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The pathogenesis of glomerulonephritis is often 
thought to be immunologically mediated, because in 
many instance? glomerular changes are seen with im- 
munoglobulin depositions. It is interesting that the 
incidence cf the nephrotic syndrome and chronic 
renal failun.! is much higher in tropical areas than in 
temperate climates 1. This suggests that parasitic infec- 
tions such a; malaria might be involved in the patho- 
genesis of glornerular disease in tropical areas, but 
probably host-r&ted factors, determining the sus- 
ceptibility f;or the development of glomerular lesions, 
are involved as bV*e112J . 

Recent advances in the knowledge of the immuno- 
pathogenesis of glomerular disease show that similar 
mechanisms may be involved in the pathogenesis of 
primary (idnopathic) and secondary glomdlrulopathy 
(infection-associated glomerulopathy). 

Malaria 
Malaria was the first parasitic infection that was 

clearly shown to be associated with the nephrotic 
syndrome lirl tropical areasJ,5. This is especially trL:e 
for quartan malaria (Plf7srri0rli~rrr7 wdr7rir7e), although 
renal involvement in falciparum malaria (Plnsrrwdiwr7 
fr7lciymw77) P.as also been described’>. Quartan malaria 
is associated with chronic glomerular disease which 
is usually not reversible by treating the infectior?. 
Renal involvement in falciparum malaria is usually 
transient, and disappears when the infection is brought 
under contrcl. In some instances, however, persistent 
glomerular lesions were described. The glomerular 
lesions associated with P. fdcipw7m infection are 
thought to be due to general mechanisms such as 
hypovolemia, ischemia and intravascular co:!gulation. 
In both infections (1’. rnnlarine and P. f~lcipmrn) histo- 
logical glomerular lesions are variable, with irregular 
thickening oi the glomerular capillary wall, and pro- 
liferative glomerular changes. In quartan malaria, seg- 
mental sclerosis of the glomerular tuft can be seen as 
well, sometimes leading to global glomerulosclerosis. 
Immunofluorescence shows fine and coarse granular 
mesnngial staining for IgM, IgG and C3 with some 
extensions along the gl&erular capillary loops. (3n 
the ultrastructuraI level, electron-dense deposits are 
seen in the mesangial and subendothelial areas, 
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The glomerular immunoglobulins were initially 
thought to originate from circulating immune com- 
plexes as these could be easily detectedYJ(i. To explore 
the pathogenetic mechanisms involved in the devel- 
opment of this glomerular disease, animal models 
were developed. Some research focused on Plns~~~odiz~rr~ 
infections in monkeys and chicken, but most work 
was carried out in rodents, especially in mice using 
Plasmodim~ berghei infection. Mice infected with 
P. berghci developed a glomerular disease character- 
ized by mild expansion of the mesangial matrix, and 
mesangial staining for immunoglobulinsll. Mild tran- 
sient proteinuria was detected”. Malarial antigen was 
seen in glomeruli three days after infection, while 
immunoglobulins were detected only after seven 
days”, suggesting iit sitar immune-complex formation. 
Similar results were obtained in a rat modellX As the 
glomerular disease was only miBd and transient, these 
experimental models were not a suitable representation 
of the human counterpart of glomerular involvement 
in quartan malaria. Similarities with the glomeru- 
lopathy associated with falciparum malaria, however, 
were suggested . l~~*J A satisfactory explanation for the 
persistent glomerular lesions associated with quarta 
malaria was not found. In later studies, proliferative 
glomerular changes with overt prottiinuria were ob- 
ta%ed in rnicelq,‘?. It is not clear whether this differ- 
ence in occurrence of glomerular disease is due to 
more-sensitive detection methods or to the use of 
different parasite or mouse strains. ‘The variation 
between mouse strains could be relevant co study the 
differences in host susceptibilitv isee above). Moreover, 
these studies suggested a role for DNA-binding anti- 
bodies and cell-mec!iated immune mechanisms in the 
development of nephritis during murine malaria. 

Thus, glomerular lesions can be associated with 
malaria infection. Murine models have shown that 
humoral as well as celluEa? immune mechanisms 
are apparently involved in rke pathogenesis of these 
lesions. Apart from immunological mecha,~isms, local 
release of inflammatory mediators and disiurbance 4 
the microvasculature by intravascular coagulation 
could participate by damaging of glomerular endo- 
thelium. Future studies should elucidate the exact 
mechanisms involved. 

Schistosomiasis 
Although schistosomiasis is one of th.: o1dc.k Jm*2 

most widespread parasitic infections, its ,&‘& !tion 
with glomerular disease was established on ,y @I in 
the 1970s. Mepatosplenic schistosomiasis (induced 
by Schistoso77n-7 WUKO~Z~), in particular, was shown 
to be associated with glomerular changes and renal 
failure16-18. In cases of glomerular disease associated 
with Schistosom haenratobim infection, concomitant 
chronic salmonellosis seemed to be involved 18. 
Overall incidence of glomerular disease with schisto- 
somiasis was shown to be about 5~6%, whereas in 
patients with hepatosplenic disease due to S. ~nnnso~i 
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schistosomiask are 
ferativc and mem- 

tis are occasionally t5sen as welllhJ~,19. 
t4w1 immunofluorescence, im- 
munoglobulins (!gM, I&, 1gA and 
igE) and complement components 
are observed in the glomerular 
mesangium with small extensions 
along the capillary I00ps~~~~~~. On 
the uhrastructural level, electron- 
dense deposits (suggesting immune 
complexes) are seen in tkr 
mesangium and along the endothe- 
1iaB side of the glomerular basement 
membranel7. Sometimes renal histo- 
logical changes were found to precede 
clinical mai-kifestations17. 

Fig. I. Changes in experimental African trypanosomiasis as seen by light microscopy. 
Semi-thin section of a mouse glomerulus six weeks after inoculation of TryL~~nosom~~ 
brucei brucei (Toluidine blue stain) is shown (a), as is a semi-thin section of a normal 
mouse glomerulus (Toluidine blue stain) (b). BS, blood space; US, urinary 
space; CW, capillary wall; arrows point at the mesangium. Scale bars = 20 p,m. 

The glomerular disease associated with schistoso- 
miasis was thought to be a typical example of immune- 
complex glomerulonephritis. The presence of schistoso- 
ma1 worm antigens in the glomerular complexes21-24, 
and the presence of circulating immune complexes con- 
taining schist~somal antigen, supported this hypoth- 
esis. Later studies, however, did not show amelioration 
of the glomerular disease with treatment of the infec- 
tio$~,I!h and the severity of the glomerular lesions did 
not seem to depend on the intensity of parasite infest- 
a tior9. Moreover, l-hllyer and LewcrP found prccipi- 
tating antibodies to DNA in sera from hamsters infected 
with s. jnjJ~Ji!iCilrrl. This suggested a role for anti-DNA 
antibodies, in a context of polyclonal B-cell activation, 
as in systemic lupus erythematosus. On the other hand, 
Fujiwara and colleague~~‘~ showed that polyclonal B-cell 
activation alone was not aw~ig11 to induce glomcrular 
disease in infected mice. They sugge::ted different, host- 
dependent factors, which are not yet defined. 

Thus, hepathosplenic schistosomiasis is clearly as- 
sociated with glomerular disease, but a causal relation 
between glomerular lesions and parasites has been 
difficult to establish. Beside immune complexes, host- 
related factors, siclch as hepntic macrophage function, 
seem to be involved. 

Leishmaniasis 

Because glomerular changes are seen particularly in 
hepatosplenic schistosomiasis, portal-systemic shunting 
was thought to be associated with the development of 
glomerular !esio&. Experiments in mice, where ligation 
of the portal vein was performed, showed enhancement 
of i~l~l~~unt~-cc,ll~plex deposition in the kidncy’J. 
Glomerular lesions, however, wore more marked and 
more frequent in hepatosplenic schistosomiasis than in 
active hepatic cirrhosis?“. Therefore, factors other than 
shunting of portal blood into the systemic circulation 
alone had to be involved. The main difference between 
hcpa tosplenic schistosomiasis and cirrhosis is the 
presence of circulating schistosomal antigen. In addi- 
tion, the severity of the glomerular lesions and protein- 
uria were shown to be correlated with the impairment 
of hepatic macrophage functiorP. This macrophage 
function might involve clearance of circulating immune 
complexes as well as clearance of other nephritogenic 
factors. 

‘TIw glomcrular lesions seen with knla-near consist 
of mcsangial cxynnsion, somc4imcs with focdl seg- 
mental prolifer;, ir Ii 1.i 71. Using iilliiltil’lOflLiUrescCI‘1Cd’, 
IgG, IgM, 1gA and C3 are seen in the mesangium, 
with some extensions along the cdpiliary l:~p~~~~~. On 
the ultrastructural level, irregular thickening of the 
glomerular basement membrane is seen with stub- 
endothelial and subepithelial electron dense deposit9’. 
A prospective study has shown that 6W of patients 
with kala-azar have urinary abnormalities77. Renal 
biopsies demonstrated imerstitinl changes in all 
patients, while five out of seven patients had mild 
glomerular lesions, compatible with the lesions de- 
scribed earlier. In this study, renal involvement seemed 
to revert with tile cure of the lcishmnnial infection. 
Experimental inf~~l:.;ons with L. dowrn~~i in hamsters 
have resulted in a glomerular disease comparable 
with its hriman counterpart, although ill hamsters 
renal amyloidosis was observed 3JJ5. Since L. llolioz~flrri 
antigens were detected in the glomerular lesions, 
these antigens were implicated in the pathogcnesis of 
this glomerular diseascW4. 

Trypanosomiasis 
Although glomerular disease associated with 

TI:1/f7~~zus(~~~~~ brlrcei infection has been described in 
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glomerulus six weeks after inoculation of Tr$~nosoma brucei 
brucei. BS, blood space: US, urinary space; CW, capillary wall: 
arrow points at the mesangium. Scale bar = 20 pm. 

Glomerular disease associated with T. i~licci infec- 
tion has been described in rhesus monkeysJ[‘, rab- 
bitstTe7H, rat$“-JI and n&t* ‘. 1 I-1 IJ. The glomcrular changes 
observed vary from mesangioproliferative changes to 
expansion of the mesangial matrix alone (Fig. 1). With 
immunofluorcscence IgM, IgG and complement com- 
ponents are seen in the mesangium, Wiili some exten- 
sions along the glomerular basement membrane. 
Occasionally, granular (Fig. 2) and linear staining for 
igM and IgG are reported as seen along Ihe capillary 
wc?llsJ~JJ. On the ultrastructural level, large electron- 
dense deposits are obs~rvf~I in the mesat~~ium and 
subendothclial as well as subepilhelia!. ;vioreover, 
striking changes of the glomertrlnr-endothelial cells 
are seen3HJh (Fig. 3). 

Several hypotheses 6x-t the pathogenesis of the glom- 
erular lesions exist. Most studies postulate a patho- 
genetic role for immune complexes as with the other 
parasite-related glomerulopathies. In some studies, 
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these immune complexes consist of trypanosomal 
antigen and antibodies 37~ but immune complexes 
comprising autoantibodies ind autoantigens have also 
been implica teda”sJ7, especially DNA-antiDNA com- 
plexes, as in lupus nephritis, tog&her with comple- 
ment activation”“,3”,~“. Othe-; suggested a pathogen- 
etic role for antibodies directed against glomerular 
autoantigens-“r-‘Y, in the context of polyclonal B-cell 
activation. Indeed, antibodies against laminin, as well 
as various glomerular glycoproteins were detected 
not only in serum, but also in glomerular eluates. 
Glomer&ar complement activation was only observed 
after long-standing infection. Antibodies alone, how- 
ever, could not account for the development of albu- 
minuria@. Host-related factors, determined by non- 
MHC (major histocompatibility complex) genes were 
shown to be important for the development of glom- 
erular disease associated with African trypano- 
somiasis. To delineate which parts of the defence sys- 
tem (in addition to the B-cell response) were involved 
in the development of glomerular disease, the partici- 
pation of thymus, spleen and the mononuclear phago- 
cytic system (ME) were investigatedJq. It was shown 
that glomerular disease developed independent of 
the presence of thymic tissue. Nude mice infected 
with T. b~~ci parasi:es developed albuminuria, and 
some glomerular immunoglobulin deposits. Polyclonal 
B-cell activation, however, was not observed. Auto- 
antibodies or immune complexes in the context of 
polyclonal B-cell activation alone, once more, could 
nol explain the full glomerular disease, ie. histological 
glomerular changes and albuminuria. In these studies, 
the spleen was shown to bc a crucial organ; albumin- 
uria cn111d be prcvcnlcd or significantly lowered, 
dcpc‘n~~~ng on the moment of splcnectomy. After 
mocrtryhagc dtplction, infcctcd mice dcvclopcd sig- 
nificantly higher albuminurin for a period up to two 
weeks ,Iftcr dcplction. Thcrcforcl, it was concluded 
hit dct’cloptm9~t of glom~~rul~~p~~~l~y CmociCitcd with 
Africdn try}~‘~lic,sc,nriasis is incicpend4~nt of thymus- 
matur& T cc&, whilib macrophagcs have an 
inhibitory, rather than inducing, cffcct. The spleen 
cnlargcmcnl during T, III’IIcL~! infection is ncil fully 
understood. It is, in part, due to an increase in 
extramedullary hematopoiesis and, in part, due to a 
proportional increase in CD4” T cells, CDS+ T cells, 
and B cells. Moreover, a relative increase in null cells 
(CD4 -, CD8 , lg ) is observedi”. In this respect, the 
massive increase in splenic $5 T cells is a particularly 
interesting finding (B. de Geus LB/ [I/., Abstract”), 
especially so since these y6 T cells seem to be involved 
in the resistance against T. hwi infection”. Their 
role in the pathogenesis of this glomerulopathy 
should be invcstigatcd. 

General considerations 
Clinical and epidemiologic studies have established 

the existence of glomerular disease associated with 
parasitic infections. Explanation of the patlmgcnctic 
mechanism involved, however, remains a difficult 
challenge. The parasitic infections described above 
are usually severe chronic infections with fluctuations 

___- ---- 
* Abstract beak of the Xllth meeting of the International Society of 
iuephrology, I~lvolvemenr of y6 r cells in Tryponosorn,uas-Induced C;bme,u- 
lopathy, p. 58, 199? 
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in antigenemia and therefore fluc‘tu- 
ations in host immune response. This 
response consists of several facets 
that might be nephritogenic. 

The antibody response is the most 
obvious part of the immune system 
that might act as a ‘pathogen’, be- 
cause in most instances glomerul;,r 
immunoglob~rlins are found. Theo- 
retically these immunoglobulins 
might accumulate in glomeruli due 
to passive trapping or specific bind- 
ing. The variations in antigenemia 
during these parasitic infections are 
encountered by a fluctuating host 
antibody response, resulting in cir- 
culating immune complexes, which 
might be trapped in the glomerulus, 
as the BSA-anti-BSA immune com- 
plexes in the experiments of 
Germuth” and Dixon ef ~1.53 Accord- 
ing to the size and charge of these 
complexes, this might result in the 
different glomerular immunofluor- 
escence staining patterns seen in 
infected individuals. In experimen- 
tal malaria infection, however, 
parasitic antigens were detected in 
glomeruli before iilllllui~oglobulins. 
This suggested irr sit11 immune-com- 
plex formation. Indeed, Fleuren ~1 
01 iA showed that alternate perfusion . 
of isolated kidneys with antigen 
(BSA) and antibody (anti-BSA) can 
result in irl sit II formation of 
glomcrular immune complexes, by 
binding of antibody to the antigen 
that was ‘planted’ bcforcl. Roth thco- 
rics mighl explain the presence of 
in~mui~oglol,ulins and parasitic anti- 
gt2ns in glomerl:li as dcscribcd in 
several parasitic infection5 In many 
instances, however, parasitic antigen 
cannot be dctcclcd. This might be 
due to masking of these antigens by 
antibodies, or due to the lack of ad- 
equate dctccqtion methods. Another 
explanation would be that the 
glornerular immune complexes con- 
tain very little or no parasitic antigen, and thus anti- 
bodii?s with different specificitie., are involved. In 
this respect, it is of interest that during most of 
these infections, polyclonal B-cell activation is 
observedl’),5’1,5f>. The autoantibodies ensuing from this 
polyclonal activation might form complexes with 
their antigen and bind in the glomerulus according to 
the pathways described above. This mechanism was 
proposed in several papers mentioned 15,?6. Another 
mechanism involving polyclonal B-cell activation 
might be direct binding of autoantibodies to glomeru- 
lar autoantigens, as demonstrated in experimental 
trypanosomiasisAl,JJ. In these studies, antibodies 
against parasitic antigens as well as antibodies against 
known nephritogenic autoantigens, such as !aminin 
and dipeptidylpeptidase IV, were eluted from the 
glomerular immune deposits, and were therefore 
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Fig. 3. Ultrastructural changes in experimental African trypanosomiasis. Electron 
micrograph of two glomerular capillary loops of a mouse glomerulus six weeks 
after inoculation of Trypanosoma brucei brucei. BS, blood space: US, urinary 
space: epi, epithelium; endo, endothelium; EDD, electron-dense deposits in the 
glomerular mesangium; GBM, glomerular basemcsnc membrane; arrow points at the 
mesangium. Scale bar = 2.0 km. 

thought to 1~~1 pathogenetic. Later studies, however, 
demons! rated that these ;\ntibodies were neither 
sufficient nor necessary 18.,+” for the development of 
proteinuria, one of the parameters of glomerular 
dysfunction. Similar observations were made in other 
experimental models for g!omerulonepl~ritis~~~~s. These 
observations affirmed the importance of other parts of 
the defence system in the pathogencsis of glomcrular 
disease. 

Although most studies on the pathogenesis of glom- 
erulonephritis have, uaztil recently, focused on t!re 
characterization of the glomerular immune deposits, 
there is now evidence that T cells play a major role in 
glomerular injury. The potential effect of T cells in 
glomerular iniury was shown to be twofold?‘. While 
CD4- T cells ‘Mpere shown to be crucial in the induc- 
tion of the autoimmune syndrome accompanied by 
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p~ly&l~~l B-41 activation, CDW T cells infiltrating 
the glomerulus were shown to be directly im:olved in 
the onset of proteinuria. Therefore, it is of interest 
that part of the glomerular hypercellularity in murine 
malaria is due to influx of CDS+ cellsi% Future studies 
should elucidate the role of T cells in glomerular injury 
associated with parasitic infections. 

With the exception of B cells and T cells, monocytes 
and polymorphonuclear leukocytes have been impli- 
cated in the pathogenesis of glomerular disease60,h1, 
especially in acute glomerulonephritis. The increased 
cellularity of glomeruli in rabbits infected with African 
trypanosomiasis was shown to be largely due to infil- 
tration with monocytes and macrophages? As T cells, 
these components of the primary defence system act 
through an intricate network of cytokines and other 
inflammatory mediators such as oxygen radicalsQ,h3. 
These mediators might be implicated in cases of 
glomerular disease without cellular influx as well, 
especially in parasitic infections where levels of these 
factors can be presumed to be high due to severe 
chronic infeciion and hepatic failure. Natural killer 
cells or $5 T cells might prove to be components of 
the primary defence systemh4,“i and a source of 
nephrotoxic serum products. 

Although the association of parasitic infections 
with glomerular lesions is clear, several theories on the 
pathogenesis of these lesions exist. Knowledge on the 
pathogenetic mechanisms involved has evolved with 
the knowledge on the pathogenesis of glomerular dis- 
ease in general. Especially experimental African tryp- 
anosominsis has shown that immune complcxcs arc 
involved but can not cxplnin full-blown glomcrular dis- 
case. Future StUdiC!; should clucidatc the role of other 
parts of the dcfcncc system in the pathogcncsis of 
glomcrular discasc associcIted with parasitic inf03ions. 
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