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*There iz nothing final nor absolute in the
description of diseass, «:-w-:- Pathology cannot
reach beyond the limits of knowledge in the
basic sciences, and current ideas cannot escape
the gcientific elirmate of the time, nor exceed
the bounds impesed by the imnsdiate rule of

philnsophy or even of language.?

E'Io Hro 2‘ II\E *
{Guy's Hospital Reports, 1958).
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GENERAL TNTRODUCTION




The dmrunological response againet an infecticus sgent ig not

(=]

alvays beneficial te the host and indeed, may sometimes be instrumental
in exacerbating the dise=zse process, A good example of this tvpe of
immnologically mediated diseese is the lwmune complex glomervlonephritis
vhich develops during a pumber of persistent virus ilufections, In recent,
years, the prevalence of immune complex mediated glomsrulonephritis in
the dog has been increasingly recognised; hovever, the antigenic
components of such complexes have yet o be dicentified,

The purpose oif the present investigabion was to cerry ocut a
deteiled study of the renal lesions which ocour during cemine zdeno-
virus (CéVj infection ard to determine the influsnce of ithe inmune

response on the develorment of these lssions,

e




THE ROLE OF VIRUSES IN RENAL DISEASE: A REVIEW

vinusms WHICH INDUCE LESIONS AS A RESULT
OF REPLICATION IN RENAL TISSUE

VIRUSES ASSOCIATED WITH IMMUNE COMPIEX
MEDTATED RENAL IESIONS

Tablea 1 and 2.




In recent years,a great deal of work has been devoted W
investigation of the role of viruses in renal disease of man and
animals. Considerable progress has been made towards identifying the
viruses involved (see earlier reviews by Smith and Aquina, 1971,
Jensen, 1967, and Oldstone and Dixon, 1971a), but much has still to
be elucidated concerning the mechanisms by which virusses induce
nephron damage.

Broadly speaeking,there are o mechanisma whereby 2 virus may
—induce renal lesions. Firstly, direct infection of the cellular
comécnents of the kidney may result in lytic demege. If virus persisis
within tubular epithelial cells,then the lesions may become augrented
by lymphoid cellular infiltration into the interstitium surrcunding
those cells, Secondly, & systemic virus infection may result in the
deposi_tion of virueg antigen-antibody immune cowplexes within the’renal
glomeruli, thus inducing immne complex glomerulonephritis, This
requires the simltaneous presence of virus or virsl antigen and anti-
viral antibody within the circulation avi is noi dependent of direct
:hxfecticbn of the kidney by virus. These two wmechsnisms, hovever, are
not mntually exclusive and both may operate simulianeously during the
seme virus infection,

The following discussion rewviews the current knouwledge of the
role of viruses in renal discase of man and animals,with patticulsr

reference to the palhogenetic mechanisms invelved,




VIRUSES WHICH IIDUNY LLSTONS A4S A RESULT

OF REPLICATION IN

=

N REMAL TISSUR

Despite the mumercus reporis in ilie 1iterature impliceting viruses
in renal disease, there are very few well dowrenied accounis of renel
pathology associated with direct infeciion of kidney tismie, Th=z (15745,
in his review of viruria in man, reported that, to date, 16 different
viruges had been izolated from humen urine. These included coxaackie
and ECHO viruszes (Uthz, 1960), measles {(Gresser and Katz, 1960;
Llsned-Rodas and Ini, 19667, wmomps (Ubz g% al., 1$58; Ute and Szued,
1962), sdenoviruses (Gresser snd Kibrick, 19603 Guickunst and Heggee,
1961), cytomegalovirus (Weller and Hzoshew, 1962; Reymolds gt gl.,

1673) and waceinia virus (Blabteer gi al., 1964). Measles, adernoviruses
and voricella have also occasionslly beer isolated, in tissue culture,
from arparently noermal human kidneys, always from children less then

1 year of age (Flein and Haang, 1963: Benyesh-Malnick and Rosenberg,
1974, Melnick et al,, 1955). However, of 11 these tuman viruses,

only the enteroviruses (i,e. coxmackie and RCHO viruses) and
cyltomepalovirus have been demomsiratsd o replicsie in renal tissue,
HMoreover, demonstration of a virusg in kidney tissue is, in ifaely,
:i.ﬁsufr’.‘icierzi; svidence to implicats that wvirus in rensl diseese. Thus,
amen eytomegslovirus may often w2 detected in distal tabuler epithelitn
end,although mild inters L" Tied defiltrates of Lyophold cells have
occagionelly bsen recordsd (Medearis, 1957), higtological changes ara
usually confined to the presence of dntranuclear inelusion bodies Iu

e taldar celis (Bvepg and Willdsms, 1968), 4 nunber of virses of other

animale, however, Go produce severe pathnlogical changes dus to direct

1=

nfection of renal ticsue,




Canine herpeswvirus is associated with a speradic acute sysiewic
disease which is confined to neonatsl puppies (Carmichasl g% al., 1964;
Uright and Sornwell, 1968), ihe reaaon for the restriction aof the
disease to this age-group ig thought o be partly due to the inability
of neonatel. puppies to remlate their owm body temperature (Crighton,
1968), allied to the fact that, in vitre, canine herpesvirus appears
to replicate less efficiently at tewperaiures above 3700 £ ornwell. and
Wright, 1969). Although adult dogs are not susceptible 1o the systemic
disease, localiszed infections of the respiratory and genital fracts
have been reported (Wright et al., 1970; Posie and King, 1971).

Systemic infection of neonatel puppies canses a generalised disesse in

&N

vhich there is infection of a wide range of crgans resuliing in widespread
foecal necrotising lesions, The kidnzys contain focal arsss of mbular
necrosis in.which jarge nuambers of virus-inflected cells can te deitected
by means of immunoflucrescence, These focl are found mainly
in the cortical regicrns of the kidneys and give rize to the chargcierisiic
macroscopic appsarsnce of multiple haemorrhagmic ¢ Toei oa the kidney
surfaces.

Two subtypes of adenovirus occur in the dog., The first of thess
subtypes (CAV1) dis asscciated with an acute systemic disease in dogs,
characterised by severe hepstitis and widospread vasonlsyr damage. The

second subtype (CAV2) has never been shoun to czuse systemic dises

-_1

S€.,
Both viyuses can loecally infect the respiratery tract snd ars thought
to be iwportsat in the aetiology of "kennel coupgh® in dogs (Wright
ot gl., 1972).

Acente CAYVY dnfection was Mirst described in detail by Rubsril
(1947). Since thern, 1t has been exfensively studied and a yumber of
reviews have comprehensively deslt with the virolegy, epidemiology

and pe thelegy of the disease {(Czbesso, 1962; Cabasao and Wilner, 1569},




In the kidney, virns replication occurs meinly in the glomemali vhers

AT,
s

it produces lybic celluviszr demage. Histologieally, mumerous cheracteristic

bascphilic intramclear inclusion bodies may be cbserved in glomerular
cells and, by in‘u‘auno'fl‘.;!orescence; specific CAV auntigen is observed &s
discrete [luorescing cells msinly confived to the glomeruli (Wright,
16674) .

In a proportion of dogs which recover from CAVI infection, virus
persiste within fozi of tubuler epithelial cells and this is sssociated
;cith the development of focal interstitial nephritis {(Ham3lton et pl.,
1966";) . Thege intersititial lesiong consist of :i.'n;i’?i.}.t?mt:irm of a wmixed

ovulation of lvmphoid cells, vlasmsa celle and meerophages into the
p 2 & =

1., 1971).

interstitium surrounding virus-infected tubules (Fright el

Peraistence of infection in this way resulie in intermiitent excrelion

of wvirms in {he uriné,t—h ¢ providing a source of infection for other

doge., Adthough the duration of peresistence of the interstitial lesions

is unknown, virus has been detected in the urine of dogs up f § months
Canine distenper virus may also he demonztrated in tke kidneys

of doge irfected with the virus. Although infecltion of the kidnsy is

not a prominent feature of the disesse, the presencs of inclusgion

bodies in rsnal tabrlar epithelivm has occasionally been recorded

(Tubb and Kennedy, 1970: Lauder et gl., 19%4). Appel (1969}, using

the dlmmuncfluerescence fechnigue tw sbady the distrituiion of disiemper

virus in experimentally-infzcted dogs, was abls to detent virus only

in the pelvic eplihelivm of the kidney. Using the same technique,vho

author and his colleagues bave found large nunbers of virug infected

cells in the kidneys of a small percentage of naturai ddsas of digtomper

(Wright et al., unpublished data). In thess arimals virag wes present

in tubular spithelial zells and in cellg lyine in the interstiiium;
e . _ yang



Histologically, this was sometimes accompanied by mild interstitial -
infiltrates obnsisting of lymphoid and plasma ¢ells, The clinical
‘gignificance of these findings hag yet to be fully irvestigated.

Papadinitriou {1969) has stadied the histological and ultra- -
structaral changes in the kidneys of neonatsl mice following experimental
infectiorn with reovirus type 3. Virus was shown to multiply within
distel and collecting tubules end, histologically, affected tubules
showed mild degenerative changes with occasional cellular necrosis,
‘However, since mice were only studied up until 9 days after infection,
it *;aas not known if virus persisted in the kiduvey beyond the acute
systemic vhase of infeetion., Glomerular hypercellularity end capillary
‘loop thickening were a2lmo detecled from 4 days onwards and ultra-
structural s’mdie’s demonstrated the presence of mesengial ehd sub-
endothelial electrcxz;dellse deposits, A4lthough Papadimitriou did not
congider an immune complex mschanism of glomerular damage, the fact
that virus was not detected in the glomeruli and the finding of electron-

dense deposits suggest that thess glomerilar lesious rﬁay have resulted
frdm immine ;:omplex deposition,

& mumber of other wiruses,vhich are associated with imnmune complex
nadiated glomeruler changes,may elso replicaie in renal tissue and
produce direct lytic lesions, These infections, which are discussed
in the second part of this rewview, include swine fever, coxsackie and
ECHO virug inrfections in mice and man and pelyoma virus infection in

mice.

7




VIRUSES ASSOCTIATED WX TH IMMUEE COHPLEX MEDIATED REKAL IESIONS

Extensive studies of exverimentally induced and naturelly
cecurring glowerulonephri¥tis of mar and animala, have shown that
deposition of antigen-antibody immune complexes plays sn imporisnt
role in the pathogenesis of the dieease (Dixen et al 1969; McCluskey
19713 Murray and Wright 1974), Recent studies have, therefore, been
aimed at trying tw identify the antigenic cowmponents of such complexes.
" Bince nany infectious egents, including some virusss, were known w0
produce persistent infections, it seemed probable thati these might
_provide a long term source of circulating antigen from which immune
complexes could be formed and subsequently deposited in the renal
glomeruli, Thus,studies in recent years have provided convincing
evidence that such a mechanism of renal disesse occurs during a mumber

ef virus infections, (Table 1),

(a) Viruses Jmown to be assosiated with immwne compler lomerulonephritis

It is well establdished that the glomerulonevhrilis accompanying
lymphocy¥ic choviomeningitis, léctic dehydragénase, and leukaemia virus
infections in mice, eleutian disease in mirk and eguire infectious
anaemia,is associated with deposition of wirus antigen-antibody imnune
complexes. Similariy, there ere numerous well documented accounts of
glomerulonephrilis in men accompanying irnfection with hepatitis B virus,
which is trought to be the causal agent of varicus forms of hepatitis in
man (Table 2). The histological naiire of the giomerulér Je sjons observed
in all of these virus infections, with the exception of hepatitis B
virus infection, is predominently a proliferative glomerulenephritis
cheracierised by mesengial expansion and hypercellularity and varying
degrees of capillary loop thickening. The glomerulonephritis observed

in association with hevatitia B virus ia usually of the membrancus or




tw  Viruses ssseooiated with immune complex glomervlonsphyiiis

Virusas known 1o be

Hughes &1 _nl

Thoman eh 41

asaociated with Immune Host Referencs
Gomplex Glomerulonephyitis
Lywphoeytie Choriomeningitis Virus Yonge Hotehin & Collingz, 1504
Qldstone & DPizon, 1907
Lactic Dshydrogenase Virus linousge Oldetone & Rixon, 1971
Forter & Foretar, 1971
Murine Leukaemia Viruses? Gross Mouse Recker gt al., 1966
Friend Hirsch g% al., 1989
Raucher Dldstone & Diran,1872b
MNoloney
Aleutian Disease Virus Mink Henson g3 . at.s 1959
Porter ot elo, 1965
Bquine Infectious Anmemia Virusg Horse Bangs ot asl., 197
_Hepatitis B Virus Man Combes et _sl., 1971
Nowo sl awski, ﬂgmg;.,|197u
_ﬁirusea auspected of preducing Imnmune
Complex Glomerulonephritis
Polyoms. Virus House Tondetti 2t pl.s 1570
Fnteroviruses {Coxsackie B and ECHO) House Sun gl gl., 1967 and 1571
Hsn Nary & Swallow, 1970 !
Yuceogio gt al., 1946 i
Bayatpour g% _ale, 1973 !
Swine Fever Virus Pig Cheville gt alt., 1970
Other Leukaemis Viruses Cat Anderann & Jarreti; 1473
Man Dathun e ale, 1574 %
Sutherland & Maydiney, 1077
|
Sutherland gt al., 14974
ﬁeasles Virus Han Dayan & Stakea, 1972
Mamps Virug Yan Utz gi loy 1964



iwidence for the role of immune complexes

Jahlg. 24
in glomernlonepbritis associated with
vivus infeciions,

Virus Host Zlomernlar deposits Anti-viral Girculating
of dnmuneglobulin, sntibody virug--
viral antigen and aluted Lrom antibody
conplamenty kidney complexes

L. CQI'IQ Moussg o+ o <+

Lo Dovo MOI&SE} + -+ -

Muotie Va. Mouse + + -

A.D. Mink + + +

E.T.4. . dorge o+ + +

Hepatitin B Han + KR +

virug,

R = 8lution studies
not reporied
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membranoproliferative type,althoupgh a few cases of proliferative nnd
one cage of focal sclerosing giomepulonephrj.tis have also been
reported (ﬁrzos‘m et al 1974; Knieser et al 1974), In all of thesc
virus infections,immunofluorescence studies have demonstrated’
gramilar deposits of immunoglobulin, complement (C3) and viral antigen
within the glomeruli, Kidney tissue from all, excepting hepatitis B
infection in man, has been subjected to elution procedures and,in each
case,anti~viral antibody has been demonstrated in Jche renal sluates,
thue providing direct evidence thai the deposited immunoglobulinris
directed agesinst virsl antigens,

Iymphocytic Choriomeningitis (LCM):- Although ICM wirus can infect a
wide range of mammals including man, experimental. sbadies have been
carried out almost exclusively in mice. When adult mice are inocculated
with LoHM virus,they nuickly die from an acute dieéase characterised
by widespread tissue damage (Hotcdluin end Weigerd, 1961). Houever,
infection of neonatal mice produces o carrier state in which virus
can be demonairated in & range of tissues, particularly the liver,
brain and kidney (Traub, 1935; Oldstone aﬁd Dixon, 1969). Cnce infectad,
these animals remain viraemic for life, In & rumber of strains of
mice, this persistent infection results in a characteristic chronic
disezse consisting of plomsrulonepiritis, focal hepatic nscrosis and
generalised proliferation of lympnoid tissues with wﬁ.despréad focal
infiltration of lymphoid cells into many tissues {Ulastone and Dixon,
19469) . The onset and ssverity of these lesions varies markedly between
different strains of mice, some strains having histlogical evidence
of glomerulonephritis as early as 2 months of age,whereas others show
virtrelly ro abnormalities up to 2 years oi: age (0ldstone and Dixon,
1568). Since anti-ICM sntibodies could nob be detected in the serwm

of chrenicelly infected mice, 1% was initially considered that neonatal




bal¥]

mice wers tolerent to ILM wvirus infection (Durnet ernd Fermer, 1949).
However, subsequent studies have shown that antibedy is presenti in

fha form of circulating infectious virus-antibody complexea (Oldstone
and Diwon, 1969);. Murthermore, there is good evidence that the
glomerulonephritis observed in chronically infected mice is due w
déposition of circulating immune complexes containing virus antigen
and snti-virel antibody (Hotehin and Colling, 19643 Oldstone and Dixon,
1967), In contrast, tissue injury other than glomerulonephritis appears
to be,at leest perily,due to interaction of free antibody with virus
infected cells (0ldstone and Dixon, 1970a). Further sitndies carried
out by Cldstone and Dixon {(1970b) shouwzd that mice transplacentally
irnfected with ICM virus develop more severe glomerulonephritig which,
in some animals,is lethal within two weeks of age. This was shown %o
be due to aniti-IOM antibody acéuired from the mothex's will, thms
inereasing the cirenlating antibody in the neonate and leading to
formation snd subsequent depqsition of.greater guantities of wviius
antigen-antibcdy compléxes (Oldstone and Dixen, 1972).

Lactic Déhydrogen&se Virue (IDV):- When inoeulated into mice of any
ag&,LDv-produces s lifelong asymptomatic infection; thé virus maltiplies
in macropheges and vroduces widespread lymphoid hypevplagla and
splenomege.y (Riley, 1964). As with ICM infection, there is persistent
vireemie,in which infectioua virus circulates as a complex with hoat
Ig(‘:..‘1 Vetttralicing antibody to LDV can orly bg detecied in serum - which
hag been preﬁreated with either ether cr vltraviolet light (Notkins
et al., 1966), 21thougn, by use of an indirect imminofluorsscence test,
Porter and Porter (1971) were able to demonstrate anti~IDV antibody in
untreated serum., From awn early age,deposits of TgG, C3 and cccasionally
DV antigen are present in the pglomeruli of infected mice and are

associsied with & mild proliferative glomerulonephritis. Furthermore,



13

elution studies have shown that deposited IgG contains anti-~-IDV antibody
(Oldstone end Dixon, 1971b; Porter and Porter, 1971). ‘
FMurine Leukaemia Viruses (MulVs):- Wild type murine leukeemia virus
(Gross virus) and the laboratory etrains, Moloney, Friend and Raucher,
all produce prolonged infection and viraemia when inoculazed into
necnatel mice and, in later lifs, s proportion of infected ﬁice develop
leukaemia, All of these viruses have besn associsled with glomerul-
_onephritis,in vhich IgG; C3 and sometimes virus antigen may be detected
in the glomeruli by immunofluorescence (Recker et al,, 1965: Hirsch g%
al., 1969; Oldstone et al., 1972a), However, most of the detailed
stuadies of the renal lesions have been carried ouvt in AKR wice which
are endswicelly infected with Gross leukeemia virus., Although it is
not possible to detect circulating antibody 1o Gross viyus, elnates
cbtained from kidneys &f infected mice hove yielded anti-viral anti~
bodies. These eluted antibodies hove been shownt to be direcied against
a number of Gress virus antigéns; thus, antibody can readily be dolectad
to group specific ard irfected cell surface ontigens (Merkhem et &l.,
1972; Oldstone ef al., 1972b), vhile the detecition of low levels of
antibody directed ageinst viral envelope (Yoshika et al., 1974) and
against FNA-dependent DWA polymerase (Hollis et sl., 1974) has been
reported., Oldstone et al., (1972b) suggresd that the inability to
demonstrete antibodies iﬁ the serum was rrobably due to circulating
antibodies being bound to virus or viral antigens and that deposition
of these comnlexes resullted in the glomerulonephritis observed in
infected mice, This woncepd is supporied by the fact thet infectious
virus-antibody complexes have been demonstrated in the serum of mice
neonatally infected with Moloney levkaemia vims (Hirsch el al., 1909},
MArastructaral stadies of glomerular lesions assdciated vith Gross

virus infection have demonstrated the presence of intact virus particles



b
[

within some cof the elsctron dense deposits cbserved in the glomsruli
(Pascal et al., 1973; Babzing and Hanpe 1973). Similar virus varticles
have been observed witl‘lin and tudding from the surface of mesangial
cells. Datzing and Hanne suggested that the glomeralomephritis may
have resulted from circulating antibody to wirsl envelope fixing to
intact virusg particles already present within the glowmeruli, Howsver,
Yoshika et al., (1974) have shown that only some deposits contain intact
virus particles and only a smell proportion of antibody eluted frow
—glomemli ig directed sgainst viral envelorpe,

Gross leukeemia virus has also been imp].i.catéd in the glomerular
lesions of New Zealand black (MNZB) mice and their 1 hybrid Ne/'W mice,
These mice suffer from a spontaneons diseass which shows meny similaritdes
to systemic '.Lupus. erythematosus (SLE) in man end characierised by
immine complex glomeﬁzlonephritis ; haemolytic amaemia and the presence
of & number of auto-antibodies (Mellowxs et gl., 1965), NZB mice are
2lso endemically infected with (Gross leukaewia vimas but, wilike other
streins of wice, they vroduce detecteble ~irculating antibody (Hellors
st ‘g_:f..., 19'?1}. Sxtensive lmmuncfluorescence and eluiion studies have
shown thav both antiouclear auto-antibodies and entibodies o Gross virus,
along with their corresponding antigens, are present in tne glomeruldi
of NZB ard NZH/'W mice (Mellors et al., 1971; Lambert and Dixon, 1968},

In contrast to other streins of mice, the anti-Gross v“ifus antibodies
detected dn the glomeruli of NZB and NZK/W mice contained large amounts
of znti-viral envelope antibody (Yoshiki et gl., 1974). The results

of quantitative studies on renal eluates yearried out by Divon et al.,
(1971) have indicated that a large proportion csf_‘ depogited immuno-
globulin consists of antinuclear antibody end it was thereforve considere'd
that, while the deposition of Gross antigen-entibody complexss
contributed to the glomerulsr lesiouns,it was not the major contributecy

factor. Wwhether or not other ilwmnclogicel abnormelities, dncluding



the production of antinucleazr antibodies, obeerved in NZB and NZB/W
nice,are related to the presence of Gross leukaemie virus or another
upidentified virus, ds currvenily the subjéct of investigation. Thus,
Croker gt z2l., (1‘974} recenitly described a systemic Jupus erythematosus -
like syndrome induced in immunologically normal (BALE/C X NZB)¥1 mice

by infection of neonates with a murine leukaemia virus {Scripps leukaemia
virus) isclated from NZB lymphoblasts,

Aleutian Disease Virus (ADV):~ The virus which causes sleutisn disesse
in mink heas only recently been isolated (Kemyon et al., 1973; Cho end
Ingram, 1973a), elthough it has been 1‘650gnized as & filterable,
iransmissable agent since 1962 (Karsind and Pridham, 1962), Vertical
or horizental transmission of the virus can occur and;once wink become
infecied, they remsin so for life {Ingram and Cho, 1974}, Virus
maltiplies within macrophages in the lywph nodes and spleen and in the
Kuppfer cells of the liver, The disease, which is slowly p ogressive,
is characterised by widespread plasmocftosis ; hepotitis, glomerulone-
rhritis and arteritis, ‘and desth may occur any tdme from 2 to 24 monthy
after infection (Henson eb al., 1966; Henson ah al., 1968). Genetic
Tactors appear to influence the severlity of disease; thus,mink which
are homozygous recessive for the sleutisn coazt colour gens (2a) develop
a particaicrly severe diseese, The seruvw of infected mink shows nassive
hypergammaglobulinaemia which has been showm to be due mainly to
increased IgG production (Porter et al., 1965), High lavels of ai}ti-‘
ADV antibody have been detected in serum by the indirect dmmuno-
fluorescence itest, although this antibody was fourd to he ancapable
of neutralisation (Porter ef gl., 196%). Since Porter snd Larsen {1967)
demonstrated infectious virus --antibody complexes in the sermm of ADV
infected wink, it has been considered that some of the iesions observed
in aleutian desease might be immune complex madisted, Subseguent work

has ghown that both the glowerular snd arterial wsll lesions contain



deposits of IgG and C3; ADV antigen has been demonstrated in artorial
walls following acid elution studies and enti~ADV antibody has been
detected in eluates obteined from affected kidneys (Henson et zl., 1969;
Porter et al., 1é693 Porter et al., 1973). Furthermore,the finding by
Cho and Ingram {(1973b) of IgG erd C3 on the surface of erythrocytes,
from vhich anti-ADV couid be eluted, suggests that circudating ADV
antigen-antibody—complement complexes are absorbed on to the surface

~of exrythrocytes.

Equine Infectious Anaemia {EIA):- EIA virus produces persistent viracmia
in horses (Henson and McGuire, 1971). Most infected horses develop en
acute illness -2 weekz after infection and,although some animals die
early in the course of disease, a large runber recover bui subsequently
suffer from recurring episodes of ¢linicel illness from vhich death
can result months or vaars later, TFurihermores, a fow infected horses
do not develop clinical disease but becoms agympiomatic cerriers,

Virus replication is though®t to occur ﬁainly in mocrophages and,by the
imminofluorescance technique,vi;us can be detected in a wide rangs of
tigsues j.ncl{;ding the kidneys (McGuire et ai., 1971). The disease is
characterised by severe haemolytic anaewiz, glomerulonephritis,
hepatitis, widespread lymphoproliferztive lesioms znd hypsrgsmma-
globulinacudia (Henson and Mctuire, 1971). Uespite the persistence of

viraemia, neutralising and complement Tiring antibodies have been
detected in the serum of infected znimals (Kobayeshi et el., 1969;
MeGuire et al., 1971) and some of thic antibody is presert in the form
of circulating infectious virus-antibody complexes (McCuire gt al.,
1972) , Recent studies by Yoro gt gl., (1973) indicete that persistence
of viraemis in the presence ¢f circulating antibody may be related to
changes in virus surface antigens (antigenic drift), with different
antibody responsés being mounted to sach successive antigenic variant.

There is good evidence thnt the glomerulonevhritis is duve to deposition
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of virus antigen-antibody complexes, as deposits of IgG and C3 have been
demonstrated in the glomeruli of BJA infected horses and anti-EIA anvi-
body has been detected ‘:ln eluates obtained from affected renal tissue
(Barnks et sl., 1972). Purthermore ,the haemolytic anaewia may aiso have
an immunological mechanism,as hypocomplementaemia (Perryman gt al., 1971)
and €3 bound to the surface of erythrocytes (McGuire gt 2l.. 1969) have
been demonstrated in EIA infected horses,

Hepatitis B virus:- Hepatiﬁis B virus antigen has been demohsﬁra‘bed in
the serum and livei“tissue from patients suffering from acute and
various forms of chronic hepatitis (Wright e al., 1969; Giimick et al.,
1969; Nowoslswski et gl., 1972). In addition, however, = small rumber
of apparently healthy humsns carry the virus in their serun and,although
virus antigen may alsc te present in hepatic fissus, orly in a small
proporiion of cases is this aésociated with nietological abnormalities
{Resnicke et 2l., 1970; Hadziyammis et al., 1972). The antibody responce
to hepatitis B virus appears to be extremely variable; thus,little or
no antibody is found in asympiometic carriers (Reed et al., 1974),
whilst, in he-pe.d:-itis patients, sntibody appears 4o be bound to antigen
in the form of antigen~-antibody immune complexes and accompanied by
varying amounts of either free sntigen or free antibody (Almeida and
Watersan, 1969; Millman ei al., 1970). e presence of circulating
:‘meune complexes was first suspected when Schulman and Barkér (1969)
found thatlt 95 per cent of serun sawples from patients with acute
hepatitis contained anti-complement activity. Subsequently, complexas
have been demonstrated in the serum of patients with geute snd chronde
hepatitis using a rumber of different techniques (Almeide and Waterson,
1969; Millman et sl., 1970; Brzosko et al., 1971; Nydegger et sl., 1974),
Glomemlo_nephritis‘, asgociated with hepatitis B vil‘;ls infec_:tion,was firss
reported by Combes et al., (1971) in a patient who had suffered from

acute hepatitis, Subsequently,there has been a number of other reporis
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desceribing glomerulonsphritis in association with various forms of
acute and chronic hepatitis (I~I<;.woslawski et 8l., 1972; Myers et al.,
1973 ; Knieser et al., 1974; Kohler gt a8l., 1974; Blaker and Thoenes,
1974). In all of these cages,deposits of IgG, C3 and hepatitis B
antigen were demonstrated in the glomeruli by immunofluorescence.
Furthermore, glomerulonephritis associated with deposition of

hepatitis B antigen, TgG and C3 has also been reported in virus carriers
showing no evidence of liver diséase (Brzoske et 2l., 1974).

A1), of the above virus infections have a number of general
featares in common which are of relevénce to their ébility 1o induce
glomer:lonephritis,

(i) They sre ell persistent infections and,despite the prc;duction
of antiviral antibodiea by their hosts, they a1l exhibit long-
standing viraemia, ‘ihis persistence of circulating virus is the
crueial factor which ensures a constant source of antigen from vhich
circulating antigen-antibody complexes canform .anda subseguently
become deposited in the glomeruii,

(11} One distinctive property of viruses in this group is that they
do not kill the cells in which they replicate (Allison, 1972) and virus
can,therefors, replicate to high titres without causing severe tissue
injury and acuts disease, Tissue lesions, however, do cccur,slthough
they are not considered to be due to direct virus induced dame_xge 534
to an immnclogicsl response agsinst virug infected cells., This,it
has been shown that in LCM, AD and EIA, impunosuppression leads to a
marked decrease in severity of disease (Hoffsten and Dixon, 1973;
Cheema et &l., 1972; Henson and MeGuire, 1971).

(idid) Circulati:r.lg virng-antibody immune complexes have heen detected
in all of these diseases and,with the exception of hepatitis B virus

infection in man, these complexes have been shown to retain virus
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infectivity. Whether ¢r not the presence of these compleses is directiy
.related to the pathogernesis of the glomerulonephritis is uncertain,
However, since intact virus particles are usually not found in glomerular
deposits in ﬁhesé diseases,it would seem more likely that the deposited
complexes contain viral component antigens rather than intact vizus
particles, The cireulating infectious virus-antibody complexes,therefore,
may msfely'indicate.the hosts inability to eliminate the virus. 'In LCH,
Gross leuksemie and in sorme cases of hepatitis E infection, circulating
antibody can ondy be detected after dissociation of virus-snitibody
complexes, whilss, dn AD and EIA, high levels of free anti-viral antibody
can be detected as well as virus-antibody complexes. This varistion in
antibody production between the different discasea supgests that there
may either be g guantitative or a qualitative defect ir the dmimne
response or berheps a combinablon of both, Detailed studiea on the
fate of preformed immune complexes when inoculated into experimental
animals have shown that soluble nephritbgenic complexeé are ouly
formed when there is ré&lative antigen excess and that complexes formed
in antibody éxcess are insoluble and readily removed by the mononuclear
phagocytic system, However, if the antibody has a low affinity for
antigen,then scluble immne complexes may be forusd even if there is
an excess .f antibody (Gemmith and Rodrignez, 1973)., These experimental
gituations may have a parallel in some persisient virvs infection.
The glomerular lesions obzerved in LCM, 1DV infection and AD si). show
variation in severity batween genetlcelly different strazins of mice and
mink respectively. Soothill and Steward (1971) have shown tha’% those
strains of mice most suscentible to nephritis during ICM wvirus infection
vere the streins which, under normsl circumgtances, produced antibody
of lowest aftinity, Another factor of imporiance may be the ability
of some of the viruset in question (LCM, 1DV, AD and EIA) to raplicais

in macrophages, Thus,the normal process of removal of virus-antibody
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complexes by the monomiclear phagecytic system,in these infecticns,
may lead to further replication and relesse of virus, Morsover,
since macrophages play an important rols in fhe lamune response and
since inter-strain variation of antibody aflfinity in mice is thought

al., 1974), it is

to bo related te macrophage function (Pesswell gt
quite concievable thst infection of these cells by virus could not only
lead o & guantitative,ut alse gqualitative defect in the .immune response.
Under such circumstances,virus could persist in the circulation and lead
to the formation of nephritogerde virus antigen-antibody lmine

complexes. ) :

(b) Tiruses susvected of wvreoducing immume couplex zlomervionsvhritis

The glomerlonephritis observed during the course of several
other viras infections is also thoughtl to be nediated b;-,r-the
deposition of virvs sntigen-antibody immune complexea, although final
proof is still lacking. Chronic suine fever and long-standing pclyoma,
coxsackie 3B and ECHO virus infections in mice are eccompanied by a
proliferatove glomerulonephritis in which deposits of immnoglobulin
can be detecied in the glowerull by the ineunoflvorescence technique
(Tonietti ot al., 1970; Sun ¢t al., 1967; Sun ef gl; 1971; Cheville
et al., 1970). Although foci of wiral antipen have glso been found

in the glomemli during Coxsackie B,

o’

ECHO,and swine lever wirus
infectiong, they appsar to represent descrete virus-infected cslls
rather than gramilar immure deposits, The fuding of glomerular
deposits of immunoglobulin in this group of virus infections clearly
gugzgests an immuns complex mechanism; however, unitil alution studies
are carried out on affected w»ensl tissue and zttempis are made to
detect circulating immune complexes it remains ungertain. whether or
not these c'iepoe‘it.é contain virue antigen-axiiboedy complexez, In
éddition,‘these viruges have all been shown to replicate in renzl tissue

resulting in direct virug incuced rensl lesicns,




Swing fever virus may infect pigs of all ages and infaction
usnally results inm acute disease leading o death within 1-2 weeks.
However, a small proportion of.animals survive the acute phase of
the disesse, remain chronically infected and succumb st a later stege.
During the acute disease,there is widespread infecuion of lymphoid
tissus and vascular endothelium which, in the kidney, is agsociated
with mulidple smell interstitial haemorvhages (Maicato and Bacchi, 1663},
Farthersore, in the later stages of the acute disease,virus invadea
tabular epithelisl cells resulting in focd of tubular necrosis. In
animels vhich become chronically infecteci, there ie extensive i.uvagion
of tubuler epithelizl cells with subseguent development of focal
interstitial nephritis characterised by accumilations of lymphocytes
and plasme celle (Cheville and Mengeling, 1969), During this chronic
thase, glomeruloneph;itis alzo develops and, with incressed daration
of dnfection, theve is a progressive increase in severity of both
glomerular and interstitiasl lesions,

Ilevinthel {1962) studied the kidnay lesions following experimental
infection of wice with polyoms virus. A pfoportiOn of mice died from
an acute systemic disease during which the virus iafected renal tbular
epithelial cells resulting in foecal areas of ‘ubular degeneration, Iu
those infeceted animals which éid not develop the acute fatal disease,
there was pergilstence of wvirus within foeci of tubular epitﬁelium and
thils was accompaniad by infiitration of monormclear and plasmé cells
into the surrourding interstitium, Hecent studies have also demonstrated
thet mice chronically infected with polyoms virus develop a mild
glomerulorephritis essociated with the preszence of immunoglobuliin
deposits in the glomeruli (Tonietti et al,, 1970).

Mice experimentally infected with Coxsackie B1, B4 and KUHO9
viruses develop glomervlonevhritis associnted with infection of

glomerular cells and deposition of immuncglobulin within the flomeruli

eh
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(Sun et al., 1967 and 1971). Whether or not direct virus induced damege
contributes significanitly o these glomerular legions, hovever,remains
uncertain, Coxsackie Bi end ECHOY vimses have also been shown o
infect tulular epithelial and interstitial cells giving rige to tululer
necrosis and,in some instances,focel intersiitial. infiltrates of
lymphoid cells (Burch and Sun, 1968; Burch et al., 1968),

There are mmercus raports in the literature associsting Coxsackie R

demonstrated in lmman urine, both by virus isolation (Uts, 1960;
Utz and Shelokov, 1958} and by vsing immncfluorescence techniques on
urinary sediment {Tinoma gt al., 1962}, Furihermore, Mary sud Swallow
(1970) showed that,during an outbresk of ECHO type 9 infection,

50 per cent of patients developad huwematuria and 10 per cent had low
levele of proteinuria, Ip s series of routine autopsies, Burch gt al.,
{1969} using immmoflnorescence » Cemonetrated intracellular Ceoxsackie B
antigen in the kidneys of elaver patients; virel antigen was found in
glomerular, tubuler and irterstitial cells, Although most of these
patients dié¢ wnot die zs a I'Esu].ﬂ;.: of renzl disezse,they all showed
histological renel sbrommalities consisting of varying degraes of
pyelonephritis and, in one case, glomerulenephritis, Inaddidion,

Bureh and Tcleolough (196%) reported a cass of Coxsackie virus-
assoclated pancarditis with concurrent prelonephritis and focal
glomeralornephritis in which Coxsesckie B antigen was detected at autopsy
in glomerulaxy and interstitlal cells. Jeolsted cases of glomerulone-
phritis have slso been reported in association with thess virus infection
(Yuceozlo gt gl., 1966; Mary and Swallow, 1970; Bayetpour et gl., 19737,
elthough in none of these cases have immrofluvorescence oy virelogical
sbidies baen perforrmed on renel tissus., The possibility, therefore,

gtill remainsg thal infecition of wan by these viruses may occasionsliy

resuld in glomerulonephrilis, either due to direct infection of




23

glomerular cells or, as resulis of experiments in mice might suggest,
through the deposition of virus antigen-antibody iwmrmne complexes.

Glomerulonepliritis has alsc been noted in association with feline
and human leukaewia. Anderson and Jarrett {19'71) described thrée
cases of membrancue grLomerulonephr tis in a sexies of iwenty-seven
naturally-occcurring cases of feline Jeukaemia., Glomerulonevhritis
and nephrotic syndrome have been reported in three lmuman patients
guffering from lympheocytic leukaemia and,in tea of these cases, immuno-
globulin and C3 were detected in the glomeruli (Brodovsky et gl., 1968;
Dathan ¢t el., 19’.74). Glomerular deposits of ilmmnoglvbulin and C3
" have alsc been detected at necropsy in the kidneys of patients with
Jymphoma and leukaemia without sny evidence of clinical renal disease
(Sutherland and Mardiney, 1973; Sutherland et al., 1974). In two of
these patients,Sutherland and'}iardiney_ (1973), using immnofluorescence
end elution tedhniques, also demonstraled the presence of interspecies
group specific jeukaemia viras antigen {gs-3) within the glomeruli.
Although as yet a human leukaemia virus has nct been identified, it is
tempting to draw s parallel with the situatior in mrine lel:&kaemia and
speculate that glomerulonephritis may occur in other species due to
depoeition of leukaemis vims antigen-antibody complexes,

Evidence of glomerular immine complex deposition during measles
infection has been obitained in a singls patient who died firom subacute
sclerosing penencephalitis {Dayesn and Stokes, 1972)., Granular depoaits'
of immmoglobuling measles antigen and complemant were detected in the
glomeruli of this patient by immincfluorescence; however no histological
or clinical renal abnormalities were found, |

Although there are no reports of histological or immuinofluorescence
studies being carried out on kidney tissue from patients with mumps,

a proportion of infected individuals have been shown to develop renal

funcltional ebnermeiities consisting of mild proteinuria, haematuria
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and slightly decreased rates of creatinine c_.'!,:aar.:a.ncé Ttz el al., 19643
Thomas et al., 1968). Indsed, severe foial mumps has been described

in 2 ceseg in vhich mumps was diagosed clinically (Hughes et al., 1966},
Howevar, in neither case was remal tissue subjected to ilmmunoflvorescence
or virological stadies and evidence for their association with muumps -

infection is therefore only circunstential,
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TEE VIRUZ

The virus used throughout the exberimental gtadies was a strein
of canire adencvirns (CAV) isclated from the kidney of a dog with viral
interstitisl rephritis., Virus pools wero prepared by infecting
monalayvers of a contimious dog kidoey cell line (MDOK, Madin and Darby
Canine Kidney, Flow Lazboratory Ltd., Ayrshire) {(Cornwell et 2l., 1979).
Infected cells were incubated at 37°C until the cytopathic effects
vere complete,at whnf.ch time the virus waw harvested by rerealted
freezing end thawiﬁg. The wvirus suspengion was then stored din
Inl sliquots at -70°C until required. The titre of virus was 107

tissue culture infectious doses (TUID50).
EXPERTMENTAL ANIMALS

Por experimental studies, farm-bred unvaceinated puppies, raﬁging
from 8 to 14 weeks of ape, were obtained from a commercisl source, On
arrival (the puppies were isclated and serum sanples *.:ere’ ebtained in
order to mecsure antibody levels to CAV, ALl puppies were housed
indoocrs at an ambient lemperature of 20°¢ and were fed on a conmercial
dog food {"Lassie", Pet Foods Lid., Melton Mowbray, leic.) and
reconstiiad dried milic,

During the study, all experimental procedures involviung the
inoculation cof dogs by the intravenous route were cgrried ocut under
"Tumotilonf-induced nsunrcleptanalgesia {"Imnobilon®, Reclzitt and

Colman Pharrmaceutical Division, Hull,).




NECROPSY PREGEDURES

Those animals which did pot succumb spontanecusly to infection
vere anassthetised by repid intravenous inject%on of pentebarbicone
sodium {"Cuthatal®, May and Beker Ltd., Dagenham) and exscnguinated
oy sevéring the jugular veins., All animals were subjected o &
comprehensive postmortem exémination.’ Irmediately on gpening the
abdominal cavity, the kidneys were removed and small picces of kidney
tissue were takern for ultrastructural stwdies (see below), Multiple
blocks of kidney wsre slso selected for histological end immnefluorescence
studdes, In addition, a range of other tissues, including liver; spleen,
lymph nodes, thymus, tonsil, urinary bladder and brain, were subjected

to routine histological exemihation,

HISTOLOGICAL PROCEDURES

Tissues were fixed in mercuric chloride-fermol for 72 hours;

« dehydratled in analcchol-amyl. acetate-chlorofori series and embedded in

paraffin wax. Sections.were cut at 6 microns and stained with Mayer's
haemalun and eoaini selected secitions were also sisined with Martius

b
Scerlet Elue (collagen and ibrin) and periodic acid-3chiff stains

{basement menbranes),
ULIRASTRUGCTURAL PRCCEDURES

(z) Fixation

Small pieces of kidney were exised as socon as posglble after
cuthanesia and rlaced in drops of chilled fixative on s blonk of
dentel wax, Using a grease-Iree razor vlade, the Uissue vas fiuely
sliced into small blocks approximetely O,5mm in thlckness and
transferred to glass viels containing ehilled fixative. Tissue uas

» (“ - k] - - .
fixed at 4 C, either in a 1 per cent zolution of osmium tetrowide




£6» 1% hours or in a parafermeldehyde/ gluteraldelyde mixiure (Kernovsky,
1975) for /% hours. Tissue fixed in the paraformeldehyde/ gluteraldehyde
mixture was rirsed overnight in a cacodylate 1rinsing solution and then
postfixed for one hour in osmium tetroxide.

The fixatives were prepared as follows:-

(i) Osmium tetroxide: 1 per cent osmic acid {FUH Chemicels Lid.,
Poole, Bngland.) was made up in Millonige buffer et pH 7.2-7.4.

(i1) Paraformaldelyde/ glutaraldehyde: A mixtuve of 1.3 per cent
.paraformaldehyde and 1.6 per cent glutaraldshyde wes prepared in
cacodylate buffer al pH 7.2-7.4.

The proportions were:-

Paralformaldehyde 2g
Distilled woter 25m].

T ¥ Sodium hydroxide \ 23 drops
25 par cent gluteraldehyde - A0mlL
Cacodylate buffer 17500
Aphydrous calcium chloride 25mg

The buffers were prepared as followsi~
(1) Millonigs phosphate tuffer:

Sodium dihydrogen phosphate (2.26 per cent) &3ml

Sodium hydroxide (2.52 per cent 17al
Distilled water 10
Sucrose O.542

Final pH 7.2-7.4.
(ii) Cacodylate buffer: this wes prepsred as a 0.1 M solution
of sodivm cacodylate (21.4gflitre) and adjusted to pH 7.'~7.6 by

addition of a few drops of concentrated hydrochloric acid,




Gacodylate rinsing solution: sucrose was added W cacodylais
nffer (34..2@" litre) resulting in a 0.1 M solution of sucrcas end the

pl was adjusted to 7.2-7.4.

‘

(b) Embedding

Fixed tissue was dehydrated in an sscending series of 70 per cent,
20 per cent, and absolute alcohol, followed by winsing in propylene
oxide., The tissues were then soaked for 1 hour in en equal parts
mixiure of propylene oxide snd Araidite and left overnight in a
nixture contaning 80 ver cent Araldite., Tissue blocks were then
individually enbedded in Araldite contained in gelatin capsules and
the resin allowed to polyvmerise at EJ’?°C for 45 hours.

Areldite {(CIBA-Geigy (U.X.)Lid., Caobridge ) was prepered as
follows:w

Equal parts of Araldite resin (C¥212) end Araldite hardener
(HY964) were mix-d by stirring overnight and stored at .Z:JC, Before
use for embedding, 0,6ul of accelerator (DY0G4) and 2./ml of di-n-
" butyl phthalate were added ta 57ml of the resir/ hardener wixiire and

the whole stirred thoroughly for 30 wminubes.

(¢) Steining

Sections spproximately 1 wicron in thickness were cut on an
1XB Mark 1IT ultretome using glase knives and mounted on glass slides.
They were then stained with Mallory's borax methylene blue or wwluidine
‘blue gccording to the methods of Richardson g al., {(1960) and Trump
et al., {1951). These sections were used tc locete lesions and select
" particuler fields for electron microscopical ax@zation.

Ultrethin sections wers cul on the ultratows using glass knives
and mounted on uncoated Athene 483 copper specimen grids (Smethurst

High-Light Ltd., Bolten, Lahcs.). Sectious were stuned for 20 ndmutes
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vith urenyl acetate (Matson, 1958), rimsed successively in methanol,
50 per cent methyl alecohol and dis;illed water and dried on filter
paper. They were then steined for 10 mirutes with lead citrate
(Reynolds, 1963) énd'finally rinsed with 0,02 ¥ sodium hydroxide and
- distilled water before drying on filter paper. The sections were
examined using an AET 6B electron microscope.
The stains were prepared as followss-
(1) Uranyl scetate: a 20 yer cent solution of ursnyl scetate
(May and Baker Lid., Dagenham, Essex) was made up in absclute methanol,
(ii) Teed citrate: ‘
fesd nitrats 1.32¢g
Sodium citrate 1.75g
Bach salt vas dissolved ip T5ml of distilled waler and;when
dissolved completely, mixed together. The resultant precipiltaie of
lead citrats was shaken for 1 minute and left to stand for 30 minutes
with periodic stirring, The precipitate was solubilised hy adding Sml
of 1 N sodium hydroxide -and diluted to 50ml. with distilled water.

The resuliant leed citrzte solution had a pH of 12 1 0.1.

IMMUROFIUORESCENCE PROCEDURES
(2) Preparstion of tissue
Small blocks of tissve approximetely lem x dem x 0, 5em were placed
in individuel Pyrex containers end snap-frozen by placiné’the containers
into a freezing mixture of sclid carbon dioxide cnd 2-methylbutene, The
blocks were stored at -20°C until required for exawination,
Seetions 3~4 microns in thickness were cut at MZOOD on a Slee

cryostat,

(b) Preparation of entisera

Fluorescein.isothioccyanate (FITC) labelled and unlsbelled antisera




prevared in rabbits against canine immnoglobulin (Ig), TgC and BiC
globulin (C2), and mouse Ig( and B1C glotulin were obtained from

comnercial sources (Anti~dog IgG:- Cappel Laboratories, Downingtown,
‘Pennsylvania, IiSA; Others:~ Sera Services Ltd., Meidenhead, Berks).

FITC-labelled antiserum 1o CAV was prepared as followsti-

(i) Produciion of antiserum:- A 1/-weck-old dog was inoculated
subcotansously with el of virus suspension emalsified in an equal
volume of Freund!s comnlete adjuvant, A further 1ol dose of viius was
administered intrevenously € wecks later and, 10 days afler the second
incculation, the dog wes tled under general anasesthesia, The aerunm
was found to have an neutralising sntiboedy titre of 1:10,000 and an

indirect immunofluorescsnce titre of 114,006,

(ii) Tractionation:- Egual volumes of serum and saturated
ameonium sulphate were thoroughly mixed and 1left for 10 minutes
at A?C. The resultant precipitate containing the gobulin fraction
was separaicn by centrifugation at A?G and resuspended in phosphate
buffered saline (PES) pH 7.2 to one third of the original volume of
serus., The protein solution was then dialysed Tor AB hours at 4?0

against FIS 1o remove ammonium ione,

(iii) Conjugation:~ The glolulin fraction was conjugnied at
A?C.wiﬁh 10 per cent FITC on celite powder (Calbiochewm, Califcrnia,
USA) as recommerded by Rinderkmecht, (1962)., Ten mg of dry FITC was
added to a mixXture of 2ml of the globulin solution and 2ml of carbonate/
bicaerbonate buffer pH 9 and the mixture was genitly stirred in sn ice

bath for 6 mirmtes, Free dye remeiwning in the zclutdion sfter this

L3
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time was removed by passing the conjugate through a column of Sephadex
G25 fine grade,: (Pharmlacia, Uppsels, Sweden.). The conjugate was
further purifisd by absorption for 3 hours at 2,.00 with 100mg of dog
tissue powder per Tml of conjugats.

Tissue powder wes prepared from liver snd kidney tissue from
young healthy dogs. The tissves were homagenised in a Waring blender
and repeatedly washed in isotoric saline before washing several times
-in large volumes of acetone, The supernatanl wgs remcved and. the
ma’c;erial sureed on filier vapsr tw be dried overmight ab B'ZOG. It
was then grourd in & mortar, passed through a sieve W remove course
fibrous material and stered in air-itight containers et ,:'f(}.

The optimai working dilution of each conjugated antissrum was

" determined by staining known positive material with e range of dilutions
of the apprepriate antiserum. The dilution at which there was a
sufficiently low level of background staiming without adversely
affecting the intensity of specific fluorescence was then sdopied as
the working dijution,

Consequently,the FITC~labslled antisera were used at the

fellowing dilutiong:-

Raly'Dog Tg 1:20
RatyUeg IgG 1310
‘Rah/Tog Ble 1:%

Aati CAV 1315

(c) Staining Procsdures
In order 0 determine which fixation and washing'procsdures £Eve
optimal vesults an indtisl trisl was carried cut vsing known positive

waterial., This involved the use of 7 differeni fixation regimes,

)



either on unwashed secﬁions or on sections pre-washed for 3C

mirmtes in PBS or isotonic sucrose. The influence of thege difflerent
procedures on the resulis obtained when staining for CAV antigen and
TG was then assessed, Scrial scetions of kidney known to coniedin
lerge numbers of virus infected cells wers used in sbtaining
for CAV antigen and sections of kidney in which the glomerali vera
knoun te contain diffuse deposita of gl were used for the detection
of IgG., A4s control materiel,sections of lkidney from young heelthy
dogs were subjected to ‘the same treatment, A comparvative assessment
of the intensity of specific fluorescence and the degres of
non-specific background stzining was made for the differant regimes,
The results are summgrised in Teble 3,

(i) Pixation: The most satisfactory resulis were obiainad with
unfixed and acetone fixed secltiong. In comparison,the other fixatives
all caused varying degrees of redvuchion in intensity of specific
staining.

(ii) Washings Unwashed sections stained for IgG showed a high
level of nonspecific background staining, This beckground was markedly
reduced by pre~washing, priicularly with PBS, although there was also
a slight decrease in the intensity of specific gteining. In general
terms ,the distribution of T«G within the glomeruli was slso more readily
defined in vashed than in unwashed sections,

In contrast unwashed sections steined for CAV antigen exhibited
relatively low non—épacific background staining and, whils pre-washing
couged farther redvetion in background, it also produced a marked
decrease in the intensity of gpecific staining.

In view of these findings the following proceduids were decided
upoil.

Air dried cryostat sections were fixed in acetone for 10 wimites



before staining for CAV antigen. Sections being stained for the
presence of serum proteins (Ig, Igh and BIC globulin) were washed in
PBES for 30 mimztes before fixing in acetone,

In &1). cases, fluorescent stain was leyered on to fixed ssclions
for 30 minutes, during which tiwe the sections wvere placed in a moist
ch;mber at room temperature. After thorough washing in PBS for 30
mimates, sections were mounted in PBS and examined by means of a
Leitz "Orihoplan" fiuorescence micwroscope éequipped for incident light
fluorescence,

Specificity of steining was demonstrated on duplicate sections
by blocking with unlatelled antiserum prior to steining with the
corresponding FITC-lzbelled antiserum,

Selected sections of kidney, in which there was in interstitial
infiltrate conteining plasma cells, were examined using an indirect
Ugandwich!" immuncofluorescence techinque in order to determine whether
or not the plasma cells centained anti-CAV sniibody. This consisted
of layering o drop of virus suspension concenlratsd by uvltracentrifugation,
on to eryostat gsections of kidney for 30 minutes and, after ‘thorough
washing in PBS, the sections were stained with FIIC labelled anti-CAV
serum for a further 30 minutes, A positive reaction was indicated by
the presence of characteristic cytoplasmis fluerescence, A4s control
n'iaterial, du.plicat.é sections of kidney were exposed to uninfecied
tissue culture fluid and followed by staining with FITC labelled anti-

CAYV serun,

FR



Table 31

Cod

The influence of different washing snd fization procsdures
on the resulis obtaingd Tollowing immunoflliuvoreacence
gtaining for caning Igh and CAY artigen.

4

WASHING AND FRIXATION

AMMINOTLUORESCEUCE

RESULIS

PROCIEDURES LeG
Intensity of lonspecifie Intensity of Nonspecific
staining background staining background
Ao SECTIONS UNWASHED
PEIOR_TD FIXATION
1) Unfixed P High et Tiow
2) Acetone 10min e n N Y u
3) 95% Ethanold 1Owin e ® + ®
4) Ether-Bthavol 131 6min TV U e n
5) Ether-Ethsnol 4min - W & %
Then 95% Ethanol 4min
6) 25 Formslin Smin b " 4 v
7} 2% Glutaraldehyde &min - n - W
B. SECTICONS PREWASHED TN
PBS FOR 20 MINUTES
1) Unfixed Arobert Yory low e Very iow
2) hcetlone 10min et b + "
%) 95% Ethanol 10min e # Trace "
4) Ether—Ethanol 1! 6min 4t u Trace "
5) Ether-Ethanol 4min
Then 95% Ethenol 4gin
6) 2% Formalin 6min + " - N
7) 2% Glutaraldehyde 6min - » - "
¢.  SECTIONS PREWASHED TN
Z50TONIC SUGRQSE FOR
20 MINUTAS.
1) Unfixed S Hoderate i Hoderate
2} Acetone 10min e " bt ®
3) 95% Hthanol 10min s n Trace u
4) Ether-Ethanol 111 fmin s U Trace "
5) ABther-Bthanol 4min + t Trage i
Then 5% Ethanol 4min
6) 2% Formalin €min + u - u

2% Glutareldehyde €min
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BIDTION PROCEDURES

Tn an attempt to extract antibody deposited in the kidneys, kidney
tigsue from dogs used inm sections IIT and V of this study was
subjected to an eiution procedire similar to thatlt descrilbed Ly Lambert
and Dixon, (1968), A whole kidney from cach dog was minced, homogenised
using & Waring blender and waghed repeatedly with PBS (pH 7 .2) to
remove any serum proteins., The kidney tissue was then eluted with
0.02 M citrate buffer (pH 3.2) for 30 mimites at room temperature
with constant stirring: ten velumes of tuffer were used to elute one
volume of sedimented kidney, At the end of this time, the kidney
tissue was removed by centrifugetion and the resultant supernatant
dialysed against large volumes of PBS (pH 7,2) for /8 héurs at 20(3; the
pH was then adjusted to 7.2 by dropwise additicn of 0.1 ¥ WalH, "At
this stage, the eluates wers concentrated twenty-fold using Carbowax
and eny precipitate present at the end of this procedure wag removed

by centrifugation,

DETRCTION OF ANTIBODY T0 CAV

Throughout the stadies, serum samples and renal eluates vere
examined for the presence of entibody to CAV using an indirect immuno-
fluorescence test. Cryostat sections of known positive infecied liver
from cases of acuts systemic CAV infection were used, A@tone-fi:@d
sections were expossd to serizl two-fold dilutions of serum for 30
ninates and, after thorough washing in PBS for i .h.aur, they were stained
vith FITC lsbelled rabbit snti-dog gleobulin., The sections wers then
washed and mounted in PPS before exawipatdion with the fluorescence
microscope, A pesitive resull was indicated by the presence of
characteristic finorescence of hepatic cell ruceldi (F lg. 1) and the
entibody tiire 'wa‘s read as the reciprocal of the highest d:?..'_l.u'bimz 2t

which this specific fluorsscence was still present,
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As control material, duplicate sectbions of liver were stained with
FITC labelled anti~dog glotulin,(negative control)=nd anti~CAY (positive
control),

Tn order to assess the sensiltivity of the indirect immunoflucrescence
me thod for detecting antibody to CAV, a comparison was made with the
haemagglotination inhibition test (HA-I test). A series of serum
gsanples obbtained from dogs used in section 11 of the present sindy
were subjected to anti-CAV antibody estimations using both testis.

These sera had antibody titres ranging from zero to greater than 512
28 measured by the indirect immunoflucrescence test,

The HA-I test was baged on procedurss deseribed by Bsomerk and
Salenstedt, (1961). Serun samples ware inactivated at 5600 for 30C
mirutes and absorbed at room temperature with equal volumes of 25 per
cent kzolin (Flow Laboratories Lid,, Ayrshire). Serial two-fold
dilutione were added vo the wella of perspex hesemaggintinztion vlates
and 10 each well wsa added /4 haemagglutinating units of virus, Scrum
and virus controls were also used to ensure that the serum &lone did
not agglntinate red hlood cells (RECs) and that the ameount of virus
used in the test wag indeed A haesmagglutinating uvrits, The seyum~
virus mixlures were 2llowed to siend =t room tewneraturs for 1 hour
bafors adding 2 1 per cent suspension of human typz O erythrocytes.

To exclude the péssibility of antoagglutination, an erythrocyts plus
saline control was also used. The results of the test were reed after
2 hours, The highest dilution of serun at which complete inhibition
of agglutiration occurred {100 per cent emd-point)} was recorded m=s the
entlbody titre.

The indirect immunofluorescence (IF) and HA-I titres of the serum

samples are given in Teble 4, From these rewulis,it is apparent that
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.the IF test vas mmch more sensitive then bhe H&-I test in detecting
antibody to CAV, Whereas 23 of the 28 serum samples had antibody
titrea ranging from 1 te greater than 512 ag messured by the IF lest,
only iO sara gave positive reactions (Vitres of 4 or wore) with the
HA-I test., This perheps is no% surprising, éince, presumahly only
antibedy direcled against the antigenic. components of the virus
vhich are responsible for hzemagglutination is measured by the HA-T test,
vwhereas the IF test probahly measures éntdbody to all antigenic components
of the virus,

The positive HA-T titres renged from 4 to S6 and, in general
terms, these sera also had high titres of antibody by the IF test,
There was, however, a relatively poor correlation between the tilres
cbtained by the two-tests, In retrospect, a comparison of the relative
sensitivities of the IF test and the serum neutralisation test might
have been more velid; however, in compariscen to the latter, the IF test

is muech quicker and less expensive to perform,




Table 43 Anti-CAV antibody titres of sera measured by the indirect
immunofluorescence test {indirect IF) and the
haemagglutination inhibition test (HA~I),

Serum Sample . Indirect IF : He-T
42/1 o 0 < §
42/2 ' 0 < 4
44/1 o < 4
44/2 0 < 4
48/2 _ 0 < 4
29/1 1 ‘ | < 4
341 1 < 4
31/1 :2 < 4
32/2 4 < 4
33/% , 8 < 4
32/1 . .16 < 4
28/1 32 < 4
21/1 ‘ 52 4
28/2 32 - 8
21/2 , | 64 < 4
43/3 | 64 <4
48/3 | 64 < 4
45/4 ’ 256 <4
a8/5 | 256 48

| 48/6 - 256 96
. 42/3 . 512 4
48/4 | 512 4
30/2 512 32
31/2 < 512 : 4
34/2 S < 512 T4
45/5 - < 512 12

48/7 < 512 48




Fige 1=

Ati~CAY antibedy esxtimation using the indirect
immunofinorescence tesgts Kumerous hepatic cell
nuclei show grenular fluorescence, indieative of
the presence of antibody in the test gerum.

{ Imunofiverescence X 500)
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SECTION 1 : EXPRRIMENTAL CAV NEFHRITIS : A STUDY OF RENAL
CHANGES DURING ACUTE SYSTHMIC INTEGTION

INTRODUCTION
MATERTALS AND METHODS
RESULTS
Tables 5 and 6 ; Pigures 2-17,

DISCUSHSION




THTRODUCTION

In 1947, Rubarth describved in detaill a natarally occurring acute
fatal disease of ‘dogs,charecterised by hepatitis, widespread petechial
heenorrages ard .serousveffusion into the body cavities., Under
experimsntel conditions, the disease could be transmitted o other dogs
using bacteria-free tiltrates obtained from affected hepatic or splenic
tlasme; Hubarth therefore postulated a viral aetiology. Subsequently,
other workers have confirmed Rubsrth's observations and have shown the
causative agent, o be e vitus belonging to the adenovirug group
(Siedentopf and Carlson, 1949; Cabassc gi al., 1954). Extensive studies
on the pathogenssis of the disease have demonstrated that the main
target sites for virus replication are hepatic tissue and vascular
endothelivm and,in these siles,characieristic basophilic intramiclear
inclusion bodies ore often found {Rubsrth, 1947; Stinzi and Foppensiek,
1952)., One of the extra-hepatic sites whers Zinclusion bodies are most
consistently obzerved is the renal glomerulus and, asscciated with this,
viraria end proteiruria may be detected (Hamilton et al., 1965; Persson
et gl., 1961). 'The immmnofluorescence technique was firsi applied to
the study of the kidney during acute CAV infection by Wright, (1967a)
vho showed that vimis replicetion was indeed mainly coniined to the
glomeruli, As yet, howevecr, only one brief account of the renal
ultrastrvetarel chaxges associatad wiih acute CAV im‘.‘ection hes
appearsd in the literature (Givan, 1968).

The purpose of the first section of this dissertation is o
describe a detailed study of the histolegical and ultrastructural
éltcrat-ions in the kidneys of dogs sulfering frow acute CAV infection.
Since the excretion of renal antigens in the urine has been demonstrated

in & veviely of natursl and experimentally induced rensl diseases (Roscrmany

et zl., 1971}, the pressnt study included an examination of the urine of




dogs with zcute CAV infectlon for the presence of glomerunlar basement

membrane (GHM) and tubular epithelial (1IE) antigens.

MATERTALS AND METHORS

Experimental Procedures

Twenty-six 12-week-o0ld,CAV antibédy—free dogs weighiﬁg

approximately 6kg and cowprising four litters were used, Twenty-one

of these snimals were inoculated intravenously with 1&1 of CAV

suspension; the remsining 5 dogs received 1ml of uninfected ticgsue

culture suspension intravenously and were housed in geparete sccommodation,
Two of the dogs were killed one day afier receiving virus, With

the exception of 6 animals which died,the remaining infected dogs were

'killed when they becaﬁe clinically ill on the second, third and fourth

days after inoculation of wvirus (see Table 5). The 5 control dogs

were xilled on day 3,

Histological (lirastructural and Tmmunofluorescence Procedures

These were carried out as described in the section on "materisls
and methods", As pert of the histological examination,an atiempt was
made to assess the degree of virus infedtion in the kidneys by
galculating ihe percentage of glomeruld which contained inclugion bodiss;
this was done by examining 100glomeruli from esach snimal for the presence
of one or more inclusions, ITdver and kidney from a1l animels were
examined by immuroflnorescence for the presence of CAV antigen, With
the exception of the & dngs which died, the kidmeys of all animals

were subjected to ultrastructural examinaiion.

Preparation of GIM and TE Ansisens

GIM was prevared from the kidneys of normal dégs by the metuod
of Krakower and Greenspon, (1951). The cortices werse minced, washed

repeatedly in cold PES and forced through a fine stainless ateel sieve
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(nesh-size ~ 150), The resultant suspension was collscied in an ice
bath, centrifuged at 500g for 3 mimates end both the supernatant
fluid (containing crude TR antipen) end the sediment collected.. Ths
‘sediment which contained intact glomeruli wes washed repeatedly with
cold PR3, allowed to settle after each wash and the sﬁperna{mgt,
containing cellular debris, discarded., After the final washing, the
glowerular frection was centrifluged at 500g for 2 minutes cnd samples
of the sediment stained with methylene blus to assess the number of
'intact glowsruli; only fractions conteining large numbers of glomeruli
were used for further study, The harvested glomeruli were then ultra-
aonicated for 1 wimate 1w disrupt Bowman's capsule and to release
giomerular cells from the GEM, After centrifugatdon at 500g for 2
minutes ,the resuépemied aediment was further ulirasonicated for 5
minites to disrupt the GBM, The resultant suspension waz then
Iyophilised and stored at -?S“C. The ecrude TH antigen was further
centrifuged at 78,000g for 45 mimites and the resultant sediment,
vhich contsined the nerhritogenic imbulse epithelial (TE)anhigen

B

(Fdgingtdn gt.ali, 1967}, was then washed repeaftedly with PBS,

o

lyophilised and stored el -2500.

-

Preparation of Anti~-GEI and Anti-~TE Antibodies

-

Rabtivits were inoculated subcutaneously with &Cng of CGEM or TR
powdeyr suspended in saline and emulsified in an egqual velums of Fround's
complete adjuvant, After a period of 8 weeks, further inoculations
of antigen without adjuvant were asdminigitered subcutaueously and
intramgenlarly at monthly intertals for 3 months and the rabbits
were bled 10 days »fter the final inoculation., The pooled anti-GEM
serum was inactivated at 560(2 for 30 mimutes, absorbed“.f.wic:-.a with
frsehly harvested dog red bl(\Ol"l cellis and finally twice with Lyophilised

ThE entigen (60mg per ml),
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The specificity of the anti~03 serum was tested by means of an
indirect immnofluorescence test. Frozen sescticns of nermsl dog kidney
vere exposed to sbsorbed antdi-~GEM serum for 20 minmites and then, afier
vashing for 1 hoﬁr in PES, were further stained with sgheep antimrabbit.
glotnlin conjugeted with FITC, *he sharp linsar finorescence of
glomerular and tubular basement membranes showed that the anti-GBY
serum did not conbain sntibodies which rescted with other parts of
_ renal tissue,

In a similayr fashion, pooled aniti-TE serum was heat insctivated,
ebzorbed twice with dog red blooé cells and twice with GBM powder
(60mg/mwl), The specificity of the antd-TH serum was also tested by
indirect fluorescence. In conirast to anti~GIR serum,speciflic
fluorescence was confired to the apical portions of the proximsl
tubules; there was no staining of vasement wembrares. Having
estoblished the specificity of anti~-GRM and enti-TE sera,both sera
were finally absorbed twice with l;mphilised normal dog liver homogenate
(60ng/ml), normal dog Serun (6Dmg per wl) and rarmal dog urine proteir
‘(10mg Der mi): these absorptions were earried cut to romove any non-
specific reactions which might ocour with serum oy Lliver antigens
leaking through damaged glomeruli. There was no specific staining
vhen ths wbsorbed anti~GE or anti-TE serum conjugated with FITC was
applied o normal canine liver, heart muscls, skeletal muscle ox spleen

in the direct immunofluorescence tost.

Detection of Renal Antirpens in Urine

Where possible, urine samples from infected and control dogs were
collectsd at necropsy by aspiration from the bladder and cenirifuged
to remove any cellular debris; in some animels, in parcticular those

which had died, “insufficient vrine was present in the bladder %o perwit



examination for fenal antigens. Both unconcentrated urine and urine
concentrated 10 timea using Carbowsx (Searle, High Wycombe, Bucks.)
vere tested by double d‘ifﬁlsion in agar gel against anti-GBM znd anti-
TE seruom, The diffusion plates were incubated at room lemperature and

were retained up to 6 days before being discarded as negative,

RESULTS

Clinical Pindings
| The onset of ¢linical illness occurred in oll infected dogs from
2 to 4 days after inoculation of virus, Typically, an infected
aﬁimal would become anorexic, dull and reluctant to move and,vhen
these signs were first noticed,the animel was killed; despite regular
observation,hovever, & of the dogs were found dead without clinical

i1Iness having been detlected.

croscopic Findin

(e

All animals examined on the second, third and fourith days after
infection chowed macroscopic changes characteristic of acute CAV
infection. There was excess serosanguiﬁous Tluid in the periionesl
cavity and strands of fibrin were commonly found on the surface of
the liver and between the intestinal loops. The liver was enlarged,
pale, and finely mottled in appearsnce and oedematous thi~kenming of the
gall bladder wall was frequently observed, A1l the lymph rodes were
slightly enlarged and haemorrhagic and petechial haemorrhages were
observed in a range of orgéns,being most frequently encountered in
the thymus, Subcutanecus oedemz of the submandibular and neck regions
wag occasionally found. The kidneys showed no macroscopic ebnormalitizs

at this time.

o



Histologicel Findines

The control animals snd those examined on the first day afv=r
infection showed no histological sbrnormalities, However, the remaining
animals all had histologicel lesions characteristic of scute CAV
infection, There waz focal hepatic necrosis accompanied by varying
munbers of basophiltic intranuclear inclusion bodies in‘hepatic ang
Kapffer cells (Fig, 2). In wmany of the animels examined on days 2
and 3, hepalic neecrosis wee confined to small clusters of celle (graded
“+ Table 5) and,indeed,sometines foci of only 2 or 3 cells were involved;
however, in the later stages, partieularly in thoge animals exsmined
on day 4,larger foci of necrosiu were ohserved, In all of these dogs,
oceasionsl inélusion bodies were also found in vascular endothelial
cslls in a wvide variety of oYgens,

In the kidneys, the most striking finding was swelling of the
glorerular talfts in which swollen and finely wacuolated cytoplasm of
glomerular endothielial cells was frequently observed partiy occluding
the capillary locps (Fig. A). Polyworphonuclesr leukocytes were
commonly obhserved lodged within capillary leops and grsiuler cell
Sebrig was sometises found in the urinary spased. Iniranucless DAV
inclusion bodies were found in endothellsl and mesangial cells in all
animels ekamined 2 %0 4 days after infection (Fig. 3). The nueber
of inclusions observed varied, being moat mumercus in those animals
showing themost severe glomerular cytological changea, The number
of glomeruli in which inclusiéns were observed in the present seriea
of dogs ranged from 2 per cenc to 76 per cent {see Tavle 5) and noe mors
than 4 inclusions were obgerved in 2 single glomeiulus,

Elsewhere in the kidnsy,in both cortex and medull&;”occasional
small interstitial haemorrhages were found, In a13. amimals sxsmined
2 to 4 daye after infection,inclusion bodies were found in endothelial

cells of dnterlebar and arcuate veins and occasional intersiltial

-

caplllaries (Figs, 5 and 6).




The mbular‘epi'thelial cytoplasm, especially of the proximsl
tubules, appegared swollen and finely vacuwolated and,in some ceses,the
swollen proximal cells sppeared o occlunde the tabulsr lumina,

Gramlar cell debris wvas freguently observed within the tubtules snd,
in some cases,desquamated cells were alsc found in oecagsional collecting
tubules., In one animal ,(No. 9) there was necrosis of a few scattered

proximel tubules,

- Inmunoflucorescence Findirgs

CAV antigen was detecied as discrete gravular fluorescing mucled
in the liver of all infected dogs, Whereas in those znimals which
were examinec on the first day after inoculatdon,cnly occazional
infected cells were found, mimerous infeuted hepatic cellis were present
in dogs 2, 3 and L days sfter infection., In these animals,discrete
virus-infected cells were also found in the renal giomeruli (Fig. 7)
and in the wvzsceular endothelium of lerge renal vessels and occasional
interstitial cepillaries, Many nore fluorescing cells were present
in the glomerull than was guggested by the number of inclusions seen
with light ndcroscopy; in many aniwals,virtually every glomerulueg was
found to contain at lsast 1 infected cell and as many as & fluorescing
ruclel vere obserwved in sowe Individusl glomeruili. Antigen was not
detected in the Midneys of asnimuls one day after infection nor in any

of the controls.
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Fig, 21~ Acute CAV infection? Liver from a dog exauined
3 days aftexr infection, showing large nunbsrs
of intranuclear inclusions in hepatic cells,

(Ha X 400)

Pige, 3:- Acute CAV infection? Glomerulus, 2 days aftex
infzction,shoving % intranuclear inclusion hodiese

(Ha X 500}
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Fig., 4t~ Acute CAV infections GCGlomerulus, 3 days after
infection, showing swelling and vacuolation of
endothelial cells with occlusion of capillary lumina.
Polymorphomuiclear leukocytss are alsc present @n the
capillaxry loops {1arge arrn#s)o Two-intranuclear
inclusion bodies (smgll arrows) can be seen in
nwesangial cells,

(Mallory's borax methylene blue, 1y section X §200)
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Fig. St~ Acvte CAV infection, 2 dayss Section of medulla,
showing inclusion bodies in interstitial capillary
endothelianl cells (arrows).

(HE X 400)

Fig. $3~ Acute CAV infection, 3 dayst Inclusion bodies (arrows)
can be seen in the endothelium of an interlobar vein.

(B8 % 400)
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fig, 7¢~ Acute CAV infectiont CAV antigen in a glomerulus

2 days after admirnistraticn of virus,

(Tmmunof lnorescence ¥ 400)
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Ul trastructural Findings

The kidneys of the control animels and dogs killed on the first
day after infection did not show eny ultrastructursl changes(Fig, 8).
Infected dogs examined on the second, third and fourth days after
inoculation of virus showed marked degenerative changes in both
glomeruli and tubules., The severity of these changes varied between
different animals,being perticularly severe in those animals whose
glomeruli contained large munbers of CAV infected cells., The most
| striking effect in the damaged glomeruli wes partisl occlusion of
capillarylumina by swollen endothelial cells (Fig.9); the cytoplasm
of these cells contained mumerous large vacuoles filled with fine
looss granular materigl while their muclei showed varying degrees of
pykuosis,
‘ The thin eytoplasmic lining of the peripheral poriions of the
capillaries was cften frayed and,in some cases,fragments of endothelial
cytoplasm had detached from the basement membrane and wers found free
in the capillary Jumina, The GBYM wasg normel in thickness and density
in the majority of cases ’out,in.a few instances,focal areas of swelling
and splitting of the membrane were cbserved., In many areas, however,
the endothelial cytoplasm was elevated from the urderlying GH-( and
these subonﬂotﬁelial sites often contained pale finely gramilar
material which probably represented oedema £luid. Occasional poly-
norphormcliear leukoeyies were found lodged in the glomerular capillariss
(Fig. 10). The contents of the capillaries showed a marked increase
in gramlarity vhich was considered as evidence of some deJree of
vascular stagis,
Mesangial cells appesred more prominent znd hulged out into

the axial region of the capillaries; smell cytoplasmic vacuoles were
often seén within mesangial cytoplasm, The nuclel of both visceral

and parietal epithelial cells showed wvarying degrees of pyknosis and




~their cytoplasm was sometimes vacuolated and swollen resulting in
partial occlusion of the urinary spaces. In the most severely
affected glomeryuli, fusicn of epifthelial cell foot processes was
observed, Fragmsnts of epithelial cell debris were oftsn found within
the urinary speces.(Fig. 11}, There was no evidence of cell
proliferation of any of the cellular components of the pglomerali,

CAV particles were found in the nuclei of mesangial and endothelial
cells (Figs. 12 znd 13) and cccasionally in cells lying free within
the capillary 10095. t no time was viras detected in epithelial
cells or within the GBI, Virus infected cells were extremnsly swollen
with abundﬁnt vale and often vacuolated cyhoplasm., In many instances,
the nuecleus conteined a central area composed of fine gramilar
moderately electron-dense material surrounded by a pale zone,outside
which there was distinct muclear margination of chromatin, Virus
perticles were usually found scattered throughout the nucleus, although
in a few instances they were largely confined either to the central
granular m:irix or the pale peripheral zone. In animals exsmined
3 and 4 days after inoculation,disruption of infected cells uss
oceasionally observed; in such cells it was no longer possitle to
distinguish a Jdiscrete cytoprlasnic membrane, there was focal
disintegration of the nuclear membrane and the nuclear chrematin had
coalesced into lsrse electron-dense clumps (Fig., 14). Néighbéuring
intact mesangial cells were occasionelly observed phagocytosing
fragments of these degenerating infected cells.

Degenerative changes were also detected elsewhere in the kidney.
Cytoplasmic swelling and miclesar pyknosis were congstant featurss of
tubular:epithelial cells at all’levels of the nephron. Proximal and
distal tubules chowed the most severe damsge with, in meny cases,

marked intracellular cedema and dispersion of mitochondria (Fig, 15).



The apical porticns of these cells showed partial leoss of wmicrovwilli
and btulged out into the tibular lumen. Particles of cellular debris
and sometimes vhole deéquamated cells were noted in mamy dubules,
Although the tubuldr cytological changes were severe,virus perticles
~were not detected in any tubular epithelisl cells,

In the interstitium,the endotheliuvm of capillaries was frayed
and fragments had often detached into the lumen, Distinct perilcapillsry
oedema was a comron finding and virus particles were occasionally
.four;d in the rweled of swollen endothelial cells. Polymoxphonuclear
leui«‘.ecytes were occasionally lodged within the lumen cf the

interstitial capillaries.

Detection of Urinery Renal Antigens

The resulis of detection of rensgl antigens in the urine are
shmmarised in Teble 6.

Neither G2 nor TE antigens wers detected by gel diffusion in
unconcentrated urine from sny of the inoculated animals., When ihe

urine was concentrated 1C times,however, Lines of precipitaidon

indicative of the presence of GHM and TE antigene,vere fourd in wine
of infected dogs examined on the second, third and fourth deys after
the administration of virus (Figs. 16 and 17)}. In no instence could
antigen be deiscted in the urine of conirol animals,even when
caoncentrated 17 times. The precipilation reactionsg were abolished
when the anti-OBEM serum was absorbed with GHM antigen or when anti-TH

seruin was absorbed with Th antigen.
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PTable G4 Aoubte CAV infections Deteclion )
of renal antigens in the urine.

It

=

s g v e - p e ¢

Rog ' Day Kidney Antigens
Rumbap ' Examined in the uriue
GBM TE
1 e - - !
2 1 - - ‘
3 2 o+ * |
4 2 + +
5 2 + “
6 2 “+ o
T 2 4 +
8 2 - "
9 2 nG ND
10 2 + o
11 2 (b} ND KD
i2 5 +' < ?
13 3 + + il
14. 2 + <+ 3
15 3 ND D %
16 3 (D) KD NI
17 3 (D) D ND
18 4 (n) _ ¥D NI ‘
19 4 | + + !
20 4 (D) | ND ND
21 4 (D) ND D £
22 % contrel | - = '
23 3 control - - %
24 % control - - ‘
~ i
25 3 control - -
26 % control ~ - ’

D= Died HND = Hot done




Fig, 83~ VUltrastructural appearance of normgl glomernlusy
Two capillary loops can be seen (*); the capillary
wall ie made up of a 3 layered structure, consisting
of & Vwasement membrane sandwiched between an inner
thiin layer of endothelial cyioplasm and, on the
outer aspect, the foot processes of visceral epit@elial

cells (Hp)u

(Electron microscopy X 10,000)
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fige 9 {a)i~ Acute GAV infection, 3 days: Section of glomerulus,
showing swelling and vacuolation of endothslial
cytoplasm with resultant occlusion of cepillaxy
loops. E = lkndothelisl cellsy Ep = Epithelial cell;l

# = Mesangial cell.
(Electron microsenyy X 6,000)
(v} (Insert)s- A higher power viev of a capillary wall

frem the same glouerulus, showing aress of sube

epithelial oedema (#),

{ Blectron microscopy X 12,000)
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Figo 103=. Acute CAV infection, 3 dayss Section of a2 glomerulus,
showing a pelymorphonuclear leukocyte in a capillaxy
loop.

ar

(Blectron microscopy X 15,000)

Fig. 113 Acute CAV infection; 3 dayst Section of zlomerulus,
showing fragments of cytoplasmic debris (%) in the
. - . #
fitiration svace, B = Basement nembrane of Bowmans sapsules

¥p = Viscerai epithelizl cell.

{Electron microscopy & 10,000)
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Figo 1 2 o

Figo 153~

Acute CAV infection, 2 dayss Section of glomerulus,
showing a virus-infected endutheiial sell, Numerous
virus particles can be seen within the nucleus which
is swollen and shows distinct mergination of chromating

the cytovlasu is also markedly swellen,

{Electwon microscopy X 10,000)

Acute CAY infection, ¥ dayss Section of glomerulus,
shoving ap infected mesangisl cell. The nueleus iz

swollen and contains a central fine granuliar wmatrix

surrounded By & paler zone in which large pumbers of virus

perticlies can be seen,

(Electron wicroscopy X 10,000)
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Figa 145w

Acute C4V infection, 4 dayss Seciion of glomerulus,
showing o degenerating virua-infected mesangial cell,
The cytoplasmic and nuclear membranes are disrupted

and large numbers of virus particles csn be seen lying

among clumps of chromatin {(arrows), B = Badothelial cel

(Blectron microscopy X 18,000
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Pig. 19t~

Agute GAY infection, 3 dgysi section of proxiwal
tvimle, showing marked intrecellular cedena (*), Joass
of microvilli (Mv) and bulging of cytoplasm (arvous)

into the tibular lumen,

(#lectron microscopy X 10,000)
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Pig. 1638- DetectiOn‘of GBH antigens in the urine by gel diffusions
The central well contains anti-GBM serum and the outer wells
contain concentrated urine from 1 contrel =nd % infected
dogs, Numbers correspond to days af'ter inoculation

reJ

of viruz; C = Contrel. Lines of precipiation can

be seen with uriane from doges exanined on days 2 and 3,

Fig. 17: Detaection of TH antigen in the urine by gel diffusioni
The vcentral wall containg anti-GBH seruw and the outer
wvells contain concentrated uring from the same animals
as show: in 1*‘:1;;@. 16, Lines of precipitation cun bhe ssen with

nrtue freom dogs exaninad ou days 2 and 3.
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DISCUSSION

The histolopicel and immnofluorescence findings in the presentd
study confirm and expand the results obtained by other workers (Rubarth,
19473 Stlnzi and Poppensiek, 1952; Wright, 1967a}. In the kidney, virus
replication occurred mainly within the gloweruli where charsciterintic
basophilic intranuclear inclusion bodies were observed in aill animals
from the second day onwards, The number of glomeruli in which inclusions
were observed varied bstween individual animels; in general terms,
however, thosec enixuls din which hepatic inclusions were most numerous
also had the grestasl number of glomeruler inclusicns. As fax as
evidence of replication of virus in glomerular cells was concernsd,
there wee s good correlation betwsen the presence of inelusions and
the detection of infected cells by immunofluorescence, altheupgh in all
animals lsrger numbers of virus infected celis were detected by imwne-~

fluoresecence than could be determined by the prezence of jnclusion

With the aid ef electron microscopy, degenerative celiuler changas
were observed at all levels of ths nephron, There was marked swelling
of 231 the celiuvlar components of the glomeruli resuvlting in varying
degrzen of ccclusion of the glomerular capillaries and urinary spaces,
The GBM rewsined relatively normal in thickress end densljy,altaough
&ﬁsas of sevaration from the owerlying endethelium were ¢boerved which
ware internretad as oedems of the capillary walls, Virus wasg found
within glomerular endothelial and mesanglsl cells and occasionally in
cells lying free within the capillary lumina, Although virus was not
found in tubular epithelisl cells,degenerative chengas were vrasent
in the twbules ab all Jevels but being partieularly severe in the
proximel tubules;

From the present study, it is clear that not only does G2V




produce lysis of inflected glomerular cells but also a range of non-
specific eytological changes in parts of the nephron where virus
veplication does not occur. These non-specific lesions may simply
result from anoxia due ito glomerular swelling or they may be related
to the build-up of cytetoxic substsnces in the bloodstream s a result
of severe hepatic demage, Papadimitrion, (1969) described similar
cellulay changes and sub-endothelial lesions in the glomeruli of
neonatal mice experiuentally infercted with reovirus 3, although he
wae unable to demonstrate vims varticles within glomerular cells,

Urinary excretion of reral antigens has been demonstrated in a
variety of natural end experimentally induced rensl dissazes (Rosenmann
et al., 1971), In the present study,both GHEM snd TE antigens were
detected in the urine of CAV infected dogs on the second, third and
fourth days following inoculation of wvirua., Tims, despite the
relatively minor ultrastructural changes observed in the G, sufficient
damage apparently occurred to result in the rolease of delectable
lavels of GEM antigensiin the urine, Tha.source of TE antigens founc
in the urine wes probably related to damage o the apical portions of
the proximel wbular epithselium,

In the detection of remnmal antigens,it haa previously besn pointed
out that, because of antigenic cross-reactions with other tissues,
care must be taken in the interpretation of immnodiffusion precipitatién
lines (Rosenmsnn et el., 1971). This is particulariy so im an acute
systendc disease-such ag that resulting from CAY infection; gince,
an%igeus derived from other organs, in particular the liver, msy also
be excreted ir the urine, However,in planning the present experiwment,
care was téken to ensuve specificity of the antisera used in the
immnodifingion testh; these antisera were absorbaed with liver tissue

and were checked by indirect immunofluorescence for non-specific staining
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of a range of other tissues.

Previous work has shown thet both GEM end TE antigen are
potentially nephritogenic, Thus, incculation of sheep with heterologous
CBM in adjuvent resul'bs-in a severe acute exudative glomerulonephritis
due to the production and subseguent glomerular fixation of anti-GEM
antibody (Steblay, 1962). Immunisation of rabbits with howologous
1% antigen in adjuvent has also heen shown to induce a chronic
- membranous glomerulonephritis due to glomerular deposition of TE antigen-
antibody immune cbﬁlplexes (Bagington et 2l., 1967). Lerner and Dixon
(1968) have pointed out the possible significance of urinary excretion
of such nephritogenic renal antigens., They have suggested that the
reabsorption,by the tubules inte the circulation,of sufficient
quanhtities of renal antipgen might lead to an antibody response by the
host with the subsequent development of glomerulonephritis. In the
present experiment,all the dogs died or \.u;ere killed before any such
autoantibody could develops. However, in the subsequent seciions of
this study, it is hoped to resolve whether or not such a sequence of

events might occur in dogs following recovery from CAV infection.



SECTION IT : EXPERIMENTAL CAV NEPHRITIS : TEE
INFLUENGE OF PASSIVE HUMORAL IMMUNLTY
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INTRODUCTICON
Studies carried out in recent years have shown thet immne
complex glomerulonephritis is a relatively common disease in the dog

(Kurtz et al., 1972; Murray aud Wright, 1974). Although gramiar deposits

of immnoglobulin (mainly IgG) have been demonstrated in the glomeruli

)

of affected enimals, as yebt,none of the component sntigeuns involved
in the complexes have been identified. & pumber of animal virus
'_infections, ineluding lymphocytic choriomeningitis in mice, sleutian
disease of mink and equine infectious anaemia, are associated with
glomertlonephritis due tw deposition of virus antigen-antibody immune
complexes (Oldstone and Dixon, 1667; Henson et al., 1969; Eanks et al.,
1972) . In the first section of this thesls it wes shown that, during
gystemic CAV infection and prior to production of cirenlsting antiboedy,
the virus is capable of inducing direct lytic damage in the kidney.
Howéver,.litiﬂa i3 kpown about the way in which dogs posessing low
levels of circulating antibody might respond to heavy challenge with
CAV and whether or not,under such circumstances,circulating immine
complexes might be produced and result in immunologicelly-mediated
glomerular disease.
" The purpose of the szecond part of this study was o subject
dogs, poseéssing low levels of anti-~-CAV antibody, 1o challenge with
CAV and thereafier to examine their kidneys at varying intervals, Two
groups of dogs were used in this study; the first group consisted of
puppies with low levels of maternally deriﬁed antibody while the second
were CAV antibody free dogs which recieved a single dose of CAV

hyperimmine serum prior to challenge.



MATERTIAIS AYD METHODS

ILyperimental Procecdures

Experiment 1: For the first experiment,’5 S-wesk-cld collie-croes -:’i.ogs.
were used., Utilising the indirect immunofluorescence iachnique; these
animals were all found to have low levels of circmliating anti-CAY
antihoiiy,with titres ranging from 1 to 32. Nine dogs recieved 1wl of
of CAV suspension intravenously and were killed serielly from 1 to 15
“days after inoculation (see Table 7). Tour amimales recieved a similar
inoculum of uninfectsd tissue culiture suspension and were killed 3, 6,

9 and 12 days later. The remeining 2 dogs were killed as uormal:controls
in order to compare histological, immumofluorescence and u'.l‘t.ras‘bmémral
findings,

Experinent 2: For the second experiment,1l T2-week-old CAV antiboedy-
free dogs were used. Seven of these animals recieved 10ml of CAT
hyperimmne gervm (indirect immunofluvorescence antibody titre »40956)

by slow intravenous injectlon, On the ist, 3rd and 7th dsys after
recieving hyperimmune ;qemm end at weekly intervels thereafter,esach

of these animals recieved intravenously iml of CAV suspsrnsion containing
10‘:’-’1‘GID50 . The dogs were then killed serielly from 15 to 43 days after
the initlal wvirus inoculation; sach animal being killed 24 hours after
recieving the last dese of irus (se;: Teble %), As controls, 4 dogs
which recieved gimilar :'mi";-i.s-.l doses of hyperinmine Sel‘;llﬂ were glven
repeated inoculations of uninfected tissue culture fluvid and killed

at 15, 22, 35 and 43 days. The remazining 2 dogs wers killed as normal

controls.

Histological Iltzastrucitarsl ased Irmwgenfluorescence: Procedures
A1l animals were subjected to a comprehensive macroscopic and
histopathological exsmination, ¥Yidney tissue was examined by electron

microscopy and by immmofluorescence for the presence of CAV antigen,




TG and BIC globulin as described in the section on "matlerials and

methodst,

Serun samples were obtained from all animsls at the onset of
the experiuent, from those in expveriment 1 at the time of death and
frow animals in experiment 2 at weekly intervals just prior to each
virus inomlation, Anitibody to CAV in these sera was wmeasursd using

the indirect immunofluorescence testh.
RESULTS

Clinical and Macroscopic Findings

Throughout both experinments none of the incculated or control
animals showed any c¢linicsel ebnormslities, At necropsy, apart from a
few small vhite foci 1-21-nm in diemeter, observed in both cortex and
medvulle of kiduneys from 2 dogs in experiment 2 (Nos. 44 and r‘ﬁ), atl

animsls zppeared macroscopically normal,

Histological

The kicdneys of 2 animals in experiment 2 (Nos, 44 and 47)
contained a few scattered focl of tubular recresis in beth cortical
and medullary regions,. In dog 44 these secrolic foecl were surrounded
;tay scoumilations of ploymorphormclear leukocytes whilst in deg 47
interstitial infiltrates consisting of a mixed populstion of lymphocytec
and macrophages were preésant, In nelther enimal were inclusion bodies
observed. The glomerulil in both groups of dogs and the controls
showed a norumal hismlaéical appearance. llowever,in cormarison with
the glomeruli of dogs in experiment 2, many of which were 18 weeks of
age when examined; the glomeruli of the & week Ol.t'i. dogs in-experiment i
vere gmaller and the visceral eplithelisl cells around the periphery of

of the tufts often appesred nmore prominent (Figs. 18 and 19).
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Trmurofluorescence Findings

Neither CAV sntigen nor host complement were detected in the kidneys
of zny of the incculated or control animals, Swall segmental deposits
of 1gG were, howevef, found in epproximatetely 20-40 per cent of the
glomeruli in 11 of the 16 inocvlated animals, being of equal incidence
in both groups of dogs (Fig. 20). However, identical deposits wers
also found in s similar proportion of inoeulated and uninoculated condtaael
animels from both groups. These deposits wéré atways fcund in the hilsr

regions of the glomeruli.

Ultrastructival Findings

The kidneys of all irncculated and control animels showed & norwmal
ultrastructural appesrance (Pig. 21). Evidence of glomerular immune
complex deposition, such as increased mesangial activity and the
presence of electron-dense deposits, was not found in any of the dogs.
Pieces of kidney exswined frem dogs 44 and 47 did not contsin any foei

of tahular necrosis or cellular infiltration.

Serclogical Iindings

The results of anti-CAV antibody estimations sre presented in
Tables 7 end &,
Experiment 1: Of the 9 animals which received vifus, 5 showad an
antibody respouse to CAV. Threec of these animals had antibody titres
of 512 or more vhen they were killed 7, 9 and 13 days alter incculatdon,
The remaining 4 snimals showed no significant rise in {itre; 2z of
these dogs were examined 1 anrd 3 days after inoculation and therefore
had insuffinient tims to mount sn antibody response.
Experiment 2: 41l of the enimals vhich recaived hyperiimrune sarum
folloved by repeated ireccuistion of virus, develepsd an avtibedy resporse
to the viras, However, antibod& vag not detected until 2 weeks after

the initial dose of virus at which time some dogs had developed high




levels of antibody (e.g. dog 40 with a titre of 512), vheress others
had extremely low levels (e.g. dog 42 with a titre of 1) DBy 3 wecks,
all animala had titres of 32 or wmore and ffom 4 weeks onwards all had

titres of 128 or lﬁoreg

13
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Table 7« Experiment 13 Challenge of dogs, posessing low levels

of maternal antibody, with CAV., Anti~CAV antibody
titres, measured at the onzet of the experimeant and
at the time of death, are given for each animal.

32 84
27
e o Yirus cheallenge
32 32 4
28 ey X Dogs killed
64
29 ¥
30 2 s
“ FAN
2 >512
3 & X
' i5 4
32 @ ¥
5 3
33 e X
346 L ok
5
i 1 ) 1 ] I ] { ) ] 3 i 1 1 1 (
- 0 2 3 4 5 6 7 8 98 10 0 iz i3 14 15 16
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Table 8t~ Experiment 23 Antibody-free dogs given hyperiomune
serun prior to repeated challenge with CAV. Anti-
CAV antibody titres, measured at the onset of the
experiment and at weekly intervals thereafter, are
given for each animel,

Dog No.
42 ¢ G 5i§ e Hyperimmune serum
L .
. a A A Virus challenge
SRR o = QK X Dogs killead
-0 0 I 1§
44 ¥
N A JAN A A
;45 (t] 0 32 2?? >5!3
R TANIAN A AN LN
46 0 9 8 32 128 5!_\?}
N A PN AN P N AN
0 0 2 256 256 S12 »>512
47 v,
L AN AN D A iy AN an
A8 0 b 64 512 256 256 =51z
SN AR A 7.y iy A A
i|.|||!ll|altt|al|l|:Illluiltllluiitlcaunl-lunui

] 5 10 19 20 25 20 33 40 45
- T R——



E‘igo 183“"

Pigs, 191=

Glomerulus from 8§ week old dog in experiment 1,
showing rormal cellularity and numerous patent

thin-walled capillary loops,

{Hs X 500)

Glomerulus from an 18 week 03d dog in expeximent 21
The glowerulus appears nosmal,although it is larger
and the nueclsi gre lesz promiuent than in the younger

animal.

(HB X 400)
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Fige 2Q¢~ 2Lz in glomerulus of a dog examined 7 days after

afdministration of virust segmental granulax
fiuorescencae for IgG can be seen in the hilay

region of the glomerulus,

( Immunofluorescence X 400)
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Yig, 2V1= FElectron micrograph ¢f glomerulus from a dog
which received hyperimmune serum Followed by
repeated inoculations of CAV: Note the normal
apperarance of the capillary walls and mesanglum,

I

Bndothellal cell; Bp = Epithelial cell;

M = Hesangial cell,

(®lectron microscopy X 10,000)
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DISCUSSICH

In all dinoculated and control dogs examined ixn the above
experiments the glomeruli shoved a normal histological. and vltrastrucbiral
aprearance, OSwmall segmental deposibs of Lgh were detected in the
glomeruli of both inoeulated and control dogs, These deposits were
considered not to be of significence in relation to the experimental
procedurses cerried out; they may represent the trapping of smull amounts
of immane complexes formed in the cireculation duriung the normel Processes
of eliminating foriegn antigens. Results obfeined in the present study,
therefors,indicate that challenge of dogs, posesaing low Jevels of anti-
CAV antibody, with wirug does not result in significant glomeralar
depogition of wvirus antigen-antibody dmmine complexes. However, it must
be.pointed out that,since nore of the dogs in experiment 2 vere examined
in the firat 14 days of the experiment, it remains a possibility that
a2 bransient deposition of immune complexes may have oceurred in these
animals,

It hes been ghown that the formaﬁion of potentially nephritogenic
goluble imumune complexes in the circulation requires the presence of
an excese of antigen in relation to antibody (Cermith and Rodriguesz,
1973). Since mary of the present series of dogs mounted an antibody
‘response to CAV,i+t is probable That the administered viius.was not
immediately overuhelmed by circulating antibody. However, it is
uniikely, even if there was an excess of viral antigen, that the quentities
of viras which the doge recieved were sufficient te result in the
formation of significent amounts of irmune complexes, Other viruses
which are sssociated with immune complex glomerulonephritis (e.g.
lympnocytic chordoweningitie virua and a2leutian disesss virus) produce
chropic infechlons with preolonged high levels of viraemia. In this way,

a continual source of circulating antigen is present from which immuns
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complexes can be formed and deposited in the glomeruli, Consequently,
it is uniikely that CAV could result in immune complex mediated
glorerular disease wiﬁhou.t active virus raplication :in the host in
the presence of circulating antibody.

A mumber of interestling features arose from the results of anti-
CAV antibody estimation carried out prior to and following administration
of virug, In experiment 1 (i.e. those with lov levels of matsrnal
antibody), a1l cxcept 2 of the dogs examined from dey 5 onvards
—deve-loped a. rising antibody response to CAV. It is of note that the
2 animais (Nos, 32 and 33) which failed %o respend had the highest
initial pre~infection antibody titres., 1IN the second group of dogs,
which wers dnitielly an¥ibody-free, administration of CAV hyperdmmuns
seyam successfuliy protected them against subsequent repeatsd challenge
with viras, &A1) of these dogs, hovever, mounted an antibody response
to CAV although entibedy was not detected until the second week after
the initlal dose of wvirus., It is of note that &1l dogs were negative
by the immnofluorescence test for anti~CAV antilbody 7 days after
reéieving hyperimmane serum and just prior to their third virus
challenge. Indeed some of these dogs were notably slow W produce
high titres of anti~CAV antibody. This was particularly evident in dog
Yos, 44 end 46 vhese titres were 16 and 32 respectively 3 weeks after
initial echallenge; in contrest,dog Mo. A0 had an antibody titre of
512 at 2 weeks, This could be explained by sntibody complexing with
inoculated virus, thus reducing the levels of detectable circulaling
antibody, In this situatdon of antibody escess,large insoluble counplexes
would be formed end these would be taken up by the mononuclear |
phagocytic system ag opposed tohelug deposited in the glomexuli.,

Although meny of the present series of dogs developed an antibudy

response to CAV, it remains un¢ertain whether or not virus replication
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-occurred in the {issues .0:1? these animals. Tndeed, foci of interetitisl
vepnritis, which commonly cccur in dogs following recovery from systemic
CAV infection (Wright, 1967b),were not found in the kidreys of any of

the animals in either experiment., The kidneys of 2 dogs in experiment 2
contained occssional foecl of tbuler necrosis with surrcunding
interstitial cellular infiltrates; however,in neither of these dogs

were CAV inclusions observed nor wag CAV antigen detected in the kidneys

_ by irmunoflncrescence,

These results,therefcre, suggest that dogs posessing extremely low
levels of circulating enti~CAV antibody may be registant to systemic
infection with CAV bul are still capabls of wmounting an unvibody
response, Moreover,with such low levels of antibody,it is probable
that the levels of virus chaiile.ng"e are Important in determining whether

or not an antibody response occurs,
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Tebles 9-12 ; Figures 22-74,
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INIRODUCTION

It di8 well established that,follouing recovery from acute CAV
infection,dogs may continue fo excrete virus in the urine for periods
up to 9 months (Poppensiek and Beker, 1951; Baker gt al., 1954), This
has bgen shown by a mumber of workers to result from lecalisalion of
virug in renal wbular epithelium as o sequel to the acute systemic
infeciion. FPersistence of virug is associated with celiular infiltration
into the rensl interstitium with resultant focal interstitial nephriiis
(Rartley, 1958; Wright et al., 1971). Wright (1967a) demonstrated that
70 per cent of doss vecovering from experimentsl CAV infection develop
guch lesione and the same author described similar lesione in 29 per
cent of naturaily oceurring cases of CAV infeetion (Mright, 1967b).

Al though the histological picture of CAV-associsted interstitial
nephritia is well documented,™here are no detailed accounty of the
ultrastructural changes within the lesions, Similarly, the literature
containe no information concerning any glomsrular changes during the
early stages of wecovery from acute CAV infection., As CAV antigen is,
presumably, being relsased intoe the circulation in large quarntities
from infected hepatic and endotheliel cells, this would, theoretically.
appear to provide sn ldeal situation of auntigen excess in which
potentially nephritogenic soluble immine complexes might he formed
in the circulation with zubsenuent deposition in the renal glomeruli,

The purpoae of this part of the stady was twofold. PFirutly, a
detailed histological, imgmreflunorescence and uwltrastructural study
of the renal lesions which cccurred in dogs during and following
recovery from acute CAV dnfection wes carried ouvi, Perticular attention
was paid to the gtudy of glomerular and interstitdal lesions,with
gpecial emphasis placed on sittempting to elucidate the pathogeﬂetic

mechanisms, Secoendly, an attenpt was made o demonstrate the presence
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of eirculating vizus. antigen-antibody conplexes in infected dogs by
passive transfer of serum to mice.
MATERTALS ALD METIIORS

(a) CAV infected dogs

Eymperimental Procedures

Thirty-six 16~week~0ld, antibody-free dogs weighing sporoximately
'6kg were used, In an attempt to produce severe clinical CAV infection
with subsequent recovery,25 of these dogs were inoculated with diluted
CAV suspansion; eech animal recieved, intravenously, 1wl containing
1dEICID50 {(i.e. the originsl stock virus suspension diluted 1:10,000).

]
A

Te times o examination of these animals;vwhich ranged from 4 to 27
deys after irooculation,are given in Table 10. A further 3 dogs were
kept in the same accommodation, in contect with the infected dogs and
wvere killed at “C days., The remsining § doge were each inoculated
intravenously with 1ml of uninfected tissue culture suspension, housed
in separate accommodation and killed on Gays 4, 6, 8, 10, 12, 14, 18

end 22 after dincculation.

Histological, Ultrastructural and Tmmunofluorescence Procadures

Al dogs were subjected to a comprehensive macroscepic and
histopathological eysrination ze described in the section on "“wmaterials
and methods”. As part of the histological examination of the kidneys,
100 glomernli from each aninél were examined in detail and the number
of glomeruli in which one or more intranuclear inclusion bodies were
fourd was recorded, .Samples of kidney were obtained for vltragtructural
studies from all except ¢ dogs which died and whose Ulssue wus therefore
unsuitable for electron microscopical eyanivation, The kidneya of all
animals were exsmined by immmroflucrescence for the presence of conine

igt and B1C glolumiin (C2) and OAV antigen, Liver tissue was also



examined for CAV antiéen. In addition,the kidneys of /4 doges (Nos. 74,
76, 77 and 78), in which there was an interstitial infiltrate containing
plasna cells, were examined using the indirect Psandwich" fIuorsscence
technique, as described in the section on "materials and mwethods™, to
determine if the immnoglobulin (Igh) produced by these ceils was

anti-viral antilbody,

Where possible, blood and serum samples were obtained et necropsy.
Urine was examined for the presence‘of pretein by the turbidometric
method using standard gulpho-galicylic acid § blood urea nitrogen
levels were measured by the Standard Techaicon A4 Il-1 method (Technicon

Instruments Corp,, Torryiewn, Lew York),

Blution Frocedures

One vhole kidney frem each of 16 infected and 6 contrel dogs
was subjected to elution procsdures 23 described in the general
"materials and methods", A further & control kidneys were obkained
from dogs used in the experiments described in gection IX and subjected
to the same elution procudure; these animals (Nos. 30, 31, 34, 42, 45
and 456) a1l bad high levels of circulating snii-CAV antibedy (ses

Tables 7 and 8.

Serclogy

Serum samples taken before commencewent of the experiment and at
necropsy and also kidney eluates were examined for the pre«ence of
anti-CAV entibody by the indirect immunofluorescence test., Iun addidion,
eluateg were tesled for antibody dire.led ngainat kidney tissue antipgens
by an indirect immunofluorescence test, Oryostat seciions of normal

dog kidney were exposed lo the eluate for 30 mimites and, after washing
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in PBRS, stained with FITC conjugated rabbii anti-dog globulin for a

further 30 minutes,
- (b) Pessive trensfer of serum to mice

Experinental. Procedures

Serum from each of 6 CAV infected dogs was inoculated into
groups of /4 8-10 week old albino mice (Porton strain)}, The 6 serum
- samples were obtained from dogs examined 4; 5, 8, 9, 10 and 14 days
after inoculation of virus (Nos. 55, 57, 65, 70, 72 and 73). BEach
mouse recieved / doses of 0.4l of serum by slow intravenocus dnjection
at 12 hour intervals and was kiiled 6 hours after the Ath dose., A
further 4 rice rocieved similar inoculations of serum from an uninfected
coﬁtrol dog; 4 mice were killed as normsl uninoculated controls in
order to compare thé bigtological,immnofluorescence and ultrastructaral

features of mice of the Porton strain.

Histological Ultrastructural end Tmmunofluworescence Procedures

Postimortem examination of all incculated and control mice was
confired to the kidneys. General anzesthesiz was induced using
Trichloroethylene ("Trilene", Imperial Chemical Industries Ltd.,
Cheshire ), the animals exsanguinated by severing the major vessels in
the neck end the kidneys removed from the abdomen. Fisces of kidney
taken for histological, immuncfluorescence and ultrastructural studies
were treated in the same manher ag degcribed for canine renel tissue,
The kidneys of all mice were examined by immunofluorescence for the

presence of canine Igh, mouse IgG and B1C globulin and CAV antigen,



84
RESULTS
(a) CAV infected dogs

Clinicel Findings

_ The 25 inoculated animals remained clilnically nermal until the
3rd dey after administration of virus vhen all except Nos. 74, 75 and
79 developed pyrexia in the region éf 104?106fF. On the following day
. ‘the terﬁperamre of most animals was helow 10!: ¥ and throughout the
remainder of the experiment Nos., 74~79 showed no further obvicus
clinical abnormalities, However, the remaining 19 dogs,on the 4th day,
vere depressed, anorexic and showed considerable reluctance 4 move
about., There was congestion of the micecsss, slight enlargement of
supcrficisl lymph nodes and,on palpation, signs of anterior abdominal
pain were noted, Over the negt 5 days ,the affected dogs remained
extremely depressed and anorexic. and jawmudice became apparent on the
6th day. On the 7th, $th and 9th daysliaundice became more pronounced,
the dogs were extremely dehydrated and there was more obvious enlargement
of superfici;l lymph nodes., An additional feature at this stage was
the presence of petechial hasemorrhagea on the gums, buccal micess and
on the abdominal skin in 4 dogs., Deathe occurred from 4 w 9 days after
infection {see Table 9) and during this time a number of dogs were
elso killed while in a moribund state.- Only 2 dogs which were severely
i1l survived beyond 9 days:; on the 10th day they showed marksd clinical
improvement with return of appetite and gradual reduclion of jaundice
" vwhich in dog 73 had disappeared by dey 1.

Liver function testu were carried out and albumen and globtulin
levels measured in serum samples cbiained from 2 dogs (Nos., A7 and 72)
on day 6, The results obtained serve to illustrote the severily of the

disease, Both nnimals showed merked elevetion in the levels of serum



transaminases, alkaline phosphatase and bilirubin while albumen and

globulin levels were both depressed {see Table 8).

No, 67 o, 72
Glutamic oxalo-acetic trensaminase 620 ST units 515 SF units
Glutamic pyruvic itransaminase 510 SF units 705 SF units
Alkaline phosthatase 62 KA units 96 KA units
Bilirubin 5. 1mg/ 100mL 2.,8mg/ 100ml
~ Albumen 1.6g/100m]. 1.9g/ 100wl
Glabulin ' ‘ | 2,1g/100ml - 2.8/ 100ml.

Table 9: Results of liver function tests carried out
on serum from 2 CAV infected dogs 6 days after

inoculation of virus,

The 3 animals which were kept in contact with the infected dogs
remained clinically normal for the first & days. On day 9,%o, &1
became depressed and refused food; the following day, that is the dey
on which they were killed, &ll 3 dogs were dull and anorexic, Through-
out the study,the & control dog;q , which were housed in separate

accommodation, showed no clinical abnormalities,.

Macrosconic Findings

The 17 dogs which disd or were killed up to and including day a

all showed macroscopic changes choraciteristic of acute systemic adenovirus

infection, similar tc those described in section I; hepatomegaly, gall
bladder wall cedema, serofibrinous peritomitis, petechial thymic
haemorrhages (Fig, 22) and haemorrhagic lymphadenitis were the main
findings. In those animals examined 7, 8 and 9 days after infection,
serous cffusion was not so apparent,although strends of fibrin were
presenl in the a‘bdo:d:?nal cavity and the surface of the intestines took

on a distinctive fine grarular appearance, At this stage, the lymph



Mg, 224~ LiAV-infected dog examined 7 days after inoculation
of virugt The thoracic cavity has heen opanéd
revealing petechial haemorrhage and oedema of the
thymus (large arrow). On the right of the picture,
part of the liver {smsll arrow) can be sszen; it is
somewhat pale and mottled in appearance and the edges

of the lobes are distinetly rounded,

ige 231w CAVeinfecied dog exanined § days after inoculation
of virust The wall of the aorta shows yellow

dissoloration, indicative of Jaundice.
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Pig. 243~ UAY infected dog exsminzd 8 days after incculation
of wirugs Petechiel haeworvhages can bz seent in

the gkin of the inguinal region,

- CAV infected dog exanined & days after invculation

%7

Figo 2
of virusy Petechial hzemorrhages can be seen in the

huceal mueosa.
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Pie, 26 1=

I'\igo 27 e

Kiduney from GAV infected dop esaminad 8 days after
inoculation of virus: Numerous petechiszl hacmorrhages

can be sesn on the kidney surface,

Kidney from CAY infected dog exsmined 14 days after
inorulation of viruss Haemorrhugic foei are particularly

numerous in the kidney of this animsl,
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nodes were extremely emlarged and haemorrchagic and,on cccasion,
pchymotic Thaemorrhages were found in the cerdiac muscle and in the
stomach or intestinal walls. In additlor, petechisl hessmorrhages wers
noted on the abdominal skin and in the oral and vaginal mucosae in 4
doge (Figs, 24 and 25), Jaundizce was macroscopicelly evident in all
animals exesmined from the 6th to the 10th day after inoculation of
virus (Fig, 23). In addition,11 dogs showed multiple smell petechiul
renal haemorrhages, present mainly in the cortical regions; these lesions
were recorded in ail animals exanined 7 to 14 days after infection,
being particularly mumercus in the dogs examined on days 10 and 14
(Figs. 26 and 27}, In dogs examined from 14 days onwards, macroscopic
abnormalities were confined 4o the kidneys. Muliiple small white foci
1~-2mm in diameter were found in the kidneys of dogs examined 17 to
27 days after virus inoculation. In the 3 dopgs examined on days 17, .
18 and 19, these foci had a characteristic haemorrhagic margin., On cut
section, the lesions could often be seen as pale sireaks extending into
the deep coriex and similar small white foci were also observed in the
medulia, |

The 3 in contact contrel dogs which were killed on day 10 all
showed lesions characteristic of acute systemic CAV infection as
described earlier; one animel (No, 81) also had a few scatiered
'petechial haemorrhages in the kidneys, The remaining € control dogs

showed no macroscopic abnormelities,

Histolomical Pindings

Outwith the kidney; the wost striking histological changes were
noted in the liver and lymph nodes, A1l dogs sxemined from 4t 9
days sfter incculation showed focal hepatic necrosis, the esdtent of
which varied between individusl animals, In some.dogs,only small

clumps of necrosed cells were invelved (grade + Tabtle 9) while in others

89
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there were large coslescing foci of necrosis (grade +4+4).
In those animels exsmined on days 7, 8 and 9, small accumlations of
lymphodid cells,,polymofphonuclear leukoeytes and macrophages were
observed within the foci of necreosis, Associated‘with the harpotic
necrosis, in the majority of animals exomined up to day 7,large numbers
of CAV inclugsion bodies were fourd; thereafter,inclusions becsme less
mmerous and, in 2 dogs examined on day 9, inclusions were not found
despite the presence of severe hepatic necrogis., On days 9@ and 10
“there was evidence of hepatic regeneration with milotic figures
occeaionally encountersd in hepmntocytes: Hepatic necrosis was notb
found in any of the dogs exawmined from 10 days onwards.

The enlergement and heemorrhagic appearsince of the lymph nodes
at necropsy was ﬁainly due to severe huemorrhage into the lyuwphoid
sinusoids, In the early stages of the experiment (days 4 and 5),
erythrocytes were found in the interseptal and outer medullaery sinuses;
however, all animals exsmined on days 6, 7, 8 and 9 shoved massive
haemorrhage into all of the medullary sinuses resulting in distension
and enlargemént of the lywph nodes. Associated with the haemorrhags,
there was extensive erythrophagocytosis by sinuscidel macrophages.
From day 10 onwards, the haemorrhage had largely disappearad,although
at this stage there was marked immunological activity within the 1y
nodes, wifh_numerous large germinal follicles present in the cortices
and large numbers of plasmablagts and mature plasma cellg appearing in
the meduliary cords. From déy 6 to dey 9,small heemorrhages were of'ten
found in a nunber of other organs; they were most consistently observed
in the thymic lobules but were also sometimes preosent in brain, cardiac
miscle and subrmmcoss of the gastro-intestinal t&act. in dogs examined
up to 8 days, inclusion bodies were frequenily found in a variety of other

organs, particularly in vascular endothelium but sometimes also in
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peritoneal mesothelial cells, tonsillar epithelium and occasicnally
lymph node sinusoidal macrophages.

The main histolegicael changes observed inm the kidneys are
sumnarised in Table 10, In all animals examined up to and including
day 14,diffuse cytological changes were found in the glomeruli. Early
in the course of the experiment (days 4 and 5),the main features were
swelling and vacuolation of endothelial and mesangial ecells resulting
'in enlargensnt of the tuft snd partisl occlusion of capillery loops
(Fig, 29). Occasional polymorphomuclear leukocytes were found lodged
inthe loops and granular debris wes noted in the filtration spaces.
From the 6th day onwerds, glomerular cytological changes became much
more severe, There was marked expansion and increased cellularity of
mesengial regions which produced accentuated lobulation of glomeruler
wfts (Fig, 20). This hypercellularity was further augmented by largs
scale infiltration of polymorphomiclear leukocytes into the glomeruli.
At the height of the disesse on days 7; 8 and 9,some of these cells head
penetrated the mesangium, At this stage,scattered individual endothelial
and mesangiai cells were observéd in various stapges of degensration and
necrosis, In addition,some glomeruli showeld capillary thrombosis
resulting in segmental necrosis with release of fibrin and erythrocytes
into the trinary spaces (Figs., 32 and 33), Hasumorrhage into the urinary
spaces,in the absence of any apparenl glomerular necrosis,also occurred
resulting in cousiderable tubular haemorrhage; this,together with foci of
interstitial haemorrhape from damaged capillaries, constituted the haemorrhagic
lesions ohserved at necropsy. In animals examined on days 7,.8 and 9,
mitotic configurations of endothelial ard mesangial cells were observed
in a few glomeruli (Fig. 31).

Iﬁclusion bodies were fournd in the glomeruli of all animals up

to and including day 9. The mmber of inclusions observed varied
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between individual animals and between different glomeruli in the same
animsl. Tn 5 dogs examiged between day $ and day 8, 90 per cent or
more of the glomeruli contained inclusions., In contrast,? of the dogs
examined on day é had inclusions in only 6 and 26 pr cent of their
glomerull respectively. The number of inclusions per glomerulus
usually did not exceed 6,although in a few instances & inclusions were
observed in & single glomerulus, In these animals,swall numbers of
~inclusions were found elsewhere in the kidney, in the endotheliun of
interstitial capillaries and larger renal blood vessels,

In dogs '72 and 73, which were examined on days 10 and 14
respectively after inoculation, the glouwernli did not contain any
. inclusions, TForthermore, polymorphoruciear leukocytes were no longer
present in such large mumbers and,particularly in dog No. 73, the
glomerular tufts contained fewer individual necrotic cells, lHowever,
in both animals there was diffuse mesangial expansion and hypercellularity
(Fig, 35) and in some instances glomerﬁlar loop thrombosis with segmental
glomerular necrosis was also observed, Haemorrhage into the urinary
gpaces and subsequently the tubules wag particulerly severe in both of
these animals (Fig. 34). The remaining 6 dogs which were examined
from 17 to 27 days after inoculation with virus showed wmuch less severe
glomerular chenges; some but not all of the glomeruli showed mild
expansion of mesangium accompanied by sepmental mesangisl hyper—
cellularity,

Pocal. areas of tubular necrosis were found in the kidneys of one
animal. examined on day 5 and iun all animalg examined from the 7th day
onwards, In dogs examined 17 days and more after inoculation,these
necrotic.tubules were always found within foci of interstitial nephritis
vhich wére cbserved randomly in both cortex and medulla snd sometimes
contaived inclusions, Hovever, in the earlier stages of the experiment

the focl of necrosis were confined to the cortex, involving mainly
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proximal tubules and were apparently unassociated with the presence of
viras (Fig. 35). In the 2 Gogs examinred on days 10 and 14 (Nos. 72
and ?3),iubular necrosis was found within and ouiwith areas of
interstitial nephritis; in dog No 73 these foei of necrosis were

particularly rumerous.




Fig, 28%-

Fig, 293--

Glomerulus from uninfected control dog, showing normal

cellularity and patent capillary loops.

(Hd X 400)

Glomeruvlus from 2 CAV-infected dog sxamined

5 days after adninisiration of wirusi There is

normal eallnlariiy but glomerulsr zelis are swollen

and there is distincet expansion of messngial regions

with occlusicn of capillary loops. A single intranuclear

inclusion bedy can be seen in the centre of the

glomernlus,

(HE X 400)
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Mg, 303~ Glomerulus from a CAV infected dog examined 9 days aftar
udministration of viruss The tuft is swollen and the
capillary loops are collapsed: hypercellularity is
dus to infiltration by polymorphomiclear leukocytes and

an increase in the numbers of mesangial cells.

(ER Z 400)

Big, 313-- Glomerulus from CAV infected dog exanined ¢ days aflter
adiministration of virus: The glomeruvlus containa 2

mitotic figures (arrowsh an lnerease in polyrorphonuclear

lenkocytes can also be seen,

(Martivs scariet dlus X 400)
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Fig, 321~ fOlomerulus fram CAV iafceted dop  ezamined 10 days

zfter sdministration of virus, showineg segmental

necrosis {arrow) of a capillary 1aop.

(HE X 400)

Pigoe 333~ CGlomerulus from GAV infecied deg examined 9 days

aflter administration of virusi Fibzinous ewudation

{1zrge arvows) and haemorrhage {gmall arvows) into the

A .

Tiltration space can be seen,

(HE X 400)
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Pig. %48~

Fig, 3%

Seetion of kidney cortex from SAV-infected dog
examined 14 davs after inocuvlation of viruss

Widespread tubular heemorrhage can be seen.

(3 X 100)

Glomsrulus froﬁ CAV infected dog exarmined 14 days
after administration of viius, showling mesangiald,
s¥pansion and segmental hypercellularitys- Haeroxrhage
into the surcrounding tubules (swall arrows) snd tubulay

necrosis (large exrrow) can also be seen.

{Ha X 250)
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Small poorly-defined focal interstitial infiltrates consisting
of macrophages, large .lymphoid cells and a few plasma cells were found
in ‘the kidneys of dogs .examined on days 7, 8 eﬁ’xd 9, These were found in.
the cortex, often in close association wiih small blood vessels and
somatimes around cellecting tubales in the outer medilla, Muzrous
Jarger foei of interstitial nephritis were present in the kidneys of ail
dogs examined from the 10th day onwards, Interstitial foci were found
in both cortex and medulla (I":i.gs. 26 and 373; the corticel lesions
:oi‘ten appeared as stresks of cellular infiliration. running from outer
corfex towards the wedulle, following the course of one or more collecting
tubules, The cellular infiltrates consisted mainly of large lymphoid
cells, macropheges and plesma cells (Pig, 41) and,particularly in those
animals examined on days 17, 18 and 19, these cells showed a high mitotic
rate, Tubules lying‘within the lesions éhowed varying degrees of
degeneration and necrosis and in 5 animals,inclusion bodies were fourd
in tubular epithelial cells (Fig, 38)., Completely necrotic tabules
appeared as deeply eosincophilic clumps of coalesced cy'toplasm containing
rennants of ;;y1<notic raclei; the cellulsr infiliretes surrounding such
tubules contained larges numbers of poiymorphonuclear leukocytes. In
other tubules,the spithelial cytoplasm wes swollen, vacuclsted and
gomevhat ragged in appearance and necrotic cellular debris was often
found in the lunen, In sddition, smell Iymphocytes and polymorphomiclear
levkocytes were sc;metimes observed migrating through the tutular
epitheliuxﬁ and lying free within the lumen (Fig, 39). A small number
of mitotic figures wers commonly observed in surrourding intsct tubules.
In genersl terms, ths medullary cellular lesions contained more
numerous necrotic tubules; associsted with these,the surrounding
cellular infiltrates were composed of greater numbers of polymorphomclear

levkocytss and macrophages but fewer plasma cells (Fig. 4@ . When the
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medullary tubules were observed in trapsverse gection,a distinctive
orientation of the cells in the interstitial lesions could often be
discerned; this consisted of a central necrotic twbule, in which
incinsions were sometimes presend, surrounded by an inrer zone of
polymorphonuclear leukecytes and sn outer zone composed largely of
ma¢rophages with a few lymphoid cells and plasma cells (Fig. 42).
Neighbouring tabules frequently contained aburdant necrotic cellular
debris and in some cases,inclusions wera seen in intact wmitular
epithelium and in cells lying free within the tubules (Fig. 43).

In the 3 dogs examined 25 and 27 days after inoculation with
virusg, the eelludar infiltrates in bvoth. cortex and medulle contained a
much higher proportion of plasma cells, there were fewer necrotic
tbules and polymorphomuclear leukocyites were not so numerous, In
additicn, some of the interstitial foci had become more sparsely
pogulated with ceils but contained increased mumbers of fibroblasts end
ghowed evidence of early interstitial fibrosis, In all dogs examined
from day 7 onwards,loose aggregates of lymphocytes, macrophages and
polymorphonuciear leunkocytes weré alzso found in the gub-pelvic comective
tissue; however, inclusions were never found in associatlon with these
lesions,

The his*“ological picture presented by the 3 in contact control
dogs was similar to that of inoculated animals exsmined in the early
stages of the exﬁeriment. There was focal hepatic necrosis with
inclusion bodies present in the liver and vascular endothelium of a
variety of other organs. In the kidneys, there was swelling of the
cellular components of the glomeruli amnd inclusion boedies were found in
mesangial and endothelial cells, In 2 of the dogs, (Nos. £1 and 82)
there waé 2lso expansion end increased cellularity of the mesanglal

regions of the glomerili and wmoderately incresased rmumbers of polymorphoruclear
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leukocytes were present in the cspillary loops.
The & control. dogs which recéived uninfected tissue culture
suspension showed no histological abnormalities in the kidney and

elsevhere,




Figo 36’—

Figo 37 fe

Section of kidney from infected dog examined
18 days after sdministration of virnsg A focus
of interstitial nephritis can be seen extending

from deep cortex into the outer medulla,

(12 X 50)

Section of renal medulla from infected dog examined .
18 days after administration of viruss The tukules
are cut {transversely showing numerous focl of

interstiiial nephritis,

(HE X 60)
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ige 388w

AV interstitial nephritis, 19 days after
administiration of virus: Within cthis coxrtical
roens, inclusion bedies {arvrows) can be seen

in tubular epithelial cells,

(Hs X 350)

GAV interstitial nephritis, 17 deoys after
administration of virust In the cenire of
the photomicrogruph, a longiiudinal section
of part of a wedullary tubule can be seen
containing Jymphocytes and polyamorpnonmiclear

levkocytes lying ameng necrotiza cellular debrig,

{Mellory's borax methylene blue, 1y X 400)
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Fige 40t- CAV interstitial nephritis, 19 days after administration

F‘igo 41 3

of *"irust This focus, which is located in the outer
medulla, is composed mainly of macrephages and large
lymphoid cells with only a few small lymphocytes and

plaama cella.

{(Mallory's borax methylene blue, 1 section X 300)

CAV interstitial nephritis, 19 days after administration
of virust In this cortical lesion, the cellular
inTiltrate is cowmposed mainly of small lymphocytes

and plasma cells,

(¥aliory's worax methylene blue, ipsection X 400)




1095




Mg, 421~ CAV interstitial nephritis, 18 days after adrinistration
of virus, A charactaristic medullary focus of
interstitial nephritis, cut ie ¥transverse section, shows a
central necrotic tubule containlug a few polymorphonuclear

leukocytea surrounded by large accumulations oi uacrophages,

(HE £ 300)

Fig, 43¢~ CAY interatitial nephritis, 18 days after administration
of virws: Intranuelear irclusion bodies (small arrows)
are present in the epithelium of medullary colliecting

tusules; a necrotic tubule {large arrow) can alsp ba seens

{H® X 40D}
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ITmmunofluorescence Findings

The immunefluorescence patierns are summsrised in Table 11, Using
FITC lebelled anti-CAV serum, numerous fluorsscing virus-infected cells
vere detected in the liver of dogs examined from the Ath o the 8th day
following inoculation of virus; occasional infected cells wers alszo
found in the liver of 1 aniwmal examined on day 9. When kidneys from
infected dogs were stained for the mwesence of CAV antigen,discretle
flvorescing cells were detected in the glomeruli of 213 dogs up to 9
days after admivistration 6f vires (Fig, 44); a emull number‘o? flvorescing
cells were also detected in extre-glomerular vascular endcthelium, This
pattern of fﬂuoréscence, therefore, correspondsd to the distribution of
inclusions on histological examination,although,in general terns,
Jarger numbers of.virus—infected cells were detected by immunofluorescence.
In addition,hdwever,fine granular deposits of CAV antigen were detected
in the megangial regions of the glomeruli of dogs examined on days 7,
8, 9 and 10 (Fig. 45). In 6 of the clinically recovered dogs ‘examined
from day 10 onuards, specific antigen fluorescence was detected in
occasional scattered foei of tubular epithelial cells; these foei of
virus antigen were found in both cortex and medulla (Figs. 0 and 51).

' IgG was not detected in the kidneys of the dog exemined cn day 4.
However, in all animals examined from day 5 to day 14 following inocul? :‘ion
of virus,diffuse graxmulasr deposits of Igh weres detected in the mesangial
regions of the glomeruli, In the early stages of the experiment, on
days 5 andlé, the fluorescencé was finely granuler (Fig. 46); however,
a3 the disesse progressed,deposits of 1glG became more abundant and took
on a course clumpy appearence (Figs, 47 and 48). In animals examined
on days 10 and 14,there was reduciion in the amount of deposited IgG
which once again appearsd finely granulser, Apart from non-specific

segmental rilar fluorescence in some cases, deposits of Igh were not
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found in the glomeruli of any of the snimals examined after day 14.

A few interstitial plasma cells also stained for IgG in kidneys of dogs
examined 7, 8 and 9 days after inoculation of virus. From 10 days
onwards, the kidnéys cf all dogs were found to contain larger interstitial
accumilations of Iglh positive plasma cells (Fig, 52). Although these

were found mainly in the cortices,a number of small foci were alse

found in the medwlla particularly in the dogs examined on days 25 and

27.

In the 4 animals whose kidneys were examined by the indirect
"sandwich" technigue, positive fluorescence was observed in meny of the
interstitial plasma cells,thus indicating the presence of anti-CAV
antibody (Fig. 53).

D§posits of C3 were first detected in thé glomeruli on day 6 angd
were found in the kidneys of all animsls examined from 7 to 10 days
after inoculation (Fig. 49); the deposits, which appeared as fine gramlar
fluorescencs in the mesangial regions, wére wost abundant in those
animals with the heaviest deposits of IgG.'

NQmerous’CAV infected cells were deieclted in the liver of the 3
in contact control dogs killed on day 10, Discrete virus infected
cells were also found in the glomeruli of all 3 animals and in 2 animels
(Mos. 81 ard 32) fine granular deposits of virus antigen were detected
in the mesangial regions of the glomeruli, Similar grasmilar deposits
of IgG and C3 were found in the glomeruli of these 2 animals.

The kidneys of the remaining 8 control dogs showed no specific

fluorescence for CAV entigen, IgG or C3,
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Fig. 444~ CAV antigen in glomerulus of dog examined 5 days
after incculation of virus: Two discrete virus-

infected cells can be seen in the glomerulus,

( Immunof lworescence X 400)

Fig, 451~ CAV antigen in glomerulus of dog examined 8 days
after inoculation of virus: Granular deposits of
viral antigen are present throughout the mesangial

regions; one discrazie fluorescing cell can also

be sBoen,

( Tmmunofluoresceince A 400)
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Pige 463~ Ipl in glomerulus of dog exumwined ¥ daye after
inoculation of virusi <fine granules of fluorescence

2an be seen in the mesangial regions of the glomerulusz,

{ ImmunofIucrescence X 400)

Pigo 4T3~ IgG in glorerulus of dog examined 9 days after
incenlation of virust Cearse gramilar fluorescence

can Le ageen 1n the mesangial regioms,

(Imanofluorescence X 400)
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rig, 481- IgG in glomeruli of deog sexanined 9 days after inoculstion
of viruss granuvlar deposits of IgC are found Jdiffusely

in all glomeruli,

( Twmunofluorescenca X 400)

« 49t~ Compliement (CB) in glomerulus of dog exawined 9 days
after inceulation of viruzs The distrimution of
granular Iluorescence is the same as thai obssrved

for gl

(Tmmvnofluoresence X 400}
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figs 508 CAV antigen in the kidaney of a dog examined 19 days
after inoculation of viruss A longitudinal section
of part of a csllecting tubule shows specific

fluorescence for virus antigen.

( imnuaofluocrescence X 400)

Tig, D13~ ‘Iransverse section of medullary cellecting tubule from
the same animal, showing specific fluorescencs for

virug antigen ia the tubular epithelium.

(Insnunoflucrescencs X £00)
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Mige 538

CaV interstitial nephritis, 19 days alfter administrutiion
of virus: MNuwerous IgG staining plasms cells can be

seen in cortical cellular infiltrates,

(Immunofluorescence X 250)

CAV interstitial nephritis, 19 days after adwinistration
ef vizrusty 3Ssetion of kidney stained by an indirect
sumunoflnorescence test for the presence of anti-viral

sntibody? Cytoplasmic fluorescence can be seen in a focus

of plasma cellis,

(ImmunoTIuorescence X 400)

—— ——
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Ultrastructural Findines

Marked ultrastructural. chanpges were obserxrved in the glomeruli
of all animals exawined up to 14 days after inoculation of vims, In
the early steges of the expefimeni;, on days 5 and 6, there was marked
swelling and vacuolation of all the glomerular cell types resulting in
partial or complete occlusion of the capillary lumina, The thin
endothelizl. lining of ecapillary loops was frayed and often had partielliy
_dstached from the GRM, A few capillary loops conteined polymorphomuclesar
leukocytes or large momunuclear cells, Swollen mesangial cells bulged
into the axial regions of the loops andyeven at this early stage,there
wa’ evidence of expansion of mesangial matrix and,in soms instances,an
increase in the rumber of mesangiel cells. Small electron-dense deposits
wers found scattsred throughout the mesangial matrix; these deposits
vere not obserwved in subendothelial or subepithelial gitnations. The
fo01 processes of swollen epithelial cells showed partisl fusion but at
this stage the GBY appeared normal,

From day 7 to day 10 the glomerular changes were much more severe.
The main feature of affected glor.nemli at this stage was the presence
of large irregular electron~-dense deposite scattered throughout the
nesangial regions (Pig, 54). These deposits extended into the axial
regions of itt capillary loops and at these sites smaller deposits were
occasionally observed beneath swollen endothelium. Associated with the
deposits,the:;'e wag a marked increase in meaangigl cellularity and
expansion of mesangial ratrix which resulted in almost complete
occluaion of many capillery loops (Fig, 55). A striking variation in
the morphology of mesangisal cells was ncted, Many asppeared *to be in
the process of phagocytesing surrounding deposits; in thess cells,the
" muclei often showed accenmtuated lobulation and the eyteplasm contained
mmerous mitochondria and sburdant endoplasmic reticulum, In addition,

round homogenous electron dense granules and drregular grarular clumps




1177
of necrotic qell debris were frequently observed in mesangial cell
cytoplasm., OSometimes, alongside these active mesangiol cells, other
discrete cells with poorly electron dense cytoplasm containing fewer
organelles were found, Mény'mesangial cells showed evidence of degeneration
ranging from milé cytoplasmic swelling and vacuolation to, in a few
instances, frank cellular necrosis. At this stage,the glomerular
endothelium had also uﬁdergone mch more severe degenerstlve changes;

‘there was warked swelling and vacuolation of endothelisal. cytoplasm and
irregular electrcm‘d.ense necrotic cells were often observed partially
detached from the under-lying GBI, At such sites, strands of fibrin
were sone'times present within the capillsries and occasionally in the
filtration spaces (Fig..ST). In severely affected glomeruli, eryth~
rocytes were found in the mesengial regions and less frequently in the
filtration spsaces. The mumber of polyworphonuclear leukecytes found

in the glomeruli increased from day 7 onwarda, reaching & psak on day 9
at which time they were detected in large numbers lodged in the glomerular
capillaries md occasionally in the mesangium (Fig., 56). Large mono-
nuclear-leukoéytes vere also observed with relative frequency in the
capillexy loops. The polymorhormiclear leukocytes were often aliered

in appearance; their complement of cytoplasmic granules was marksdly
reduced and the cytoplasm was sometimes nale, swollen end vacuolated,
The glomerular epithelial cells showed an increase in cytoplasmic
ofganelles and marked cytoplasmic swelling often resulted in extensive
fusion of foot prgcesses. In enimals exemined 9 and 10 deys after
incculation, degeneration of epithelial cells was sometimes noted; such
cells had extremely pyknotic nuclei and their cytoplasm was shrurken
and extremely electron dense (Fig, 58), Mitotic figures were occasionally
encountered in endothelial and mesangial cells of;dogs examined on days

8, 9 and 10 (Fig. %9).




Virus particles were found in the glomeruli of all dogs examined
up to and including day 9. On days 5 and 6, virus wzs detected in the
raclei of mesangial celis and occasionally endothelial cells and in
mononuclear cells lying free within the capillary lcops. In the latexr
stoges, from day 7 onwards, virus particles were confined mainly 1o
mesangial cells (Pig., 40). Infedted cell nuclei were swollen and often
contained a2 central grenmular, moderately electron dense ares with a
surrounding pale zone,outside which the chromatin had become margirated
%o a narrow electron dense band on the inner aspect of the nmiclear
memﬁrane. The cytoplasm was also markedly swollen, poorly election
dense and someidimes vacuolated, In such celis, virus perticles were

usually found scattered throughout the nucleus, In dogs examined from
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day 7 onwards, many infected cell nuclei showed a diffuse pale appearance

and contained only a very small central matrix; in these cells, virus
particles were found mainly in the periphsry of the nueleus beneath the
nuclear membrane, Infected cells were frequently observed in various
staged of degeneration, showing disruption of nuclear and cytoplasmic
memBraneé with release of virus particles into the cytoplasm and
surrounding tissue, OSmall pockets of wirus particles were sometimes
found within membrane bound vesicles in the cytoplasm of otherwice
apparently uninfected mesangial cells (Fig. 61). On a few occasions,
an intact degenerating virus irfected cell was observed within the
cytoplasm of another mesangial cell (Fig, 62). Only on rare occasions
were Virus.partieles loceted within electron dense deposits in the
mesangial matrix (Fig. 63),

In dog No, 73, which was examined on day 14? the glomerular ultra-
structural chenges were much less severe, The cellular components of
the glomeruli no longer showed the same degree of swelling and only

cceasional polymorphomuclear leukocytes were found within the capillary
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loops, many of which 2t this stage were fully patent. The mesangial
vegions, however, still showed appreciable hypercellularity and increased
matrix and occasional small electron dense deposits could still be

seen in the mesanéial mat?ix. In addivion, electron-dense necrotic
endothelial cella were sometimes ohacrved detached from the GEM and

" being replaced Ly adjacent healthy endothelial cells; Similar changes
were also observed in cccasional visceral epithelisl cells,

Thé glomeruli of all dogs examined from dey 17 to the end of the
experiment, showed only minor ultrastructural changes. There was aome
expansion cf mesengial matrix which impinged on many of the capillary
loops, céusing slight occlusion of their lumina; occasional foci of
increased mesangial cells were also noted, However, in none of these
animals were virus particleslor electron dense deposits fournd in the

glomeruli,




Pig, 543~ Section of glomerulus frow an infected dog examrined
9 days after adwinistiration of virus., Numercus large,
irregular, electron~dense deposits (arrows) can be seen
in the mesangisgl regions. M = Mesangial cell:

Bp = Bpithelial ecell; & = Endothelial cell.

(Electron micvoscopy X 10,000)
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Fig, 551«

Section ¢f glomemuius from an infected dog exawmined
3 days after administration of viruss Four mesangial
cells (M) can be seen in this hypercellular messngial
foocus, Thers is also fusion {arrows) of the epithelial

cell (Bp) foot processes,

{B1ectron microscopy X 10,000}
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Mg, %68« Szetion of glomerulus from an infected dog exawined
Q days aftef administration of viruss 4 capillary loop
contains s mononmuclear leukocyte (HMon) and a .
polymorphonuclear leukocyte (Pm);. the latter has
discharged and its cytoplasm appears pale and vacuolated,
There 1a also degeneration of the capillary endothelium.

(orrows) which appears electron-dense and vacuolated,

(Blectron microscopy X 6,000)

Pige 574~ Section of glomerulus from an infected dog exanined
10 days after adwinistration of viiua, showing strands

of fibrin {arrows) in the lumen of a capillary loom.

(Electron-microscopy x ?0,000)
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Figo, H9e-

Section of glowmerulus frow an iufected dog examinsd
1C days after aduwiniztration of virus, showing a

degeneratin shrunken, electron-dense epitheligl
& Zy ? 1

enll (Ep).

{Electron microscopy X 10,000)

Section of glomerulus from an infected dog exsamiaed
10 days after administration of virus, showing an

endothelial cell in the process of mitotic divisions

(Electron microscopy X 10,000)







Fige 60i1= Section of gleomerulus from an iafected dog axamined
{ days after adwinistratiorn of virust Virus particles
can be seen within the pale swollen auveleus of a
mesangial celd (i), Small electron-dense deposits
{srrowa) are also present in the surrounding mesangial

matrix., Hp = Epithelial cell.

{Mectron nicroscopy X 10,000)

Fig, 614 Section of glomerulus from an infected dog examingd
3 days after zdministration of virusi Small clunps
of virus particles (arrows) con be seen within meabrane-
bound vesicles in the ¢ytoplasm of an otherwise uninfected

mesangial cell (H)o

mlectron microzcopy X 10,000) .







fig, 621~ Bection of glomerulus from an infecied dog examined
8 days af ter administration ¢f virusts An electfon-.
dense, necrotic cell containing virus particles {arrows)
can he seen entirely within the cytoplasm of a mesangiszl

call ().

{@mlectron microscopy X 10,000)

Fige 6%1-» Bection of glowmerulus from an infecied dog exanined 9 days
after adininistration of virus: MHumerous virus particles
can be seen asmoug electron-denss deposits and necrotic

cellular debrise

{Blestron microseopy A 195,.000)
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Elsevhere in the kidney, all dogs examined up until 10 days
showed swelling énd sometines vacuolation of the tibular epithelial
cytoplasm, This resulted in dispersion of mitochondrié and protrusion
of epithelial cytoplasm inte the tubular lumina which often contaired
fragments of cellular debris., In animals infecied 7 to 14 days,
occasional necrotic éubules vere encountered and numerous red blood
cells were sometimes found in the tubular lumina,

Foci of interstitial cellular infiltraition were located in ssmples
of kidney frow the 6 dogs examined 17 to 27 days after inoculation of
virus; these lesioﬁs were found in both cortical and meduilary tissue,
In dogs examined on days 17, 18 and 19, the cortical infilitrates
consiéted of a mixture of cell types composed mainty of lymphecytes,
plasma cells, large monocytes and macrophages (Figs. 64 and 65).
Occasional necrotic tubules and remnants of necrotic individueal cells
were found within the lesions and, in their immediate vicinity, focel
accumilations of polymorphonuclear 1eukoc&tcs and macrophages were
usually present. Lyvphocytes ranged din appearance,f{rom cells possessing
moderate amounts of pgle cytoplasm with few organelles,to characteristic
small lymphocytes with a round dense nucleus surrounded by swmall amounts
of electron-densze cytoplasm, At this stage, numerous lymphocytes were
observed in various stages of mitotic division, Flasma cells of varying
maturity were found, ranging from early plasmablasts with a central
micleus and moderate amounts of rough surfaced endoplasmic »eticulum,
to maeture plasma cells with a.round ececentrically placed nucleus and
cytoplasm packed with distendcd endoplasmic reticulum,

lesions found in the medulla at this stage of infection contained
more numerous hecrotic tubules and the associateﬁ celluvlar infiltrates
contained greater mumbers of macrophages and polymorphonuclear leukccytes.

In many arees, the cellular,infiltrates were composed alnost entirely of




iz
macrovhages (Pig, 66) accompanied by a few polymerphenuclesr leukocytes,
while at other sites, these cell types were also accompanied by lymphocytes
and plasma cells, Macrophages Tound within these lesions showed evidence
of active phagocytosis; they were chdracteristically irregular in shsps
with & lobed or bean-shaped nucleus and theiz cytoplasm was vacuolated
and contaired verying mumbers of round, electron-dense granules and a
variety of cellnlsr debris within membrene bound vesicles,

Tn both cortswx and medvlla, many irtect mbules, lying within the
cellular infiltrates, showed ewvidence of degeﬁerntive changes; their
cyloplasm appeared ragged, swollen and vacuclated and they often contained
necrotic celluler debris (Fig. 67). Virus particles ware oooesionally
Tound in tubulaer epithelisl cells and sometimes in desquamated cells
lying free within the tobuler lumen (Figs. 68 and 71). Infected cells
found in these sites showed severe degererative changes, often with
disruption of nuclear and cytoplaswic membranes and relcase of virus
particies inté the tubular lumern. On numerovs eccasions, lywphocytes
and polymorphormclear leukocytes were found migrating through the tabulaw
eplithelium into the lumen of these tubules (Fig. 69). Polymorphomuclear
leukocytes found in such sites sometimes appeared to bo phagocyiosing
necrotic cellulsr debrie and thelr cyioplasm wes often pale and vacuolated
and showed a marksd reduction in content of lysoscumal pramules,
Phagocytosed clumps of virus perticles wers also occasionslly found
within the cytoplasm of polymorphomuclesr levkoeytes in these sites (Fig.
70). Intact ond degererating virus-infected cells were sometimes found
outwith the tabules, in %he juterstitiuvm (Fig., 72): however, it was not
possible to determine whetﬁer these were epithelial cells which had been
released from disrupted tubules, or phagocytic célls which hed become
infected by ingestion of virus or virus-irfected cellular material,

Even &t the 17 to 19 day stage of infection, small numbers of fibroblasts

¢
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were fourd in both cortical end meduilary lesions; they apgesered as
irreguler or elongated cells, the cytoplssm of which contained ;hundant
distended erdoplasmic reticulum, Asgociated with these fibroblasts,
early collagen deposits were fourd, particularly around the periphery
of some of the larger cellular foci (Fig. 73).

In the 3 dogs examined on days 25 end 27, the interstitial lesions
showed 2 rumbsr of differences from those examirned esrlier, The cellular
infiltrates contained a much lLigher proportion of plasma célls (Fig. 74)
so that, even in the medulla, large mumbers of mature plasma cells were
of lent obtserved. However, many lymvhocytes, macrorhages and lsrge
monoruclear cells were also present, Fewer necrotic tubules were
encountered and polymorphonuclesr levkocytes were found in mach swaller
runmbers than in the earlier stages of infeciion, Another notable
feature was the increase in fibroblast activity, with numerous fibron.
blaslts and associated fine bundles of collagen fibres found intervoven
among the cellular infiltrates in both cortex and medulia., Despite the
finding of small numbers of virus infected cells in Nos. 77 and 78 by
imminofluorescence, virus particles were not found in renal tissue

from any of the 3 dogs examined at this time,




Fige 64 (n)3- CAV interstitosl nephritis, 19 days after sduinistration
of viruss A sectior of cortical ccllulsy infiltrate

anows a mixture of lymphocyies (L) and plasmeblasta (P)o

(b} (Insert)s~ A lymphoeyte from the same lesion can be

seen in the process of mitotie division.

(ELectron microscopy X 6,000)
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Pig. 658~ QAV intexrstitial nephritis, 19 days after adminiatration
of vienzt A section of cortical cellular infiltrate,

showing numerous wacrophages (%),

(#lectron microscopy X 6,000)
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Figo 663~

CAV interstitial nephritis, 18 lays after administration
of virrss Section of medullary cellular infiltrate,
showing large mimbers of macrophages (*); their
cytoplasm is vacuolated and contains.electron~dense
lyscosoma.l gramules and irregular clumps of phagocytosed

material,.

(Electron microscopy X 6,000)
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Fig, 674~ CAV interétitiai nephritis, 19 days after administration
of virust ZSection of the nedullary tubuls shoun
Figure 39¢ The tubular lumen contains abundant
necrotic cellular debris among which can be seen 3
pelymovphonuclear leukocytles; one of these cells (2)
hag discharged and its cytoplasm is vacuolated while
another {3) is necrotic snd appears shrunken and

electron~dense. TE = Tubular epithslium,

{ @ ectron microscopy X 6,000)

Tig. 681~ Tegenersiing CAV infected cell found in the lumen of the
tubuls shown in Figure 67. Large accumulations of wvirus
particles can be seen in the muicleus which showa numerous

dismptions {arrows) in its nuclear meubrane.

=i

{

Jectron mioroscupy X 15,000}
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Fig, 693-

CAV interstitial nepnhritis, 18 cays after administration
of virwusi Section of renal cortex, shewing a
degenerating virvus infected call (V) in the lumen of

a collecting tubuled small) lymphocytes (L) can be seen
in the interstitium and passing through the tubular
epithelium into the luwen. Two larger lyuphocytas {(Ly)
with more abundant péle cytoplasm, can alse be seen

in the interstitium,

{(M1leetron mieroscopy X 6,000)
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Pig. 703~

2

e

ge T1gm

CAVY interstiliel nephritis, 19 days alter administration
of virust Vivus particles (small arrows) can he seen
within the cytoplasm of a polymorphonuclear leukocyte
lying in the lumen of a collecting tubules part of a -
degenerating infected tubular epitheliisl cell (V) can,
also be seen and free virug pariticles (large arrows)

are present in the Ludbular lumen,

(Blectron microscopy £ 15,000)

OaV interstitial nephritis, 17 daye after adminiatration
of viruss Section of a collecting tutnle containing

2 virus-infected epithelial cells, one of which (V1)
shows nuclear margination of chromatin and a4 coarse
granular matriz in the centre of the aucleus,;while the
second {V2) shows disrupition of cytoplasmic and nucleac

remrbranas,

(Electron nicroscopy X 8,000)
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Pig, 728= CAV interstitial nevhritis, 18 days after administration
of viruss Section of renal cortex, showing 2
degenerating virus - infected cells (V) in the
interstitium; small extracellular clumps of virus

particles (arrows) can also be seen.

{ Electron microscopy X 10,000)




1395




Fig, 731~

GAY intersiitial nephritis, 19 days after administration

ot virus? Section of renal medulla, showing early collzgen
devosits (arrows) in ¢lose proximity to fibroblasta (F)o A
polymorphonuclenr leukecyle (Pm) and a macrophaze (Mac) can

algc be seen,

{ Zlectron microacorr X 10,000)
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CAV iunterstitial nephritis, 25 days afior edminxstration
of virust Section of cortical cellular infiltrate,
showing numerous plasma cells (?l Bands of callagen (*)

can alsoc be seen among the cellular infiltrate,

(Biectron microscopy X 6,000)
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Biochemical Findings

The results of Urine protein and bleod urea nitrogen estimations
are presented in Table 12, Urine protein levels were measured in 11
dogs examined up tor 9 days following inoculation of virus. Proteinuria
in excess of 50mg/ 100ml was observed in 9 of these animels, with levels
up to 500mg/100ml being detected. Significant proteinuria was not
found in sny of the dogs examined from day 10 onwards, One of the 3 in
contact control doges hed a proteimuria lewel of 270mg/al,

Obviously elevated levels of blood urea were found in only 3
dogs which were exomined on days 5, 7 snd 9; however & number of cther

dogs (Nos. 63, 73 and 76) had marginslly elevated levels.

Serological Findinws

The results of CAV antibody estimation in serum and renal eluates
are presented in Teble 12, Although IgG was deposited in the glomeruli
ag early as 5 days post~infection, circulating anti~CAV antibody was vol
detected until day 7. From dey 7 to day 9 only low levels of antibody
vere foundj; however, the animal examined on day 10, vhich showed clinical
recovery, had an antibody titre of 512 and all aniwals examined theveafier
had similarly high titres.

Bleven of the 16 renal eluates examined were found to contain
anti-CAV entikoedy; these were sll from dogs examined betwsen day 7 end
day 19 and, s=lthough one titre of 128 waé obtained, the lovel of antibedy
detected in the eluates was generzlly low, Anti~CAV antibody was not
detected in sny of the éluates of mormal. control kidneys,either from
antibody~free dogs or from dogs with high levels of circulating antibody.

Anti-iidrey antibody was noet present in any of the eluvaies,
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(b) Passive transfer of serum to mice

Clirical and Macroscovic Findings

Over the short duration of the experiment, all inoculated and
control mice asppeared clirically normal, At necropsy, macroscopic

abnormalities were not observed in any of the mice,

Histological Findings

No significant difference was noted in the histological appearance
of the glemeruli of inoculated and control mice, All glomeruli showed
numerous thin walled, pateunt capillary 2oops and there was no epparent

increase in glomerular cellularity.,

Tomunsflucrescence Findings

The results of immunofluorescence studies are summarised in Table
13, Initially, on staining sections of control mouse kidnsy with rabbit
enti-dog Igh at a 1:10 dilution, there was slight non-specific staining
of the glomerular capillary walls and mesangium, However, on using
the anti-dng conjugate at a 1:20 dilution, this non-specific staining
was no longér present, At this dilution; fine gramtlar deposits of
IgG were delected in the mesangisl regions of the glomeruli in mice
inoculated with serum from dog Nos, 65 and 70 ((i.e. mouse Fos., M9-
M16) (Fig. 75).
| Deposits of IgG were not found in any of the other inoculated or
control mice, Two mice (Nos, M3 end M11) also showed fine gremular
mesangial deposits of host caomplement, MNeither CAV untigen nor host
JgG was detected in the glomeruli of any ¢f the inoculated or control

mice,
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T trastruciurel Findings

ltrastructural glomerular alterations were found only in those
.mice in which deposits of canine Igi were detected by immurofluorescence
(Nos, M9-M16). In these animals, there was a2n appreciable incresse in
messnglal matrix and mesangial cell cytoplasm often extendsd into the
axial regions of the capillary loops where it impinged o‘n the endothelium
and caused partial occlusion of the capillary lumen, A feaw smali,
granulalr y electron-dense deposits were found scatiered throughout the
messngial matrix. Occasioral necrotic glomerular endothelial cells
were observed; these cells had pyknotic nuclei, their cytoplasm was
extremely eleclron-dense, shrunken and sometimes vecuolated and they

were often paritislly separated from the underlying GEM,

b}




Table 153~

Transfer of serum from GAV infected dogs t0 mices
Tmmuncfivorescence findings,

Mouse Donor Dog Flomeruli

Number Nunber Canine Xg@ CAV C3
M1 55 - o -
M2 55 - - -
13 59 - - -
M4 55 - - =
M5 57 - - -
M6 | 57 - - -
M7 57 ~- - -
Jutss 57 - - -
M9 65 + - o+
o 65 4 - -
Mti 6% ++ - o+
M2 65 -+ - .
M3 70 + - -
Mi4 70 > - -
K15 70 + - N
lye 70 2 - -
17 T2 - - »
K18 72 - - -
119 72 - - -
120 T2 - ca “
M21 T3 - - -
122 T3 - - -
M23 T3 - - -
M¥24 T3 - v -
N25 8% - - -
126 83 - - -

M2 83 - - -
M2s 83 - - -

‘Degree of flucrescence graded + to s+t




Figo 75 foe

Passive transfer of complexes e wicet Granulaxr deposits
of canina 1gG are present in the mesangial regions of a
glomerulus from o mouse which received 4 inoculations of

serun €rnr doz No. 65,

(Immunofluorescence X 600)
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DISCUSSTON

The results obtained in this study demonstrate that dogs may
develop acute glomerulonephriltis as a result of systemic CAV infection,
Nineteen dogs examined from 4 to 14 days after inoculation of wvirus
a1l showved diffuse glomerular lesions of varying severity. The
immunofluorescence and ultrastructural findings indicate that 2
mechandsms were involved in the genesis of these lesions, Firstly,
. virus replication in glomeruiar endothelial and mesangial cells occourred,
resul tirg in lytic Eamage to these cell types, OBecondly, the finding
of grarular depcsits of inmunoglobulin; viral anviger and complement
in the glomervli by immunofluorescence establishes an immune complex
mediated glomerular injury, Such a diffuse pattern of granular
fluorescence, zlong with the ultmastfuctural finding of electron-—dense
deposits in the glomeruli, suggest deposition of antigen-~antibody
complexes from the circulation, rather than simply fixation of antibody
on to virus already present in the glomeruli, The mesangial distribution
of immune ¢:-nosits is considered characterietic of that produced by the
formation oflrelatively large poorly seluble complexes in the circulation
(Germuth and Rodriguez, 1973). The simulsatenecus presence of diffuse
glomerular deposits of YgG and CAV antigen vrovides strong evidence
that the deposited complexes were composcd of virus antigen and anti-
.viral antibody. Murther evidence that the immunoglobulin was directed
ageinst virus antigen was provided by the detection of anti-CAV
antibody in renal eluates. However, the titres of antibody in the
eluates were perkaps rot as high as might have been expected; this mey
be erxpleired if, during the elution procedure, virus sntigen asg well
as antibody was extzqc‘bed from the renal tissus, On subzeguently
returning to nentrsl pH, this would have allowed ;ecombination with

antibody end thus » redvction in the amount of free antibody in the
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eluates, It is of note that anti;kidney antibody wae not fournd in any
of the elvates despite the fact that remal antigens sre known to be
releaged during actte CAV infection, s shown in scction I,

Deposita of Igh were first detected in the glomeruli 5 daye after
infection, whereas circulating anti-C4V antibodf was not detected until
day 7, at which time both IgG and virus antigen were found in the
glomezvli, However, it is likely that any antibody produced before
day 7 would immediately becouwe bound to vikus anbigen iy the circulation
and thersfore not be deteclatle as free antibody. This may also account
for the relatively low levels of cireulating antibody found in all
dogs up w day 9.

Evidence for the presence of circulating immne cowplexes in
infected dogs.waé obtained by nassively transferring dog servm o wmice,
Mesangial localisation of canine IgG occurred irn mice rec2iwiag serum
from 2 dogs; this serum was obvained from 2 dogs examinel con days &
and 9, at which time heavy deposits of IgG and viral antigen wsrs
found in the glomeruli and only low levels of circulating antibody

wers present. Transfer was not achieved with sevum tulen from dogs

examined earlisr in the disease wheg there was only minor deposition

of IgG and no circulsting antibody, nor from dogs excmined in the later
stages vhen there was high levels of circulating antibtody. Although

the localisation of Igh and complement in the glomeruli of recipient
mice suggests thalt imsmune complexes were present in the serum, finel
proof is still lacking that virel antigen was present ss the antigenic
component of these complexes. However, the absence of staining for
antigen may werely +dindicste thatl insufficient quntities of complexes
were present in order to detect the antigen; since many of the antigeniﬁ
aites are covered by complexed antibody, the sntigenic componant of

deposited complexes is lese readily detectzd than antibedy and, perticularly




whenlrelatlvely small amounts of complexes sre deposnidted, only the
entibody uili be detectable by’immunofluorescenéa;

The natare of the glomerulsr lesions was essentially a prolif-
erative glomerulonephritis, charecterised by an increase in mesangisl
cells and infiltration of polymorphomiclesr leukocytes and monocytes
into the glomeyular capillafies. Polymorphomuclear leukocytes were
found in greatest numbers on days & and 9, at vhich time the glomerul-
ornephritis was most zevere and there was heavy irmone complex deposition,
The presence of pelymorphonuclear leukocytes in the glomervli at this
stage was alwost certalnly related to complement fivation by deposited
complexes, a reaction which is kmown o be copable of relsasing
volymorphom:clear leukocyte mediators (Henson, 1971),

At the height of the disezse, the mesangial cells showed a striking
variation in ultrastructural appearance, UMany ceils with irreguiar
cytoplasm appeared to be engaged in active phagocytosis of immine deposits
wvhile other cells, with discrete pale cyiteplasm, resenmbling circulating
monocytes were found. Thus, while there wes almost certainly an increase
in the nmumber of mesengial cells, this mey have been aupmented by
infiltration into the mesangium of circulating monocytes, Expansion
of mesangial regions resulted in occclusion of maxy of the glomerular
capillaries; the endothelial lining sho «? severe degenerztive changes
‘and in some instances,necrosis occurred leading to disruptions in the
capillary walls and haemorrhage into the filtration spaces. A nunber
of factors may have contributed to these cytological chauges., Firstly,
it is likely that locel ischaemia occurred within the glomeruli due to
occlusion of capillary loops; secondly, severe liver damage over several
days may have resulied in the bulld-up of cytotoxic substuances in the

.circulation; thirdly, Tixation of complement by couplexes 1éading to

accunmlation of polymorphonuclear leukocytes and their snbseguent releese




of engymes zlmost certainly produced Jocal tissue damage within the
gloreruli, Fourthly; virus antipgen-antibody complexes may have sxerted
a direct cytotoxic effect independenﬁ of complenent activation.

Althoupgh the latter mechanism has not been demonsirated for ChAV-antibody
complexes,extensive in vitro studies have shown that virus.antibody
conplexes, prepared from human adenoviruses, are cytotloxic, in the
abaence of complement; W normal tissue culture cells (Kjellen snd
Ankerst, 1973a and bj Ankerst and Xjellen, 1973).

Proteiruria in excess of 50mg/ 100ml was detecisd in ¢ of the
11 dogs whoae uvrine was examined 5-9 days afler virus inoculatbion,

All dogs killed from the 10th day onwards had normal levels of less
than 20mg/100ml. The protein leak was presumsbly glomerular in origin
and, 21though the GBM appesred structirelly normal, the endothelium
in places was frayed and sometimes necrotic and there was patchy
fueion of epithelial foot processes, Tubular hasmorrhage probably
also contributed to the proteinuria.

Althouph immune complex mediated glomernleonepnritis aasociated
wvith CAV dinfection has nob previouvsly been vecognised, careful gcrutiny
of the literature shows that, cven in the esrly studies of the disease,
glonerular lesions wvere occesiorally recorded, Thus Rubarth (1947)
described one caso, 7 days after experiiental infection, in which the
‘"glomeruli showed an accumlation of Jeukocytes with consequent
degenerative changes in their wessels" associated with hasmorrhage into
the filtration spaces end tubules. Stinzi snd Foppersiek (1952) also
described focal glomerulonephritis, with albuminuria and haematnria,
in cve jaundiced case of experimentslly induced acute CAV infection,

Pespite their severity, the glomerular lesions in the present series
of dogs appeared to be trensient in nature, Thns; dogs examined from

10 days onwards showved progressively lsss severs glomerular chenges:
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houvever, 5t must be poinited cut that, in comparison with the others,
the 6 dogs exemined from day 17 onwards suffered a much milder clinical
illness and consequentiy may also indtially have had less severe
glomerular lesions,

It is now well estaltlished that a2 number of other viruses,

ineluding Lymphooytic chordomeningiiis wvivia dn mice, aleutian disease
virus in mink and eguine lufectious ansemia virus, can indvee nn dmemne
complex glomeranlonephriitis in which wviral entigen end sntis-virel anltibody
‘may be demonstrated in the glomerular deposits (Oldstone and Vixon, 1967;

Porter et al., 1973; Barks et al., 1972). However, the zlomerulonephritis

i -~

[

asscciated with CAV infecbion in dogs differs from that producesd by
these virusss, in that it 1z an acute transient lesion as opposed
to being chronic.and progressive., In pathogenesis, therefore; it
shows a striking resemblence o acute serum sickness wheré the remcval
£ large quantities of foriegn antigen by host antibody lesds to the
formation and giomsrular deposition of scluble immune complexes,
resulting in glomerulonephritis which subsequenily resolves following
elimination df the antigen.

Foei of tubular necrosis mainly affecting proximal tubules were
found in 81l dogs examined 7-14 days after inoculation +with virus,
Since thess lesinns were apparently unassccioted with virus infectior
of the tubules, they may have resulied from local ischeenia due 1o
occlusion ¢f glomeyulsy capillaries. They were particularly wide-
spraad in the dog examined on day 14 ard, had this animsl been ellowed
to survive, resolution of the lesions could concievably heve resulied
in relatively severe interstitial. £fibrosis,

A1 dogs examined from day 10 onwards showed foecal interstitial

nephrifis, Vimis was first detected in tutwlar epithelivm on dey 10

and was found in all except 2 dogs eramined theresfler. The extent of
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the interstitial nephritis and the numbers of virus infocted tutules
varied markedly from one animal to another. Infection of tubular
epithelium may have resulted elther from virus esmcaping into the urine
from infected glomerular cells or via the interstdtium from daméged
infected interstitiel capillaries. Ceollecting tulules were most of'ten
involved and infected tubular cells often appeared e be extruded into
the lumen of the tubules, so that depgenerating infected cellsa were |
frequently seen within-apparently intact tabules. In this way, virus
released from these cells could infect tebular epitheliuvm at lower
levels of the nephron; this accounted for the distribution of many of
the interstitial lesions which were obsarved as streaks extending from
outer cortex towards the wedulla,

The interstitial infiltrates associated with infected tubules
consisted of a mixed populaticn of cells containing lymphocytes,
plasma cells, macrophages, monocytes and in some areds,polymorphonuclear
leukocytes, The presence of large numbers of IgG-containing plasma
cells sugeested a local antibody response end indeed, by using an
indirect immunoflucrescence test, many of the plasma cells were
deronstrated to contain anti-virsl antibody. Farthermore, renal
eluates obtained from 2 dogs in vhiech there were no inmunroglobulin
deposits in the glomeruli, contained snti-viral antivody. The failure
" to deteet anti-kidney antibodies in these eluated excluded the
posaibllity of a local imrune response to tubular antigens,

The morﬁhological appearance of many of the medullary lesions,
which showed large accumuilations of macrophagess surrounding necrotic
infected tbules, suggested that cell mediated immunclogical reactions
mey also be involved. Furthermore, it is tempting to speculate that
the lymphocytes observed migrating into infected tubules might be

T cells sensitised to CAV, However, until further detailed immuno-

4




logicel studies are carried ocut, the role of cell mediated immunity
in the pathogenesis of CAV interstitial nephritis remains uncertain,
Previous-studies have shown that dogs infected with CAV may contime
to excrete virus in the urire for periods up to 9 months after infection
(Baker et al., 1954). In the present study, only occasional virus
infected cells wvere fourd in 2 of the dogs examined in the later
stages of the experiment, on days 25 and 27. In these animals, the
interstitisl lesions were less densely populated with cells than in
the earlier stages of infection and there was already mild focal
interstitial fibrosis., It is likely that the duration of virus
infection din the kidney depefids on the initiel extent of ‘tubular
infection and possibly also on dndividual veriation in the anti-viral
immine response, HMoreover, since persistence of virus .in the kidney
represents a focus of foriegn antigen, it is probable that an
interstitial infiltrate will continue to be present until the virus
is eliminated, Ultimately however, once complete elimination of
virus is achieved, repeir by fibresis will occur and whether or not
this results in any failure in renal funection wijli probably depend on

the extant and duration of the lesions,




SECTION 1V : EXPERTMENTAL CAV NEPERITIS : TMOCULATION OF
PREFORMED CAV IMMUNE COMPLEXES
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MATERTALS AND METHCDS
RESULTS

{a) Mice

Table 14 ; Figures 76~85.

(b) Doge

Table 15 ; Figures 86-90,

DISCUSSION




TNTRODUCTION

In the previous section of this thesis, it was shown that dogs
suffering from systemic CAV infection, of more that 4 days duraition
post-inoculation, developed severe glomerular lesicns, Twe pathogenic
components contributed to glomerular injury; firstly, the virus coused
direct lytic demege t¢ the celluler components of the glomeruli and
secondly, deposition of virus antigen-~antibody complexes cccurred
resulting in proliferative and occlusive changas,

Studies carr:',f'ad cut by other wor]ce;'s have shown that glomerul-
onephritis way develop in experimentel aninals following the administration
of soluble sntigen-antibody inmmﬁe complexes prepared in vitro from
bovine serum slbumen of ovalbumen OﬁcGluskey and Bernacerraf, 19559;
Ckunura et al., 1971). In the present section, an attempt was made to
demonstrate that CAV antigen-antibbdy immune complexes prepared in
vitro are capable of inducing glomeruloneprhritis in the absence of active
virug replication. The study was carried out in 2 stagesg. Firstly,
because of wne large quantities of virue required for the preparatién
of complexes, a prelimirary experiment Qas performed in which a series
of mice received daily intravenous inoculations of soluble complexes,
Having established that such a procedure resulied in glomeruler lesions
in mice, a group of antibody~free dogs were subjecied to i similar

routine of repeated insculsziions of preformed complexes,




MATERTJALS ARD METHODS

Preperation of CAV protein

Stock CAV suspensions were centrifuged at 2500rev/ min for 20
mimaites ab 4?0, to remove tissue culture debris, and virus was sub-
sequently sedimented by certrifugation at 25,000raq/mdn for 45 winutles,
The relleted virus was resuspended in smell volumes of PBS (pH 7.2) and
the virus disrupied, with release of virel protein, by dialysis at A?C
for 5 days against carbonate/ bicarbosate tuffer pH 10.6 (Wilcox gt el.,
1963). Thie resulted in a solution of viral protein, the pH of which
waa adjusted to 7.2 by dialysis against PBES for a further 2 days.
Centrifugntion was performed st A000rev/min for 15 minutes to remove
any insoluble fragments snd the viral protein solution was ithen stored
at —2500 until required., The protein concentration, as measured by the

method of Lowry gt al., (1951) was 0,25mg/ml,

Preparation of {omplexes

Soluble’viral antigen-antibody complexes were prepared according
A preliminary tube precipitation test was performed using fixed volumes
of anti-CAV hyperimmune serum, to which was added & range of volumes of
viral protein. In this way, the point of eguivalence could be determiica
by visual quantitetion of the degree of precipitation. Viral protein
and anti-CAV serum were then mixed at equivalence (in this case egusl
volumes) snd left at A?C for 4% hours, The opalescent complexes so
formed were sedimented by centrifugation at 3000rey/min for 20 minutes
at AFC, waghed twice ir cold FB3 and resuspended in 5 times the original
volure of viral protéin. Solubilisation of the complexed vas attained
by lowering the pH 1o 2.4 by slow dropwise addition of 0.1 N ECI1 at 0°C

with constunt stirring. The pll was then returned to neutrality by

i5Fe
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Blowly adding 0.1 N NaOH. Small amounts of precipitate still remaining

ab the end of this procedure were removed by centrifugation at 3000rev/min

for 15 mimutes,

Experimental Procedures

(a) Mice

Seventy £-10 week-old albino mice (Porton strain) weighing 20-25g
wvere used for the first part of the experiment, Forty of these mice
recoived daily inoculations of 0.3ml of sciuble CAV protein immune
complexes by slow intravenous injection into the tzil wvein, Croups
of ab least 3 mice were killed daily at intervels of 1-10 days after
the initial dincculation, sach mouse being killed 24 hours after its
last dose, Tor the purposes of controls, 2 groups of 10 mice were given
similar volumes of viral protein and anti-CAV hyperimrune serum
respectively and killed daiiy from 1 to 10 days. A further 10 wmice
wore killed as normal uninoculasted controls for comparison of kidney
histology, ultrastructure and immunofluorescence,
(b) Dogs

For the second part of the experiment, 18 12 week-old dogs, which
were shown to be anti-CAV antibody-free by the indirect immnoflucrescence
test, were used, Twelve dogs recieved daily inoculations of 2ml of
soluble CAV protein complexes by slow intravenous injection into the
jugular vein., The dogs were killed at intervels of 2-7 éays after the
initial ;noculation, each dog being killed 24 hours after its lest dose,
Three dogs recdéived similar daily intravenous inoculetions of CAV protein
snd were killed 3, 5 and 7 days later, The remaining 3 dogs were killed

a8 normal unincculated controls,
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Histolopgical ITmmncflucrescence and Ultrestructursl Procedures

These were corried ocut ag described in the section on '"'materisls
and methods", The kidneys from all dogs and mice were subjected to
ultrastructural examination, Sectlons of mouse kidney were examined
by jmmunofluorescence for the presence of canine IgG, CAV antigen and
mouse IgG and B1C globulin (C3); likewise, sections of dog kidney were
exsmined for the presence of canine Tgh and BIC globulin and CAV

-antigen;
RESULTS

(a) Mice

Clinicsl ard Macroscopic Findings

Throughout the course of the experiment, a1l mice appeared
¢linically normal, At.necropsy, neither inoculated nor control mice

showed any wmacroscopic abnormalities,

Higtological Firdings

Proliferative glomerulonechritis was found in 14 oub of 40 mice
(35 per cent) inoculated with viral immune compiexes, This change was
first detected after 4 daily doses of cowplexes and was found in 50 per
cent of the mice examired from 4 to 10 days after initial incculation,
In &1l 1/ mice, the glomeruli were affected to more or less the same
extent, There was expansion and hypercellularity of the mesangial
regions and many of the mesangial cell nuclei uppeared elongated or
bean-shaped (Fig, 77). These chanpes resulted in distinct swelling of
the glomerular tufi and partial occlusion of many capillary loops,
Polymorphonuclear leukocytes and large mononucleer cells were sometimes
found lodged in the capillary lumina, Occasional proteinaceous casts
were found in the tubules, In the remaining inoculated and control

animals,the glomeruli appesred histologically normal (Fig. 76).




Immunoflunerescence Findings

The resulis of immunofluorescence studies on inoculated mice are
summarised in Table'1éw The distribution of sgpecific fluorescence in
mouse glomeruli was the éame for antigen, antibody and complement; only
the frequency of appearance and intensity of fluorescence differed,

Fine granular deposits of canine IgG were detected in the meszangisl regions
of the glomeruli in all mice receiving 3 or more doses of complexes

(Fig. 78). The intensity of fluorescence varied from animal to animal
but,in general termé, no real increaso in intersity was noited in animals
receiving more that 4 inoculations., Fluorescence staining for CAV
antigen and complement alsc appeared on the 3rd day, was weaker than

that of Igh and wes not detected in a1l enimals (Fips, 79 and 80).
Twenty-five mice had glomerular deposits of CAV antigen and 18 mice had
deposits of complement, All 1/ mice which showed proliferative
glomerulonephritis were positive for IgG, viral antigen and complement
and, generally, there was a good correlation between the degree of antigen
fluorescenc:z and tha severity of glomerular histelogicsl lesions, Host
(mouse) IgG vas not detected in the glomerull of any of the inoculated

or control mice, Similarly, canine IghG, host complement and CAV antigen
were not found in the glomeruli of any of the inoculated or uninoculated

contrecl mice.

Ultrastructvral Findiregs

There was a wide range of ultrastructural changes in the glowernli,
whether or not proliferative changez were detected by light microscopy,
The earliest chenge was detected after 3 doses of complexes when there
was expansion of mesangial matrix and extension of mesangial cell
cytoplasm into the axial regions of the capillaries, often displacing
swollen endothelial cytoplasm atb these sites. At this time, small

electron dense deposils were found in the mesangisl matrix and, less




comrronly, trapped between endothelial cytoplasn and mesangial cytoplasgmic
projections (Fig. 81). A1l of these struetaral changes occcurred to &
varying degres in all mice receiving 3 or more doses of comvplexes,

Those mice which sﬁowed proliferstive glomerulonephritis by light
microscopy showad more severe glomeruiar ultirastructural alterations,

Iy these animals, there was much more pronounced expansion of the
mezsangial regions and & distinet incresse in mesangial cellularity

(Fig. 82); the cytoplasm of these active mesengisl cells contained
inereased smounts of endeplasmic reticulum and mitochondria end sometimes
rumerous large sisciron dense gramules were present, Large monomclear
léukocytes.with lobed nuclei and pale cytoplasm were freguently seen
lodged withir cavillary loops and were occasionally ohserved pushing
through capillary endothelium into the mesangium (Pig, 83). Bimilarly,
polymorvhomiclear leukocytes were often presenb in the capillary loops
(Fig. 84) and scretimes in the ﬁasangium; in this site; they aften showed
a marked decrezse in content of cytoplasﬁic gearules, The epithelial
cells were swollen resulting in focal aress of fusion of their foot
processes ard there wee often an increase in their content of eytoplasmic
orgenelles, Electiron-dense, dead or dying endothelial cells were

occasionally observed (Fig, 85) while many other endothelial cells

showed sweliing of their cytoplasm, 411 these ultrastrucfurel abnormalitiss

persisted to a varying extent up to the close of the experiment on day 10,
The kidneys of inoculated aznd uninoculated control mice showed

no ultrastructural abnormalities,




Teble 141~

Iuwmunoflivorescence patterns and incidence of
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glomerulonephritis in mice receiving daily
doses of preformed CAV immune complexes.

House

No.

Day
examnined

Immunofluorescence

Canine IgG

Mouse IgG

Fouse C3 Glomerulonephritis

M33
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Continued on Nexti TAFCeacesss
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Table 14/continued

[
52
o

House  Day

Tununof luorescence

No, examined Canine IgG Mouse IgG CAV  Mouse €% Glomerunlonephritis
MO 7 + + - + 4 + +
N70 7 +++ - ++ + +
N7 7 ++ - + - -
M72 8 + 4+ - +4 4+ 4+
M73 8 + + - + + *
Wi4 8 + -~ + - -+ + +
M75 8 o4 - + * + +
M76 9 + - o+ - -
M7 9 + + - - - -
M78 9 + ++ - ++ + + +
N9 10 + + - + 4+ + +
K80 10 + + - N - -
M81 10 - - + - -

Various parameters graded + to ++++ according ito severity



Fige 164~ GClomerulus from a control meuse, shoving normal cellularity

and patent capillary loops,

(HB ¥ 400)
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2o 178~ Proiifsrative glemerulorephritis in a mouse which received
7 daily inoculations of CAV jwmune cowplexest There is
gwelling of the tufi, dancreased cellularity with

cxpansion of mesangial sreass,and ocelusion of capillary

»

loopn,

(HE K 400)
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Fig. T8¢m

Fig 794

Mg, S

Glomerulus of mouse which received 9 daily inoculations
of CAV immune complexes, showing granular deposits of

canine IgG in the mesanglal regions.

(Immunofluorescencs X 400)

Glomerulus of mouse which received 7 daily inoculations
of CAV immune complexes, showing gramular deposiis of

CAV antigen in mesangial regions.,

(Immunofluorescence X 400)

Glowerulus of mouse which received 7 dally incculations
of CAV immune complexes, showing granular deposits of
mouse complement (C%) in a similar distribution to

antitody and anligen.

{ Tmmunofluorescence X 400)
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Figo 8‘1 ,"‘

Section of glomerulus from mouse which received 4 daily
inoculations of CAV impune complexess Suwall electron-
aenge deposits (smail arraws) are presznt in the mesangial
matrix and there is extension of mermangial cytoplasm

(large arrow) into the axial region of a capillaxy

loop, wvhere it hns partially displaced the endothelium.

H = Mezangial cell; E = indothelial cell; IEp = Epithelisl

cells

{Blectron microscopy X 15,000)
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¥ig, 82 (a)ln Section of glomerulus from a mousze which received 5
daily inoculatioqs of CAV immune complexess There
is warked expansion of mesangium (Ji) aud part of the
cytoplasm of a cell, located in the mesangiwa, can
be seen extending into a capillary loop (arrows)o
There ig also fusion of epithelial celld (BEp) foot

processes,

{Elactron wicroscopy X 14,000)

{») (insert)s~ Ain electron dense deposit can be seen in
& sub~endothelial location {Arrow). B = Endothelial

cell.

-

(#1ectron micvoscopy X 6,000)
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Seetion of glomerulus from a mouse which recsived 7 dally
inoeulations of CAV immunes complexezs A large monocyte
(Mon) czn be geén in a canillary loopg there is also
marked expansicn of the adjacent mesangiumn,

M 2z Mesangial cells

{flectron microscopy X 10,000)




164




Fig, 51t~

Section of glomerulus from a mouse which received 5 daily
incoulations of CAV jmmune complexes, showing a

volymorphoruclear leukocyie lodged in a capillary loop.

( Blectron microscopy X 12,000)

Section of glomerulus from s mouse wﬁich received T daily
inoculations of CAV immune complexess There is necrosis
of the glemerular endothelium {arrovs which appears
electron~dense and, in pleces, is partiaily detached {rom

the GBH,

{Electron microscony X 12;060}
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(b) Dogs

Clinicel and Macrosconic Findings
Throughout the course of the experiment,neither inoculated nor

control dogs showed any clinical abnormalities, At necropsy, all

inoculated and control dogs showed a normal macroscopic appeerance.

Histological Pindings

Mild histological changes were found in the glomeruli of all dogs
feceiving 4. or more deoses of complexes, Affected glomeruli showed
expangion of the mesangisl regions accompanied by segmental me;angial
hypercellularity (Tig., 86). In 3 dogs (Wos. 96, 99 and 102), the lesions
were diffuse, affecting all of the glomeruli, whereas in ¥the remaining
animals they were focal in nature, as not ell glomeruli were effected.
The remaining inoculated and control dogs appeared histologically

normel .

lmmgnofluorescencé Findings

The results of immnofluorescence studies are summarised in Table
15, Diffuse granular deposits of Igh were detected in the mesangial
regions of the glomeruli in ell dogs receiving 3 or more doseg of virus
antipen-antibody complexes (Fig, 87). The intensity of fluarescence
varied from one animal to another,although, in general, heavier deposius
vere found in those dogs receiving 5 or more doses of complexes.
Similar gramular deposits of complement were found in the glomeruli of
‘ 6 dogs, all of which received 4 or more doses of complexes, Viral antigen,
however, was not detected in the kidneys of any of the inoculated or

control dogs,




Yltrastructoral. Findings

All dogs receiving 3 or more doses of virms antigen-antibody
complexes showed glomerular ultrastructureal alterations. In general,
these changes were mild, but were most marked in those dogs showing
the most severe histological lesions. There was an increase in mesangial
matrix and mesarglal cells often showed marked cytoplasmic activity in
the form of increased amounts of endoplasmic reticulmm and mitochondria.
Mesangial cytoplasmic processes extended into the axial regions of the
capillary loops end sometimes betwsen the endothelium and the GBM; these
changes resulted in displacement of the endothelium and a redection in
diameter of many capillary loops, Farthermore, in the most severely
affected glomeruli, electron-dense dead ov dying endothelial cells were
found partislly detached from the underlying G (Fig, 88). In most of
the dogs, poorly electron-dense granular depesits were found in
subendothelial locations (Fig, 90); occasional electron dense deposits
were also found. in the mesangial matrix‘(Fig. #9).

The glomeruli of dogs examined after 2 doses of complexes and

contrel. dogs showed no ultrastructural abnormelities,




Tabls 151~ Immunoflucrescence findings in dogs
receiving preformed CAV immune comploexes.

Dog Hoo Number of daily Glomeruld
doses of complexes 1zt C3
n o 2 - -
92 2 - -
93 3 % -
g4 3 + -
95 4 +* -
96 4 4+ +
97 5 + 4 "
98 5 + +
99 6 PR -
100 6 4 Y
101 7 &> -
102 T + ot i v

Yimas protein

'.103 3 - -

104 ‘ 5 - -
105 | 7 - -
106 Uninoculated Contrel - -
107 L oo - | -
108 u " o . -

Degree of fluerescence graded + to it




Tig. 861- Glomerulus from a dog which received 6 daily inoculations
of CAV immune complexes, showing expansion and segmental

hypercellularity of the mesangial regiouns.

(Mallory's borax wethylene blue, 1p X 400)

Meg. 873 I1zG in the glomerulus of a dog which received & daily . inoculatior
of CAY immune complexesi Viffuse granular fluorescence can

ba seen in the mesatigiuwa,

{ Immunofluorescence X 300)
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Figo 881“"

Section of glomerulus from a dog which received 7 daily
inooulations of CAV immune complexess There is marked
megangial expansion; extension of mesangial cytoplasmice
processes (arrows) beneath capillary endotheliym has
resulted in displacemnent of-the latter . The
endothelial nuclei are pyknotic and their cytoplasm
appears electron-dense, An increase in mesangial
cytoplasmic organelles can also be seen. M = Mesangial

¢elly B = indothelial c¢ellgip = Epithelial cell,

(Electron mieroscopy X 1G,000)
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Pig, 891~

Fig. 901~

Section of glomerulus from a dog whicﬂ received 7 daily
inoculations of CAV immune complexes$ An electron dense
leposit {arrows) can be seen in the mesangium,

M = Mesangial cell; B = Endothelial cells Ip =

Fpithelial cell,

(Blectron microscopy X 10,000)

Section of glomerulus from a dog which received 6 daily
inoculations of CAV immune complexsas OSmall poorly
electron dense deposité {arrows) can be secen in a sube
epithelial location, E = Endothelial cell; Ep =

Epithelial) cells

(Electron microscopy X 16,000)
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DISCUSSTON

In the present study, rereated incculation of preformed virus
antigen—antibody’copplexes resulted in proliferative glomerulonephritis
in 37 per cent of inoculated wice, The glomerular changes were similar,
but much less severe than those described in the previous seciion of
this thesis associated with experimentelly induced CAV infeection in
dogs.

. By means of immunofluorescence, deposits of canine Igl were
demonstrated in the glomeruli of oll mice receiving 3 or more'aaily
doses of complexes, As was the cese with CAV infectod dogs, the immure
deposits were meinly coniined ic the mesanglel regions of the glomeruli,
e distribution which is considered cheraciteristic of the deposition of
relatively large poorly soluble complexes {CGermuth snd Rodrigves, 1973) .
Deposits of viral antigen and complement were also deledted from the

3rd day onwards but were present in smaller amounts and were not found
in all mice., Failure to detect viral antigen in some mice in which
canine IgG was demonstrated, is probably relsied to variation between
individusl mice in the zmounts of complexes deposited in the glomervli.
Because many of the entigenie sites in the deposited complexes are
covered by anvikody,it is likely that antigen will mot be detectable
when only small emcunts of complexes are deposited in the glomeruli,
This would account for the finding that those mice which showed the most
severe glomerular histological changes had the heaviest deposits of wviral
antipen, as assessed by immrofluorescence,

Under the electron microscope,numerons small electron-dense deposits
were found in the wesengial regions of the glomeruli srd these were
accompenied by exparsion of matrix and sn incresse in number of mesangial

cells, In the most severely affected mice, polymorphonuclear 2nd mono-



miclear levkocytes weré also found lodged in the capillary loops and
less frequently in the mesangivm, Similzr glomerular lesions were
described by Okumura et al., (1971) din mice receiving preformed
bovire serum albumen immune complexes, although, in the latter experiment,
inocvlated mice showed more severe glomerular changes with heavier
infiltrates of polymorphonuclear and monomiclear leukocytes.

As heterologous sntigens (i.e, CAV protein and canine derived
anti-CAV antibody) were used in the inoculation of the present series
of mice, it might have been expecied that the host wonld respond by
producing an immmological response against these antigens, Imrmno-
flucrescence studies, however, failed to detect mouse IgG in the glomeruli
of any of the inoculated animels.
| Dogs inoculated with preformed virus antigen-antibody complexes
developed much less severe glomerular changss than were observed in
mice, Although all dogs receiving 3 or more daily doses of complexes
consistently shoued dJdiffuse mesangial deposits of Igl-an the glomeruli,
it was not possible to &emonstra;e viral antigen. Diffuse histologicel
changes consisting of mild sxpavsion of mesangial matriz and sepgmental
hypercéellulerity, were found in only 3 dogs._ By means of electron
microscopy, isolated electron derse deposits were found in the mesangium
and poorly &é.ectron-dense deposits were sometimes.found in subendothelial
sites, Fsilure to produce severe glomerular changes in dogs was almost
certainly dve to insufficient glomerulsr deposition of complexes, which
would also account for the inability to demonstrate virsi sntigen by
immunofluorescence, This might have been expected, since, on a volume
per body weight besis, the doses of complexes which the dogs received
were much smaller than those administered to wice., However, other
factors,sgch as the degree of antigen excess and thus the golubility of
the complexes and the time intervals between consecutive doses,probably

.also influenced the quantities of complexes deposited in the glomeruli,
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INTRODUCTION

The experimental studies described in the previ@us sections of
this thosis have demonstrated that CAV may induce renal damage in a
nunber of different ways. Dﬁring acute systemic infection, glomerular
lesions are attributable o both direct lytic and immune complex mediated
.mechanismS, vhile recovered animals may develop an immunclogically
nediated focal interstitial nephritis as a sequel to pergistence of
virus in the renal twbules,

Infection of glomerular cells during naturally occurring a&ute
systemic CAV infection has been recognised since Rubarth's initial
description of the disease in 1947; similarly, it is well established
that dopgs recovering from infection may develop focal interstitial
nephritis (Hartley, 15583 Wright, 1967b). However, immune coﬁplex
mediated glomerular lesions have not been recorded in association with
naturally occurring CAV infection, Over the course of the last year of
this study,a small survey of natural cases of CAV infection was carried
out, in order to compare the renal lesions occurring ir naturslly
infected dogs with those which developed during experimental infection.
In this section, an accourt is given of the histologicel, immunofluorescence
and ultragtruciursl findinrgs in the kidneys of 10 dogs which either

died or were in various stages of recovery from acute CAV infection,
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MATERTALS AND METHODS

Animals
The 10 dogs were all referred for clinical examination to the
Pepartment of Veterinary Medicine, University of Glasgow and subseguently
isd or were destroyed by intravenous injection of pentsbharbitone
sodium, Eight of these dogs were not vaceinated against CAV,while the
vaccination history of the remaining 2 animals (Nos. 1 and 4} was

wnknown. The age, breed and sex of the dogs are given in Table 16,

fenal Biopsy Procedure

A renal biopsy was performed on Case Nos. 7 and 8, 2 days afler
the onset of clinicsl illress, The procedure was carried out according
to & method described by Osborne et al., (1967), Under genersl
anaesthesia induced by sodium thiopentone ("Intravel!, May and Baker
Ltd., Dagenhum),» small area of skin on the upper left flank was shaved
and prevared fbf surgery, While the left kidney was immobilised by
abdominal palpation, a smell incision wae made in the skin and a
disﬁosable reﬁal biopsy needle (2N-27-02, Travenol. Laboratories Inc,,
Deerfield, Illinois) was inserted through the abdominal skin and into
the kidney. The piece of renal tissue thus obtained wes divided into
2 portions and exemined histologically and by immunofluorescence in the

same manner a8 described for necropsy material,

Histological Immunofluorescence end Ultragtructural Procedures

A3l dogs were subjected to a comprehensive macroscopic and
kistopathclogical examinstion ss soon as possible after desth, With the
the exception of 3 dogs which died, pieces of kidney were subjected to
ultrastructural examination as descrdbed in the section on ™materials
and methods", Kidney tissug {rom all dogs was examined by immno-

fluorescence for the presence of IgG, BIC globulin (€3) end CAV sntigen.
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In addition, the kidneys of 2 dogs (Nos, 7 and 10), 3in which there was
extensive interstitial infilirates containing plasme cells, were
examined by the indirect Ysandwich!" fluorescence test in order to

determine whether or not the plasma cells contained anti-CAV antibody.

Biochemistry

Where possible, blood and urine samples were obtained at necropey.
Urine was exemined for the presence of protein by the turbidomeiric method
‘using standard sulphosalicylic acid and blood urea nitrogen levels were

measured by the Standard Technicon AAIZI-1 method,

Blutian Procedures
Kidney tissue from 6 dogs was subjected to elution procedures

as described in the section on "materials and methodg",

Serclomy
Anti-CAV entibody levels in serum gsamples and renal eluates were

estimated using the indirect immunofluorescence technique,
RESULTS

Clinicz)l Histoxyy and Macroscopic Findings
Case No, 1: This was a 3 yesr old Cairn terrier which died 35 hours
after developing an illneses characterised by progressive depression,
anorexia, shivering and eventnaily recumbancy, A more d.é'tailed
examination showed pallor and mild jesundice of the macous meuwbranes,
petechiation of the gums and moderate enlargement of the superficial
lymph nodes,

At necropsy, the carcuse was jaundiced and there were petechial
haemorrhages or the gams and ventral surface of the tongué. Oth;er
findings were characteristic of acute gystemic CAV infection i.e. the

presence of an enlarged pale mottled liwver, cedema of the wall of the



Toble 16t 4ge, breed and ser of naturally -
eccurring sases of G4V infectione

Dog  Nos Age Broaed Sex
1 3 years Cairn terrier B
2 % months Collie crogs B
3 & months Alsatian M
4 5 nonthe Papillon i
5 & months Poxhound P
5 4] 13 I,!
7 ¢ . H
8 i " 1
9 2] L] 4

10 Shetlsnd epllie M

5 monthas




pall bladder, widespread enlarged haemorrhagic lymph nodes and peitachial
nzemorrhagea in the thymas, In addition, however, there were multiple
small haewmorrhazes om the surfaces of both kidneys (Fig., 91); these

haemorrnages were present throughout the kidney substance,

Case No, 2: This wus a 3 month old Collie cross dog which was presented
with depression, fever (105°P) and anorexia,., Over the next 4 days, ths
dog beceme progressively more depressed, dehydrated and reluctant to
move, There was enlargement of all superfilcial lymph nodes and,

on abdominal palpation, the animal shouwed considerable discemfort, Mild
jerndice of the micous neuwbranes was apparent on the Atﬁ dey,at which

time, since Uhe dog had become recumbeni, euthanasia was carried out.

Cage No, 3: This was an 8 month Alsatian which developed clinjcal
illness characterised by depression, anorexiz and moderate enlargenent
of superficial lymph nodes, By the 4th day, there wes little change
except thet jaundice had developed; howévcr, 2 deys leter the animal
was glightly brighter and its appetite wes retorning, although Jaundice
was stil]l apparent. On the 8th day following the onset of c¢linical
illness the dog was presenfed for euthanasia.

At necroysy, there was moderstely severe jaurdice, although the
liver appecred relalively normel. The only ouher notable featare was

the presence of several focal haemorrhazes in both kidneys.

Case lo. 4: This was a 5 month old Pzpillon which developed anorexia,
depression and mild jsundice. ther 3 dzys, the dog showed sone
improverent and corneal opscity developed in the right eye. Subseguently,
however, the animal's condition deteriorazted end it hegan to show vague
signs of en alimentary disturbarce, ramely anorexia, merked discomfort

on abdominal pelpation end occasioral vomiting, Death oceurred 12 days

alter the onset of clinieul sigus,
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At necropsy, & segment of distal ileum, fcm in length, was Found
to be infarcted due o the prescence of a thrombus in the adjscent
mesenteric vessel. Petechial hoemorrbages were Jound in the kidneys,
though they were not so numerous as in'Case Vo, 1., The oniy additioneal

finding was diffuse corrneal opacity of the right eys.

Case Nos, 5-9: This was a litter of % month old unveccinatled Foxhourd
puppies, Cese Ne. 5 died following a severe scute iliness lasting

'36 hours., DTuring this period,the animal showed progressive dullness end
inappetance and jaundice became apparent in the terminal atagéé. There
vwas enlargement of superficial lywph nodes, petechiation of lips, gums
and wilvs and purplish discoloration of the abdominal slkin, Terminally,
the animel became redumbant, the heart rate was warkedly incressed and
the pulse became progressively weaker.

A% necropsy; the cercase was jaundiced; there was purplish
discoloretion of the abdomiral skin and petechial haemorrhages were
found on the lips and gums and in the wulval and vaginal mucosae.
Haemorrhages, similar to those seen in Case No. 1, were present in both
kidneys, Other findings were chsrscteristic of acute systemic CAV
infection (vide supra).

. Subsequently, the remaining 4 dogs in the litter developed a mild
illness characterised by lethargy, pyrexia (103“104?0) and varying
degrees of superficisal lymph node enlargement, Submandibular and
brisket ocedems was pfesent in Case No, 6, Twuo deys later, 211 4
animals were showing marked clinical improvement; at this stege, unilaterel
cornesl opacity developed in 2 dogs (Nes, 6 and 7)., Noedle beopsy
specimens were obtained from the kidney of 2 of these animals, 2 days
after the onset of clirical iliness. The 4 dogs were then killed at
varying intervals following clinical recovery,

At the necropsy of Case Ko, & occasional small white foci of
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interstitial nephritis were found in the renal cortices, In addition,
there was diffuse corneal opgcity of the right eye. Case Mo, 7 showed
more severe focal intarStiﬁial nephrdtis with multiple small white foci
1-2mm in ﬁiameter‘soattered throughout the cortex and medulla of both
kidneys; on cul section, theas focl were often seen as narcov white
gtreaks extending across the corilical width. In addition, the leflk
eye showed diffuse corneal opacity. Case Neos, 8 and 9 showed ne

macroscopic abnormslities,

Casé Mo, 10: This was & 5 month old Shetland collie which developed
a mild transient illness characterissed by anorexia and depression,
After 3 days, the dogdshowed marked clinical improvement and at this
stage,unilateral corneal opacity developed., Seventzen deys alter the
onset of ¢linmical jllness, ﬁae.dog was presented for euthanasia, Ab
the time of death, the only apparent clinicsl abnormality was slight
corneal opacity of the 1dght eye,

At necropsy, apart from slight unilateral corneal opacity,
macroscopic abnormalities were cofined to the kidneys which showed a
focal interstitisl nephritie, The surfaces of both kidneys were
studded with pumercus small white foei T-3mm in diameter (Fig 92). On
cut section, many of these foeci eppenred as pale streaks erxtending into
the cdeep cortex; similar srull focl of interstitial nephritis were

found in the medulla,

Histolopical Findings

In 3 doQS;(Nos, 1, 2 and 5) the histological picture was
characizristic of acute CAV infection, There was focal hepatic necrosis,
haeworrhagic lymphederitis and, in the kidneys, numerous inclusions were
found in glomerular erdotheliel ard mesengial cells, The glomerular

cells wera also swollen, there was wessngial hypercellulerity, and many




glomeruld showed an increased conlent of polymorphonuclear leukocyies
(Fig. 93). In addition, 2 of these dogs (Nos, 1 and 5) showed
occasional hasmorrhage into the filiration spaces and scatiered foci
of tubular ard interstitisl haemorrhage.

Apart from unilateral anterior uveitis in 4 animals and necrosis
of a segment of bowel in Case No, 4, histological abnormalitics were
confired to the kidrneys in the remeining 7 dogs, In 4 of these
animals, (Hos 3, 4, 6 ord 9) there wos mesangial expsnsion snd segmental
hypercellularity affecting some, but not all glomeruli {(Figs. 94 and
95), In addition, ccecasional inclusions were found in mesengisl cellg
in Case Fo, 3; this snimal also showed a few scatisred foci of ‘wbular
haemorrhage.

Foci of dnterstitial nephritis were found in 5 dogs, in 3 of
these animals (Mos. 1, 4 end 6), only a fevw small focal accumulations
off cells consisting of Lymphocytes, macrophages end plasme cells were
found, However, in the remaining 2 dcgé (Yos, 7 and 10), numerous large
foel of interstitial cellmlar infiltration were found in beth cortex
and medulla, In boih animalg, inclusions wers frequently encountered
in tubular epithelial cells end sometimes in cells lying free in
tubular Jumina vithin the cortical and medullery foeci (Fig, 96). The
cortiCai cellular infiltrates, vhich shoved a bigh rate of mitobic
activity, consisled mainly of lymphocytes, large monoruclear cells and
plasma cells, Necrotic tubules were found within the lesious; thesa
some times contained inclusions and were ofien surrounded by accumulations
of macrophages and polymorptionuclear leukoceytes, Other intact tubules
showed cytoplasmic swelling and vacuolation end often contained necrotic
cellular debris, among which lymphocytes and pelymorphomiclear levkocytes
vere sometimes found (Fig. 92). In comparison with lesions found in
tﬁﬁ cortex, those in the medulla contaired many more neccrotic tubules

and these wera charscteristically surrounded by polymorphoruclear
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lenkocytes and large numbere of macrophages, with only a few Llympheeytes
and plasma cells (Fig. 97). A nutable feature of some of the cortical
and medullary foci in both of these dogs, was the presence of multi~
nuclested giant cells whiéh were particularly numercus in Case No, 10
(Fig, 99). Evidence of carly ipterstitial fibrosis was present in

Case Ko, 10, particularly eround the margins of the larger cellular
foci where an increase in the number of interstitial fibroblasts wea

apparent,

-

Immunofluorescence Findings

The results of the immeunofluorescence studies ere summarised in
Table 17, CGranuler deposite of I1gG were detected in the nesangisl
regions of he glomeruli in 7 doga (Nos. 1-7), In 6 of these animals,
the deposits wore found diffusely in all the glomeruli. whereas, in one
dog (Ho. 7), many contsined only segmental deposits (Figs. 100 and 101),
The glomeruli of ﬁhe remaining 3 dogs, which were examined at 17, 35 and
49 days, contained no specific deposits of IgG. Flsewhere in the kidney,
groups of fluoreseing plasme cells were 1vurd in 5 dogs (Mig. 105). In
2 of these animals (Nos, 1 and 4), they were restricted %o a few isoiated
swall foed, found wainly in the mednuldla; the remaining 3 dogs (Mos. 6,

7 and 10) showed larger accmmilations of specific IgG fluorssecing
plasma cells mainly in the cortex,

Géﬁploment (C3) ﬁas detected as diffuse fire granular mesangisl
staining in the glomeruli of /4 dogs (Nes. 1-4) (Fig, 102).

¥When steined for the presence of CAV antigen, discrete fluorescing
virus-infected cells were detected in the majority of glomeruli and in
the endothelium of inlerstitial capillaries in the kidneys of 3 dogs
(Nog, 1, 2 and 5), A third animal (Mo, 3) showed only oc;asional
flvoreseing glemervlar cells., TIn addition, however, in Case HNos., 1-35,

fine granular deposiits of CAV antigen were found in the mesengial regions
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of a1l glomeruli, in & similar pattern to that observed for IgG

(Fig. 103). Virus antigen was not detected in the glomeruli of the
remaining 5 dogs, Toci of fluorescing twbular epithelial cells were
detected in both'coftex and medulla in 5 dogs (Nos, 1, 4, 6, 7 and 10)
and these were particularly numerous in Cases Nos. 7 and 10 (Fig. 104) .
CAV entigen was alsgo found in large amounts in the liver of Case los, 1;
2 and 4,

Renal biopsy material from Cese Nos, 7 and 8 examined by immuno-
%luorescence,each contained 2 glomerull. In both arimale, the glemeruli
confained diffuse granular deposits of IgG but wers negative for the
presence aof CAV antigen and complement,

Kidney sections from Case Nos, 7 and 10, which were stained by
the irdirect immurnofinorescence test, contained foci of fluorescing

plasma cells indicating the presence of anti-CAV entibody (Fig. 106).

Ultrastructural Findings

Of the 7 dogs whose kidneys were examined by electron nmicroscopy,
2 (Nos, 2 and 3) showed diffuse glomerular ulirastructiural changss. In
bath animals numerous electron dense deposits were found scattered
throughout the mesangial regions of the glomeruli, This, together with
an increase in matrix and segmental hypercellulariity, resulied in
expansion of mesangial regions which impinged on endothelisl cells and
caused.partial éollapse of many of the capillary loops. Meny mesengial
cells showed phagoeytic activity and their cytoplasm often contained
electron dense gramiles and increased amounts of endoplasmic reticulunm
(Fig. 107). Glomerular endothclizl and epithelial cells were swollen
and vacuolated snd, in the case of epithelial cells, this often resulted.
in areas of fusion of the foot processes, In Case Ko, 2; whichk showed
the most severe ultrastructgral changes, moderate numbers of poly-

morphonuclear leukocytes and lerge monocytes were also found lodged in
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the glomerulsar caﬁillary loors, In this animal, virus particles were
found in the nﬁclei of mesangiel cells (Pig, 108) which were sometimes
disrupted with releass of virus into the surrounding mesangial matrix,
Small clumps of virus particles were also occasionally observed in
membrane-bound vesicles in the cytoplasm of otherwise uninfected
mesargial cells,

less severe charges were found in the glomeruli of a further
2 dogs (Wos. 6 and 7). In these animals, thore was mild exmpansion
of mesangial matrix, occasionally accompanied by grarmular electron dense
deposits (Fig{ 109). In Case Mo, 6, this was also, in some areas,
associated with an increase in mesangial cells, In both animels, electron-
dense, vacuolated, dying endothelial cells were found (Pig, 110); these
cells were sometives partially detached from the GHM and were being
replaced by adjacent healihy endothelial cells,

Glomeruli exemined from the remaining 3 dogs (Nos. £, @ and 10)
showed a normel vlitrastructural eppesrance,

Foci of interstitial nephritis were located in both cortex and
medulla in 2 dogs (Nos, 7 and 10). In these animals,corticsl. lesions
vere composcd of lymphocytes, plasma cells, macrophages and large
monocytes end meny mitotic configurations were observed (Fig. 111).
Medullary infilirates contained large numbers of macrophages, sccompanied
bty focal accumlations of polymorphomuiclear leulkipcytes and only a few
1ymphocytes and plasma cells (Tig. 112). Necrotic tubules were found
nore frequently in the medulla and were usuazlly surrounded by a heavy
infiltrate of mzcrophages and polymorphom:iclear leukocyies, In both
cortex and medulla; intzet twbules found within the infiltrates showed
evidence of degenerative chanpes consisting of eytoplasmic swelling
and vacuolztion and marked mitochondrial swelling,” Occasionally, virus

infected tubular epitheliul cells were observed in these tubules; however,
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virug particles were more often present in twbular lumins vhere they
vere found lying among.degenerating infected cells and necrotic
cellular debris (Fig, 113). In such tabules, lymphocytes and poly-
morphoruclear leukocyles were cften cbserved migrating through the
epithelium and lying among the necrotic cellular debris in the lumen,
Virus particles were also cccasionally found within intact or degevnerating
cells lying in the interstitium, Early fibroblast activity was noted,
particulerly around the margins of the interstitial foci, where

increased numbers of fibroblssts and early collagen deposits were fourd,

Biochemical Findinss

The resvltls of urine protein and bleod uress nitrogen estimations
ere present.d in Table 17, The 5 dogy, in which diffuse'granular
deposits of Igd and wvirel antlgen were defecied in the glomeruli by

“lvmunoflvorescence, &1l showed significently elevated levels of protein
“in the urine (i.c. »50mg/ 100ml), ranging from 77 to 276émg/100ml, Owly

one dog (¥o. 5) showed a sigrificantly elevated level of blood urea

nitrogen,

Serclogicel Pindines

The results of anti-CAV antibody estimations on serum snd renel
elustes sre summarised in Teble 17. OF the 5 dogs from which serum
was obtwined, 2 showed rising titres of antibedy to CAV in paired serum
samples and all 5 aniunals had titres of 256 or ﬁore whan they vere killed;
these were all dogs which h&d.shown clinicel recovery. Low levels of
anti-CAV antiboedy were detectied in all 5 kidney eluates, In one of
these dogs, deposits of immnoglobulin were not found in the glomeruli

and the eiuvted zntibody was thereflore, presumably, derived from

interstitial plesma cells,
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Pabla 182 Naturally occurring GAV infectiont
Biopchemical and Serolegical findingsac

Antil-CAY Trine Blood YUres
: Time exanined Auntibody o ¥rotein Nitrogen
Dog Koe after clinical Seran fMunbe me/100=)  mE/100ml
onsst |
1 %0 hours (D) ¥ 2 77 ND
2 4 days - . g4, 18
3 8 days ND 2 162 3%
4 12 days (D) ND 2 _ 102 b
5 %6 hours (D) D WD 276 83
6 7 days 256 NG ¢ 49
7 2 days® 4
21 days ht2 1 0 28
8 2 dayat 16
3% dsys 512 HD 7 2%
9 49 daye 52 NI g 18
10 17 days 512 8 T%2 3T
D = Dled

¥ ;a2 Renal biopsy

ND = Not done




¥ig, 913~ Kidney from Case No, 1, showing multiple petachial

haemorrhages.

Tig, 923 Kidney from Casc Ho, 10, zhowing mualtiple small white foci

of intergstitial nephritis.
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Mig, 93i~ Glomerulus from Case KEs 12 The glowmerular cells are
gwollen and thexre is an increase in meoangial cellularity
resulting in occlusion of capillary loops. Several

intranuelear inclusion bodies can also be seen,

(HE X 400)
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Fig, 941- Glomerulus from Case o, 3, showing expansion and segmental

nyperceliularvity of mesangisl regions,

(#4 X 400)

Pigs. 953 Another glomerlus from Case Fo, 3 shows & normal

histological appearance.

{(H& X 400)
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Fig, 963~ CAYV intersiitisl nephritie in Case Wo, 71 Within this

Figoe 97t~

portical focus, intranuclear inclusion bodies (arrows)

can be seen in tubular zpithelial cells,

(HB % 300)

CAV interstitisl nephritis in Case Ho. 10t A Ttransverse
gection of medullary tutules showe the remains of a
necrotic tubnle surrounded by large numbers of macrophages

and a few polymorphonuelcear lenkocytes,
' (Be X 450)
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Pig, 9831~ CAV interstitial nephritis in Case No 10% The celliular
infiltrate is composed of a mixture of lymphooytes,

plusma cells and macrophages.

Mg, 991~ CaV intsrstiiial nephritis in Case No 10t This cellular

{nens condains numerous multinucleated giant cells.

{HE X 200)
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Pige 100t~ IgG in a glomerulus from Case No, 1% Diffuse granvlar

fluorescence can be seen in the mesangial regions.

(Twmunofluorescence X 400)

Figs 1013~ TgG in a glomeruiuns of Case Wo, T3 CUoarse granilar

Lfluorescence is confinad to scgments of tha glomerulusg,.

(Tmmunotiuorescence X 400)
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Fige 1023~ CGoumplement in a glomerulus from Csse No, 2+ Diffuss

gramlar fluorescence can be sesn in the mesanglal

regions,

{ Immurofliuorescence X 400)

CAY antigen in a glomerulus from Case o, 23 Fine
granjular fluoraescence is present in the nmesangial regionss

a discrete fluorescing cell con alsc be seen,

( TmmunoT luorescence X 400)
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Tige 104t~ Eection of kidney from Case No. 7 stained for CAV antigent
Svecific entigen fluoremcence can be seen in tubular

epithelial cells,

(Immunofluorescence X 400)
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Fig, 1053~ CAV interstitial nephritis, Case No. 10! The cellular

infiltrate contains numerous Igé staining plasma cells,

(Immunofluorescence X 250)

Pig, 106i~ CAV interstitial nephritis, case No, 105 A section of
¥idney stained by the indirect imnmunofluoresscence test
For anti-CAY antibody shows 2 small group of fluorescing

pasma ¢ellse

{ fmmuroTluorescence X 400)
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Pig, 1073~ Section of glomerulus from Caze No. 23 Irregular électrony
dense deposits (large arrows) are pregent in the
mosangium; a mesangisl cell (M) can be seen containing
numerous large eleciron~denss granules. There is also
extensive fusion {small arrows) of the epithelial cell )

(Bp) foot processes,

{Hectron nicroscopy X 50,000)

Fig., 1083~ Section of glomerulus from Case No. 2% Virus particles
can be geen in the mucleus of a mesangial gell (M); small
alectron--dense deposits (arrows) are also present in the ~

garrounding mnesangilal matrix. #p = Epilthelial cell,

(7leetron microscopy % 15,000)
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Fig, 1091 Ssction of glomerulus from Case No. 62 Plectron-dense
deposits (*} can be seen in the mesangial matrix,.

M = lMesangial cell,

{ Bl ectron microscopy X 15?0003
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'ige 1104= Section of glomsrulus frow (ase Noo. 63 The glomerular
endothelium (arz'owz) appears shrunken, eleciron-dense

and vacuolated, I = Mesangisl cell,

{Elecivon microscopy % 10,000}
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Pig. 111 {a)t~ CAY interstitial nephritis, Case Mo, 10: A section
of coriical cellular infiltrete shows & mixture of-

lyuphocytes (L) and plasmablast (P},
(Electron wicroscovy X 6,000)
(b) (Inset)s~ A lymphocyte from the same lesion can be
sean undergoing mitotis,

(Electron microscony X 6,C00)
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Fig, 112:~ CAY dinterstitial wophrits, Case No. 102 Seciion of
medullary cellular infiltrate, showing avuwercus active
macropahga:s {M2). A polymorphonuclear Leukocyte (Pm)

can alss be seeng

(Mectron microscopy)
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Mg, 113 (a) 1= €AV interstitial naghritie, Case No. 103 Section
of medullary tubule comvaining a lywphocyte (L)
and a degenerating virus~infected cell (V) lying

ampong necretic cellular dsbrig, T# = Tubular Spithelium.

(&lectron microscopy X 6,000)

(b) (Insert) Purt of the nucleus of an infecied cell found

in the lumen of the samo tubule, showing virus particles

encaping through the nuclear membrans {arcov),

(Blectron microscopy X 16,000)

4 peeia
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DISCUSSION 208

The renge of renal leslons found in the present series of dogs
closely reapmbled that observed in dogs exparimentally infected with
CAV, as descyibed in sections I snd I4I. Tn those snimsls which died
during the systemic phase, direct infectiorn of gleomerular cells resulted
in lybtic cellular damage., Widespread foci of inlerstitial nephritis
ware elso found in 2 of the clinicaily recovered dogs. In these animsls,
the cellular infiltrates, particularly in the cortex, contsiped large
numbers of lymphtiocytss and plasma cells and, by means of an indirect

immunofluorescence'taSu, local enti~CAV antibody production was demonstrated
in the plasma cells, In other sites, ﬁowever, the linding of large
populations of macropinages and relatively few plasma cells sgvrrounding
infected tubules, was suggesbive of a cell mediated hypersensifivity
reaction, In addition to the above lesions, a number of dogs showed
-gvidence of immune complex medisted glomerular disease, Gramilar deposiis
of immunoglobulin, viral antigen and complement were found in the mesangial
regiong of the glomeruli and this was associsted with varying degrees

of mesangis) expansion and cellular proliferation and elevated levels

of proteiruria., Thesa findings,along with the detection of anti-CAV
antibody in renal eluates, are in agreement with the results obtainsd

in experimentsl studies (see Section 111} and establish that the

glomervlar changes oare mediated by the deposition of viras antigen~
antibody complexen, CAV ds, therefors, the first wviral antigen, indeed
anfigen off any kind, which hes been shown to be irvolvsd in immune conplex
medizted glomerular disesmse in the dog, Horeover, the firding of less
severe histoiogiu{] changes and a gradusl Cacvéase in the glomeruiar
deposits of IgG in those ariumals exawnired at 7, 21 and 37 days afier
cliniesl illness, suggests that the glomerular lesion is itransient end

unlikaly to lead to progressive rensl failura,
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The results of the present study indicate that there zre 3 major
mechenisus by which CAV mey inflict renal injury (see Table 19):-

1. During systemic infection, the virus replicates in glomerulaxr
endothelial and mesangial cells vesulting in cellular desruption and
‘releage of GIM antigens into the uvrine,

2 Infected dops, vhich survive until the stage when antibody
produc tion commences, =lso develop a proliferative glomervlonephritis,
Lvidence wag provided that this developed as 2 result of deposition of
circulating wvizus sntigen~sntibody complexes. In response to these
deposits, there was proliferation of mesangial cells and expansion of
mesangial matrix resulting in marked swelling of the glomerulsr tufts
and occlusion of cavillary loops,. These changes were exacerbated by
infiltration of @olymorphonculear Jeukocytes into the tufts, an event
vhich was probably related to fixation of complement by deposited
complexes, At this stage, scatiered foci of proximal tubular necrosis
wvers also found; these did not appear to be associated with direct
virus infection but were considered to have developed secondary 4o
glomerular iachaémia,

.Following recovery from systemic infection, the glomerular lesions
sppear to resolve. Since virus arntigen is ropidly cleared from the
circulation, immune complexes are no Longer formed and the Suune
deposits which are already present in the glomemli are gradually
rengved by wesangial cells, Thus, it would appear that, although CAV
is capsble of dnducing a relatively ssverc glomervlonevhritis accorﬁparﬁ.ed
by proteinuris end hacomburia, because of ths {ransient natire of the
lesion, it is unlikely to give rise Yo vrogressive renal failure. It
is, however, probeble that, in some cases, fceal irnterstitial Tibrosis

will) reault from resalution of recrotic tuhular foci,



3. In addition to the glomervlar lesions deseribad sbhovs, B
percentage of dops which recover from systemic infection develop focal
dntereditial nephritis as a gequel to persistence of virvus in tubvlar
epitheliun, JTu adddition o tebular necrosis produced by direcet lysis
of infected cells, tissue damage also undouhtedly vesults from the
infiliration of celle into the surrounding interstitivm, That the
presence of thess cells appeurs W represent an imrunological xesponse

to the virus, was suprorted by the demonstration of anti~virel antibody

produetion Ty plasta cells within the lesions. HRowever,other morphologic

features of the lesiong suggest that cell mediated hyversensitivity
reactions way slsc be involved; this is one aspect of the disease which
requires further investdgation, Once virus is successfully elimirated
Trom the kidney,the interstitial lesions resolve by fibrosis., Although,
in most cases, this is of no functional significance, it may be that in
& few irndivicduals the resultant scarring is sufficiently severe to

resul® in renal failuvre; this, however, has yet to be confirmed.
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Table 19 :— THE RELATIONSHIP BETWEEN CAYV INFECTION
AND RENAL DISEASE

LYTIC N
§ CLOMERULAR |}
&  DAMAGE -'

INTERSTITIAL
CAFILLARIES

CIRCULATING VIRUS
v ANTIGEN~ANTIODY
COMPLEXES > 5 DAYS

YIRUS
SHED IN
RINE ) COMPLEMENT RFIXATION

Wy, ™ ATTRACTION OF FOL YMORPHS
IMMUNE Y

f COMPLEX %
§ GLOMERULO- 8

NEFHRITIS §

ISCHAEMIA .
TUBULAR

VIRUS IN
EPITHELIIM
> 8 DAYS RESOLUTION WHEN
VIRUS CLEARED
FROM CIRCULATION
INTERSTITIAL
FIBROSIS?

TUBULAR Yy =
NECROSIS §
INTERSTITIAL
NEPHRITIS

PLASMA CELLS === PRODUCTION OF

INTERSTITIAL : ANTIVIRAL ANTIBODY
FIBROSIS
LEMERMOGERES CELL MEDIATED
HYPERSENSITIVITY

_ REACTION
MACROPHAGES
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CANINE_ADENQVIRUS, N/ PHROPATHY

by

¥William Ivan Morrison

SUMNMARY

The purposa of the present investigation was to carry out a detailed
histological, immunoflucrescence and ultrastructural study of the renal lesicns
which occur during canine adenovirus (CAV) infection, A4n attempt was made to
define the mechanisms by which the virus inflicts renal injury and in particular,
to determine the role of the immune response in the development of renal lesions.

It was shown that 3 pain mechaniams of renal damage cccurred in both
experimentally induced and naturally ocenrring CAV infections

1. During acute systemic infection, replicatien of virug in glomerular
endothial and mesangial cells was shown to result in lytie cellular damage
and releage of glomerular bésement membrane antigens into the urine

2. In dogs which survived to the stage when antim§iral antibody first
appeared, there was also deposition of immune complexes in the glomexuli which
resulted in a prolifergtive glomeruloneph»itis. Results of immunofluorescence
and. elution studies indicated tha. the deposited complexes were coumposed of
viral antigen and anti-virul antibeody. Furthermore, repeated inopuléﬁionﬁof

mice and degs with virus antigen-antibody complexes prepared in ¥itro, resulted

in similar but less severe glomerular lesions, iIn dogs recovering from systemic
infection, there was a gradﬁal redvetion in saverity of glomerulonephritis, At
this stage, due to eliwination of virus antisen, immune complexes were no longer
present in the circulation and there was removal by mesangial cells of immune
deposits already present in the glomeruli.

%, However, although the glomerular lesions appeared te rTesolve, a

percentage of dogs recovering from systemic infection developed focal interstitisl

G




nephritis in response to persistence of virué in tubular epithelium. As evidence
that the interstiftial cellular infiltrate represented an immunologicﬁl response
to the virus, anti-viral antibody production was demonstrated in plasma cells
found within the lesions, However, the morphological appearance of the lesions,
which often contained large numbers of active maerophages surrounding virus-
infected  tubules, suggested that cell mediated hypersensitivity reactions may

also be involved.




