur-
factant wés transborted away from the alveolar surfacé during normal
turno&er and removal of surfactant from fhé Jung. He indicated fhat
jqnctions betwéen alveolar epithelial célls were tight énd sur-
factant cannot pas; into the interstitial space. ﬁermer (33)

found type II cell inclusion bodies:to.contain a saturdted
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phospholipid, very similar in structure to that found within emul-
sions of dipalmitoyl lecithin aqd isolated-surfactant.

Ortega et ai: (83) reborted that type I alveolar cells usuaily
>possessed a smooth plasma membrane infconﬁrést to the type II celi
which was covered with nﬁmerous microvilli. They observed a close
association between type II lamellar inclusions ana lysosomal mem-—
brénes, but strengthened the concept thét inclusions were a secre%or&
product of type II cells and not phagocytic structures (65).

Esterly and Faulkner (45) injgcted ink and polystyrene épheres into
the trachea of rabbits and never observed this material in alveolar
epithelial qells. They further supported the fact th;t type II cells
were not cépable of phagocytic activity. ‘

Nowell and Tyler (80), using scanning electron microscopy, ob-
served microvil;i around alveolar type II cells and depressions and
openings on thei£ surféces. These depressions were thought to be
directly associated wi?h the .discharge of pulmonafy sﬁrfactant; Atwal
. {8) described PAS—positiVe inclusions on the type II cell of the goat
and discuséed that these inclusions contained muéopolysaccharides-
which were an important component of pulmonary surfactant. Smith and
Ryan (96) obtained evidence that lamellar inclusions of type II
alveolar cells were released by merocrine secretion,.and that one of
the éecretory products was tubular myelin. It was this tubular

myelin and other phospholipids that other investigators observed
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in the alveolar lumen and in laminated inclusions- in type I;
alveolar célis (40, 51, 65, 74, 91, 104). Stratton (99) 6bservéd
humén multiiamellar bodies beiné released by type il cells intg-
the dlveolar lumen via merocriné_secretion.

Pericytes (cells éf Rouget) may be contractile cells'that coﬁj
trol capillary diameterxrs. Epling (42, 43)_described pericytes in
direct contact with endotheiial cells in lungs and hearts of Cgttle
and swiﬁe. They functioned in the regulaﬁion of blood flow through
vascular beds and might be imbortant chemofeceptors, pressure re- |
ceptors and thermoreceptors. ‘Atwal and Sweeny (7) observed pericytes
in contact with goat aiveolar'endothelium and in 1974 Weibgl'(lOS)
observed pericytes associatea_with capillaries in human lungs.

fWeibel (105) describes criéeria for pericytes: "They are closely
opposed to éépillary endothelium, are enveloped by its basement
membrane, but ﬁemain separated from‘the endothelium by basement mem-
brane 1eaflets; exceét in regioﬁé where processes app?oach the en-
dothelial céll, and their processes show a cytopiasmic differ—
entiatidﬁ éimilar to that of periqytes".

Alveolar pores were located in thin walls separating adjacent
alveoli and were impor;ant in providing collateral air circulation
and helped preveﬁt the éollaﬁse of alveoli if the smaller éir passages
.were biocked (45). Gfoniowski, Walski- and Bicozysko (53)'déscribed

alveolar pores of Kohn in normal lungs as being a regular oval
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circumvéllgted'hole with a diameter of:9 iy whereas in collaésed
alveoli, the pores had a funnel‘shaped appearance. Kuﬂn ana,Finké
(66)~observed aivgolar pores_iﬁ the.élveoiér septa with a diaﬁeter
of 3-6 p. Parfa,.Gaddy and Takafo (85) found canine élveolar'pqres
about 1 pm in aiameter and Ehé ﬁajority of the pores were covéred'
with ﬁaterial pdssessing.morphologiﬁ characteristics of surfactant. -,
Since the poféslwere qovered with‘surfaée lining matérial under
normal conditions, they did not participate in proviaing collatefal
air éirculatiép. Takaro, Price and Pérfa (162) fbund hﬁman alveolaf'
pores to have a diameter of 5.3'Pm if the luﬁgs were perfusedlvia.
the airway, whereas vascular perfusion produced pofes filled with
surfactant with an average diameter 6f 2.6‘pm.

In a freeze-fracture study Bartels, QOestern and Qoss—Wermbter
(11) observed comﬁunicating junctioﬁs.between pneumonocytes in

humans, dogs, rats, rabbits and mice. Communicating junctions were

‘seen'between type I andktype II pneumonocytes and between sheets of

type I pneumonoéytes. ”They were rarely observed bet&een adjacent

type II pneumonocytes. fhe functional significance of éommunicating
junctions‘remainé opén to speculation. The £ype I pneﬁmonocyte might
_inflqence the type II pneumonocyte in’the release of-éurfactant, whilé
the transformaéion of type II éells into.the.I célis may be_mediateé‘

by type .I cells adjacent to the type II:cells (11).
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Alveolar Damage

In 1964 Epling (41) described alveolar changes associated with
acute pulﬁonary‘emphysema. Lesions’were areas of collapsed‘alﬁéoii
(atelectasis); edematous alveoli, ruptures of the plasma membrane
and fibrosis of the alveolar walls.

Epliﬁg and Wilson (44) coﬁducted studies concerning ultra-
structural changes in pulmohary alveolar necrosis. They observed
intrapellular edema in type I pneuﬁonocytes followed by eventual
rupturing of the.plasma membrane. This sequence was repeated in
endothelial cells. When the plasma membrane of the endothelia; cell
ruptured, the‘remaining basement membrane of t§pe I pnéumonocytes
also ruptured, allowing hemorrhage into thg alveolar iumen.

Huang, Carlson, Bray and'Bradléy (57) studied pulmonary lesions
caused by 3-methylindole iﬁ goats. They observed extensive degen-
eration and hecrosis of type I pneumonocytes characterized by mito-
chondrial swelling, largé‘vesicies and fhe presence of la£ge clusters
of smooth éndoplasmic reticulum. The necrosis of the type I pneu-
monocyte Qas followed by proliferation of the type II pnéumonocyte in
an attempt to repopulate the basal lamina. Bradley and Carlson (21)
studied the effects of 3-me;hylindole'in goaté on the alveolar
epithelium. The most sévere morphologic changes were oSserved in
type I pneumonocytes and the nonciliated bronchiolar epithelial cells.

Type I pneumonocytes exhibited swollen vesicles and mitochondria,




15
large clusters of smooth endoplasmic feticulum, and eveptuél sep-
'aration from £he2bé$ement mgmbrane.’ Tyéé IT pneumonocytes were not
as susceptible to‘injury._ They‘aiéﬁlayéd siightly swollen ﬁito—
cﬁondrié wifh mild'cytoplasmic swelling;

Evans, Dekker, Cabral—Andersoﬁ and Freeman (47) dgmonstrated
that a greafef proliferativé reSpbnse of al&eﬁlar typevII pneumono—:
cytes was éssociated with increaéing tissue damage affer exposure
to nitrous dioxide‘(NO2). Folléwing proliferatidn,lfhe'type IT
pneumonocytés differentiéted into type I pneumonocytés.andvthe
epithelium aésm_ned a nqrmal squamoﬁs appéarance.

Castleman, Dungworth, Schwartz“and Tyler (24) studied the
pathogenesis of acute respiratory bronchiolitis iﬁ rhesus monﬁe?s
after exposure to ozone. They observed extenéive degeneration and
necrosis of type I pneumonocytes. ?he fype II pneumoﬁocfteé func-
tioned as stem cells iﬁ renewal of the epithélium.

Adamson and BOWaen (1) sﬁowéd type II pnéumonoéytes were sus-
ceptible to injury.. In a stéady state, type ;I pneumonocyfes were
considered to be injury resistant, whereas in a'proliferative phase,
after necrosis of type I pneumonocytes, type II pneumonocyfes were
not resistant to injury.

Lahgloss, Héover and Kahn (67) studied the u;trastructgral
morphogenesisiof acute §irél pneumonia in caés.produced by a Giruleﬁt~

strain of féline calicivirus. In type I pneumonoches there .was
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dilatation.of mitochondria, chrqﬁatin Qas clumped aﬁd mérginatgd and
partial detachment of cytoplasmic extgﬁsions eventually led to éom—
plete—desquamationy Mapy sevérely affected tyée I pnéumoﬁocytes
contained aggregates of Qiral particles. Type II cells disﬁlayed
someAdegenerative changes and often ;emained in sitﬁ after £he lbss
of type I pneumonocytes.‘ During the rcpé;ative phése the respiratory
membrane was thick due to.hyperplasia of type II pneumonocyﬁes. This
hyperplasia of type II éells was not éonsidered to be viral specific,
but represéntéd a nonspecific reséonse to. type i‘cell injury.

Respiratory Syncytial Virus

In 1956 Mo;ris, Blount and Savaée (77) isolated a‘virus'froﬂ a
chimpanzee that displayed signs of rgspiratory disease - coughing{
sneezing and a mucdpuruleﬁt discharée. This virﬁs, the chimpanzée'
coryza agent (CCA), produced deqenerativé chanqes.in cell cultﬁres(
was. not pathogehic for common laboratory animals and reﬁained patho~
* genic for éhimpanzées.‘ A laboratory.- worker working with CCA de—.
veloped an upper respirgtory illness characterized by rhinorrhea,
coﬁgh, malaisé and a low grade fever. .Serological‘studies.on the
worker provided a 1:80 compleﬁent fixation tite; and a 1:40 hgutfal;'
izing antibody titer againét CCA. This evidence was presumptive
that CCA was of egiological significance.‘

Ih 1957 éhanock, Roizman ana Myefé (25) isdlated from humans an

~

agent indistinguishable from the CCA. This new isolate along with
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the CCA were called respiratory syncytial (RS) viruses due ﬁo théir
antigenic properties and characteristic syncytium formatioﬂ in tissue
cultures. Since then, the RS virus has been shown to be the most im-
portant‘respiratory trac£ pathogen during eérly life (13, 26, 27).

Paccaud and Jacquier (84). were the first.to isolate a bovine
respiratory syngytial virus from an outbréak of reépiratory disease
in Switzerland. The infection séread to all cattlé less than 6 years
of age. Young animals developed an upper respiratory tract infection
with cough'and nasal discharge while older animals displayed signs
of bronchopneumonia. Attempts to detect hemagglutinating and hem-
adsorbing activit& with this virus'failed.\

smith, Frey and Dierks (92, 93) were £he first to isolate a
bovine respiratory syncytiallvirus in the Uﬁited States. In a
serological survey, 81% of Iowa cattle tested posseésed serum ahtij
body to the bovine isolate. They reproduced clinical disease in
thfee of five calves tested. Clinical signs néted were anorexia,
pyrexia, nasal discharge and malaise. In all calves a leukopénia
was noted three to five days after infectiop.

Rosenquist (90)_isolated a respiratory syncytial virus from
calves with acute respiratory disease in Missouri. ‘The respiratory
disease was characterized by polypnea and fever. A few calves dis-

played a mucopurulent nasal discharge and some calves had a serous

nasal discharge. Rectal temperatures averaged 104.79 F.
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Recentl? Smith, Lehmkuhl and Phillips (94) isolated a re-
spiratory syncytial Virus f;om é herd of pygmy-éoats thgt digplayed
sigﬁs of'féspiratory diséase. Clinicél éigns in iﬁfected goats in—
cluded elevated temperatures; ahorekia, malaise, cough, mucopurulent
nasal‘dischafge'énd burulent lacrimal discharge with photophobia.
The morphogenesis and ultrastfucture of this isolate provided addi-

tional evidence that it was a respiratory syncytial virus.

Ultrastructure of Reépifatory Syncytial Virus

Negatively Stained Preparations

Bloth, - Espmark, Norrby and Gard (16)-used the Long strain éf
tﬁe RS virus to oBtain information about its ultrastructure? They -
reported on'the éreat pleomorphi;m of the virus - many virions
appeared spherical, while others were more or less elongated. The
diémeters of the Virioﬁs ranged from 90-860 nm with an average of’
340 nm. Virions possessed sﬁrface projections which covgred the en-
tire particle. Theée club-shaped projections had a length éf 13-17
nm and a width of 4-7 nm. The center to center distance befwgen
projeetions wés 7-lO'pm.

In a later study Bloth and Norrby (17) reported on thelultra—
structure of RS virus subuni£s. They observed two diffefgnt types
of viral structures. One type had a_rosette—}iké shape with
diameters of 50—%5 nm and an a&erage éb;ut_éd nm; The fbsettes

were the dominant particleée and posééésed spikes with lengths of
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12-16 nm. The second type of structure came from particleé that had
been disrupted- by treatmegt with Tween 80. 1These helical structures
were fragile and had diameters of 10-12 nm and alregular periodicity
along its axis of 7 nm. Eckert, Maassab ana Cavallaw (36) also
described the inner component of RS virus as being a heliéai struc—‘
ture which varied'in diameter be#wéén‘13—lé nm;, Althoughllaige;:
elongated virions predominated, spherical parficles with average
'diameters dﬁ 150 nm were also opservéd. Both formé‘of the Vi;us
were covered with surface project;éns. Bloth and Norrby (18) re-
peated their studies on the internal component Qf tﬁe RS virus be-
cause of the_distortion obtained in the preparation of materials
(17). They observed the inner structure leaking out from'disrupted
virions as long strands. These strands reached lengths more than
©1.5 ﬁ with-diameters of 16-18 nm. Thé RS virus interpal com-
ponent had a herringbone—liké structure with a regular periodicity -
of 7 nm along its axis. '
Joncas, Berthiaume and Pavilanis (61) studied the fine details

of an RS virus.isblated from nasopharyngeal secretions of three in-
fants with bronchiolitis. Thé viral partiéles were‘éphericél,
filamentous and éleomdrphic, varying in diaﬁéters from 80-500 nm. 
Spherical forms varied ip diameter frém 100-=350 ﬁﬁ. Surface pro-
jections measuring lg nm were observed on the surface of the ﬁS vifus.

The nucleoprotein strand varied in diameter from 12.5-15 nm with an
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average of 13.5 nm and a helical pitch of 6.5 nm. ito, Tanaka,'
Inaba and Omori'(60) examinéd an RS virus that was isolatéd earlier .
in Jépan (59). The Rs virus cxﬁibited gréat pleomorphism - some
spherical and some elongatea or distorted. The diameters.va£ied
f;om 86—450 nm with an average of 200.nm. ~An oufer memprane 7-15
nm thick was éove?ed by club—shgped projections 13-17 nm iohg ané
4-7 nm Qide with a center toﬂcénter distance of 7-9 nm. The in-
ternal structure of disrupted virions had herringbone-like strands
11-15 nm wiéé'and a regular periodicity of 7 ﬁm.. When utilizing
negative staining techniques, Backi and Howe (10) §bserVed filamentqus
and spherical‘v;rions. Filaments measuring 1-4 Hnm predomihated while
occasionally spherical virions with diaﬁeters between 150—506 nm .
were éeen. Both fqrms possessed surface projections whiéh measured
10 nm in length. Berthiaume, Joncas and Pavilanis (14) also observed
the RS virus in negative stained preparations. The RS virus contéiﬁed
a nucleocapsid core surrounded by an eﬁvelope covered with 'projections.
These surface préjections>méasured 12 nm in lenéth with a center to
center spaciﬁg of 10 nm. ‘The ntcléocapéid had an avefage diameter of
13.5 nm with a.he;ical pitch of 6.5 nm - the nucleocapsid of the RS
virus was a‘fragile structure and waé brokeh into‘small fragﬁgnts
and isolated ripgs. Lehmkuhl, Smith and Cutlip'(69) studied the
structure of a éapriﬁe RS.virus'isoléted by'Smith et al; (94).

Pleomorphic, spHerical and filamentous structures were observed in




21

negatively'stained preparations with filamentous forms predominatihg;

The filamentous fofﬁs had diameters rahging frpm 45-90 nm with
lehgths up to 2,006vhm, whilé sphericél forms had diameters rxanging
from 80-600 ﬁm. The envelope ppséesséd club-shaped projectiéns
10-14 nm long with‘a center to center spacing of 8-11 nm. The
nuclébcapsid’was a fragilg structgre observed as brékén fragments
oxr isolatéd rings.

Ultrathin Sections of Respiratory Syncytial Virus

.Norrgy, Marusyk aﬁd Orvell (79f infected Vero.cells.with the
Long strain of RS virus for ultrastructural’étﬁdies. Cy#oplasmic
..inc%usion bodie;,had a:granular or threadlike aﬁpearance. Occa-
sionally filamen;ous structures with diﬁensions of thé RS virus
were seén in association with inclusion bodies. Virus maturation
occurred at the plasma membrane. Sphérical particles with four to
fiye'(occasionally 10 fo 12) submembranous dots were seen budding
from the plasma membrane. These qistinct dots had diameters of
11-15 nm, while the sphericéi particle ranged from 90-130 nm in
diameter. . Surface prdjgctions with lengths of - 12-15 nm were ob-
served on the spherical particie. Filémentous or elongated'struc—
tures were also seen é%tending from thé plasﬁa membrqnei Occa-
sionélly.the di;tinét dots were aséociated with these filamentous

structures. .The filamentous forms had a uniform diameter of
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100-130 nm with their lengths occasiénally exceeding Z'Fﬁ. The
tips ofteﬂ had the appeérance.of_a‘budding vifion.

Ito et al. (60) als§ deménétratéd Virél maturation occurriﬁg
at the plasma membrane‘in the férm of spherical and. filamentous
structures. Tﬁé spherical particleé ranged from 80-130 nm in
aiameter with aistinctive dots:of 11-15 nm. They speculated that
these dots might be cross sec£ions of filamentbué components. The
filamentous Virions wére of va£iable'len§th with diametefs-of
lOO-l30Inm..

Bachi and Howe (10) observed round to kidney—shaped and.fila—
meﬁtous structﬁfes bu&dipé from thé plasma ﬁembréne qf virug.in:-
fected cell cultures. Spherigal particles with diamefers of
150—250 nm frequently contained électrdn dense dots with a aiametéf
of 15 nm. Budding filaméﬁts'with diameterg of 96—100 nm did not
contain distinct dots but contained three to fiﬁe parallel strandé
measuring 15 nm in diametér. Coréless filaﬁenfs and sphergs'were
frequently observed budding from the ceil surface. Berthiaume ét
al. (14) obsegved RS ;irus budding from the élasma membrane of ‘in-
fected cell cultures. They could not 6bservé the first stages of
adsorption and penetratién of the yirus due to the relafively low
multipliéity of infection. Cytoplasmic inclusién bodie; were
localized iﬁ'a paranuclear fosition ;nd had a grénﬁlar or thread-

like appearanbe. These‘threéds_hadxa diameter of approximately 12 nm.
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Spherical and filamentous particles with a uniform diameter of lOQ
nm were seen budding from the plasma membrane. Both struc£uxes
possessed sufféce projections ‘approximately 12 nm in length.
Electroﬁvdensé dots varying in number from 4'to 8 with’a diameter
of 12 nm were seeﬁ in spherical particles. fhe filameptous particles
contained 3-4 parallel elongafed threads'apéroximafely ;é ﬁm in
diameter.

Lehmkuhl et al. (69) observed spherical and £filamentous ﬁartibles
maturing at the plasma membrahéf Granular, pleomérphic.cytoplasmic‘
inclusions were located in a paraﬁuclear position. The spherical
and filaméntous particles possessed diameters of 90—166 nm. Spherical
virions possessed electron dense dots with diameters of 11-15 nm,
whereas in longitudinal sections these dots appeared as filaﬁénts.

Occasionally some of the filamentous virions had a terminal swelling.

Patholoéical Changes

The RS virus has beén established és an impoftant cause of severe
respiratory disease and death in children, especially those éhildren
under one year of ége (4, 13, 26; 29, 37, 56).

Aherne,'Bird, Court, Gardner and McQuillin‘(Z) deséfibed path-
ological chaﬁges in children caused by the RS virus. RS virus was
recovered from the lungs of 12 children at autopsy. Five of these
children showed histological éhanges of acute brénqhiolitis - |

necrosis of the bronchiolar epithélium followed by lymphocytic
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infiltration with some plasma cells and macrophages. The sub-
mucosa was edematous and typically, there was no”damage to muscle
and elastic fibers. Thick dense plugs also formed in the bronchio;ar
lumen and consisted of cell debris, fibrin and a material that stained .
similarly go DNA. Cytoplasmic inclusion bédies were difficult to
locate in the brenecrotic bronchiélar ep?thelium.

Richardson et al. (88) described lesions in the lungs of cebus
monkéys caused by a respiratory syncytial virus. The alveolar septa
were thickened due to an infiitfation of mononuciear cells aﬁd poly-
morphonuclear leukocytes (PMNs) while multinﬁcleatéd giant cells
were occasionally observed in the alveoli. Ebsinophilic cytopiasmic
inclusion bodies were observed in areas of consolidation six dayé
after experimenﬁal infection.

Mohanty, Ingling and Lillie (76) described hiétological changes
in calves induced by RS viral infection. The alveolaf sepFa were
thick due to a mononuclear ‘'infiltration. Multinucleated gi;nt cells
were seen in the alveolar lumen and néutrophilic infiltrations were
observed iﬂ alveolar épéces. The bronchiolér lumens wére‘bartially
occluded with heutrophils and cellular debris. pymphocytic and
_reticuloendothelial hyéerplasia Qas'noted in bronchial lyﬁéh nodeé
and neutrophils were observed in lymph sinusgs.

Bryson, McFerran, Ball and Néill (23) described lesionsvin calves

from naturally occurring RS and parainfluenza infections. The




25
bronchiolar - lumen was occluded with an ekudate consisting of mono-
nuclear cells, PMNs, detached epithelial cells and proteinaceous
débris. PMNs were observea within bronchial and bronchiolar
epithelium and in the lamina propria. The lamina propria of small
bronchi contained inc¥eased numbers of plasma cells and lymphocytes.
The alveoiar septa were thickened due to edema and an increased con-
tent of interstitial cells. PMNs, macrophages and monocyfes were
present in many alveolar lumens. Multinucleated giant cells with
eosinophilic cytoplasmic inclusions were seen on bronchiolar and
alveolar walls in some of the infected animals.

Lehmkuhl and Cutlip (68) aeépribed lesions in lambs induced by
the RS Qirus. All lobes of the lung displayed multiple foci of in-
terstitial pneumonitis. The alveolar septa were thickened due to
an accﬁmulation of mpnonuclear cells with the maérophage being the
predominant cell type. Cutlip and Lehmkuhl (30) described lung
lesions in lambs experimentally infected with RS virus. The ﬁain
lesion was of a focal interstitial pneumonitis with multiple areas
of consolidation. Histologically the alveoli and alveolar septé
had an extensi?e accumulation of macrophages. Many type II
pneumonécytes were hyperplastic, forming a cuboidal epithelial
lining. The term;nal air passages displayed necrosis and sloughing
-of epithelial éells. Multinucleated giant cells. were rareiy obser&ed

and no cytoplasmic inclusion bodies were observed in H&E or Giemsa
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stained sections. Utilizing the elec;ron microscope, they observed
pleomorphié virions bUddiﬁg from sméll'airway epithelial cells ana
free virions in small airways and alveoli. Dense cytoplasmic in-
clusions located in a paranuclear‘éésition were observed in sever;l
epithelial cells. |

.The respiratory syncytial virus has recentlyhbeen placed in
the genus Pneumovirus of the family Paramyxoviridae (64) ;nd has
been established as an impprtént’pathogen of early.life (4, 13, 26,
27, 29). Few studies have been conducted at the ultrastructural
level during experimenfal or na£ﬁral infection .and more work is

desired in this area.




CHAPTER 3
MATERIALS AND METHODS

Celi Culture .and Culture Media

Georgia Bovine Kidney (GBK) cells were used for virus pr§—
pagation and titration. The cellé wéré maiﬁtained-in Dulbecco'é
Modified Eagle Medium (DMEM) with 10% fetal calf serum at pH 7.2.
Five ml of the cell suséénsion were used to séed each 250 ml plastic
tissue culture flask.l The flasks weré placed in an incubafor with
5% CO2 at 37O‘C. Confluent monolafers were obtained after one day -
incubation.

Stock Virus

Missouri i;olate VC484, a bovine respiratory syncytial virus,
was propagated in GBK cells for 4-6 days or uﬁtil 50—60% of the cell”
monolayer displayed signs of cytopathié effect (CPE) - cell rdundiné,
aggregation and sloughing. Prior to freezing ét —70O C a solutioﬁ
of suérose, phospﬁate and glutamate (SPG) was added to fhe medium
following the ﬁethod of Bovérnick, Miiler and Snyder (19). The virus
suspension remained frozen.until needed for experiﬁental infection

in pygmy goats.

Costar, Division'Daté Packaging Corp., Cambfidge, Mass.




28

Control Inoculum

The control inoculum consisted of GBK cells maintained in DMEM

with 10% fetal calf serum. SPG was added to the medium prior to’
. ' o ' | o
freezing at -70 C.

Virus Titration

VC484 was titered using £i$sue cultureﬂplates contéining 24
wellé.2rEacﬁ well coﬁtained a ménblayer df GBK cells. Tﬁe grthh
medium was'reﬁoved from the wells. and the cells rinsed with Rin-
éldini enzyme soiu?ion (R—saline). Each well was.inoculated with
0.2 ml of five-fold virus dilutions made in DMEM without serum.

. ‘ - ' o
Adsorption was allowed for one hour in a moist atmosphere at 37 C.

. ‘

After adsorption, the dilptions were removed and the monolayers
overlayed with 0.5% agarose in'DMEM. After inéﬁbatioh for 5-6
days or until adequate CPE was noted with an inverted microscope,
the monolafers were fixed at room £emperature for 30 minutes Qith.
10% buffered neutral formalin.h Agar plugs were removed and the
monélayefs stained with érystai‘violetf Plaques were counted in
each well to déﬁerﬁine the number of plaque'forminé units (PFU).
Calculations were then made to determine the number of PFU per mi
of stock virus. Titrations were done in quadruplicate. The fiter

of VC484 was l.'5—2.0x106 pfu/ml.

2 ; . .
* "Falcon -Plastics, Oxnard, Calif.
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Pygmy Qoats

African pygmy goats, raiged by‘Dr. M. H; Smith at the‘Veterinafy
Research Labdratory, Méntana State Uni&ersity, Boze%an, Montana, wefe
used ih this stu&y. Five goats were used to stﬁdy normal ;uﬁg strué:
ture, five were infected with bovine RSV and two utilized as con-
trols for virus infection.

Five goats, éges 6‘months to 3 years, were éeleqted at.random
énd ﬁééd for ndrmal 1ﬁhg structure. Five goats, ages 6;8 ﬁbnths
were randomly.selected ana infected with a bovine.RSV. Goats were
anesthetized accordiné tovménufacturers instructions using Ketamine
HCl3 ana sﬁall animal Rompun4 given intramuscularly. Fifteen mlef
étock'ﬁirus was‘éerosolizea'into the nasal caVity‘usiné a dispoéable
DeVilbiss5 nebulizer and five ml was injectedrinto the trachea. Goafs‘
were eutﬁanatized six, seven and nine‘days after virus chailénge.
Two goats ages 6-8 months ufilizéd as control goats were anesthetized
as Were thé RSV goats and givenifhe-contrbl inogulumnaé previously
described; _?hese two éoats wére euthanatiéed siﬁ days aftef challénge.

All doaté were euthanatized in a humane manner Using 10 ml of 10%

3, . .
Bristol Laboratories, Syracuse, N.Y.
4Cutter Laboratories, Inc., Shawnee, Kan.

5 S ' . P ‘
DeVilbiss Co., Somerset, Penn. . - ) . o
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surital® adminis£ered intravehously. Immediately éftér.death the
ﬁhoracic cayity was bpéned and thé lungs ?émbved'for fixaﬁion.' 
fiiaﬁioﬁ |

Lungé from_gleveﬁ goats were fixed as described by Dungworth,
Schwartz and Tyler (35) utilizing airway pe;fusibn. A modificatioﬁ
concerning fhe buffer was méde.' éacbdylic‘éc;d7 was ué;d instead’
of sodium c%cod?late.- The pH was adjusted to 7.2-7.3 ﬁsing lN:NaOH
with a mblarity of 0.2 M. Lungs weré inflated via the traéhea using
a glutaraldehYde/paraférméldehyde fixative at 30 cm of fluid pressure.
The lungs were totally immersed in the fixative bath during this:
procedure. After fixa£i§n at room temperafure for‘12~20 hours, the
lungs were removed from the fixative bath and rrepared for light and
electron microécopy. The lung from one RSV infected goat was . .re-
moved from the ;horacic cavity and immediately processed for micro-

'

scopy Without'using tracheal perfusion.

Light Microscopy

Tissué Qas removed from the apiéal and right diapﬁraématié lobes
and placed‘in'lo% buffered neutral forﬁélin (BNF) for a minimum of
24 hours. - Following fixation all tissues were stained wiéh héma—

toxylin and eosin and were examined using a Leitz microscope.

6 . o . .
Parke-Davis, - Morris Plains, N.J.

7 . ) . .
Polysciences, Inc. Warrington, Penn.
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Photomicrographs were taken using a Zeiss standard universal micro-

scope on 4x5" format.

Electron Mibroscopy

Transmission Electron Microscopy (TEM)

Tissues taken from the apical and right diaphragmétic lobes.were
minced into 1 mm cubeg and pést;fixed for 2 ﬁouré in_i% QsO4 in 0.1
M cacodylate buffer with a pH of 7.2-7.3. They ﬁére then placed in
0.1 M cold éacodylate buffer and washéd three times, lé,min:‘eachl
Tissue taken from the animal without tracheal perfusion was diced
inﬁo 1 mm.cubes'and placed into 2% OsO4 in 0.1 M cacodyléte buf fer’,

pH 7.2—7;3) for two hours. After fixation with 2% OsO, the tissue

4

was washed in 0.1 M cacodylate buffer as described above. All tissues

were then dehyarated stepwise in 50, 70, 95 ana 100% e£ﬁénol. The
tissue was infiltrated with Spurr's epoxy resin (97) and polymefiééd
at 70° C for 15 hours in size 00 BEEM capsules.

Eight to ten blocks of tissue were secﬁioned from eéch goat
using glass knives on -a Reichert OM-U2 ultramicrofome.- Ohl? séétions
50-100 nm thick, as judged by interference coloré, wéfe placed on 3
mm copper grids of 200 mesh. Thin sections were then,stgined for 5
min. with ufanyl aceféte and for 3-5 min. in Reynolds lead citraté
(70). Grids were then examiﬁed using a Zeiss EM 9S-2 or a JEOL

100 CX transmission electron micyroscope. at 60-100 KV.
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ScanningﬁElgctroh Microscopy (SEM)

Tissue fixed in the glutaraldehyae/paréformaldehyde fixative,
approximately 8x3x3 mm, was uséd for scanniﬁg eiectron‘miéroscopy.
Tissue blocks were first washed with water and then dehydréted
stepwise in 30, 50, 70, 90, and 100% ethanol. The tissue was then
dried by the critical point drying system ﬁsiné CO2 (82’; Dried
tissue was mounted on copper SEM stubs using colloidal graphite
and then sputter coated with goid.

Tissue was examined using a JEOL 100 Cg with an ASID—4D
scanniﬁg attachment at 40 Kv.

Electron Microscopy of Particle Suspensions
’ I'd

fhe'method of Ritchie and Fernelius (89) was used to assure

the presence of BRSV in viral cell cuiturés. Stock pools of Qirus‘
were centrifuged at loﬁ speed to pellet cells, cell debris and virus.
The supernate was discarded and the pellet resuspended in a-féw ml

of distilled water. Four to six drops of.the suspension were added
to a spot well cpntaining two drops of 4% phosphotungstic acid, two
drops of a freshly prepared 0.3% suspénsion of bovine segum albumin
and 15-30 drops of distilled water. The regulting solution was mixea

. . . : - C o 8 .
in a pipette and placed into an all-glass nebulizexr. ' The preparation

8Ted Pella Inc., Tustin, Calif.
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was sprayed Qnto a carbon coated formvar filmed»grid and immedigtely
examined using a JEOL -100 'CX f;ansmigsion eiéctfén microscope op-
erated at 80-100 KvV. |

Electron Microscopy of RSV Infected Cell Culture

Respiratory syncytial virus infected bovine turbinate cellé:were
proéagated in a 250 ml pléstic flask; ‘Tﬁe méthod dgscribéd by
Ushijima (103) was used for fi%ation, dehydration and embéagent of:‘
tissue{culturgs for use in electrog microécopy.

The cells were wéshed with R-saline and tfybsiﬁ was added to
release the cells from the surface of the flésk., Two ml of 10%
fetal Eaifvéeruﬁ was addéa toleach flask. The cell sugpehsion was

centrifuged at 1,000 rpm for 10 minutes in a refrigerated centrifuge

; R 9 ‘ : ..
with a swinging bucket rotor #269. The pellet was washed with .06 M

Sorenson'; phésphate buffer pH 6.4~6.5 and again centrifuged at a low
speed for lO"minutes; The pellet was fixed for 1 hour at 4° C in 4%
-glutaraldehyde in .06 M Sorenson;s phos?hate buffer to which-was
.added 0;85% NéCl., The‘suspensién'was centrifuged ét 1,000 rpm for 
lO‘minufes and 1-2 ml §f 1% agarose QaéNaddea to each pellet. The
pellet was resuspended in agarose and'placed §n a glass s;ide to

_cool and solidify. The solid was cut into 1 mm cubes and washed

’

- ) . . Lo, :
International Equipment Co., Boston, Mass.
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3 times in Sqrenson;s phosphafe buffer. Cubes were poét fixed in
1% oSo; in Soxenson's_buffcr for. 1%-3 hours at 40 C.. Cﬁbes were:
waéhed threev£imeslthSdreﬁson"s‘buffer, dehydrated in an ethanol
series and embedded in Spurr's epoxy‘fesin. Poiymefization
oécurred.in 15 hours at 70° C. Ultrathin seéﬁions”weré examined
using a Zeiss EM 9S-2 transmission electron microscope operatea

at 60 Kv.
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CHAPTER 4

RESULTS. -

i

Clinical Signs

There were no apparent clinical signs of'diseaée in pygmy

goats infected with bovine RSV.

Negatively Stained RS Virions

Negati?e staining techniques applied to RSV'infected bavine
turbinate cell cultures revealed spherical, filamentous and pleo-
morbhic virions. épherical virions measured 140-177 nm in dia-
méter and filamentous virions were approximateiy 50-70 nm wide.
Both forms weré completely .covered with clubjshapgd sﬁrface pfo—
jections with diameters ranging from 4-6 nm, lenétﬁs of 12-17 nm
and a center to center spacing of 5-10 nm (Figs; l; 2). Rosette—
shaped virions épproximately 100~-110 nm in diametér were éomplétely
covered with surface projectiéns (Fig. 3). Pleomofphic virians
possessed hexagonal arrays of surface projectioﬁs.‘ The-diameter~
of individual projecfions.ranégd from 4-5 nm. The terminal ends
of these projections appearéd to be in.close prokimity to ad-
5acent projections, and in some CASes appe;réd to be making - direct

contact with adjacent projections (Figs. 4, 5).
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Bovine Turbinate Cell Culture Infected With RSV

Respiratory syncytial virus maturation occurred at the plésma
membrane. La;ge pleomorphic cytoplaémic inclusion bodigs {ox-
possibly lysoéomés) were‘located in péranuéléar positiqns in in-
fected cells (Fig. 6). Spherical and filam§n£ous virions budded
from the plasma membrane. Spherical virions were 133-151 nm'in
diameter and contained peripheral submembranous'electfon—dense dots.
The dbts varied in diameter from il—l6 nm.. Filamentous virions
varied in width from 111-150 nm and possessed two parallel strands
or electroh—dengé dots. The parallel strands were li—l4 nm wide
and the electron-dense dots varied in diameter from 11-16 nm. Both
the spherical apd filamentous Viriohs posses;ed well-developed
peripheral surface projections (Fig. 7).

Normal Goat Lung

The alveolar septa appeared thin and alveoli‘wefe clear of
macrophages, red blood cells and cell debris (Fié. 8). 'Respiratbry
bronchioles led iﬁto alveolar ducts which 5ranched into alveolar
sacs (Fig. 9). Adjacerit to respiratory bronchioles were numerous
alveoli which displayed pores of Kohn (Fig. 10).

The epithelial lining of alveoli was composed of two cell ﬁypes -
membranous or squamous alveolar epithelium (type I pneumonocytes) and
the granular alveolar cell (type II pneumonocyié)..'éparse micro;

villi were observed on the surface of type I pneﬁmonocytes, whereas
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the bulging type II pnéumonocyte Qas densely covered with sqrface 
micro;illi.. The raised areas between the large flat sheets of type
I cells were maréinai folds; Pores of Kohﬁ provided for éollaferay
air circﬁlatiqh (Fig. 11). There were well—demarcatéd junctions
betwéen type I and type II pneumonocytes. Microvilli on tyée IT
pneumonocytes Varied considerably in length (Fig. 12).

The lung was a highly vascular ofgén that coptainéd many
capillary beds. The bulges in glveolar Qalls dépictéd capillary
locations and containéd ;ed blood cells, nuclei of enddthelial‘cells,
or nuclei of type I pneumonocytes (Fig. lé).

The nonciliated bronchiélar epithelial cell (Clara cell)
_possessed microvilli and secretofy blebs. These biebs ruptured and
-released their contents (surfactant) into the lumen of the bronchiolés.
Clara cells were adjacent to other nonciliated cells and ciliated

cells. These ciliated cells él;o possessed numerous microvilli (figs.
14, 15). |

Ultrathin sections misleadingly depicf type I pneumonocytes with
é relatively smooth ‘surface freeléf microvill{.or surface érojections
while scanning micrographs reveal microvilli (Figs. 11, 12). They
possessed their own intact basement ﬁembrane which mqy'fusé with
basement membranes of underlyiné endothélial célls. The 1oﬁg slender

projections of type I pneumonocytes occupied more surface area than
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did cuboidai type II pnéumonocytes. Type I cells also possessed
many caveolae which form small pinocy?otig-vesiclés (Figs:'16,”17,
18). |

Type II pneumonocytes possessed surface microvilli, numerous
glycogen granules and mitochondria, and émall to large vesicles
that appeargd empty or occasionally contained lamellar structures;
Microvilli varied in diameter ranging from 80-130 nm and possessed
actin filaments 6-8 nm in diameter. Tight junctions were observ;d
on the luminal surface connecting type I‘;nd type II pneumonécytes
(Figs. 19, 20).

In bronéhio;es, Clara cells and othef nonciliated cells possessed
a homogepeous electron dense cytoplasm. Clara cells‘containéd numer-—
ous glycogen granules aﬁd secretory droplets. The secretory droplets
were mainly located in‘the apiéal portion of the cytoplasm near the’
plasma membrane. Occasionally secretory drop;ets were observéd béing
released from Clara cells via ﬁeroérine type secretion. Bgth C}ara
cells and noncili;ted cells posseésed ﬁicrovilii ranging from 100—136
nm in diameter with 6-8 nm filaments (Figs. 21, 22).

Ciliated cells in terminal.bronchioles poséessed surface micro-
villi with electron—dense dots, glycogen gfanules, few mitochond;ia
and a cytoplasm_thét was homogeneous in'regard to electron density.

The actin filaments were 6-9 nm in diameter while the glycogen
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granules ranged from 19-26 mm. Cilia Wére attached to’the cell'by
means of basal bodies (figs. 23, 24).

Cil;a posééssed,typical axonemes. The_plasma,membrane'Was coms
posed of a trilaminar.structure apprdximately 13‘nm in diameter.
Nine peripheral doublet tubules surrounded two central tubules.
One tubulé of eéch peripﬁeral doubletNhad é dyneiﬁ arm ana spokes
radiated from the doublets toward the central tubules (Fig. 25).°

RSV Goat Lung

ABovine'RSV'caused changes in the structure of goat lungs. The
alvéolar septum was thickened in two goats. Thé-thickening was due’
to fibrosis as well as the infiitration of ﬁonoc&tés and PMNs into
the alveolar connectivé tissue. The capillaries were congested anq
macrophages were occasionally observed free in the alveolar lumen
(Fig..26).

One goat had a peribronchioléf infiltrate with normal adjaéent
‘alveoli. Monocytes Qere the characteriétic cell type al£hoﬁgh‘a
few PMNs were observed infiltrating thé lamina éropria and betweén
adjacent epithelial cells in'terminai_bronchioles (Figs. 27, 28).

Several changes occurred in larée bronchi of RS vifus infééted
goats. Thé pseudostratified éiliéted columnar epitheliuﬁ was
. necrotic. Lymphocytes and fMNs migrapgd between the epithelial cells
taward the lumen.and the lamina propria'was'édeﬁatous. A bronéhiall

plug was observed in the lumen of one goat. The plug consisted of
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cellular debris, macrophéges, lymphocytes apd’occasional PMNs and
eosinophils (Figs. 29—31). .

Type II.éneumonocytes containgd éécretory blebs and seére£bry
pits with surfactant protruding frbm'éits; They were located éd;
jacent to type I cellg,with numerous surface projections. Mexo-
crine secretion‘Was observed in type II pneumonocytes (Figs. 36,'37).

Goblet cells in bronchiéles possessed secretori blebé coveréd
with miéro&illi. These mucus containing cells.weré adjacent fo |
ciliated celis; Thefe did not appear to be é io;s of ciiia
associated with RS viral infection (Fig. 38).

Tyée I alveolar pneumonocytes displayed a hYperplaéia‘of éur—
face projeétions including budaing filgmenfdu; RS.viriéns (Figs.-32;
35, 39). Some.type I ceils had inéreased electfoﬁ deﬁgity beneath
the plasma membrane. Cytoplasmic inclusion bodies (or possibly |
lygoéomes) were located in a péraﬁuclear position (fig. 40); Similax
structurés were not observed in normal.of controi gqat segtions.

Filamentous and spherical RS virions were 6bservedlggdding frﬁm
the surfacé of type I pneumonocytes. Occasionaliy well—deve;opgd
surface projections were seen on filamentoué viriéns. These.surfaqe
projections were 15—25 nm long and had a club—shabed head 6-8 nm’
in diameter; Electron dense dots were‘observed in épherica; virion
aﬁd meésufed 10-14-nm in diameter..‘The:spherical vifiops had

diameters of 80-100 nm (Figs. 41-43).
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Respiratory syncytial Virqs ﬁaturation aIso:occurred af ﬁhg
plasma membrane ofﬂtype Ix pneumonocfteé_ahd these type II cells
retained. secretory activity. Spherical as Qell as.filamentoug'”_
virions budded from thé-plasma membrane . Sbherical virioﬁs
measured 100-150 nm in diameter and possessed 13-15 nm electron-
dense dots. Filamentous vi;iéné varied in length, had diaméters-of
100-130 nm and contained electron—denée dots ;3416 ﬁm in diémeter
(Figs. 44—49). Mitotic type II cells were not observed.

Nonciliated cells in bronchioles possgssed spherical and
filamentous RS virions. Filamenfoué virions‘réached.lengfhs'ub to
1 ym with diameters ranginé froﬁ 1éOF15O nm. Pafalléi s;fands
13-15 nm in diameter were observed in some of thé filaménfous virioné.
Other filamentous virions contained electron-dense dots measuring
'13-15 nm. Spherical virions budding from the plasma membrape
ﬁeasured 100-150 nm in diametex and had electron~dense dots 11-13 nm.
Many eiectroh dense areas benea£h the plasma mémbrane‘ﬁére also ob-
served (Fig. 49, 50).

'Ciliatéd cells in terminal bronchioles pos;essed fiiamentbué
RS virions projecting from the plaéma membrane. Some.of the virions:
possessed terminal swellings and a feQ éppeéred to branch. The
virions Qafied in length aﬁd diameter. Diametefs rangéd from 100-
lGO'nm. One wvirion ppsseééed a terminal swelling mgasﬁrihg 230 ﬁm

in diameter, and a structure with projections measuring 140-147 nm
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was located inside the terminal swelling (Fig. 51). This structure

of 147 nm with its projections wa$ very, similar to the rosette-

shaped RS virion observed in a negative stained,éell culture pre-

- paration (Fig. 3).

Control-Goat Lung

Large bronchi did not possess ceilulér plugs and terminal
bronchioles were not involved in an inflaﬁmatory'¥esponse. The
alveolar. septa weré thin ahq alveoli:were hot'copgested (Fig. 52).

Type i pneumonoc?tes abpeared as largé flat shéets.of thinly
attenuated c?fop;asm'énd,possessed microvilli. The microvillous
coyering was not as densé gs observed in lungs infected with RSV,
but appéargd similarkto those observea in‘nofmél lungs...Alveolér
pofés of kbhn were Variable in size (Fig. 53).

Type II pneumonocytes actively produced su?factant;-‘Many type
II cells possessea secrefory blebs and pits ana,éurface lining
material was observed being discha;ged from secretory blebs. ‘Micro-=
villi of various lenéths protruded_fram the éufface éf type II cellé
(Figs. 54, 55). |

Respiratory bronchiolesicontained Clara ceils{ as well as other
nonéiliated ;nd ciliated cells lining their surface. Clara cells:
posséSsed surface microvilli and large'secretor§ blebs.' Adjaceni
Ed Clara cellé were otﬂer Ciéra cells; noqciliatea Qr ciiiated céils.

Both the nonciliated and cilidted cells possessed.surface microvill;.
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The junction separating respirétd;y bronchioles from alveoli was
abrupt, and Cléra cells were obsefved adjacent to type»I‘pneumono—
.cytes (Figs. 55, 57). o , ' | .

In iérge bronchioles,'goblet cells were adjacent to noneiliated
and ciliatgd celis.. Both goblet cells and nonciliated celis
possessed dense periphérai microvilli. Tﬂe micro&illi-on the‘nonf
ciliated cell appeared longer than microyilliqon goblet éells
(Fig. 58).

Clara cells, possessing surface.projection of various shapes,
release their secretéry pro@ﬁct via merocrine secretion. -Numerous
mitochondria and secretory droplets were located in the apical.por—
tion of tﬁe cytoplasm. Glycogen granules ﬁere abﬁndaht thfoughout.
the cytoplasm. The electron density of secretory droplets differed
from £he material that was abéut fo be releésed into the lumeﬂ. The

. extruding materiél was lesé electron dense than‘seéretorf droplets.
Surface activelméterial was observed in the luﬁeh of Eronéhiole;
(Figs. 59, 60). |

Brush cells wéré occasionally seen in bionchioles. Microviili
of brush cells.Were much coarser than microvilli of type II pneumono-
cytes. Long, streaming filaments éxténded‘ffom fhé cytoplasm of the
microvilli down into the apicai portion of theycell. Brush cells

were connected to adjacent cells at the_luminal surfape via tight
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junctions. The Iateral portions of the céll were Conﬁected'to‘ad-

jacent ceils by'desmosomes.: Brush cells were observed only in

bronchloles and not in the alveolar wall (Flg 6l)

‘ComparatiVe Digtribution of Microvilli

Random scannlng mlcrographs of type I pneumonocytes were .taken
of normal RS vrrus 1nfected and control goats. Type I pneumono—:

cytes in normal and control: goats possessed sparse surface micro-

_v1111 (Flgs. 62 63) " Type I cells of RS virus infected goats

possessed numerous m1crov1lll w1th a poss1bility'that many-oﬁ the

surface projections were RS virions (Fig. 64).
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Fig. 2. Negatively stained spherical RS virion showing club-
shaped surface projections. X750,000.
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Fig. 3. Negatively stained virion displaying a
rosette shape. X390,000.




Fig. 4. Negatively stained RS pleomorphic virion. Note
the hexagons formed by adjacent surface projections.
X300,000.




Fig.

5.

Negatively stained pleomorphic virion.
X300, 000.
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Fig. 6. RSV maturation at the plasma membrane in cell
culture. X9,500. Cytoplasmic inclusion
bodies (Cb).
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Fig. 7. RSV budding from the plasma membrane in cell culture.
X45,000. Note electron-dense dots in spherical and
filamentous virions. Virions (V).
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Fig. 9. LM. Normal lung. Respiratory bronchiole (Rb), alveolar
duct (Ad) and alveolar sac (S). X60.




59

Fig. 10. SEM. Normal lung. Respiratory bronchiole (Rb),
alveolar duct (Ad), alveoli (A) and pore of Kohn
(PYis- T X5
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Fig. 11. SEM. Normal lung. Pore of Kohn (P), type I pneumono-
cyte (I) and type II pneumonocyte (II). X4,500.
Marginal folds (arrows).
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Fig. 12. SEM. Normal lung. Junction between a type I and
type II pneumonocyte. The type I pneumonocyte is
sparsely covered with microvilli. X12,000.




Fig. 13. SEM. Normal lung. Capillaries in an alveolar wall.
X4,500.
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Fig. 14. SEM. Normal lung. Bronchiole X4,500. Clara cell
(C1)%: iciliated! Geld «(Ci)x
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Fig,

EDs

SEM. Normal lung. Clara cell (Cl) in a respiratory
bronchiole. X12,000. Note the pit remaining after
Clara cells release their content.
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X30,000.

Type I alveolar pneumonocyte (I).

Normal lung.

16. TEM.

Fig.
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Fig. 17. TEM. Normal lung. Type I cell with caveolae.
X19,800. Collagen (Co).




Fig.

18

TEM. Normal lung. Type I cell over a capillary.

Mast cell (Mc),

red blood cell (Rbc).

X19,800.

€9




Fig.

19.

TEM. Normal lung.

64

Type I (I) and type II (II)
pneumonocytes. X24,900.




Fig. 20. TEM. Normal lung. Tight junction connecting
a type I and type II pneumonocyte. X78,000.
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Fig. 21. TEM. Normal lung. A Clara cell (Cl) and non-
ciliated cell located in a bronchiole. X60,000
Tight junction (Tj), secretory droplet (SD).
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Fig. 22. TEM. Normal lung. Merocrine secretion in a
Clara cell. X48,000. Secretory droplet (Sd).
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Fig. 23. TEM. Normal lung. Ciliated cell in a terminal
bronchiole with microvilli in longitudinal sections.
X78,000. Microvilli (Mv), Cilium (Ci).




Fig. 24. TEM. Normal lung. Ciliated cell with microvilli
in cross-section. X78,000. Basal body (Bb).
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Fig. 25. TEM. Normal lung. High magnification of a
cilium displaying typical 9+2 configuration.
X300,000.
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RSV lung showing thickened alveolar

o'+ IM.

2

Fig.

X150.

septa.
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Fig. 27. LM. RSV lung. Terminal bronchiole displays
cellular infiltrate (arrow). X60.
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Fig. 28. . LM. ' RSV lung. Higher magnification of

infiltrating monocytes and PMNs in Fig.
27 %6005




Necrotic epithelium in large

29 3 SLM2 FRSY Lung .
bronchus.

Fig.

A3 755
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Fig. 30. LM. RSV lung. Edema in lamina propria (arrows)
in a large bronchus. X375. Note lymphocytes and
PMNs migrating between epithelial cells.
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Fig. 31. LM. RSV lung. Bronchial plug in lumen of a large
bronchuss X375,




Fig.

J2%

SEM. RSV lung.
X12,000.

7,

Alveolar wall with type I pneumonocytes.




Fig. 33. SEM. RSV lung. Type I pneumonocytes display a
microvillous hyperplasia or budding virions.
X157500%




Fig. 34. SEM. RSV lung. Type I pneumonocytes with
increased surface projections and a recessed
type: 11 i (1L) ‘cells +:X9,000%
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Fig. 35. SEM. RSV lung. Alveolar wall with many surface
projections. X6,000. Note type II (II) cell
with peripheral microvilli.
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Type II pneumonocyte with

36. SEM. RSV lung.
secretory blebs.

Fig.

X12,000.
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Type II cell with secretory pit

RSV lung.
containing surfactant.

SEM.

3l

Fig.

Pore of Kohn (P).

X15,000.
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Note micro-

Goblet cell surrounded by ciliated
X6,000.

RSV lung.
cells in a large bronchiole.

SEM.

Fig. 38,

villi and secretory blebs on the goblet cell (G¢).
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393

TEM. RSV lung.
pneumonocytes.
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Surface
X30,000.

projections on type I




Fig. 40.

TEM. RSV lung. Type I cell with possible cyto-
plasmic inclusion body (Cb) located in a para-
nuclear position. X78,000. Note increased
electron density beneath the plasma membrane.
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TEM.

RSV lung.
Filamentous RS
virion budding
from a type I
pneumonocyte.

Faq. 424

X78,000. Note
club-shaped spikes
on virion.

TEM. RSV 1lung.

RS virus budding
from plasma mem-
brane of a type
Ficelll -« X150;000%
Note possible pre-
cursor components
(arrows) .
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Fig. 43. TEM. RSV lung. Spherical and filamentous virions
budding from a type I cell. X150,000.
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Fig. 44. TEM. RSV lung. Type II pneumonocyte with
budding RS virions (V). X24,900.
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Fig. 45. TEM. RSV lung. Higher magnification of budding
virions in Fig. 44. X150,000.




@

TEM.
cell,

RSV lung.
X24,900.

Numerous spherical virions budding from type II

06
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Fig. 47. TEM. RSV lung. Higher magnification of type II
cell surface with virions in Fig. 46. X60,000.
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Fig. 48. TEM. RSV lung. Type II cell with filamentous
virions. X150,000.
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Fig. 49. TEM. RSV lung. Large bronchiole nonciliated cell
with filamentous and spherical RS virions.
X39,000.
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Fig. 50. TEM. RSV lung. High magnification of
spherical virions budding from a non-
ciliated cell. X150,000.







G

TEM.- RSV lung. - Fllamentous v1rlons buddlng from

a ‘ciliated cell in a termlnal bronchlole.

X150, oooJ

Note structure located in the termlnal swelllng

T (arrow) is very similar to. Flg. 3{'”
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Fig. 52. LM. Control lung. Normal terminal bronchiole
and alveoli. X192.




Fig.

53

SEM.
cytes.
1 (1)

98

Control lung. Type I and type II pneumono-
X4,500. Note sparse microvilli on type
cells.
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Type II cell with secretory

54. SEM. Control lung.
blebs and a secretory

Fiqgs

X15,000.

pits
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Fig. 55. SEM. Control lung. Secretory droplet protruding
from a type II cell. X12,000. Droplet (D).




101

Fig. 56. SEM. Control lung. Junction separating a re-
spiratory bronchiole (Rb) and an alveolus (A).
X4,500.




Fig. 57. SEM. Control lung. <Clara cells (Cl) with
secretory blebs in a respiratory bronchiole.
X9,000. Ciliated cells (Ci).
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Fig. 58. SEM. Control lung. Goblet cell (Gec) and non-
ciliated cell (Nc) in a large bronchiole.
X6,000.
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Clara cell displaying

99. 50 TEM, | iControl “lung!

Fig.

ion.  X39,000.

type secret

merocrine
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lar contents

Secretory

imi

Clara cell with s

lumen of a bronchiole.

product (Sp).

Control lung

TEM.

60

Fig.

X78,000.

in




Fig. 61. TEM. Control lung. Brush cell (Bc) located in
a large bronchiole. X24,900. Note coarse micro-
villi protruding into the lumen.
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Fig. 62. SEM. Normal lung. Type I bpneumonocyte with sparse
microvilli. X45,000.
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Fig. 63. SEM. Control lung. Type I cell covered sparsely
with microvilli. X45,000.




Fig. 64. SEM. RSV lung. Type I cell with numerous sur-
face projections. X45,000.




CHAPTER 5
DISCUSSION

The ultrastruéture of the African éygmy goat 1ﬁng was denerally
similar to the lungs oﬁ.a variety of mamm;ls previpusly reported |
(3, 7, 39, 49, 63, 91). This study;was in égreement with many in-
‘vestigators concernihg the structure and infrequent occurrence of
brush cells (3, 5, 12, 73). écanning and trahsmission electron
miéroscopy failed‘to demonstréte the_brush éeli in the alveolar
.lining epithelium as described previously by two investigators
(55, 75).

Clara célls contained secretogy droplefs and exhibited sec-
retory activity. Aftér reléase of the secretory product, the plasma
membrane was not ruptured, bu£ maintained its continuity, which was '
suggestive of merocrine secrction. This was partially in agreement
with Stinson and Loosli (98). They proposed that merocrine and
apocrine secretion occurred in Clara cells. The possibility of the
mechanism of apocrine type secretion by Clara cells in pygmy goats
cannot be completely eliminated because serial sectioning was not
performeq. Thg present study was in diéagreement with Etherton et
al. (46) who demonstrated apocrine and not merocine secretion in

Clara cells.




|

|
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Scanning electron microscopy démonstrated that the junction be-
tween respiratory bronéhioies and alveoli was abrupt and that the’
secretory product released from Clara cells can freely.cover alveoli.
This observation indirectly supports the work of Cutz and Conen (31)
in that Ciara cell secretions may actually provide a specifin com-
ponent of the alveolar lining layer.

The goat pulmonary epithelium was continuous and completely
covered alveolar walls. The epithelium was composed of two cell
types -~ type I (séuamoué) and type II (granula;) pneumonocytes as
déscribed by other investigators (71, 98, 104). 'Jnnctions between
alveolar epithelial cells were tight, in:égreement with Dermen's'
workf(32); The alveolar ebithelium and capillary endothelium”
possessed ;eparéte basement membranes, and in the thinnest part were
separated by fused basement membranes.

This Ftudy‘i§ in disagreement with several investig;tors (62,

83) concerning type-I‘pneumonocytes and is in agreement with other

_investigators (39, 104); ultrathin sections depicted a smooth sur-

face on type I pneumonocytes whereas scanning éleétron microscopy
ciearly showed surfacg microvilli.

Type II pneumonocytes exhibited numerous vesicles of varying
size, some containing lamellar whorls'and many appearing empty..

Previous studies proved these lamellar -whorls were pulmonary sur-

factant released from.type II cells via merocrine secretion.

S
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(8, 33, 63, 96, 99). In this study mgny vesicles were empéy because |
airway perfusion fixation of the lgng was used. If va%cular ber—
fusion fixation héd been used, the vast majority of the vesicles
would have'contained the chafacteristic laminated and lamellar ,
structufes_and good preservation of the surface'liningAmaterial
would have occurred.

Scanning electron microscopy demonstrated that two morphologibal
forms.of t&pe II cells popg;ated the alveolar epithelium. One type
of the granular pneumonocyte possessed-a Aenée covering of micro—
villi over its entire surface whereaé the other contained a smooth
apical central surface and possessed peripheral microvilli. - The
latter form was supportive of the work of Nowell and Tyler (80).
Both forms of type iI pneumonocytes contained microvilli which were
usually short or long with few intermediate lengths. Depressions
and pits wére observed on the surface of both forﬁs of type II
pneumonocytes and were suggestive of merocrine secretion (80). The
functional significénce of tﬁe type II cell posses;ing peripheral
microvilli remains open to speculation. One possibility is £hat it
is in the process of differentiating into a type I pneumonocyte,
either during normal'epitheliai turnover ox Aue fo some nonspecific
or specific injury to type I cells. ‘Type II pneumonbcytgs have been
shown to differentiate into typé I pneumonocytes aftér damage céused

by nitrous dioxide (47) and ozone (24).
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Negative stained preparations of the bovine RS virus Fngaleg
sphericai ana filamentous particles, both possessing peripheral Ciub—
shapéd projegtions. The size and structural characteristics are
generaily in agreement’with those reported‘for human, Sovine and
caprine RSV (10, 14, 16, 17, 60, 62). This study presented a sur—
face viéw of the b@vine RSV that had not been previously described.
Pleomorphié.virions possessed arrays'of surface projections arrangea‘
in'a hexagonal pattern. The.ends of these projeétions were either
touching adjacept projections or were in close proximity. The
significance of these hexagonal structures remains open to
speculation.

Bovine and caprine RS viruses have been isolated.from animals
that displayed some signs of respiratory disease - cough, nasal
discharge, pyfexia, malaise and purulen; lacrimai discharge (84, 90,
93, 924). Pygmy goats experimentally infected with a bovine RSV in
-this study did not display clinical -signs of respiratory disease.

A subclinical infection-occurred.

Lesions prodﬁced in pygmy goats were generaily similar to those
in natufaliy occurring infections in children (2) and calves (23),
and in experimehtally infected calves (76), lambs (30,"68), and cebus
monkeyé (88); Fibrosis, congestion and infiltrating monocytes qaused.
the alveolar septé to‘bécome thickened. A peribronchiélar infiltrate

was observed with monocytes being the characteristic‘éell type.
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Large bronchi‘éXhibitgé-séverai éhangés - necrdsisvof ébe éﬁiﬁﬁeiialj
liﬂinéf edema in‘the lamina'propria, gnd a bronchial piug in'tﬁé'”
iﬁmeﬁ consisting of éell deb;is, macrophages, lymphocytes énd'
bccasio#al‘éMNs‘and eosinophiis. Eosinophilic’cytbplasmig inciusion‘
 bodiés‘and mﬁltinucleatéd giant cells.wefe not obse?ved.'.
Type I‘p@eﬁmonpéfteé'in RSV infected aniﬁals as viewed by
scanning electron microsc;py-péssessed numeroﬁs su?féce projectioné
" when éompared to normal or control type I cells Wipﬁ'sparse pro— i‘
jectiéns. This increase in surface projectiohs represents githér
hypeﬁplasia of microvilli or budding filémentdus RS virioné{ Since
'miérOQilli and RS virions can be simiiar in size, itAwas‘impossible'
to determine the identity of the ;prfaﬁe-préjeqtions‘by scanningh
eléctron-ﬁicroscopy. |
. Cutlip and Lehmkuhl (30) observed pleomorphic RS virions bpdding
from small-airway'epithelial cells, virions free in small airways
and élvéoli-in expefimenta}ly‘infectéd.lambs; Tﬁe présent'study =
déscribed RS virions:bUdding'from the surface. of tngAI and type'Ii
: pneﬁmonocytes‘and from the surface ofAciiiatéd and ﬂonciliatéd
epithelial ce;ls in bronchioles. The .diameters of the Virions,'sub—-
'membrahéous'electrqﬁ—den;e dots and Sﬁrface'spikés wérg genéréli§ :,
-simiiaf té ﬁhése reported for RS vi;qSés in éeli cultpféé (10, 14,

60, 69, 79). One exception was noted in which vifions buddiﬁg from

e

e o
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.type I pneumonocytes possessed club-shaped épikes measuring‘iaézﬁ
nm in léngthﬂ Baéhi and Howe (10) described surface pfojectiéﬁs.as
. béing appro#imately 12 nm'long and Norrby et al. (79) described sur-
face pfojections with lengths 12-15 nm. Both investigators utilized
cell cultures. The ultrastructure of the RS virion may vary some-
what when observed in an 22 in9_situatioh. Animals Qére'exposed
to environmental streés factors, complex immune responses, and 
secondary Qiral or bacferial infections which could alter specific
‘areas in viral morphogenesis.

This study has proven the African pygmy goat to be a suitable
.animal model for bovine respiratory diséase utilizing a bovine re-
spiratory syncytial virus. Experiments now should be cdnducted
using the bygmy goat and infecting them with the newly isolated
caérine RSV~(94) to monitor further s;ructural changes that may
occur. Changes that could be of significance are possible.necrosis
of type I pneumonocytes which might be followed by a hyperplasia of
type II pneumonocytes with the type iI cells eventually differ-

entiating into type I cells.




CHAPTER 6
SUMMARY

Five African pygmy goats were experimentally infected with

6 . . . . .
twenty ml of 2.0 x 10 plaque forming units of a bovine respiratory

syncytial virus, VC484. Five pygmy goats served as normal animals
and.two goats were uﬁilized as controi animals. Lungs were ?eﬁoved
and fixed Via airway perfusion.

Histological and ultrastructural datavin normai apd-contrpl
énimals we?e similar. No lesions were produced in control animals.

Lesions exhibited in infected animals included a peribronchiolar
infiltrate with monocytes, moderate fibrosis in the alveolar septa
and necrosis of the epitheliél lining of large bronchi.' Spherical
and filamentous RS virions budded from the plasma membrane of type

I and type II pneumbnocytes and from the plasma membrane of ciliated

and nonciliated nonsecretory cells in bronchioles.

These observations are important for studying the- pathogenesis
of RS viral infections and in determining a suitable animal model

for bovine respiratory disease.
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