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G
O NZi\ L I,;Z :\IAH'rIl\"EZ discovered the ova of S. munsoui in the 

feces of a native of Puerto Hico in l!J04. 1 In subsequen t 
publications" a he dealt with th e pathology of th e cond ition 

in th e form of revi ews, but these appear not to have been primarily 
based on Puerto Ri can material. 

The first contribution to our knowledge of th e pathology of the 
disease as found on th e Island did not come until] 9'26, when R oman 
and BUI'ke~ reported an obstructing colloid adenocarcinoma of the 
spl enic flexure of th e colon of an 18-,veal' old Pu erto Rican girl with 
a heavy schistoso mal infecti on, Microscopically numerous ova of 
S . mannoni were found throughout th e tumor, in th e adjacent gu t, 
and in regional lymph nodes. Because of th e ag e of the patient, the 
authors pointed out the possibility that the sc histosom a ] infection 
might ha ve had something to do with the devel opment of the tumor. 
A complete autopsy was not allowed, so that the material examined 
consisted only of the neoplasm and portion of th e colon, resected 
postmortem. 

Th e more detail ed pathologic st udies began with Lambert", who 
based his observations on the same source of autopsy material that 
we are utilizing for the present contribution. The author emphasized 
the wide distribution of thc disease throughout the Island, which 
was important at a time when epide miologic surveys of th e co ndition 
were only beginning to he made, and referred verv bri efly to the 
pathologic changes present. The latter were int~rpreted' as due 
mainly to the presence of the ova rather than of the worms, and th e 
liver was deem ed the best ind ex of infestat.i on at autopsy. 

A second report by the same au thor and Burke" was based on an 
additional group of :{5 autopsies. At that time the author adopted 
th e practice, which is of g rea t value for th e histologic diagn osis of 
light inf estations, of always taking at least 2 blocks from different 
portions of the liver and 1 block of rectum, and of examining a sam­
ple of feces obtained at the lime of autopsy for ova of S . mannoni, 
Two cases in which th e diseas e occurred as an incidental finding of 
little 01' no clinical significance , and 2 in which it was the sal e cause 
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of death were presented in detail. A review of some of his autopsy 
and experimental observations was published by Lamberti at about 
this time. The paper includes an able discussion of the relative roles 
played bv ova, worms and toxins in the pathogenesis of the lesions, 
and a very brief mention of "fibroid nodules" as the final stage in 
the evolut ion of pseudotubercles. 

In 10'28 Pil u" reported a case of schistosomiasis of a fallopian tube 
and ovary in a woman of 41 years with a history of pelvic pain during 
10 years. 

In l!):n the present author" commented very briefly on some of 
the pathological findings in a number of the autopsies which will 
now be analyzed in full , and in In:3'2 reported 10 a cas e of advanced 
schist osomias is with death from hcmaternesi s, pointing out the 
similarity of th e clinical picture in this case to Bant.i's disease. 
Bonelli !' had previously analyzed and presented 5 cases from this 
same point of view. 

Goul<1 12 reported a case with sy mptoms of subacute appendicitis , 
in which a small abscess was found at opera t ion neal' the appendix, 
and ova and pseudotubercles were encountered microscopicallv in 
the latter organ, 

Of th e few reports on the condition as found in Puerto Rican emi­
grants abroud, especially in th e United Stales, the most important 
is that of Clark and (~raefY These authors described a case with 
advanced cirrhosis and with so marked an involvement of the pul­
monary arteries seco ndary to schistosomiasis as to have resulted in 
hypertrophy of th e right ventricle and henrt failure . . 

Our contribution is a general survey of all the schistosomal mate­
rial guthered in our labnratorv during the past 13 years, and includes 
th e cases on which Lambert. " Lambert and Burke," Piln ," Kop­
pisch, " 10 B onelli !' and Gould 12 based th eir reports, 

~lATEHL\L STU DIED 

This study is ba sed on 147 cases of Munson's schistosomiasis en­
countered amongst the records of lOon consecutive autopsies per­
formed on native Puerto Ricans, and on 99 cases encountered 
amongst 18,500 specimens representing operative material and 
partial autopsies. Foreigner's and children less than 4.5 days of ag e 
have not been included , The finding of ova in one organ 01' other 
was the crit erion established for inclu sion in the series, except ion 
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made of a few cases to be me n t ion ed la ter, Since ov ipos itio n docs 
not begin in man until th e 40th t o 45 th day a ft er infection , infants 

' ,. histopath ologic nbel ow that age were excluded. The onIv . b findinsr 
whi ch can be sa fely co ns idered di agn ostic of sch istosom iasi s is that 
of ova . It is ad mitted that for absolu te certa inty one shou ld be able 
to iden tify t he la t er al sp ine, bu t t h is is often impossible or imprac­
t ica l, particularly wh en t here are only a few ov a or wh en the in ­
fest.ati on is so old t ha L nothing h ut she ll fra gmen ts rema in . As far 
as we know and our experience ca rries us , in Puerto Rico the re a rc 
lI O o the r parasites of which the ova m ight be mistaken 1'01' those of 
sch is tosom ias is in t he ti ss ues, exception made of Fasciola hepatica , 
which th ough presen t on t he I sland , has ova that ca n be us uullv 
differentiated in sections from bilh urziul ones . Incirlcntnll v we mav 
men t ion that no ins tance of the latter pa rasit osis has ' been en­
co unt ered in our materi al. 

The aut opsies were performed in the great majority of cases in 
San Juan , where there are no bodi es of water know n to be in feste d 
with sc histosom ias is, P ositive cases t he refore represen t indi vidual s 
wh o cont rac t ed the disease elsewher e on the I sland a nd m oved to 
Sa n Juan for residen ce, 01' wh o entered a hospi tal in t his city for 
treatment. The au topsy material of whi ch these cases for m a part 
is selective to t he exte n t that t he necropsies a re performed mainly on 
interesting or obscure cases . 

'Ve exam ined th e microscopic sections fro m all ca ses listed as posi ­
tive in the au top sy p ro tocols, wh ile t he sections of liv er and rectum , 
organs whi ch , as will he sho wn later , a re most frequen t ly in volved, 
wer e ca refully sea rched for evidences of the di sease in a ll cases that 
had been descri bed as negative for schistosom ias is . The la tter pro­
ced ure resul ted in t he find ing of severa l posit ive cases t hat had been 
ove rloo ked at t he t ime of th e orig ina l exam ination . 

As previou sly st ated, we a re including as possibly sch istosomal 
certa in subjects in which ova were no t found eit he r in the feces or in 
sections, but which exh ib ite d lesion s t hat we have co me to interpret 
as hea led sch istoso mu l pscudotuborclcs in whi ch t he ova have under­
go ne co mplete di ssolu ti on and in whi ch all , 0 1' ncurlv a ll, in fla m ma ­
tory changes have regressed. I n a few such ins tan ces th e cu t.Ling of 
additional sections has indeed rcsu lted in th e d isco vcrv of ova or 
shel ls. A m ore practical a nd surer way 1'0 1' th e deJllons tr:tti on of ova 
in hea led 0 1' doub tful cases would be maccrution of th e orga ns with 
ca us tic soda, a fter t he method of Fairk-v.tt 
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! Iye, sex and race: Table I g ives the d is tri bution of a ll cases accord ­
ing to ag<', sex and ra ce. There was a to tal of 147 cases of schis toso­
m iasis in lOon a u tops ies, a ge ne ra l incid en ce of 14 .G pel' cen t, :Ma les 
were mu ch m or e freq ue n tly al reded th an fem ales, d ue undoub tcdlv 
to t he grea ter freq uency with which th e former ba th e and work in 
inf es t ed bodi es of water. Whi t es were ofte ne r the v icti ms t ha n 
wou ld have been expec ted from t he racial co m pos iti on of th e popula ­
tion hut t his is probabl y expla ined by t he fad tha t th e main endem ic 
foc i of the d isease a re si t uated in the interi or , wh ere t he colored are 
d ist inctly less nu merous , F or h oth sexes and a ll races t he decade 
su ffering the brunt of t he in fec t ion was the :~ rd , followed close lv bv 
t he 4th , and 72.:3 pel' cent of a ll cases of kn own age were 21 t o 5'0 
.\'ea rs old. 
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Lo cality where injection ·W (/.)' contracted : An attempt was made to 
de te rm ine th e local ity whe re t he hilhu rzial infection had been con­
t raded ; bu t sinc e usu ally th e disease was Hot suspec te d pri or to the 
aut opsy , spec ific informut.ion on that point was not. found in most of 
t he case h istori es . A record of th e town of birth or of resid en ce was 
ob ta inahle for 1'.2(i of the cases, but it was only rarely possible to find 
out how long a g ive n individual had I'esid ed in a given place 0 1' how , 
"dually, he Iwd lx-com« in le cl.or]. 
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These 1cW ca ses had been horn or had resid ed in th e following 
localities. Among these towns are included those where some of the 
cases were known to have become inf ected. 

Aqtuulilla Ccutrul Agllirre* ;II a!Jagiiez* 
Agllas B ueuu s" Cent ra l M erccditn Nuguabo 
Aibonito" Cidru l'atillas* 

A recibo Comerio" R IO Grande 
Arroyo Faja rdo RIO P iedras" 
Barranquitus" Duuitania" San Juan 
BalJam6n* Gumbo S anta lsabel* 
Cabo Hojo Ilumacao" Sunt urc« 
Cagu alJ* Ja,/ju,/ja* Toa Alta 
Carolina J uaua Diaz Tr ujill o Alto 
Ca,/jell Laja s" Utuado" 
Ceiba [,as P iedras" Vieqnes" 

Th e names in italics represent towns whi ch arc already kn own to 
have y ielded eases of the di sea se. The asteri sk s indicate those which 
Faust et al. " pointed out as definitely infective 01' strongly sus pi­
c ious. The italicized names without the asteri sk are t owns fr om 
whi ch positive cases have been obtained since Faust's survey, ac­
cording to Dr. F ed erico H ernandez M orales, t Chief of the U nivers ity 
Hospital Disp ensary , The t own of' Aguadilla or its en v irons had 
already been deemed as possibly infested by Lumber t" (ease 12). 
The other towns and communities in our list have not been pre­
viously mentioned , as far as we know, in connec t ion with sch is­
tosomiasis . 

It is, of' course , quite possible that the individuals for whom they 
are listed acquired t heir bilharzial infection somewhe re else , and 
this is almost certainly tru e for San Juan and Sa n t u rce, but the list 
is g iven for what it mav be worth. Those towns and localities are 
Arroy o, Cabo Roj o, Ccihn , Central Mcrceditu, Ciales, Cidru , 
Fajardo, N agua bo , Sa n Juan, San t uree and Ton Alta . 

Brief analysis of cases: The organs involved and the fundamental 
character of th e lesions were essentially simila r in all ca ses, with 
excep t ions that will be brought out later, th e variations heing ac­
counted for hy differ en ces in th e degl'ee of scveritv of th e infestations 
and by t he duration of th e di seuse. On this hasis th e cases can be 
grouped according to whether th e infections were minimal , moderate, 
sev ere, heal ed or dOl;btful. 

t Per so nal commuuir-n t ion. 
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(a) Minimal, This com p rises th e bulk of th e material with 0;5 
ca ses (G-t. .G per cen t) presenting no clear-cut clinical manifestations 
of schist osom ias is , O J' g ross pathologic cha ng es of diagn ostic import 
at autopsy, and with only a few ova and pseudotubcr cles in on e organ 
or another , Slight fibrosis of portal spaces wa s present in over one­
half the cases, and sch is toso me pigment wa s found in the sp lee n or 
liv er of some. The feces were positive for 8. mallsoni in exam ina­
tions by th e s imple smear method in 10 per cen t of the cas es. In 
only one of th em were worms demonstrated at autopsy; in this case 
th ey were sit ua te d in th e intrahepatic portal branches . These cases 
apparently represent instances of a sing le expos ure to very small 
numbers of ce rca r iae . 

Tahle 11 shows the org ans in which ova were found microscopically 
in the minimal , moderately advanced and se ve re cases, t ogether 
with th e percentage incid ence of involvcm cn t for ea ch organ. 

(h) M oderately advanced, '[his group comprised 21 cases (14.2 
per cent). The schistosomiasis was inapparent clinically, with the 
exce p t ion of 1 that had had bl oody diarrhea and tenesmus during the 
last fj months of life: death was Irom tuberculosis of' the lungs and 
intestines, but th e ulcers were limited t o the small intestine, and 
thc above sy m p to ms may well have been due t o sch is t osom iasis. 
The feces were positive for .s. man soII 'I: in 27 per cent of the cases by 
th e simple smea r m ethod , At autopsy 7 cases showed slight nodu­
larity of the surface of the liver, and in 5 instances this was confined 
to the inferior margin and it s immediate neighborhood . In :3 there 
was a slight but sugges t ive fibrous thickening of the larger portal 
spaces. Microscopically the main differen ce from th e preceding 
group lay in the larger number of' ova and pseudotubercles f'ound in 
various organs, particularly the liver and colon ; in the g rea te r pro­
portion of cas es with bilharzia] pigmentation of the liver and splee n; 
in the more active inflammatorv rea ction about ova with greater 
infiltration by round cells and cosinophils ; in th e presence of definite 
periportal fibrosis, ac companied by the formation of pseudolobules 
in almost all cas es and bv beginning proliferation of' bil e ducts in 
about one-half' of th e ca ses, and lastly in th e presence of acute co lit is 
in 2 instances . 

(e) Severe. Twelve cases (H. I 1)(,1' cent ) arc included in this group, 
which is representative of' sc his toso m ias is in the last s t ages and' of 
c-urlicr, VPI'Y hcuvv infections. Death was directly ascribable to 
this disease in all but one. \Vhil e this was a case of advanced sch is­
tosomal cirrhosis, death was due to a c:olloid :Ic!enocarcinoma of the 
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TABLl'; II 

Visceral. Localization. qf Ova h i M inill/al , J/ oderatel?J. A doauced and
 
Severe 8c his to .m llli asi .~ with Perccntaqe I ncidence
 

.11 iI/iII/III J/ ()(!£'rald .'l Adra uccd S ercre 

Oryllll Cas es 
Examined 

% 
l 'osiiire 

Ca ....·f? \( 

E ra mi ned 
% 

Positire 
( '11.'1'.< 

1-:.,."lIIi IlCil 
% 

l'ositire 

Liver 9 ·~ U7 .7 \II H5.7 1'2 100 

Hectum 57 0:1.2 I I! !)) .7 0 ;;n.o 

Co lon' · ~ 2 ·n . ti 12 8:1.:1 1'2 100 

-
Sm ull int est inc 42 !). ;; 1:1 ·Hi . I S 7.1 

Lungs !l l ·L :I 21 \1:\ .8 II WI. 6 

Messent eric 
ly mph nodes so :1.:1 8 2;;'0 .; 60 .0 

Stomuch Qn 0 .0 !l o.n ·1 I 2;; .0 

T estis ·17 o.n H 0 .0 .) 20 .0 

P an cr ea s 8:1 8 .7 20 0 .0 11 18 .2 

---~ 

Ga llbla,lder II o.n ) 0 .0 7 H . :J 

Spleen !)':2 0 .0 QI 0 .0 1':2 8 . :\ 

Het roper it oneal 
tis sues I 0 .0 0 0 .0 2 100. 0 

Urina ry bladder 17 ;; .8 4 0 .0 0 0 .0 

Ap pendix 8 Q;; .0 2 ;>0. 0 I .J 0 .0 

K idn ey ] !l0 ;; .0 QI 0 .0 1'2 0 .0 

S up rarena l I 71 1.4 lli 0 .0 \ 10 0 .0 

* Parts oth er tha n rcct um. . . 
t :-io de fini tel y idcn tif iahle ov a wer e found in this orga n, but in sec tio ns t hcre were cak- ificd 

st ructure s wh ich lila." have been sehis tosoma l ova. 

cec um . Cirrhosis of the liver was pr esent in 10 , sp leno megaly in !) 

and colitis in G. Sy mp to ms a nd signs sugges tive of sch istosomias is 
were presen t in all , and the gross autopsy finding.s were we.1l devel­
oped in eve ry case . Periportal fibr osis of th e white clav pipe-stem 
vnrict.v was ev iden t in all eases with cirrhos is, and worms wer e 
demOl';strable in the main portal vein once, in all tributaries o!' t1!e 
portal vein , in hep a tic vein s and in the I'i:f'lt IlItlmon:lI',v : ' eJl~ III 

another, and in th e portal, supe rior mesentenc and splen ic veins Ill. a 
third. Sim ple smears of feces wen' positive for hilhurziul ova 111 

on e-half of t!wse cases. 

(d ) H eal ed, This gro up is co m posed of 8 case s (5 .4 per cent) with 
no clinical manifestations 01' gross pathologic cha nges ascribable to 
sc his tosomias is and with th e feces negative for hilhurxial ova, but 
whi ch micr oscopi cull j presented, mostly in the liver but also ,'.though 
to a lesser exte n t , in th e int.estinal subseros a and lungs, rounded 
sha rply defin ed fibr ou s nodules whi ch we believe represent heal ed 
sc h istoso ma l pseudotuberclcs. These st ructures were lik ewise en ­
coun te red in a cer t a in proportion of th e cases with ac t ive schis­
tosomiasis, and a ser ies of grad a ti ons could be traced in such eases, 
as will be sho wn later, from active pscudotubercles t.o healed ones. 
Although ova or she ll fragme n ts wer e usually not v isib le in the latter, 
seria l sec t ions dem onstrated their presen ce in 3 ca ses in whi ch this 
was tried. The gro up t hus represents instances of minimal infections 
tha t had gone on to complete or almost com p lete healing. Brown 

I	 pigment, presumably of sch istosomal origin , sin ce there wa s no in ­
dication of it s bein g malarial, was seen in the liver and spl een in 
1 case and in the liver on ly in another. 

(e) D oubtful. In spite of our having es tab lished the finding of ova 
in the tissues as the crite rion for inclusion of a given case in the 
series, this gr oup of 11 cases (7.9 per cen t) has been accepted under 
th e above heading. They were en t irely negative clinically and grossly 
at a uto psy . Microscopi cally, however. slight to moderate fibrosis 
of portal spaces wa s evide n t in G, at times with som e lymphocytic 
and eosino ph ilic infiltration . Furthermore, nodules with the char­
acteristic st ructure of pseudotubcr cles were enco untered micro­
scopicully in the liv er in 7, in the rectum in 4, and in the lungs in 
2 cases . E osin ophils wer e found about the pseudotuberclcs whenever 
these were present. Active tubercul osis wa s present in t.he lung of 
only 1, and 2 othe rs had a well-heal ed t ube rc ulous focu s in a bron­
chia l gland in eac h . Even though ova were not encoun tered (seria l 
sect ions wer e not obtain ed ), it must be co nce de d that the presence 
of the pseudotubcrcles in organs like the liver , rectum and lungs, and 
not else whe re , the high incid en ce of periportnl fibrosis in the group, 
and the invariable presen ce of eos ino phils about them make it highly 
prohablo that th ey represent schi st.osom ul lcsious . 

F ollowin g t h is bric] analysis of the cases , th e find ings will be dis­
cuss ed for th e series as a whol e. 

Cli nicul j eatures : Although a detailed an alysis of' th e an te morte m 
features is beyond the scope of' this paper, 1:1 \('1'(: are a number of 
points which seo m worth mentioning. 

Jt is unf'ort.uuu lc that in th e majority of ca ses th e hospital records 
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had been very incom plet ely taken. On e gathe red th e impression , 
even as regards some of the fully develop ed cases , that in spite of the 
relative prevalen ce of the di sease on the I sland, sch istoso miasis wa s 
rather in frequently taken into co ns ide ra t ion in the differential 
diagn osis; furthermore, that the rou tine use of the s im ple smea r 
method of exam inat ion of the feces, or of the brine floatation method , 
a llows many cases to go undiagn osed . 

R ecord of exa m ina t ion of th e feces was found for 54 cases, 12 of 
these or 22,2 per ce nt having been positive. The case histori es and 
physical exam inat ion, on t he ot he r hand , were frankly s ugges t ive in 
~n ly 12, a ll of whi ch were in the ad vanced stages of the di sease, and 
m anot he r well-advanced case were mask ed by t he presen ce of a 
co lon ic ade nocarc inoma . T o t hese there m ay be adde d 5 mo re that 
ga ve a histor y of having ba thed in s treams known to be infested , 
or of h aving had b loody diarrhea a t one time or a nothe r. This makes 
a total of on ly 17, or Tl .tl per cent, in whi ch the di agnosis co uld have 
been suspected withou t the fecal exam inat ion . 

An a ~Hllysi s. of th e.se 17 cases y ields the following principal syrn p ­
t oru s WIth their relative fr equen cy : 

Di arrhea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
 
with bloody dej ecta . . . . . . . . . . . . . . . 8
 
without bloody dejecta . . . . . . . . . . . . 7
 

Abdo mina l pain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
 
In epigas t rium . . . . . . . . . . . . . . . . . . . . .~
 

In lef t hypoch ondrium . . . . . . . . . . . . 1
 
In lower abdo me n. . . . . . . . . . . . . . . . . 1
 
Diffuse. . . . . . . . . . . . . . . . . . . . . . . . . . 1
 

Nausea and vomiting . . . . . . . . . . . . . . . . . . . . . . . . . . 5
 
Emaciat ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ;)
 
T enesmus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
 

The m or e frequen t ph ysical findings ascribable to sc histosomiasis , 
as prov ed a t a u to psy , a rc lis t ed below. These wer e present on ly in 
t he 12 seve re cases : .. 

Enlargemen t of splee n . 8 
An emi a . 7 

H ypoch romic. . . . . . . . . . . . . . . . . . . . . ;3 
H yperchromi c . . . . . . . . . . . . . . . . . . . . 2 

Ascites . 
Enlargemen t of liver . 
H cmutcmesis . 
Feyer .... .. . . . .. . . .. . . . ... ...... . . . ..... .. ... 

Atrophy of liver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Abdominal mass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
D yspnea. . . .. . . . . . . 2 
Eosin ophilia. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Leukop enia ' . . 2 
Gene ralized edema . 

Bl ood st ud ies were a va ilab le fOJ' only 7 of the 12 cases, whil e an 
a na lys is of gast ric con te nts was ca rried out in on ly 2. It is worth 
noting that eosinophilia was only enco untered in 2 of the cases with 
recor ded bl ood coun ts . On e case n ot listed above ha d well- marked 
achlorhydria with no free acid and a to ta l acid of 10 ; the gas t ric 
mucosa was atrophic and the blood picture was suggest ive of a 
macrocytic hyperchromic anemia whil e the femoral bon e-marrow 
s ho wed hyperplasia of the type see n in hypochrom ic ane m ias . This 
case was one of hyperinfest a ti on with persistent nausea and vo m it ing 
a nd severe co litis. 

P athological A naiomu, Of the total of 147 cases in t he se ries, :~4 

(2:L 1 IWI' ce n t) presen ted from ext re mely mild t o advanced changes 
macroscopi cally . l\'[ost of th e pathologic a ltcra t ions , however, were 
only suggest ive and not di agnostic. The m or e important may thus 
he listed, together with t he number of t imes eac h one was observed: 

Nodularity of liver surface . . . . . . . . . . . . . . . . . . . . . 20 ·
 
Slight. . . . . . . . . . . . . . . . . . . . . . . . . . . . 1:l
 
:Nlarkcd (frank cirrhosis) . . . . . . . . . . . 7
 
Limit ed to infer ior margin . . . . . . . . . . (i
 

Fibrosis of portal spaces . . . . . . . . . . . . . . . . . . . . . .. 17 ,
 
Slight. . . . . . . . . . . . . . . . . . . . . . . . . . . ;)
 
Murked . . . . . . . . . . . . . . . . . . . . . . . . . . 12
 

Spleno megaly . 
Enlargem ent of liver . 8 ,/ 

Ascites . 7 
Subpc rit.oneal nodules of in testine . 7 

Of small in testine . . . . . . . . . . . . . . . . . 4
 
oI' colon . . . . . . . . . . . . . . . . . . . . . . . . . :~
 

Co litis .
 
Atroph y of liver .
 
Worms in portal vein or tributari es .
 
P scudotuber clcs in lun gs .
 
Hydrothorax .
 

'" Ruptured esophageal varices . 
) T hrom bosis of portal vein . 

R etroperiton eal fibro sis . 1 
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I n all but th e ad vun ced eases th e gross al te ra Lions were ex t re me ly 
mild , co nsisting at best of a fain t nodulari ty of the liver su rface, of 
s ligh t increase of pcriportul fib rous tissu e, or of th e presen ce of a few 
sm a ll wh itish nod ules ben eath the liver ca psule as the three 1lI00'e 
suggestive findin gs . 

I n t he 12 ad vanced cases the liver, sp lee n and co lon were m ost 
frequently and exte nsi vely in volved cons t it ut ing th e cha racte ris t ic 
triad of perip ortal cirrhos is, sp lenomegaly and colit is . 

Schistoeonial cirrhosis of licer : The liver was cirr hotic in 10 of t he 
12 cases. In th c ci rrho tic t he size was wit hin nor mal limi ts in 2, 
whil e 4 were a t ro phied and 4 hypertrophied. The sm alles t liver (in 
an adult) weigh ed 720 gm . and th e largest , 2050 gm .* 

The m ost di stinctive character of biihurzinl cirrhosis in ou r cases 
was th e concentrat ion of fibr oti c changes abou t in trahepa tic portal 
branch es (Figs . 1 and 2) , with the formation of den se whitish or 
pinkish mantles about t hose ve ins: in one specimen th e zon es of 
fibrosis mea sured up t o 1.2 em . in diameter. Sy mmers " firs t em­ Jphasized this fea ture, referring to it as the "white clay p ip e-stem 
type of cirrhosis." The affec ted liv ers presented a finely 01' m od­
era te ly coarsely gra nula r sur face , were of increased cons is te nc y, 
sectioned with difficulty , and of ten "cried " on be ing cut , F rom the 
exte rna l appe aranc e no d ifferen t ia t ion fr om cirrhosis of t he Laennec 
type was possible, and it must bc noted also tha t one liver was very 
grossly deformed , app roac h ing a hep ar lob a turn in that res pect. In 
the latter case sy philis appears not t o ha ve been present. In 11 few 
instances t he su rface of t he organ was smoot h, not a t ' a ll cobbled, 
ye t on section the larger por tal spaces were markedly fibr osed . This 
discrepancy be tween t he externa l and sec tioned surfaces held in all 
cases, the changes on section being al ways mor e marked than th e 
nodularity of th c surface would suggest. As a wh ole the exte rna l 
nodulari ty was not as coarse as obtains in well-advanced ins tances 
of L a ennec' s c irr hosis. 

On e specime n sho wed so me cobbling a long th e inferi or margin and 
t o a sho r t di s tance above it , whi le th e rem aind er of th c su rface was 
smoo th . This Icul.u rc a lso obtained in ;) of th e m ild and m od cru tciy 
ad vanced cases . In a previou s com mun icnt ion of O U I'S I' it wa s shown 
tha t. in ex pe rimen ta l sc his tosom ias is of t he rabbi t th e c irrhos is always .... 

>t T he normu l weig ht of all org-a tl!-O ill I'uerf o H ica ns is sonu-wha l. hcl ow the standard.... uc­

ccp ted fill' Northeru coun t rics. The liver i ll normnl mn le ad lllL- averages 1-100 gJll. nnd rarely 
exceeds l iHlO. . 
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begins along the inferior margin of t he liv er and then ce exte nds 

towards t he dom e. 
In well -ad vanced eases t he lobulations on sec tio n were s ha rp ly 

ou tl ine d and stood out prom inc-nt.ly. The fib rosis mpidly dimi nish ed 
t(J":jmls th e smaller portal spaces . .Minu te pal e yello w or whi tish 
nodu les were occas iona lly visible be nea th th e caps ule and on section . 
The co lor was usu all y pinkish-brown , and ye llo wish in a few in­
stances in which fatty change had develop ed. 'Vhen co ngest ion 
was marked the lobular pa ttern stood ou t m ore bold y t han in pale 
livers. In a rare case t he re was a grayish cast to t he cut surfaces 
due to the presen ce of abund an t bilhnrzial pigment, and t wice th ere 
was green ish spo tting of portal spaces fr om bil e pigmcnt.a ti on. H ow­
ever, ge ne ralized jaund ice of the bo dy was never observed . 

M icroscopicullv thc po r ta l spaces we re much broad en ed by the 
formation of fibrous ti ssu e which a t t imes wa s qui te den se and col­
lagenou s and a t times loosely fibrillar and edemato us. In the larger 
portal a reas th e fibrous t issu e was often very ric hly va scularized , 
suggesting tha t gra nula t ion tissue had been present previ ou sly. The 
wa ll of the larger portal branch es was thicken ed by ede ma and 
fibr osis (F ig. 4), anel tha t of the smalle r ra d icles , by ede m a and 
actua l hypertrophy of the muscle coa t. In thc portal spaces there 
wer e mor e or less numerous schistosome ova that often formed the \ 

,!;ent er ..ull~u(lotub~rcles , bu t that not in frequen tl y h ad provoked I 
little 01' no inflammator y reaction. M ost of th e ova were .em p ty ; 
ot he rs con tained coagulate d serum or a few leukocy tes . At times, 
however, the emb ryo was presen t a nd well preser ved , or else under­
go ing lysis. The fibrosis was diffuse in the porta l spaces , and not1 
especiall y co nce n t ritted about ~ns : it was likewi se enco un te re d in 7 
portal spaces in whi ch no ova had been deposi ted. Lymphocytes , 
plasma cells, eos ino ph ils and mo nocytes were likewi se present not 
on ly ub ou L pscudot.ubercles 0 1' su rround ing ova, but a lso focally in 
the absence of ova or she lls . Occa sion ally , in a few cases, there would 
be very large den se foc a l accnm ula t ions of eos inophils alone . Lym­
phocytes and eosino p hils always wer e th e pred ominant cell types. 
Ova und pseudot.ubcrclcs were also found in th e lobules proper, but 
in lesser numbers than in th e portal spaces. Of ten th e wall of bil e 
ducts of all culibe rs was thick en ed by fibr osis, and in tw o cases there 
was notable udenoru ntous enl argem en t of t he larger ducts in many 
portal spaces ( Fig. 5) . 

0nc ad vanced case (A-:Hl5) . a voung man of 20, was very interest ­

ing in that at til(' t ime of dcn t.h no ov a were found in sect ions of' the
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liver. The fibr osis was definitely peri por tal (F ig . 1), but t he surface 
of th e liver was quite smooth ; the orga n weighed !){)o gm. There was 
sp lenomega ly of (i!W gm . and esophagea l varices with fatal hemu­
tem csis. The diagn osis had been esta blished 10 years before dea tho 
Lateral -spined ova were found repeatedly in t he feces and once in 
th e urine, H e twice underwen t operation for perirectal abscess, 
possibl y of schistoso mal origin . Already 0 years before dea th ex­
ploratory opc ration had sho wn an atroph ic liver and an enlarged 
spleen . Vigorous trea tment with tarta r emetic was institu ted from 
th e time th e diagnosis was mad e. The last 2 years of life he spe n t 
rel atively well. At th e end of this peri od he expe rience d nausea and 
vomiting, followed :~ day s la t er by sudde n vomi ti ng of a large am ount 
of blood, rep ea ted hem atcm csis and death t he next da y. No parasites 
were en countered at au topsy , and ova were present in the lun gs only , 
mostl y undergoing ca lcification . There was likewise no schistosoma ! 
pigm ent in the spleen or liver. This case must have had a severe 
infestation that was cured by vigorous t reatmen t. In spite of this 
the cirrhos is and spleno megaly cont in ued, and clcu th ultimat ely ca me 
about from hcm a.tem esis. The case proves bey ond doubt that even 
though th e parasitism may be cured , the patient's fate may still 
have been sea led if hep atic cirr hos is had a lready dev eloped by the 
time trea tment was administered . Yet th is individual liv ed for 
9 yea rs after frank cirrhosis had been show n t.o be present by ex­
ploratory laparot om y ; the evolut ion of t he cirrhotic process would 
most probably have been not so slow if th e parasitic infection had 
not been cured . 

There was pr oliferation of b ile ducts to a mini mal ex ten t in B cases 
of advanced cirrhos is, and to a marked exten t in 7. In mild and 

, moderately advanced cases t he re was rare proliferation of bile du ct s 
in 1:~ out of 114 cases, accompan ying fibrotic cha nges of t he por tal 
spaces . The ex te nt of prolifer ati on see med in all cases directly pro­
portionate to the amo unt of portal fibr osis . In mi nimal cases, even 
when ova were scan ty, it was fre quen tly observed that the p ortal 
spaces were fibrosed (F ig . 6), an d that t here were incr eased numbers 
of lymphocytes, and at ti mes of cosinop hils, in th ese area s. 

In a case of mod erat ely advanced schistosomias is a dead worm was 
found in a ma ss of necr otic cos inophils in one section of liver (F ig . 7) ; 
about th e necrotic cells there was a broad zone of dense infiltration, 
again with cos ino p hils. The liver cells in th e whole area of eos ino­
philic infiltration had been destroyed and ab sorbed. 

Intravascular proliferati ons of tile endo thelium wer e oulv rarely 
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obse rved . F igure 8 sho ws a small portal branch con ta ining an ov um, 
and cells grow ing from t he intima into th e lumen. 

Schistoso/il a! splel/omef/aly : The splenic weight in t his se ries ranged 
from 7:') gm. in a (j~-y e ar old boy, to 1070 gm. in an ad ult (T ab le 
III). There were 2 cases with out spleno megaly : a 10-yeal' old gi rl 
and a 52-year old mall; in eac h instan ce the weight of the organ was 
05 gm . T here was no cirrhos is in the Iormer (excep t for very early 
microscopic cha nges) whil e the latter presen ted ad van ced atrophic 
cirrhos is (liver 720 gm .) with much ascites. I n gene ra l spleno megaly 
went p urul lel wit h the degr ee of cir rhos is. Adhesions about t he 
organ were found in only 2 instan ces. The organ was not only en­
larged bu t also of increased cons iste ncy, and in the larger spec ime ns 
had all elastic rubber." feeling. Onl y one case had a spleen in which 
th e pulp was soft, and in th is one th e enlarge me nt was acu te rather 
than chronic. In those weighi ng over 5.00 gm . a very deli ca te diffu se 
fibrosis of th e p ulp could ofte n be detected with th e nak ed eye, ac ­
com panied by a pale cast, thick ening of t he t rabecul ae and incon­
spicuousness of the malpighi an corp uscles . In the e n larged spleens 
the ca psule was invarinbly thick ened, this bein g more m arked in th e 
larger ones , and frequently was covered by flat, white dense plaques 
and nodules that ga ve it t he sugar-coate d appearan ce. Pigm enta­
ti on in the form of a dark or slaty hue to the pulp was noti ceable 
only in the spleens with a lesser degree of enla rgeme n t, and which 
prob abl y represented 111000e ac ute and active inf ections. Old infarcts 
were not ed in only one case. In none, othe r t han th e fa tal, was 
spleno megaly in evide nce . 

M icrosco pically , t he picture in ad va nced schistosomias is was 
cons istently that of a diffu se fibrosis of the pulp (Fig. 9) with diminu­
tion of the number of cells in t he Billroth cords, diminution of the 
number and size of thc malpighian corpuscles with disappearan ce of 
germinal centers , dep osition of brown , non-refractile schistosoma I 
pigm en t in reti cul o-endothelial elements of the pulp and follicl es and 
in monoeytes, t hickeni ng of trabeculae, in which small hem orrhages 
were obse rv able, as well as occasiona l incrustati ons of calcium and 
iron , and thick ening of t he capsule by diffu se fibro sis and by forma­
ti on of dense hy ulini zcd fibrous plaques and nodules. The fibrosis 
of t he pulp was well advance d in most cases , bu t in three of them 
it was very fine and ea rly , although th e sple nic weigh t. was 500, 040 
and q:w gill., resp ecti vely. I n th ese th e lymphoid follicl es were 
numer ous and not reduced in size, and th er e was fairl y marked con ­
gestion of th e pulp, The fibro sis sho wed no pr edil ection for the 
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periphery of th e mu lpighian co rpuscles . When well advanced the 
sinuses became sma ll and poorly defined. 

Two cases , N os. 73'2 and 10:n, sho wed relu tivelv early splenic 
enlargeme nt (T able III). One of th ese, a 'l-l-ycur old girl with a very 
heavy infestation and modcrutcly advanced cirrhos is, had an en­
larged spleen weighing :H>O gm. This organ sho wed no fibr osis but 
was inten sely congested, with enlarged lymphoid follicles, the germi­
nal centers of which were very active and prominen t ; the reticul o­
endo thel ia l cells were also enlarged and conta ined abundant bil­
harzial pigmen t. The othe r, a 6,Y:Z-year old child with a heavy , 
fairly recen t infestation, had no cirrhos is. The spleen was enla rged 
to 75 gm . and sho wed onlv cong estion and schist osomul pigmenta­
tion. 

A single empty egg shell was found in the pulp in a cas e with ad ­
vanced schistosomiasis. It was almost t otally enclosed in a foreign­
body gian t cell. This was the only case in the whol e series present­
ing ova in this organ . 

In the non-fatal cases, ch anges of doubtful significance were found 
in a very few. Thus, of 134 such cases, ,:) sh owed a diffu se increase in 
the number of eosinophils through out the pulp. Six presented a very 
early fibrosis of the pulp ; in 5 of' these t he fibrosis was in t he form of 
rare micr oscopi c patch es, whil e in the sixt h one it was m ore diffuse. 
Presumably schistosoma! pigmen t was found in 23 cases, usually in 
scant amount and finely d ivided form , but occas iona lly more abun­
dantly , forming small dark clumps. In another case there were found 
4 cross sec t ions of a worm or worms within an intraspl enic vein. The 
vessel was en t irely unaltered and the parasite was well preserved. 

Table I II gives t he weights of the spleen and liver for all cases of 
severe schistosom ias is. N o close co rrela t ion can be es tablished 
between the weight of th e 2 orga ns , but in general it seems as if 
advanced cirrhosis with h ep atom egaly were more frequently ac­
companied by a greater degree of splen omegaly than atrophic 
cirrhosis. There is no definite evide nce for the suggestion implied 
in this observation, that spl enic size may not always be steadily 
progressive, or that the fibrosis may after a time bring about a dimi­
nution in th e size of the spleen. 

Of !) cases with splcuomcguly (T able Ill, N os. 42, 205, :305, 478, 
suo, 7:~'2, 7;37, H7H and lO:~7 ), N os. 7 :~2 and lO:n represented severe, 
relatively recent infections in which th e spl eni c enla rgeme nt was for 
th e most part ea rlv and due mainly to congestion . They undoubt­
edl y are examples of what obtains in this organ prior to the develop­
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mcn t of fibr osis of th e pulp and t rue sp leno mega ly . In the remaining 
7 there was a clinical picture closely sim ila r to that of Ranti 's di sea se 
in a not inconsidcruhle proportion. Thus, th e :~ cases of sch istosom ia­
s is with chro n ic spleno mega ly for whi ch information 011 the blood 
picture was obtainable (Nos . 30:5, 7:37 and 878) , presented cirr hos is , 
splen ic en la rgement and anem ia with leukop enia. Ascites, tho ugh 
not found a t a u to psy in any , had been present in all at so me timc 
previously , a nd 2 of the :~ succu mbed to hematcm esis. S ince the fatal 
cases of sch is tosom ias is (barr ing th ose tha t succum b ea rly to hyper­
in fes tation and co rn plica Lions) almost invariab ly sho w cirrhosis, 
splcno megulv and an emia with leukopen ia , it may well be sa id that 
this di sease ex hib its the B anti sy nd rome quite co ns ta n tl y in it s 
terminal s tages. B on ell i (loc. cit.) pointed out this sim ila r ity in 
1!) ~3 2. The s im ila r i ty ca n be qu it e s tr ik ing wh en the patient is see n 
between a ttacks of diarrhea , es pecial ly , a s so frequen tly happen s in 
cases of lon g durution , if n o ova are found in the s tools a nd no eos in­
op h ilia in blood co un ts . 

We agree with Thompson's. " interpretation of the pathogenesis 
of Ranti's di sea se , and expla in the splenic allcmt ions in advanced 
sc h ist osomiasis as second ary mainly t o co ns t riction of the intrnhepa­
ti e portal bed by fibrosis produced in t he liver b,v the sch istosome 
ova, co m p lica t ed in some cases by thrombosis of the portal 0 1' sp lenic 
veins, The persistent prolon ged co ngest ive action thereby affecting 
the sp leen eve n t ual ly lead s to great enlargem ent and diffuse fibrosis 
of that orga n . A ge ne ra l respon se to t he infection may al so playa 
role, but th e form er see ms the m or e impor tant factor. The impor ­
tance of venous st agnat ion in t he development of spleno mega ly was 
clearly expressed by Day 10 in 103:L 

Coliiis: G ross evidence of coli ti s was found in (j cases, rectal 
papill omata with ou t co lit is in one, and perirectal fibrosis in another. 
When well-de vel op ed t he co lit is wa s evident as a th ickening of the 
wh ole wall from cecum t o rectum, with broadening of the sub m ucosa 
by fibrosis and edema a nd with co nges tion of the mucosa , a t times 
more or less diffu scly, a t times in area s, accom pa n ied by so me fine 
hemorrhagic spo tt ing. These changes ob ta incd in 4 eases, A finelv 
g ra n u la r or sandy nppcurun ce of th e mucosa wa s in addi ti on not ed 
in 2, U lce rs were no t a Ircqucn t finding, being sma ll, sc anty and at 
va r ious levels in on e case , a nd ve ry large, ra gged and limited to t he 
rectum in ano th er, Of th e less se ve re cases of co litis . in one th e 
thick ening of the wall s a nd reddening of th e mucosa WNc re stricted 
to t he rectum, whil e the cecu m, transverse a nd s igmo id co lon PI'C-
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se n ted sma ll hemorrhagic nodules not over 4 nun. in diameter, some 
of whi ch were pedunculated . In another case sligh t difl'u se reddening 
of the m ucosa W<l S t he only finding , The di stal portions of th e colon 
wer e usuall y more se ve rely a ffccted thnn th e proximal. 

In uddi tion to th e above G cases , t he re was one wi th mod ern te 
perirectal fibrosis as th e onl y alteration, This may have been of 
sc h is tosom ul orig in, and followed a perirectal a bscess. but the mi cro­
scop ic s tud ies did not se t t le the point. In the 8t h case there were 
~~ co ngested papill om ata in t he rectum , the la rges t measuring 0 ..5 ern, 

in heigh t , without diffuse co lit is . This leaves 4 se ve re cases without 
any gross c hange ascribable to sc h ist osomiasis, but for one of these 
no description wa s lef t of the co lon , 

Microsco pi cul lv, ova wer e present in the sections of all cases exa m­
ined. M ost of th em were sit ua te d in the mucosa ( Fig. 10) , wh ere 
th ey la y in t he tun ica propria or within cup illa r ies 0 1', most rarely. 
wi thin g la nds , In the latter case the a ffected gland was almost al ­
wa ys d ilated and filled with polymorphonuclear leukocytes (F ig , 11) . 
Ova were likewi se en counter ed in all ot he r coa ts includ ing the sub ­
se rosa a nd the oute r fa tty la yer of the rectum, but in ra p id ly dimin­
ishing number s t owards t he more peripherall y pl ac ed coats . Rarely, 
she lls a nd pscudotuber cles were encoun te re d in so lita ry lymphoid 
nodules, No t infrequently the muscularis mucosae was interrupted 
b~' the presen ce of ps curl ot.ubercles 0 1' by patchy areas of fibrosis, 
This same co a t seemed di stinctly hypertrophied in a number of cases . 
It is interesting that a g reat many of the ov a found in a g ive n section 
ofte n had evo ke d no pseudotubercle forma tion and very little or no 
iuflununutorv reaction a bou t them (F ig . 10 ), The histologic changes 
wer e focal a nd diffuse in cha racter , A bo ut ova, t he mild es t cha nge 
cons is te d of infiltration with a few lymph ocytes a lone 01' accom­
pa nied by eos ino p h ils a nd plasma ce lls. A t times one 01' two foreign­
bod v giant cel ls surrounded the ova, accompanied or not by inflam­
matory ce lls. In o t he r cases the ov um lay in the cen te r of a full y 
d eveloped pseudotubercle. I n addition to this focal rea cti on there 
ofton wa s a more diffuse one wi th increased prominen ce of reticulum 
cells through out tlu: mucosa , g ro ups of round ce lls about bl ood vcs­
scls in th e submuco sal awl mu scular tunics ( Fig , 12), a nd diffuse 
ed( 'nla and fibrosis qf the s ub m ucosa , extend ing t o a lesser exten t 
to the mu scul aris mu cosue and even al on g bl ood vessels of the inner 
and outer muscle coa ts . Grnnulatiou ti ssu e in different s tagcs of 
orgallizal ion was al so found ill portion s of th e subm ucosa in severe 
cas t'S of eoli t is (F ig. 1:1), Eosiuoph ils WNC usually prescn t eith or 
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in the nei ghborhood of ova 01' about. blood vessel s, 0 1' mor e 01' less 
diffusely in the sub m ucosa. In gencl'al lymphocytes were more nu­
merou s than eosi no pliils . In a very few instances ther e wa s a diffuse 
increase in eosino ph ils through out the mucosa, On ce, in a case of 
hvperinfcstut.ion, this was a most notable feature in both th e mucosa 
and sub m ucosa ( Fig . IH). In seve re cases the wall o f man," of the 
smaller veins in the sub m ucos a wa s edem a to us, at times infiltrated 
with eos ino p hils and lymphocytes, In one case t he re had been multi­
ple thrombosis of sub m ucosa l ve ins. Ther e were few ova in this 
ca se and a marked diffuse eosinophilic infiltration of the sub m ucosa. 
Thc mucosal ven ules and the sub m ucosa l vein s were dilated and 
engorge d with blood in many of th e se ve re cases, eve n in the absence 
of acute colitis. 

The small nodules projecting 1'1'0111 th c mucosa in various portions 
of the colon in on e ca se wer e com pose d of granulation tissue tha t 
extended from the submucosa in small areas of ulceration. The 
rectal papillomata in another case proved, on the ot her hand, to be 
udenomatous polyps, 

In one case of sever e sc histosoma ] co lit is with ulceration, a micro­
scopic nd en ornatous proliferation of th e mucosa was encoun tere d 
ncar the margin of one ulcer (F ig . 14). The co m po nen t ce lls were 
tall columnar, cell polarity was well maintained and there were no 
atypical cha racters t o m ost of the ce lls . 'At several points , however, 
groups of the epithelia l ce lls had undergon e cha nges co ns is t ing in 
loss of polari ty , loss of the outl ine of ce ll bodies , swelling of the 
nucl ei with di ssolution of the ch ro mat in, a nd the presen ce wi thin 
nuclei of well -outlined, rounded 0 1' e longated , s ingle or d ouble inclu­
s ion b odies that took the eos in s ta in bright lv (F ig . 15). Whether 
the lon g-acting inflamma tory changes provoked b." the sc his tosom ia ­
s is facilitated the implantation of a virus whi ch st im u la te d the 
ep ithe lia l hyperplasia , 01' whether th e virus entered , or develop ed in , 
the ce lls of the already develop ed adenoma, arc p ossibilities that 
cannot, of course, be analyzed in the present instance. 

In only on e case were numerous calcified ova enc ountered ( F ig . 
W). The ca lc ifica t ion at times had involved the chitinous she ll only, 
and the process must have taken place quite rapidly in a number of 
th e ova, for some details of thc con tuined embryo were sUII vi sible. 

Adult worms wer e found in veins of thc s ub m ucosa in on e case 
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con ta in ing blood vessels seemed cnt irclv unuffcctr-d exce p t for some 
dilatation. 

In none of th e mild or moderately advanced cases were g ross 
a lt crul.ions of th e colon in ev ide nce. In 2 of the mod erately advanced 
there was acute co lit is microscopically, with rather numerou s poly­
morphonuclcur s in t he mucosa. Histologic cha nges were mucli 
milder than in the advanced eases, but. no different in kind , exce pt 
that ede ma of the subm ucosa wa s present in only one or two in ­
s ta nces, wh ile sl ight to mod erate fibr osis wa s the usual finding, Of 
':21 mod erately udvunced cases, ther e was hvpertrophv o r the mus­
c ula r is mucosa e in 2, fibrosis of the sub m ucosa in ~3 a nd ede ma of the 
sub m ucos a in I . Table II indicates th e percentage incid en ce of 
cases with ova in the rectum and other parts or the colon in the 
m inimal, morleru lely advanced and se ve re cases. 

P idmonaru ult crations : There were g ross alterations due to sch is­
tosomiasis in 2 eases, both of them with se vere infestations, In on e 
of these (A -:HM) the consis t ency of both upper lobes was sligh t ly in ­
c reas ed , and small dense nodules wer e palpable throughout the 
purcnchvma . On section numerou s gra vish or whitish n odules oc­
curring singlv or in g ro ups were sc a ttered throughout both upper 
lobes, m ea sured approximately I mm , in diameter and projected 
s light l,\' above the cu t surfaces . S im ilar nodules were sc a ttered in 
small numbers over th e o the r pu lmonurv "lobes . N o foci of active 
tubercul osis were encoun te red in the lung , a nd no heal ed 0 1' acti ve 
Ioci in the truch co-bronchiul Iymph g la nds. ~rieroscopicHlly , vcrv 
numerous ovu , man." of them undergoing ca lcifica t ion , were en­
co untered , usually in alveolar se p ta 01' in the fibrous tissu e about 
bronchi an d th eir accomp un v ing bl ood vessels. They had provok ed 
litt le 0 1' no inflamm atory rea ction. The n odules d escribed g rossly 
wer e co mposed of d en se h valinizcd fibrou s ti ssu e, 01' else presented 
ep ithel io id and g ia n t ce lls in the ce n te r and a fibrou s ca psule at times 
infiltrated with lymphocytes and eos in oph ils, at th e periphery. The 
giant cell s were of both the Langhans and Iorcign-bodv type. Occa­
sionally the ce n ter of the nodules was ne crotic, and on e nodule had 
unde!'gonc calcifical ion . Some of I he nodules sugges k d areas of 
react ion aholltlH'crolic worms . Ova wer e Iound in the neighborhood 
or nodules hut not in their center. Th('r c were no tu1wrclc ba cilli in 
sr-c! ion s s ta inrx] hy th e Zi(,h1-:\ ('els('n method. 

Tlu- second ('aM' (:\0. 7:1'2 ) was even InOl'C st.rik iug, bein g Ihu l of a (F ig . 17) and in veins of the outer fatty layer of th e rectum in 
I '~ -year old g irl wh o had had .s v m p to ms su ggestin~ of sc h istosom iasisanother, In both instances the worms were well preserved and the 
for scvr-rnl vr-iu-s. T owards the time of 11I'I'Iast admission to hospital 
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she was compla ining, among other things, of coughing at night, night 
sweats and pain in the chest. The lun gs wer e normal on physical 
examina tion, both the liv er and spleen were enla rged , and there was 
an emia of :U j milli on e rv t hrocv tcs and 70 pel' ce n t hem oglob in, 
together with a leukopenia of :UWO whites and eos ino philia of 11 to 
20 per cent. Six days al'l er admission , following th e .5 th inj ection of 
fuadin , there was fever of a 100 0 F. and some rough ening was not ed 
of th e breath sounds in the right apex. Three days later t he fev er 
co n tinued , and al th ough still of low grade the pul se was 120 and th e 
rcspirutions Stl per minute. This day sligh t dullness was evide n t over 
the right lun g posteriorly from th e midd le of the scapula down , whil e 
fine rail'S were audible on inspirnl.ion . The cough persisted since ad ­
mission and was productive of spu t umwhich on one or tw o occasions 
was b lood-ti nged : Three more inj ections of fua din WN e given at 
intervals of 2 days. Coughing became marked after the last injec­
t ion , and there was vo miting. Twelve hou rs after the injection the 
ch ild developed dyspnea and cyanosis, death taking place half an 
hou r later . At autopsy sma ll firm nodules were palpable in both 
lungs, particu larly in the low er lobes. B eneath the pleura ther e were 
rounded, blui sh or purple, non -crepitant patch es avcruging 0,8 cm . 
in diameter, and occas iona l sm all yellowish foci abo u t 0.'2 CIll o across, 
proje cting slight ly from the pleura and at times surrounde d by a 
zone of inten se congest ion or hem orrhage. On sect ion the paren­
chyma was bright red and st udded with minute gliste ning gn l." 
granules measuring up to 1 mm. in diameter, and di stributed both 
sin gly, and in clusters (F ier. :~ ). There also wer e slic h tlv b" larger vellow ­b · · 

ish foci and patches of consolidat ion . The intervening parenchyma 
was not affected , save for co ngest ion. The gray gra nules were eve nly 
d istributed through out both lungs from apex to ba se and co uld not 
be diff erentiated from mi liary tube rcles . T he hilus lymp h glands 
were much enlarged and inten sely con gested; one lymph node behind 
th e truchca , ahov e the bifurcation, was .5 cm. in grea tes t dimension . 
Mi croscopical ly the sma ll gra y nod ules proved to be schistosoma! 
pseudotuberc lcs ( Fig. 10) in various s tages of devel opment, but for 
t he mos t pa rt surro unded by a sh arp ly-ou tl ined fib ro us capsule and 
with mu ch periphera l infilt ra tion by oosinophils, lym ph ocy tes and 
occa siona l plasma cel ls. T here were frequent areas of hcmorr huge 
into groups of air sacs . and patches o f bronchopncumoniu with the 
acini filled with fibrin and leukocytes, the lul.ter bein g eosinop hils 
in t heir grca tmujority . In se vera l fields necroti c WOI'IllS were visible 
wit liin vein s , and th e wal ls of I hcsc vessels were partl.'· necrotic and 
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oVCITun by cos iuo phils. F or a considerable d istance ahout the 
necrotic worms the alveoli were intenselv hcmorrhngic and con­
tained den se clum ps of eosinophils, lymphocytes and large mono­
nu clears , Ther e were likewise prominent changes in th e small 
branches of the pulmonary arteri es, with ova directly in the wall s, 
and with fibr osis of the intima resulting in total oblite ra t ion of the 
lumen at various points. These vascular features of the case were 
very similar t o what obta ine d in Clark and Graef's (loc. C'/·t.) and 
their detailed description is left for a subseq uent communication. 
No ba cteria could be found in sections s ta ined by Gram 's method. 
This case had a m oderately advanced cirrhos is and moderate acute 
spleni c enla rge ment. Ova were numerous in the colon, liver and 
lu ngs, and ofte n formed the cen ter of a small necrotic focus. It is 
possibl e that death came from sens it iza t ion to the products of dead 
worms and embrvos , as t he res ult of vigo ro us treatment, T he worms 
and large numbers of ova fou nd in t he lu ngs must have gotten t he re 
from t he inferior hemorrhoidal plexus via the inferior vena cava. 

In the whole series of 147 cases, bi lharzial ova were found m icro­
scopicullx in the lungs of Ifl . The." were sit ua te d in either alveolar 
septa or in the conne ct ive ti ssu e about bronch i and their accompany­
ing blood vess els . :\ t times they had evoked formati on of pseudotu­
berclcs, but very Ircqucntlx there was no reaction about them, or at 
best infiltration with only II few lymphocytes and eos inophils . No 
diffuse or patchy scarring of the parenchvma wa s eve r noted, but in a 
few instances th e ova were found in apica l or subapical scars of 
probable tuberculous ori gin. In this organ the ova rurcly co n ta ined 
embryos, exce pt ion made of the hea vy infestation abov e described . 
A localized thick ening of the alveolar septa in whi ch ova were sit­
uuted was occa sionally observed , and · was due t o infiltration with 
lymphocvtes, eosino p hils and monocy tes. 

Ascites : An average of '2 to :3 liters of thin clear fluid was found in 
the peritoneal cavity of 5 cases, a ll of which had advanced cirrhosis. 
Another ca se had moderately advanced c irrhosis and sligh t ascites . 
Still another, making a tota l of 7, had a very sma ll amount (150 cc .) 
of Ireo flu id ill t he peri t oneal ca v ity and 1I 0 cirrhosis, b ut t he serous 
effus ion was a lmost ccrtuin lv d ue to a nu tr-i t ional de ficiencv . Of the 

• • v • 

.5 cases wi th ou t usci tes t wo had no cirrhosis, and ill :~ the cirrhosis 
was well 0 1' mo derately udvunccd. Large d istended pe ri-umbi lica l 
vein s were present in one casco III uno t.hcr the superfic ia l veins on 
each sick of the ches t were prominent.. 

Of the oj ca ses with marked. uscil cs. one presented la rge ud heren t 
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thrombi in the spl eni c and main portal veins ; a second had a large 
carcinoma. of th e cec um with wid espread extension to th e perito­
ncum whi ch mav well have been of more importance in the produc­
tion of ascites than the cirrhosis, and in a third ease, with only slight 
ascites, one of th e primary subdivisions of th e portal vein was filled 
with a thrombus, partly adherent t o the intima. 

In 4 cases, se rous effusion had been present before death, but the 
ascites disappeared spont aneo usly and t he re was none at autopsy. 
Altogether' th ere were 10 eases presenting ascites at autopsy or so me 
time previ ously . It was never observed in one case of hypcrinfesta­
tion of shor t duration and in one relatively acute case with moderate 

cirrhos is. 
E sophageal varices : Four cases gave a history of herna tem esis, and 

in all death ultimately ca me from thi s ca use. For one of these no 
description of the eso phag us was found in the autopsy protocol; 
th ere was advanced cirrhos is, spleno megaly and marked thickening 
bv fibr osis and calcificat ion of the sp lenic, superior mesenteric and 
p~)['tal ve in , but no ascites. In a second case no va rices could be 
dem onstrated a t auto psy and ascites was 1I0t present, yet bo t h the 
cirrhosis and sp leno iucgnly were well advanced . In a third case small 
submucou s va rices were seen at the gastro-esophageal junction with­
out, however, a dem onstrable rupture ; th e cirrhos is was moderately 
adva need and th ere was marked splenomega ly . Ascit es had been 
present sometime pr evi ously, but not at death. The fourth case had 
seve ra l markedly dil ated blood vessels in th e cardi ae end of th e 
esophag us, bcn ea Ih th e mucosa , and presented one point of rupbl~'e , 
plu gged bv a small d ot. This case had undergone sp lenectomy for 

bb " 1 
great splenomegaly one yea r previ ously: cirrhos is was advan ced HIt 
th er e was no ascites. The micr oscopi c changes in thi s last case were 
inte rest ing: onc of the dil ated veins sho wed little more than sligh t 
ede ma of th e wall , while another showed ede ma and moderate loose 
fibrous thickening of the intima, with Iormution a t one point of a 
polypoid excresce nce into the lumen , also c Ol ~l pose d of loose fibr ous 
tissue and probably representing an organized thrombus. Ab ou t 
th ese dilated vein s in the subm ucos a of th e esophag us, there was 
diffu se and focal infiltrati on with lymphocytes and occas iona l 
monocvt .es, and several ova forming the center of small pscudotuber­
d es surrounde d by lymphocytes and oosinophils. A thrombus of very 
recent formation filled one of the varices. 

In no case, therefore, did gas t ro-esophageal vunccs occur in the 
,absence of advanced cirr hosis, 
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R eiroperiion eal fibro si s: There was one case representative of this 
modality of advanced bilharziasis. This was 11 young man of 18 
Crable III, No. 878 ), with a history of attacks of blo ody diarrhea 
sin ce childhood. Evidenc es of hepatic cirrhosis appeared five years 
before death. A tender, firm, immovable mass in t he left side of the 
pelvi s was first palpable 2 months before death , when he came into 
hospital with advanced cirrhosis and sev ere coliti s. N o response to 
treatment. The day before death he developed symptoms of intes­
tinal obst ruction. Autopsy reveal ed advanced cirrhos is, spleno­
megaly, colit is and a firm, irregular banded thickening of th e retro­
peritoneal ti ssues, particularly along, and in part about, the rectum 
and terminal portion of the sigmo id colon, filling the pelvi c cavity 
and pu shing the urinary bladder anteriorly. To a lesser exte nt th e 
fibrosi s followed the colon from the cecum downwards, retroperi ­
toneall y , and the blood vessels into th e mesentery. On section the 
thicken ed tissues were dense, very pale, ede mato us and fibrotic. 
The mesenteric lymph nodes wer e moderately enl arged . Micro­
scopica lly there were foci of lymphocytic and relatively scant eosin ­
ophilic infiltration about small blood vessels in the fibro sed, ede ma­
tous retroperi toneal tissues, and rather numerous ova with and 
without embryos in th e cen te r of yo ung pseudotubercles. The wall 
of vcnules at times was broaden ed and infiltrated with eos inoph ils 
and lymphocytes. The mechanism of obstruction must have been 
actual compression of the sigmoid colon and impairmen t of peri stal­
sis in the portion where the sigmoid was partly surrounde d by th e 
fibrous tissue. 

Changes in portal ueins and tributaries: There were distinct path­
ologic alterations in one or more of th ese veins in 4 cases . No. 205, a 
man :H, years old with advanced cirrhos is, a liver weighing 990 gm . 
and splenomegaly of .590 presented large adherent thrombi in the 
spl enic and main portal vein s. No. 30.5, a 29-year old man with a 
cirrhot ic liver of !)60 gm. and splenomegaly of 650 gm. , showed 
diffuse thickening of the main portal ve in by fibrosis (F ig. 20). At 
the junction of the spleni c with the portal vein th e thickening be­
came very notable and was accompanied by extens ive cal cification 
which also involved the terminal portion of the supe rior mesenteric 
vein and had ca used distinct constriction of the lumina of these 
veins ; yet there were no thrombi. D eath was fr om hernatem esis. 
No. 590, a 35-year old man with cirrhosis, a liv er weighing 1900 gm. 
and a spleen of 1460 , showed thrombosis of one of th e primary intra­
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hepatic branch es of the portal , and th e thrombus was partly ad ­
heren t to th e intima. D eath was from hemntem csis . 

S ubserosal nodules oj iute» ! iucs : Sma ll den s« wh iti sh or yellowi sh 
glisten ing nodules projecting ove r th e se ros a of the in testi nes were 
found in i5 cases. They wer e sha rp ly ou t lined, irregulurly scattered 
a nd not ove r 0 .1:3 cm . in di um cter. In one case of severe sc h is­
tosomiasis they were extremel y n umero us in bo t.h th e smn ll a nd 
large in t estine, b ut 1II0re p nr ti culurl v ove r the s igmo id . These 
nodules ilia ." be mi staken for t ube rc les wh en the observer is no t 
a ware of th e p ossihilitv of th eir being bilharxia l. The,\' ca n be dif­
Iercntiutcd by their d en sity and sha rpness of definition , and by the 
fac t that th ey d o not OCC III' in beads al on g lymph ntics. Micro­
scop ica lly they represen t pscudotubercles abou t ov a , and in our 
eases fr equently had a well -d eveloped fibr ous ca ps ule, often hvu­
li11 izcd. 

Eroluliou (~( schistosomul pseudotuhercles and [ide q( ova i n. tissues : 
The d ev elopment of pseudotubercles about ov a appeared t o proceed 
along mor e or less the sa me lin es in the variou s org ans and tissu es, 
with so me excep t ions . Thus, in the lun gs and intestinal tract a con­
sid crable prop ortion of the ova enco un tercel in a given case had 
evoke d no fo rma t ion of pseu d otubcrclcs. In the pan crea s pseudo­
tubercles were ulwavs poorl y developed , while the liver usu ally 
sho wed t he sha rpest and most typica l response of this charac te r . 

In our human material the mode of extrus ion of ova from the 
vcnulcs in whi ch th ev are d ep osi ted in the in tes tine, or to whi ch they 
a re carried in the liv er , lu ng and o ther organs, was not ve ry appa re nt . 
In a few inst ances, how ev er , ova were see n to he covere d by en­
dothelium gro wing as a con t inuat ion of that lining the ven u le, much 
as was previou sly rep orted fo r t he rabbi t by us. " Usuu lly ov a were 
seen eithe r wi thin t he lumen of venulcs 0 1' a lre ud v in the tissu es . The 
earlies t reaction obser ve d abou t th em as they lay in th e ti ssu es wa s 
th e accumulati on of eosinop hils ; rarely there would be polymor­
ph onuclears mainly OJ' even excl us ively (F ig . 21) . At thi s ea rly s t age 
t.hc emb ryo was s ti ll recogni zable within the shell, but it soon under­
went d egen el'ation , necrosis 01' uu tolvsis. This does not moun that 
th e cm hrvo is always a bso rbe d vel'." quickly, for not inf'requcntlv 
they were visible with in ova I,"ing in th e cc n tel' of well -formed 
pscudutuhcr clcs, and these s t ruc t.urcs undoubtedly need a few duvs 
for th eir development. Furt.hc-rrnorc, in on e case cmh rvos were 
observed ill goo d s tn tc of prcscrva tion within ova: tI)(' ch it inous 
she-lls of whi ch showed ea l'1,\' culcifica t.ion . 
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After th e eos ino p hilic or polvmorphonucleur response see me d to 
co me the formation of one or mor e g ia n t ce lls , usu ally of t he foreign­
body ty pe. C en crull v , hy th is time, the em bryo was no Ion gr-r to he 
seen an d its place had been t aken by either coagulated se rum or a 
few eos ino ph ils, or even h,\' a g iant ce ll. Epitheli oid ce lls next devel­
oped ( Figs . 22 and 2:\) , fo rm ing a zo ne t ha t enclosed th e OV UIII and 
t he fore ign-body g iant ce lls. The ep it he lioid ce lls resembled those of 
tubercul ou s g ra n ulomas and need no furth er description. The mate­
r ia l by us util ized wa s not ideal fo r eluc idation of th e difficult ques ­
ti on of t he origin of ep it he lioid ce lls . ] t is , ho weve r, our impression 
that they perhaps develop fr om suc h fixed t iss ue clements as fi­
hrocy tes, reticulum ce lls and Kupff'er clements, hy en la rgeme n t and 
multiplication. The ep ithelioid ce lls in se ve re infestation s in whi ch 
abundun t bilharxial pi gmen t is prod uccd , ma,\' phagocyt ize this 
pigment. About the zon e of epi the lioid ce lls th er e wa s slig h t to 
marked infiltration with lymphocytes, cos ino ph ils , inonocytes and 
plasma ce lls in vuriable proportions, but usually in about that order 
of frequency and densitv of infiltration. 

After this poin t in t he dcvelopmcn t of the pseudotubercles, regres­
sive changes co me t o t he for e wi th co ncent ric p roli feration of fibro­
blasts abou t t he zon e of epit helioid ce lls (F ig . 2·~). A ca ps ule was 
thus formed which a t first (F ig . 25) wa s broad , loose and ove rrun by 
th e above types of leukocytes, and whi ch as time passed (F ig . 26) 
became more compact a nd d en se. As the c lements of the caps ule 
co ndensed by deve lopment of co llageno us fibers a nd by shrinkage 
and compress io n of the ce ll bod ies of fibrobl as ts, the epit he lioid ce ll 
zon e be came narrower . T he Iorcign-body g ian t ce lls abou t t he ov um 
also became sma lle r, whatever leukocytes were present about the 
ov um di sappeared , a nd the periphernl zon e of leukocytic infiltrat ion 
was reduced in dcn sit v, lvmphocvtes bei ng th e la s t to di sappear. In 
this fashion the zon e of epithelioid ce lls is replaced hv fibrou s ti ssu e 
from the ca ps ule until all that. rem a ins is a sha rp ly -ou t line d fibr ou s 
nodule with an egg she ll and one or more shrunke n gian t ce lls in th e 
center and with a few lymphocytes abou t th e periphery. Ult ima te ly 
the egg shell undergo es Iragmcn tu tion and l.otnl dissolution, whil e th e 
giant ce lls and peripheral lymphocytes disappear co m pletely, leaving 
a fibrous nodule in which onlv a few s ma ll nu clei of fihrohlasls nr c 
to be seen , A t an ea rlie r stage th e nodule is finely filn-illur ( Fig . 27), 
hut luter it cond enses. becom es collugc no us , and hvulinizcs. This is 
the healed sc h istoso innl pseudo tubercle ( Fig . 28). 

In 15 cases eOIlJ plet el," hea led psoud otubc rclcs were cncou nn-rod 
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with o the rs in various sta ges of dev elop men t und regression. In !) 

additional cases 0111." healed pseudotuberclcs were in ev ide nce, and 
in :l of t hese their schistosomul origin was proven bey ond a doubt by 
the findin g of ova in their ccn tel' in seria l sec tio ns . Although heal ed 
pseudotuberclcs may be found in .an y organ 01' tissue harboring 
bilhurxial ova, th e," are most numerous in th e liver. In th e intestinal 
tract they nrc not a fr equent finding, and in th e colon they are rela­
t ively more often found in the subse rosa than in any othe r coat. 

In some cases it see med as if man." of the ova nev er evoked forma­
ti on of pseudotuberclcs , and it is probable that a good ly prop ortion 
of these can unde rgo fragm cn La t ion and dissolution through th e 
acti on of leukocytes or giant cells (F ig, 29) , thus expla in ing their 
ultimate complete disappearan ce without leaving an y telltale heal ed 
nodules beh ind . 

Inflammatory chunqc« proto ked. by schistoso miusin : The cells most 
frequ ently a ppea ring abo ut ova were lymphocytes, cos ino phils, 
monocytes and pla sma cells, as previ ously mentioned , but of these 
the last two occur in very small numbers and ruther infrequentlv, 
whil e the first t wo, particul arly t he lymphocytes, a re th e more con­
stant and numer ous, In genera l, the grea te r the number of cos ine ­
phils, t he more active the infestation , bu t it was often puzzling t o sec 
these cells persist ing in th e neighborhood of old, partly dissolved egg 
shell fragments and of empty she lls in very light eases in which 
ovipos ition, if still going on , must have been taking p lace at a m ini­
mum rate, This, however , may mean local sens it iza tion of t issues to 
toxic products eliminated by the few remaining worms. 

In /5 instances-e-both mild and seve re-r-a pecu liar in te nse ly ac ido ­
philic frin ge (F igs. :30 and :ll) was observed immedi ately ab out some 
egg she lls. The fr inge was composed of radially disp osed delic ate 
pink radiations, 01 ' of dropl ets composed of an amorp hous glass ." 
material or precipitate. This was altogether compara ble to what 
Hoeppli '" has described for S .japo ll1·cu /il in the ra bbit. In the presen t 
seri es we found this cha nge only abo ut ova in the liver , but we hav e 
likewise occa sionally encounte red it twi ce in mesenteri c lymph 
nodes and esophagea l sub mucos a , resp ectively, and in th e colon in 
expc rimc ntuliy infected monkeys (111. rhesu s), The reason for the 
disposition of th e material in the form of a corona is not obvious, 
and th e natu re of th e cha nge is likewise no t apparent. The ph en om­
cnon , however, seems connec ted with th e embry o in some way 01' 

an other, for in most cases the latter was s t ill recognizable within 
such ova, On e wonders whether this could not represent it specific 
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precip itation rea ction between ti ssue humors and a sec ret ion or'dis­
Int (:gmtloll. pr oduct of the hilharzial emhryos ; in other word s, an 
aut.igcn unt ihody rea ction of the ord er of wha t )1 tui , tl:' " ' ( J ams III .nc rat 
ab out worms of 1\- ljJpustrUII[/y lu s lUu ris .21 

An oth er interesting findin g was tha t of necr osis in th e cen L('I' of 
pseud ot.lIJ wrcles (F ig. 3Q) , This OCCUlTed very infrequently and 
alwav s 11,1 th e pr esence of acti ve infections, The necr osis was 'o f th e 
coa~lll at,.on type and was accompanied 0 1' not hy infiltration with 
e oslll ~ JpllJls. ,I t was a ruther prominent fcnture of t he case, prcviouslv 
described , ,of ',I lot-,vcar old g irl with schistoso ma] miliary pseud(;­
tuberclI~ osl S , 01 ~h e lun gs , who died in the course of vigorous treat­
mont with Iuudin. In thi s case th e foci of necrosis a bo ut ova mn v 
h',lYe represen ted an all ergic reacti on provoked by th e large nlllllbel:s 
of .worms :~ lI d embrvos k illed within a brief per iod by t he drug, and 
briug to mmd th e Arthus ph en omen on, 

Th e infiamlliator,v ult cra tious taking pla ce in some organs, suc h 
a~ th e h~n gs a nd pancreas, were quite st rictlx limited to th e irnm e­
dlatt,. neIghborh ood of ova or WOI'ms, but the sa me was not true of 
th e liver and intest ines, In the latter organs infiammatory chanrres 
were b ( ~Lh focal and diffu se, This was clearly noticeable, lI ~t o n h~in 
s,('ve re IIlfes.tati ons, b ut also in th e mild er ones, purticulnrlv in'thc 
~Iv er., In this orga n, fibl'Osis was not ed in mos t portal spnccsin cases 
I,n winch ova were ext re me ly sca nty in bo t h thc liv er and colon , The 
tact that (~ v.a were not at all nu merous in th e colon and that th ere 
,:as no cob hs pr ecludes the possibili ty of an effect from product s of 
tissue dam age at th e level of th e gut, tran sp or ted to th e liver bv th e 
p ~lI'tal ~Jlo od, strea.m. P urticul utc ma Llcr reach ing th e p ortal si)aces 
o,l ,the liver gives !'ISe to focal and not d iffusc fibrosis, as in t he case of 
~I,b.ca, gr:ll.'ult:s :22 .we t he "~ fo ~'e believe tha t in bilharziasis th e possi­
)Jht;. of, ,I dIffUSible tOXIIl III th e sense of a spec ific toxin or of a 
~ndab oh c pro(.luct excre ted by the adult worms should be considered 
111 th.e production of th e extensiv e fibro sis seen in thi s disea se. 

Bllha,.~ i(t.l p iqmenlalion: In the tissu es, hilha rxinl pigment was 
seen as fine I II IIT .. .. " ,' oran u es ~H' ~m~1 c,umps of a brown non-refractile a p-
P'-',lI,.IIIC(: , rl L~ )get he r lIl(hstmgu lshable in these respects and in its 
locahzatlon from rnuluri u] pigm en t ' I" I> ' J I . 

'" b' · · ic russ ian > uc reac tion 
\\"hcn('ve!' ap~Jli cd, was nega tive, indi ca Ling ab sence of iron, I t wa~ 
not /)(!ssIlJ.l e m most. cases to fe(·l ce r tai n that the pigm ent was not 
m::',al'1a': for uuury of the subjec ts ca rne Irou: mnl iu -ious dist ricts . 

.I he plgmcnt was found in th e liver , spl een and bone-maITo\\", Of 
Ihe 1q severe '''' S( ' S 11 I I' . I ..' - . "' , . " ta l , /Jlg llwn l m tH' 1I\'('r, 8 in th e spleen, and 
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:,\ in the bon c-marrow. As regards the last, howev er, it must be men ­
ti oned t ha t sect ions of fcm or al or vertebral bone-marrow were a va il­

able from 5 eases only . 
In the live r it wa s held within Kupffer cells in 10, in phagocvtic 

cells of the port al spaces in 7, and in ep ithe lioid and gian t ce lls of 
pseudotubercles in 1. In t he sp leen it was con ta ine d within reticu­
lum ce lls of the pulp (to a lesser ex te n t in those of t he malpighian 
co rpuscles), in littoral cells of t he sinuses, and in wandering phago­
cy tes . In the bo ne -marrow t he pigrn en t had been eng ulfed by reticulum 
cells and by occa sional free phugocytcs. 

J[ iscellan eoll .~ observations : In Table 11 a re listed all t he visce ra in 
which ova were encountere d . In no case were the alterations in the 
small intestine, mesenteri c lymph nod es, s tom ac h, pancrea s, t estis, 
gallbladder, kidney, supra re na l glands, appendix and urinary bladder 
of anv real clinical s ign ificance. Pathologically the alterations in 
those 'organs were likewise not very st r iking . Rarely did the ova 
occur in large numbers in these sit uat ions and, fr equently, they had 
provoked little or no reaction. At the m ost they incited pseudotuber­
cle formation and ce ll infiltrations of the cha rac ter previ ou sly de ­

sc ribe d. 
In the single case (Au topsy 468, advanced) in which they were 

encoun te re d in the testi s (F ig. :33), on ly she lls were found. They 
occ urred di stributed throu gh ou t the in t erstitial ti ssu es of the gland, 
within venules and ou ts ide them and had provoked no inflammat ory 
reaction and no formation of pseudotubercles . At t he most they had 
caused sligh t fibrou s thickening in t heir n eighbor hood , and appeared 
not to have compromised the integrity of t he se m in ifero us tubules. 

In Autopsy 405 , with minimal sch istosomiasis of the co lon and 
liv er, t wo egg she lls were encoun te re d in the urinary bladder (F ig . 
34). They were situated ben eath the ep ithelia l lining. The sube ­
pithelial layer was spars ely infil trated with lymph ocytes, but this 
occ urre d diffusely and was not especia lly con centrated abo ut the 

egg shells , 
In a m oderatelv advanced case with earlv cirrhosis of the liver,

0 ' , 

microscopically, a well -preserved sch ist osome worm was encountered 
in one section within a vein in the peripelvic ti ssues of on e kidney. 
In ot he r cases (see T able 11) there were peculiar sma ll ca lcified st ru c­
tures in the st roma of the co rtex. These were usu all y rounded or 
with con vo luted margin s. So me of them may have been ova or 
fragments thereof, but identification was impossible. 

Two advanced cases conta ine d numerous ova in th e mod erately 
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enlarged mesen t eri c lymph nodes. M ost of the ova must have been 
recent arrivals in the nodes, for the cont a ined em bryo was often st ill 
well preser ved, and there was no reaction on the part of the sur­
rounding ti ssu es. At the most there was feebl e pseudotubercle forma­
ti on with but sligh t peripheral infiltrati on with eos ino ph ils . The 
enlargem ent of these glands , when present, was due t o lymphoid 
hyperplasia. 

Mode of death: In all but on e, perhaps t wo, of t he 12 severe cases 
death was due to uncomplicated sch istosom ias is . The immedi ate 
cause of death seem s to have been as follows: 

Hernatem esis , , , , . , . , , , 
Cirrhosis of liv er , . , . , . , , , , , , .. , . , 
Hyperinfestation , . , , . , , , , , , 

, 

, 
, 

, 
, . , 
, " 

4 
3 
2 

Cirrhosis and partial intestinal ob struction, , , . , ' . 1 
Colloid adenocarcinoma of cecum , , , , , , , , , . . 1 
Ob scure . , , , , , , . . , , , , . , , , , , , , , ,. 1 

No information cou ld be ob t a ined on the duration of the disea se 
in 1 of the cases dying of cirrhosis. Sy m ptoms of cirrhosis appeared 
some 6 months befor e death in a second ca se, bu t the duration of the 
schistosoma! infection was u~kn own . In the third, enla rgemen t of 
the spl een and liver was observe d 10 years befor e death . 

Of the cases of fa tal hem atem esis, one (Aut opsy :~O.-j ) was found at 
cxplora torv laparotomy 9 years befor e death to have an atro phic 
liver and splcno megalv ; its historv is briefly summarized under 
"schistosomal cirrhosis of liver." In a nothe r case there had been in­
creas ing swelling of the abdome n, progressive emac ia t ion and a t­
tacks of hemutem esis for 2 years prior t o death . In a 31"(1 case the 
first. sy m pto ms were muluise , weakness and anemia 1 year befor e 
death, whil e hemat.em esis first occ urred () months afte r onset of 
symptoms. The 4th case had blood y diarrhea, hematemesis, ab­
dominal en la rge ment and splenomegaly 20 months before death. 
Splenectomy was performed 1 year befor e the fatal outcome but 
appears not to have modified the course of the disease. 

One of the cast'S of hvperinfestation, a gir l 1!) years old, fell ill 
:3 months before death with severe acute colit is accompanied by 
bloody dejecta, fever, nausea and vomiting and rapidly developing 
cachexia with macrocytic anemia. Ga stric analvsis revealed no free 
acid and a total acidity of 10. At autopsy ext re me lv numerous 
worms were found in all tributaries of the portal vein and in hepa tic 
ve ins within the liver. There al so were very numerous subserosa I 
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nod ulcs of th e in tcstines, modern tc a trophy of th e gas t ric mu cosa 
and numbers of ova in th e lungs, liver, s tomac h, du od enum, sma ll 
intestine, colon and mesen teric lymph glands. Verv early cirrhosis 
was in evidence microscopically . The case was co mplica ted by 
bilatera I acu tc pv cloucphri tis. The seco nd case of hypcrin fcsta tion 
was a boy (j )1 years old ill whom th e recorded ons et was 1 ye a r be­
for e death with blo ody diarrhea and vomiting, vcrv persisten t and 
almost cont inuous until death . Fever was present for a time. Th« 
cond it ion was complicated by nutritional deficiency with a clear-cut 
history of inadequate diet and various ocular anddcrmutologic muni­
Ies ta l.ions of multiple avitaminosis. At autopsy there were numerous 
worms in th e mesenteric, sp lenic and portal vein s and their brunches, 
and chronic co lit is with thick ening of the wall s and formation of 
small ulcers. D espite the large numbers of schistoso me worms, ova 
wer e not particularly numerous in the viscera, It is difficult to decid e 
wh ether the schistosomi asis 01' the hank di etary deficien cy was the 
more important factor in the fatal outcome . The child died within 
2 days of admission to hospital, too short a period to have tested the 
relative importance of th e 2 conditions. 

In the case dying of cancer , a boy Hi ye ars of age, attention to th e 
condition appears t o have been called 1 ye ar before death by a blow 
to th e back. Two weeks after this a ma ss was felt in the right hypo­
chondrium. The di agnosis of obstructing colloid ad en ocarcinoma of 
the cecum (F ig . 35) was established through explora to ry laparotomv 
and biopsy . Ov a were present in th e sto ols in verv large numbers. 
At autopsy the tumor was found t o be primary in th e cec um, and 
had metastasized t o th e liv er , mesenteri c and retroperitoneal lymph 
glands and , very extensive ly, to the peritoneum. There was active 
schistoso mias is, with worms in the mesenteric and retroperiton eal 
vein s and advanced cirrhos is of th e liver , but without frank sple­
nomegaly. Ova were numerous in the colon and throughout th c 
retrop eritoneal tissues and neoplasm (F ig. :36). 

The case of partial intestinal obstruction , a boy of 18, fell really ill 
.5 years before death with bloody diarrhea and ten esmus, but the 
history brought out th at th ese sy mpto ms had been present in mild 
form since ea rly childhood. Enlargemen t of th e spleen and Iiver and 
ascites became evident ,~ years prior to death. Four months before 
demise a firm, tender ma ss, not movable, was felt in th e left iliac 
fossa, The day before death he developed severe nlxlourinul pain , 
with visibl e pcri stalsis and other evide nces of low int estinal obstruc­
tion . Lapurotomy revealed a ma ss filling th e pelvis and ex tend ing 
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retroperiton eally along lh c lPl't lumbar gu tter and about th e re el.urn . 

By compression, th e ma ss had. reducer] th e lumen of l hc sigmoid 
colon. Besides g rea t rctropcri ton eal fibro sis (described in pa ge 2!l). 
with formation of a mass, th ere was advanced cir rhosis, sp lenonlegaly 

and co litis. 
Cas(, l\o . 7:l'2, listed as obscure, as l'l'gards the iuunedin tc ca use of 

death, i ~ discussed on pa ge 2-t. As mentioned th er e, we suspec t 
t rea t men t with fuadin to haw had something to do with th e fatal 

end ing . 

OBS I,:H \ ' X I'lOXS ox 1',\HTlAL A UTOPSI ES A",n S U H G IC.-\ L i\IATEHIAL 

A revi ew of 18,500 consec utive en t ries of surgieal ma terial and of 
various organs or portions of organs Irom a utopsies performed in 
diff'crcn t parts of the Island disclosed nn cases in which undouhtcdly 
sch is t.osomuI lesions were cncouutered. 

The following organs were involved in th e schist osomaI process in 
various cases : colon including rectum, sm all intestine, liver, spleen , 
lun g, appendix, pan cr eas, mesocolic lymph nod es, testis, ovary, 
ovid uct , cervix u teri and a nus . Of th ese, the last .5 wer e not repre­
sen ted in th e nutopsy material, except ion mad e of the testis. 

(Ium): On e of the cases ha s been reported b:-' Pil a (loc. cit.) . It 
pre sented a nodule in an ovnrv, com posed microscop ically of numer­
ous pseudotubercJes with ova about an urea of granulation ti ssu e 
which in turn sur ro unded a hemorrhagic focus. The corres ponding 
fall opian tube was slight lv dilated , t he mucosa and wall were edem­
atous, and se veral ad ult worms occ upied vein s in th e broad ligumcnt . 
A second ease, 2 ;j vea rs old , presented an adult worm within the 
ovarv. , with mu ch round -celled and eosino philic infiltration, and 
wilit a few ova in I he neighboring st roma . 

Oriduc}: Jn a gil'l of ]n th e III ucosa of on e ovid uct sho wed wide­
spread necrosis a nd ulcera lion. There were pseudotubercIes about 
ova in all coa ts , accompanied by ede ma ami mu ch infiltration with 
lymphocytes, pla sm a cells and eos inophils. 

Cerci» uteri : A small pol ypoid nodule was rem oved from th e cervix 
uteri of a ll H-.\"eal' old child . TIl e st roma was ve ry edemato lls, richlv 
vuscuhu-i zcd .uul O \ '( ' IT II II by plnsmu cells. Throughout t hc stroma 
were schi stosome OVlI , of' ton with th eir cmlirvos, a nd so me of th e 
ova lay ill ccrvicnl glallds . A vvrv s im ilar case was I hn l. or a 40-ye:11' 
old womun with 1I1111H'I'OIIS ova ill :1 polypoid nodu le of th e cervix. 

.,IJ/(t! Jiolyps: TI)(')'(, were unnl polyps ill . ~ 1IH'1I or '2'2, :;0, .~ '2 alld 
50 vcnrs of age, n 'sjH'dive!y, alld ill a wouum or 2 1. In 1'0111' iusl an ccs 
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they were co m posed of gra n u la t ion tissue th a t was intcn sel v in­
flamed and conta ined more or less numerous ova, so me in the ce nter 
of pseu d otubcrcles, ot he rs Irce . Once t he poly p was aden omatous . 

Testis: A :l2-yea r old mal e wi th ad va nced b ilh arziusis , a cir rho t ic 
liv er weighing 770 gm . and a sp leen of 710 gm. presen ted numerous 
ova in th e in terstitial tissu es of the testis. These ti ssu es were ed em­
atou s and spa rsely infiltrated with large mon onuclear ce lls, So me of 
the ova were ca lcified. The sem in ifero us tubules were un alter ed . 

A ppendix: In 7 cases a few typical pscudotubcrcles were found in 
t he appen d ix, affecting either the mucosa or t he submucosa and, 
once, t he subserosa. I n a few insta nces t here was rather marked 
diffuse eos ino ph ilic in filtra ti on of various coats . At no time was the 
append ix severe ly in volved or acutely inflamed . I n add it ion there 
were 8 cases of a p pe ndectomy for pain suggestive of a ppe nd icitis, 
in wh ich no acu t e infl am matory a ltera t ions were found, but whi ch 
presented on e or a few pseudotubercles attended bv much eos ino ­
philic infiltration, E ven t ho ugh n o ova co uld he' id entified the 
pseudotuberclcs were most prob ably of sc histosom a l origin. 

nrsc ussro x 

Co nsi dering a ll ou r cases as a whole, the seq uence of eve nts in the 
disease appears to be as follows : ' Ve had, to begin with, no cases illus­
tra ting t he early stages, prior to oviposition . In our group the patho­
logic alteration s were mainly hepat ic and co lonic, with th e splee n 
becoming a ffected second m-ily, and on ly in the late stages of heavy 
inf estations, whil e ot her orga ns were for th e mos t part involved to a 
much lesser extent and p roduced sl ight if any clinica l manifestations. 
F or ovi posit ion the wo rms showed a pred ilection for ve ins draining 
the colo n, especia lly its aboral levels . P assage of ova into t he in­
testina l wall, main ly in the m ucosa. and submucosa, gives r ise to a 
chro n ic co litis with acute phases. Some of t he ova lai d in the ve n ules 
of t he gas tro-in testinal tract are, however , swept back with t he cir­
culation in to t he liver, where they provok e ir r it ation and fibros is in 
t he portal a reas , This, if the inf ection is heavy eno ugh, ul t im ately 
rcsul ts in hepa t ic c ir r hos is with obstruc tio n th rou gh ou t th e p ort.al 
bed. Suc h an obstruc t ion in time is respon sible for spleno megaly, 
asci tes a nd eso phageal var ices, a nd for es tab lishment of a co lla te ra l 
ci rc ulation whic h may be exp ressed c lin ica lly in d ilata ti on of s upe r­
ficial vei ns of the abdom en and th or ax and in t he m uch dreaded 
hcmutcm esis. whi ch no t in froquen t lv pu b; an end to the patient's 
lifo. U n us ua l local izutions of th e ma ting or ovipos it ing worms 
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at times resu lt in the d ep osi ti on of large nu mbers of ova in such 
orga ns as the test is, ova rv , uteru s and retrop eri to neal and mesen teric 
t issu es, or fac ilit a te t he ir heing swept in to the lu ngs, ad renuls and 
othe r orga ns, The pigment elaborated fro m t he host's hem oglobin 
by th e worms is exc re te d in to th e ci rc ula t ion and eng ulfed by 
reticu lo-endotheli al cells of t.he splee n, liver and bon e-marrow. In 
hea vv infection s th e worms tend to occ upy veins draining the higher 
le ve ls of th e intestine, including the s ma ll gu t , and eve n branch es 
of the portal t ha t drai n suc h org a ns as the splee n, pancrea s and 
stomach, Through connections between the in ferior hemorrhoidal 
plexu s and the inferior vena cava, worms may find their way to t he 
p ulmonary a rteries a nd hepa ti c veins, Anemi a develops as a result 
of variou s factors . So me of the more a pparen t of t hese a re bleeding 
from the gut. purt icu lu rlv during t he peri od s of dvscn terv, feeding on 
t he hos t 's bl ood b.'· the wo rms, nu tri ti onal deficien cv from th e pro­
longed col it is and gas t ro- in tes t ina l disturbance, and hemutemcsis . 
The t enden cy to macrocytosis , which has been pointed ou t by 
R odrigu ez -Molina and Pons" in the late st ages, and the leukopenia, 
m e of di fficul t exp lanation, but in this res pect it must be noted that 
macrocy tic anem ia has been co rrcla ted wi th chronic liver da m­
age,2l,2:, One of our cases, No . 878, presen ted a macrocytic hyper ­
chromic anem ia wi th a mean corpuscula r vo lume of 111 cu . u . The 
anem ia wi th leuko pen ia , togethe r with t he hepa tic cir rhosis and 
sp leno megal y make for a clinical pic ture in the late stages whi ch can 
only be d istingui shed fr om th a t of 13anti's di sea se by findi ng an in­
creased eos ino p h ilic co unt 01' bv discov ering sc h istosome ova in 
th e feces. Under trcntrneu t , or spo ntancous lv in light infection s, 
the tenden cy is prob ably for the n umber of worms to d im inish, for 
oviposi t ion t hus to become less ac ti ve, and for t he lesi on s p ro vok ed 
h y the ova to hea l t h rough fibros is, It is p robable, however, th at once 
hep atic cirrhosis is well established, elimination of the pa rasitic in ­
fes ta t ion dot-s no t a ffect the ul timate unf a vo rable outcome of the case . 

T o judge fro m our mater ia l, whi ch is ample enough t o be con­
si de red fairlv representa ti ve , sch istosomiasis as found in San .Juan, 
a non-endemic ce n ter, is not a ver y severe di sease. I t was cl in ically 
inapparent in n1.8 per ce nt of Lhe cases, and direct.ly responsible for 
death in only 8. 2 per cent. of those with sc h istosom ias is and in 1.2 per 
cen t of all O Ul' a u to ps ies . '1'1\(, t.ota l incidence of 14.n per ce nt, how­
eve r, spea ks for rather a high ra te of in fection in the endem ic ce n te rs 
of the Island , where bilharziasis mu st be im po r t.ant as a mortulity 
a nd morbidit.v factor. Th is im po rta nce is enhanced h v t he fact th at 
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the di sease is more frequ ently' observed during th e :lrd and 4th 
decades or life. 

Diarrhea, espcc ia lly when th e stoo ls are bloody, and uh domiuul 
pain, s tand ou t prominently in th e clin ical p icture of th e disease. 
The nced for ca ref ul exa mina tion of the feel's for sc his toso me ova in 
all suspicious cases is well brought out by th e fad that in our se ries 
th e diagnosis was made in twi ce as many cases, and with more ce r­
tainty, by investigu tiou of th e stools than hv th e history of the case 
and clinical findings. The desir abil ity of utilizing concen t ra tion 
methods in the searc h for ova in th e feces need s hardly he empha­
sized . I l. is lik ewise of primordial importance, fr om t he dia gn ostic 
point of view, to co ns ide r sc histoso mias is in th e differ ential diagn osis 
of all cases of Ban ti's disease when OCCU lTing in ind ividuals who 
ma y have been exposed to bilh urz ial inf ection. In ende m ic region s 
thi s co ns ide ra t ion must be exte nded to a ll cases with gastro-in te sti ­
nal symptomatology and to all those with evidences of ci rrhos is. 

Om analysis of the pathological anatom y leads us to believe that , 
no matter h ow useful it may be from the bedsid e point of view to 
group cases of sch istosom ias is into hepatic, intestinal, hepa to-spl cni c 
and visceral forms, suc h classification s arc basically wrong and apt 
to be so me what mi sleading. Table II is instructive in this resp ect. 
It shows, firstly, tha t in a give n minim al case (i. e., very mild in fec­
ti ons), the liver, the rectum and ot her parts of th e co lon a re prac­
tically th e on ly organs apt t o he found involv ed. In th e mod erately 
ad vanced , th e sma ll intestine, mesenteri c lymph nodes and lungs 
becom e involved with mu ch g rea te r Ireq ucncv t ha n in minimal in­
fections, in addition t o the liver and colon , whi le t he severe cases 
sho w extens ion to a st ill larger number of organs . Second ly , th e 
ch ances of invo lve men t of a give n organ increase rapidly with the 
se ve rit y (i . e. , number of ov ipositi ng worms) and the dura ti on of th e 
di sea se. 'r hus, random sections of th e liver, for ex am ple, con ta ined 
ova in U7.7 per cent of minimal inf ections, in 8:5 .7 per cent of th e 
mod erately ad va nce d, and in all of th e se ve re . Thirdly , for each 
one of t he three gra des of inf ection , th e liver and co lon follow eac h 
ot he r closely in pcrccn ta ge incid en ce of invo lvemc n t. Fr om these 
findings it becom es evi de nt th at th e di sea se is lx it.h hepatic and in­
testinal in it s fundam ental pathology from l.lu- Iwginning in a ll cases. 
It is , of co urse, to be expected that sv mp l.oms ascri bable to th e liver 
will not manifes t. t!ll'ln selves un til a mu ch int er date than th e in­
tes t ina l, so th a t. a gi ve n case j)robahl.\· goes for q uill' so me t ime with 
intes t inal di sturbunccs lx-Iorr- nnv clinically d l'n lollslTahle ]wpal ic 
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al!:<'rations d evelop. B~' th e sume Loke n, splenic damagc. will not 
1)('com c a ppa rcn t un til nftc r hepu tic fibr osis is well r-stnblish cd , ~ x­
cep tion made of l'a 1'1 icr congl's ti ve cn lurgcm c!1 ts. of t1!Csp l ~~en whi ch 
muloub tedl y t.akc pla ce during th e period of nu gru Li on ol mcl.ncer­

cariae with it s a ttcnda n t kbril e epi sod e. . 
\Ve have found no subs tan tia t ion for th e hypothes, s ~ r. of an .organ 

sclcc tiv itv which would mark, earlv in th e co urse of th e di sea se, 
th e viscera that would susta in the grea test d am age, and that wOl~ld 
thus impress a seal to the cl inical co urse of a g ive n case, determm­
. 1 S -het her the sYm j)to m'l to loo'v would be primarily intestinal 01'JIIg \\ .. . " . ' b . ' , . . I 
IH.:pa to-splenic. w- rather inclin e to interpret .the v,arraLJ.OJ:s III .~ ie 
clinical picture as a functi on , muinlv, of du~·, ~t lOn of the inf estation 
and numbers of ov iposit ing worms. In addit ion thel:e I ~r~bably . ar~ 
se condar~' fact ors a t present not ame nable to anulysis ' . I he curio us 
[cnd l'ne \', for exa m ple, of bilhurzial d ysentery to oce lli' in bouts do cs 
not reconcile it self with the fact that ov iposit ion probably takes 
place as a co nt in uous , Iuirlv reg ular process..\Vh eth.er ~he b~uts o~ 
dvsenterv are in part at least the result of dietary 1~(hs cretJOns or 
d~'fi cien ci e s, or of bacterial activit y, canno t be det l:rnll .n ~~d but must 
be considered , as mu s t. also th e possibility that OVipOSitIOn may not 
be, after all , a regu lar and con t in uo lls process . . , 

Table II also brings out th e fact that rectal involvem ent III OVIpO­
sit.ion is at its lowest in the most severe cases , whil e inYolv em ent. of 
higher levels of th e in testinc incr eases progressively with the seve n ty 
and durut.i on of the di sease. \Vheth er t he infiammatory c1u~nges 
obtaining in th e lower level s of the colon induce t he worms, after a 
time, to move to h igh el' leve ls for ov ipos iti on , or whether ~h er e a rc ot l.ler 
factors at play co uk] not be determined from a s t udY,of our I.natcrwl. 

The well-kn own fact th a t it is often difficul t to find sch is tosome 
ovu in th e stools of cases of long sta nd ing has ofte n been expla ined as 
due to fihro sis of th e wall of th e' intestine im ped ing the p ass:lge ~ f ov~ 
into the lumen. Om' impression from the histologic examm.a t lOn of 
the colon is that the filnosis is never so extreme or so oxtens rvc as to 
support th e above con ten ti ou. It see ms more pl au sible to ~x ! ) l a in 
it 1)\, a reduction in t he number of ovipositing worms as the inlesta­
tim; gl'OWS older. \Ye were s t ruck b ,v th e sma ll numbers of ova in the 
wall of the intestine in sev eral of t he advanced cases , and by the 
absence of ova wil.h cmb rvos . 'VI' f'urthermore believ e that ova d o 
little or no real wandering through th e t issues once th ey leave the 
va scular lumina , and that it is onl v those that are extrude d very 
close to the mu cosal surface that manage to get into th e lumen of 
the inl<'stine. These inl<'rprl'lations arc th e result of obse rva ti ons 
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on human and expe r iment a l material , and will be the subject of a 
subsequent co m m un ica t ion . 

Sl,\L\ IA HY 

The path ological ana tomy of Munson's sc h istosom ias is a s found 
postmortem in 147 Puerto Hicans is descri bed. 

The total incidence of th e disease in 1009 au topsies was 14.6 pel' 
cent. Sch istosom ias is wa s the ca use of d eath in 8.~ per cent of' the 
infected and in 1.2 per ce n t of' the 1009 autopsies . 

Males were m ore Irc q uentlv affected than females, and whi t es 
t ha n t he co lored . 1t likewise a p pe a re d mostly in individuals in the 
:3rd and 4th decades of life. 

The fund a m ental h istopa thologic unit of the d isease is th e pseudo­
tubercle , developing about. ova . The de velopmen t of pscudotuber­
cles is traced from the ea rly s tage of eos ino p hilic a nd polymorphonu­
clear response throu gh that of an ep it hel io id cel l nodule to the final 
healed fibrous b od y . There are, in a dd i t ion, chronic infl umma torv 
cha nges leading ultima tel v to fibrosis , es pecia lly in t he li ver and co lon . 

F rom the b eginning , the di sease is p rim ar ily hepu ti c a nd co lonic . 
Pathologic changes are instigated mainly bv the depositi on of ova in 
the ti ssues; in the co lon t h is leads to co litis and in th e liver to cir rho ­
s is, which is periportal in di stribution . Sp lcnomcg uly develops , in 
part at least, secondary t o p ortal obs t ruct ion . 

The in vol vement of t he liver a nd co lon, a nd of ot her v iscera, in­
c reases rapidl y with the scveritv a nd dura ti on of the in fection . 

The m ain anatomico-pa thologic alterati on s d ue to sc h is tosom ias is , 
as found in t h is se r ies, are divided for purposes of descripti on into: 
c ir rhos is, sp leno megnly, co liti s , puhuon ury a ltern tion s , a scites , 
esophagea l varices, retroperiton ea l fibrosis , scle ros is and thrombosis 
of t he portal ve in a nd t ribu ta ries , h ilh urx ial pigm en tation, su b ­
serosa l nodu les of intest ines , evolut ion of the pscu d ut uhercl es , a nd 
infl amma tory cha nges due t o sch istosom iasis . 

The sim ila r ity of t hc late s tages of sc h is tosom ias is to the Banti 
sy nd rome is e mp hasized; likewi se the need for thinking of this di seu se 
in all cas es presenting that. svnd ro mc, or ev idenc es of c irrhosis, O J' 

gas troin tes t inal sym ptoms, wh en ever th e s ubject has lived in area s 
of endem ic hilh urxi usis. 

On e case o f pulmona rv m iliurv pseudol.ubcrcul osis due to sc h is­
t.osom ias is is hrieflv described, a nd men ti on made of the p oss ibl e rol e 
played in its <!Path hy trca tnu-nt with f'uudin. One ease is ln -ieflv 
described of a co llo id adenoearcinOlIla. d('ve!oping in the cec um of a 
Hi-yeal' o ld bo.\' wi th a se vere sc h ixtosomalin red ion . 
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FIG U HE I. .\ UT O I' SY :lll.i 
Advan ced schistosomaI cirrhosis of liver . No te concentra tion of fibr osis about larger por tal 

hran ches (" white clay pipe-stem cirrhosis" of Symmcrs) and smoothness of externa l surfa ce. 
The rounded defects in t he par cuehym n were pro duced h~' insufficient fixat ion . 

r.JU IU1l0 1. .\U1'OI'SI.\ 30;i 
Cirrosis hepatica avunzada. Not cse la concentra cion de Ia fib rosis ell dcrredor de las ramu s 

vcnosas portales mnyores (cirrosis "en tubos de pip a de burro" de Symmers) y 10 Iiso de la 
superficie exter na del orga no. Los vaci os en forma redondeada, que se observan en el par on­
quima, son resultado de la imperfect" fijac ion de los tcjid os. 

Frt;l'IU; 1 

n OURE 2. A UTOPSY 732 
Moderately adv an ced sehistoso ma l cirrhosis of liver . Note t he smoothness of the exte rna l 

surface in co,; tras t to t he periportal fibrosis. 

GHAllA DO 2. A U1'O PSIA 732 
Cirrosis bill uirxicn moderadmnente avnnzudu. ?\ Mese 10 liso de In superflcie externa en 

eon tras te con el grado de desa rrollo de la fibros is perip ort a l. 
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FH; li ll t; :1. A li T O l' SY 7:1\? 
Mili a ry schi st osom a l pscud otubercles evenly d is t ributed throughou t the lun g. 

mU B.\1l0:1. A UTO l'''!.\ 7:12 
~eudot ubcreBlos m iliures b illuirzicos disl ribuido« p OI' todo el tej ido pu lmonur. 

FIG U HE 4- . ,A li TO PS Y ·l Q 

Portal space of live r in adva nced cir rhosis. showing fibro us thickeni ng of large port al brunch , 
fibrosis, inc reased vascularizat ion a nd de nse ly mph ocyt ic in filtrat ion. Black roun d struct ure 
near center bottom is a (':dcificd ovum. (jOX 

GIl.\B.\DO ·1. A UTOl':;!'\ ·~2 

Espad o portal en una «irrosis hcpat icn avu nzadn . F ibrosis de una ramn vc nosa portal. 
Vnscula rizaciou y dcn su infilt rucion Iinfocita riu. La es tr uctu rn red ond a ," negra cerca del 
cen tro, en la porc ion inferio r d e la laminu, represcntu till hu ev ecillo ca lcificado. (iOX 

rrc un» ,j . .\ l)To!' :;Y -I2 

Ad"a nccd cirrhosis wil b format ion of dense collagc nous Iihruus t issue in por tal spac e. ma rked 
prolifcrnt iou of hilc du,", s nnd a dcBolua to us hyperplns iu of epit hclinl liBiBg of th e la rge r nBC. 
(jOX 

GH .\ B .\ J)O .i, .\ {JTO PHI.\ . ~ '.? 

Cirrosi« uvanzudu con f01'lIIHCj('JIl de tcj ido fih ro:-;o dCHSO.\' col:igcl1o ell el e:-;paci o por t al, gr aIl 
prolifenu-ion de coud ucl os hil ia rcs c hipcrpla sia adeBoma lo idea de! revest imicnt o cp itclia I de 
uno de cs tos r-ond uctos. (iOX 
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t 'U WIlE ti. .\ UTO I'~Y · 1 5 ~ l 

Liv er . Early fibro sis of port al space uccompnnie d hy sli/(h t ly mpl ux-yt ic infiltra tion. Xok 
a bsence of ova . 100X 

mUIl,\ Il O U• .\ UT O l'SIA , t .j~l 

Hi gad o, Co mie nzo de la fib rosis en 1II) espacio por ta l y leve infilt raci on linfoc ita r ia. l\(ltese 
( P iC no hay hu evecillos en todo cI campo. 100X 

F1G{)ll t ; 7. .\l iTO I"Y Still 
Liv er . Cross sectio n of dea d schist osome worm in ce nt er, wit h for ma tion of focus of necrosis 

a nd massive leu kocyt ic infil t rat ion. All cells lire eosinophils, tiOX 

G1L\ Il A nO 7. A UTO I'SJ, \ SUil 

Higndo. AI ee nt ro, un verme m uer to, en un foco de necrosis , c infil t r udo musivo por eos inofi­
los. (iOX 

FIG U Il!'; S. " UT O I' S Y 14ll 

Liver . Small portal hranch with ovum in lumen whic h is pa rtl y filled b~' ep it helioid cells 
or iginating in th e int ima or suh in t ima. Note ly mph ocyt ic and eos ino philic infilt ration of po r tal 
sp ace. 100X 

(m.\ IJ.\ IJO S. AUT OPS L\ 140 

Hi gudo, Pequcnn ra ma por tal con un hu ev ecillo en su luz. Proli feracion in t ruvuscul ur de 
celu las opitc lioideus a pa r ti r de la inti ma 0 sub ln t ima . Infi ltrado de linf'ocit os y eos inofilos en 
el rest o de l espacio portal. 100X 

F1G UH E ll, A UTOPSY 30;; 

Adv an ced spleno mega ly with marked fib rosis of pu lp . 150X 

G il A nx no 0 . .\ UT O p S !. \ ~ 1 0;; 

F ibrosis de Ia pulpa esplenica en un caso de gra n csplenomeg nlia b ilh"rzica , [;jOX 
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F W lJ H t: 10. .\ uroi-sr '2:;:1 
~la rk ed congest io u of muc osa . ","UIH CroU S egg she lls within blood vesse ls a nd lJl ti ssues. 

Note lack of t issu e respon se a bou t sh ell s. 1;;OX 

GHA BAIlO 10. .\li T OPS L\ '2;; :1 
Colon. G ra n conges t ion de la mu cosa . Acu mulo de cub iertus ovul ares denl ro de los va sos j' 

Iucra de cllos , ","0 so no ta rca ccion inHamatoria en dcrrcdor de los huev ecillos . I ,;OX 

F1G Ul U : II ..\ UT O l' 5 Y ·H ·I 
Co lon. Dilated gla nd lined by nat ep ithelium a nd co ntainin g ,; schistosome ova with th eir 

emb ryos and nu merou s po ly mo rphonuc lears and cos inophi ls. uox 

G IL\ HAIl O I I. A C TO l' S U ·174 

Co lon . G landula d ilatada, rev es t ida de celulas uchutuda s y co nte niend o ,; h ueveei llos con 
sus embriones y n umc rosos polinucleados y eosinofilos , 150X 

F1G U Il I': 1'2. .\ UT OI'5 Y lO:n 

Colon. Round-cclle.l an d eosinoph ilic in filtra ti on abo u t blood vessels between inner and 
out er muscu lar coat s . 100X 

GHAlH Il O I i!. .\ UTO l' :; L\ lO:n 

Colon. I nfilt rad o de cclula» redond as y eosino filos cn torno de ven illas ent re la cupa m uscular 
int erna y la ex lerna . 100X 

F IG U IH; 13. A UT O I'S Y 4i! 

Colon . Orga nizing gran u lat ion t issue in submuc osa in case of adva nced sc h ist osomia s is with 
sev ere colit is, 1,; OX 

<iH.\ Il.\ I)( ) 1:1. .\ UT O I'SL \ ·1'2 

Co lon, T ej ido de gra lluht<:i<lIl en proceso de o rgu n izucio n. en la submucosa . Caso de hi l­
hurziosis uvanzudn con co lit is in tensa . I;;OX 
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FHi U HE ) -1. , \ CTO !'~ )" '10,; 
Colon , ,\d \'all( '('d case wit h colit is .vdcnomutous forma tion of mucosa l orivin . lOO:\: 

G IL\ n.\Il() ) -1. ,\ UT O )'S !. \ QO,; 

Colon. Cuso avunznd o eon colit is, Adeuoma m icroscop ico en la mucosa . l OO:\: 

F IG U HF. I.;. ,\UT O !' S )" '20,; 

Co lon, Deta il of precedi ng picture to show nuclea r inclusion bod ies wit hin cells in ad en oma 
!)iOX 

(iJl.\IJ"llU 15. ,\ l ' TO !' ;';!. \ ~W,; 

Co lon. Deta llc de Ia l,imina anterior most rundo cue rpos de inclusion inl rn nuc learcs cu 
gr upos de celulus del adenoma. !Ji OX 
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FJOU UJo: 10, .\ UTOPS Y (j~)H 

Rcc luur . Non-cuk-ificd ova wi th their emhrvos, a nd part ly a nd c-o m p le te ly c-alcil ied ones in 
muscu lnris tuucosae unr] sulunucosu . IOOX 

nll .I B .I !>O Hi. .1 UT O )'S !. I H.iS 

Rect o. l lu ev ccillos sin cak-if ir-nr con sus emb rion es, y o l ros parcinl y t ot nlmente ca lcificu dos. 
en la musc ular de la mucosa y e n la submucosa . IOOX 

F JGUH I': 17 . .\ UTOPSY ·l 2 

Rectum . Co nge,;t ion a nd edema of sul nnucosu . In cen ter. di la ted ve in co n tai ning one or 
1110rc nude WOt'IIlS. ;\ot e sehislosoIuaJ pi grncu t in int est iual ca nal of upperm ost worm seg­
menl. . cox 

GH .\ B .\I>O 17 . .\ lJ T O I' S I. \ ·l i2 

Rect o . Congest ion y e rlcmn de ln suh mucosa . AI ceut ro , ve na dil at a da contcnicndo u no 0 

milS ve rmes machos. En el segmenlo superior del verme nn tnse pig-llIellt o hi lharx ico en su 
intcst ino . (jOX 

'.' ,/ . 
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FIG lan~ I S. ,\ U T O )' s Y H7S 

Colon. In ten se ede ma of sub m ucosn , and mas sive in filt ra t ion of sa llie coa t by cosi uop hi ls . 
G land ulnr epit he lium ha s d isappea red from au toly sis. 120X 

(1HABA !>O IS. A UT O )'S !.\ 87S 

Co lo n. In ten se edema de la submucosa e infilt rnc iou dcn su con eos ino filos . E I ep ite lio 
gland u lar ha desaparecid o P OI' uul olisis. 120X 

... .... ;.• . : ' l 
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F IG URE 1fl . A UTO!' S Y 7:lil
 

Schistosoma] pse udotubercles in lun g. .J.oX
 

GU AllAIlO Hl . A UTO PSI A i :l'l
 

Seudo tu be rculos billniraicos e ll el pulmon. 40X
 

rrc u ru : ~O . A UTOPSY :lO.; 
:'lInin splenic ve in in ease of ud vanccd schistosornal cir rhos is. Marked fibrous thickening of 

wall, especia lly of in t ima, with plaq ue for mat ion . :'Iluscle coat grea t ly attenu a ted . Individual 
aged 'in y ears. nox 

n U,\ Il .\ 1l0 ~O . •\l;TOI'SI.\ :1O,j 

La vella esp lcnica en un caso de cirrosis avanzudn. F ibrosis notable de la pared . so hre todo 
de lu in t ima , COil formacion de nun placa esclerot ica , L a tunica mu scula r est i). mu y ude lgu zudu. 
Individuo de 'ina fios de cdad . noX 

FIG U HE 21. AUTO PSY HH 
Liver. Very ea rly reaction abou t O\ ' U Ill with em bryo: in filt ra tion wit h po ly rnorp hon uc lea rs 

and a few eos ino phi ls, ·1:;oX 

(al.\ 110\DO ~ I. .\ UT O I'S!' \ liS 

lligad o. Hcu cciou inic iul en lorn o a un hucvccillo con su ct uh rio n : in filtrad o de po liuu clourcs 
y a lgunos eos inofilos. ·1:lOX 

FIG um; 2t 



.~ ;j () St ud ic« Oil .)cltistosollliasi., ,1lartsorti i n Puerto R ico S tlldies 0 11 Sc histosolllias is .llllllslIlIi III P uerto Hicli 4;; 1 

Jo'I<;Uln ; ~l2 . .\ OT( W:-; Y n.l0 
Liver . Ovum in center . IIcgin ning proliferat ion of epi t helio id cel ls, Perip heral infilt ration 

with cosinophils, Iymphocyl es a nd inon ncyl es . \! WX 

CiU.\B.\IH) Q'l. .\( "T O I' S I. \ (; ;")0 

I Hgad o. AI cent 1'0, cl lmcv ecillo; en su derrednr se ha in iciad o Ia proliferaci<'Jn cp itcl ioidca. 
I lucia la pcrifc ri« , eos inofi lo», linfocitos ." monoeitos. ~n ox 

F IGI 'IlE \/:1 . .\ CT O PS \, !J.I 
Liver . Fu ll~' developed pseudot ub ercle wit h ov um in cen te r, broad zone of pa le ep ithelioid 

ce lls, an d ly mphocy tes and cosinophils nutermosl. . lOOX 

G H .\ JL\I>O 2:~ . .\ U T O PS 1A !J .~ 

IHgado. Seudotu berculo en maximo desarrollo con hu evecil lo a l centro; ancha zona epi ­
le lioidca en su dcr red or y linf oeiLos y cosi n<'Jfilos hucia la periferia , I noX 

F l(;ull f: ~H . .\ UTO I'); Y ·~22 

Liver . Regressin g' pseudotubercl e : pa rtly dissolv ed egg shells wit hin gia n t ce lls, a Iew 
epi thelioid cells abont gia nl cells , concentricnlly di sposed fibroblast s forming ca ps ule, and 
lymphocytes, pla sma cells, mo nocyt es and n few eosinophils peripherally. ·lonX 

GIlAn.\1l0 ~ -l ..\I :nlj'>;l.\ -l22 
Hl gndo. Seudotubercu lo en regrcsion. Dcn tr o de las cc lulus giga ntes, eub icrt us ovulurcs en 

di solu cion, Por-us celulas epitelioideas por fucra de las giga ntes, Lamina s conce nt ricas de 
fibroblasl os forma ndo ca ps ula en torno a l seudotuberculo, y p OI' fuera de es tas, linfocit os, 
celulas pla snuif icns, monoeitos y pocos eos inofi los, ,woX 

rrc u n » 2,j. A uTOI'S\' ,15:1 

Liver. Hegressing pseu dotubercle: egg she ll in center pur l ly surro un ded bv gian t cell; 
epil.he lioid cell zone becom es narro wer as caps ule broade ns a nd condenses. l OOX 

GIl.\Il .\1l0 2,j, . \ U 'fO PS I.~ 4,j:l 

lI igad o. Seudot ub erculo en rcgrcsion . A medid a qu e la eilpsula so cns a nchn ." condensa , se 
achi ea la zona epit elioideu qu e circundu la cubiert u ovular, 100X 

FIOlil n ; 20. , \ tJTO I ~Y 2HQ 

Liv er. Hel{ressing pscudnt ub crclo. She ll st ill visible in center. Epithelioid cell zone a lmost 
totally repl aced by t he hr oadeuing ca ps ule. IOOX 

G ilA B .'])O 2(). ..\ I;1"OJ":-; I. \ CiR2 

lIiga,lo. Se udo tuherculo en rcgrcsion . Al ceu t ro, la cnbiert a ovul ar. La zona ep itc lioidea 
ha sido cas i tot a lment c rcempluzudu poria e:''1lsnla . 100X 

F IG li ll E 2 ~ 
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t 'I G lill E 27. A UTOPSY 2li7
 

Liver. Houl cd pseud ot.uherk -e not yet totully organi zed. j\·la tri x st ill findy fibrilla r. 100X
 

G IL\ B. \ l)O 27 . .\t JTOI'S I.\ QU7 

lI igado. Sendot uberculo en pro ccso de OIWln izaci'>Il , I'CI'O no to ta lmen le ck-at rizado . EI 
estroma es HIIll fibril ar. IOOX 

nG UII E 2H. .\ UTOPSY 70 7 

Liv er. Fibrous nodule ma rkin g final stage in heali ng' of a pseud otubercle. :'Ilatrix den se a nd 
collagenous. IOOX 

<a L\ BADO QB..\IJTOP:'SL\ 707 
Hi gad o. Nodulo fib roso que marca la elupu filia l ell la eiea lr izaeibn del scud otub crcul o. EJ 

es t roma es den so ~. col'l/,(eno . 100X 

F lGUlm 2!J. •\l; T<WS Y :IH!l 

Liver . Large gia nt cell containin g pa rtl y dissolv ed shell fra gments. Peripheral infiltration 
with lymphocyt es and monocyt es. Note that th e reaction is taking pla ce in a sinu soid . 240X 

G H. \BAUO 29. ,,\l;TOP~H.\ :~RH 

Higado, Celula giga ute eonteniendo fra gmentos de cubicr ta ovular en disoluc ion , Hacia la 
peri feria, inlilt.rudo de linfoeitos y mon oeitos. No tese qu e la rcaccion esUI teniendo lugnr eu un 
sinusoidc, 240X 

F J G U IU; :JO, .\ UT OP S Y 121 

Mesent eric lymph gland. Egg shell surrou nded by eosinophilic fringe . E mhryo appears to 
ha ve disappeared through postmort em au to lys is. IOOX 

G II .\ n ADO :10 . •\ UT O I' SI A ] 2] 

Ganglia liuf.it ico mcsent erico, Cuh icr tu ov ular rodeada de p rccipitad o eoxiuofilo. EI em ­
hrion purece ha ber desapa recido por efceto de la uut olisis post mortem. 100X 

FI G UH l: :lO 

F IG U IIl: :n . A UTOPS)' liH
 

Liver . Ovum witlt degenerat ing embryo and eosinop hilic fringe . 400X
 

GlL\ IlA DO :n. .\ UTO PSJ A 68 

lligado. H uevecillo con cmbrion degenerudo y franjn eosinofila periovul ar. 400X 

l"IG UH ~ :J'l. .\ lI TO I"SY 7 ~J2 

Liver . Zone of necrosis about ovum with embryo. Note dense fihrosis and cell infiltration of 
portal space, 100X 

UHA UADO :l'l . A UTOP;;I ,\ 7:12 

l Ilgudo . Zona de necro sis en torno a un huev ecillo con Sll cmhrion. :\bt ese la fibrosis den sa 
y el inliltrado leucocit urio del espac io portal. IOOX 

• 

.. 
• 



S tudies on Sch; ,~toW lni(l,~iN jlJw /solli ill .Pu erlo R ico S tudies Oil Schietosomia«i« JI ausoni in P uerto [(ieo 

}' IGUl m :1:1, A L"TO!'SY 4liH 
Testis. Nu merous emp ty shells, some ealcified, in slightly thickened in tcr stit ia l t issues. 

100X 

G1U nA DO :1:3. A UTO!'S!.\ ·HiH 
Test feulo. Nu merosus cub iert us ovula res, ulgun as ealc iticad us, en lostejidos inte rsticia les 

Iiger.u nente fihrosad os. 100X 

\ ' IG Uln; :14 . AUTO PS Y 40.:;
 

Urina ry bladd er . T wo empty egg shells in subepithelia l layer. ] ;iOX
 

G IL \n.\DO :H . .\ UTO !' SI.\ ·10;)
 

Vcjiga urinariu . I)os cuhiertas ovu larcs en el tc jido suhepitclia l. 1,;OX
 

Flli lJ H E :14 

: - . 
'. " 

o • ..' ., ., 
I .. ..... I I. , ••
FWUlH; :l;) , A UTOPSY £88 

.' "ot.. I •
Colloid ade noca rcinoma of cecum in l u-venr old hoy with heavy schistosomal infection . ."." " . 

~ .." .. .:.,.100X 
o ~ . 

G!L\ll.\DO :15. ,\ t: T O !' S!.\ 2HS 
. --.. ..~.~ .;.,; : ~ 

. .."". .. - ., Adenocar cinoma coloide del ciego en un nin o de 1( ; a lios con inten sa bilha rxiosis. 100X o ( 
~ .. ,," 

.f .. :, .­

, , . ., , 0 ',' 
, .' 0 .r~ 

. /
~FIG IJ IlE se. AUTOPSY 28H 
0; .~ 

. "' ' .Ret roperit onea l ti ssues. Fibrosis, feehle pseud otubercle forma t ion about," ovu, and dense \ . . . ~ 

lymphocyt ic infiltru tion in colloid adenoca rcinoma of cecum. 100X , ~ . .'; , , , .,. , I ;." 
~ 

. , GHA B.\DO ~H)' .\ UT O)':-;I.\ 2H8 

T cjid o retropcritonea l. Fibrosis, seudotuherculos rud imeutnrios en to rno a dos hucvec illos c 
in filtrucion linfocitar ia dcnsn en el mismo ade noea rcinoma coloide. 100X 

'. 
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