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Zhou Z.·y. and K. Nordstoga: Mesangioproliferative glomerulonephritis in mink with ence
phalit()ZOOnosfi. Acta vet. scand.1993, 34, 69-76. - Renal specimens from 6 mink with enceph
alitozoonosis were studied by light and electron microscopy and immunohistochemistry. 
The glomeruli of affected kidneys had a mesangioproliferative glomerulonephritis 
which was characterized by an increase in mesangial cells and matrix in most glomeru
li. Some glomeruli were partially or completely sclerosed. There were protein or gran
ular casts in the cortical and medullary tubules. Interstitial nephritis, vasculitis and 
tubular cysts were found. Electron microscopy demonstrated extensive matrix and 
increased cellularity in the mesangial areas. Glomeruli showed segmentally thickened or 
wrinkled capillary basement membranes. Electron dense deposits were found in the glo
merular basement membranes and mesangium. Peroxidase-anti-peroxidase immunohis
tochemistry demonstrated that IgG and IgM positive material was present as granular 
deposits in the glomerular basement membrane and occasionally in the mesangium. 

light and electron microscopy; immunohistochemistry. 

Introduction 
Encephalitozaon cuniculi is an obligate intracel
lular protozoan parasite known to infect a wide 
variety of animals and man. Although system
ic infection occurs, the kidney is the organ most 
commonly affected (Bjerkas et al. 1988, McCul
ly et al. 1978, Plowright 1952, Shadduck & 
Pakes 1971, Testani 1974, Van Rensburg & Du 
Plessis 1971, Wilson 1979). Many studies have 
revealed that the disease may give rise to 
marked interstitial nephritis (Bjerkas et al. 1988, 
Botha et al. 1986, McCully et al. 1978, Nordsto
ga 1972, Sanford 1987, Zhou et al. 1992), while 
glomerulonephritis in association with enceph
alitozoonosis has only been reported in dogs 
(McCully et al. 1978). 
Glomerulonephritis has been increasingly rec
ognized in recent years as an important cause 
of renal disease in domestic animals. Mesangio-

proliferative glomerulonephritis is encountered 
in man and animals including cats, dogs, sheep, 
cattle, horses and pigs (Dore et al. 1987, Jansen 
1988, Kincaid-Smith 1975, McCausland & Mile
stone 1976, Shirota et al. 1986, Slauson et al 1971, 
Slauson & Lewis 1979). In mink mesangial and 
sclerosing glomerulonephritis has been described 
in association with Aleutian disease (Muller-Ped
dinghaus et al. 1980a b, Portis & Coe 1979, 
Slauson & Lewis 1979). 
This paper describes histological, ultrastruc
tural and immunohistological characteristics 
of mesangioproliferative glomerulonephritis 
in mink suffering from encephalitozoonosis. 
Extra-glomerular lesions in the same animals have 
been reported in a separate paper (Zhou et al. 
1992). 
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Materials and methods 
Animals 
The renal tissue from 6 mink with encephalit
ozoonosis was studied. All animals exhibited 
extraglomerular renal changes typical for 
encephalitozoonosis (Zhou et al. 1992) and 
were free from Aleutian disease, as judged by 
the counterimmunoelectrophoresis ("agar") 
test (Cho & Greenfield 1978). The etiological diag
nosis was based on the india ink test (Waller 1977), 
and on the demonstration of the parasites in the 
cataractous lens (Bjerkas 1990). Renal tissue from 
2 normal mink was used as controls. 

Light Microscopy 
Pieces of the kidneys were fixed in a 4 % phos
phate buffered solution of formaldehyde and 
embedded in paraffin.The sections were cut at 
4 µm and stained with haematoxilin and eosin 
(HE), elastin van Gieson (EVG), periodic acid
Schiff (PAS), periodic acid-methenamine-silver 
and Martius scarlet blue. 

Electron Microscopy 
Only paraffin - embedded renal tissue was 
available; the specimens were deparaffinized and 
post-fixed in 2% osmium tetroxide solution, 
dehydrated in a graded ethanol series and 
embedded in Epon 812. Semithin sections (0,5 
- 1 µm thick) were stained with toluidine blue 
for light microscopy. Ultra thin sections (80 -
100 nm) were stained with uranyl acetate and 
lead citrate and photographed in a Jeol lOOS elec
tron microscope. 

Immunohistochemistry 
The peroxidase-antiperoxidase (PAP) meth
od was applied on formalin-fixed, paraffin 
embedded renal tissue for detection of IgA, 
IgG and IgM deposits. Endogenous peroxi
dase was inhibited by 3% hydrogen peroxide in 
methanol for 20 min. The sections were digest
ed with trypsin before incubating with the pri-
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mary antibody. Rabbit-anti-mink IgA, IgG and 
IgM (from the Royal Veterinary and Agricul
tural University, Copenhagen, Denmark), dilut
ed 1:1000 in tris buffered saline were used as the 
primary antibodies. Non-immune rabbit serum 
and kidneys sections from normal mink were used 
as controls. Anti-rabbit IgG (secondary antibody) 
and PAP complexes (SigmaR) were used. Sec
tions were finally treated with diarninobenzidine 
hydrochloric acid solution (SigmaR). 

Results 
Light Microscopy 
Five of the 6 mink had diffuse glomerular 
lesions which were either global or segmental. 
The remaining mink showed focal changes. In 

Figure l. A glomerulus with increased cellularity and 
abundant PAS-positive material (arrows) in the mesan
gium. PAS, x 300. 
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severe cases, global as well as segmental glomer
ular lesions were present; segmental lesions 
were sometimes prominent also in moderate 
cases. The principal features of glomerular 
alterations were that mesangial regions were great
ly expanded and hypercellular, and that the 
glomerular capillary lumens were either partial
ly or completely obliterated. 
Most glomeruli appeared to be enlarged and con
tained a globally or segmentally increased num
ber of mesangial cells. There was a marked 
widening of mesangial areas and, less frequent
ly, deposition of PAS-positive material in glo
merular basement membrane and paramesan
gial areas (Fig. 1). The glomerular basement 
membranes were segmentally thickened and, in 
some glomeruli, capillaries were collapsed and 
obliterated. Adhesion of peripheral capillary loops 
to parietal capsule with PAS-positive material 
was observed occasionally, and in some glom
eruli, proliferation of the parietal epithelial 
cells or fibrocellular proliferation had led to cre
sent formation. Some glomeruli showed eccen
tric distribution of cells caused by extended 
capsular space which contained a fibrinous 
material. In addition, partial or complete mesan
gial sclerosis was present in all cases. The glo
bally sclerotic glomeruli appeared to be decreased 
in size and the capsules were shrunken and 

Figure 2. Sclerotic glomeruli. a) The glomerular cap
illaries are collapsed and obliterated and the parietal cap
sule is thickened. b) Small glomerular scars. Collapsed, 
acellular capillary tufts are stained by PAS. x 260. 

thickened. The glomerular capillaries were 
seen as PAS-positive-hypocellular or acellular 
masses (Fig. 2). In the glomeruli showing seg
mental lesions, the mesangial sclerosis was 
mostly present in the juxtaglomerular regions. 
Sections from control animals appeared 
unchanged. 

Electron microscopy 
Electron microscopic examination revealed 
that the glomeruli in the affected kidneys had 
a prominent increase in mesangial cells and 
matrix. Projections of mesangial cytoplasm 
often extended into the abundant matrix. Elec
tron dense deposits were found within the 
mesangial and paramesangial areas of some 
glomeruli (Figs. 3-4). The basement membranes 
were thickened segmentally. Usually, thicken
ing of the lamina densa was prominent. Trans
lucent areas were present within the thickened 
basement membrane (Fig. 5). Fine granular 
electron dense deposits were observed in both 
subendothelial and subepithelial sites (Figs. 6-
7). Fusion of foot cell processes was seen in some 
segments of the affected glomeruli. Some glom
eruli showed marked segmental wrinkling of base
ment membranes. In the globally sclerotic glom
eruli seen in the light microscope, the glomeruli 
were strikingly shrunken, collapsed and replaced 
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Figure 3. Electron micrograph showing a pronounced increase in mesangialmatrix (MM) and dense de
posits (D) in mesangium. MC= nuclei of mesangial cells. x 6000. 

by large amounts of basement membrane-like 
material (Fig. 8). 
Control kidneys had glomeruli with normal 
basement membranes and narrow mesangium 
and did not have electron dense deposits in 
these areas. 

Immunohistochemistry 
The glomeruli of the affected mink examined had 
positive focal reactions for IgG. Positive reac
tions were present as granular deposits in the glo
merular basement membrane (Fig. 9). Occasion
al granular deposits of IgG were visible within 
the mesangium. However, most glomeruli often 
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showed high intensity of staining in segments of 
peripheral loops. Staining for IgM was more focal 
and segmental than for IgG and the positive 
deposits were present mostly in the peripheral 
loops and occasionally within the mesangium (Fig. 
10). IgA staining was absent in all cases. 
Control kidneys did not react for lgA and IgM, 
but there was a weak segmental reaction for IgG. 

Discussion 
This study revealed the presence of mesangial 
proliferative glomerulonephritis in mink enceph
alitozoonosis. The fundamental alterations, 
including the mesangial proliferation and glo-
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Figure 4 . Electron micrograph showing paramesangial electron dense deposits (D). MC= nucleus of mesan
gial cell. x 5000. 
Figure 5. Electron micrograph showing translucent areas (TR) within the segmentally thickened basement mem
brane (B). FP = foot cell processes; L = capillary lumen; RBC =red blood cell. x 21000. 
Figure 6. Electron micrograph showing a subendothelial deposit (D); B = glomerular basement membrane; RBC= 
red blood cell. x 12500. 
Figure 7. Electron micrograph showing subepithelial deposits of electron dense material (D) which are 
present within spike-like projection of basement membrane (B ). Note the segmental fusion of foot cell process
es (FP). x 24000. 
Figure 8. Electron micrograph of a part of a sclerotic glomerulus showing large amounts of basement membrane
like material. x 5000. 
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Figure 9. A glomerulus with granular deposits oflgG 
in glomerular basement membrane. PAP, x 260. 

merular sclerosis as well as the presence of 
deposits, resembled morphologically human 
mesangioproliferative glomerulonephritis 
(Churg & Sobin 1982, Kincaid-Smith 1975). 
Glomerular lesions of encephalitozoonosis 
have been noted in dogs (McCully et al. 1978) 
and the mesangial proliferation was similar to 
that seen in the present material. However, 
parasitic spores within glomeruli and necrosis 
of glomeruli as reported in dogs were not 
observed in our material. In addition, the 
present study showed small crescents of epithe
lial and fibrocellular proliferation in some glom
eruli. This finding is similar to that in horse 
with mesangioproliferative glomerulonephritis 
(Sabnis et al. 1984). The occurrence of cres
cents indicated the progressive nature of the 
lesions as their presence in mesangioprolifera
tive glomerulonephritis in man and horse has been 
associated with a poor prognosis (Kincaid
Smith 1975, Sabnis et al. 1984). 
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Figure 10. Aglomeruluswithgranulardepos
its of IgM in the glomerular basement mem
brane and mesangium. PAP, x 260. 

Electron dense deposits observed with the elec
tron microscope in the glomerular basement 
membranes and mesangial areas corresponded 
to those under the light microscope, that stained 
strongly with PAS reaction. Electron dense 
deposits were both subendothelial and subepi
thelial in the capillary walls. The location of depos
its may depend on the size of circulating com
plexes (Bohman et al. 1974 ). 
Mesangioproliferative glomerulonephritis has 
been encountered in many renal diseases of 
animals and has been assumed to be induced by 
immune complexes (Jansen 1988, MU!ler-Ped
dinghaus et al. 1980a, Shirota et al. 1986, Slau
son & Lewis 1979). Various forms of glomeru
lonephritis including mesangial sclerosing, 
mesangial proliferative and exudative lesions have 
been observed following Aleutian disease virus 
infection in mink. The various forms have been 
correlated to the amount of serum immune 
complexes (MU!ler-Peddinghaus et al. 1980b ). Our 
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study in mink encephalitozoonosis showed that 
most kidneys were focally positive for IgG and 
IgM. lgG and IgM granular deposits were locat
ed mostly in the glomerular basement membrane 
and occasionally in the mesangium. Electron 
dense deposits were often found in the mesan
gium but could frequently not be detected by PAP 
staining. A further immunological investiga
tion would be needed. 
The finding in this study of sclerotic glomeru
li with increased matrix and wrinkled or oblit
erated glomerular capillaries is indicative of 
an advanced mesangial proliferative glomeru
lonephritis. The increased accumulation of 
macromolecular substances including immu
noglobulins or other plasma proteins may acti
vate mesangial cells to proliferate and produce 
additional matrix which may eventually lead to 
glomerulosclerosis (Kashgarian 1985). 
The extraglomerular involvement (interstitial 
nephritis and vasculitis) observed in this mate
rial was similar to that reported in dog, blue fox 
and rabbit (Botha et al. 1986, Nordstoga 1972, 
Sanford 1987), except for the finding of multi
ple renal cysts which are discussed in a preced
ing paper (Zhou et al. 1992). The present study 
would suggest that the progress of glomerular 
lesions was correlated to that of the interstitial 
nephritis and vasculitis. The simultaneous occur
rence of lesions in both glomerulus and inter
stitium of affected kidneys has also been noted 
in dog and horse (Krohn et al 1973, McCausland 
& Milestone 1976). It would appear that glomer
ular lesions should be paid more attention in asso
ciation with interstitial nephritis also in other ani
mal species. 
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