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ABSTRACT 

Renal diseases in sheep form a di verse spectrum of pathology and 

an extensive literature revievr of spontaneously occurring and e':peri­

mentally induced diseases of the 3hecp �Kidney is presented in Chapter l 

of this the sis to provide a compa ris on vri th the lesions found in a 

survey of kidneys jn slaughter-house �illed sheep. The p resentation 

of results of this survey form the major part of this thesis and 

provides information on these diseases relative to large populations of 

sheep uhich is only sparsely reported elsevrhere. The abnormal kidneys 

under study were obtained from 444- of 13,988 sheep slaughtered over a 

consecutive five day period at the Borth-v;ick' s freez ing \lOrks, Longburr1 
in January 1980. The prevalen ce of renal disease vras 3 . 18 :per cen� and 

no significant variation ( p ( 0. 05) in the prevalence of lesions ";as 

found beh1eE:n the various lines, chains and daily totals of sheep ex&11ined. 

From these sheep a total of 830 dise11sed kidneys l•rere founrl ancl these 

vrere categor ized into seven groups according to the major pathologic&.l 

lesion in each. In some kidneys addi b onB-1 minor lesions vrere present, 

making a total of 1212 macroscopic lesions identified. 

White spots and strealr...s conGti tuted the major gross p8.thological 

finding in 188 kidneys; pale, red and brovm discolouration in 174, 120 

and 179 respectively; scars in 107; cysts in 37 and nodules in 25 kidneys. 

Abscesses, neoplasms and focal space occupying lesions of uncertain 

aetiology 1.vere included under the category of nodule. 

Pieces of tissue selected from 181 kidneys to represent the vario·LtS 

lesions seen at gross examination were examined histologically. These 

were identified, recorded and graded according to the anatomical location, 

pattern of distribution, tissue changes and degree of severity. 

The main histopathological feature of the white spotted kidneys vras 
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chronic, mainly multifocal inflammation of the cortical interstitium. 

Similar but radially disposed inflammatory lesions with marked fibrosis 

occurred in the scarred kidneys . The pattern of these lesions suggested 

a haematogenous di::;tribution of a pathogen in the spotted kidney.s vJhile 

the scarred kidneys were probably the result of ascending inflammation 

or infarctive processes. 

Kidneys vli th pale discoloura tion showed mild to moderately severe 

nephrosis of the cortical epithelial cells� while kidneys vli th brovm 

discolouration shovred corticotubular intracytoplasmic and intralumenal 

haemosiderin deposition . In some kidneys haemosiderosis wa::: restricted 

to areas of scarring. Red discoloured kidneys shm·red patchy or diffuse 

congestion. 

Cystic lesions were either parasitic or the result of urinary 

retention caused by blockage of tubules . In the latter, tha block�ge 

,._,.as either congenital or associated with chronic inflammation. 

With the exception of nephrosis and conges-tion all the lesions 

were chronic in nature and for most of them a definitive aetiological 

diagnosis vras not established. In fact, in only those lesions containing 

Echinococcus granulosus hydatid cysts could such a diagnosis be made. 

Additional studies are indicated for the provision of further 

information on ( a ) the prevalence of renal diseases in different 

gevgraphical locations, ( b) variation of disease types from area to area 

and ( c ) the causes of the lesions identified from this type of 

investigation. 
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CHAPrER l 

REVIE\f OF I,ITERATURE 

IHTR ODU C'r I O�'T 

KnoHledee of naturally occuring diseases in the ovine kidney in 

the last de c ade has increased mnrkedly in parallel to the application 

of investigA.iive teclmiques such as renal biopsy and immunofluorescence 

and the recogni iion of no1·1 entities resulting from cross species 

comparison. For instance , the stucljos of prim�ry glomerulopathies ::uch 

as those reported in dogs (Peddinghaus and Trauhrein , 1977 I and II) , 

horses ( Sla1won ancl Le1·1is, 1979), and c:a ts (Os borne, Hammer, Stevens 

et al, 1977) have influenced research into the glomerulopath y of Finnish 

Lan drace sheep and the recognition of other glomerulopathies discussed 

later in this rovievJ as models of diBease in man. 

in this chapter tbe available literature on pathology of diseases 

affecting the ovine kidney is revievwd. 

Prevalence of disease _in ovine kidn:..:ys 

Reports on the prevalence of renal diseases in sheep are few and 

of limited value as indicators of renal disease in large populat1ons. 

The only report relating specifically to renal disease in abattoir 

slaughterecl sheep is that of Zhirik (1974). In this study 1.72 per cent 

of 119,046 sheep slaughtered in a Moldavian abattoir had kidney lesions. 

Of the 196 lesions 194 \vere chronic although the cr iteria for 

cbxonicity were not stated. In 433 emergency-slaughtered sheep 46 had 

renal lesions. These were examined histologically and inflammatory 

changes 1'fe:re present in 36 of whic!:. 35 were interstitial nephritis and 

one glomerulonephritis. The de generative changes of cloudy sv;elling, 

hydropic degeneration, lipidosis and melanosis occur�ed in four other 

sheep. 



Echinococcal cysts , granulomata ,  urolithiasis and hydronephrosis 

were also noted although exact numbers were not given. 

Diseases 0f the ovine kidney 

( I) Diseases of the glomerulus 

(1) Snon tane ous glomcrulonephropathies 

2 

Proliferative glomerular lesions have been noted as a relatively 

common finding in routine post mortem material from sheep (Sla'l'rson and 

Le1vis , 1979), but to date the glomerulopathy of the li'innish Landrace 

breed is the only one in which the cause and pathogenesis has been 

determined. 

a ) Finnish Landrace__g,lomerulopathy 

Thomson, Davidson and Angus , (1973) reported a spontaneous 

glomerulopathy of Finnish Landrace sheep affecting 5 of 33 lambs born 

in 1971 and 16 of 40 lambs born in the following year. The kidneys 

showed diffuse lesions of mesangiocapillary glomerulonephritis upon 

post mortem or biopsy examination. Five lambs >·rhich died with acute 

renal failure shovred a brief clinic:�l illness in i'lhich there 'iTaS 

enlargement and tenderness in the kidney region and behaviom:·al signs 

suggestive of central nervous sys tem dysfunction. At necropsy bcth 

kidneys of all sheep v1ere pale ar..d greatly enlarged , weighing up to 

150 g.  The renal capsule stripped readily to  reveal a smooth unpitted 

surface containing circular red or sometimes yellow spots 1-2 mm in 

diameter . When cut transversely the cortices were t ough and the spots 

noted superficially were seen throughout the en�ire cortical width . 

Softening and petechial haemorrhages in cerebral gyri adjacent t o  miiline 

were present in four of the lambs. 

Histological examination of the kidneys revealed a severe diffuse 

glomerular lesion characterized by proliferation of mesangial cells , 

thickened capillary basement membranes and florid epithelial crescents. 
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Accompanying these changes was a mild vasculitis and irregula,r 

inters tit ial infiltration of lymphocytes . Discrete granular sub8ndo-

thelial de posits cont aining immunogl obul i n were demoustrated by electron 

microscopy and immunofluorescence (Ane;us, G-ardir-'er, Norgan et al , 1974). 

Lambs shov1ing ne rvous signs had l e sions of exto!1Si ve sponei osis at 

the junction of t he cortical grey matter o.nd the subc ortical vrhi te mat ter 

of the dors omedial, frontal , parietal and occipital lobes of cerebrum 

which, \•rhile bilate r al, were not completely symmetrical. 'rhe choroid 

plexuse s showed moderate to severe interstitial oedema. Depos its of IgG­

were demonstrated by immunofluorescence in the interstitium of the choroid 

plexus of lateral ventricles and als o in l;erposed behJeen choroidal 

epithelial cells (Hor e;an , 19'77). I n  one sheep there vms endotheLal 
separation vJi th formo.tion of subendotllelj.al electron-lucent space:-', 

The early work o f  Thomson et al_ had suge;ested the aetiology vras 

due to colostral transmis sion of an infectiou.s agent, but this l,,n)othe sis 

was shmm untenable by a cros s-f os te rine; experiment carried out by 

Angus et al (1975) using no1.,rborn Finnish Landrace and Cheviot lambs. 

Severe mesangiocapillary gl omerul onephritis o ccurred in four nev1born 

Finnish Landrace lambs reared by tlo eir O\m dams . One of six Finnish 

Landrace lambs, all reared by Cheviot e\o�es also developed focal lE:s i ons 

of milder degree. N o  gl omer ul onephritis oc curred in any of the four 

Cheviot lambs reared by Finnish Landrace ewe s, whose naturall y  reared 

lambs died of the dis ease . An artificially reared colos trum-free Finnish 

Landrace lamb was als o  affected . 

The experiment shov1ed that the disease was familial, s ince its 

prevalence in the pr ogeny of the high risk gr oup allocated on the basis 

of an affected progeny in previous lambings , was significantly higher 

(x2 = 5.14, P = 0.05 ) than that in the balance of the flock. 

Gardiner (1976) found that the third e omponent of complement (C,' 3) 
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in serum o f  newborn , subsequently affected lambs v<as 5 per cent of that 

in unaffected lambs and persisted at lovr leve ls unt il renal failu.re 

oc curre d  at around 6-8 vreeks of age. Examination of renal cortex by 

immunofluorescence using specific c:mtise�a for IgG, IgH, IgA, C 13 and 

f ibrin supported previ o11s morphological evidence indicating a strong 

s imilarity betvre P.n this disea:Je and hypocomplementaernic glornerulone­

phri tis in humans. IID!llune complexes containing IgG, I gM and C 1 3 vrere 

also present in the choroidal interst itium . 
b ) Copper deficiency associated nephropathy 

Ric::hardson, Terlecki and Gwynoth, (1979) reported a nephropat]:ly in 

ewes and lambs fed a semi-purified cliet of low copper contenJc. The 

main die tary components w-ere casein, li!ilk pov1der , vThi te fish meal, maize 

st arch , dextrose , vegetable fat, potessium bi carbonate , sod:Lum bicRrb:)--· 

na te , mineral (omitting copper sulphate ) and vHamin mixes. 

With a fevr exceptions the sevex i ty of the renal lesions varied 

w ith the length of the time the diet vras fed and ranged from glomerular· 

basement membrane thickening and hypercellularity to glomerular anr1 

tubular atrophy, degeneration, intorstitial fibrosis and mineralization. 

In moderat e l y and severely affected cases, arteriosclerosis and 

lymphocytic infiltration were also a feature . Arterial changes in cluded 

intimal thickening vri th reduction and occasionally almost total occlusion 

o f  the lumena particularly in the small arteries and arterioles. There 

was a dis orderly proliferation of the media s ometimes accompanied by 

calcificati on. Periadventitial fibrosis was present in the larger 

vessels. The authors presumed that the arterial changes le ading t o  

partial renal ischaemia and/or hyper tension were the major causal factors 

in this neph.ropathy. 

c ) Spontaneous gl omerulone�hri tides of unknown aet i olQgy 

i ) Langham and Hallman , (1941) reported glomeruloneph.rit is in a 
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five months old Hampshire ram that had been sick and showed marked 

dyspnoea due to Oestrus ovis infection for several weeks. On post mortem 

examinat ion the renal capsul e stripped easily revealine a 1nottJ.ecl cortica l 

surface due to small raised. grey-v!hi te vesicles .  Numerous narrovr grey 

streaks extencled from the periphery of the cortex to the corticomedullary 

junc ti on on the incised surface. Nicroscopical examination shmv-ed very 

severe thickening of the glomerular basement membrane s due to  fibrosis 

and deposit ion of hyaline material . The �ubules shovJed se c ondary 

degenerative changes, atrophy and gradua l replacement of epithelial 

cells by c01mective tis sue and conta.ined granular and hyaline casts. 

Occasional interstitial accumulations of lymphocytes and mac rophage s 

vrere present . 

ii ) The kidneys in 312 of 347 clinically normal sheep aged beh1een 

7 months and 3 years slaughtered in abatt oirs from six different ge o­

grapnic l ocations in USA and one in England shol'red a proliferative 

g lomerulonephritis (Lerner and Dixon,l966a ) . Complete post mortem 

examinations vrere performed in 10 n:::' 34'1 animals. Kidney tissue from 

80 sheep age betvreen 7 months and 3 years and from 15 sheep under 3 

months of age was examined by fluorescence microscopy . E lectron 

micro�copic examination was made on renal tissue of 10 of the a du lt 

sheep and blood and urine samples  were collected from 50 adult sheep . 

Glomerulonephritis was associated with mild proteinuria and 

azotaemia in about a third of the sheep and by heavy deposition of IgG 

and c0mplement along the glomerular capillary walls in all sheep 

examined. In spite of severe proliferative changes in most glomeruli , 

the prevalence of scarring was relatively l ow.  Basement membrane changes 

'·rere absent. The severity of disease increased vri th age. Glomerulo­

nephritis was not seen in lambs less than 3 months old . 



Fluorescent antibody testing for 't globulin and j3 1C globul in 

deposition showed a s imilar age related pattern . None of the lambs 

aged less tha!1 3 months ,.;ere affe c t e d , bu t fluores cenc;c; 1-ras pos i t ive 

for all .s.nimals behreen 7 months and 3 :y ears . 

6 

In 90 per cent of the latter group of animals there vras intense 

s taining -with host t{ gl obul in and �lC gl obulin in a unif orm membranous 

dis tributi on al ong the glomerular capillary "1-Ialls . In the remaining 

10 per cent fluore s cent local i zn t i on of the se prote ins Has c onfined 

predominan t ly to the me sangial cells . The disease was characte r i z e d  

ultrastructurally b y  marked end othelial and rnesangial c e l l  pr ol iferation 

and swe l l ing . There v1as occasi onal irregular thickening of the 

gl omerular basement membrane , &s vre ll as smudging and Svielling of the 

epithel ial cell foot pr ocesse s .  In some sections c oll agen fibrils 

were noted. in the me s angial cell s . Al tho'..lgh various parasi t i c  and 

bacterial infections ,,,ere f ound in the sheep under stu.dy no corre lat i on 

betv1een infe ct ion by any one par t icular organism and the degree of 

gl omerul one phritis -vra s  established . 

Lerner , Dixon and Lee ( 1968) showed by renal biops i e s  taken serially 

over a peri od of 15 months from 12 adult sheep that t he disease -vras not 

rapidly pr ogressive . In this study kidneys from sheep \'ri th gl ome rulo­

nephritis were eluted vrith acid citrate . The eluted material vms 

characterized by density gradieut ultracentrifugation and immunoelectro­

phoresis and shown t o  consist predominantly of ?S/IgG .  Fluoroscein 

conjugated eluate from sheep with spontaneous glomerulonephritis did 

not attach in vitro to normal lamb kidney . The eluates were shovrn to 

have a very short half life in the circulation when trace labelled with 

125r and injected into  sheep , rabbits and mice and did not fix in vivo 

to normal lamb or 11nephritic11 adult sheep kidneys . They concluded 

that spontaneous glomerulonephritis in sheep was not associated with 
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antibodies against the glomerular b asement membrane , and vl'as presumed 

t o  be mediated by antigen-antib ody c omplexes . 

iii) .An apparent a ssociation behleen g_ampyohact e r  fetus 

infection and proliferat ive glomerul onephritis has be en reported in 

83 per cent of 243 range she ep by Den Boe r  (1969 ) . Light an d e lectron 

microscopic studies of the kidneys shovred glomerular hypercel lula ri ty, 

occasional focal thickening of the glomerular bas eme nt membranes, 

marked endot helial and me sangial ce ll prolife ra tion and smu dging of t he 

epithelial foot proce sse s .  Fluorescence microscopy showed sheep I gG 

and complement deposi t ed in a nodular pat t e rn on the glomer�lar hasement 

membranes .  The numbers o f  nuclei in glomeruli and blood pressure value s 

increase d  in direct proportion t o  t he severity of the morphological 

changes. Thirty seven of 105 she ep in this group ha d antibody t i t res 

o f  1 : 50 or higher against C . fe tus and the quantit ative values of t hese 

we re in dire ct proportion to t he his t ol ogic gra ding of s eve rity oi the 

glomerulonephritis . Preliminary t e st s  using t he indire ct immunofluo­

rescen c e  t e chnique showe d C . fe tus and relat e d  antigens on t he 

glo!I!erulaT bas ement membranes . Haemagglutination t ests shm-re d an 

antigenic cross reactivity betwee n s oluble extracts of she ep glomerular 

basement membrane and C .  fetus antibody . 

Slavrs on and Lewis (1979 ) found that proliferative glomerular 

lesi ons , s ome times advanced ,  are rep orted as common in ruminant kidneys 

and c onsider that further work is nee ded t o  confirm the association 

bet1-re en C . fetus infe ction and spontane ous glome rulonephritis . 

( 2 )  Experimental Aut oimmune Glomerul onephritis 

F:xperimental aut oimmune gl omerul onephritis (EAG ) has been induced 

by several workers using he terol ogous glomerular basement membrane 

(GBM) and Freund ' s  c omplete adjuvant ( Steblay , 1962 ,  1963  and 1966 ; 
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Lerner and Dixon , l966b ; Rudofsky and Steblay , 1966 ; Steblay and Rudofsky , 

1968 ; 1'/elsh , Goloff and Smith , 1971 ; ltlelsh and Smith , 1972; Batsford and 

Hard1vick, 1 977 ; Jame z , 1978) . Steblay ( 1962) shov;e d tha t she ep inj e cte d 

every tw o 1veeks wi th he tero l ogous GBH and Freund 1 s compl e t e  adjuvant by 

one or comb inati ons of the intramuscular , subcutane ous or intradermal 

rout e s  deve l oped a fulmina ting ext ra capi l lary el ome rul one phri tis v<hi ch 

ca11se d  dea t h  VTi thin 27-80 days of the fi rst inj e cti on . 'rhe earlie s t  

changes i n  glomeruli :re sul te d in increased gl oDerul ar pe rme abili ty and 

progr8 s s e s to fibr oepi thelial proliferati on of the gl ome rular tufts and 

f orma t i on of cres cents with eventual s carifi cation . l11arke d tubul&r 

degenera t i on and int e rs tit ial fibr otic change occurre d s e c ondary t o  the 

glomerular lesions . Ki dneys of f oe cuse s and ne\·Jborn l ambs de riveJ. from 

she e p  vTi th glomerul onephrit i s  induce C. in the last third of tbei:r.' pre gn an cy 

vrere unaff e c te d .  This sugge s te d  e i ther that the causal a gent of the 

fatal mat ernal gl ome rul onephr i t i s  vJ .. : s not t ransm:L tted in utero or in the 

c o l os trum , or t hat i t  was incapable of affe c ting the foe tal or ne onai.:al 

kidney . EAG \-ras t ransfcre d from affP. cted to nornal she e p  by ar tery t o  

ar tery cros s-cir·culati on ( Rudofsky and Steb lay , 1966).  

Lerner and Dix on ( 1966b) demons trated that EAG indu ce d b y  inj e c ti on 

of he ter ologous or homo logous GBH vTe.s due t o  the producti on of anti -GBI1 

and (3 1C globulins , which were deposited in a linear fashion along 

the basement membrane of the glomerular capillaries . Se rum elobulin 

from nephrect omiz e d sheep with induced EAG containe d an anti-kidney 

antibody which caused an immediate , although transient glomerulonephritis 

when inje cted into lambs . The nephritogenic property of the serum could 

be removed by absorbtion in vitro with sheep GBM . 

Steblay and Rudofsky ( 1968) reported EAG in sheep after injections 

of human GBM cells and Freund ' s  adjuvant characterised by a continuous 
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linear deposit of IgG specific t o  GBI"l along the GBM . The specificity 

of autoantibody in kidney eluates was determined by indire c t immuno­

fluore s cence . Reac t ivity w<:ts demOl1 S lrated with Bo'\'rman ' s c "l p s ul e , GBH , 

and tubular baseme!lt membrane of kidney as vrell  as pulmonary basement 

membr::mes in b oth man aYJ.d sheep . 

The pa. ttern of distribution of immunological reactants in the se 

lesions is cons idered by L erner and Dixon ( 196�) and Steblay ( 1966 ) t o  

closely resemble those seen in the ne phritis o f  G oodpasture ' s  syndro�e , 

nephrotoxic serum nephritis and s ome other poorly defined chr or1ic 

nephritide s  of man , but >·ras not char:;.cieristic of nephri tide s of acute 

post strept ococcal infe c t i on or lupus erythema t os-...ts . Steblay et e l  

( 1966 ) note d that this appeared t o  be the first experimental model in 

v1hich aut oantibody had been demons tra t e d  to mediate di sease . 

J q:.ne s ( 1978) inve s t igated the pa� hogeni c me chanisms of craft 

re j e c t i on affe cting transplanted kidneys using sheep . Renal aut o-and 

all ogr8 fts were placed int o the necks of ne phre ctomi s G d  she e p  t o  

det ermine the structural and functi onal effe cts of transplantati on , 

re current gl omerul onephritis and the influence of immunosuppressive 

drugs . An experimental autoimmune gl omerulonephritis was indu ced in 

12 of 37 sheep by repeated injections of human GBH in Freund ' s  c omplete 

adjuvant . These re ceived all ografts and immunosuppressive therapy 

after the onset of haematuria and proteinuria . During the graft ing 

procedure and at 30 minutes , tl1ree , six and ten days after transplanta­

tion snrgical biopsies were collected from the donor kidneys and 

examined by light , electron and immunofluorescent microscopy. 

Allografts in immunosuFpressed �ecipients functioned well during 

the first post-operative week, but their function deteriorated rapidly 

during the next week. The non-immunosuppressed allografts functioned 
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only briefly and in most the glomerular filtration rate fell rapidly 

2-3 days after transplantat i on . All the allografts shm-1ed extensive 

infil trati on of lymphoid cells , wide spre e:d. oedema and swelling of tubular 

and gl omer-u.lar c e ll s . The allografts in she ep vTi th EAG shmwd a l inear 

depos i t i on of ant i -GBiVI antil) odies in their gl o:::neruli vli thin 30 minutes 

of transplanta t i on . This was f o l l ovTe cl by the deve l opment of a rapidly 

progre s s ive re currant gl omc rul onc phri tis . By the s eventh d 9.y after 

t rans plant a t i on most gl omerul i.  in the se grafts had deve l ope d ls.rge 

cre s cent s which c ontained nume r ous phae-ocyt i c  cells . The author 

c oncluded t hat in EAG-affe cted r e c ipients of normal kidneyR the principal 

cause of graft failure was a r e currence of pre -existing autoi nwn.J.ne 

gl omerul one phritis . 

( II) Diseases of Renal Tubul:_e s  

( l ) Infl�'T!..TTlat ory 

a ) Cyt omegal ovirus irrfe c t i on 

Har t l e y  and D one (1963) re ported two unre lated cases of cyt omegal i c  

inclu s i on b ody disease of t h e  kidne� in lam� s . The m o s t  notable 

his t o l ogical feature was a mul t i f o cal , pred ominant ly lymphore t i. cular 

cell inf i l t ration mainly of the cortical in terstitium . There wa s 

e xtens ive damage of the tubul e s  in areas adjacent to  t he inter s t i tial 

lesi ons with epi the l ial swe l l ing and de squamation and formation of 

proteLnaceous casts which often c ontaine d dis integrat ing c e ll s . A 

scatter of glomerul i shov1ed marked thickening of the GBM and extracapi­

llary collagen deposition .  One or more eosinophilic to  amphophilic , 

homogene oas , granular , intranuclear inclusion bodies were frequently 

present in epithelial cells of the thick ar:m of the loop of Henle , 

distal convoluted and the collecting tubules .  Sometimes the inclusion 

body occupied the v1hole of the distended nucleus . N one vrere found in 

cells of glomeruli or blood vessels . Occasional faintly staining 



cytoplasmic inclusi ons \'lere also present . 

b ) J.:!e]t Q.'ill_:h_rosis 
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Lept ospir osis is rec ognized a s  n disease c.ffecting most dome stic 

spe cies and is important v.rorld vlide as a zoono sis (Blood and Benderson , 

1974- ; Smith and AJ:·mstrong , 1975) . Spontaneously occurring lepto2:pirosis 

in sheep has been reported from New Zealand ( llartley , 1952 ; Salisbury , 

1954 ; 'debster and Reynolds , 195 5 ; IIodge s , 1974 ; Narshall . 1974) and the 

Un i_ted States of Ameri ca. ( Beamer , HardenbrQok and Norril , 1953 ; Davids on 

and Hirsh , 1980 ) , as a cause of abortion or fever , haemolyti c  anaemia 

and haEomogl obinuria . Beamer �a.l described an outbreak of abortion in 

19 of 180 pre gnant e -�/e s  in I llin ois . Sixteen of the she e p  died and 

post mortem examinat ion of five of the evre s shovred i c t e ru s , Sl'i'Ollen 

kidn eys af1d marked haematuria . No lept ospirae were demons trated_ L1 

kidney sections b·u.t darkfield examination of s t omach c ontents of one 

abor ted foetus contained spirochae tes and 9 of ll e1veB had s er a  �ncitive 

by agglutinat ion lysis testing t o  lept ospirae . 'rhe organism was 

transmi t t e d  t o  a guinea l)ig by inoculat i on of foetal s t o:nacl1 conter,ts .  

The remaining reports describe s igns of fever , j aundice , haemolytic 

anae:nia and sudden death . Pathol og_L cal examinati on of these ar1imals 

revealed es sentially s imilar changes of generalized i c terus , thin vmtery 

blood , haemoglobinuria ,  yellovr-brmm dis colouration of l iver and brown 

SHOllen kidneys . 

Histol ogical changes in kidneys indicated recent haemoglobinuric 

nephrosis , with haemoglobin and haemosiderin casts in tubules and 

yellow-brown granular pigment (haemosiderin) in the cytoplasm of 

epithelial cells of the tubule s .  Focal areas of inf18.I!Iffiation were 

present in the interstitium and varied from lymphocytes , plasma cells 

and neutrophils in acute lesions t o  a predominance of lymphocyte s  and 

plasma cells in subacute lesions . Silver staining techniques revealed 
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lept ospiral organisms in the tubule s and inters titium in s ome case s .  

Observat i ons on the clinica l , haematologica.l , serological and post 

mortem fea ture s of experimentally induced ovine leptospirosis were 

re ported by Langham , Norse and Il[orten , 1958 ; Hodge s , 1974 ; Narshall , 

1974 . 

Langham , e t  al reporte d extensive lesions in the kidneys of 10 

lambs experimentally infected >fi th Leptos-p:i.ra pomona vrhich were killed 

at intervals ranging from 8 to  72 da.)Ts after infecti on . Grey-white 

circumscribed foci and s treaks measuring from one to f our millimeters 

in diameter \fere note d gr ossly in the kidneys of all infe cted l am bs . 

1'-hcrosr:: opically these areas were characterised by infiltrations of 

lymphocyte s ,  s ome plasm::J. cells ar.d fe>·r macrophages , mostly in the -;ortex 

although sea ttered foci vrere observed also in the me dulla . Although 

atrophy and necrosis of the tub1.1_lar epithe l ia in areas with inflan:rLtat ory 

changes vrere f ound in five l ambs , reGeneration of tubular epithelial 

cells 'lfaS pre sent only in one case , Prate inace ous material vras found in 

the urinary spaces of half the infe c t e d  animal.3 , 'l'he Warthin-Sta:cry 

s tain of secti ons of the kidney of four lambs which were bacteriologically 

positive at time of ne cropsy sho-vred leptospirae in the tubules cf one 

l amb only.  

Similar observati ons were reporte d by Hodges in eight l ambs 

experimentally inoculated with a culture of _l:,_eptospira interrogans. 

serotype pomona. Mar shall also de s cri b e d  simi:l_ar gross and light 

micros c opic l e sions in kidneys of she e p  34 days after experimental 

infection with Leptospira interrogans serotype_pQ.!!!.9l!§.:.. E l e c tr on 

mi cro� copic e xamination of areas with damage d tubule s  showed leptospirae 

c oncentrated around the periphery of c e lls of the proximal c onvoluted 

tubules and intermingl e d  with the brush border. The number of microvilli 
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in the brush b orders was s ometimes greatly reduced and many of the 

microvilli had bulbws ends . Necrotic epithelial cells -vrithin the 

tu�)ules -v;ere observed and these 1-rere s ometimes found free in the tubular 

ltunen . 

c ) �throz. Q_onosis 

Infection of sheep by EJ?erythrozoon ovis 1-ras first reported from 

South Africa by Neitz , Alexander and du Toit in 1934 . It has since 

been reported from England , Bulgaria and o�her European countries ,  

U . S . A . , Iran , Australia , Ne-vr Zealand and Kenya (Sutton ,  1974 ) . The 

main clinical finding is anaemia . Lesion s  seen at  post mortem examination 

vary depending on the stage and severity of infection and may include 

icterus , thin 1·ratery blood ,  pallor of muscles , excess  peri cardial and 

peri  tc "leal fluid ,  splenic enlargement , emaciation , and bro-vmish disco­

l ouration of the kidneys (Neitz et al , 1934 ) . The renal lesions in 

�y::.s infection are variable. Y.idn8ys often appear grossly normal but 

they may be discoloured bro1m by haemosiderin . Deposition of haemosiderin 

may be extensive and occurs in the cytoplasm cf epithelial cells , the 

tubular lumena and the connective tissue beh1een the proximal convoluted 

tubules .  These changes are most pronounced in animals shmring prolonged 

haemoglobinuria. �eras , ( 1969 ) obse1�ed subacute to chronic nephrosis 

with glomeYular sclerosis in extreme cases . Chroni� focal interstitia] 

inflammatory changes were most prominent in areas with the heaviest 

haemosiderin deposits . Inflammatory lesions in association vri th renal 

haemosiderosis have not been reported by others (Foggie and lhsbet ,  

1964 ; Rouse and Johnso� 1966 ; Jolly, 1967; Sutton, 1974 ) . �eras 

suggested that high levels  of haemoglobin i;1 plasma may cause renal  

vas oconstricti0n and lead ·' · o  the erlens'i'v=e tubula!' de-ge-ne:r-atioh .  

d ) Toxoplasmosis 

Renal lesions have not been reported in spontaneously occurring 

•i 
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ovine t ox oplasmosis .  Howe verJ Sharma and Gaut3.m ( 1978) reported 

extensive ne crosis involving glomeruli ,  tubules and c om1e ctive t issue 

str oma in she ep experimentally infe cted vri th rr oxopJ.asma gondii . 
e ) Q Ri cke t t s i_osis 

Belchev and Pavlov ( 1977 ) reported the clinical >3yiDptoms and 

pathomorphological changes f ound in five ewe s and tvro vre aned l ambs 

examined after having na turally contra c t e d  Q fever infe c t i on .  De finitive 

diagnosis of Q_ fever v,ras based on serolo gi_cal examinat i on .  At ne cr opsy 

the kidneys l o oked normal but on his t o l O g'J  showed va cu olar degeneration 

of the � orticotubular e pi the lial ce lls and s cat t ered areas of fi.broblas t i c  

and lymphocyti c pr o l Hera t i on i·fi th moderEl. t e  diffuse hyperaentia o f  the 

medul l a .  

f ) Sarc o cys t o s i s  

Renal l e s i ons have not b e e n  n o t e d  i n  spontane ously o ccuTring case s 

of sarc o cys t osis 1 h o1·1ever several report s of experimentally indu <.: C 'l 

s ar c o cystosis re c or d  l e s i ons in the kidneys of affe c t e d  animal s .  18ek , 

Fayer and J ohns on ( 1977 ) des cribed a mild , acute , di ffuse gl orr..erul o -.. 

nephr i t i s  in eight lamb s inoculated orally vri th Sar c o cys tis ovi c :mis 

sporo cys ts . The gl omeruli vfere enlarge d , hypercellular and s"hm·re d 

thi ckened basement membrane s .  S chi z onts ue re fre quently obse rve d �o1i thin 

enlarge d endothelial cells in the gl omerul i  and lymphocytes and monocytes 

vere f ound in capillary lumena . Renal inte rstitimn c ontained sma l l  

f ocal aggregates of lymphoid cells . The r enal medulla was congest8d . 

ln a further s tudy Leek and Fayer ( 1978) reported the induction of 

abortions in she e p .  Eleven pregnant ewe s were experimentally inoculate d  

with 50 ,000 , 100 , 000 or 500 , 000 Sarco cvstis ov�canis sporocysts from 

dogs. Fhght ei'res e ither aborted , died or became moribund before l ambing. 

Of the .15 foe tuses , ll were of normal appearance and f our autolyse d  • 
. T.issues .from all f oe tuses examined were negative for schizonts and cysts . 



At ne cropsy 27 t o  33 days after inoculation the acutely ill ewes had 

severe haemorrhagic pericarditis , epi card i t i s  and myocardi tis . 

Haemorrhages of lesser severity we re al s o  pre sent in the kidney s ,  

spleen , l iver and ske l e tal mus cle s . S chi z onts were demons trat e d  in 

kidney se c t i ons of thre e of the se animals . Evre s SlJrviving the acute 
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illness appeared unthrifty . At post mor tem the kidneys of t h e s e  evm s ' 

were moderately haemorrhagi c .  N o  s ar c ocysts were found in the bdneys 

of these animal s .  

( 2 )  Dege�erative 

T oxic Tubular Nephrosi�I 

This term is used in l iterature in reference t o  a rather he t3ro-

gene ous group of degenerat ive changes affe c t ing the epithelial c e l l s  

of the renal tubul e s . Most renal disease s have associated degenerative 

chanee s in the tubule s  and thu s the term t ox i c  tubular nephr osis i s  

usual ly empl oye d vrhere tubular dege nera t i on i s  the primary or prj_ncipal 

process . In �his review such disease s are c ons idered by ae t i o l o gy 

under the headings of chemical , plc: :1t and endogenous t oxins . 

a ) Chemi cal t oxins 

'l oxic tubular nephrosis has been des crib e d  in North Derbyshire 

( Clegg and Rylands , 1966)  and S outhern Scot land ( Butler , Nisbe t and 

R ober tson , 1957) in y oung lamb s r e ared in the vicinity of old lead 

mining areas . The striking post mortem features of e ight lambs examined 

by Clegg and Rylands were carcass emaciati on) osteoporosis and enlarge d , 

pale kidneys . On se ction the kidneys had marked hydronephrosis and a 

dark haemorrhagic band behreen c ortex and medulla. Butler et al reported 

hydronephrosis in only 3 of the 20 dnimals e xamined . The kidneys of 

the other 17 lambs , while normal in size, showe d  diffuse faint yel l ow 

mottling of the external surface . 
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The histologi cal changes in kidneys were similar in both reports 

and included extensive ne crosis of the proximal and distal c onvoluted 

tu bular epi thel ia and degenera t ive change s 1vhich ranged fr om cellular 

enlargement wi th granular cyt opla sm and lare;e ve s i cular nuclei t o  

ne crosis . In seve ral lddneys e osinophi l i c  intranuclear inclusi on 

b odies vrere numer ous in the e pi the lial c e l l s  of proximal conv o lute d 

tubul e s . Hild t o  severe , focal or diffuse glomerular l e s i ons vJe re 

pre sent and mo st prominent i n  the outer z one of the cort e x .  The 

change s vrere pr ogre s sive with t he parie tal layer of B ov/Tilan ' s cap s u le 

epit hel ium undergo ing cub oidal or in s ome cas e s  colullll1ar me ta11l a s ia . 

Thi s  was acc ompanie d  by varying degre e s  of atr ophy , fibr ous replacement 

of the glomerular tufts and peri glomerular fibrosis . 

C opper 

In a revie-vr of chr onic c o pper pois oning in she e p ,  T odd ( 1909) drei·J 

at t en ' ;i on t o  two phase s of t he di seas e . The first , a period. of 

accumul ati on of c opper in t he ti ssue s , and se c ond ly a phase of sudden 

c oppe r release i'lh i ch prc c ipi tates a haem.olytic crisi s re sult ing in 

t oxi c tubular ne phr os i s . G opinath � Hall a nd HovJe l l  ( 1974) r e p o r t e d  the 

e ffe ct of c opper sulphate in 16 she G p  given daily d o s e s  of 20 mg/kg 

body weight over a nine week per iod . Se ver1 shee p  i'lere ki lle d afte r  

thre e , five , seven and nine weeks o f  tre atment and the remainder all ov1ed 

t o  develop a haemolytic cris i s . N o  gross abnormalities were seen in any 

of t he kidneys c o l lected from the seven sheep kil le d  before haemolysis 

occurred. The only his tologi cal change o ccu.rred in the epithe lial cells 

of proximal c onvo luted tubule s  which shm1ed the pre sence of intracyt o­

plasmic e osinophilic granule s ,  which i-rere PAS +ve , diastase resistant 

and stained for l i pofuscin. The n�ber and size of granules were 

dire ctly proporti onal t o  the cumulative c opper dose . 

The kidneys of animals i-rhich died or ·were killed id th haemolysis 
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were swolle n ,  dark brmm to black and showed l oss of demarcation 

betwee n  c ortex and medulla . Kidneys from t h o s e  animalB whi<ili had 

undergone tw o peri ods of haemo lysis 1·1ere blue -black in c o l our with 

pinpoint black f o c i  on the surface e xtending as f ine black c orti cal 

s treaks on transverse se ction.  Hi.st ol ogi cally the prox imal c onvolut e d  

tubular epithelia shovre d  increasE:: d e os inop�·li l ia a:r.d abundant c y t oplasmic 

granule s . In all kidneys the maj or ity of the granul e s 1·1ere PAS +ve , 

di ::J.S tase re sistant and s ome of thel.!l s taine d f or haemogl obin , c oppe r ,  

ir on and lip ofus c i n .  C or t i cal and llledul l ary tubule s  c ontaine d e os ino­

phil i c  hy al ine or granu lar casts s ome of vrh i ch '"e re pos i t ive f ol' 

haemogl obin . 

The ki dneys of t1·10 animal s  vrhich vrere ki lled i n  the pos thaemol y t -i.. r:: 

phase v:ere svr oll en and blv.e -black in c ol our . His t ol ogi ca lly ther e  l"ras 

dege nerat i on , vacuolat i on ,  f ocal ne crosis and desquama t i on of epi the l ial 

cell s  vrhi ch ;·ms most pr omine nt in the proximal c onvoluted tubule s .  

J,arge nwnbers of gl obular or granul ar intracy t opl asmi c granul e s  H:i .th 

similar staining properties t o those de s cr ibe d  ab ove we re pre s e nt . 

E os in ophilic hyali ne and granular cas t s  c ontaining hae moglobin were 

freque:1t in the c or t ical and medullary tubules. Similar studies were 

reported by Hovre ll and Gopinath (1977 ) . 
Mercuric Chloride 

Naturally oc curring mercurial pois oning has not been reported i n  

she e p ,  but Robins on and He ske th ( 1976 ) and R obins on and Trafford ( 1977 ) 

have des cribed the early hist ol ogical , histochemical and urinary e nzyme 

changes in shee p  kidneys with experimentally induced mercuric chlo ride 

nephrotoxicity. 

Six adult cross-bred ewe s divided int o  groups of two were &iven a 

s ingle intravenous dose of mercuric chloride ; 0 . 1, 0 . 25 and 0 . 5  mg/kg 
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body weight re spe �tive ly . Urine samples were taken at hourly intervals 

for three h ours after dosage and alkaline phosphatase , t glutamyl 

transpeptidasc , leucinE::: amin opept idas e and p-glucur onidase 1·rere assayed . 

The sheep vrere destroyed at the t ime the f inal urine sample Has 

colle ct e d .  One untre atE:d c ontr ol s:beop 1-ras sampled and de stroye d in 

tbe same 1·ray as the d osed sheep . 

Hist ol ogically the kidneys of sl1c cp given 0 .  5 mg/kg body 1·re i ght of 

mercur i c  chl oride shm·red a re duction i.n the cell hei.ght in many pr oximal 

convoluted tubule s  vri th an increase in cyt oplasmic {f.canulari ty in groups 

of tubul e s .  The nucl e i vrere denser than those in the c ontrol . Change s 

in the other sheep IWre l e s s  marked . 

All sheep s}J 01·red incre ased e xcre ,; i on of alkaline phosphatase and 
0 glutamyl trausr)(�ptidase over the c ontrol . In the highe s t  dosage group 

l eucine aminope ptidase vras also  e le 1r[1 c e d .  Other urinary enzyr.1es 

remained norlllal . 

b) Plan t toY. ins 

'rribul osis ovis and e nz o o t i c  i ctc_:r.!:3:_� 

'r r ibulus terre stris is a plant v.rhi ch groNs abundantly in m ountainous 

range s in South Africa and which has been reported as the dire c t  cause 

of geeldikkop (T ribul osis ovis) and enz ootic icterus in sheep (Brovm , 

1962 ) . Numer ous analyses indicated that T .  terre stris contains more 

than five parts per million of selenium , thus both disease entities v1ere 

considered to  be a l ow grade subclinical selenium intoxication . In both 

of these. syndromes nephrosis is a proffiinent feature and causes death due 

to  uraemia. 

The changes in geeldikkop are less severe than those of enzootic 

icterus but in both diseases the kidneys are swollen. In the latter 

case the sv;elling may be up to  tvro or three times normal size and the 
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kidneys are othenfise of similar appearance grossly t o  those in 

chronic copper t oxicity . Microscopically the changes are those of 

diffuse nephrosis vrhi ch i s  s ometimes acc ompan:i_ed hy a cute glomr> .cu.l o-· 

nephritis . The epithe lial cells of tubule::; contained larg3 f]_Uantities 

of bilirubin and iron containing pigment and the tubular lumena c·rere 

filled vri th haemoglobin and cellular casts . 

Oxala. t:e s  -------
Oxalate nephrosis ha::; been repor ted in sheep grazing pastures 

containing plants such as Halogeton (Halogeton p;lomerulatus ) , pigl'reed 

(Amara}1thus retroflexus ) ,  fat hen ( ChenQ_Qodium album) , soursob 

( Oxalis cernua) an•i orchard sorrel (!l:ldme-r.: acot o c o lla ) which have high 

concer:trati ons of oxalates . Affected animals are usually recently 

introduce•l to such pastures (Blo od and Hendcrs on ,  1974 ; Anders on o.nd 

Huffman , 1957 ) . 

Anderson and Huffman reported  severe losses in fl ocks of 

sheep grazing pastures rich in H .  glomeru l a t u s  i n  the Rocky l'lountain 

regioP cf the U . S .A .  Grossly the kidneys Nere pale vrith patchy 

congestion and histologically they demonstrated heavy deposition of 

calciu..m oxalate crystals 1'li thin the tubular lumena . Nearly all nephrons 

were affected . r-iany casts vrere present in the proximal and distal 

convoluted tubules and urinary spaces co�tained a pink staining 

precipitate . Wilson and Wilson ( 1961 )  suggested that fungi such as 

Peni cillium spp. might be capable of producing significant amounts of 

calcium oxalate in feeds and could thus contribute to ou.tbreaks of 

poisoning.  One such outbreak in young lambs was reported by Linklater  

and Angus ( 1979 ) . The source of  oxalate was not clearly indentified 

but mr.y have been from mould-contaminated concentrates fed to both evres 

and lambs . Quite heavy grov;ths of Penicillium SRP..· vTere is olated from 

crushed oats and the c oarsemix fed to the ewes and lambs in this 
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outbreak. Five of sixty purebred Suffolk lambs died ¥Then four t o  six 

weeks old and had his t ol ogical change s  c onsistent \'Ti th reports of 

experimental pois oning of she e p  by oxalate containing plants ( Shupe and 

James ,  1969) and ammonium oxalate ( James , Sem'lri ght and Steele , 1971 ) . 
The renal corti ces shmv ed nu .. l'Jlerous dila ted tubules l ined by flattenei 

cells . Heavy d e p o s i t s  o f  oxalate crys tal s a s  He ll as e osinophil i c  

hyaline or granular casts vrere present in  many tubule s  and a few crys tals 

were also seen in the urinary s pace s of gl o:nerc1li .  T he crys tal s \·lere 
most pr ofuse in the dis tal c onvolute d tubttle s in associatio� 1·rith 

pr oliferat i on of intertubular c onne �tive tissue . 

Oxalate int oxication in sheep has a l s o  been induced exper imei1t aily 

by intravenous or intrarumenal soclium or p otas s ium oxalate inj e c t i ons 

(Wat ts , 1957 and 1959 ) . 

J g,mes e t  al ( 1 971)  reported experimental oxalat e  int oxj cat i on in 
10 she e p dosed intraruminal ly I'Ti th amm.onium oxalate at 550 mg/kg body 

weight , Nine sheep died wi thin 12-22 h ours of dos ing . At ne cropsy the 
kidJJ.eys of all a!limals l're re swollen and upon incision the c ortex appe f:J-red 

paler than normal and the medulla was very hyperaemic . Hi s t ol ogi cal 

examination of the kidneys shm'led extensive depos i t i on of crys t al s in 

the tubules of the cortex partictllarly of the corticomedullary juncti on . 

Electron microscopic ob serva t i ons of kidneys indi cated tha t oza late i on 

rather than calcium oxalate crystal masses caused the main renal damage 

and that precipitation of calciLl.IIl. oxalate takes place in the tubular 

lumena rather than the cytoplasm of tubular epithelial cells . 

T.he principal cause of death in sheep with subacute oxalate poisoning , 

v1hen the kidney damage I'TaS lnsu:fficicnt t o  cause renal failure is acute 

rumenoreticulitis resulting from direct injury of epithelium leading to  

inflammation and necrosis . 
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Schie fe T ,  Hewitt and Milligan ( 1976 ) attempted unsucessfull y  t o  

induce abor tion in 98 preenant e1._res fed oxalic acid . The lambs killed 

illlmediate ly after birth had grossly no:rmal ki.dtteys . 'I'he authors s}10"1·red 

that although oxalic acid ions cross the pl9.cental barrier in the doses 

adminis tered to the ewe s , the int oxi ca t i on -vras not severe enough t o  

cause intra-ute rine de ath and subsequent abortion.  His t ological 

examinat i on of the :Y...idneys at the t ime of birth revealed oxalate crystal s 

in mos t lambs from evJes fed. high levels of oxalic acid throughout and/ or 

in the second half of pregnancy and in some lambs of ewes fed l o1·r 

levels of oxal i c acid , but not in tJ.1e co1.1trol animals . 

Quercus sp. (Oaks) 

Seve ral hundred species of oak tre e s  and shrubs are knm.,rn .<md 

poiso:1ing by members of the genus Q��r.� has been re c ognised for a 

long time but its pathogene si s is not fully unders tood ( Smith , Jon.es 

and H.1.nt , 1972 ) . Since oak bark i s  rich in tannic acid i t  has been 

s:lgges ted tha t the t oxic principle in oak poi s oning i;:; tanni c-ac id 

(Has ce l ,  1662 ; Cornevin , 1893 ) but the uso.al �orm of oak poisoning 

results from the inge st ion of the buds and yo'J.Ilg leaves ( Bo"'...lghton and 

Hardy , 1936 ) . Some s pe cies are more poison ous than others and to what 

extent s ome or all oaks are more p oi s o c1 ous during the budd ing and early 

leafing stage , and how this may be related to a c on current shortage o:f 

other feeds or an appe t ite for the oak:B are unansv1ered questions ( S:ni th 

et al , 1972 ) . 

Bought on and Hardy rep orted 90-95 per cent mor tality in range 

sheep pois one d by eating the buds , green shoots and young l ea-ve s of the 

common shin oak (Que�cus brevileba) which i s  ahundant on the range s of 

the Edward's Plateau region of "\'les t  "l'exas . Four hundred and twenty six 

sheep on 38 different properties died within a period of f our weeks . 

At necropsy the kidneys were pale and studded with pinpoint haemorrhages .  
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Smith ( 1959 ) noted similar gr oss changes in his series and i n  add i t i on 

his t ol ogi cal changes affe c t ing ma inly the pr oximal convolut e d  tubu le s .  

In the s e , nume rous ca:::; t s  of albu.min admixed �-li th n e cr o t i c  e pi thslial 

cells f orm a dense homogene ous mas s l imitGcl by the basement membr:1ne . 

:t-1ull ins ( 1955 ) repor ted ten cas e s  of a c orn poio oning in appr oxi­

mat e ly 200 e \ve s in Ne1v Z e aland. v:hich ue re moved into an area v1here 

the re 1·ras an " avenue " of oak tre e s . Deaths o c curre d from 4-10 days 

aft er acc:ess t o  and up to five days after removal from acorn . P o s t  

mortem examinat i on v;as made on only one of the eVTe s . Histol ogi cal 

examination reve. aled ne c r o s i s  of the proximal c onv oluted tubules . 

c ) Endo�enous t oxaemias 

PTegnang_y t oYc_ae:ni� 

Pregnancy toxaemia i n  she e p  i s  a comm on ,  usually fe.tal me tc:b o l i c  

di s e as e vrhi ch occur s i n  the last tr ime ster o f  ge s t at i on and usually in 

e1>J"e s carrying tHins or t r iple t s .  Al though of c onsiderable e c on omi c 

imp ortan ce (r·1 cCausl a:.'ld , O ' Hara ,  Herds on et C}.:!,_, 1974 ) its pathogcno sis 

has no�; been elu cidate d de spi te ext ensive b i ochemi cal in.ve ::; t i gati on 

(R e id , 1968) . The primary predispos ing cause i s  1.mdernutri t i on in J ate 

pre gnancy , Hitb over-fat e-vres being more sus ceptible . Stre s s e s  such 

as environmental change , transpor t ,  short periods of fas ting and 

excess ive he at also play a role . ( Siegmund e t  al , 1975 ) . Kidneys may 

be grossly normal (Ferris ,  Herdson , Dunnil e t  a l , 1969 ) or slightly 

pale (McCausland et al, Smi th e t  al ) . The main histological change in 

the kidney is severe diffuse lipidosis of c o r t i cal tubules ( Smi th et al , 

1972 ) . 

Reports relating t o  glomerular changes in pregnancy toxaemia are 

controversial. Ferris e t  al induced t oxaemia in 13 of 20 

pregnant ewes by the stress of food deprivation and a change in 

environment late in pregnancy. All the glomeruli appeared enlarged 
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with c apillary tuf t s  vrhich virtually filled Bovnnan ' s space . PAS 

staine d se ct i ons s h owe d f o cal thickening of the capil lary baseme nt 

membrane s but there was no s ignifi cant increase in cellularity . 

E l e c tro� micr o s c opy r·evealed endo the l ial c e ll s-vrell ing , f ocal redu­

pli cat i on of gl omerular basement membranes , vride spread f o cal fus i o�1 of 

e pi the l ial f o ot pr o ce s se s  and extens ive v i l l ous transf ormati on of 

epi the lial cell s . The morphol ogi cal change s we re a s s o ciated with 

az otaemia � pr o t e inuria 1 and increased plasma renin a c t ivi ty . 

rkCausland e t  al , ''�"ere unab le t o  shm-r any gl omerular abnor.maJ. i tie s hy 

l ight and ele ctr on mi cr os copi c examinat i on in ll she e p >·rith spontane c'..ls 

pregnancy t oxae mia . All t oxaemi c she e p  had significant impairment of 

renal func t i on "l'rhi c h  vras shown from the first signs of clinica_l. 
abnonnali i;y by de c re as ed crea-Linine c le aran ce and incre ased_ serLJ.rn 

creat inine and bl o od urea ni tr oge n .  The kidneys of t oxaemi c she e p  

vre :rP slightly pale , but otherwi se g1·ossly normal ani no his t ol ogi c:;,.l 

l e s i ons vrere found in the kidneys of t oxaemic or c ontr ol she e p .  

Mc Cau3lancl e t  a l  s ugce ste d that s ome o f  the shee1) used b y  Ferris �t al 

may have had pre -exist ing gl omerular disease and >·rhen stre s s e d  had. 

preferent ially devel oped pregnancy t oxaemia . 

d ) Enter o t o��e mia 

Enterot oxaemia caused by the epsil on t oxin of C l ostridium 

perfr ingen s type D and referre d  to p opularly as " pulpy kidney "  i s  an 

imp ortant disease wherever she ep are raised . The dise ase has a 

pre dile ction f or su ckling lambs and c oncentrate-fed v1eaners in feed 

l o t s . The kidney s  of re cently dead animal s  are c onge sted , swol l en 

and bulge a little on the cut surface . S oftening o c curs rapidly and 

wi thin an hour or two arE dark re� and j e lly-like . 

Gardner ( 1971 ) found no detec table gr oss , his tol ogi cal or 

his tochemical alterations in the kidneys of intoxi cat e d  la�bs obtained 
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immediately after death . The reduction in histochemically demonstrable 

alkaline phosphatase and PAS staining affinity in the brush b order of 

the renal proximal tub ular epithelium in int oxi cated animals wa s 

as sociated 1·i i t h  nuclear degeneration and did n ot o c c ur unt il some tirue 

had elapse d after death . It vras therefore , he concluded ,  an aut olytic 

lesion rather than a dire ct e ffe ct o f  epsilon t oxin . Furthermore t he 

characteristic interstitial haemorrhage in the r e nal c ortex of int oxi­

cated anim9.ls occurs as a post mor tem change ass ociated 1-Ti th the 

ante -mortem vas cular damage . The pos t mortem breakdown of the already 
da maged capillarie s allov;rs the reler;;.se of intact erythrocytes into the 

interstitial tissue . This lesion i s  considered pathognomonic of 

enterotoxaemia in sheep . Gardner c un clude d that the rapidity of onset 

of dee,snerative change s in the kidn ,�ys of in t oxicated animal s aft e r  

death may b e  dus t o  the com"binat i on of high b ody temperature re sult ing 

fro:a c...ntemortem convuls i ons and a dir�ct effe c t of e ps ilon t oxin up o:1 

renal tubular epithelium or inters ti t ium . 

( II I )  Diseases of the renal pe lvis 

Pye l onephr i t i s 

There are few repor t s of pyelonephritis in sheep . Hahafey ( 1941 )  

described a pyelonephritifl in a tv1elve months old wether . Both lddneys 

were swollen and the thickened capsule vras adherent to  the v1hole 

cortical surface . Many pale nod'.llar areas of varying sizes v.rere visible 

extending from the cortex to the medulla . In the left kidney suppur9.­

tion was marked , with extensive cortical and medullary necrosis and 

pus in the renal pelvis .  The right kidney showed similar but less 

severe lesions . A small quantity of pus was also present in the 

bladder and in the pelvic portion ...;£" the urethra . Both kidneys sho·,;ed 

chronic inflammatory changes of variable severity throughout . The 

glomerular epithelium was necrotic and large numbers of neutrophils 
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had infiltrated B owman • s capsule and urinary spaces .  Bacterial c o l onie s 

were pre sent in t he gl omerul ar tuf t s  of s ome glomerul i . The c onvoluted 

tubule s  nnd as cending l oops of Henle sho-,re d  epithe lial desquamat i on and 

ne crosis . There vms moderately dense neutrophilic infil trati on of the 

tubular lumena and interstitium . In the medullary in ters titium large 

numbers of his t i o cytc s , lympho cyte s , plasma cells and fibroblasts 

'l'rere pre sent . Only a small number of intac t tubul e s  remained in the 

medulla . The renal pe lvis sho1-rG d  severe fibrosis and small numbers of 

neutropb il s , The urinary b ladder vms hi::; t ol ogi cally n ormal . Pure 

grmvths o:L Ci tr obacter freundi i \·Tere cul t ure d .  The author consid e re d  

that the ca<J.s at ive organism reached the kidney by the haemat ogen ous 

r out e . 

Ki·ishna , Palivfal and KuL:3hres tha ( 1 974 ) de scribed suppurat i·.re 

pyel onephriti s i n  tHo sheep i n  Hhich t he renal le sions vrere i dent i cal 

to that des cribe d by :f.1ahafey . Esche ri chi a c oli serotype 06 'I'TaS 

i s olate d from b oth . In one of the shee p suppurative pye li t i s  and 

cyst i  t i.s v� ere als o present indi cative of ascend.i:1g infe c t i on .  

( IV) Renal N o opla ,=;ms 

Primary renal ne oplasms in shee p  have main ly been reported from 

survey material c oll e c ted in s laughter-h ouses or diagnostic s t a t i on 

material . Table l . I  l i s t s  the renal tumours diagnose d  by various 

authors . 

In addit i on ,  the kidney is a c ommon s i te of me tastasis of mal.ignant 

lymphoma ( i-le bster , 1966 and 1967 ; Johnst one and Mankt e l ow 1978) . 

(V) Renal Cys t s  

A case of c ongenital cys t ic kidney i n  seven month o l d  lamb 'l'Tas 

reporteQ by Parame ta , 1970 . The animal was in good c ondit i on but with 
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TABL:S l . I  

Ovine renal ne.Q.£.lasms diagnosed by various authors 

Type of ne oplasm 

Ad.enoma 

C arcinoma 

Carcinoma ( Renal pelvis ) 

Nephroblast o'Jla 

Haemangioendothelioma 

* Pers onal communicati on 

Numbers Author 

1 Ji'lii' ( 1952-5 3 )  

4 

2 

1 

2 

2 

Sandison and AndeTs on ( 1968) 

Smith and Jone s ( 1961 ) 

Corde s and Shortridge ( 1971) 

Web&ter ( 19 66 )  

Jacks o�1 ( 1936 ) 

1 Pamucku ( 1956 ) 

1 Brandly and N.igni...i ( 1�63 ) 

2 Ma.nkte l mv ( 1963 ) -¥-· 

3 C ordes and Shortridge ( 1971 ) 

1 Harcourt and Spice ( 1968) 

1 Feld:n3.n ( 1933 ) 

3 Flir ( 1952-53 )  

1 Webster ( 1967 ) 

2 Smith and Jone s ( 1961 ) 

1 Flir ( 1952-53 ) 

2 Smith and J one s ( 1961 ) 
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moderat e enlargen;.ent of the abdome n due t o  a. very large polycy s t i c  

kidney 1.;e ighing 3 .  860 kg . The other kicLYJ.ey vras 75 g .  On disse c t i on 

the large kid.ney sho1·ie d  mul tiple cys t s  throughout cut surface and 

contained 2 , 63 5  ml of fluid . 

(VI )  _1Jrolith·i asj& 
Ur olit hias is is the format i on of st ony pre cipi tat e s  an;y'l.;here in 

t he urinary pas sage: s  and cnn be of c on s idcre.b le e c onomic importance 

in she ep although the pre·iraleHcc of obs tnwt ive disease is much l e s s  

than tha t o f  s t one format i on ( Jvbb and Y..cnnedy , 1970 ) . Uretlu·al 

obs t ruc t i on in vTC thors may be c ornmon as the result of the rela t ively 

smal l  dial!le tcr of the urethra in the se animals and may occur at ar:y 

site be hreen the pro c e s sus ure thrae and the sphincte T of the urinary 

bladder (He•·rson , 193? ) . T he most t.; Ommon sites of obs truction arc at 

the vermiform appenjaGe or the sigmo:i.d flczure Hhere the ure thra i s  

narroHe s t  (Udall and Je!lsen , 1958) . 

The gross and his t ol ogi cal renal f indings in urolithiasis are 

variable . T he J.r..idneys may be enlurged ( Nc\•/ S on) , hydr onep:h...rotic 

( C ornelius , J·1 oul t on and HcGovran , 1959 )  wet and flabby ( \·!�aver , 1963 ) , 

only slight ly o e de11at ous and suollen (L alov , Ant onov , Popchri s t ov 

e t  al , 1971 ) or gr os sly normal ( Stacy , 1969 ) . 

Histol ogi cal changes are variable in severity wi th inflammat ory , 

degenerative and s ome times dystrophic change in all part s  of the 

kidney and the pre sence o f  ac cumulat e d often calcidied material vTi thin 

tubules . (Lal ov et al ; Newson ; vleave r ; C ornelius e t  al ) .  

The numbe r ,  physical and chemical characteristics of calculi 7ary 

c ons iderably depending l arge ly on the dietary intake of the she ep .  

Sil i cat e s , oxalates and xanthine crys t al s occur i n  acid urine (Jubb e t  al ; 
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Smith et al , 1972 ; Easterfield , Rigg ,  Askew et al , 1930 ) , vrhile calcium, 

t riple phosphates , iron carbonate , ammonium and magnesium carbonate and 

phosphates fo:::;:n :i.n all:aline urine ( Sutherlm1d , 1958 ; Jubb £.t al ; Srr:ith 

et al ; Bl ood e t  al ) . 

In grazing animals s i l i ca t e s  and carbonates are most freCiuent vrhj_l e  

phosphates pre dominate in animals fed 1vi th excesive concentrate relative 

t o  roughage in feed l ots . Sheep g-.cazing pashn'es c ontainj_ng oestrogenic 

plants ( Pope , 1964- ) or injected or implante d H i th oes tr o[;ens ( Udall £.i._al ; 

r,1arsh , 1961 ; Jubb ot_EQ__) may hav e a prevalence of fatal urinary 

ob3truction as high as 20 per cent .  

High concentrations of die tary phosphate has been repor t e d t o  cause 

an extrewely high prevale nce of calct...::i.i (Lalo r et al ; Bush1nan , Entorick �:;.nd 

Embry , 1965 ; Vleaver j EcHs on ) . 

Xanthine calcul i have been related to  defici ency of molybdenu.m on 

unimproved pas ture (Easterfield e t  al ) ,  Die t s  l ov; in vi tamin A have 

been asso ciate d vrith urolit11iasic ( Ila'rJki ns e t  al , 1 965 ) and may 

c ontribute by producing me tapl a s t i c  changes i n  the urim�ry epithelium 

( Smit� et�l ;  Jubb et  al ) .  

The excesive concentration of calcium in urine in sheep >vi th 

hypervitaminosis D has been sugge sted as a predisposing factor espe cially 

in hot climates  where dehydration may occur ( Blood e t  al , 1974 ) . 

The presence of muc opolysaccharide s in urine may act as cementing 

agents and favour the formation of calculi ( Smith et al ; Blood et al ) .  

This factor i s  probably of importance in lambs fed heavy concentrate/l uw 

roughage rations (Udall e t  al ) . 

Infections of the urinary tract are often fo�d in associatio� 
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r out ine cultural te chniques reve al ( Jubb e t  al ; Smith e t  al ; Blood 

2 9  

e t  a_]J .  The c ontributi on of infe cti o:J. may b e  dire c t  in pr ov iding a 

nidus for ini t iat i on of mineralisati on and indire c tly by in creas ing 

urinary pH and thereby r e du c ing the s olu bility of calc ium and magne sium .  

Al though att empts t o  pr odJ.ce ur olith i a s i s  expe rime!ltally b y  varying 

any one of the ab ove fac t ors a.re usua l ly un su cc,3ssful , interac t i on 

behre e n  se'reral con tributine; fac t ors a ppears t o  be of fLL'1da:neL1tal 

imp ortance i n  t he pathogene s i s  of calcu.l oge ne sis ( C ornel ius e t  a1 ; 

SHingl e and C ornelius , 1 9 6 2 ; v!eaver ; Lalo·v e t  al ; Stacy ; Puntr i an o , 

1955 ) . 



CHAPl'ER 2 

A SURVEY OF DISEASED SHEEP KIDNEYS 

INTRODUCTION 

Although many diseases affecting the ki dn eys of sheep have been 

des cribed there i s  l i t t l e  information on the pre ,alence of the so diseases 

in large popula t i ons of shee p . Sn eh data. can.. pe rhap:> 'Jr:J bes t. o bta.in ed 

by examinat i on of material from s lau.ght,�r-house s .  \fuile this infm-rw.t ion 

may not ac curately repr e s ent the o c currence and pattern of acute disease 

outbre alw , i t  can provide useful inf ormation on a wide range of end8mic 

d i seases and those in chronic and res olving s tage s . In add i t i on t o  

d efi...n.ing the prevalence and patho l o es of renal d isease in sht: e p  in l:�el: 

Zealand , a s e c ondary aim in this study vras to de t ermine the pr e sence or 

a1sence of spontan e ous gl omerulopathies s imilar t o  thos e d.e s cribed hy 

Den Boer ( 1969) , Lerner and Dixon ( 1966::1. )  and Lcm.gJmm and Eallman ( 19�-1 ) . 

JI'IATERIALS Alm IIJE'rHODS 

Kid11eys of aged she ep c ondemne d by members of the meat inspe cti on 

s t aff of Borthvrick ' s fre e � ing w orks at L ongbur:'l \·Jere c o llected 0:1. five 

c ons e cutive days in January 1980 . 

Kidneys from a t ot al of 444 sheep with re:tal lesions \·rere ider.tified 

according to killing chain . On the first day of colle c t i on kidneys fr om 

one chain only vlere examined , but colle ct i on v1as extended t o  include h1 0 

c hains on the se c ond day and on days three , f our and five t o  inc lude all 

three chains . Sheep killed on one chain vrere further identified as t o  

farm o f  origjn . Kidneys discarded be cause of macerat ion ,  contaminati on , 

poorly stripped capsule or for reasons other than antemortem change 

were n ot :re cord.ed in this s tudy . 

The weight and gross pathological feature s of each kidney were noted 

and where appropriate , the lesions were photographed . Statistical 
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analysis of the var iation of numbers of ki dney l e s i ons oc curring in the 

diffe rent l ine s , chains and daily t otals of she e p  killed and be tween 

we igh t s  of kidneys c ollected was made using the s tudents t test (S o kal 

a.nd Rohlf , 1969 ) . 

Sele cted pie c e s  of t i s sue fr om 181 kidneys repre sent ing the variou s 

l e 3 i on s  seen at gr oss examina tion 1-rere fixed in 10 per cent form o l  saline 

s olut i on f or hi s t opathol ogical examina t i on . Gr ossly normal kid neys from 

5 young lcnnbs and 4 5  old e1-re s were e xamine d his t ol ogi cally as c ontrols . 

Paraffin s e c t i ons prepared by r ou t ine te chniques v;ere s tained wi t h  

haemat oxy l in and e os in (HE)  and vari ous o t her s tains se lected a s  s ubsec;uent 

exami:nation indi cat e d .  The latter s tains include d periodi c acid S chiff 

( PAS ) f or alterat i ons in the gl omerul ar baser.1ent membrane s truct"J.re , 

van GitJ S0!1 and Gomori 1 s trichr ome method�:' for collagen , vTarthin Starry 

s i lve r stain for l e pt ospirae , Perls ' Prus s ian blue method for haemosi derin , 

C ongG red for amyl o id , von Kossa ' s  me thod for cal cium and Giemsa and 

Zi ehl-Ne e l sen te crilliques for micro orcanisms . (Luna , 1968) 

The hi s t ol ogical lesions vwre 1 c c orde d and grade d according to a 

f ormat ( appendix I )  whi ch identified t he anat omical l o cat i on ,  patt ern 

of dis tribut i on , t i ssue change s and de gree of severity of the le s i ons . 

RESUL�:S 

The numbers of kidneys c onde�Ded per day and fr om individual chains 

over the colle c t i on period are shown in T able 2 . I  and are c ompare d with 

the t otal numbers of sheep ki lled . T he numbers of kidneys c ondemned on 

the ba::;is of individual " line s "  of she ep killed on chain A on e a ch day 

is shovm on T able 2 . I I .  

T he prevalence of le s i ons varie i viithin lines ( 0-18 . 75 per cent ) , 

chains ( 1 . 22-7 . 58 per cent ) and daily re c ordings ( 2 . 49-7 . 58 pe r cent ) 
with an overall prevalence of 3 . 18 per cent of 13 , 978 sheep s laughtered . 
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TABLE 2 . I  

The prevalence of sheep 1·1i th renal l e s i ons in a survey 

of sheep ki l l ed in a five �eriod 

Day Chain No . I h . ( l ) Prevalence C aln Prevalence/Day ( 2 )  

l A 

2 A 

B 

3 A 

B 

c 

4 A 

B 

5 A 

B 

c 

#6 ( 7 . 58) 

50 ( ' 
1453 3 • 14 ) 

f�09 ( 2 . 29 ) 

�!06 ( 4 . 5 5 )  

16 ( 1 89 ' 
1307 .._ • I 

��15 ( 1. 89 �  

��01 ( 2 . 41 )  

.1Q_ (3  02 ) 1324 . 

22 ( l 02 )  ll46 . 7 

�654 ( LSO ) 

�lo5 ( 6 . 67) 

��2 ( 3 . 44)  

2.5 ( ) 726 7 . 58 

��62 ( 2 . 90 )  

.1Q2_ ( 2  62 ) 3928 . 

§�61 ( 2 . 4-9 )  

���l ( 3 . 96) 

Overall 
Prevalence 

3 
444 ( 3  18) 13978 • 

( 1 )  Number of shee vli th renal
. 

l e s i 0:1s
. 

chain ( pe rcentage of sheep vri th renal 
T ot al number of she e p  examu1ed chaln 

lesions/chain) 
( 2 )  Number of shee vTi th renal lesions da 

T otal nu mber of she e p  examined, day ( percentage of shee p  vli th renal 
l e s i ons/day ) 

T otal number of sheep with renal le s i ons ( overall percentage of she e p  
( 3)  

T otal number o f  she e p  examined 
with renal l e s i ons ) 
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TABLE 2 .  TI 

Variation be twee:Q__]:)nes of sheep �>li th renal lesions 

i n  sheep killecl on chain "A1 1  in a five day period 

Day l Day 2 Day 3 Day 4 
1 � ( c )  Q (o )  ��9 ( 2 . 51 ) 5 lQ__ ( 2 22 )  Line 9 195 ( 2 . 56 ) 

450 . • 

Line 2 t ( c )  Q (o )  l �4- ( 0 )  io2  ( L 96 )  �o ( o) 

Line 3 � (c) R-7 ( 15 . 92 )  �08 ( 5 . 56 )  12 
311 ( 6 . 11 )  i21 ( 1 . 65 )  

4 � (c) i64 ( 1 . 83 ) 
;::> ;.., ( o )  6 J-'ine 77 ( 2  . 60) 32 ( 18 .  75 ) :;:; 

Line 5 � ( c )  ;�0 ( 3 . 79 ) �0 ( l. 4-3 )  �4- ( 2 . 38) fl4 ( 2 . 63 ) 

6 � ( c )  � ( 17 . 33 ) 5 Q ( o )  �4 ( 1 . 85 )  Line 264 ( l . S9 ) 
J.._, 8 

Line 7 !i ( c )  B 
� ( 10 .0 )  li_ ' ) 165 � 8 . 48 h ( 4 . 94) 33 ( 12 . 12 ) 

Line 8 tJ ( c.) tu ( 2 . 97 ) "§0 ( 5 . 65 ) L 
367 ( 0 . 82 )  

Line 9 t ( c )  tg ( 7 . 25 )  � ( 5 . 23") 

Line 10 t ( c ) �26  ( 2 . 6 5 )  i�o ( 5 . 26 )  

A_. Number of sheep �>ri th renal lesions 
B .  Number of sheep :: .laughter3d 
c .  Percentage of sheep with renal lesions 

33 

Day 5 

&a ( 1 . 50) 

L 
329 ( 1 . 52 ) 

f6-
l 

( 3 . 11 ) 

�G ( o ) 

�18 ( 1 . 89 )  
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Analys is of variance ill each of thes e cat egories indicated that the 

daily difference s vrere not s ignifican t at a 95 per cent c onf ide::1ce leve l .  

Only 2 .  0 per c3nt of the overall vari2. t i on -be t1-re en l ine s was due t o  

difference s behreen sampling days . A high prevalencv of a partic u_lar 

type of gross le sion ass ociated vri th a part i cular line of s heep v,-as not 

observr:d . 

Bila.teral l e s i ons were pre s e nt in 386 s he e p  slaughtere d ( 86 . 9  per 

ce nt ) and unilatcTal l e s i ons in 58 sheep ( 13 . 1  per cent ) . 

}f�ig_ht of kid:Q&.YQ. 

The 1·re ights of c ondemned bdneys ( Fit;u_re 2 . 1) ranged fr·o:;n 14 . 5  to 

258 g .  lle lativ ely fe1·r kidneys 1vere in the range of 20·-50 g or more than 

lOO g 1·ange s . T he mean vJe ight '"as 76 . 14 g .  

The mean vroig:-1ts o f  a t otal of 3 , '700 and 3 , 100 p· ossly norm&l mahmJ 

sheep kidne ys oampled at 1voekly in_terva l s  t hr ougho'.lt the 1976-77 and 

1977-78 kill ing se:ts ons at the Borthuic!: s free zing 1-rorks , L ongtt.�rn vras 

76 . 14 g and 74 . 32 g re spe ctive ly . ( Production I·ian'lge r , pers . co:r1m . ) . 

Gll OSS PATHO�O';Y 

The 830 kidneys vrere divided int o grou.ps acc ord ing t o  the maj or 

pathological change using the criteTia ad opted by meat inspec ti on s taff , 

i.e. those of abnormal shape, siz e, colO'J.r , spots and s treaks , scars, 

cysts and nodules ( Figure 2 . 2 ) . Three hundred eighty two kidneys 

contained mor e than one lesion and the se are noted as additional lesions 

in Tabi es 2 . III and 2 . IV .  

Lesions in 34  misshapen or abnormally sizeri. kidneys are sho·,m in 

Tabl e 2 . IV .  
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Figure 2. 1 

Histogram showing the distribution in weight of 830 kidneys 

collected from 444 sheep with renal lesions. 
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I ' I 
Discolouration 

Figure 2.2 

H istogram showing the gross pathological features of 1 2 1 2  lesions 

recorded in 830 diseased kid neys. 
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TABLE 2 . III  

Prevalence o f  g:coss l e s i ons from 830 kidneys 

Maj or er oss patholoci cal l e s i on� 
Addi t i onal 

l e s i ons D i s c ol oura t i on ---- S.p ot s Scars Cysts Nodules 
Pale Red Br mm 

Pale 
d i s c ol ourat ion 10 - 3 - 6 4 

--
Br ovm I dis c ol ou ra t i on - - - - - 5 

-!(· 
C onge s t i on 50 20 22 7 - -

---
S}JOts and Streaks 52 35 58 9 3 4 

--
S cars 10 3 18 8 l l 

- - - ---
Cys t s  18 4 13 10 6 2 

· -
N odul e s  - - - - - -

N o  other l e s i ons 44 68 70 145 85 27  9 

T otal numbel' 

J of kidneys 174 120 179 188 107 37 25 

* Pat chy c onge s t i on 
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TAB1E 2 . IV 

Lesions pr:_g sent in 34 misshapen ,  
le.rge or small s i z e d  �:j.dne;y§_ 

Addit i onal le s i ons S:b..ape 
Increased De creased 

s i ze s ize 

Pale 3 9 
discolourat i on 

Brown 2 
di s c ol ou:rat i on 

Spots and Streaks 1 

C onge s t i on ) l 

S cars 2 3 6 

Cys t s  1 3 

T otal 10 18 6 
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( l )  Abnormal shaR� 

All of the ten mis shapen kidneys i'rere dumbbe ll s haped 1·ri th narro1v 

central areas and r m.u'd pol e s  ( fj_gurc 2 .  3 ) . In t\vo kidneys the narrmii.ng 

had re sulted fr om exte11sive s cn rring j_n the central area . 'L'he e ther 

e ight kidneys were ass c ciated >·ri th pal l or ( figure 2 . 5 ) ,  congestion , 

spot s or cys t s . 

( 2 )  Incrensed size 

T he v1e ight of the enl arge d kidneys ranged fr om l00-25f:l g .  IJine 

were ur::iforrnly pale and s-vw l J.en and are de s cribed in se ct i on 4 be l c-vr . 

The other nine kidneys had add i t i onal le s i ons of brmm di s c o l ourati on � 

s cars , cys t s  or conGe s tion . (T abJ e 2 . IV) . 

Six kidneys 'l're iglling from 18-10 g -vrere c oud.mr.ne d  b� r::ausc of 8m:;:.ll 

si ze . 'rhesc ;·:ere g:r·ey-Hhi te ancl fi l�L: \,ri th strongly ad.ll8rent capsules 

due to diffuse s carring ( l�igure 2 . 4 ) .  

( 4 ) D i s c o l ourat i o�  

a)  Pale . One hundred seventy f our kidneys -v;ere paler t}Jan nonual , 

shovre d s light t o  seve re parenchymal ::nre lling and bulged fro;a the cut 

surface (Fi gure 2 .  5 ) • In only f our st1ee p vms the change un i l a teral . 

Fourty four kidneys in this cate gory had no o ther lesi ons , i'rhile 50 als o 

shovred pat chy areas of c onge s ti on and others had additional minor lesions 

of spots , scars and cysts . 

b )  Red .  Patchy or diffuse areas of bright red disc olourat i on were 

present in 120 kidneys (Figures 2 . 6  and 2 . 7) .  One hundred and eightee� 

were from sheep vri th lesions in both kidneys . Additional lesions re c orded. 

with these kidneys were spots , ;:>cars , and cysts and small pale pat1 .bes . 

c ) Brovrn . One hundred  and seventy nine kidneys showed more or less 

diffuse , light yellow-brown to chocolate-brown discolouration ( Figure 2 . 8) . 
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Figures 
2 . 3a / 2 . 3b 

2 . 4  

Figure 2 .'3 :  rhsshapen kidney  (No .  234 ) . 

a ) Capsular surface shov;ing dumbbell shape caused by severe 

s c arring in central area . Less extensive s carring is present 

over the capsular surface of t he poles . 

b )  The cut surface of the same kidney sho1·ring the scarred 

tissue extending fr om capsule to pelvis . 

Scale bar l cm 

Figure 2 .1 :  Pale shrunken kidney (No . 304 ) . The reduction 

in size is due to diffuse s carring of tho renal parenchyma . 

T he inc ised surface of this kidney is  shovm in figure 2 . 14- . 
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Fi f'"llre_:�S.. : Pa.lo svr o l l e n  hdney ( H o . 99 ) .  Note tr.e pa ll or 

of tha outer c ortex c ontrao t in g  w i t h  the c on gested c orti c � ­

medullary r e ci on . 

.l<1ir:u:r_s_��.§_ : Pat chy re d d i s c ol oura t :i . on of bdneys ( N o . 5 )  

due t o  c onge s t i on . The change i s  less s e vere and re stri e:tctl 

t o  the ri.ght pole in the kidQey on the right . 
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In only three she e p  1-mre the l e s :i ons unilateral . !iddi t i onal lo s::.. ons 
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enc oun tered 1·: ere pat chy c onge s t i on , s p o t s , cys t s  and s can; . L1 t.\� O o.L' 

t ha kidneys ti"te d:i. s c ol om:a t i on WlR rc :::, t�·j_ c t e cl  t o  eztens iveJ y s carre d 

fr om c apsular s·u rface t o  medulla ( lciguro 2 . 9 ) , 

( 5 )  .Spot s  :. lld s treaks 

'r he capsnlar surfa ce of 1&3 kidl1 e yf::: had mul Li})le , r oughly circu.lc.:c , 

0 . 1  � . 3  cm diame ter whi t e  s p o t �  in the superfi c i al c ortical t i s s Je , In 

ten she e p  the le si ons \·.' o re urli latcrnl . On the cut s urfa �0 they r�x)cenc.c l 

0 . )-J. . O  cm j_n t o  the c or t i cal parencbJ- r:t::, , f ormiug 5 11-de fin�cl � t reaks in 

t h8 ou. 'L e r  c orte x . In s omo there v1a s extension in L o  im1er c or L .cal 

s cars artd cys t s  \ O'e .l.'e occ: :< s i cna.ll y pre ::.c:-D t . 

( 6 )  8caTs -- ----
Scarring v1as the maj or pat hological finding in 10'( kiclJJ e�';:: of Hhi�:h 

19 \·rore from sheep ,.;j th uni lateral ron<:•.l lesions , On i.-he ca1•::.;vJ 1n· su.rfnc'.: 

m o s t  of tho s e  ap1Je2.r e d  as 0 . 2--0 . 5  cm cl.i.mae tcr si:l�le o:r wulh })le , line2.r 

or r oughly circular \·. h j_te d e prc:: s s :i.ons ( FiguTe 2 . 12 ) . 'i'bo rcn:aili.dei· 1.-rer c  

larger , 2 . 0-3 . 0 cm di2.me t 8 r  or d iffuse l e s i ons (Fic;uTe 2 . 13 ) . 'l'h0 small 

linear s car s \'/O re Jaainly c onfined t o  the c ortex ( Jt'ie;ure 2 . 12 b )  and 

e x tendecl int o  the medulla infre quent l y .  On tho cut surface tLc:: .l arger 

s cars were 1·1edge-s hape d .  Appr ox imately hal f of the se affe c t e d  the 

c ort ical t i s sue only with th:; remai der exte nding from c ortez -� o renal 

pe lv.i_ s ( Eigu.re 2 . 14- ) . Add i t i onal l e s i ons included pat chy c oD e;e s t i on < 

spots and cys t s . 

( '7 ) Cysts 
Cys t s  v:e re the most prominent gr oss pathol ogical fea ture i n  37 

kidneys , ll of 1·rhi ch vTere in unilat e rally affe cted s heep . The kidneys 
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Figure s 
2 . l0a I 2 . l0b 

2 . ll a  I 2 . l lb 

Figtu·e 2 . lQ :  a) Severe diffuse spotting o f  subcapsnlar 

c ortical tissue ( kidney N o .  119 ) . 

b ) T he same kidney on cut s e cUon shm'iing ill -defined. 1 

vlhi t e  streaks extending rad.ially in t o  inner c ortical 

pare n chy.JIB. • 

Scale bar = l cm 

Figure 2 . 11 : a) Moderately severe white s potting of the 

subcapsular c ortical tis sue (kicl.ney N o . 2 ) . 

b )  T he cut section of the same kidr1ey sh o1-ring ill-defined 

1·rhi t e  s t reaks vlhich are most prominent in the outer 

c orti cal parenchyma . 

Scale bar - l cm 



I 
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Figure s 
2 . 1 2a I 2 . 12b 

2 . 13 I 2 . 14-

Figure 2 . 1 2. :  a ) Mult iple , s l ightly de pre s s e <l  i l l - defined 

s cars in the sub capsular t is sue ( kidney N o . 4- ) . 

b )  Cut s e c t i on o f  the same kidney shov1ing poorl y definecl 

l inear vlhi te bands of s car t i s sue in the c ortex . 

S cale bar = l cm 

Figure 2 . 13 :  Extens ive s carring of the subcapsular t i s sue 

( kidney H o . l30 ) . 

Fi�lre 2 . 14 :  Cut s e ct i on o f  a small s carre d kidn e y  (N o . 304 ) 
shm.,ring diffuse fibrosis affect ing a l l  areas of t he kidney . 

N ot e  the dist orted renal papi l la .  The capsular surface of 

this kidney i s  sh01m in figure 2 . 4 .  

S c al e  bar = l cm 
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c ontained 5-10 f luid fille d cys t s  r-anging in size from O . l-1 . 0 cm 

diame ter . They appe are d a s  ;ve l l  de fined dark spots 1·rhen vi s ib le on thf; 

c c.psu.lEn· surfo.ce ( Ji':i.gure 2 . l5a ) and on cut su:r-face as we ll cl.e f ined 

d ilat& ci ons of renal c or t i cal ( l<'igm'e 2 . l)b) and occ'lsi onall y me dul l ary 

t i s sue . 

'l'he c ortex of four kidn eys c ontained. mul t i l obulate d  thi ckly encapsu­

lated cys t s of up to 4 cm dia�e ter whi ch were identifi e d  by t he presence 

of s c oli ce s in aspirated c ontent as hydati. d  cys t s  of E chin o c oCDl5 

f_Taml). OS11.S ( I•'i gure 16 ) . 

Additi onal lesions de te cted in the cys t i c  kidneys 1·rere s p ot s  and 

( 8) N odule s  

a ) flJ s c cE._s e D . \'Je ll encapsulated ahs ce s s e s  \' itll varyine fibrous 

orga11i>1ati on of casc ous cent�·al mat e r ial Here pro sont in seven kidneys . 

T hree of t�1e affe c t ed sheep had unilate cu.l le s i ons . The a'b s c e s s o ::;  ranged 

in s i z e  fro::1 l to  3 cm diame t e r  ancl ·\'r}wn cl ose t o  the capsule c aused 

bul ging at the surface ( Fit,rurc 2 . 18) . T1-ro of l e s i o!ls vrore found in 

severely s carred kidneys ( Fieure 2 . 17 ) . 
t )  N e o12.1asms . Three neoplasms '::e.re found . T-..·ro \·1ere s ol itary , Hell 

define d ,  en c apsulate d ,  spheri cal c or t ical mas se s o f  8 . 0 ancl l . O  cm 

d iamete r  re:spe ctively . The larger tumour oc cupie d the entire left p o l e  

of thP. kidney and vras c omposed of l obules of grey--vrhi t e  t i s sue in vrhich 

are as of ne crosis and haemorrhage v1e re prominent ( Figure 2 . 19 ) . The 

smaller tumour was embedded vli thin the c ortex and on the cut surface -v:as 

vrh.lte , l obulated and s oft . 

The other ne oplasm c onsisted of f our , wel l  defined 0. 3-4 . 0 cm , whit e ,  

firm , spheri cal or discoid mas s e s  in cortical and hilar areas of kidney . 

The large s t  2 . 0  x 4 . 0  cm dis c oid mas s  extended from one pole of the 
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Figures 
2 . 15a I 2 . 15b 

2 . 1 6a I 2 . 16b 

Figure 2 . 15. : Congenital cysts . 

a )  Capsular surface showing numerous ¥ell defined cortical 

depressions overlyingthe cystic parenchyma ( kidney No . 5 5 ) . 

b )  Cut s e c t i on of the same kidney showing four well 

defined cortical cysts . 

Scale bar = l cm 

Figu;re 2 . 16 :  Hydatid cysts in kidney (No .  198) . 

a) Cyst of Echinococcus granulosus in parahilar cortical 

tissue . 

b )  The cut section sho-.;ving the multil oculated cyst . 

Scale bar = 1 cm 
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Figures 

2 . 17a I 2 . 17b 

2 . 18a I 2 . 18b 

FigD.re 2 . 1? : R enal abscessation (No . 5 9 ) . 

a )  The cortical surface of a. kidney containing an 

organized abscess in the left pole . Note the deformity 

caused by depres se d ,  scarred tissue in paracentral areas . 

b )  Cut section of the same kidney shm-r:Lng the organizing 

abscess ( large arrovl) and scars ( small arrovr) extending 

f1•om the cortex t o  the pelvis . 

Scale bar = 1 cm 

Figure 2 . 18 : Renal abscessation (No . 200 ) . 

a )  The kidney contains an encapsulated caseous abscess  

bulging from the capsular surface . 

b )  The cut se ction of the same kicL11ey.  

Scale bar = 1 cm 
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Figures 
2 . 19a I 2 . 19b 

2 . 20a I 2 . 20b 

Fig�re 2 .� : Renal carcinoma (No .  237) . 

a. ) Distortion of the left pole of the kidney by R renal 

carcinoma . 

b )  Cut section of the kidney shol'ring the slightly en­

capsulated lobulated tumour \vi th extensive areas of necr0sis 

and haemorrhage . 

Scale bar l cm 

Figure 2 . 20 :  Renal lymphoma (No . 236 ) . 

a) Dlstortion of a kidney by a lymphoma occupying the 

left polCJ.r and hilar zone s .  

b)  The incised surface shmv-ing additional focal twnour 

masses in the cortical tissue . 

Scale bar = 1 cm 
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ki dney int o the renal hilu::; . The capsule s tripped -vri th diffi culty 

( J?igure 2 .  20 ) • 
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s ingle , firm , nodu lar , sli cht ly rais e d , Hhi te , ��e ll defined , c or t i cal 

l e s i ons rangir.g :fr om 0 . 5 -3 . 0  cm diame ter ( Figure 2 . 22 ) . On c1.1.t surfa;:;e 

they v;ere s phel· i cal and c omposed of hard. , s ome t imes gritty t i s mw . 

T1-ro shovre cl c oncentric lamina t i on (Figure 2 . 21 ) . 

( 9 )  Tnfar c t  

One kidney \"/aS mas s ively S l'i"Ol.J. en ,  dif':fusel:r llacmorrhagi c anJ. 

ne crotic . lu1 organ i z ing tlrro1::1bus v:a s present in the renal v.:: in 

( Figure 2 .  23 ) . 

HIS'r OPATHOLOG Y ------- -·-
The number 01. kidne ys examined his t ol ogi cally L•.cc ording t o  tbe 

vari o'J.s types of gr oss pa thol ogi cal l o s :i. ons are sh ovm on 'r ab l e  2 .V .  

,--- ------,- -------- ---

r-1a j or gr oss pat h o l ogical 

l e s i on 

Number of kid11e s 

examin e d  
his t ol ogi cally 

�--------------------------------�--------------------t 
1 )  

2 )  
3 )  
4 )  
5 )  

6 )  

Discolourat i on 
a ) pale 

b ) red 
c ) brm-m 
Spots and Streaks 
Scars 
Cys t s  
N odules 
a ) ab s cesses 

b) ne oplasms 
c ) of unce rtain aetiology 
Infarction 

9 

14 
19 
55 
51 
ll 

4 

3 
14 

l 

TABLE 2 .  V Number of kidneys examined his t ol ogically 
according to gross pathol ogical classificat i on 
of l e s i ons . 
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Figures 
2 . 2la I 2 . 2lb 

2 . 22a I 2 . 22b 

Figure 2 . 21 : Nodule of undetermined cause (kidney No .  12 ) . 

a ) A fibrous nodule elevated slightly above the capsular 

surface . 

b ) Note the concentric lamination of the lesion upon 

sectioning. 

s �ale bar = 1 cm 

Figure 2 . 22 :  ChroCJ.ic parasitic nodule (kidney N o .  20 ) . 

a ) Appearance on capsular surface . 

b ) On incision the well defined cortical nodule vras hard 

and contained gritty material . 

Scale bar l cm 



I 

I 
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Figure 2 .  22 : Nassive renal infar ct ( N o . 249 ) . 'rhe 
kidney on left is mwllen , diffusely haemorrhagic 

and ne cr o t i c . An organi zing thron:bus is pre sent in 

the -r:-enal ve in . 

The right kidney i s  normal . 

S c0.:...e bar = l cm 
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Figure 2 . 2J :  11ias s ive renal infarc t  ( N o . 249 ) . 'rhe 

kidney on left is SHOllen , di ffusely haeEJorrhagi c 

and ne cr o t i c . An organi z in g  t hr oiLbu s is pre s e nt j_n 

the "t'enal ve in . 

The r i ght kidney is  normal . 

Sc<�. :..e bar = l cm 





( 1 )  Discol ovration 

a ) Pal e  

4 1  

TvTo o f  the nine pal e  kidneys examine d v;ere from the same shee p . 

All showed l e s i ons characterized by cyt oplasmic swe lling ru1d fatty 

vacuolati on of epi the l inl ce lls ilhich in s ome case s pr ogre sse d to 

ne cr os is ( Fienre 2 . 24 ) . 

In f ive of the kidneys the l e s i on involved all z ones of tubule s 

vrithin the cortex , but N e re most marked in pr oxim al and dio tal c onv olui;(:d 

tu1)1)_le s . In the remainj_ng four the proximal and di s t a l  c on roluted 

tubule s only \;'ere affe c te d . Hyaline anu granular cas ts I·J e:cc pre sent 5.n 

tubule s of all l:'.i dneys and in ad dj.t i on one kidney c ontained c e llular 

c a s t s  of lymphocyt e s 1 plasma cells and m::u tr O}Jhi l s . This l:idney al s o  

had mul t ipJ. c f ocal , infl£.tJJJmo.t ory l e s i o��s in ·�,ht:: corti ca} [!ncl  n:edttl lary 

intcrstitiVJJI 1·Tith fibropla:Jia and modcra t e l  dense accumul a t i ons of 

lympl:: c :::yteD u11d plasma cells and fe ,,er ncutrophi ls . 

In the rcrllaining f our kidneys tlw ne phr o sis >ras le s s " evcre 

( Figo.rc 2 . 25 )  ancl of f ocal ..cather than diffuse d:i._ �;trib u t i on .  In one 

kidney glomcn·v lar les ions of mild panglomeruln.r thi ckenine of the capi-

lln.ry base10ent membrane and B mnna..YJ ' s ca:psule v1ere found in the a:c·eas of 

ne phros is . In another , a focal inflammat ory l es i on vras pre sen�� in 

the c ortical interstitium in which lymphocytes and plasna c e l l s  vre re 

the pre d ominant c e ll types . ]\Ji ld c onecs ti on of bl o od vessels in the 

cortical and me dullary tissues was seen in three kidneys . 

b )  Red 

Fourteen kidneys sho�:ed mult iple focal areas of cortical congesti on . 
In al l but two there vras also mode rat ely intense diffuse c ongesti on of 

blood vessels in renal medulla . In three of the kidneys this \�as 

accompanied by a mild mul tifocal c or t :!.. cal int e rst itial accumulation of 

lymphocytes and plasma cells . Calcified and granular cast were present 
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FiE£re 2 . 24 :  Nephrosi s . Moderately severe s cattered 

degenerat ive change s in e pithe lial cells of proximal 

c onvoluted tubules .  Note pyb1oti c nuclei and c e ll l os s .  

The dilated tubules c on tain hyal ine granular casts . 

HE X 320 

Figure 2 . ?.:2_ :  Nephrosis . L e s i ons are s imilar but less 

s evere than those in figure 2 . 24 .  

HE X 400 
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in the collecting tnbules of one kidney.  Mild , segment al , membranous 

thickening of capillaries and Bo-vnnan 1 s capsul e  riere pre sent in glomeruli 

of another . 

c )  ].r oh'Tl 

The 19 ld_dneys ui tl1 brmm d i s c o louration examined uere se] e c t e d  

fr om 17 sheep . The di s tributi on .::mci nature of lesi ons re shm·rn in 

'l'able 2 . VI . 

Tvrenty of the 22 tubular l e s i ons affe c t e d  cortical tubule :;; and -vre re 

chara c t e r i z e d  by mi ld di ffuse epithel ial c e l l  swelling and vacuolat i on 

wi t!1 mild t o  very s e ve r e  intracyt o1)l asmi c ac cuumla ti on of haemos j.derin 

vrhich uau 1·rell demonstra t e d  using Pcrl ' s s t'"'"iu f or iron ( J?i eure s  2 .  26  

and 2 . 27 ) . Regenerati on of damagGcl e_pithe l ium v�as s e e n  in mnn:l' e.r 8 as 

uf haemosiderj_u depos i t i on . 

Six kidneys Hith d iffuse ho.e mo;:iJ.erosis bad inflar:unat ory l e s i ons 

of radial di�:; tribut i on vrhich were character j z e d  by accum.uJ at i ons of 

lymphocyt e s , l)lasma c e l l s  and fibrobl2.3t s  in the int e r s t i tium. of c ortex 

and/or medulla ( Figure � 2 . 28 and 2 . 29 ) . In both kidneys of one shee p 

the inflammatory changos ext ende d int o  the rena l pelvis . T H o  othor 

kidneys shoHecl diffuse c ongestion of both cortex and meclu l la . 

lllembranous or sclerotic segmental or panglomerular lesions of varying 

severity o c curred in capillary basel!lent membranes  and Bm·nnan 1 s capsule 

of glomeruli in ten haemosiderotic Jr.idneys . 

( 2 )  Spots anc_ Streaks 

Of the 55 kidneys viith spots , 12 were obtained from bilaterall�r 

affected kidneys of six sheep.  'rhe nature , site , distribt· tion and numbers 

of lesions are summarized in Table 2 . VII . 

The main histopathological finding in all kidneys vras a mild to  
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Jictem.os:idJ:: r o s :i;-3 c 1 1  se c t i on 

Perls ' me tllocl f or iron 
corttcal accuirrula t 2 on of haewos iclerin ( x 7 ) . 

liaeniOf:l icleros:i s  _ Extens ive t i on of 

haemosicle:cin in of t h e l ial ce lls of 

conv o l u t e d  tubul e s  ( ·� rr o- r" ) (h . v • ._, ' GraYJulaT casts are pro 

in the tubular lumena . 

HE X 320 

'J8 

t 





Follovling page 42 

Figure 2 . 28 : Hae:mos iderosis . Haemos iderin deposition in 

inflamed and s carred t issue of a kidney . 

HE X 50 

Figure 2 .  29 : Detail of inse t in figure 2 .  28 shovring 

haemosiderin granule s in epithelial c e l l s  of tubules 

( broad arroH) and interstitial inflammat ory reaction 

(narrow arrovrs ) . 

HE x 150 





TABLE 2 .  VI 

Hist ological features of 19 ki dnevs shm.ring brovn1 dis c ol oura t i on 

Natu�e of l e s i ons 

... 
:r-iembranous 9 
Sclerotic 4 
Proliferat ive l 

Gl omerulus Se gmental 6 
Pangl omerular 3 
Dilat e d  with 

haemos iderin 1 

De generat ive 14 
Regenerative 3 

Tubules Inflammat ory 6 
Cast s 5 
De position 19 

Inflamma t ory 6 
Interst itium De position 2 

Vas cular 2 

Degene r2.tive 2 
Pe lvis 

Inflammat ory 2 

BM = Basement membrane 
CN = C &pillary ne tKork 
BC = Bovnnan ' s ea psule 

Data summarized from appendix I I  

Site of l e s i ons 
I Distribut i on of les i ons 
. "l'ri thin kidney 

F I H'/D H/F f M/R n .I - H I 
Bi\1 ) I I I 
CN ) 9 l 2 3 4 BC. ) 

He sangium l 
Urinc>.ry s pace l 

C ortex ::'0 l 2 3 16  

I I 
I 

C ortex/Eedulla 2 I ' 

Cortex 4 I l 3 3 l 
I C ortex/Nedulla 

4 I I 
I I _j_ 2 

I 

T o tal numbe r  o f  

le s i ons 

I 
10 

22 

8 

2 

F = Focal D = Diffuse r/R = F o c2l radi a l  

H/F = I-Iul t iple fo cal 
N/R = T1Iu..L t inle r a rlial 

., 
I 

i 
I 
I 
I ! 

I ' 
! 
l 
I 
I 
J 

..;:.. 
\..N 



Gl omerulus 

Tubule s 

TABIJE 2 .  VII 

Histologi cal features of 55 k:i_drceys shm·jing spots and streaks 

Data SUI!JIDarized fr om appendix I I  

Distribution of le s i ons 
>·Ji thin kidney 

nature of le s i ons Site of l e si ons 
F F/R M/F N/R D 

Nembranous 3 3  BH ) I 
S c lerotic 7 CN ) 33 1 24 8 
Pr oliferat ive 4 BC ) 
S e gmental 16 
Pangl omerular 17 r-1e sangi urn 4 
Degenerative 28 C ortex 41 3 30 8 6 
Re generative 19 
Inflammat ory 31 
C a s t s  27 
Me taplasia 4 
De p o s i t i on 18 C ortex/Medulla 6 I 

I Inflammat ory 
I 54 I 

C ortex 4 7 3 48 8 7 
..) 

Inter s t i t ium Depos i t i on 15 Hedulla 2 
Vas cular 15 Gortex/rlle dulla 13 
De generat ive 6 

I 
6 

Ee l vis Re generative 6 I Inflarrnna t ory 6 I I ' I .__ -

BM = Baseffient membrane F = Focal 

CN = C api llary neh:orl: F/R = ?o cal :radial 

BC = Bm·rrnan ' s capsule M/.P = i'iultiple f ocal 
r-1/R = JVlul �iple :cadial 
D == Di ffuse 

T otal number of 
l e s i ons 

-; i 
3 3  I 

47 
I 
! 

I 

62 

6 

I 
.f:>. .f:>. 
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severe infiltration of inters t i t ium Nith lymphocyte s ,  plasma c e l l s , 

f:'..br obla s t s  and phago cyte s . Tl1e l e s ions were o f mult ifocal distribut i on 

but mainly affe cted the renal c ortex ( Figure 2 .  30 ) .  Six l<idneys c on­

tained ad.di t i onal radial 1 e 8 i olls o f  r: iu:i_lar cel1 ularity t o  those ab ove 

1vhich exte:r. dc d. from c ortex in t o  IJC� lvis . liTany of Lbe inflamma t or:'I 

lesions Here a s s o ciah: d  vd.th mild. v.:�.s r::ular c one;e s -L i o!l . 

The maj ority of ki dneys had ass o c iat0d tubular and glomerular lesioJJs 

(Fi_gure 2 . 31 ) . Epithe l ial r::e ll s  of tubules sh o·,re cl nephr osis vith mild 

to se vere ce ll swe l l ing , cyt oplasmi c vacuolati on and cast forma t i on in 

tubul ar lumena . Re generative change in epi the lim:t vas r-·r om.i nent in many 

are a s . There \>ras ext ens i on of the inflamr:!at ory ce ll e :A.udate fr om 

inte::: s t i  t iurn int o damaged. tubule s  in most seve�c c l y  affe c t e d  kidreJS . 

PAS p o s i t ive JJ�o.terial vra;; p:cesent in the thi cl;:er1e d b e s cJil<�1l.t lllCJDbLmo s 

of tubule s in 12 of the kid n eys . Diffuse haomo�ido r o3is of cort i cal 

tubul e s  •·1 as pre sent in six :Y.idneys . S e c ondar gl Olllc rular l e s i ons I·J ere 

found in all kidneys in are as of in:Ll.o.nJJ,tG.t ory chance . T he s e  \·rere e s sen­

t ially the Rr..1e as those noted in ar_; s o c i a t i on Hi th d:i_ffusel�' hu eLGosicle ­

rotic :Y.idne ys ( see h i s t ov:l.thol ogy s e c t i on l e ) . Fo:1r case s aL o chm·re d 

marked pr ol i ferati on of me s angial c e l l s  ( Figure 2 . 32 ) . 

No m i c r o orgarcisms �<re re. obser-ved in any of the kidneys . 

( 3 )  Scars 
Eight of the 51 kidne ys vri th s cars vrere from bilaterally affected 

kidneys of f our shee p . The naturE: , site , dis·;:;ribut i on and nwnbers of 

lesions identified in these 51 kidneys are sunl!Ilarized in Table 2 .  VI I I  

from data i n  appendix II . 

The c ommon his t ol ogical featur e  of all 5 1  kidne ys vias a focal or 

mul tifocal radial le s i on of fibrosis and variabl e  inflammat ory reac t i on 

involving c ortex and medulla with glomerular , interst i t ial and tubular 
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maiY1ly 

int e r s t i tium . 

HE x 125 

infiltra t i on 

degenerative 

f ormat i on of 

HE X 320 

aDd ctre akB . Focal 

i_nfil trati on of :£'0nal c oT t i ca l  

vrith and s t r e aks . Int ers t i t ial 

c e l l s  of tubule s  and 
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C l Oineru lu:J 1d thin an are a of cbr orli c 

inflamma t i on in a I f  Note the 

of cells in omerular tuft s ,  the obl iteration of 

llaries spa c e  and fibrosis of 

The entire f i e l d  has been infil trat e d  

ce l l s  and s .  

HE X 320 

S carred Small l ine ar z one of 

fi bro;:; i s  vr:i.th and. cell infiltrat i on in 

the ou t e r  c o:c·tex , 

HE x 1 2 5  





TABLE 2 .  VI II 

Hi s t o l ogi cal f eature s of 51 1:eidne�i th s cars 

Data summari z e d  fron apue�dix I T  

Nature of le s i ons 

Gl omerulus 

JVIembr3.nous 
Scle r o t i c  
Pr ol iferat ive 
Segmental 
Pangl omerular 

Tubule s 

De ge ne rat ive 
P..e generative 

Inflammat ory 

Cast s 
JVIe taplas ia 
Deposit ion 
Cys t s  

Inte rstitium 
Inflammatory 
Depos ition 
Vas cular 

BJVI = Bas e ment membrane 
CN = Capil lary network 
BC = B owman ' s  capsul·2 

51 
39 

5 
29 
22 

I 

I 

! 

Site 

BJVI ) 
CN ) 
BC ) 

of lesions 

Mesangium 

46 I C ort i c al 

43 
43 1 45 I 

5 1  

5 1 r 16 1 
I 

�� 1' l _ _ C ortex/Me dulla 37 
I 51 I C ortex 

30 
7 ! C orte x/Hedulla 

13 

)8 1 I 

F = T'o cal 

Distribut i on of le s i ons ,,---- -----� 
�.ri -thin kidney 'r ota.l nurnbel' of 

F I F/R ., N/F l 1ft/R 
I 

22 1 29 
I 
I I 
I - I 22 1 1 I 29 

I I' ! 

l e s i ons 
D 

51 

l 53 

I I 

i I I i 

I I I [ I 22 I l 29 

L
l I 5 1  

I I I J 

D = Diffu_se F/R = Fo cal radial 
ry)!' = Ml..ll t i p:_l_e f o cal 
JVLj J = ��'Ial h:r;le T�'-cb_al -t'>-0'\ 
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change s .  

Al l le si ons of interstitium vere characterized by fibrosis and 

modera tc t o  severe in filtrati on vri th l ymphocyt e s  and J1lasma cells 

( Figure s 2 . 33 and 2 . 34 ) . Some kidneys sh011ed c onge ::; t i on in associati on 

\vi tl::. the other infl anunat ory' change s . 

InflaCllllla t ory l e s i on s  of the pelvi s vrcre a feature in 36 kidneys 

and were of s imilar ce llularity to those in more proxime.l z one s of the 

nephrons ( Figure s 2 . 35 ,  2 . 36 and 2 . 37 ) , 

De genera tive change s in the epithelium of the tubule s v;ere more 

s e vere than those i1 s p o t ted 1<-..idneys ( Fi gure 2 . 3G) . Squamous me t apl a s i a  

of tubule cpi thel ium -vm.s pre sent :i.n 15  and membranou s ci e p o s i  t i on o n  the 

tubular basement memb1·ane s in 23 kicine ys . One kidney had. m:.ll ti:p1e cys t i c  

d ilatat i ons o f  tubul e s  c on taining dee ply e os in ophilic fluj _d and anothe r  

showu�� diffuse haemoside r osis o f  c o r t i cal tubular e pi th e l ia . 

All 51 kidneys show e d  s e c ondary gl ome rular l e s i on s  of m i ld t o  

s evere mernbran osclerot i c , se gmental o r  pangl ome rular de pos i t i on on 

basement membranes and B ovnnan ' s carJsule ( FiGure s 2 .  39 and 2 .  40 ) ::_n as s o­

ciati on v1i th the in terst i t ial le si ons . E'i e kidneys al s o  shovre d prol i­
ferati on of mesangial cells . 

N o  microorganisms vre re re c ognized . 

( 4 )  Cyst s  

Of ten ldcL11eys \·li t h  cystic l e s i ons examined foUT -vrere the bi laterally 

affected kidneys of h1o sheep . All 1vere present within the renal c or t ex 

and v1ere lined by flat t ened epithel ium . Those cysts Nhi ch had retaine d 

the ir c ontent during his t ol ogical processing c ontained a slightly e osi­

n ophilic , PAS positive fluid . 

Five of the cysts had chronic inflammatory change in adjacent 
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An exto rw :i. ve 

c ort i c al s car a s s o ciat e d  tu::m lar and 

HE x 

}\enal papi l l a ( on J eft )  I \ on 

of a with e xtens ive radial N o t e  t he 

reducc; d  m:cmbers of tubule s ,  s everal c CD,S t S  

( broad iHTOvis ) and o t he r s  1:1 i th ca1cifi c a t i o:�l of bus ement 

ruembrane and c e l l. s  

inters t i t ial t i s the 

infil tru,ted 

the l i a] t i s sue 1 

HE x 
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RenBl 

j \ of n lo j  0 

exten0 ive 

lla ( on left ) and vis 

s carr ed 

o f  tubule s fibros i s . 

tubules are a e d .  The re is ext ensive 

fibros i s  of 

X 125 

a�d 

ass o ciat e d  fibro;si , a n d  

infil tra't i ons t! 

HE X 320 
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1lena1 c or tex of a s carred ki 

tubular dil a t a t i on of vli 

of .:1:12. terial in luiLena ( 
interstitial fibrosis and inf il 

ce l L :� ,  T1w at:;: onerul i are pre se n t  ( nar:rovJ 

Gl o:neru.l i in are a of infl ammat:Lo;l and s car:d :::; 

ir1 tl1c scvc r:i of basement meriD:rane 

dt:te t o  JneJab ra.nous �N o t e  t:bc 

( 
PAS x 125 
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Gl oinerv_lu s  in an. a1:ea o.f chr oni c inflam.nJa. t i on 

se vere s c lerosis of ' s  with 

to the 

tuft . 

IlE x 

11enal ( c ) associa t e d  wi chroni c 

inflammat ory e xudate of and ce l l s  in 

renal t is su�e q 
HE X 320 
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c ortical interstitium in vthi ch lymphocyte s ,  plasma cells and c o llagen 

were prominent ( Figure 2 .  41 ) . Tubules showed m·telling of the e pithelial . 

c e ll s  vri th casts of gra nular , hyal ine and erythrocyte s in the lumena . 

One showed mar·keG. tJquamous me taplasia and cast f ormat i on . In hro case s 

cal cifie d cas t s  1·:-ere 1-li d e s pread in the c oll e c t ing tubul e s , One of 

kicl.ueys showe d a modera t e l y  se vere f ocal d 3 gene rative l e s i on of gl omeruli 

adja cent t o  the cyst in 1·rhi ch there i-TaS segment al memln·ru1 0lJ.S deposition 

of PAS p o s i  t i·v e  material on the basement membrane s and pure hyal ine cast s  

had forr11:::: d i n  the pr oximal and d j  stal convolut e d  t ubule s . 

The othe r  five kidneys contained no infJaJ!llnat ory l e s i ons ( Figure 2 , 42 )  

although mild degenerat ive changes vrere pre sent in the tubule s proximal 

and dis tal to the cys t s . Cal c i fying s pherules 1rore present in c o l l e c t:Lll g 

tubule s  in one cas e . 

The hydatid cyst examined hi s t o l ogi cally occupied_ the vd.dth of the 

c ortex and extende d a short distance int o the me dull a .  T:lrroe dis t inct 

layers in the i·rall of the cyst could be di s t ingui she d . The i.mer 1 -::.yer 

c ons is t ed of laminated hyal ine me;nb:..·ane ( Figure 2 . 43 ) . Surr our1ding 

this vras an c o., inophilic c ollagenous hand J:i. ght ly infi l trat e d  by small 

numbers of de genera t ing lymphocyte s ,  p�J.ae;o..;ytes and c osinophils . Outs i<le 

t he c; ollagenouB tissue �1as a z one of granul omat ous inflammat ory rea c t i on 

characterized by the heavy infiltrat i on of fibrob lasts , lymph ocytes , 

phagocytes , e os in ophils and polykaryons . Between the middle and outer 

layers were numer ous small calcified foci . 

Renal parenchyma adj acen t t o the parasitic l e si on shovre d  atrophy 

1·1i th s ome rege�1erati on and metaplasia of the tubular epi thf:1ium and 

a ccumulation of protein-r i ch fluid in the tubul e s . A scattering of 

lymphocytes , phagocytes and e osinophi ls v1ere present in the intersti <;ium 

in t he se areas . 
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Figure 2_d,g_ : Renal cys t ( c )  with no in£lammat ory changes 

in the adjacent renal parenchyma . 

HE X 125 

Fi� 2 .4-_.2 :  Echinococcus granul osus cys t  showing 

l aminated cuticle (Le )  adj acent to the c ollagen ous tissue 

of the s e c ond layer of the cyst ( c c ) .  

HE X 320 
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( 5 )  Nodules 

a ) Abs c e s s e s  

The maj or h i s t ologi cal le s i on j_n four kidney s w·i t h  abs ce s ses was 

a foeal or mult if oc al , sulJpnrat ive � inflammat ory l e s i on in v1hi ch 

neutrophils 'llcre the pre d omj_nant cell type . Lessen· numbers of 

ly�n1phocytc s ,  plasma cells , pllagocytcs and fibroblac t s  'l'lere present in 

the pe r ipheral and capsular areas of t he lesions . S e c ondary de generat ive 

change s occurre d in tubul e s  and c;lomerul:i. adjacent t o  the al)s <.;esc� s . 

'l'he gl omerular le si ons were characterized by mi ld t o  moderate s e gmental 

membran otls de po;_� i t i on of PAS p os itive material on capillary ·IJa sem.-.mt 

rr..elllbrnues and B ovrmo.n ' s capsu le and m i l d  mesangi£11 c e ll pr o:l ife1·at i on . 

In the tubule s  there was moderate t o  sevore ne crosio of epithc l j Rl cel .ls 

'�i th l1�·o.line and c;r::.tnular cast formab. u11 . 

b ) 
( r ' 

- ) 
Kidney IJ o .  237 c ontained a largo l o'ou le.ted r.!.e opla:::: t i c  ma s s  '·rhi ch 

had replae;cd all normal tis sue iD the cu.ndal pole of t:h.e kid.YJ c y . There 

was c onsid erable variation in. differe n t i at i on fr om l obule to l obule and 

to a l e sser de gree vli thin l obules , �rj_ th the ne opl o. s t i c  ce lls f orming 

tubular , pap i llar y ,  ac inc.r or s ol i d  p01.t te rn car cin0rc.a . In mo8t areas 

the cells were polyhedral to ovoid vri th abundant , sl i ght ly vacu olate d 

e osinophilic  cyt oplasm ( Figure 2 . 44 ) . The l arge nucleus , usually basally 

situated , sh ov;e d variation in chr omatin den sity fr om cell t o  ce l l . In 

the more dens e ly cellular areas of tu..ID.our the cells Vlere smal ler ,  c olu.mna.L' 

or spir. dl e  shaped with pachychromatic nuclei ( Fig-ure 2 . 45 ) . Peripherally 

the tumour cells showed invasion of adj acent c ompre ssed renal tissue . 

The s troma of the neoplasm ; onsisted of a J ight e; ollagenous rc.atrix vri th 

heavier band s of fibrous tissue separating the l obule s . Extensive areas 

of ne crosis , haemorrhage and dystrophic calcification vrere present 

( Figure 2 . 46 ) . 
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F:if{l3ro_2. 46 : Cs.rcinoma sho-vri'1g dystr ophic cal cific?.ti o:!'l 

( whi te al"rO':l ) and a band of f ib rous t i s s'-l.e repre sen tat ive 

of that dividing the tumour int o l obules . 

HE X 320 

)"igu.re 2 !..41. : RenB.l a de n olila . 'l'he ttPnour is vre ll 

encapsulated and the ne opla. s t :i. c cel l s  are arranged in 

acinar , tubular and papillary f ormat i ons . 

HE X 125 
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( II ) Adenoma 
Kidne y N o .  59  c ontained a small heavi ly encapsu l a t e d  ne oplasm in 

t he caudal pole of the kidney . The ne o:plas t i c c e lls were mainly c o lumnar 

w i th a SJII&.l 1  quanti ty of lightly e os inophi l i c;  cyt opln sm and. l ar-c;e ov oid 

lept o chr omat i c  nu cle i . Hi t ot ic figure s vrere infrequent .  The ne o}Jl a s t i c  

ce l ls viero [.trrango d i n  a c inar , tubular an d occasj_mw.J ly in papi l l ary 

format i on on the relatively dcn.sc c ol l a e;c�nons str·oma . Areas of ne c r os i s 

vrere absent and ana]_.ll asia of ceJ. l s  minimd.l . Renal pa:cer.c:b..yma a d j a c ent 

t o  the adenoma shmved c ompro s s i on atrophy D.1Hl fo cal aggr e ga t i ons of 

l ym]_.Jho cyt e s , plasw::t c e l l s  and phagocyt e s  (Figure 2 . 4 '7 ) . 

Nul tipl e n odul e s  of n e oplas t i c  lympho id cell s \':ere s ea t  tere C:. 

thr oughcu t Lhe c or t e x  E.mcl hilus of l�iclr�c�y lb . 236 . Vi :L thin ihe nod.u l e s  

she e t s  of r:: on ot on ou s l y  regular c e l l s  havine a smal l amo·unt of l ight ly 

e o s in on}, ilic cyt oplasm and round , o·,.r o i d  or· indent e d  pachy chr owa t i c  

m cle i and. ;noc1 e J:a t o l y  high m i  t c t i c  rate re pla ced m o s t  c f  the normal 

renal t :L s su"' vr:i.th o cc a s i onal s pa:cin.& of r,l omern1 i and tu bul e s  ( Fi e-tlrc 2 . 48) . 

The c e l l s  arc 1.msupported except by remainin� rer..o l  c onne c t ive t i s 8uc 

an d show in ras i on of the a d j a cent renal tissue . 

c )  N odu l e s  of 1..m ce r t ain ae t i o l ogy  

T-vr o  o f  the 14 kidneys examine d  were fr om the same shee p . T he na ture , 

site , d i s tribut i on and t otal number of l e si 0ns found in the 14 kidneys 

are ewr.mari :'.e d  in 'f able 2 . IX. .  In llios t  t here vi e re f o cal granul oma t ous 

lesions in the c or t ex associated. with s e condary degenerative change in 

cortex and ID8dulla and involving gl ome rul i , tubul t: s  and inters t i t ium . 

The grc:mul oJla.t ous f oc i c ontained a gg.regati ons of e osinophil s , 

lymphocyt e s , pla::>ma cells , ;'hagocyt e ·; and in s ome cas e s  p olyJ:r,.aryons , 

which s1:.rrounded ce:ntra1 areas of ne crosis and e os in ophi l i c  debris 

( Figure 2 . 49 ) . The as sociated glomerular l e s i ons in e i ght kidneys 1-rere 
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Tft.BLE 2 . IX 

H i s t o l ogical featu:-es of n oC.ul13 s of c:.ncerta i n  ae t i ol og:y:_j.n 14 ki dneys 

Data S UJ:'tf'lari zed fro::1 an-cendix J.:I 

I Distr�::<� i o:1 _ of l e s i onz 11 

Gl omerulus 

Tu.bule s 
I I 

Nature of lesi ons 

"VI ' " .emoranous 
S c l e r o t i c  
Se gmental 
Pan&l ome rular 

, Degenerat ive 

I ::te genera tive 
Inflamsat ory 
Cas t s 
De:po s i t i on 

s i  
3 1 
7 
1 

1 6  
12 

12 l� 

S i t e  of le s i ons K::.. t-Dln : .udney 
� T ot al numbe r  cf 

F 11 F/R 1 H/? \ E/R ! D J l e s i ons 
; I ) ! 

BE ) ' I  
.--. 

Ci'.f ) 8 5 i l  i 2 
BC ) I 
C orte� 16 

Cortex/Ne dulla l 

I ll 

I 

I 
l 2 

' 
: 3  

8 

17 

l T t t · t · "nflamma t ory 
�n ers l lU� V 1 1 n s cv . . . ar 

14 1 
]_ i 

Cor tex 10 
C ortex/Medulla 5 

l 11 
I 
I 

"' c... 2 i 
i 

15 

--�---4------- ------

BM = Base�ent meillbrane 
Cl-!, = CapiLary r..e tv;o:;:k 
BC.  = B ovma..'!. 1 s ea pst�le 

F 
F/R -, . ... /1j1 -··; -· P/R 
1\ ..:..l 

Fo cal 
Ec :�c .. l radi-9#l 

=-• : ��"�l t::.::;1e focal 
�(-,J.lti_;:Jlo :rad.:..al 

= Diffuse 

\Jl 1-' 
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those of segme nta l membr·an os clGr otic change invo lving ba s emen t  membrane s 

and B o\'nn:m ' s cupsule . Three of the kidneys shmved diffuse c or t i c otubular 

epi the lial cell rtegeneration and huemos ideros is . Another kiclr: e y  sh ovred. 

modcre.t o l ·· i.J 8 \i e ro mul � i f o :: ::.l c oe"ti c a 1  aud msdul la:ry c orLge s t:L on an d a 

f o cal chron:i_c inf lan&::�J� ory l e s i on in e.ddi ti o:n t o  the gr·anu l or•!C!. , 

( 6 )  Infan:tc<l kidi'!..QY 

.An occ lud il1g , ort.;'lni z ing i.�rr or:!i::lJs •:rith early· :r e c anal i z a t i on vJas 

prc :.o ent in the renal v e in . Re co11 L thr omb i hCJ.d occluded sevol':il of t he 

arc1..'.ate ar t e :r.ies . 1'he ent h'e J::..::.di1 - y  \·W :::: necrotic: bu t t!1e c.ge of losi o11s 

varj_ed fr om arcu t o  a re a .  I n  U•e subucuts lcc.ioc s tLe no c:.c· o t i c  c m:t icul 

tissue hcd a r-..;ripherRl z ori e  oi' i·'l fla;:uilrt t i. on ill \J•ic�l rH:;c�.h· or hils <:�Jd 

were z o n e s  uf very 1 ·e cent no cr o[; i. �·_; ;·;i tlJ no ccllul<.r ini'l r:; : • . ' : •i:c.'C u:c·y c o:c,]J 01l( ·, 1 t, . 

T he renal n;:) dulla and }JUpiJ la alc o �;hm:ed. re cent e:duu:; j  \ ·.:.. ue c r o s i s . 

C o11 trol kidncvs 

No hi s t o l o gical abnorE'�li t :i.e .-.:; � .-or8 noted. in Uw 10 k'i clrJejrs fro!:! 

lawbs or 25 of til8 4·5 kicli:cys fro:r1 old eHe s . 'l'i;cmty Lid � , c·s of the old 

eHcs c ontai.ue d very J;;i l d  chi' oni c i11 LLcJ:::uil L O l'Y l e ;:; i o::1s iclcn: 1. �  C 'il to th o::;o 

seGn in ki.d:1eys 1·/ith spots ( see hj_ stol ogy se ct i o11 ?) . 

DISGJSSIO:.T 

The statut ory regulations f or kidney condemnat i on in she e p  ki lled 
in New Zeal and slaughter-house s  requires that t he meat inspe c t or dis card. 

any kidneys c on s i rl ercd in his opini on unfit for human c or,su.mpt i cn (Anon , 

1969) . Under thi s "umbre lla " tvro maj or reasons for c ondemna t i on emerge d 

in the present i1we s tigativn.  The fir s t of the se included. kidneys spoiled. 

as the result o f  post mortem handling pr o cedure s re sulting in phys ical 

damage and c ontamination by gut c ontent or non-sterile fomi tes , 1·rhile 

i n  tbe sec ond group vrere those with abnormalities re sult ing from 
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pathological or physiol ogical pr ocesses occurring antemortem . The 830 

Jr.idneys examine d in this survey vre:rc from the lat ter group , but although 

accurate r0c ord.s were not made of l o s s e s  o c curring in t he former , i t  

was aplJarc.mt from observat i on that thi s t;,T oup HiiS nume :ri ce.lly as large 

as that 1-ii th antemor t8m l e s i on s . Includ9d in the 83() kidneys condeLmo d 

for pa.tllol ocical change s ·were 68 kidneys 1-rith discol ol)_rnt i on due t o  

conge st ion . In the ab sence of other pathol ogj_cal abnol'!rral i tie s i t i s  

unlike ly that such ki dneys cons t i tu te a hur.:1an health hazard and could 

therefore have been pas s·J d  as fit :for c onsumption , 

Ot her r e por t s  of ki dney c ond cr::na t i on i n  she e p  killr;cl in s lau�:;1] tc:c ­

houoe.J are fovJ in the literature . ?,hirik ( 197�-) re por t<Jd the prevalor:.::e 

of le i ons in such J.I:.":J.te:r-ial from I-wJ d nvia as L 26 per cent of 1 5 , 5 5 8  

sheG p .  

v.-:1e th21' or n o t  stu·vc;;rs such a s  these a ·c: t ruly rG prC: sc:: ntat ive oi' 

renal d i 3 e ::-·.:se in large p opulati ons of she 8 p  na:y be q_ue s iiclle d  on the 

gr ouncls thut th8y are c ondu c t e d  over a re l ? t.iv8ly short po:�riod of tim0 

and the1·efore cann o t refl e c t  overall pa ttorns or chan�;c s in di sease 

occurrence m1d only indi cate cliseas� in the par t i cular cn Lcl�ent arc n 

sampled . Whi l e  such c r i t i c i sm is vali d , it should be poin t e d  out that. 

s ta tis tics t o  a c c llrately re fle ct such a Hide srJe ctrum of disea se s as 

occurs in kidneys can only be c cmpilE: d  by nuw e rous surv e ys . T his 

survey then re pre sents a beginning . As the ma j ority of lesions note d 

in t:bis and in Zhirik ' s survey 1-rere chronic in t;y-pe , it is pr obable 

that t�e fig�re s are meaningful in t e rms of the n on fatal renal diseas e s  

o f  the area surve yed . In the pre sent survey the catc:h.ment area included 

a large port i on of the c ent-ra l  and s outhe:rn part of the H orth I s l and of 

New Zealand . 

At firs t examina t i on there appeare d t o  be s ome variat i on in 
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prevalence of renal disease s i n  different lines of animals s laughtered. ,  

but subsequent analysis shove d these di fference s t o  be n on-s i gnifi can t 

a�; the 95 per Gent c onfi de n ce leveL 'rh i s  indi cc,tes an overall eve n 

distri bu t icn in tJJG pr eva l e nce of re 1 1 a l  d isease an d suppor �s the argucm:.t 

that the rnn·vey vias a t  l e a s t  repr·e s e n t n t :i.ve for the cat clnu:mt are a under 

c ons i d.crA.tion . 

The s i gnj f i c'lnce of the individual \·:e igh t s  of kidneys i s  di Cfi cul t 

t o asse s s .  I n  the case of U.iffuc;e ly s ca:cl'e d orc;sns the decre a :3 e d  He j_g1.1t 

could be explained on the b�sis of los� of epi tlw lial tissu.2 , vrl1i le 

s ome of ttG la:ccc kidneys n; r c  paircJ. 1·1 i th n<uch sr:1c.ller one s  indi ca t iE�; 

a C Ol!l}J.:� J::..;ut ory hypertl· ophy . Even. after e l ilftinat i on of the se c:;d:re;.::Je s  

tlw ro \ :as c onsid.G T''tble vc-,r:i_L.ti o�l i n  J:; j_ clnoy m::�ss v:Jtich cl.:i.c'l. H e t  :::.ppee.l' t o  

cor:ce late v1i t h  tllG extent u:[' p a  thol osi c.:o.l le si on o:::ccp l; i n  tho s8 Jridne;y·s 

l-:i d.11C. '8 1�as 76 . 14 c Hlli c:h i s  c ons:i. cle rabl � l e s s  tllm1 tlnt cited by HicJ�c l , 

S chuJJL:D C o.nd Sciferle , ( 1975 ) and Uay , ( l9G4) in ::;lJC.e :p .  Acc ording t o  

II i d:o l e t  �J.. t!w avoracc 1·ro ie;ht o.f ::- Y�ce p  ki<.l;:ey ranc;c s beh;eC:n 1 00--1 60 c ,  

Hhi:!.e J.ID.J s to.tns 1 20 g for b o 'vll kiclne s .  Unfortunately none of the s e  

authors quo·: .e bJ:e e cl  o r  age of shc � p . Ghmcokar and S oman ( 1974 ) J:e portcd 

that i· J  :shcqJ the t-;JaY.ino.m h:iclney v;e ight r e l a t ive t o  b ody 'ite i gl 1 t  occurs 

at six montl�s of ae;e o.nd then de cl ine s in proport i on t o  the i11creasing 

b o d y  'iiGight ass o ciated u i th c on tinuat i on of grouth . Da La c ol l e cte d by 

the ProduC'i:; j_ on r-:anager of Bortln·ric.k 1s freezing vwrks at L on.gburn shovre d  

that the av0rae;e v:eie;ht o f  3 , 700 !L. dne ys sample d  dL.Lring the l97G-77 and 

1 977-78 ld.l l ing seas ons vras 74 . 24 g ( pers . comm . ) . 

That the maj ority o f  J .o s ions vrera bilnteral suge;e s ted that most 

resul ted from a systemi c proce ss 1vi th haemat ogenous distributi on of 

patho::;eni c sub s tance s .  The pr obable excepti on vras in the case of the 

ascending pyel onephriti de s . 
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vli th the excepti on of nepbTosis and c onge s ti on all the re por"Sed 

l e s i ons viere chroni c in nature and f or most a defini tive ae t i ol ogy vTas 

not esta1Jl i shed . In fact , th� paras i t i c l e s i ons caused by E cJ;,trwco_� 
e:ranul osv.s:_ hydatid c;y s t s  HCTe the onl y l e s i ons Hith c.�cf ini t ive l y  

ident ified causal agents . In the others the ae t iol OGY is more or l e s s  

speculo:t ive . In the cas e of a11 s ce s s e s  the cau:3al n gents we re r�,ost 

l ike ly t o  be pyogenic 1Jac t e r iD. al though no organisms vwre i dentifi e d.  

in the c:ffe c:tcd ti�; sHc s . Renal ab s ce s s e s  have b e e n  r , porte d ir. other 

spe cie s  as be ing due to _9or_y�>c1->ac_tcril�1il ... EY .. Q.-"'ODeE!., , F.:c.'.c:3:Lp2: l_otl!rj:f 

j nsiC. j_ o�;_;: ::md othe r }Jyogonic bcte t e ria ( Jubb and Kenrrs d�· , 1970 ) . 

The }� i dEeys v1i th e i ther spots and s tro aks or s c ars J:li·esent a 

challcnginr; p:t:obleJil in ae tiol ccj_ cal chE; �·�w::; i s ,  The no.j or his t c •l ot;i c ��J. 
di ffcrcnc� bet-v;een the s e  le si o�1 s 1-w.s thu degree of c olJ a.gen clel)::Js:i.. t i on 

and the di s h·ibLl_t:i on of the le :::;j ons . I3e r.e<.usc of th8 Ht J i e.l lW.hcro of 

t he ma j oTi t y  of the s caTs and the pre sence of infl o.r:.:·.c2:t ory che.Y.'c;e s i n  

paTti cular a s s ociated w i th the pelvi s , the se cas e s  w o r e  c ons i d e re d  t o  

be chr oni c ryc l onc ph:ri t i c  l o oj_ oJJs . 1-'i:fteen of 51 h.uncys vl i th s cars 

C):amincd b �:_ ::; t ol o zi c a l l y  \vere a s s ociat e d  1·:i th obli t e �ca t ive l c s i o::1s o f  

t he arcuate vessel:oc: and o c curJie u mainly c ortica.l pa:roncl! yma ue;:-o uost 

c onsistent wi th infar c t s . 

The distribu t i on of s p o t t e d  and. streake d l e s i ons on the other hand 

sugge sted a haema t ol ogically di s seminated pathogen . Such l e s i ons have 

be cm described in lept ospiros i s  due t o  Llliospira uom ona in:fe cti on . 
(Hartley , 1 9 5 2 ; Hodge s , 1974 ; Har shall , 1974 ) . In the pre sent sm�v-ey ,  

n o  l ept ospi rae w·ere demonstrated in Warthin Starry s taine d se c ti oDs of 

the lcLdneys . This hm·mver l o e s  not exlude them as t he ae t i ol ogi cal 

factor be cause i t is likely t hat in lesions of t his age the leptospirae 

may no l onge r be pre sent . In additi on , unl e s s  the organism i s  pre s.e nt 
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in l arge number s , silver s taining te chniques are not par ticular ly 

sensitive methods for thei r  deJQOnf.Jtra t i on .  (Hackint osh , pers . c o1I!Il . ) .  
T b e  most sens i t ive me thod for dem ons t rati on of l ept ospiral j_nfe c t i on 

of t he k:idJlGY is by culture . Ser ol ot;i cal dewon::; trat i o-'1 o: the organi sm 

mo.y al s o  be of valuo ( Ratha\·lay , 1978) . The posibiJ. i ty thnt tlw se lc s i cms 

-.:·;e re the re sul t of infe c t i o n  by othe r non pyoc,erlic bac t e ria E;hould not 

be excluded . 

All except eight of the kidney5 d i s c o l o cu:-G d  br0\'111 sllO\·J o d  d.iffu2-c , 

m oderate t o  s evere c:or t i c otubnlar int1·acy L o11las_�_ic an d i nt.L'D lumena l 

a c cumul ati on of haeJ'l.Osi de ri�L 1'hj s change i s  i don Li caJ t o  t lm t  do s cJ'j_ bE. a 

in sheep infc� cted. vri th D.�:l.LLU'OZOOYJ_�vis ( Sl.nton ,  1974 ) . I n  tl:e otk:r 

c i r.;b t  kidn>:�J8 '\ 'i  tb broun di s c ol ou.c3. ti on ,  haorr; osj_cl:�rin dc: r•c ::d.t i on occ.n·:c c d  

t o  thi s pa. L t e rn has bccm re1Jorted. fl' O!!l H 0n:-uy in sheep 1: it�1 natural L_._.s;�·: :i £_  

infe c:ti ou ( yheras , l 9 G 9 ) , it i s  t o  be expe c te d  Lllctt a.uy i uLl m:ur_a tory 

l e s i on in -,·;hi c;h haemorrhc.c:;e occurs 1·: oul cl  result in such a dis t:rilmti od 

of piL,"ElCnt . t'hile i t  i s  most lik<: -=_y tJw_ L the m:1j ority of tlw rJo l e sio� · :.\ 

are the o u t c o�te of E �_2.vi� infe c t ion, tho po s sibi.lity that o ·Lher dise r �-�8 8  

i n  Hhich h'lcr.l Olysis o r  i ntr::-.renal ltaenor:clw.go occurs sho:;.ld not b e  

c xch .. ded . 

One hundred and seventy f our ki dneys shm·red pale discolouration P_s 

the maj or gro s s  pathol ogical feature (T able 2 * III ) . In the nine kidneys 

v1ith this change exami ned hl s t o l o g i cal ly the les i on 1·ms that of diffuse 

recer�t nephro s i s  of mild t o  moderate se reri t y .  Cause o f  such non ­

spe cific nephr o t i c  change could be due t o  any exoge nous or end ogenous 

ne phrot oxin . ·rhe re cent 'lature of the l e sions sugge s t  that the most 

l ikely cause 1:oul d be relat e d  t o  management during the time of 

transportat i on from farms of origin unt il the t ime of s l aughter . 

Although the nephrosis 11as s ome time8 pre sent in kidneys v.ri th o the r 
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inflammat ory or degene rative lesions , the diffuse dis tributi on of 

ne phr osis suggested that this change vm s unrelated t o  the o the rs . · The 

other re cent l e sion note d in thi s survey ,  that of IHultif ocal or diffuse 

c onge s t i on ,  uas most l ike ly to be of phy s iol ogical origin caused by 

carcli  avas cular and haemodynamic al te ra t i ons caus e d  by yardj_ng and 

slaue1l te ring proce dm:es . 

Hist ol ogj_ cal examina t i on of the cysts shoHeu that i·ri th t he exce p b. cm 

of those of parasitic origill , the lcoion.3 v1cre due t o  urj_nary r e t e n t �.on . 

Five of the ten He re mos t likely the r c s d  t of acqni:ro d tubular blockag·3 

a.s a resul t of tl1e as t; o e; iato d infl amm.FJ.t or�' re a c t i on . The o lher five 

cyst s  occ u.:rTe d  in the ab scencc of infl acnnation and '. :ere theref ore 

probobly o_ c on[G H_i.tal origin . The wild d8gonerat i'\�e l e s i on s  in the 

tubule s proximal and di[> tal t o  the cys t s  v;o rc c onsi dered to b ·..; changes 

se c onda:c:y t o  ur:Ln<:try retelltion .  

A l  tJ1 0ur:h the 1-:iclneys c ontaiiJ.:i..ng viable para s i t i c  cys ts '. : e: re reacli:J y 

di agnoc o d  on gross fe ature s other l:i Qneys uith nodul�r l e s i ons �ere 

re c ocni%:e d  on his t ol ocical &:;rounds a s  par'an i t.i c . The l ·Lter type of 

le sion c oul d. not be different iated gross exat"tinat i on fj:O:r:i othe r l ong 

s tandinr; focal areas of infla;:unai.i on but Uce pre se nce of gra.nul om9.ta 

c ontaining e osinophil s  and polykary ons illdicated a paras i t i c  ae ti ol ogy . 

In the se , the absence of a parasi te or p9..ra.., i t i c  remnant s  made 

identifica t i on of the s pe cific para s i te impos2.ible and they may have 

been cause d by any of several paras i te s  including abberant lat' ae of 

T or oca�a , As cari s or Paras caris species as well as the vari ous parasite s  

o f  sheep whi ch are more c ommonly f ound in o �her tissues . 

Kidneys of all species are a fa ,rourable site for the deve lopment 

of embolic suppurative lesi ons be cause of the large v olume of blood 

passing through them and the end-artery type of their vasculature . 
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Although the primary site of sepsis �vas unde termined , this vras c onsidered 

to be the Hlos t  likely rou te of :infecti on of most of -Lhe renal ab s ce s s e s  

i n  the :pre sent serie s . T here vras at l eas t one case in Hhi ch a suppurative 

pyel itis ';JEW [.,_ ls o pre f;eYl t and j_n thi s  ins tance the abs cesses may have 

been the result of an as cendin g  infe c t i on . 

One of the tl:u'ee tumours found NUS e;r o s sly pre s e n t e d  as a small , 

heavily encapsula t e d  ne oplas tic mas s , whi ch on hi s t op3 �hol ogical 

examina t i on se eme d to grow b; ex pans i on with no apparent invasi on of tlw 

e..d j a c e n t  rona.l parenchyma . Al thoJ.Gh i t i s  n ot ahrays possible to s e r �'�.l'a te 

adenorna f1· om a den o c a r c i.noma on a moq)hol ogical basis OLly (Nielsen ,et I::.L 
197 6 )  tl1 i :J  ne oplasm fuJ. filled t:w- c:;.r o s '"' and his t ol ogj_ c.;:l.l cri t e r i e  of c.;, 

rena l dono!.:'D. . 'fhe otho r tu.wour of epi the ] ial cells s l1 o,:ed c o::-. :' i d.e r c.t·le 

h i s t ol ogi c<ecl variat i on fror:J. l ob'.J.le to l obv.le  ,,,j_ th anaplD.�.i<� e.ncl vs.:c;{i1 1g 

d e grees of difforentiD.tion . The s0 fea ture s and the i�vasion of the 

adj<.:cont ren[:l })aronchyn:t ind i c a t e d  tho.t i t  ;as a rnal ic;rW.lJ t ne opl e ;:i':::. . 

V!hile i t  is mo::>"l li ke ly t o  have bo8n of renal or :i gin , the pos sibil ity 

that it v:as a wo tastat:L c l e s i on of <t carcinon '1 si  tuatE : d.  elseube re in 

the unimal could not be rul e d  out . EaLi.cnant l yrJphomu. is a r e l a t ivoly 

fr-e quent neopJ asm in sl1c e p  and th'::. l::idncys are cmnnon si to s of 

involv emen t ( J ohns t one and l·ianld8lO'.·T , 1 978) . Although the ki dne ys I:la · 
be the only s i te involved ( \·lobste r ,  1 96 6 ; Johnst one and Ha.."Ylktelo ·r ) it 

is l ikely that in the pre sent e xm1ple o ther lesi ons were pre s e nt 

e l s e-vrhere i�1 the carcass . 

P. problem encountere d in the histol ogical examina t i on of many of 

the lesions and in parti cular the spots an<.': s tre aks , s cars and o ther 

chroni c in:flarnma.t or}' lesi o:1s 1·ras the de termination of tl e primary s ite 

of injury . In mos t of the lesions the normal kidney morphology 1·ras 

greatly altere d by t he pathologi cal change s occurring and hence whe the r 

t he initial change -vras of vascular , intersti tial or epi thel ial or igin 
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11as impos s ible t o  ident ify . In such cas e s  s e c ondary clegcmerative chant;e s 

were usually pre sent in all !': 011e s of the nephron as ��ell as the acl j a c;ent 

s t r omal t i s sue . 

The gl omeruLtr J e si ons s c s 11 il". nan.y of the kidneys :i .n this su·nrcy 

illustrate thi s  poin t i·:cll in tLat in all c�H..;e s  they \· .. ere int:Unatcly 

mul t if o cal or radj_aJ di stri1;-_, Li orl a.::; the E�.s :::. o ci::-:.te d  le si on . I-I o s t  

ch�J.!l[e 3 ,  J,.::>si ons cJ1c".l'2Ctcris LJ. c  ul tl12 c;l ut1C.Ti.1l one ylu- :t tis observe d by 

In acld:i.ti on , .::' 11 the kidney::: e :w.;tiined i": G rc c ol l e c t e d  fr o:n r!ie.tnrc sheep , 

ancl t:t-le p:r-iw'n'y gl or:..e rtl_l op:: tld. c ;..; :i..n r..;heep h�o.-,rc tcnclc cl t o  c..ffc ct your.gcr 

animal s (Lorncr and Di-;.: on ;  e J. (, • . 1 ct..L ' 19'7-1 ) • T o  o l i!ninate the 

pos sibility of a pr:i..m:try gl om�ru.l op<ithy in the absence of gross le s i ons 

45 norm l kidr..eys from old e\·:-er; i·1ere examine d hi s t ol o .;i cally and P one 

shmre d evidenc e of primary gl omerular l e s i ons . 'rhe se re sul ts support 

the observa t i on r..:ade by Jvi cCav.sland 5Jt al , 1 974 that gl omsrul onephri tis 

s imilar to  that de s cribed in U " S . A . by Lerner and Dixon i s  not pre s e n t  

in sheep i n  He\! Z e alm1 d . 

Be cause Camp:yl oba cter fe tus is a relat ively c ommon cau::;e of oviDe 

ab ortion in New Zealan.d sheep the absence of primary gl omerv.l onephri t i s  
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casts some doubt on the ob serva ti on macl.e by Den B oer ( 1969) that the 

gl ol'.lcrul op::dhy observed in her v;orl: wus the result of infection by 

·L- J-: :i . s organi sm • 

C OiiC'LU S I OI·� 

T he priP:Etl'Y D im ol" t}�is TOS82rr:h 1-;as -:; o  }XC OVicic informati on on the 

pc.thol ogy of :ecn:J.l lcsi orw in sho u p ,  'J'hc ovc .r:1ll yrevaloncc of lr,idney 

d i sease in 1 3 , 988 mature sLcsp l:i J_lPc1 :in J�iYc c cn::>o c"..l_tivo days in a 

s l uught er--}:_Cll_ f;C WEtS 3 ,  j_[: l10I' cent , 

v1as a s s o ciated ui th nephr o s i s  ·ilrilc :ce d  dis c ol ourat i on , e i  then· pat chy 

or diffu s e , vras r;auso d by c onge s t i on of bl0 od. v e s s e l s . T he s e  1 P- s i ons 

w:;re a cute and probably oc curre d cl o::;e t o  tne time of sl aughter . The 

brovm discoloura t i on in kidneys 1-1as cau s e d  by haemos iderin de o s i  ti on 

vlhich w-as :;_l1 m os t  c as e s  probably the re sul t of prior haemolysis due t o  

infection by .fu2_e_l_:,YtlLr o :u o on ovi s . The ne opl as t j _ c l e si ons v1o ro an adeno:..1a , 

a car c in oma and a mal ignan t lymphoma . 

Primary glomerul onephri tis as reported elsevrhere vras not pre sent 



in sheep examined in this survey .  All glomerular l e si ons observed 

vlere seco "da-ry to the other pathological cha11ge s . 
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APP&NDIX I 

FORV,\T FOR R�CORDING OF HIS!'OP.:.THOLOGICAL LE:SIONS 

C.:.Sll: Ntw.BER: 

GLOMERULaR LESION 
D i stributi on of lesion 

Focal ( F )  
Focal radial (F  /R) 
Mult ifocal  ( V./F )  
�:ultifocal radial ( M/R) 
Diffuse ( D )  

Si to of lesion 
Basement membrane (Bill capillary ne twork ( CN 
Meaangium ( liES) 
Bowman ' s  capsul.e ( BC )  
Urinary space 

dilated with casts 
reduced 

Nature ot lesion 
Prolifora ti vo 
Inflammatory 

nou trophila 
eoe1noph 1la 
lymphocy tee 
plaema cella 

Deposition 
membranous 
sclerotic 
amyloid 

Segmental 
Panglomerular 

TUBtJLA,R LESION 
Distribution of lesion 

Focal ( F )  
Focal radial (F/R ) 
llultifocal ( 11/F) 
Mul tifo ca l  re d ial ( 1!/R) 
Diffuse ( D) 

Si to of lesion 
Proximal GOnvoluted tubule ( POT )  
Descending tubule ( DT )  
Ascending tubule ( AT )  
Distal convoluted tubule ( DCT )  
Coll ecting tubule ( CT )  
Pan tubular ( PAN) 

Nature of lesion 
Degenera t1 Te 

cell swelling 
cell necrosis 

Re genera t1Ye 
Intlamma tory component 

cellular 
neutrophile 
eoet noph 1ls 
lympbocytee 
plaa:oa ce l le 
maet ce lla 
phagocy te  a 
p olyk»ryone 
fib robla ste 

casts 
pure hyaline 
hyaline granular 
hyaline fa t ty 
hyaline RBC 
haemoglobin 
b ile 
calcium 
uric acid 
ax.ala te 

Metaplasia 
Deposition 

membranous 
calcification 
pigments 

haomosiderin 
others 

INrR!H!l'IT:W. LASION 
D1etribut1on of leoion 

Focal ( F )  
Focal radial (F/R) 
llul tifocal ( 11/F )  
llultifocal radial ( 11/R) 
Di fruoe ( D )  

Site o r  l e  s i  on 
Oortex 
lledulla 
Cortex/Me dull a 

Na turo or le si on 
rnn.....-toey 

neutrophi l e  
eosinophile 
lymphocytea 
plaama colla 
mast cella 
phagocyte a 
polyk»ryone 
fibroblaata 

Dopoaition 
membranoue 
collagen 
amyloid 
pigments 

haemoaiderin 
others 

mineral1sa tion 
calcification 

Vascular lesions 
tbrCIIIbua 
conges tion 
hnmorrhaga 

�ll:LVIC LESION 
iatributi <Xl or lesion 

Focal ( F )  
llul tifocal ( lo!/F) 
Diffuse ( D) 

Nature or lesion 
Degenerati'Y'e 

cell swelling 
cell nec rosis 
desquama tion 

Re genera t1 ve 
Metaplastic 
Inflamma t cry 

neutrophile 
eosinophile 
lymphocytes 
pl&Billil cells 
mast cells 
plla gocytoa 
p ol,ykaryona 
fibroblaeta 

NEOPLASIA 

ADpiTION!,j, COJ.!J.!l!!frS 

+ 

+ • mild ++ • mode rate +++ = eeTere 
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APPSNJIX II  

l'HS NATURE , DISTRIBUTION A ND  SEVERITY OF HISTOLOGIC,L Li:SIONS PR�SE!Ir IN 181 iliSJ>ASED KID!Il>YS Ai!RANG;;;D IN GROuPS .,CCOHDING TO TilE I�OR GROSS PA'!HOLOGICAL 
LESION, THE L�SIONS AR3 GR,;.D�D ACCORDING TO TH:l FOR!t.AT IN APPENDIX · I  

0...- \SK No, 

h 
Lesi on Di stribut ion 

� 

11 Site 
Nd ture 

Le�ion �i�: ribution 

Nature 

2l2 
Les i on Distribution 1 1  St te 

Ns. ture 

� 
Lesion Distribution 11 Site 

Nature 

�ion Dt etributt on " Site 
Na ture 

.l2il 
Le�t on �i�;ributtryn 

N;j ture 

� 
Le �t on Diotributt on 

3t t e  
Na. ture 

.llQ � See No. 348 

Lesion Dist ri bution 11 Sit e  Ns. ture 

ttsion Distribution " Site 
Nature 

:2§. 
Lesion Distribution 11 Site 

Na ture 

� 
Le �ion �l�!ribution 

Na ture 

� - See No. 29 
2§. 
Lesion Distribution 

60 

tl Site 
Nature 

Leeion Distribution • Site 
Na ture 

� - see No. 56 

ZL\ 
Lesion Diatribu t1on " Site 

Na ture 

D 
per /rtr j,. T /DCT 
cell swelling ( ++ )  
granul..ar ( + )  
hya line RBC ( + )  

D 
PCT/f1r/i-..T/DCT 
cell swelling ( ++ )  
granular ( + ) 
hyaline RBC ( + ) 
M/F 
I>cr/rtr/,.T/OCT 
cell swellin\! ( +++ ) 
neutrophile ( ++ )  
l.ymphocy tee ( ++ ) 
pla� ce lls ( ++ )  
fib rob last s ( ++ )  
nure h.valtne ( ++ )  
granulllr { + + )  

M/F 
PCT/DCT 
cell swelling ( ++ ) 
Pure hyaline ( + )  
granular ( + )  

D 
PCT/DCT 
cell swell�n � (++ ) 
granular ( ++ 1 
D 
PCT/DCT 
cell swelling ( + + + ) 
granular ( +++ ) 

IL/F 
PCT/DCT 
ce l l  ewell in� granuhlr ( + + ) 

M/F 
PCT/DCT 
cell swelling ( + )  
granular ( + )  

11/F 
CT 
calcium caete ( + )  

1 )  DISCULUUR4TION 
a )  fhk:i 

1!11' �RST IT lUll 

!!/F 
cortex/medulla 
c ongesti on ( + )  

F l.I/F 
c ortex c ortex/medulla 
l.ymphocytes ( + )  c ongest i on f + )  
pl,. sms. ce lls ( + )  

�frtex 
fibroblasts ( ++• ) 
l.ymphocyte s ( + + )  
pla sma ce lls

( 
( r) 

nentrophils + 

M/F 
c 1rtex/medulla 
congest ion ( + )  

M/F 
cortex 
lymphocy te' ( •+ ) � ls f..,:;.• .-:;ells ( ++ )  

b )  !!lR 

M/F 
cortex/medulla 
congestion ( + )  

11/F 
cortex/medulla 
lymph ocy te s ( + ) 
p la sma cells (+ ) 
ccngeetion ( + )  

medulla 
fib roblasts ( +++)  

M/1' D 
c ortex medulla 
ccngeet1 on ( + )  congest i on ( + )  

11/F 
c ortex/medulla 
cona:ent ion ( + ) 

11/F 
c ortex/me dulla 
congestion ( + )  

M/F 11/F 
cortex cortex/medulla 
l.ympboc;ytes ( + )  congestion ( + )  
pla� cell s ( + )  

GLOMERULUS 

M/F 
BM/CN/BC 
membranous ( + )  
pa nglome rula r 

�1/F 
BM/CII/BC 
membranoue ( + )  
segmental 
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�- � 
:zru! - See No. 56 

m - §ee No. 78A 
ill 
Le�ion Di stribution 

Site 

160 -

186 -

�2� -

Nature 

See No! 

See No. 

See No. 

1�5 

56 

56 

� 
Lesion Dist ributi on 1.1/R 11 Sit e PAN 

Na ture c ell swelling ( +++ ) 
regenera tion ( ++ ) 
l.ympbocytee ( ++ )  
plasma cell ( ++ ) 
pure eya line ( ++ ) 
granular ( ++) 
hloo emoglobin ( + )  
calcium ( + )  
metaplasia ( ++ ) 
hwemooiderin ( +++ ) 

ffi " ion �i�!rl but ion �T/ DCT �/DCT 

ill 

Na ture haemoetderin haemoglob in 
( +++ ) ( + )  

Lesion Distribution D " Sit e PCT/DCT 
Nature h�ewoeiaertn ( +++ ) 

!§1. 
Lesion Distribution D " Site PCT /DCT 

Ns ture haemosiderin ( + )  

l�!to� �iatribution D " Site PCT/DCT 
Nature cell swelling haemoe1der1n 

239 - See No. 155 
� 
Lesion Diat�ibuti on " Site 

Na ture 

� 
Le!ton �i�;r1but1 on 

Nature 

� - See No . 155 
�ion D1etr1but1on 

Site 
Na ture 

D 
PCT/DCT 
cell swelling ( + )  
haemosiderin ( + )  

D 
PCT/DCT 
ce 11 swelling ( + ) 
haemoside rtn ( +++ ) 

D 
PCT/DCT 
cell swell1n(! baerao- ( •J side rin ( • ) 

11/P 

l,ymphocytee 
pla--(•• l 

cello( ++)  

ill 
Lesion Distribution N/R D " Site PCT/DCT/CT PCT/DCT 

ill 

Nature hyaline cell owell-
oaato ( ++ )  ing (++ ) 
lymphocyteo ha..,.ooide-( + ) rin (++ ) 
p:U.oaa cella ( .. ) 
calcium caste ( + )  

Lesion Dietribution D " Site PCT/DC'l' 
Nature haemooiderin ( + )  

�ion Diotribution P/R D " Site PCT/DCT PCT/DCT 
" Raturo cell awelli!li cell 

{ ++ ) ewelling{+ )  
regeneration haemoeide -

3�9 - See No. 155 

(++ ) rin ( + )  
J.ymphocy tee ( ++) 
plai!ID8 cells ( ++) 
pure hyaline (++ ) 
membranouo ( ++ )  

Ilfl'ERSTITI\!)1 

M/F 
cort ex/medulla 
congestion ( ++ )  

c )  BROWN 

M/R 
cortex/medulla 
l,ymphocy ts s ( • • •  ) 
plasma cells ( +++ ) 
t'ibrobls ate ( +++ ) 
collagen ( +++) 
hilemos1der1n ( +++ ) 

D 
cortex/medulla 
congestion 

11/F 
cortex/mellulla 
neut rophil a ( + )  
lymph ocytea ( + + )  
plasma cells ( • • )  
phsgocyiee ( ++ ) 

11/F 
cortex/medulla 
c ongesti on (+ )  

11/P ( 2 foci ) 
cortex 
lymphocy tee ( + + )  
p la sma  cells (++ )  

11/R 
cortex 
lymphocytea (++ )  
pl&- cello ( ++ ) 
t'ibroblaata ( + )  
collagen ( + )  
haOIIosiderin ( + ) 

P/R 
c ortex 
:Qmphocytea ( ++ l 
pla..,. cello (+  
t'ibroblaoto ( ++  
membranous ( ++) 

GLO!lER!JLUS 

M/R 
BM/CN/BC/l!ES 
membranous ( ,..,..+ )  
sclerotic ( +++) 
panglomerular 

D 
BN/CN/BC 
membranous ( + )  
panglomeru�r 

11/P 
urinary spa ce 
d i la ted ( + )  
haemoeiderin ( + )  

D 
BII/CN/BC 
membt'Qnous 
segmenta l 

D 

( • )  

BN/CN/BC 
membrwnous ( + ) 
segmental 

D 11/F ( 2 foci ) 

�1/P 
deeQ.ullJDil t ion { ++ ) 
lymphocy tee ( ++)  
p la sma  ce lls ( ++ ) 

BII/CN/BC 
membt'Qnous 

( + )  
segmental 

memb ranous ( .... ) 
segmental 

l!/R 
BII/CN/BC 
membranous ( ++) 
sclerot ic ( ++) 
segmental 

F/R 
BII/CJJ/BC 
membranous ( + )  
sclerotic ( + )  
oegmental 
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GASE llo, 

J.\il 
Lesion Distribution 11  Site 

Nature 

ill - See No, 341 

� 
Lesion Distribution 1 1  Site 

Nature 

� Lesion Distribution " Site 
!la ture 

� t:eSIOii Distribution 1 1  Site 
Ns. ture 

�eion Distribution " Site 
!la tu re 

.6!1. - See !lo, 6t, <l B 

� 
Lesion Distribution " Site 

Nature 

.ll 
Lesion Distribution " 81 te 

Na ture 

:ll 
Lesion Distribution " Site 

Nature 

':!.Lt.. Leilon Di str1 bu t1 on 11 Site 
Nature 

!@. 
Leeion Distribution " Site 

Na ture 

l;�i:lDietribution " Site 
Nature 

�ion Distribution " Site 
Nature 

\i!iA - See No, 6A 

f*sion Distribution " site 
Na ture 

Heion Distribution 

66 

" Site 
Nature 

D 
PCT/Dc:r 
cell owelling ( + )  
haemosiderin ( ++ ) 

11/F 
PCT/Dc:r 
cell swell in!! ( + )  
l¥tnphocytee ( + )  
plaemo. cells ( + )  
phagocy tea ( + ) 

11/F 
PCT/Dc:r 
cell ewol ling ( + )  
granular caste ( + )  
pure hyaline ( + )  

11/F 
PCT/Dc:r 
lymphocy tee ( + )  
p la 81Dil cells ( + )  
haemosiderin ( + ) 

M/F ( 10 foc i }  
PCT/Dc:r 
lymphocy tes ( + )  
plasma cells ( + )  

M/F ( 1 0  :!'oc i )  
PCT/Dc:r 
lymphocy tes ( + )  
plasma ce llo ( + )  

a s  4lA plus 
hyaline 11ranular ( + )  
hyaline RBC casta ( + )  

11/F ( 1 0  :!'oci ) 
PCT/Dc:r 
lymphocyte o ( + )  
plasma cella �+ )  
pure hyaline + )  
membranous ( + 

11/F ( 4 :!'oci ) 
PCT/Dc:r 
J..ymphocytea 
plaams cello ( + )  

11/F ( 6  :!'oci ) 
PCT/Dc:r 
membranous ( + }  

Li"si on Distribution D • Si to 
!la ture PCT /DCT 

haemoeiderin ( + )  

I!!rili!ST IT IU!ol 

2)  � 

11/F 
c ortex 
1Ymphocytes ( + )  
pla ,.... cells ( + )  
phagocyte a ( + ) 
:!'ibroblaeta ( + )  
collagen ( + )  

11/F 
cortex 
lYmph ocy te o ( + ) 
pla lllllll oe ll s  ( + } 
phagocyte a ( + )  

11/F 
cortex 
1Ymphocy tee ( ++ ) 
plasma cells ( + + ) 
:!'ibroblaste ( ++ ) 
collagen ( ++ ) 

11/F 
cortex/medulla 
lymphocy te s  ( ++ )  
plasma cells ( ++ ) 
c ongestion ( + )  

11/F ( 1 0  foc i )  
cortex 
lymphocy tea 
pla lllllll cells 

11/F ( 9  foc i )  
c ortex 
lymphocy tea ( + )  
plasma ce ll s ( + }  

11/F ( 2 foci ) 
cortex 
l¥tnphocytes ( + }  
plasma cells ( + )  

11/F ( 10 f oc i )  
cortex 
lYmphooytes ( + + )  
plasma cells (++ ) 
c ongeetion ( + )  

a s  4lA 

11/F ( 10 :!'oc i }  
c ortex 
lymphocy tee ( + + )  
plasma ce lls ( ++ ) 
cCX>gestion ( + )  

11/F 
medulla 
congestion ( + )  

11/F ( 4  :!'oo i )  
c ortex 
1Ymphocy tee ( + }  
plasma cells ( + )  

D 
medulla 

11/F ( 6 :!'ooi ) 
c ortex 
l¥tnphocytes ( + )  
plasma cello ( + )  

11/F ( 6 :!'ooi ) 
cortex 
l.Y=phocytoo ( ++ ) 
plasma qells ( ++ ) 
11011branous ( + )  

11/F 
c ortex 
lYlllphocytes ( ++ ) 
plasma cell a ( ++ )  

c ongeation ( ++ ) 

CILOIIEI!ULYS 

11/F 
1!11/CII/BC 
mebrv.noue 
sclerotic 
segmental 

11/F 
BII/CII/BC 
memb ranous ( + )  
panglomerular 

11/F ( 2 foci ) 
BII/CII/BC 
membranous ( + ) 
panglomerular 

11/F ( 10 foc i )  
BII/CN/BC 
membranous ( + )  
segmental 

aa 41A 

11/P ( 10 :!' oc i )  
BII/CN/BC 
membranous ( + )  
panglomarular 

11/F ( 4 :!'oc i )  
BII/CII/BC 
membranous ( ++ ) 
panglomerula r 

11/P ( 6  :!' oc i )  
BM/CI! /BC 
llembranoue ( + + )  
eolerot ic ( ++ ) 
segmental 
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14/F ( 9  foc.i )  
PCT/DCT 
zymph ocy toe ( + ) 
plae""' ce lls ( + ) 
pure hyaline ( + )  

D 
PCT/DCT 
haemo sidertn ( +++ ) 

I !IT ER§T IT IUM 

14/F ( 9 f oc i )  
cortex 
lymphocy te e ( + )  
plael!lil cells ( + )  

D 
c or tex/me dulls. 
c ongesti on ( ++ )  

M/F 
c ort e.x 
lymphocy tea ( +++ ) 
pla ema cella ( +++ ) 
fibrob l.ae to ( +++ )  
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�1/F 
PCT/DCT 
zymphocy tea ( + )  
p � sma. cells ( + ) 
pure hyaline ( + )  

11/F 
PCT/Dc:r 
lymphocy to e  ( + )  
plae""' cells ( + )  

M/F 
PCT/DCT 
lymphocy te a ( + ) 
pl.aan1i cella � · � 
pure hyal ine + 

11/F 
PCT/DCr 
cell swelling ( + )  
pure hya line ( + ) 
granular ( + )  

ll/F 
PCT/DCr 
cell swel ling t • ) 
regeneration �+ l 
pure hyal ine ... 
membranous ( + 
ha emoaiderin ( + ) 
14/R PAll 
c e ll swelling ( +++ ) 
regeneration ( H ) 
neu troph il• ( + )  
lymphocytea ( ++ ) 
plaerr<> cella ( ++ )  
phagocy te a ( + + )  
p u re  hyaline ( ++ ) 
granular ( ++ { 
membra n 1UB ++ } 

M/F 
PCT/Dc:r 
ce ll swelling ( + )  
regeneration ( + � 
pure hyuline ( + 
hyaline RBC ( + )  

B 
11/F 
PCT/DCT 
cell swe lling ( + )  
regeneNtion ( + )  
lymphoc y tee ( + ) 
plaa• ce lla � + l 
pure hya line + 
haemoetderin + 

11/F 
PCT/DC'?: 
cell swelling ( +++ ) 
regeneNtion ( ++ )  
neutrophile � ++ l 
lymphooytee ++ 
plae• cella ( ++ ) 
gNnular casts ( + )  

11/F 
PCT/DCr 
cell swelling ( ++ )  
regeneration ( ++ ) 
lymphoc:rteo ( + ) 
pla .,.. cells ( + )  
pure hyaline ( + + )  
granular e o  eta ( ++ ) 

M/F 
cortex 
lymphocy tea ( + + )  
pl.asl!lil c e l l s  ( ++ ) 
fibrobla ota ( ++ ) 
c ongestion ( + )  

M/F 
cortex 
lymph ocy tea ( + )  
pla eu" cells ( + )  
fibrob la ats ( + )  
conge s tion ( + )  

1!/F 
corte x  
lymphocy te s ( ++ ) 
plao!l'B cells ( + + )  
fibrobla a t o  ( + + )  

M/F 
cortex 
lymphocy tea ( + )  
p lasma cells \• ) 
nha uncy t � e  ( • 

rt/F 
cortex 
lymphocy te a  ( ++ ) 
p lasma cells ( + + )  
fibroblasta ( ++ ) 

ll/R 

11/F 
medulla 
congestion ( + )  

cortex/me dulla 
lymphocyte e ( +++ ) 
pl.a BIIJ9. cells ( + + + )  
fibrobl• sto ( +++ ) 
membranous ( +++ ) 

ll/1' 
c or tex lymph ocytes ( ++ ) 
plasma cells ( + + ) 
fibrobla ets  ( ++ ) 
c olla gen { ++ ) 

lol/l' 
cor tex 
lymphocytee ( ++ ) 
pla ..,.. cells ( ++ )  
membNnous ( + )  

11/F 
cortex 
neu trophils ( + )  
lymphocy te o ( ++ ) 
plae• cello ( + + )  

11/F 
c ortex 
lymphocyteo ( ++ ) 
plasma cells ( ++ ) 
phagocyteo ( + )  
fibrob laete (++ ) 
c ollagen ( ++) 

GLOMERULUS 
M/F ( 9  f oc i )  
Bll/CII/BC 
memb ranoua ( ++ ) 
pan F ,lomerula r 

�i/F ( few f oc i )  
Bli/CII/SC 
memb ranous ( ++ ) 
pa.ngl orne rula r 

M/F 
BN/CII/BC 
memb ranous ( + ) 
segme n tal 

11/F 
Bli/CII/BC 
membranous ( + ) 
panglome rula r 

M/F 
BM/CII/SC 
membNnous ( ++ ) 
scleroti c ( + )  
pangl ome ru la r 

ll/F 
BM/CII/SC/M38 
prolife ra t i ve  ( + ) 
membranous ( . ) 
pi:l.nglomerular 

1!/R 
Bli/CII/SC/IIE:S 
proliferat ive ( ++ + )  
memb ranous (+++ ) 
panglome rula r 

ll/l' 
BM/CII/SC 
memb Nnoua ( + )  
panglomerula r  

11/F 
Bll/BC 
membNnoue ( + )  
segmental 

11/F 
BM/BC 
membl'llnoua ( + )  
segmental 

11/l' 
BII/CN/SC 
membranous ( +++ ) 
eclerotic ( +++ ) 
panglomerular 
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tt./F 
desquama tion ( ++ ) 
regenera t i on ( +t ) 
lympbocy tea ( ++ )  
pla sma cells ( + + ) 
fibrobJ..; ate ( + + )  
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11/P 
PCT/DCT 
cell swell ing ( + )  
regeneration ( + )  
l,ymphooy tes ( + )  
plaems cells ( + )  

F 
PCT/DCT 
cell ewelli � ( + )  
l,ymphocytea ( + ) 
plasma cells ( + )  

11/F 
PCT/DCT 
cell swelling ( + )  
regensra t 1 m  ( + )  
lymphocy tea ( + )  

14/R 
PAN 
ce ll swelling ( +++ ) 
regenera t 1 m ( +++ ) 
l,ymph oc ytee ( ++) 
plasma ce lle �++ ) 
pure hyaline +++ )  
granula r ( +++ 
metaplasia ( ++) 

M/F 
PCT/DCT 
cell ewe lling ( + + )  
regeneration ( + )  
l,ymphoc:v te s ( + + )  
plasma cella ( ++ ) 
�>h .. gocy te s ( .. ) 

14/F 
PCT/DCT 
cell ewell1ng 
pure hyal ine 

F 
PCT/DCT 
cell swell ing ( + )  
regeneration ( + )  
lymphocy te s ( + ) 
plaBm8 ce lle ( + )  

F 
PCT/DCT 
cell swelling ( ++ + )  
regenerat ion ( +++ ) 
granular ea eta ( + ) 
metapla eiil ( +++ ) 

loi/F 
PCT/DCT 
lymphooyte a ( + )  
pla sms cella ( + )  

11/P 
PCT/DCT 
cell swell ing ( + )  
pure hyaline ( + )  

11/R D 
PCT /DCT PCT /DCT 
cell awelling ( ++ )ba am oai­
regeneration(++ l siderin 
l:vmphooytea (++ (+ ) 
plaama cella ( ++ )  
:!'tbrob la e to ( ++ ) 
pure hyaline ( + + )  

14/P 11/R 
cortical PCT/DCT 
cysta l;vmphooytes ( ++ ) 

(++ ) plasma cello ( ++ )  
tibroblaats ( ++ l 
pure hyaline ( + 

Il!rJ!R!lr IT Il!ll 

11./P 
cortex 
l;vmpbocytes ( + )  
plaama cella ( + )  

F 
cortex 
J.,ymphocy te s ( + + )  
plasi!JI cells ( ++ )  
tibrobla sts ( ++ ) 

11/F 
c o r  tax/medulla 
congestion ( + )  

11./F 14/F 
c ortex cort ex/medulla 
l,ymphocytes ( + )  c ongesti on ( + )  
plaei!JI cells ( + )  
t1brob la s te ( + )  

14/R 
cortex/me dulla 
l,ymphocy te e  ( ++ + )  
pla BIIII' cella ( + + + )  
tibrob laate ( +++ ) 
collagen ( +++ ) 

M/F 
cortex 
lymphocytee ( ++ ) 
p ho ema celle ( + + )  
phagocyte a ( ++ )  

14/F 
cortex 
lympbocytee ( + ) 
plasma cella ( + )  

F 
cor tex 
lymphocytes ( ++ )  
plasma cella ( + ) 

F 
c ortex 
lymph ocytes ( ++ ) 
plasma cells ( ++ ) 
tibrobla sts ( ++ ) 
c ollagen ( ++)  

11/F 
cortex 
lymphocy to a ( + ) 
plaama cells ( + )  

11/P 
c ortex 
lymphoc:v te e ( + ) 
pla .... cella ( + )  

11/R 
cortex 
lymphooy tea ( ++ l 
plasma ce lla ( +  
tibroblasta ( ++ 
c ollagen ( ++) 

11/R 
cortex 
l:vmphoc:v tea ( + )  
plasma celle ( + )  
tibroblaeta ( + )  

C1LOI4iffiUl.US 

F 
BLI/CN/IlC 
membrenous ( ++ ) 
pang lame rula. r 

C/F 
Blo!/CN/BC 
membl'Qnous ( + )  
segmental 

M/R 
B�!/CN/IlC 
memb ranous ( +++ ) 
aclerot 1c ( +++ ) 
segmental 

lo!/F 
BM/CN/BC 
membranous ( ++ ) 
sclera tic ( ++ ) 
segmental 

11/F 
BII/CN/BC 
membranous ( + )  
segmental 

11/R 
BII/CI'/BC 
membrenoua ( + )  
sclerotic ( + )  
segmental 

11/R 
111/CI'/IlC 
membranous ( + )  
panglomerular 

11/F 
de squama t1 on ( + ) 
regenera ti on ( + )  
l,ymphocytea ( + ) 
tibroblaet e ( + ) 
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F/R 
PCT/rtr/,.T/rx:f 
necrosis ( ++ ) 
l,ymphocy teo ( + + )  
pla sma cello (++ ) 
phagocy tea ( + )  
fibroblasta ( + )  
pure hyaline ( + )  

1!/R 
PCT/IJCT 
l,ymphocy te a  ( + )  
plasma cello ( + )  

F/R 
PAN 
l,ymphocy tea ( +++ ) 
plasma cella ( ++ + )  
phagocy tea ( + + )  
fibroblaata ( +++ ) 
me taplaaia ( ++ ) 

11/R 
cortical 
l,ymphocy tea ( + )  
plasma ce lla ( + )  
phagocytaa (+ ) 
fib roblaote ( + )  

11/R 
PAN 
cell swelling ( ++ ) 
re genera tton ( +++ ) 
neu troph ila ( + )  
l,ymphocy te s ( +++ ) 
plasma cella ( +++ ) 
phagocytes ( + + )  
fibroblaete r ++ ) 
pure hyaline ( ++ ) 
gr .. nular ( ++ ) 
me tapl.Ba1a ( +++ ) 

M/R 
ae case 35 

plus 
haemoaide rin ( ++ ) 

11/R 
PAN 
ce ll swelling ( + + ) 
re genera tton { ++ ) 
l,ymphocy te a  ( ++ ) 
plii ema cella ( ++ )  
fib r oblaoto ( ++ )  
membranous ( + + )  

1.!/R 

II!TSI!STITIU!.l 
F/R 
oortex/me dulla 
l,ymphocytea ( + )  
plasma ce lla ( + ) 
phagocytea ( + )  
fibrob laata ( • ) 

M/R 
c ortex 
l,ymphooy tea ( + )  
plasma ce lla ( + )  

F/R 
cortex/medulla 
l,ymphocy tea ( +++ ) 
plaama ce lla ( +++ ) 
phagocy tea ( + ) 
fibrobla a ta ( +++ ) 
collagen ( ++ ) 
membranous ( ++ ) 

M/R 
cortex 
l,ymphocy tea ( + )  
plaama ce lla ( + )  
phagocyte a ( + ) 
fibrobla ota ( + )  

11/R 
cortex/medulla 
neutrophila ( + )  
l,ymphocy tee ( + • + ) 
pla sma cella ( +++ ) 
phagocy tea ( ++ ) 
fibroblasts ( ++ ) 
c ollagen ( +++ ) 

11/R 
as case J5 

plus 
haemosiderin ( + + )  

11/R 
cortex/me dulla 
l,ymphocy tea ( ++ ) 
plasma cella ( ++ ) 
fibroblaate ( ++ ) 
c onges tion ( ++ ) 

M/R 
Lee ions eimllar wi th case No. 35 except 

W/R 
PAN 
cell swelling ( ++ ) 
regeneration (++ ) 
l,ymphoc;y tea ( ++ ) 
plaema ce lla ( ++ ) 
pure hyaline ( ++ ) 
motaplaaia ( ++ ) 

F/R 
PAN 
oe ll swelling ( ++ )  
regeneration ( ++ ) l;r•phoo¥t41 ( ++ 1 
pliiema cello ( ++ )  
fib roblasta ( ++ ) 
pure hyaline ( ++ ) 
granular ( ++ ) 

F/R 
PA.If 
cell owl ling ( +++ ) 
regeneration (+++ ) 
l,ymphocytee ( +++ ) 
plii- cella ( +++ ) 
pure hyaline ( + + )  
granular ( ++ )  
membranouo ( ++ ) 
oalcifica tion ( ++ ) 

11/R 
c ortex/llll! dulla 
lymphoo�eo ( ++ ) 
plasma cella ( ++ ) 
fibrobla ot o  ( ++ ) 
c ollagan ( ++ ) 
oongeotion ( ++ ) 

F/R 
cortex/medulla 
l,ymphocyteo ( + + )  
plasma cella ( ++ ) 
fibroblo<ata ( ++ 1 

F/R 
oortex/medullii 
lymphoey te o  ( +++ ) 

plaema oells ( ++ + ) 
fibroblaoto ( +++ ) 

GW!qRULUS 
F/R 
BII/CN/BC 
membranous ( ++ ) 
panglcmerulii r 

M/R 
BII/CN/BC 
membranous ( + )  
panglome rular 

F/R 
BI.!/CN/80 
memb ranoua ( ++ ) 
sclerotic ( + )  
pe.nglomerula r 

1.!/R 
BI!/CN/BC 
membranoue ( + )  
pangl cmerula r 

11/R 
BW/CN/00 
membranous ( +++ ) 
sclerot i c  ( +++ ) 
panglollll! rular 

1.!/R 
as case .35 

11/R 
BII/CN/BC 
membranous ( ..-+ ) 
eclerot i c  ( + )  
eegmentel 

ll/R 
neu tr ophila 

11/R 
1!11/CN/BC 
membranous ( ++ ) 
sclerotic ( ++ ) 
pan.glomerular 

F/R 
BII/CN/BC 
membranous ( + )  
sclerotic ( + )  
segmental 

F/R 
BII/ON/BC/ur. epaces 
memb ranoue ( +++ ) 
oolerot io ( ++ ) 
reduced ( + + )  
panglome rular 

F 
deequama ti on ( + )  
metaplasia ( • ) 
lymphocy tea ( + )  
plasma c e lla ( + )  
fibroblasta ( + )  

J.I/F 
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desquamation ( +++ ) 
regeneration ( +++ ) 
neutroph ile ( + )  
l,ymphocyteo ( +++ ) 
plasma ce lla ( ++• ) 
phagocy te a ( +++ ) 

M/F 
as case 35 

plus 
fib r ob la s ts ( ++ ) 

1'/F 
lymphocy tea ( ++ ) 
pla ..,.. cella ( ++ )  
fibroblasta ( ++ )  

M/F 
l,ymph ocytaa ( + )  
plasma cello ( + )  
fib rob lasts ( + )  

F 
l,ymphocytes ( + )  
pliio- oell s ( + )  
fibroblasto ( + )  
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11/R 
PAN 
cell ewelling (+++ ) 
re genera ti on ( +++ ) 
l,ymphocytes ( +++ ) 
pl.9.ema cells (+++ ) 
pure hyaline ( +++ ) 
metaplasia ( +++ ) 
membranous ( +++ ) 
haomosider1n (++ ) 

llfBilSTITIUM 
11/R 
cortex/medulla 
l,ympbocy tea ( +++ ) 
plasma cells ( ++ + )  
fibroblasts ( +++ ) 
collagen ( + + )  
hsemosider1n ( ++ )  

GLOI!3RULUS 
M/R 
Bt.l/CN/BC/M�S 
proliferative ( +++ ) 
memb ran oua ( +++ ) 
sclerotic ( +++ ) 
segmen ta l  
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All leeiona similar with esse No. 98 
plue diffuse tubular ( PCT/DCT ) haemos1derin ( +++ ) 

M/R ll/ll M/R 
All leEi ons similar with ease No. 98 
plus tubular granular ( +++ ) end hyaline RBC casts ( +++ ) 

M/R 
PA.N 
cell swelling ( H+ ) 
regeneration ( +++ ) 
neu trophils ( + ) 
l.ymphocyt ea ( + ) 
plasma ce lla (+ ) 
phs.gocyte s  ( ... ) 
fib roblaata ( + )  
pure hyaline ( +++ ) 
hyaline RBC ( +++ ) 
granular ( +++ ) 

11/R 
F;J; 
cell swelling ( +++)  
rage ne ration ( +++ ) l,ymphocytee I ++ )  
plasma cells \++ ) 
pure hyaline +++) 
granular ( +++ 
memb ranous ( ++ ) 

M/R 
PAN 
ce ll swe lling ( ++ )  
regenera t i tn  ( + + )  
lymphocytes ( + )  
pla sma cells ( + )  
ftbroblaste ( + ) 
hya l i ne RBC ( + )  
hya line fatty ( + )  
granular co.sta ( + )  
membrsnous ( + )  

M/R 
PAN 
cell e""lling ( +++ ) 
regeneration ( +++ ) 
l.ymphocytee ( +++ ) 
plasma cells ( +++ ) 
f1b r oblaete ( +++ ) 
pure hyaline ( +++)  
b)'aline RBC ( +++ ) 
granular ( +++ ) 
me t.apla si a ( +++ ) 

F/R 
cort ico.l 
cell swelling ( ++ ) 
regenera tion ( ++ ) 
l.ymphocytes ( + + )  
plaemo cells ( ++ )  
f1broblaete ( + )  
pure hyaline ( ++ )  
granular ( + )  
haemos1derin ( + )  

F/R 
PAN 
cell """ll1ng 
resenerstion ( ++ )  
l.Yml>hocytee I + )  
p lasma cells ( + )  
pure b)'aline ( ++ ) 
b)'aline llBO ( + + )  
granular ( + +  ) 
me taplaaio. ( + )  
haemoei4er1n ( + )  

F/R 
cortical 
oell s""lling ( ++ ) 
pure b)'a line ( + ) 
granula r ( + ) 
haemoa14erin ( ++) 

D 
PCT DCT 
haem""�s i­
derin 

( +++ ) 

�l/R 
cortex/medulle. 
l,ymphocytes ( +++ ) 
plasma cella ( +++ ) 
fibroblsats ( +++ ) 
hsemosiderin ( ++ ) 
c ongestion ( + + )  

M/R 
cortex/medulla 
l,ymphocy tes ( + + + )  
plasma c e lls ( +++ ) 
fibroblasta I +++ )  

1!/R 
cortex/medulla 
l,ymphocyte a ( ++ ) 
plos"" cells ( ++ )  

�1/R 
cortex/medulla 
l,ymphocy tea ( +++ ) 
plasma ca lls ( +++ ) 
f1brobla s ts ( +++ ) 
membranous ( ++ ) 

F/R 
c ortex 
lymphocyt.ea ( + + )  
pla ama c e l la ( ++  ) 
fibroblaets ( + + )  

F/R 
o or tex/me 4 ulla 
l,ympbocytea ( + )  
pla- cells ( + l 
fibroblaets ( ++ 

F/R 
cbrtez 
lymphocytea ( + )  
pla81111l cells 

M/R 
Bll/CN/BC 
membran 'UE ( ++ ) 
sclerotic ( + )  
panglomerular 

1.1/R 
BII/CN/BC 
membranous ( ++-• ) 
sclerotic ( + )  
eegmen tal 

1!/R 
SL!/CN/BC 
membranous ( ........ ) 
eegmen tal 

M/R 
Bll/CN/BC/Mii:S 
membranous ( +++ ) 
proliferation ( +++ ) 
sclerotic ( +++ ) 
segmental 

F/R 
!llft;II/BC 
memb ranoua ( + )  
po.nglomerular 

F/R 
BM/CN/BC 
membranous ( + ) 
sclerotic ( + )  
segmental 

F/R 
BII/CII/BC 
membranous ( + )  
segmental 

11/F 
l,ympbocyt e s  ( ++ )  
plasi!Ol cells ( ++ ) 
fib rou last e ( ++ ) 

F 

1!/F 

1!/F 
dee qu�mat i ·'n ( + ( regeners t i on ( + J 
l,ymphocy tee ( + )  
p la ams ce lls ( + )  
fibroblasts ( + )  

M/F 
lympb.ocytes ( ++ ) 
pla am a cells ( ++ ) 

M/F 
d esquama tion ( + l 
regenera tion � 
l.ympb.ocy tea ( + ) 
pla sma c ells ( + )  

M/F 
desqua ma tion ( ++ ) 
regenera tion ( ++ ) 
lymph ocy tea ( ++ ) 
plasma cells ( + + )  
fibrobla e te ( ++ )  

F 
deequeme. ti on ( + ) 
re genera t i cm  ( + )  
lymphocy tee ( + )  
pla sma cella ( + )  
fibroblas te ( + )  

79 



QMU!Q· 
l3A 
Le�i o n  Distribution 

Site 
Na ture 

� - See No. 

ill 
Les i on Distribution " Site 

Nature 

�ion D1otr1bu t1on " S!to 
Nature 

21Q. 
Lesion D1etr1bu t!on " Site 

Nature 

�! on D!etr!butinn " Site 
Na ture 

m - See No, 226 
ffiion D1etr1but1on " Si to 

Nature 

� 
Lesion D1str1bu t1 on " Site 

Nature 

�ion D1 e tr1but1on " Site 
Na ture 

� - §§:1 fig. ��� 
f!:ion Dio tr1but1on " Sit e 

Nature 

aon D1otribut1on • Site 
ftature 

zrA - §!I l!Oa �22 
iQJ, l�6, �ll. - §•! 
�!llo �!!�. l!l� - §11 
W - SRI I!Oo �n 

� 
P/R 
PAft 
cell swelling ( ++ ) 
regeneration ( ++ )  
lymph ooyteo ( ++ )  
plaema ce ll a � ++ � 
p•tre hyaline + +  
gNnular ( ++ ) 
hya line RBC (++ ) 

l�� 

J.:/R 
PAN 
cell swelling ( + + )  
regeneration ( ++ )  
lymphocytes ( + )  
plasma cell s � + � 
pure hya line + 

11/R 
PAN 
cell swelling ( ++ ) 
""generation ( ++ )  
lymphoa;ytoo (++ ) 
pla ema ce lle � ++ � 
pure hyaline ++ 
granular ( ++ ) 

11/R 
PAN 
cell swelling ( +++ ) 
regene rat ion ( •+ + )  
lymphocyteo ( + )  
plasma cello � + )  
pure hyaline +++ ) 
h;yal!no tatty ( +++ ) 
granular ( +++ ) 
metapla sia ( +++ ) 

P/R 
cortical 
cell swelling ( + + )  
regeneration ( + + )  
lymph ocytes ( + )  
plaama cella ( + � 
pure hyaline ( +  
granular ( + )  

11/R 
PAN 
cell swelling ( ++ ) 
re gene ra t1on ( + + )  
granular ( + + )  

11/R 
PAN 
cell swelling ( +++ ) 
regeneration ( +++ ) 
lymphocy tee ( + + )  
plasma oello ( +++ ) 
f!broblaoto ( + + )  
pure hyaline ( ++ ) 
granular ( + + )  

m e  ta p  l a  o1a ( ++ ) 

P/R Al l 
b ut 

P/R 
PAR 
cell owoll!ng ( ++ )  
regeneration ( ++ ) �ph cay te o ( + + )  
p - oolla (+++ ) 
fibroblaoto ( ++ )  
pure hyaline (++) 
gl'anula r ( ++ ) 
m•branoue ( ++ ) 

11/R •• 265 

H21 22§ 
l!S!a 277 

U!!:lll!STlTlJ!II �lillm2 .. !1§ 
F/R P/R 
cortex/medu lla BII/CN/BO 
lympllocy tea ( ++ ) membranous ( ++ ) 
pl.a sma cells ( ++ ) sclerotic ( + )  
t'ib rob la s ta ( + + )  pa.ngl001eru1ar 
congestion ( ++ ) 

l.!/R 11/R 
c ort ex/medulla BLI/CN/BC 
lymphocytes ( + )  membranous ( +T ) 
plo ema ca lls I + )  sclerotic ( + ) 
phagocy tes ( + )  segmental 
f!broblasts ( +++ )  
colla gen ( +•+ ) 

LI/R 11/R 
cortex/medulla BII/CN/BC 
lymphoa;y too ( ++ ) membranous ( + )  
plasma cells )++ ) segmental 
phagocy te a ( + 
t!brob laete ( +++ ) 
c ollagen ( ••• ) 

11/R l!/R 
cortex/medulla BII/CN/BO/M&S 
lymphocy tea ( ++ l prolU'er&t!on )•• ) 
plasma cells (* membranous ( ++ 
phagocyte a ( ++ ) sclerotic ( ++ ) 
t!brob laoto l ++ ) panglomerular 
collagen ( ++ 

F/R F/R 
cortex BII/CN/BC 
lymphocytes ( +++ ) membranous ( ++ ) 
plosma colla ( + + + )  sclerotic ( + + )  
t1b robls sts ( ++ + ) eegmental 
phagocy te a ( • l 
collagen ( +++ 

11/R 14/R 
cortex/medulla BII/CN/BC 
lymphocytos ( + + ) membranous ( + )  
plasma cells ( ++ ) eegn:umtal 
phagocytea i •• l 
membranous ++ 
c ongestion + )  

11/R M/R 
cortex/medulla liiii/CN/BC 
lymphccytea ( ++ + )  membranous ( +++ ) 
plasma colla ( +++ ) oolerot !c ( + )  
tibroblaoto ( +++ )  segmental 
collagen ( +++ ) 

F/R F/R 
lesions similar w1 th oaee No. 226 
1nterot1t1al lee1ono milder ( + + )  

F/R F/R 
c or tox/me dull a BII/ON/BO 
lymphooytoo ( ++ ) membranous ( ++ ) 
plasma cello ( + + l oolorot 1 c  ( ++ ) 
tlbroblaob ( +++ oepental 
oollapn ( +++ ) 
.,.,�noue ( ++) 

11/R .. 265 11/R ae 265 
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� 
F 
deequama t ion ( ++ l 
regenera t 1 on ( ++ 
lymph ocy tes ( ++ ) 
plasma cells ( + + )  

V./F 
regenera tion ( ++ ) 
lymphocy t es ( + + )  
plasma c e l l s  ( ++ ) 
f1brob la sts r .. ) 

l!/F 
desquamation ( ++ � 
regene ration ( ++ 
lymphocytee ( ++ ) 
plasma cells ( ++ )  

1!/F 
�phocyteo ( + )  
p oma cells ( + )  

1!/F 
doequama t!on ( + )  
lymphocy tee ( + )  
plasma cello ( + )  

V./F 
desquarrli tion � ++ � 
regenez.-. t1on ++ 
neu troph!le � + )  
lymphocyteo + + )  
plasma c ells ( ++ )  
f!broblaote ( ++ ) 

p 
doaqu-t1 

on ! • l reaener.tim + 
tlbrobl .. to ( + )  

11;1' 
dooquama tion ! + l 
regenor-tico + 
lymphocy tea (++ 
pla- colla ( ++ ) 
t1broblaoto ( ++ ) 



2All..1i2· 

22 
Ei'oion Dis tribut i on 

.ll 

" Site 
Nature 

Lesion Distribution " Sit e 
Nature 

� 

!1./F 
c ort ical 
2 cysts 

( + + )  

1!/F 
cortical 

M/F 
CT 
calcit'ica t i on ( + )  

5 cysts ( + + )  

Lesion J1stribution F 11 Si te cort ical 
Nature 1 cys t  ( +++ )  

22 
Lesion Distribution F 11 Site cort1ca.l 

Nature 1 oy et ( + + )  

ill 
Lesion Dietribu tton 1 1  Si te 

Nature 

�ion Distribution " Site 
Na ture 

ill Lesion n1etrth•1t1 nn " 91 te 
Nature 

l!/F 
cor tica l 
3 cysts 

(•++ ) 

1!/F 
PCT/DCT 
c ell swelling ( + + )  
granular casta ( + + + ) hyaline !UlC (+++ ) 

M/F F/R 
cortical/ PCT DCT 
medullary pure hyal i ne ( +++ )  
cysta metaplasia ( +++ ) 

( +++ ) 

!1/F' 
cortics 1 
cys ts 

( ++ + )  

1'/F 
CT 
culcium caste ( ... ) 

lQ.2Jl. -
ili 

See No . 3060 except calciwn casts 

Lesion " 

2QQ 

Die tribu tion 
Site 
Na ture 

Loaion Distribution 11 Si te 
Na ture 

ffiion Diatribution 11 Si te 
Na ture 

ffii on Di e tribu tion 
" Sit e 

Nature 

ill 
Leeion Distribution 11 81 te 

Na ture 

V./F 
cort i cs. l  
cysts 

( ++ + )  

1:,1' 1!/F 
PCT/DCT CT 
grenula r++ calcium 
me ta'Plaeia caste 

( +++ ) ( + )  

ll/F ( 3 f'oc 1 l  
PAN 
necrosi s  ( +++( regeneration ++ ) 
neu troph 1ls ( ++T ) 
lymphocy tea ( ++ )  
plasma c e l l s  ( ++ )  
phagocyte a ( ++ ) 
pure hya line ( ++ ) 
granular ( ++ ) 
o8loium casts ( + + )  

F 
PCT/DCr 
necroeie ( +++( regenerat i on +++ ) 
neutr ophile ( +++ l lymphocy tee ( +++ 
pla ana cella ( +++ ) 
f'ibroblaete ( +++ ) 

F 
PCT/DCT 
noc r o a i e  ( ++ )  
regene ra tion ( ++ ) 
ne utroph ile I + + )  
lymph ocytes ( + )  
plaema c ello ( + )  

F 
PCT/rx:r 
cell ewelling ( + + )  
regenere tion ( ++ ) 
lympbooy toe ( + + )  
plaana oe lle ( ++ )  
f'ibrob1Rats ( ++ )  
phagooy tea ( ++ ) 

lNrERSTITIUM 

M/F 
cortex 
lymphocy t e o  

lol/F 
cortex/medulla 
c ongestion ( + )  

( + )  
plaema c e lls ( • ) 

1!/F 
o art ex/medulla 
lymphocytee (++ )  
plasma c el l s  I++ ) 

1!,1' 
cortex ( a round the 
lymphocy tes ( +++ ) 
pla sma cells ( ++• ) 
phagocytes ( + ) 
fib rob lasts ( + + ) 
collagen ( ++ ) 

1!/F ( around cye ts 
cortex/medulla 
lymphocytes ( ++ ) 
plasl!ll cells ( ++ ) 
f'ibrobla s ts ( ++ ) 
eo llagen ( ++ ) 

Ll/1' 
cortex/a round �s ts lymphocytea �·• 
tibroblasts ++ 
collagen ( ++ 

5) !!QQ!/H§ 

a) t.B§CRSSES 

1!/F ( 3 f'oci)  
cortex/medulla 
nou tropb1le ( +++ ) 
lymphooytes ( + + )  
plasna ce lls ( +++ ) 
f'ibroblaets ( +++ ) 

F 
oortex 
lymphocytea ( +++ ) 
plaana cello ( +++ ) 
f'ibroblaete ( +++ ) 
collagen ( +++ ) 
phagocyte s ( + ) 
neutrophile ( + )  

F 
cortex 
lymphocytea ( + + )  
pla 1111a cella ( ++ ) 
tib roblaot ol ++ )  

F 
cortex 
17mPbooyteo ( ++ ) 
pla- cello ( ++ ) 
f'ibroblaeto ( ++ ) 
pbagooytu ( + + )  

cysts) 

G1.0M3RULUS 

F/R 
BL!/CN/BC 
memb ranou s f ++ ) 
segmental 

LI/F ( 3  f'oci 
a round 
ab ace seee ) 

prolif'eN ti ve ( ++ )  
memra.nous ( ++ ) 
segmental 

F ( a roundab scess) 
Bl!/CN/BC 
membranous ( + )  
segmental 

F ( around abeceee) 
Bl!/CN/BO 
membranous ( + )  
segmental 

F 
BII/CII/BC 
membranous ( + ) 
eegmental 

81 

1�,1' 
necroe1s ( +++ )  
regenera ti on ( +++ ) 
f'ibroblasts ( +++ ) 
lymphooytee ( ++ ) 
plaama ce llo ( + + )  
phagocytes ( ++ ) 



CASH: No. Il!l'SRSTITIO¥ 
b )  NEOPLA!II3 

� - Renal Adenoma 
£l§ - �:a lignant L.ymphoma 

ill - CBrc inoma 

c )  OF UNCERTAIN AETIOLOGY 

12 
i:e,�ion Dis tribution r 

Site cortical 
Na ture compreaeion a trophy 

hyaline caste ( + )  

F (around nodule) 
cortex/medulla 
fibroblasts ( ++ + ) 
1ymph ocytee ( + )  
plasma cells ( + )  

gQ - See No. 1 2  plus pol.ykaryone (++) in the inte rstitiUIJl 
121 
Le�ton Distribution 

Site 
Nature 

!!IQ. 
Lesion Distribution 11  S i te 

Nature 

.ill.LLii 
Lesion Distribution 11 Site 

Na. tu re 

lS2 
Le�ion �i �!ri bu ti on 

Nature 

ill 
Lesion Distribution tt Si te 

Na ture 

12!1. - Sea No. 190 

mion Distribution 11  Site 
Na ture 

ll/F 
PCT/DCT 
cell a ... elling ( ++ )  
regenera tion ( ++ ) 
eos inophile ( + + )  
1ymphocytee ( ++ ) 
plaema cella ( ++ ) 
granular caste (++)  

F 
PCT/DCT 
cell s"elli ng ( + )  
regenera tion ( + )  
eosinophile ( + ) 
1ymphocy tee ( + )  
plasma cella ( + + )  
granular cas te ( + )  

M/R ( 3  foci )  
PCT /DT /AT /Dar 
cell swelling (++ ) 
regenera tion ( ++ ) 
eosinoph ile ( ++ ) 
1ymphocytee 
plsens ce l l s  ( ++ ) 
pure hyaline ( ++ ) 
granular ca sts ( ++)  

F 
PCT/DCT 
cell ewelling ( + + )  
re gene ration (++ ) 
eos inophile ( ++ ) 
llhagpcy tee ( ++) 
lympnoby te e ( ++ ) 
plasma cells (++)  
pure hyliline ( +- + )  
granular ca ste ( ++ )  

F 
PCT/DCT 
cell swell ing ( +++ ) 
regeneration (+++ ) 
eosinophile ( +++)  
J.ymphocytee ( +++ ) 
pha gocytee ( +++ ) 
ulaema cells (+++) 
polykaryone ( +++ )  
pure hyaline ( ++ ) 
granular c e. sts ( ++ ) 
hyaline RBC ( ++ ) 
haemoeiderin ( +++ ) 

F 
PCT/DCT 
cell s"elling 
regeneration (+++) 
eoetnopl:tle (+++ ) 
1ymphocytes ( +++ ) 
plaellll cells ( +++ ) 
phagocyte a ( +++ ) 
pure hyaline (+++) 
ms tapluia (++ )  

D 
PCT/DCT 
baemosiderin 

(++ + )  

M/F 
cortex 
eosinophil a ( + + ) 
l.ymphocytee ( + + )  
plasma cella ( + + )  
phagocyte a ( + + ) 
polykaryone ( + + ) 

F 
cortex 
e osinoph ile (++ ) 
l.ymphocy tea ( + + )  
plasma ce lla ( ++ ) 
fibroblaete ( ++ )  

11/li ( 3  foc i )  
corteX/me dull a 
eos1noph 1la ( ++ ) 
1ymphocyt ee ( ++ )  
plaems cella ( + t ) 
fibroblasts ( + + ) 
collagen ( ++ ) 

F 
cortex 
eosinophile ( ++ + )  
l.ymphocyte a ( +++ ) 
plasma cella ( +++)  
phegocytee ( +++ ) 
polykaryons ( ++ ) 

F 
cortex 
eosinophile ( +++) 
lymphocy te e  ( +++ ) 
plaema ce lla ( +++ ) 
phagocy tes ( + + + )  
polykary O'Jl!! ( +++)  
f1brob laete ( +++ ) 

F 
cortex 
eoe1nryph1le ( +++ ) 
lymphoc;r tee ( +++ ) 
plasma cells ( +++ ) 
phagocyte s ( + + )  

ll§ - See No. 251 plug pgly)[arvoua Ct) in tho 1 ntore t1 t1 1nn 
m 
Leeion D1etribution " Site 

F 
PCT/DCT 

D PCT/DCT " Nature cell ewell1ng ( +�) regenera t1on ( ++) 
lymphoc7tea ( ++ ) plasma cella (++ ) 
eosinophile ( ++ ) 
pbagoeytea ( ++ ) 

cell ""elling ( + )  haemosiderin (++ ) 

JaQ - 8oe No. '57 exeent di�tu t - oo ubular h!bJO§idoroein 

F 
c ortex 
lymphQC7te e  ( +++) 
plasma cells ( +++) eosinophile ( +++) 
phagoc7tee ( ++) 
polJr'kar;yon a ( ++) 

M/F 
cortex/me dulla 
congestion ( ++ )  

GLQII.ERUl.US 

F 
BM/BC 
membranous ( + )  
segmental 

ll/F 
BM/CN/SC 
memb renous ( + )  
segmental 

Id/� (3 foci ) 
BM/CN/SC 
membrenous 
sclerotic ( + }  
segmental 

F 
B�I/CN/BC 
membranous ( + )  
panglomerular 

F 
BM/CN/SC 
membranous ( ++ ) 
sclerotic ( + + )  
eegmental 
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