
PATHOLOGICAL STUDIES :rn MALARIA 

I. NOTES ON 192 ROUTINE AUTOPSIES PERFORMED IN SAO PAULO,
 
BRAZIL, WITH SPECIAL REFERENCE TO PIGMENTATION
 

AND SPLEEN SIZE
 

By RODBR1' A. I.J.nrRF.RT, :'.1. D., and AXTOXro BmtXAlwJ.: S lJJ.; Or.l\'ElIIA , :'.LD. 

This review or pathological findings with respect to malaria in 
a series of 1D2 autopsies performed in t he Tnsritutc 0 I' P a t hological 
Anatomy of th e Faculty of Medi cin e of Sao Paulo is presented by 
way of introduction t o a corresponding study in Porto Rico where ' 
during' the past three yenI'S lli :3 aut opsies Itave been similar ly in
vest igated . It. should be stated that <lata herewith discussed formed 
the ha sis of all ear lier paper on malarial pigment a tion in the Revista 
Medi cina of Suo Pan10, ( 1!J2;'"j, Vol. XII, p. 2:3 ) , a local institutional 
publication . 

The anatomieal evidence of malaria, apart from th e blood changes, 
consists essenti ally in the depositi on of th e cha rac te r ist ic pigment 
in certain organs and tissues, While in acutely fatal infections 
degenerative paren chymatous lesions in the viscera of varying degree 
may be observed , these arc in general rather less marked than in 
many other- acute febril e 11i seas es. It is interesting al so that the 
distinguishing anatomical feature, pigmentation, persist s for a while 
at least. a ftcl' crndication of th e infections agent, partleularly if th e 
in feel ion has lasted for some time. 

This persistence, which is due t o th e slow elimination of the pig. 
ment makes possible the recognition at autopsy or recently cured 
as well liS active or latent in f'ections. 'Wc have ; therefore, in the 
syst emat.ie st udy of uutopsv material a valuable means of estimating 
tho endemicity of malaria in any given region , provided, of course, 
that th e (' II Res coming to autopsy are f'ah-ly representative of the 
general population. In any case it may be maintained that where 
ever tlWl'C is an active autopsy service th o pos t mortem findings 
should constitute a valuable supplement to the knowledge gained by 
the two common methods of estimating- endemicity, namely blood ex 
amination, giving the so-called "parasitic index", and spleen ex
amination, for the " splenic index" . It is hardly open to argument 
that. th e percentage of error in carefully studied autopsy material 
is generally lower than in blood and spleen examinations. The 
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wmlkrH>ss of t he 1I11tOpSY method lies in the fa ct that t he eases are 
gen erally rela t ively few in number and often not truly represen tative 
of th e populat ion. 

In the present studv we hav e had iII mind th e quest ion of the 
rela tionship of malarial pigmenta t ion to th e size of t he sp leen as 
well as that of endemnieity. 

:ll.U ,,\ltI.\L 1'1 G~lEXT 

As is well known, th e pigment is formcd within the parasite <1 111'

IJ1g its development and is set free at th e end of schizogony or 
upon the death and di sintegration of the sexual forms of t he para
sites . The black granules thus circulate freely in th e blood until 
taken up hy Ioucoeytes In' endothelium. Th ere seems no doubt that 
th e pigment is derived from th « hemoglobin of th e ery throcytes 
probably through th e act ion of a fermen t . Th e ide a, lon g held 
that th e pigment belonged 10 th e /-(']'0\1» of true melanins is now 
genenllly dis cr edi ted ( Wells, Brown ). Ascoli helieves that while 
the pigment is not identical with any of the severa l well recognized 
der-ivativos of hemoglob in ( hemat in. hema to idin , hemosider ln ) , it 
is a compound in wh ich th e color ed e l( ' II11' IIt. is hem atin . Brown, on 
the basis of careful chemical studies, goes further than th is, ma in 
ta in ing that t he malarial pigment is nothing more 01' less than 
hem at in , and that t he toxic phenomena of t he infect ion , aud in 
particular t he paroxysms, a re du e to th e acti on of t his metabolic 
product . 

Whatever mav he thp exact na t ure nnd r Ole of t he p igment it is 
sufficient for th e p rese nt st udy to not e that in resp ect to loealiza
t ion and mnrphology, th ere nre eertuin ehm-aetei-istie« which en
abl e a morpholog ist of modera te experien ce to recognize it. with 
little difficulty. Th e pigment is fou nd in greatest a lnmduu ce in the 
spleen. li ver and hon e marrow, 1hough, pa rt ieula rly every org-an 
and t issu e. III th e spl een, amorphous brownish black part.ieles are 
seen, singly and in IllU:-.8('S, int.ra-eellular, both within th e sinuses 
and in th e iuterstit inl tissue. There is generally much less in tile 
follicles. In chronic ill f'cct ions where th e deposition is great the 
pigment tends 10 accumulate in amorphous 1ll1lSSl'S in th e pulp, In 
th e liv er, a siurilar deposit ion of th e granules, singlv or in mass es, 
is seen. But. her e th e localization is mor e clear ly deflnr-d. The 
Kuppfer eells are practically the sole depository. SOlli e authors, 
notably Ewing, have described malar ial pigment in th e hepatic cells, 
but we have not been able to confirm the observation, It is possible 
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that the author, as Brown has suggested, may have hl'PII con fu sed by 
th e presen ce of hill.' pi gments and t he precipitate produ ced by for
malin t o whi ch refe rence is made in II subseque nt paragraph. 

Of the pigment deposition in ot he r org ans, noth ing need be added , 
except to mention the striking" accu mulation ill th e ce rebral cap il
laries in letha l cases, 01' occasionally, as Taliaferro awl others have 

shown. in t he pl acen ta . (The" local ization " ph enomenon will he 
discussed in a la ter paper ). 

F or th e recognition of t he pigment, there is u pract ical difficulty 
in t he case of formalin-Ilxed t issues. Tissues rema in ing in this 
fixa tive for some days, f'rcquently show deposits in vascular areas 
or II Iinuly g'l'HIIUIIlI' hla ek pigment, morphologically much like that 
of mal.u-ia. According to Browiez, the pigment is probably hematin, 
der-ived Irom methemoglobin. \\Titl l a little experience. it need not 
he con fllsed with malarial pigment. since the formal in produced 

suhsta uee is difl'usely scattered through vascular areas, and is not 
intra-cell ular. III the blood-v essels, however, it may he found 

clump ed on lind abou t t he leueo eytcs al111 endothelium, simul at ing 
phu gtx-y tusis. To a void d ifficul ty some 01her fixutive than formalin 
should he used. 

Hegoa l'(ling' t he fate of t he pigm ent, lind th e rate of its disap 
pearance after t he cure of t he inl'ee tiou, \'('ry little is definitely 
known . Ziemann re ported t hr- absence of pi gment in autopsies on 
negroes who were known 10 have been in fected some years he for e 
death. 1111t it is not. clea r fr om his state ment that his observati ons 
in cluded 1I histologic invest iga ti on of the organs , It. is our experience 
that a relat ively large amount of pi gm ent is r equ ired to modif y the 
gross appearance of eit he r liv er or spl een. Till' «onn nunly d escribed 
hlack 0 1' slaty organ s have been t ill' exception ill OIi,' material. 

KeIser and Kiener, fail ed to find pigment in th e liver ill a man 
who di ed " SOIllC months " after an attack. indicating the more rapid 
elimination of th c pigment from this organ t han l'roin t he spleen. 
Jt has been assumed that the pigmen t , in the various organs, after 
heing taken up by phugoeytes, is gradually broken down hy intracel
lular f erments, and thus eliminated . 

1\1.\'1'1' IU.\1. ~"'lJ Il IE U 

This consisted of ti ssues from 1!12 autopsies performed in the 
Institute of Pathological A natomy in th e four-year period, April 1921 
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to ~la,\' 1!.J2;J. Du ring thi s time there was a total or 430 autopsies, 
f rom th e majority of' which, however , tissues appropriate for our 
st udy were not preserved. 

1n a majority of the eases t he tissues were fixed in formalin. 
Zenk Cl-'s fluid was th e only oth er fixati ve employed . 'r he sect ions 
were stained routin ely with hematoxylin-eosin. Sections showing 
pigm ent of doubtful ehnractor were treated with hydrochloric acid 
and pota ssium ferrocyanide (Bcr liu blue react ion) to exclude hemo
siderin. Solub ility ill strong alkaline solut ions served to differen
tiate the pigment f rom carbon particles and true melanin. 

The eases autopsied were largely adult: males betw een tw enty and 
fifty years old dying in the Sant a Casa de Misorieordia, th e large 
general hospital of Sao Paulo. At least 75 pel' cent came from the 
interior of th e state, where ill many districts malaria is prevalent, 
Infections acquired ill th e city of Sao Paulo itself are said to be 
quite rare. As a matter of fa ct, only One of th e 22 positive cases 
in our series was a r esident of the city of Sao Paulo. 

F INDIN GS 

Of th e 1!)2 cases, 22 were positive, that is, showed a deposition 
of malarial pigmen t in one or more org ans, and 170 were negative. 
I II 12 additional autopsies suspicious looking pigment WlIS encoun
tere d hut on account of the abundance of what was obviously for 
malin pigment , the eases were excluded from the series as -being too 
doubtful to be classed as either positive or negative. 

Of the 22 positives, 7 were example!'; of lethal infection, that 
is, th e au topsy lindillg's indicated th at muluria was th e only cause 
or one of two causes of death. (See T'ahlc 1.) In t hese, the pig. 
mont was found widely distributed , both ext ra and intra-vascular. 
'['he i) cases in which sections of br ain wore preserved showed nu
merous pigment granules in th e cere bra l capillaries, in some instances 
compl et ely occluding the lumen. 

'l'h e remaining' };') posit ive were cases in which th e pigment de
position was II subsidiary finding, t he malarial in fect ion being ap 
paren tly ine idcutul or eured and not eonstitnting a definite factor 
in th e dea th of the person. 

Cause of death, age, sex, and weight of spleen of th e positive 
cases 11I'C given in th e two following tables, for lethal and subsid iary 
infections. 
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TABLE I 

CASES OF LETHAL MALARIA 
-

,,'e litht oft' o. S<.-X A;:e Ca use' uf d euthsutoou gillS. 

.- - --- - - ---- -_.- - 
I illale . . . .... . . . . . ~7 550 :\1:t1aria anti dysonte ry
 
2 ~Ial c . . .. ... .. . . . li7 3 i ;j ) Ia la r ia
 
3 :!\I:de . . . . .... . . . . 47 :; ,:)0 :\Ialaria
 
4 :\1ule . .. . . .. . . . . . 21 350 )Ialaria lind uncinarias is
 
5 :\lale . . .. . . . .. . . . 24 :Jao ill a la ri:l. and ac u te .~ II PJlIIrat lv e peri 

t o u lt ls (o rigi n uud ererm tn cd ) 
6 :\Iale . . . . .. . . . . .. i O ~ ;C :\Ialar ia
 
t :M alc . . . ... . . . . . . 56 820 Malaria
 

TABLE II 

CASES or SUBSIDIARY MALARIA 

" ' l' h:hlof
:\0. sex A.J:'4~ C ILlISI~ of d entb sJ, It'eu zuis , 

II :'IIulc . . . ... . . .. .. 30 liO C'hrnn le pu l III olla r., ' tuberoulosts
 
2 :\Illi e . . . . . . . .. . . . 50 420 A 110111',\' ;;111 o f uo rt u
 
:3 :\Ial c . . . ... . .. . . . 2 : ~ 250 Chronlc g-lomeru!o'J1ep!l1i ti s
 
4 Fa mule . . . . . . . . . HI lIi lJ A cu te yolluw atrophy o f Jive)'
 
5 Ma ll' . .. . ... . . . . . ~5 a41l R:lr e()Jna o f t est l s
 
6 :'Ilal e .. ... . . . .. . . 23 IIIIl L obar pue umon ln
 
'j :'IIa It >. . .• . .. . . . .. 2:! ·1:W L uba r pu uu m on ia 
8 M ale . ..... . .. . . . 45 100 Cnrc tuom a of esop hag us 
(l illule . . . . . .. . . . . . HI 800 S u p p u rat lv e arthritis: sup t lcruuln
 

10 :OIal e . . . . ... . . . . . 2;{ 2i O 'I' vphuid F ov er
 
lJ Fur uul e . . . .... .. 30 ;) 00 (j e ue ra ll ze d blast om ycos ls
 
12 :\Ial e . . . .. . .. ... . 2fl iso Ch ru n ie !,1I1t ll olla r~ ' t.uboreulos ls 
13 :\1:\10 . . .. .. .. . . .. 16 ? )) e l l1 l )}l i g l l s
 

I .,14 :\I al e ... ... .. . . . . 3 5 H."I i h i li s ... 1' lury n x uml Hvcr
 
15 iI'lal e . . . . . . . .. . . . :3,5 ? B eribe ri
 

1 

It is inter esti ng' t o no te th at 1111 the p OSItrve cases were adults 
and th a t only 2 of th e 22 were women . The cha rac te r of the autopsy 
service exp lains th e predominance of adults and males, Very few 
autopsies arc don e l! CI'C on children an d th e proporrion of sexes among 
the available eadavcrs i:-; approximutel.... f our mal es to one f'emale. 

Summa r ixing th e findings it is seen th at ev idence of malarial 
pigmenta t ion was found in 22 01' 11.5 per cent of the cases. I t may 
he pointed out th at a cl in ical diagnosis of malaria was made in very 
few of th e eases, which is not su rpr ising in view of th e fa ct. that 
most of t he patients were suffering Irorn SOllIC mor e serious malady, 
lind t ha t examination of blood smears is not a routine procedure in 
the hospital, In viaw of the known endemicity of malm-ia in many 
part>; of th e interior of Silo Paulo, from which a large proportion 
of th e pa tients came, th e incidence among the autopsies is not higher 
than might be expected. 
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srr,ENO:lIEG ALY 

The tissues were not searched systemati cally for malaria parasites, 
with th e obj ect of differentiating between active infecti ons and cured 
or latent cases, since in most instances sui table material for such 
studies was not available. It is possible that in a considerable pro
portion, especially in the cases now showing splenic enlargement, 
the infection may have been' cured. This point will be referred to 
again in a later paragraph. 

That the splenic enlargement regularly associated with acute 
malaria may disappear under appropriate treatment, is well recog
nized, In chronic cases of long duration with hard, greatly enlarged 
spleens, however, there may be some doubt as to whether the organ 
can become entirely normal again even if the infection be eliminated. 
A revi ew of the finding's in our cases sugg-ests some comments on this 
point. 

As would be exp ected , the spleen was markedly enlarged in all of 
the 7 cases of lethal malaria. the r ecorded weigh ts in six of these 
being 270, ::1::10, 375, 550 and 820 grams. In the seventh case, the 
measurements giv en indicate a weigh t of at least 350 g-rllms. On the 
oth er hand, as Table IT shows, the size of the organ varied greatly 
in th e 15 cases, in which t he malarial pigmentation was a subsidiary 
finding, that is, where th e cause of death was some other disease. The 
average weight in this group was 307 grams, in comparison with 
298 grams in the negative cases. 

In the subsidiary group three spleens weighing more than 400 
grams each were encountered. These exeessiye weights have little 
signiflcanec, however. since in each case the splenomegaly could be 
explained on th e bas is of chr onic passive congest ion or " acute splenic 
tumor " , or, as in the case of blastomycosis. to infection s lesions ill 
th e organ itself. 

Th e qu estion may he raised, of COU1'se. as to what is th e normal 
weight of the spl een. \Ve know that. this varies with hoth the size 
of th e body and the age . Owing j 0 its large cont ent of lymphoid 
tissue, \\"111Ch tends to undergo atrophv with advancing YI'aI'R. the 
spleen is proportionately smaller in old pf'ople than in young adults, 
According to Gray. the relation to bodv weight is 1 :::1;30 for young' 
adults, while in th e aged the proportion mav rea ch 1 :700. If WP take' 
as the normal for fin individual of 20-::10 years. weighing SIlY 60 
kilos , a spleen weight of I5 0-HiO grams. with gradually dimin ishing 
figures for the high er decades, it. is seen that. ill spite of complicat ing 
diseases, which tend generally to cause splenic enlargement, one 
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spleen in these "subsidiary" malarial" infections was approximately 
normal in size, and two definitely subnormal. The proportion of 
these undersized spleens in the malarial and non-malarial groups, it 
is interesting to note, was practically the same, as the following 
figures show: 

Negative cases: 170 j small spleens, 23 ; per cent 13.5.
 

Positive eases: 22 j small spleens, 3; per cent 13.7,
 

The ages and weights or the small spleens in the non-malarial
 
cases are shown in the following table : 

TABLE III 

NEGATIVE OASES WITH SMALL SPLEENS 
Xo. 

1 
2 

Age25 
54 

Weight of 
Splcen 

30 

3 
4 
5 
6

45 
44 
66 
flO 

80 
120 
110 
90 
901 40 
908_____________________ __ ___ _______________ 30 

1409 28 
13010 18 
15011 30 
110]2 32 

60
13 64 

70 
]4 ~--- ------------ 21 120];, 23 

135 
Ifl 54 35
11 30 

14018 ~_______ ___ _____ _ ____ ____ 2~ 

6019_________ _______ __ ___ __ _____________ _____ 33 90
20 24 

100
2] 40 

120
22 28 90 

There ar C. at least two possible explanations for the small pig
rneuted malarial spleens: 

1. 'l'hat the cases represent cured infections, in which the organ 
has not onl.... returned to normal hilt become reduced in size, owing, 
perhaps. to a slight diffuse fibrosis. 

2. Tha t there arc cases in which the spleen was originally, that 
is, congenitally, abnormally small, and that. therefore a slight reac
tion still left. the organ smaller than "normal". 
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Whatever may he tIle in terp retat ion, it would appear from a 
study of these small spleens that the presence of malarial "pigment 
per se does not excite a definite, or at least It persistent vascular or 
cellular reaction suffieient to cause enlargement of the organ. In 
this connection it is sign ificant that we failed to find any correla
tion between the size of the spleen and the amount of pigment pres
ent. In case 3 of Table II, for example, the spleen weighing only 
250 grams, contained far more pigment than several others weighing 
twice as much, Daniels in a study of tropical splenomegaly in 
British Guiana many years ago called attention to the lack of cor
respondence between spleen size and pigment deposition. We are 
therefore inclined to the view that it is the malarial parasite itself 
or some non-pigmentary product which induces the congestion and 
the cellular accumulation with the consequent. splenic 'enlargement , 
so eommonly associated with active infection. 

I n any estimate of malarial endemnicity based on the "spleen 
rate", these cases with small spleens would, of course, fall in the 
normal group. A further study of such spleens should, therefore, 
be made to determine whether they lire infective or whether the pig
mentation is merely, as we suppose, a residual lesion, which may 
persist indefinitely, 

SID1:MARY 

Malarial pigment, popularly but erroneously called melanin, is 
so characteristic in its physical properties and localization in the 
tissues, that it is possible to recognize at autopsy not only acute 
and chronic malarial infection, hut. also re cently cured cases. 

It is suggested, therefore, that the systematic search for pigment 
in all cases autopsied in malarious districts should yield valuable 
data respecting the endemnicity of the infection. 

Such a study of 192 autopsies in Sao Paulo, Brazil. shows an 
incidence of malarial pigmentation of approximatelv 12 per cent, 
This figure might he designated the "pigment ratc" or "autopsy 
index", 

The 22 positive cases included 4- in which malaria was the only 
cause of death, and 3 in which it was considere(l nne of two causes. 
In the remaining 15 cases the pigmentation was a subsidiarv finding, 

In this "suhsidiary" group, great variation in th e size of the 
spleen was noted, there being several which were normal or even sub
normal in weight. This observation suggests that. pigmetation pel' so, 
does not produce enlargment. .. 
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The observation further suggests that the pigment ed malarial 
spleen in latent or cured infections muy not enlarge as th e r esult 
of passive congestion or bacter ial infection to the sam e extent as 
the non-malarial organ, though th e cases observed were too few to 
admit any conclusion being drawn. 

(A complete bibliography will accompany t he second paper of 
this series dealing with studies in Porto Rico ) . 


