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During a recent investigation on viral 
valvulitis in mice produced by Coxsackie Bq 

virus( l ) ,  it was noticed that, besides in the 
valves and other tissues, antigen was found 
in the renal glomeruli and tubules of several 
chronically infected mice. Glomerulonephritis 
and tubular necrosis were noted on histologic 
examinatiwn in those animals where the pres- 
ence of virus could be confirmed. It has long 
been thought that some rend glomeruku dis- 
eases have an irnmunolagic basis as demon- 
s t m t d  by the presence of gamma globulin 
and a component of complement believed to 
rqresent evidence of a ~hylpersensitivity mech- 
anism(2,3). However, little is known con- 
cerning the primary etiologic agent respon- 
sible for the powcation of hypersensitivity 
reastion in such cases. 

A report of autoimmune reaction and the 
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presence of virus-like particles in germ-free 
NZB mice by East et aZ(4) suggests the pos- 
sible role of virus infection in “triggering” an 
autoimmune disease. Renal lesions similar to 
chronic membranous glomerulonephritis or 
Iupus nephritis were frequent in these mice 
( 5 , 6 ) .  The present report concerns the local- 

‘ization cvf globulin and Coxsackie B4 m t i g a  
in the kidney of experimentally infected mice 
by use of Ithe immunofluorescent technique. 

Materials and methods. 36 HaM/ICR 
mice weighing 15-20 g were inoculated intra- 
peritoneally with 0.1 ml of monkey-kidney 
culture fluid containing 105 TC1IDSo of Cox- 
sackie virus B4 ( 7 ) .  24 liltiterrnates as controls 
were injected intraperitoneally with 0.1 ml of 
virus-free monkey-kidney culture fluid. The 
experimental and control animals were killed 
at  weekly intervals for 8 weeks following the 
injection. Kidneys were then studied for histo- 
pathology and immuncrfluorescence of Cox- 
sackie B4 viral antigen and deposited globulin. 

The direct immunduorescent technique( 8) 
was used to identify the viral antigen and 
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globulin in the kidney tissue. Hyperimmune 
rabbit antiserum against Coxsackie B4 virus 
and goat antiserum against mouse globulin, 
both labeled with fluorescein, were used along 
with frozen sections of kidneys from the ex- 
perimental and control animals. Rabbit anti- 
serum against cell proteins of the virus-free 
monkey-kidney culture medium also labeled 
with fluorescein was used for control stain- 
ing. Special precautions were taken to reduce 
nonspecific background staining( 9). 

The specificity of the immunofluorescent 
staining was confirmed in several ways: a)  
renal tissue from control animals displayed 
no specific 'fluorescence of either the viral 
antigen or glorbulin except a we& nonspecific 
fluorescent staining in the glomeruli and the 
tubular epithelial cells; b) the specific fluores- 
cent staining of viral antigen was absent when 
the labeled rabbit antiserum against p i n s  
of virus-lfree monkey-kidney culture medium 
was substituted; c) the staining reaction of 
globulin was absent when fluorescein-labeled 
heternlogous serum (sheep amtiserum against 
&bit glabulin) was substituted for labeled 
goat antiserum against mouse globulin. 

Resutts. At the end of the 1st and 2nd 
weeks after inoculation of Coxsmkie B4 virus 
there were no conspicuous histologic changes 
in the renal tissue. Distension and engorge- 
ment of glomerular tufts with red blood cells 
were the only consistent findings. Coxsackie 
virus antigen was not noticed on immunofluo- 
rescence study and only weak fluorescent 
staining was seen in a few glomeruli when 
the labeled goat antiserum against mouse 
globulin was employed. 

At the end of the 3rd and 4th weeks after 
infection some of the glomeruli were appar- 
ently swollen with adhesion of the capillary 
tuft to Bowman's capsule. However, no cellu- 
lar exudate was noted either in the glomeruli 
or tubular interstices. Spotty, apparently in- 
tracytoplasmic immunofluorescence specific for 
Coxsackie B4 virus was found in a few glo- 
meruli of the infected mice. Fluorescent stain 
for globulin in glomeruli became more promi- 
nent. Seemingly, globulin was deposited along 
the basement memhrane of glomerular tuft. 

5-8 weeks after Gxsackie B4 virus inocu- 
lation inneased cellularity of a€ the 

glomeruli with capillary congestion and base- 
ment adhesion was noted (Fig. 1). Focal 
dense aggregation of plasmal and lymphocytie 
cells was frequently seen in the tubular in+ 
terstices (Fig. 2 )  and in the surroundings of 
major blood vessels of hilum. Mme often, 
specific imumfluorescence for globulin and 
the virus was seen in the affected g l m d i  
(Fig. 3). The fluorescent viral antigen s e e d  
to be localized mostly in the cytoplasm af 
endothelid cells of the glomeruli. The flumes- 
cent-positive globulin displayed a globular 
pattern and irregular c r e s d t  formation in the 
glomeruli (Fig. 4). 

Discussion. The most significant finding of 
the present study was the dmomtratim of 
both the specific viral antigen and im- 
munoglobulin in the renal g l d i  of 
Coxsackie B4 virus infected mice. The Similar 
concurmt presence of the viral antigen and 
immunoglobulin may have an etiologic or 
pathogenic role in certain types of glmrulo-  
nephritis in man. 

Approximately 2076 of cardiac output flows 
through the kidneys. Comequently, d u h g  
viremia filtering, trapping and fixing d the 
virus particles in the kidney is ext!remely 
likely. Since kidney cells orf certain m a d  
such as primates present g d  t isue culture 
material far many viruses infectious fo r  man 
and animals, viruses that enter kidney tissue 
could probably grow and damage the kidneys 
seriously. 

There are 2 possible mutrces of globulin 
deposited in the glomeruli. Om could be a 
circulaking antigen-antibody complex, the 
antigen bound immunoglobulin which is 
trapped in the capillary tu4ts of glomeruli a d  
other areas af the kidney. The precipitadion of 
antigen-antibody complex in g l o m d a r  tufts 
is considered to be respcmible for  renal h- 
age in malaria infectim(1O,11). Another 
source could be the autoimmune globul' l in sen- 
sitiw to rend glomerulm tissue. East et aZ(4) 
suggested that the virus could act directly as 
an endogenous antigenic stimulus to abnormal 
imumlogic advi ty  or, by acting directly, 
modify dther tissue antigen or lymphoid d l  
function and thereby evoke autoimmune rearc- 
tions. The fact that histologic examination of 
the kidney of several infected mice 7 and 8 
weeks after infection revealed dense accuanu- 
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FIG. 1. An enkwged glornerular tuft completely fills the capsular space. Note hypercellularity 
of the glomerulus and adhesions in Bowman’s capsule. From an infected HaM/ICR mouse 6 
weeks after inoculation of Coxsackie B4 virus. Hematoxylin-eosin stain X 780. 

FIG. 2. Heavy aggregatim of plasma,l and lymphocytic cells in the r e d  in4erstkes with de- 
struction of tubules. Note the thickened Bowman’s capsule d .the glomerulus at the left side 
and hypercellularity of the right one. From a Coxsackie B, virus infected HaM/ICR m u s e  
7 wwks after inoculation. Hernatoxylin-eosin, X 200. 

FIG. 3. B*right, spdty,  intracytoplasmic fluorescence apparemtly present in the endatheEd 
calls of a glmnerular tuft stained with anti-Coxsackie B4 virus rabbit semm IdkM with fluor- 
ersOein. From a Coxsackie 1B4 virus infected HQM/ICR mouse 6 weeks after inoculation. X 780. 

FIG. 4. Bright glomerular fluorescence localizing deposited globulin stained with anti-mouse- 
p;lobuk gmt serum labeled with fluorescein. From a Coxsackie B4 virus infected M / I C R  
mouse 7 &ks after inurculation. X 480. 

latioa of lymphmytic and pllasmd cells in 
the renal interstices and in the surroundings 
of major blood vessel walls provides further 
evidmce of a characteristic tissue response 
during hypersensitivity phenomenon. 

Studies of renal disease by immunofluores- 
cent methods have demonstrated gamma glob- 
ulin, compcmmt of complement and fibrin in 
a variety of glomerular diseases. These 
materials have been thought to play a sig- 
nificant role in the pathogenesis af the glo- 
merular diiseases(2,3). However, a type 06 
nephtmpic  virus has not been considered as 
a primary etiologic source of the disease. Most 
adult people with chronic nephritis give no 
history of previous acute renal disease. There 

seems to be no fully established connection 
between pt-streptococcal acute nephritis in 
children and chronic nephritis in adults( 1 2 ) .  
I t  is generally assumed that chronic renal 
disease in adults begins with an unrecognized 
attack of acute nephritis during & i l M  
precipitated by streptococcal infections. The 
frequent occurrence of viral infection duriw 
childhood and later periods of life and our 
recent observations of clinically occult Cox- 
sackie B viral mywarditis in infants d 
children at routine autopsies( 13,14) htmduce 
a strong possibility that inadequately defined 
or unrecognized viral infections of the k!idnley 
may be etiologically concerned with rend 
disease in the Eater life of these patients. 
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Latent viruses were able to be recovered 
by cell cultures from kidney tissue of c h t i l h  
(15). Chronic and latent infedions with 
“slo7~” vkuses such as the CHINA viil.uses mn 
produce many peculiar inlfections in mam- 
mals(l6) that resemble diseases in man. 
Aleutian diseme in mink which is transmit- 
table by a filtrable agenlt manifests g l o m u l x  
lesion with precipitated materiak of possible 
immumlec  basis in the capillary tufts simi- 
lar to membranous and lupoid g l m d o c  
nephritis(l6,17). This dbease was also re- 
ported in man(l7). A type of hmwrrhagjc 
fever is accompanied by bilat.mil massiave 
damage of kidneys( 18). Tn the light of these 
observations it is possible that Csxsackie B 
viruses are responsible for m e  renal diseases 
in animals and man. 

Summary. Coxsackie B4 virus m y  be 
highly nephlrotropic. I t  may produce a viral 
nephritis and provoke an autoimune-like 
reaction in the affected renal tissue of the 
experimentally infected mice. In this study, 
by means of imunofluarescent technique, 
b&h the specific viral antigen and i m u n o -  
globulin deposit were demonstrated in the 
glomeruli of infeatel mice within 5 to 8 w&s 
after inoculation with Coxsackie B4 virus. I t  is 
suggested that the virus may play a slignificamt 
abiologic role in the pathogenesis of acute and 
chronic renal disease in man, of which disease 
the etiologic source is often unknown. 
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