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'I'h e tropical anemias subject to this study are the sec
ondar y ones so common to the tropics, and are directly 
traceable to ankylostomiasis, malaria and nutritional disor
ders. Th e latter diseases may occur by themselves, 0 1' else 
as aggravating factors to th e othe r two types. Nutritional 
dis orders do such damage, especially in ankylostomiasis, that 
it is har d to draw a nice di stinction between these two con
tributing factors to anemia 1. 

For thi s r ea son, and because it is difficult in the clinic, 
and even in th e autopsy 1'00111, to spec ify exactly in condi
ti ons of an emia how much is du e to ankylostomiasis, malaria 
(\1' nutritional dis ea ses, we r efer collectively to "agcnts of 
tropical an emia" in th eir r elation to cerebral physiopathol
ogy, eve n when we are endeavor ing to make an anatomical 
analysis of th eir 'resp ective effects . 

An y 'doctor with expe r ience in tropical medicine-esp e
cially he who has worked in psychiatric institutions in th e 
tropics-has noted th e etiological influence of t ropical ane
mia s on cer tain p sychopathic disorders. The cerebral lesions 
caused hv the malarial parasite a re well kn own, in contrast 
t o the rudimentarv knowledge of cerebral disturbances pro
duced hy ankylostoma anemia, · which might also afford 
a physiopathological explanati on of certain mental and 
nervous disturbances. 

Recognized authors , in tropical medicine call a ttention to 
th e desirabili ty of more intensive anatomical investigations 
for the cleare r interpretation of th ese psychopathic condi
t ions. 

For correct in terpretation of this problem it is hardly 
necessary to say that caution must be exercised in attributing 

* R eceived for publicut ion February 11, 1937. 
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psychopathic etiological influences whol esale to t ropical 
an emias-no matter how f requently they are met with-for 
these an emias may exert only a secondary et iological in
fluence. There are times, however, when th e anemia indeed 
acts as th e principal factor in th e pathogenesis of endogenous 
psychoses. Also it must he r emembered that mental disturb
ances du e to definite dietary deficienci es (as. pellagra and 
beri-beri ) can be aggravated by ankylost omiasis, producing 
typ ical nervous and psychic symptoms. 

Neverth.eless, th er e are cas es of ank.vlostomiasis in which 
th e an emia ana th e lesions consequent to it are de finitely the 
cause of the nervous disturbances, which arc at times 
seen in this disease. Strong and Smillie 2 in th e United States 
and '''aite and Neil son 3 in Au stralia, have det ermined that 
r et arded mental developm ent in ankvlostoma-infested ehil
dren goes hand in hand wi th retarded phvsieal developm ent, 
whi ch, however, generally becomes comnensate d with ad o
Iescence. There are more serious cases, however, where the 
mental di sturban ces which must apparently have an anatom
ical ba sis for th eir development, result in mental defecti ves 
"who may never entire ly re cover", to quote Strong. Th e 
well-foun ded op inions of these investigators led us to helieve 
that in severe cases of tropical an emia cerebral lesions mizht 
exis t, which belief we then substantiated in two autopsies. 
Th ese pathologic findings might explain the physiopathology 
of per sistent mental di sorders. 

One of these cases, a. woman of 31 years, died of ankylos
toma anemia with thrombosis, after prema ture childbirth. In 
ten di fferent convolutions of the frontal and pari etal lobes 
we found foci, each ab out the size of a kidney bean , which 
caused identifiable circumscribed indurations. On palpation , 
these nodules proved to he of a firm er cons istency than the 
normal nerve ti ssue, and th eir su rfaces felt like wrinkled , 
rough cloth . On section it was noti ced that th e cor tical 
subs tance had di sappea red to such an extent that th e white 
subs tance extended to the surface of the brain. Histolog
ically we found that th e ganglion cells had disappeared almost 
entire ly, heing r eplaced by a gliomatous proliferation. 
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Interesting as these lesions appeared to be, we did not 
yet dare to connect them with ankylostoma anemia, but when 
we found ' a second case a short while after, we began to 
presuppose etiological relationship. In a child of six years 
who had died from ankylostoma anemia with marked evi
dences of dropsical affection, we found in the left mid-frontal 
convolution a focus exactly like those of the former case. 

To make the histological description more comprehensible 
to the reader, we refer him to figure 1. Here we sec, at tho 
left (a) a section of the right mid-frontal convolution, in 
which are apparent the ganglion cells in regular and normal 
distribution. This contrasts with the figure at the right (b), 
which shows the focus mentioned in the homologous left 
region, and from which the greater part of the ganglion 
cells have disappeared, only a few remaining in the pyramidal 
zone, and already in process of disintegration. In contrast 
to this, the number of glial nuclei in this region is increased. 
When we consider a child, six years old who shows no signs of 
other diseases either on clinical examination, in family history 
or at autopsy, it is only reasonable to suppose with a good deal 
of foundation that the lesions have intimate relationship with 
ankylostoma anemia, more especially when we consider that 
the degenerated ganglion cells, which had disappeared en
.tir ely in the first case, proved the process to be of recent 
formation and progressing in a typical case of ankylosto
miasis. 

In reviewing the clinical histories of these two cases, no 
data were found regarding mental deficiency, probably be
cause the immediate physical condition of the patients was 
so serious that it was- deemed undesirable, or even useless, 
to put such questions to them as would disclose mental dis 
turbances. . 

Our knowledge of the pathogenesis of the lesions gleaned 
from experimental observation of the migration of larvae 
through nervous tissue in laboratory animals, makes a logical 
base for the supposition 'that in our two cases the ankylostoma 
infection may have had a similar influence. Also, it is very 
probable that circumscribed states of cerebral anemia so fre
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quent in advanced ankylostomiasis might affec t the ganglion 
cells, which are known to be sens it ive even to te mpo rarv 
deficiencies of the supply of oxygen, to such a degree tIu{t 
complete anatomical resto r a tion would be impossible. 'I'his 
hypo thes is will appea r at fir s t sight to he a t variance with 
t he localization of the les ions limited to the convolutions, but 
one must take into account that the amount of blood which 
nourishes the different cer ebral r egions is continuously vary
ing, following a funct iona l rhythm whi ch depends on the 
vascular innervation. P erhaps a more det ailed histological 
examination would show us other les ions of the ganglion 
cells, a study hitherto impossible owing to th e lack of neces
sa ry laboratory equipment, whi ch defect we hop e soon to 
r emedy and. advance our investigations. 

Besides t he mental defects that possibly result from ti le 
ana tomical lesions already described, one also finds ill cases 
of ankylos torna anemia acute nervous and psychic symptoms 
- real cases of dementi a, severe enough to necess ita te r e
moval of the patients to the a sylum , if they had not been 
sent there in the fir st place. 

Apart from r elatively rare cases of hemorrhage and 
softe ni ng of the brain det ermined by paradoxica l embol isms, 
a utopsy of ankylost oma cases very often shows exte nsive 
throruhosis of the cerebral sinuses, especially of th e su pe rior 
longi tudinal, a process which continues into the pial veins, 
occas ioni ng at t imes major he morrhages in the cor tical sub
s tance of the brain. In the investigation mentioned before t, 
discussed before the Third Medical Congress of Panama, 
we called a t tention to th e frequency of thrombosis in ankylos
tom iasis, noting that it was evide nt in 10 pel' cent of our 
autopsies of cases of thi s di sease, th e percentage ri sing til 
1;') in deaths unde r fifteen yea rs. 

With out quoting in detail the r eference above \ \\"C will 
relate an observat ion we made rcccntlv in n child of fh'e 
years who, in a sta te of p rofound prost ration, died f rom 
thro mbosis ca use d by ank ylostomiasis. Autopsy revealed 
thrombosis of the transverse, oblique, stra ight and super ior 
longi tudinal sinuses, which extended to the p ia l veins a;' fa r 
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as the frontal lobes, causing extensive subpial hemorrhages, 
as is shown in figure 2. Jn the horizontal section of the 
brain may be seen the anterior poles, destroyed hy extensive 
hemorrhages which extend posteriorly into the white mutter 
(figs. 3 and 4). Microscopically we can see that the throm
bosis of the pial veins extends to the intracerebral, causing 
perivascular hemorrhages, some distributed in circular for
mation, others in irregular, as can be seen in figure 5. 

It is not surprising that intense nervous symptoms were 
absent in this case, as the patient was in a comatose condi
tion, and also the lesions were located in the frontal lobes, 
which constitute -in cerebral physiology the "silent zones". 

Our explanation 1 of the high frequency of thrombosis 
(which explanation seems to agree with clinical observation), 
is that it is not only the hematological changes of anemia 
which occasion thrombosis, but probably also the changes 
in metabolism of the fluids, caused in their turn by the defi
ciency in nutrition common to the tropics, and which helps 
to create what we call a "hydropic constitution", which, 
damaging the barricr between the vascular system and the 
tissues, may favour the onset of thrombosis, 

Having reviewed ankylostomiasis and nutritional deficien
cies as factors of anemia in producing cerebral lesions, we 
wish to refer to malaria which operates in a similar manner 
to the two former Iactors, interfering with the proper func
tioning of this barrier. Cerebral lesions due to malaria have 
attracted attention, but not attention worthy of the gravity 
of the subj ect, nor have they been analyzed from the point 
of view which we are trying to present in this paper. 

The abundance of pathological material which our Hos
pital offers has permitted us to study cerebral lesions, which 
we meet with frequently and which we shall illustrate in a 
series of microphotographs. Jn Iigu]'(~ Gis seen a cerebral 
vein of medium dimensions, which, in part, maintains its 
normal histological structure, but which in the remainder of 
its circumference presents a homogeneous appearance due to 
infiltration of the wall with blood plasma, obscuring its 
limits with the coagulated plasma contained within the 

I 
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lumen. This anatomic lesion clearly shows that the harrier 
between the hlood plasma and th e 'wall of the blood vessel 
has been damaged. 

Furthermore, one sees in paludism that t he p las ma which 
infiltrates the blood va scular wall s frequentl y becomes im
pregnated with calcium, Figure 7 shows partial calcification 
in some sections of the blood vessel. In figure 8 the .caleifica
tion is complete, involving principally the clastic fibers. In 
th e final stages of calcification, th e blood vascular walls are 
r eplaced by a rigid tub e of calcium (fig. 9). 

Th ese lesion s, which are not cha racteris tic of malaria in 
older patients, we have found in young people of as Iowan 
age as six years, and in whom all factors except malaria 
could be excluded as an etiological cause. 

There arc occasions in which the transudation of plasma 
is not limited to th e blood vascular wall s, but also permeates 
the perivascular ti ssue. Figure 10 shows the homogenization 
of th e wall and, further off, a r ound homogeneous body which 
is stained with haematoxylin, and which pr esents the char ac
teristics of the corpora amyla cea whi ch ar e found in numer
om; degene rative processes of the nervous system. Th ese 
probably result f rom precipi tations of alhuminoid subs tances 
surrounding granulations of various natures, and thi s may 
indicate an infiltration of cerebral tissue with blood plasma ; 
0 1', in other terms, th e breaking down of the burrier between 
the blood va scular sys tem and th e tiss ues . Figu re 11 SllOWS 
a similar process, in which is seen homo genization of th e 
blood vascular wall, and as indication of the progressive 
plasma infiltration, various cor pora am ylacea i rregularly 
diatributed in the cerebral subs tance. These can exist in 
great numbers, clus te re d around the vein s and arteries as is 
shown in fignre 12, in which thoy appear to he in the adven
ti tin of the vessels. 

The changes of the cerebral blood vessels in malaria al so 
occur in th e lept omeninges hy It simila r process of disintegra
t ion. I n figure 13 we see a large number of corpo ra amylacea 
in th e subpial zone of the brain as a conse quence of infiltra
t ion of plasma through the pia. mater. 
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In some cases the cerebral lesions due to malaria are 
somewhat different. Figure 14 shows masses precipitated 
round a blood vessel, which can be differentiated from 
the corpora amylaeea by their distribution and larger content 
of calcium. In the pathogenesis of these calcareous bodies 
one can see the same factor of altered metabolism previously 
alluded to. 'I'hese calcareous bodies can be so numerous 
(fig. 15) that extensive blood vascular regions are trans
Iormed into calcified masses. 

Because of its clinical importance in the correct interpre
tation of certain convulsive and comatose conditions due to 
paludism, we must add that some processes, like those men
tioned, occur also in the pachymeninx. Anatomically, in
ternal hemorrhagic pachymeningitis is the manifestation of 
blood vascular change which allows the passage of plasma, 
erythrocytes and fibrin through its walls to be precipitated 
on the internal surface of the dura mater, forming a thin 
membrane. This important anatomical pathologic lesion is 
found in 37 pel' cent of our cases of malaria, and only exists 
ill about 5 pel' cent of the cases of ankylostomiasis without 
thrombosis. 

The internal hemorrhagic pachymeningitis of paludism 
is sometimes followed by extensive subdural hemorrhages, 
due to rupture of newly formed capillaries during the organ
ization of the paehymeningitic membrane. ",Ye have an ex
coptionul case of extensive hemorrhage in which the accumula
tion of blood amounted to 1.5 em. in diameter (fig. 16). 

'I'hore is no doubt, then, that in the blood vascular changes 
of the brain and the meninges in paludism, the toxic and 
mechanical action of the parasites plays an important role, 

Th ese changes are doubtless produced in other blood 
vasculur regions of the body, and are more difficult to confirm 
by reason of an obscure anatomic position. 

.A~ a summary of what we have related, we may say that 
the fu etors leading to the anemias such as those of ankylos
tomiasis, nutritional disorders or malaria may provoke the 
development of a hydropic constitution which in turn brings 
abou t changes of the blood and anatomical alterations, pro
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ducing a breaking down of the hematoencephalic harrier, 
which predisposes to thrombosis, as happens in ankylosto
miasis, or in plasmic infiltration as in malaria. ·When these 
changes take place in th e blood va scular region s of th e brain, 
anatomic alterations ensue which afford a ph ysiopathologic 
explanation of cer tain mental and nervous disorders which 
are observed in all clinics at which suffere rs f r om anemias 
of the tropics present themselves, 

T mn s, H.K. 
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