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Modification by a latent contaminant of glomerular
pathology in mice infected with Plasmodium berghei
MAMORU SUZUKI1

This study was designed to determine, by means of electron microscopy, the effect of
latent contaminants-which are associated with the syringe passage of the parasite-on the
findings in the glomeruli of P. berghei-infected mice. A rapid alteration of the glomerular
basement membrane was observed in mice infected with the syringe-transmitted N strain,
but not in those infected with the cyclically passaged Nig strain. Glomerular changes were
also seen in mice inoculated with nonparasitized blood from normal mice, obtained after
16 passages by syringe. It appears that these changes were provoked by a latent conta-
minant that had proliferated after passages of the parasite through mice, and that they
constitute a secondary immune reaction.

There is ample reason today for promoting the
development of an effective vaccine against plas-
modia in order to provide an alternative to residual
insecticides such as DDT. Extensive efforts by immu-
nologists are required in this field.

In parallel to these activities, studies are needed
on the immunopathological response of the host so
as to increase the knowledge of malaria immunology
and to assess the risk that undesirable immunologi-
cal hazards might occur following mass immuniz-
ation in the future.

Nephritis is one of the most representative im-
munopathological manifestations in malaria infec-
tion. Extensive studies of this unique nephropathy
have been undertaken during the past 10 years.
Gilles & Hendrickse (1) observed that the nephrotic
syndrome in Nigerian children was related to Plas-
modium malariae infection. Subsequent immuno-
fluorescence studies demonstrated the presence of
malarial antigen, autologous antibody, and Blc (the
third component of complement) in the glomeruli
of biopsy specimens of kidneys from patients suffer-
ing from the quartan malaria nephrotic syndrome.
On the basis of these findings, the syndrome was
classified as an immune complex nephritis by Ward &
Kibukamusoke (2) and Allison et al. (3).
Although a relationship between the nephrotic

syndrome and P. malariae infection is established,
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it has not yet been completely disproved that child-
ren with the syndrome have an increased suscep-
tibility to P. malariae infection (4). The causal
relationship between the infection and the develop-
ment of nephropathy, and the mechanism leading
to malarial nephritis, must be further studied. How-
ever, attempts to elucidate these questions only by
biopsy specimens from human beings hold little
prospect of success.
An experimental study by Ward & Conran (5) on

glomerulonephritis in a monkey injected repeatedly
with P. cynomolgi antigen in incomplete adjuvant
was one of the first trials of experimental malarial
glomerulonephritis. However, the repeated injection
of malaria antigen in incomplete adjuvant is too far
from the natural course of infection, and the effect
of incomplete adjuvant cannot be ignored. Voller
et al. (6) reported the development of oedema in a
splenectomized owl monkey inoculated with P. mala-
riae of human origin. Histologically the kidney
specimen was characterized by the proliferation of
mesangial and endothelial cells with an increase of
mesangial matrix and thickening of the peripheral
capillary loops. Examination by immunofluores-
cence demonstrated strong fluorescent staining of
all the glomeruli in kidney sections. The clinical
signs and the aspect of the monkey glomeruli resem-
bled those in human cases. If it is easily reproducible,
this experimental model could become the main
means of investigation into the causal mechanism
of quartan malaria nephritis.

Although there is a profound difference between
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P. berghei infection in mice and human quartan
malaria, the rodent model is important for enlarging
the knowledge of malarial renal immunopathology;
moreover, it can easily be maintained and handled
in the laboratory. Greenwood & Voller (7) studied
kidneys of NZB mice infected with P. berghei. How-
ever, the interpretation of results was difficult because
of the spontaneous development of an immune type
of renal disease in this strain of mouse. Suzuki (8)
tried chemotherapy in mice infected with the highly
virulent P. berghi strain NK65 and observed a gen-
eralized, intense granular pattern of IgM deposit
with occasional detectable antigen in the glomeruli
of cured mice. Histological and electron microscope
examination demonstrated a pathological alteration
in the glomeruli. Ehrich & Voller (9) examined
kidney specimens from mice infected with P. berghei
yoeli of low virulence and saw granular gamma
globulin deposits in the glomeruli. Following their
immunofluorescence and light microscopy studies of
kidney pathology in P. berghei-infected mice, Boon-
pucknavig et al. (10) reported detailed electron micro-
scope observations on the infected kidney speci-
men (11), indicating that immune complex nephritis
occurs in P. berghei-infected mice.
The present work was designed to study the effect

of contaminants-which are inevitably associated
with the syringe passage of the parasite-on the
findings in the glomeruli of mice infected with
P. berghei. Electron microscopy was used to study
the kidneys of mice infected with P. berghei main-
tained in the laboratory by syringe passage; mice
infected with the blood stage of P. berghei that had
been harvested from a mouse inoculated with sporo-
zoites from mosquitos, thereby restricting the acci-
dental transmission of latent contaminants to the
vertebrate host; and mice inoculated with non-
parasitized blood that had been harvested after
16 passages through noninfected mice.

MATERIALS AND METHODS

Vertebrate host and plasmodia
Albino mice (20-24 g, CFW strain) were used

throughout the experiments. Preliminary examina-
tion had shown that the mice were free from
Eperythrozoon coccoides contamination.
The N strain of P. berghei used by Peters (12)

and the Nig strain used by Killick-Kendrick et al. (13)
were selected. Both strains were maintained in the
Department of Parasitology, Liverpool School of
Tropical Medicine, the former only by syringe pas-

sages in mice and the latter by blood passage in
mice alternating with cyclical transmission by Ano-
pheles stephensi.

Inoculation

N. strain system. With a heparinized syringe,
blood was taken by cardiac puncture from a mouse
that had been infected 4 days earlier and had devel-
oped a 31 % parasitaemia. 107 parasitized red blood
cells were injected into each of 12 mice by the intra-
peritoneal route. Another 4 mice were inoculated
with the same material and used as controls to moni-
tor the virulence of the parasites. Parasitaemia in the
control mice reached 23% on the third day after
inoculation and rose to 78% on the fifth day. The
average survival time of the mice was 7 days.

Nig strain system. The parasites were harvested
from a mouse that had been inoculated 5 days
earlier with sporozoites taken from A. stephensi
14 days after an infective blood meal. The para-
sitaemia was 4.5%. The blood was diluted 1: 4.5
with physiological saline and 107 parasitized red
blood cells were given to each mouse by the intra-
peritoneal route. Another 5 mice were inoculated
with the same material as controls to monitor the
virulence of the parasites. Parasitaemia in the con-
trol mice reached 55% on the third day but dropped
to 20% on the fifth day. One of the control mice
died of high parasitaemia on the seventh day and
another succumbed on the twelfth day. The other
3 mice survived in a moribund state for 24-26 days
after inoculation.

Normal blood system. The passage of nonpara-
sitized blood was serially repeated 16 times through
normal mice. At every passage, blood from 2 mice
was taken by heart puncture, pooled, and diluted
1: 20 with physiological saline. Then 0.2 ml of the
blood aliquot was transferred to the next 2 mice
by the intraperitoneal route. The passage interval
was 3-5 days. Only the final inoculations in the
experimental mice were effected at the same dilution
as that used in the Nig strain system.

Controls. One inoculation of noninfective blood
from a normal mouse, diluted 1: 4.5 with physiologi-
cal saline, was given to a control group of mice-
i.e., at the same dilution as for the Nig strain system.
Two each of these mice were killed consecutively
between the day of inoculation and the fifth day
thereafter.
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Experimental procedure

Two mice from each group were sacrificed con-
secutively from the first to the fifth day after inocu-
lation. The animals were bled to death without dam-
age to the trachea. The kidneys were taken out
immediately and the cortical portion was cut into
small fragments with a stainless steel blade. The
material was immediately transferred into 3% glu-
taraldehyde buffered with 0.1 M phosphate. Simul-
taneously, for the purposes of another study, the
lungs were infused with the same fixative through
the intratracheal route and cut into segments. The
material was kept in the cooled fixative for 20 min
under low pressure in a desiccator. After soaking
in the glutaraldehyde buffer for a further 2-4 h in a
refrigerator, the specimens were transferred into
0.1 M phosphate buffer with 10% sucrose and held
at 4°C for 7 days. They were then treated with 1.0%
osmium tetroxide buffer (Millonig pH 7.4), dehy-
drated through graded ethanol, and embedded in
the epoxy-resin medium developed by Spurr (14).
The specimens were cut with an LKB ultramicro-
tome into sections 60 ,um thick (grey-silver illumi-
nation). The ultrathin sections were mounted on
copper grids, stained with uranyl acetate and lead
citrate, and examined with an AEI EM6 electron
microscope at 60 KV.
Each specimen was also cut into sections 1 um

thick. The sections were mounted on glass slides,
stained with toluidine blue, and examined under the
light microscope.

RIESULTS

Mouse kidneys, N-strain system

Light-microscope findings. On the first day after
inoculation the glomeruli of infected mice showed
no noticeable change compared with those from the
control mice. On the second and third days, leuco-
cytes were occasionally seen in the capillary space.
On the fourth day, a generalized increase of leuco-
cytes and a decrease of red blood cells in the glo-
merular capillary spaces were evident. Jn the control
kidney specimens the occasional disappearance of
red blood cells in the glomerular capillary lumina
was noted, but there was never a generalized loss
of red blood cells in the capillary spaces. Some of
the glomeruli showed slight increase of the glo-
merular cells. The mesangial matrix remained within
normal dimensions.

Electronic microscope findings. The findings for the
5 days following the day of inoculation were as
follows:

Day 1. No remarkable changes of the glomeruli
were noted in the capillary spaces, endothelial cells,
mesangial cells, foot processes, or epithelial cells.
Although single nodular thickening of the basement
membrane was occasionally seen, there was no
associated obliteration of the foot processes. Mul-
tiple nodular formation of the basement membrane
was not observed.

Day 2. One of the glomerular capillary spaces
from one mouse showed an eosinophile leucocyte
and a platelet; a dense subendothelial lump was
also observed (Fig. 1). Subepithelial multiple nodular
formation of the basement membrane associated
with partial fusion of the foot processes was occa-
sionally found in the same specimen (Fig. 2). In the
affected basement membrane an electron-dense sub-
stance was trapped. The cell membrane of the foot
processes attached to the nodular surface of the
altered basement membrane underwent partial lysis
(Fig. 2).
Day 3. Subepithelial nodular changes of the base-

ment membrane were present. However, the com-
plete fusion of the foot processes was not associated
with this membrane, nor was the electron-dense
lump described above incorporated in the thickened
basement membrane. Developing monocytes and
many free platelets were found in the tubular capil-
lary spaces. Granulocytes were not detected.

Day 4. In the glomerular capillary spaces of the
infected mice were macrophages that had contact
with the surface of the endothelial cell layer (Fig. 3).
The electron microscope revealed a granulocyte ex-
tending what appeared to be a pseudopodium into
the gap of the endothelial cell layer. Simultaneously,
a lymphocyte was observed in another capillary
space (Fig. 4). Endothelial cells vigorously extended
microvillous projections into the capillary spaces.
Electron-dense deposits were occasionally noted be-
neath the endothelial cell layer (Fig. 5). Nodular
formation of the basement membrane was also pre-
sent. Mesangial cells pushed their cytoplasmic pro-
trusions into endothelial cells and into capillary
spaces. A mesangial cell carried centrioles (Fig. 6).

Day 5. No findings additional to those made on
the previous days were detected as regards leuco-
cytes in the glomerular capillary space. In the base-
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ment membrane undergoing patchy thickening, well-
circumscribed lacuna-like inclusions, as described by
Hendrickse et al. (15), were observed. The bodies
seemed to be part of microvillous projections from
endothelial cells incorporated in the expanded space
of the basement membrane (Fig. 7).

Mouse kidneys, normal blood system

Light-microscopefindings. Kidney specimens taken
on days 1-5 were concurrently studied. Any alter-
ations in the glomerular cells, mesangial matrix, and
red and white blood cells in the glomerular capil-
laries were always within the normal range.

Electron microscope findings for the 5 days fol-
lowing inoculation were as follows:

Day 1. Although no noticeable increase of leuco-
cytes was discerned by light microscope, the electron
microscope revealed occasional granulocytes with
lobulated nuclei in the glomerular capillary spaces.
A localized single nodular formation of the base-
ment membrane was found in a glomerulus. A similar
alteration of the basement membrane was also ob-
served in the control group. However, in neither
case was an association of fused foot processes
observed.

Days 2-5. No variations were present among the
specimens from mice sacrificed on these days. Leuco-
cytes in the capillary spaces were very rare (Fig. 8).
In every mouse studied there was a massive nodular
expansion of the basement membrane towards the
urinary side (Fig. 9). This change was distinct from
a localized single protrusion of the lamina densa
found in control mice in respect of the association
of the fused epithelial foot processes and the multiple
formation of nodules seen in Fig. 9. The same pic-
ture shows a cytoplasmic islet that gained entrance
from the capillary lumen into the altered basement
membrane. Occasionally, electron-dense particles of
irregular density were noted beneath the endothelial
cell layer or in the lamina densa (Fig. 9). Generally,
the appearance of the mesangial region and capil-
lary space was similar to that in the control mice
(Fig. 8). In one blood space, a monocyte was ob-
served in a region where the basement membrane
of the glomerular capillary had undergone nodular
alteration.

Mouse kidneys, Nig strain system

Light-microscope findings. The kidney specimens
taken on days 1-5 were consecutively examined and

compared with those from the corresponding con-
trol mice. On the first and second days the glomerular
structure appeared to be the same in infected and
control mice. On the third day, however, the infected
mice showed a considerable number of leucocytes
in the capillary space, accompanied by a decrease
of the red blood cells. The number of glomerular
cells and the amount of mesangial matrix were within
normal limits. On the fourth day, leucocytes in the
capillary lumina were much diminished as compared
with control specimens. In some of the glomeruli,
an increase of the glomerular cells with partial expan-
sion of the mesangium was noted; this was slightly
accentuated on the fifth day.

Electron microscope findings were as follows:

Day 1. The glomeruli from inoculated mice were
similar to those in control mice.

Day 2. Generally, no striking change was detected
in the glomeruli of the infected mice. A patchy
thickening of the basement membrane was found
in a glomerulus from one mouse. In another glo-
merulus, a subendothelial deposit was seen along a
capillary wall. Very limited pseudopod-like exten-
sions from a mesangial cell towards the capillary
lumen were observed in both infected and control
mice.

Day 3. In glomerular capillary spaces, both mono-
cytes and granulocytes were noted. A mesangial cell
extended into a capillary lumen. In the peritubular
capillary, granulocytes were occasionally seen.

Day 4. Generalized glomerular change had oc-
curred. In the glomerular capillary space, a granulo-
cyte with segmented nucleus (Fig. 10) and platelets
(Fig. 11) were observed. Occasionally, granulocytes
showed pseudopod-like cytoplasmic extensions to-
wards the surface of endothelial cells. No abnormal
findings were noted on the basement membrane or
in foot processes. In the peritubular capillary, many
macrophages, developing monocytes, platelets, and
granulocytes were seen. However, these cells did not
manifest any reaction to the capillary wall.

Day 5. The changes in the glomeruli were similar
to those seen on day 4. Many macrophages ap-
peared in the capillary space. However, none of
them showed activity regarding the glomerular capil-
lary wall. As illustrated in Fig. 12, a mononuclear
cell had direct contact with the basement membrane
of the glomerular capillary, pushing a pseudopod-
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ABBREVIATIONS USED IN THE FIGURES

Basement membrane of Bowman's capsule
Basement membrane
Capillary space
Erythrocyte
Endothelial cell
Endothelial projections
Eosinophilic leucocyte
Epithelial cell
Granulocyte

iE Infected erythrocyte
Inc Inclusion bodies
L Lymphocyte
MC Macrophage
MS Mesangial cell
P Plasmodium
PI/PL Platelet
US Urinary space
V Vacuole

The scale on the microphotographs represents 1 ,um unless shown otherwise.

Fig. 1. Electron micrograph of a kidney specimen from

a mouse 2 days after inoculation with the N strain of
P. berghei. An eosinophilic leucocyte and a platelet
obliterate the capillary space of a glomerulus. Electron-
dense deposit beneath the endothelial cell layer (arrow).

Fig. 2. Same specimen as in Fig. 1. Localized nodular
formations of the basement membrane. Electron-dense
lumps in the expanded lamina densa (single arrows).
Obliteration of the foot processes of the epithelial cell
in association with the nodular formation. The double
arrows indicate partial lysis of the cell membrane of the
foot processes. A vacuole of an isolated foot process in
the urinary space contains electron-dense substance.
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Fig. 3. Electron micrograph of a glomerulus fro
4 days after inoculation with the N strain of
A lymphocyte occupies the capillary space
vessel. In the capillary space on the right, a
extends a pseudopodium touching the gap of
thelial cell layer.

Cli::r 5 ! _ _ | 4~~~~~ s
Fig. 5. Same glomerulus as in Fig. 3 & 4. Fine granular
electron-dense deposits in the subendothelial space of
the lamina rara interna (arrows).

m a mouse Fig. 4. Same glomerulus as in Fig. 3. Cytoplasmic exten-
P. berghei. sion of the macrophage situated in the capillary space
of the left (arrow). A vacuole in the cell contains an indistinct,
granulocyte electron-dense mass.
the endo-

Fig. 6. Same glomerulus as in Fig. 3-5. Mesangial cell
with centrioles (arrows).
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Fig. 7. Electron micrograph of a glomerulus from a mouse
5 days after inoculation with the N strain of P. berghei.
Vacuoles in the endothelial cell and in the epithelial foot
processes contain electron-dense substance. Three well-
circumscribed inclusion bodies in the thickened basement
membrane bearing a resemblance to the transverse sections
of the endothelial projections.

Fig. 8. Electron micrograph of a glomerulus of a mouse
5 days after inoculation with normal blood after repeated
passages in mice. Mesangial cell within normal dimensions.
Part of a highly vacuolated epithelial cell indicated by an
arrow. The electron density of the cytoplasmic background
of the cell is extremely light.
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Fig. 9. Same glomerulus as in Fig. 8. Multiple nodular
formations of the basement membrane with partial
obliteration of the foot processes. A protrusion from a
cell in the capillary lumen enters the vessel wall, producing
an intramembranous cytoplasmic islet.

Fig. 10. Electron micrograph of a glomerulus from a mouse
4 days after inoculation with sporozoite-induced blood
stages of P. berghei, Nig strain. A pseudopod-like pro-
trusion from a granulocyte closely approaches the surface
of the endothelial cell (arrow). Part of an erythrocyte is
embedded in the thickened subendothelial mass, close to
electron-dense granules.



11 . _:.. __

Fig. 11. Same glomerulus as in Fig. 10. Platelets in the
capillary space.

Fig. 13. Electron micrograph of a glomerulus from a mouse
5 days after inoculation with sporozoite-induced blood
stages of P. berghei, Nig strain. Macrophage including
engulfed parasite in the capillary space. Half of a hyper-
trophied endothelial cell enters the mesangial region.
Endothelial cell covering the vessel shows occasional
abnormal protrusions.

Fig. 12. Electron micrograph of a glomerulus from a mouse
5 days after inoculation with sporozoite-induced blood
stages of P. berghei, Nig strain. Mononuclear cell located
direct on the basement membrane of the capillary wall
(short arrows). A finger-like cytoplasmic extension (long
arrow) pushes itself beneath the endothelial cell layer.

Fig. 14. Electron micrograph of a glomerulus from a mouse
5 days after inoculation with sporozoite-induced blood
stages of P. berghei, Nig strain. Part of a glomerular
capillary, showing the universal thickening and splitting
of the basement membrane, with scattered subendothelial
electron-dense substance (arrows). Epithelial cell attached
to the urinary side of the vessel shows fusion of the foot
processes. The basal cell fixed on the basement membrane
of Bowman's capsule undergoes degeneration.
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like sytoplasmic extension beneath the endothelial
cell layer. Macrophages containing parasites in the
cytoplasm were found (Fig. 13). There was a remark-
able development of the cytoplasmic extension from
a mesangial cell. A part of a glomerulus of one
mouse showed massive expansion of the basement
membrane with universal fusion of the foot pro-
cesses (Fig. 14). In this case, the nodular change of
the basement membrane that was seen in the N strain
and in the normal blood systems did not occur.
This kind of expansion in the basement membrane
was not detected in any of the glomeruli in mice
of the control group, N strain group, or normal
blood system group.

DISCUSSION

When a mouse becomes moribund during severe
malarial parasitaemia, nonspecific tissue injury may
occur-e.g., changes caused by anaemia or bilirubin-
aemia. In the initial stage of the infection, mice
will be relatively free from such secondary damage
and suitable for an investigation to elucidate the
etiology of malarial nephropathy in a rodent model.
These experiments were designed to study the initial
involvement of the kidneys in P. berghei-infected
mice.
The N strain of P. berghei, which had been main-

tained in mice only by serial inoculation passage,
exerted pathological changes in the mouse glomeruli
as early as the second day after inoculation (Fig. 1, 2).
The changes seen in the basement membrane of the
glomerular capillaries and the appearance of eosino-
philic leucocytes and platelets in the capillary lumina
were exceptionally rapid if such alterations were
mediated by a malarial immune complex. A detect-
able amount of indirect immunofluorescent anti-
body would take longer to develop. The rapid nodu-
lar formation on the basement membrane was also
seen in uninfected mice from the normal blood sys-
tem. The rapid change observed in mice having
received parasitized or nonparasitized blood after
repeated passage was not detected in the kidneys
from mice inoculated with the Nig strain, which
may have been biologically purified by passage
through A. stephensi. An explanation for the above-
mentioned findings could be sought in the assump-
tion that P. berghei conventionally maintained in
mice by syringe passage may be contaminated with
a considerable number of concomitant microorgan-
isms that have been harboured latently in the host.
Such contaminants could proliferate during the

serial passage of the parasitized blood. The increased
number of latent microorganisms that are inoculated
along with malarial parasites into an immunologi-
cally primed mouse harbouring a small number of
the same latent microorganisms will arouse a second-
ary immune response resulting in a rapid deposition
of the immune complex at the glomerular basement
membrane in the host.

Latent viruses in the mouse have occasionally
been reported as etiological agents for the immune
complex disease. Oldstone & Dixon (16) suggested
that MSV (Moloney sarcoma), LCM (Iymphocytic
choriomeningitis), LDV (lactic dehydrogenase), and
leukaemia and polyoma viruses cause lodging of
the immune complexes in the glomeruli or blood
vessels in chronically infected mice. Kajima &
Pollard (17) made electron microscopic observations
on germ-free mice congenitally infected with latent
LCM virus and confirmed glomerular alterations
resembling the present findings as regards the base-
ment membrane.
A detailed ultrastructural study of the glomeruli

in P. berghei-infected mice was carried out by
Boonpucknavig et al. (11), who traced the evolution
of the glomerular basement membrane lesions and
pointed to the nodular change of the lamina densa
towards the urinary space. However, the present
findings indicate that the change can be observed in
mice inoculated with nonparasitized blood that has
been subjected to serial transfer through other mice.
Boonpucknavig et al. also described the intermem-
branous cytoplasmic mass as the most characteristic
feature of the injury caused by P. berghei infection.
Again, this change was seen in one of the photo-
micrographs from a mouse having received non-
parasitized blood, although the parts involved were
very limited.
As postulated above, it seems that these alterations

in the basement membrane as well as the other
pathological changes are caused not by malarial
but by latent microorganisms. In ordinary mice such
latent organisms are filtered out biologically by pas-
sage through mosquitos. The first significant alter-
ations in the glomeruli of mice infected with malaria
parasites after mosquito passage were observed
4 days after inoculation and no massive nodular
change of the basement membrane was detected.
The possibility of a concomitant latent virus in

the malaria-infective material was also suggested
by D. H. Moleneux (personal communication, 1973),
who carried out 8 passages of normal blood through
mice at intervals of 3-4 days. The resulting norma

s
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blood boosted a significant production of interferon
in an ordinary uninfected mouse. These findings
may modify the theory of induced interferon produc-
tion in malaria and partly support an alternative
hypothesis regarding the alterations of the basement
membrane in the rodent.

Peters (18) concluded in one of his articles that:
"In view of the frequency with which members of
the Bartonellaceae occur in laboratory rodents, any
unusual host response to experimental protozoal
infections, especially malaria or babesiosis, should
at once arouse suspicion and lead to a search for
Eperythrozoon or Haemobartonella organisms as con-
comitants either in the host animals or in the strain
of protozoon being employed." The present study
indirectly supports this theory and suggests similar
possibilities regarding the presence of a latent virus
in the mouse.

Distinct pathological changes of the glomerular
capillary were observed in a mouse 5 days after
inoculation with the Nig strain of P. berghei from
which contaminants were eliminated by biological
filtration through mosquitos. The alterations, which
are attributable to plasmodial infection, were char-
acterized by a universal thickening and splitting of

the lamina densa, associated with disseminated elec-
tron-dense deposits and obliterated foot processes
along the urinary surface of the capillary (Fig. 14).

It was not possible, in the present study, to observe
the whole detailed process of basement membrane
alteration. The appearance of leucocytes in the capil-
lary spaces, however, suggests mechanisms that may
bring about the glomerular injuries. Granulocytes
showing cytoplasmic extensions towards the glo-
merular endothelial cell layer seem to be working
on the capillary wall, possibly lodging a malarial
immune deposit (Fig. 4, 10). A mononuclear cell
attached direct to the basement membrane may indi-
cate the next location of the granulocyte. According
to Unanue & Dixon (1), the lysozyme released from
the granulocyte adhering to the basement membrane
may eventually damage the capillary wall by enzy-
matic processes. Macrophages, occasionally encoun-
tered in the blood spaces in the glomeruli, did not
manifest any sign of working actively on the capil-
lary wall (Fig. 13). Cochrane (20) observed that the
platelets emerging in the glomerular capillary space
may play an injurious role to the capillary by releas-
ing vasoactive amines. Future studies may lead to
a detailed analysis of the pathological processes.
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RtSUMI

MODIFICATION PAR UN CONTAMINANT LATENT DE LA PATHOLOGIE GLOMtRULAIRE
CHEZ LA SOURIS INFECTEE PAR PLASMODIUM BERGHEI

Les alterations glomerulaires precoces chez la souris
infect6e par Plasmodium berghei ont et6 etudiees au
microscope electronique. Une transformation rapide de
la membrane basale des glomerules a ete observee deux
jours apres l'inoculation de la souche N de P. berghei
qui avait ete entretenue en laboratoire chez la souris
uniquement au moyen d'inoculations aL la seringue. Cette
transformation, caract6risee par un epaississement nodu-
laire multiple de la membrane basale, n'a ete d6cel&e dans
aucun glom6rule de souris ayant requ la souche Nig de

P. berghei purifi'e biologiquement par passage sur le
moustique. Le sang non parasite obtenu chez des souris
normales apres 16 inoculations A la seringue a entrain6
une rapide alteration nodulaire de la membrane basale
semblable a celle constatee chez la souris ayant requ la
souche N. Il semblerait donc que, chez cette derniere,
le phenomene soit dui non pas a l'infection par P. berghei
mais a un micro-organisme latent qui aurait considera-
blement prolifere a l'occasion des passages du parasite
chez la souris.
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On suppose qu'apres s'etre ainsi multiplie, le contami-
nant latent provoque dans les glomerules de rapides
changements immunopathologiques en accelerant, chez
une souris apparemment non infectee, une rdaction
immunitaire secondaire qui avait W amorc6e, sous une
forme latente, par ce meme micro-organisme. Des chan-
gements glomerulaires attribuables au paludisme et non
au contaminant concomitant ont e observes lorsqu'on
a inocule la souche Nig purifiee. Ils etaient caracterises

par une expansion diffuse et un d6chirement de la mem-
brane basale et par la fusion des protuberances des cel-
lules; aucun epaississement nodulaire multiple n'a ete
constate chez les souris de ce groupe. Ce sont apparem-
ment les granulocytes qui agissent sur les cellules endo-
theliales, les cellules mononucleaires qui se fixent A la
membrane basale des capillaires glomerulaires, et les pla-
quettes qui se trouvent dans ces capillaires qui sont a
l'origine des lesions glomerulaires.
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