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Now that the earlier views of Schaudinn (1902) 
on malarial relapse as being due to a production 
of merozoites by parthenogenesis on the part of 
the macrogametocytes,? (a process which, even 
if it existed, would be strangely anomalous from 
the protozoological point of view),?have been 
shewn to be entirely erroneous by J. D. Thom- 
son, (1917), the problem of the true etiology of 
relapse in malaria remains to be solved. 
With a view partly to obtaining light upon this 

problem; partly to test its value as a diagnostic 
procedure; and partly also to study the process 
of destruction of malarial parasites; we com- 

menced in October 1922 to spleen puncture all 
cases of malaria admitted to the Carmichael Hos- 
pital for Tropical Diseases with enlarged and 
hard malarial spleens. In all 15 such cases were 

spleen punctured during the subsequent two 

months; including cases of benign tertian, quar- 
tan, and malignant tertian infections. The slides 
were stained by Leishman's stain, and were most 
carefully studied. 

Results. 
It was soon evident that spleen puncture is a 

method of no diagnostic value in chronic malaria. 
Occasionally in splenic films one may come across 
a crescent of P. falciparum, where examination 
of peripheral blood films has been negative; more 
frequently the presence of abundant hsemozoin 

pigment may give evidence that the case is one 
of malaria; yet few jf any viable parasites are 
ever encountered in such films in afebrile and 

relapsing cases. Whereas spleen puncture is the 

readiest method of diagnosis in kala-azar, it is 

of little diagnostic value in malaria. 
Where viable forms are encountered they are 

occasional trophozoites within the erythrocytes; 
and, with the exception of gametocytes, which 
seem to be less numerous in splenic films than in 
films of the peripheral blood, no other viable 
forms are encountered. What the films do show, 
in abundance, however, are parasite forms lying 
free in the plasma and undergoing degeneration. 

It has usually been held that malarial parasites 
are destroyed in the body by a process of phago- 
cytosis on the part of the macrophages, large 
hyaline mononuclear leucocytes and endothelial 
cells. We have been quite unable to confirm this 
view. Examination of the spleen films shews 
that only such parasites as are extracellular, and 
have been swept ofif the surface of the erythro- 
cytes and caught in the meshes of the splenic 
pulp are destroyed. The stages seen are:?(1) 
Early destruction of the parasite chromatin by 
chromorrhexis and chromatolysis. (2) After 
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this the parasite cytoplasm becomes vacuolated 
and is destroyed by cytolysis; so that parasite 
forms are seen which are devoid of chromatin, 
but which can be identified as degenerated mala- 
rial parasites by the presence of hsemozoin pig- 
ment. (3) At this stage the degenerating mass- 
es of parasite cytoplasm appear to tend to adhere 
together in the intracellular spaces, where we meet 
with sheets of degenerated parasite cytoplasm 
studded with haemozoin pigment. (4) Finally 
the cytoplasm also goes to pieces; free haemozoin 
pigment is left; and this is phagocytosed by the 
macrophages and endothelial cells. Spleen punc- 
ture films in malaria are often very pretty 
studies of such 

" 

pigmented mononuclears." 
The Etiology of Malarial Relapse. 

Many different views as to the true etiology of 
malarial relapse have been put forward: that there 
may be special and as yet unrecognised parasite 
forms especially associated with relapse; that the 
parasites may survive by finding their way out 
of the blood stream into endothelial cells and 
therein assuming a resting phase; that the parasites 
may retire into special visceral areas where they 
are relatively safe from destruction. 
We cannot see the necessity for the assump- 

tion of any such theories; and our spleen puncture 
findings fail to shew any such special and 
as yet unrecognised forms; or any evidence of 

any process other than destruction of parasites 
going on in the spleen. Liver puncture was car- 
ried out on a case of relapsing quartan malaria; 
and here the findings were again similar to those 
in the spleen. The spleen appears to function 
as the great site of destruction of parasites, and 
in no way as their reservoir; multiplication by 
schizogony appears to be restricted to the interior 
of the erythrocytes, either in the peripheral or in 
the internal circulation. 

It has been estimated by Ross and David 
Thomson (1910) that the 

" dose " of trophozoites 
necessary to produce the clinical febrile symptoms 
of malaria is approximately 250 million parasites. 
It is also held in connection with P. vivax that 
the mature schizont produces about 20 mero- 

zoites; although we have found experimentally 
that this figure is too high, and that a mean of 
14 merozoites is nearer the mark. Taking the 
above figures at 250 million and at 20 merozoites 
per schizont, however, then the progeny of a 

single injected malarial sporozoite of P. vivax, 
if its schizogony were to proceed uninterrupted- 
ly, should be 512 millions on the 18th day after 
infection; by the 22nd day 204,800 million mala- 
rial parasites should be present in the patient's 
circulation; and the patient should be dead. As, 
however, the tendency in even untreated cases of 
malaria is towards spontaneous?even though 
temporary?cure, it is obvious that, there must 

be a tremendous destruction of parasites in the 

body; and this takes place in the spleen, possibly 
also in the other internal viscera. Parasites 

\vh;ch have entered into the erythrocytes are safe 
from destruction, and with them schizogony pro- 

ceeds undisturbed. Parasites which, for any 
reason, fail to penetrate into the erythrocytes are 
swept off into the plasma, are caught in the 
meshes of the spleen pulp and there destroyed by 
chromorrhexis, chromatolysis and cytolysis. Also, 
as the patient becomes resistant to the infection, 
gametocyte formation sets in ; every trophozoite 
which becomes a gametocyte represents a non- 

multiplying form introduced into the parasite 
population; and the formation of gametocytes 
exerts a brake-like action upon the schizogony 
cycles. 
The rate of destruction of parasites, even in 

untreated cases of malaria, must?indeed?be 
tremendous. If we take the above figures for a 
benign tertian infection of production of 20 
merozoites per 48 hours by each schizont; and an 
approximate number of 512 millions in the circu- 
lation at the 18th day after infection; and dis- 

regard the brake-like effect of gametocyte pro- 
duction; then, for P. vivax infection, a destruc- 
tion rate of not less than 98 per cent, per 48 hours 
would be necessary to effect spontaneous cure. 

If only 90 per cent, of parasites were destroy- 
ed per 48 hour cycle, then at the 20th day the 
position would be 461 million parasites destroy- 
ed; 51 million left; the progeny of this 51 million 
would be 1,020 million in a further 48 hours, and 
fever would continue. If 95 per cent, were the 
destruction rate then at the 20th day 486 million 
should be destroyed, and 26 million be left; and 
their progeny in a further 48 hours should num- 
ber 520 million; a dose still sufficient to cause 

fever. If 98 per cent, are destroyed, however, 
then of 512 million parasites present, 502 million 
would be destroyed, and only 10 million left ; and 
their progeny would only number 200 million in 
the next 48 hours ; a dose insufficient to produce 
fever. 

In brief, therefore, we consider that there is 
no necessity to postulate either special parasite 
forms associated with malarial relapses or to 
assume the passage of parasites into either safe 
areas or into a resting phase. We consider that 
the etiology of malarial relapses may be explained 
upon a purely mathematical basis. If the patient's 
powers of resistance are such that 98 per cent, 

of P. vivax parasites, for instance, are destroyed 
per 48 hour cycle, then cure, and probably per- 
manent cure without relapse, is assured. If the 
destruction rate is lower, and at a figure of only 
90 to 94 per cent., the disease is still in its pro- 
gressive phase. At a figure between 95 and 96 
per cent, a condition of balanced equilibrium is 
reached at which schizogony is still proceeding 
at the normal rate; but the patient's powers of 
resistance are sufficient to keep the total number 
of trophozoites below the febrile threshold ; 
whilst the brake-like factor introduced by game- 
tocyte formation is also important in reducing 
the infection to afebrile limits. Should the 

patient's powers of destruction of merozoites be- 
come reduced from any adverse or extraneous 

cause, however, the destruction rate will fall ; 
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the schizogony success rate will be proportionately 
greater; a febrile dose of merozoites result; 
and fever recur. 
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