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I 
x EX PEHDlEXL\L in fections of the white ra t with cercariae of S . 

1IW IISOlli, t he schistosomes mature and for the most par t co m
pl ete the ir life cycle in th e liver . Onl y a few worms migrate to 

th e larger meson tc ric ve ins a nd ra relv , if eve r, do th ey reach the 
vein s of t he in testinal wall. Ova, appa re utlv, are not passed in the 
feces, for frequent exa m inat ions of the excreta fail ed to dem onstrate 
their presence. 

In m an, t he normal host, schistosomes a re found chiefly in portal 
a nd mesenteri c vein s, and in those of t he intes tin al wall; also, ova 
a re passed in th e exc reta . 

The reason for t his esse ntia l d iffcrcnco between the induced and 
natural infections in rat and man is not a t a ll clea r. I t ma y in part be 
due to th e sma llness of t he mesenteri c veins or to factors of a ph ysico
chem ica l na ture which inhibit such migra tion to wa rds the in tes tine. 
T o wha t ex te n t t h is forced permanency in the liver is detrimen tal t o 
the para sites will he discussed subsequent ly, and we also a wai t 
fur t he r observations in larger experimcnt ul anim als in which th e 
para sites migrate to th e mesent eric ve ins . 

H owev er , th e results of our observat ions on th e course of infection 
in the white rat seemed st rik ing enough to meri t detailed rep ort. 
Pro cedu re: \\'h it e rat s that have bee n inb red in t h is lub oratory for 
muny years were employed, \Yh en they were 28 days old, the ani
m als wer e pl aced on a v ita min .-\ free diet wh ich consis ted of: 

Casein . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18% 
Starch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G8% 
Yeast 10% 
Osborn e and l\lendel's salt mixt ure . . . . . . . . . . . . . . . . . 4% 
1 cc . viosterol p CI' kilo of die t 

T he infected cont rol rats remai ned on a diet of Purin a dog chow, 
wh ich all ows for exce llen t gro wt h and Iert.ilitv in sto ck animals. 

* Received [or publica tion :\I a reh II, 1!l·IU. 
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Each week th e rats W('J'(' weigh ed and the ir intake of food was re

corded . 
In order to com pare the e/fects of sc histosoma ] in fect ion on th e 

vitamin A free 01' deficien t s ta te, half th e animals on th e vi t. u uin A 
fre e did wer e infected wh en t.hcv began t o lose weight, while the 
others se rved as non-infected con trols . In 1'0111' out of th e s ix se ries 
of infected and control vitamin A fr ee rats, no supp leme nt of cod 
liver oi l wa s given (T ab les 1 t o 4). In th e la st two series a single 
drop of cod liv er oil wa s added once on ly (T ab les 5 and (j ) . The 
ages at the time of inf ection of the animal s on t he normal di et ranged 
between 4Q and 71 day s and of t hose on the vitamin A free 0 1' defi
cicn t diet het\\'l' en 75 and 108 days, and in one instance, 131 d uvs . 

M ore 01' less eq ual number s of v ita min A depleted rats and th ose 
on the normal diet were inf ected at the same tim e in th e foll ow ing 

man ner : 
To ob t a in a good yield of cerc a riae from in fected sna ils of th e 

species A usirolorbi s qlabratn«, i P lanorbis quadelou pensie} th e foll ow
in" procedure is adopted: A feca l sa mple fr om a human pa ti en t 
con ta ining large numbers of viable ova is brok en up b v st irring in 
water. It is t he n run throu gh sieves of fine mesh into a large glass 
co nt a iner wh ere the material is all owed t o sedi men t. The super
natant fluid is sipho ned off and the sed ime nt pl aced in a large trav 
with clean water to whi ch severa l hundred sna ils are adde d . Ab ou t 
five weeks later la rg e number s of ce rca riae arc being passed d ail v 
by these sna ils. On the day of in fection, at abou t 8 :30 A.1\1.. th e 
il~fect ed sna ils a re removed from th eir aquaria , rinsed and placed 
in two liter beaker s a lmos t filled with rain water. (T he local ta p 
water is frequently heavily cha rge d with chlorine wh ich exe r ts a 
deleteri ou s dfed upon both sna ils a nd ce rc ur iue .) These beaker s 
are exposed to bright d ayli ght. At 1 ::W or '2:00 1'.1\1. th e dail v 
cere a ria l ou t put ha s rea ch ed it s maximum. The snails a rc then re
mo ved. The co nten ts are emp t ied into a clean beaker , excep t for 
th e approximate last 100 cc . wh er e are retain ed sna il excreta and 
mucus and th e less vigorous ce l'Ca riae which ha ve se ttled to th e 
bol.tom. An y exc reta 0 1' II1U CU S transIcrred to th e second beaker is 
readily n 'm;)ved with a pipette, leaving a pure sus pe ns ion of cer

ca r iue. 
The liquid is s ti r red with a g lass rod . Appurcut uniform di st riliu-

Lion of ce rca riae is ob ta ined wh en the movem ent of t he liquid has 
almost suhs id ('d . Then a 1J) 1111. sa mple is rem oved h.v means of a 
pipet te wi th a uniform inn er diallwter of ;'3 nun . The pipett« is 

E aperi /II ell luI S ckisllllw lI/iu.~is '27 1 

ca lib ra te d eac h duv of use by shift ing th e rubber bulb so that foul' 
sn m plr-s cons ta n tly d eli ver (j ml. of water wh en measured in a 10 ml. 
g rad ua ted cy linder . The sa m ple with cc rca r inc is di sch arged into a 
Syracuse watch glass with sq uures sc ra tc he d on the lower su rface 
after th e III U1111<'1' of a blood co un t ing cha mbe r . The cc rcu riuc are 
kill ed by udd ing a Iew d rops of co ncen tru tc d hvdrochl ori c acid and 
are th en co un ted under a Green ou gh binocular microscop e, Counts 
are m ade on two or three differen t sam ples and th e average number 
of ce rca riae per ml. is calcula ted . On e th en es t ima tes th e number of 
mls. th at will g ive th e number of ce rca riae desired for infecting eac h 
animal. The ca lcula ted qu antity of th e ce rcaria ] sus pe ns ion is mea s
ured in t o a 100 ml . gra d ua te d cylinder by me an s of a long glass tube 
of uniform width eq u ip ped with a large rubber bulb, and is s t ir red 
as before . The mea sured quantity in th e cy linder is agitated to pre
vent adher ence of ce rca riae to th e s ides and poured into a glass 
t um bler. On e tumbler is prepared for each animal with an additional 
one chosen at rand om as a co n t ro l. The ce rca riae in the latter are 
kill ed and co unted as before to check the ori ginal est ima te of ce r
ca riae. L a ter in the co urse of this investigat ion 50 ml. calib ra t ed 
ce ntrifuge tubes wer e subs t it u ted for th e culib rutcd cylinder and th e 
tumblers in orde r t o elim inate one opera tion and to reduce loss of 
ce rc a riae throu gh adherence to th e sides of the glass co n ta ine rs . 

Each rat is placed in a jar cont a in ing enoug h rain water t o rea ch 
the sides of th e an imal. The m easured contents of th e tumbler 0 1' 

ce ntrifuge tu be a re shake n and poured into th e jar. The rinsings 
of the t umbler 01' ce n t r ifuge tube are th en added to the jar. 'I'his 
practicullv elim ina tes loss of adherent ce rc a riae . The rats a re left 
in th e water abo u t on e hour. 

I t is realized t ha t th e number of ce rca riae to which an anim a l is 
exposed is , at best, an approximate one. \ 'Vhen tumblers were used , 
the check co un t rarely di scl osed an elTO I' 10 p ~r ce n t greater or less 
th an the est ima te d number of ce rca riae . Wi th t he ce n t r ifuge tubes 
this erro l' was less than ,'5 per ccn t. The so urces of er ro l' are (1) th e 
udlu-rcncc of liv e ce rca riae to th e grad ua te d pipette used in measur
ing 1.5 ml . for th e first cstimutc and a lso to, ('2 ) th e large p ipette 
used in t.runsfcn-ing t ill' ce rcuriue from th e beaker to th e t um bler 
or ce n t r ifuge tube an d, (:n th e udhercu ce of deud ce rca riae to th e 
pipette and chec k co n ta ine r used in till' final chec k co un t. By re
!)('a ted clu-cks of th e number of adherent cerc a riae it is es t im a te d 
that as many as th reo hundred lila," be lost ill this wuv , (4) Variahlc 
1I1111l1 wI"s of cercuriuc never IH'lwlrail' tlu- nuuuruul inu ho s t. I t is 
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('alihrated ea ch d a.,- of use h.,- shift ing th e rubber bulb so thut foul' 
sa lllpl('s cons ta n t ly deliver () ml . of water when mcusured in a 10 ml. 
graduated cy linder. 'I'll(' sumplr- with ce rca riae is di scharged into a 
~., -rneu se wat ch gla ss wit h sq ua res sc m tched on th e lower surface 
after th e muu ner of a hlood coun t ing cha m be r. The ce rca riae an' 
killed h.\' adding a few drop s of concen t ra ted hydrochloric ac id and 
are then counted under a Green ou gh binocular micr oscope. Coun ts 
are made on two 01' three differ ent sa mples and the average number 
of cercur iuc pel' ml . is ca lculated , One then es t ima tes the number of 
nils. that will g ive t he number of ce rca riae d esired 1'01' infecting eac h 
animal. The ca lcula ted quanti ty of the ce rcuria l sus pe ns ion is mens
urcd into a 100 ml. g rud uu te d cy linde r b.,- means of a lon g glass tube 
of uniform wid th eq uipped with a large ru bber b ulb , and is s t irred 
as In-fore . The mea sured quantity in the cy lind er is agitated t o pre
vent adh erence of cer cariae to the s ides and poured into a g lass 
tumbler. On e tumbl er is prepared 1'0 1' eac h an imal with an ad d it iona l 
one chose n at random as a control. The cc rca riu e in th e latter are 
killed and coun t ed as before to check th e ori ginal estimate of ce r
ca riae , Later in th e co urse of this investigation 50 ml. culih ruted 
centrifuge tubes were subst it u ted for the ca lib ra ted cy linder and th e 
tumblers in order t o eliminate one op er ation and to reduce loss of 
cercariae throu gh adh er en ce t o th e sides of th e glass con ta ine rs . 

Each rut is pla ced in a jar co n ta in ing eno ug h rain water to rea ch 
the sid es of th e animal. The mea sured co nten ts of the tumbler 0 1' 

centrifuge tub" are shake n and poured into th e jar, The rin sings 
of the tumbler or cen t r ifuge tube are then added to th e jar. This 
pmct icullv clim inut cs loss of adl]('rent cerca riae . The rats are left 
in t lu- water about OI W hour. 

I t is reulized th a t th e number of ce rca riae to whi ch an animal is 
exposed is. at be st, a n approxim ate one. \Y!]('n tumblers wer e used. 
the chec k couu tru rclv di scl osed an e rrol' 10 p ~r ce n t gl'('ater or less 
than the esl.ituut ed n umber of cerca riae . \Yith th e ce nt r ifuge tubes 
this error was less than .5 pel' ce nt. The sources of errol' are (1) th e 
adherence of liv e cerca riae to the grad ua ted pipett e used in mea sur
ing 1.;; ml. 1'01' the firs t esl imut« ancl al so to. ('2) th e la rge pipet.to 
used ill transferring t lu- c('[Ta l·i' l(' Iro rn the beaker to l lu- t.umhl cr 
or ('('nl ri fuge t ube a nd. (:l) Ihe adlll' l'('n ce of dead ccrcuriue 10 tI](' 
pi pet! (' and ('heck con ia iIH'I' used in l.lu- fina I chec k coun t. By \'e
pea I('d e1l<'eks of l lu- n uml n-r of adll<'r('lIl c(' rea rial' iL is cs ti mu I('d 
l.hu l as mnuv as 11m'!' hnndrcr] nuiv In' los l in th is way. ( .~ ) "ariahl(, 
nuru lu-rs or ce rcariae uc-vr-r pcm -l ru h- t lic mu nuuul iun hosl. II is 
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diffi cult to esl imu lc I he nurnhcrs lost in this way , a s th e water in 
which th e ruts ha ve l ieun placed becomes ve ry turbid a s a result: of 
fecal anrl urinarv co n ta m ina tion, E xam ination o f less t u rb id sam p les 
leads on e to Iwli en~ tha tat times as much as 10 pel' cc n L of th e 
cerc a r iae may fa il to p cn cl.ru le . 

As fa r as p ossible, in fect ed a nim al s and t he vitamin A free o r' 
defici ent co n trols were kill ed a t d efinite int erval s of tim e, The 
longest p eri od an infected animal on th e vit amin A fr ee di et SU I' 

vived wa s (if) davs uft cr infection, and t ha t with a su p p lemen t o f a 
s ingle drop of cod liv er oil. In fected ra ts on th e normal di et were 
all owed to s u rv ive 1'01' a ma xim u m of 11;') days a ft er infection . 

All animal s were ch lorofo rmed a nd di ssec ted at once, In th e c ase 
of th e infected animal s, th e foll owing procedure wa s adopted in 
order to ob ta in all th e sc h istosomes possibl e : T o prevent loss o f 
bl ood Irom th e heart. live r and int estin es, the inferior ven a cava is 
ti ed a littl e above the rena l level. Two additional ti es a re placed 
about the inferior venu ca vu immedintclv ahovc the diaphragm and 
cl ose to the right au r icle of th e heart, respectively. The p ortal vein 
is ti ed c lose to the hilus and ag ain a littl e di stal to that c lose r lo th e 
du od enum . A single ligature is p la ced a bou t. the di stal portion of 
the co lon to in clude th e m esocolon a nd the main vein draining it. 
S ma lle r vessels ahout the ca rd iac en d of the esophagus and gus t.ro
h epatic ligumcn t arc a lso t ied . B,\" se vering the su p ra d ia p h ragm a t ic 
portion of the inferi or vena ca va bet ween t he two ti cs, the p ortal ' 
vein be tween it s two ti es a nd the inferior \'('11:1 ca va bel ow th e renal 
level , the wh ole of t he Iivel' ca n he remo ved with a portion of th e 
di aphragm with ou t loss o f nny blood. The liver is then weighed Oil 

hal anced o iled paper , its extern a l and sectione d su r faces exam ined 
and all bl ood lost h om the liver during that procedure which ha s 
collec ted on th e oiled paper is wash ed inl o a de( 'p ring( 'r howl con
taining normal sa line . The lin '!' is pl aced in the sa me h owl. The 
whol e o f the gast ro- in tes t ina l tract including s pleen and pancreas 
is then lifted and removed en masse , This en t a ils no loss of hlood 
fr om the m esenter ic ve in s. " "ilh a binocular loop th e mesenteric 
veins are ca ref u lly exam in ed either in h righ l: su n ligh t or (·ketric light 
and the number of wo rms is co un te d a nd the ir di strib u tion noted, 
The s p lee n is then re move d . and halt' of it sa vc d in Iixu ti vc : t he o t he r 
half is examine d with a (;rcen ough di sscct.itu; ruicroscupc. No worms 
or ova W( 'I ' e ever ident ified wit h in ti ll' spl een. Sectio ns arc taken 
fr om the mcscnt c rv , t he p unc rens, and ga s tro- intestina l tract. uf'l.cr 

it ha s hcou oponcd and cx uminud. 
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Th e blood 1'1'0111 the hcarL is withdrawn with a pipett e a nd co l
lect cd in a P etri di sh co n t u in ing so nic normal sulin r-. The pointed 
end o f the pipcl.l « is p assed int o th e s u per io r Y('IJa cuvn and pulmo

nnrv urtcrv, und as much bl ood a s p ossible collec ted. The hcurt is 
th l'll opened ill s it u and all bl ood cl o ts removed mill added to the 

di sh, 
Truch cn , heurt and lungs are rem oved t ogether and placed in a 

Petri di sh with some sa line, The heart is weighed and placed in 
fixative , The trachea is se vere d a litt le above t he bifurcation. The 
lungs are weighed and sect io ned in th e di sh con t a in ing the sa line . 
Smull portions o f two 0 1' three lobes are remo ved and placed in 
fixative, The rcmuind cr of the lung and fluid ure kept for s u hs eq uc n t 
examination witl. Ih e di ssecting microscope. 

All blood that ha s collec ted in the pcrit oncul and th oraci c ca v it ies 
as a resul t c hi ('fI,\' of the seve r ing o f th e lowerm ost port.ions of the 
inferior vella ca v a and upper portion of the s uper ior vena ca vu , is 
removed and placed in a P etri dish with SOl lie sa line , The ca v it ies 
are su bseq uen t ly wa shed with sa line a n d the wa shings added to the 
blond, 

The rest o f th c di ssection is c a r r ied o u t in th e o rdinary manner. 
The kidnevs are wei ghed and p ortions put aside , occasio na lly to
gether with fra gment s o f o t he r o rga ns 1'01' exa m ina t ion with the 
dissecting mi croscope . R epresentative se c t io ns of all the o t he r or
gans are sa v ed in (ixativc, e it he r Zenker or Formol-Zcnkcr,' and are 
subseq uc n t lv sr-ct ioncr] and s t a ined , Inasmuch as no se ctio ns of 
liver were taken ill t1wse se-r ies . a n ad d it io n a l se r ies of auimul s on 
normu] and viluruin :\ fr ee d iet s was in fected and killed at cor rc
spondiru; intervals of t im c. ?\"ulIIl'rous se ct io ns o f liver a s well a s 
o ther o rgans we re fixed b oth in Zenkcrs fluid a n d 10 p CI' cen t Iormu
lin, a nr] we-re se c t ion ed and s t a ined with hcmutoxvlin-cosin and, at 
times, wit h v.uious other sta ins , 

]11 orde-r to det('l'Illill c th e uumbcrs of live nne] d ead sc h is tosomes in 
liver, hlood and various o rgans reserved for exa m iu a ti o n in th e fr esh 
sl a l c. a prnct icu h l« m e t IlOd was den'lo pl'd h,\' o ne o r us (' V, A, ] L. ) , 
Perf us ion of till ' live-r und lungs ra ilcd . h ccnusc a lurgc proport.ion 
o f 1.1 1(' parasit (,s co u ld not II(' ex pe lled , cs pcc iu llv th ose in s m ull 
\' l'ssel s, ;\01' cou ld porlus ion s ucceed ill d cmonst.r n tiug destroyed or 
d y ing sc hi s t.oso mcs, lu-ca usc t lu-sr- a rc uhu osl : in vm-iahlv fixed in s i t u 
h ,\' rcuc l io u a l iou l; l lu-rn. This problem wa s sul vr-r] h,\' a mod ilicu.l.ion 
of th e pressed sumplr- nu-Lhod ('lll j>l oy l'c1 ill routine cx .u n inution or 
hog m usc le Ior Trich inclla 

. 
«piral is , T he live r, in wh ic l: l.lu-

b
(>'I'('a t 
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majorit y of sc his tosomes an' found. is rem oved from til(' fing er bowl 
a nd placed in :I large c u lt u re d ish . IL is cu t int o se ve ra l pieces nnd 
pressed with :I sq uare piece of thick g l:l s . :\ suurll qu uul. i t v of 
normal sulitu- is adl!l-d. This serves to release m unv fluk es from Ihe 
tissu e . The freed purusit t-s a rc rem ov ed with :I pipc tl e to :I wa tc h 
g lass con tuinirur sa line so lu t ion. The pressed fra gmen ts of liver an' 
then further subd iv ided and dropped in to a clea n urinarv scd inn-n l u
ti on g lass. Sa line so lution is add ed to th e c u lt u re di sh a nd it s co n
ten ts p oured into th e sed imentat ion g lass. The c ult u re di sh is rin sed 
seve ra l t.imes t o rem ove all parasi te s and particles of liv er. The 
rin sings are lik ewise added to the sedi me n ta t ion glass , Each sm a ll 
pi ece of liv er is then placed between two clea u luntcrn slides and 
examined with a Green ou gh binocul a r microscope (·W mm . objec
tin's . 10 x oc ulars ) . Illumination from a Spe nce r universal light 
transmitted throu g h th e ti ssu e by means of the conc a ve mirror 
proved su fficien tl y in tense to provide good d eta il. Co ns t a n t manual 
pressure on the lantern s lid es a fford s an eve n, thin field . By moving 
th e slides in the manner of a m echanical st age, com p let e exa m ina t ion 
of all parts of the field is obta ine d. Aft er all pi eces of liver have been 
examined, the sed imen t in the urinarv glass is pipetted on Ian tern 
s lides and exa m ined in the sa me wa y. As all flukes and sm all par
ticles of ti ssu e sink to th e bottom it is not nec essnrv t o examine the 
su pc rnu t nn t fluid . 'Yhen co n ve n ien t, the flukes fr ee in the sed im en t 
are added to th ose in th e watch g lass . T he co n t en ts of th e finger 
bowl in which th e liv er has been pl aced, lungs , sp lee n, occ as ionullv 
other organs, heart 's bl ood . th oracic and pei-itoncnl wa shings and 
th e con ten ts of the ot he r receptacles are all ca refu llv exa m ined . 
Solid or gans and bl ood clot are treated as a bo ve . Fluids are exa m ine d 
e ither directly OJ ' rem oved to s ing le Ian te rn slides and exa m ined 
IIIHler the microscope. Even th e ligatures a bo u t bl ood ve ssel s to 
whi ch sc h is tosomes Irequen tly adhere are exa m ined b,\' direct 0 \' ( ' 1'

Iwad illumination. The purn sit es in heart's blood and lung an' 
enumera te d se pa rat ely, and no ne sa ved . But all free ones fr om o t her 
so urces are add ed to the watch glass and fixed in hot sa t u ra ted 
bichloride and 2 pel' ce n t acc l ic acid overnigh t. and pre (' I'n ,d in 
70 pel' cen t al coh ol for enumerati on a nd s t ud v . 

Sc his tosonws ('nl('rging Irorn t ill' liver a ft er sect ion ing alld pressing 
a nd those in th e ex t ra he pa tic porta l vesse-ls und heurt an' ulmost 
in va riulilv ulive. Those whic h remai n in t he live-r muv II(' d('ad or 
exh ibit , 'ari('d (!l-gTet'S o f v iub ilitv . As far as t he lung is con coru ed , 
mo st . han' hor-n found to lx- de ad. Tli« uormu llv lin' sc hi st osomcs 
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in th e t issues a re usu a lly f<l ir ly acl ivc. Thcv p ossess <I ck-ur whitish 
c u t ick sluu-ply outline d fro m th e su r rounding tissues wit.h no fixa t ion 
<I t anv poin t. The ceca l con te n ts <In' usu a llv bla ck ish nnd Ir cquent.lv 
<I n ' m oved 10 a ud I'm hy musc ular ac t ion of th e g u t. Trunsi ti onal 
stages occ ur in which movem en ts of l lu- parasi te s a nd th eir G('Gal 
conlt' n ts can harcl v he di scerne d and th ere are va rie d d egrees of 
fiX<ltion of th e purusites, purt iul or co m p le te , h.\' th e ti ssues of th e 
hos t. T he typical dead sc h istosome is su r rounded h~ ' <I relutivcl v 
thick bluish g ra .\" a ren of react.ion in co nt ra d ist inc t ion to the g reen ish 
gray uh out th e ova. There is loss of t he cut ic ula r out line and i t m ay 
present <I ra gged , di gest ed u ppearu nc e . T he su bs t a nce o f the para 
site assumes a slate g ray opa q ue appcuru nce. The ceca l co nten ts a rc 
usually brown instead of b luc k h u t their di sposi ti on in ceca l pattern 
is m aintained . Progress ive dcgenera ti vc changes o f tile paras ite t ake 
place until li ttl e m ore t ha n ce cal p ig men t is idcn t.ifi uhl e. Lumped 
parasitic pigmen t a lone is no t inc lu ded in th e co unt of d ead parasites 
un less in co nj unct ion with so me sc h ist osomu l s truc t u re . Jt is un 
likely th a t an y parasites han' b een mi ssed hy v irt ue of th eir h le nding 
wit h the su r ro und ing t iss ues, for in t he ex a m inat ion of t ho us a nds 
of sc histosomcs non e have been foun d wi thout pi gmen ted ceca l con 
tents. Sc h is losomes can t he refore n-arlilv b e detect ed b v this m ean s. 

Th is method p ossesses so me d isndvuntugcs . Pressed prepa ru ti on s 
d o no t lend thcmsel ves to p ho togra phy been use of t he ir thickness 
and inclusi on between lan tern s lides. Aft er sub jection t o pressure 
tl]('s(' prepa rations are of n o val ue for p a ra ffin sections . Y et , while 
this procedure ca nnot di spla ce the use of sect ion ed mn u-ri ul , it ampl~' 

su pp leu icu ts it for, th ou gh sec t ions show a g reat dea l, unless c ut 
serially th e,\' Ircq ucntl v present cha nce findings which may no t 
rcvcu l t.lu- true pi cture. In sp ite of t he fact t hat pressed prop nrut iou s 
lack t he d et a il of sect io ns. t hcv sho w a grea t dea l m ore th an g ross 
exm ninn t.ious . l nsofu r us sm a ll ex pe r imen t a l an im als arc co nce rne d, 
a fa irly accurate census of the sc histosomcs p resen t is provid ed. 
It is hclievr«] that the m ethod m ay t o so me ex te n t se rve the purposes 
of a na tom ists and pathologists. 

T hc number o f an imals em ployed was too sm a ll t o permi t one to E;

jud ge wlu -Lhc-r l.lu- in fection with Sc h ist osom u m ansoni in an.\' wu v 
;dfed('d t h(' course 0 1' c hnruu ler o f th e v i turu in A Irec 0 1' d eficien t 
s l a tc as compa re d with lIni n fed l'd con t rols. l\o s ig n ifica n t dill' crcn ce 
in we igh t c u rves 0 1" d urn t.ion o f life wa s noted between l.lu- infected 
and non -infected a n ima ls o n the vitami n :\ free or ddici ent. di et. 
m-itlu-r W( 'I 'I' l lu- g l'Oss a na to m ical fi nd ings s igni fica n tly difl'('n'nL 

http:durnt.ion


27 U E« fl cr i III CII tal. Sch isiosotu iasis 

In earlier serres in whi ch lighter cc rca riul inf ections were em 

pl oy ed m ore or less simila r results wer e ob tained, but' were not as
 
st rik ing as th ose wi th heavier infections rep or ted here. The results
 
of these ca rl ier se ries a rc accord ing lv omitted.
 

It can readily be see n fr om the tabl es (1- G) tha t q ui te differen t re
s ults were obtai ned in th e two sets of anim als. In th ose on th e normal ~ 

d iet destruc tion of the parasites began almost as soo n as thev reached 
th e liver and progrcssivelv became more pronounced , reaching its 
maximum between the fifth and · seve n th weeks. T here after, in 
general, there wa s a trend towa rds progressive reduction in the 
number of live worms with .u m ini mum of Hi viabl e worms in two 
ins tances: Ra t No , ] ;j : ~ on th e 85th day and H at No. l()G on the 
] l.5th day. The Hum ber of es t ima ted dead worms also decrea sed. 
ch iefly as a result of progressive resorption of lesions occasioned by 
t he ir destructi on and also on account of th e dif licultv of di stingui sh
ing t he Humbel' of dest royed wor ms in a zon e of reaction where 
(pa rt icula rly in th e la te r st ages) quite a number might be destroyed 
in the sa me sector of vessel. Ther e was on ly one exce ption to this 
ge ne ru l trend , and tha t W<l S in Hat No. 110, wh ere on th e '20t h day 
<I ft el' in fect ion th ere wer e only ·t dead out of a t ot al of 401 worms. 

By con trast, in the anima ls on th e v ita miu A free d iet wh ether 
suppleme nted or not, there was with one excep t ion eit her co mplete 
absen ce of, or at least re lat ive ly few, deu d or destroy ed purasit cs, 
up t o <I S la te <I S th e ·~ '2nd day <I ft el' infection. In Hat No. 14;5, whose 
diet was suppleme n ted wit h one drop of cod liv er oi l 18 da ys b efore 
being k illed , ther e were (Hi dead parusi tcs out of a to tal of 8'24 on the 
4'2nd clnv after inf ection. Of the ra ts whose di et had been supple
m ented once a nd su rv ived beyond th e 4'2nd d ay, Hat No. 151 on 
the 57th d <l ,\' yiclclcd an estimated '20 dead out of a t otal of 710 
worms. In H a t No. 1;5;5, on t he n: ~1'(1 d uv, th er e were <I n es ti ma ted 
100 de<ld in th e liver a nd '27:~ liv e worms, but th er e was an es ti mated 
number of ] '24 in th e lungs, num y of which were probably dead. 
In Hat No. ]57, on the GOth day , th er e were 70 dead out of a t otal 
of G'2'2. SO that eve n in these later s tages the destruction of pnra
si tes is st ill quite reduced. 

T his difference between t he t wo gro ups of rat s on the diff erent 
d iets was so marked that had one not kn own the type of diet, one 
co uld readil v predict from t he number of parasites alive and dead 
to whi ch gro up a n nnimal bel onged. 

Owing to th e rupid and massive destruction of th e worms in the 
nnimals on t he normal di et the number of lin ' parasites is almost 
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always cous idcru h lv gre a te r in th e vitamin A deficien t rats, whi ch 
might give on e tlu- impression that ucl.uullv more worms reach and 
mature in th e livers of these animals. I I. is difficult to arrive at an 
estimate of th e number of dead and dcstrovcr] parasites hccuuse 
( I) in the ea rly s tages the youn g sch is lo somcs are rupidl v uutolvzcd 
with rela tivclv little rea ct ion and little pigment dep osition; ('.2) eve n 
given a definite zone of reaction with pa ra sitic pigmentation 01' ceca l 
outlines, th e actual number of parasit es en closed in this zone is "cry 
difficult to determine, and (:;) , rcl a tivclv rapid resolution of the 
lesions of de stroyed worms occ urs , D espite this, if one determines 
th e percentage of th e es t ima ted tot al number of worms (includ ing 
live and dead ) to th e number of cerca riae to which th e animals were 
exposed , th e foll owing interesting figures are ob t a ined. In th e vita
min A free or defi cient ani Ilia Is a maximum of '2 · ~ per ce n t and a ~ 

minimum of 5 ,;"5 per ce n t a re ob t uincd . In th ose on th e normal diet 
th e ma ximum is 15.8 per cen t twentv-Iour da," s after infection and It; 
the minimum l ,ll) per ce nt, one hundred and eight days after' in
fection. If on e takes the a ve rage of all per centages in th e first 4'.2 
days of th e exper ime n t (when the estima te of the number of those 
dead is a little more accurate), for th ose on the normal diet the 
average is 11.0!) per cent , and for th ose on th e vitamin A free or 
defi cient di et, II ,:;:; per ce nt . This would imply that on the average 
about eq ual numbers of ce rca r iuc (11 per cen t of their total ) reach 
and mature in the liv er on eit he r di et. At verv best, in these expe ri
ments 24 per cen t of th e t otal numher of ce rca riae reuch er] th e liver. 
Failure of th e ce rc ar iae to pcn ctru te the sk in, their destruction in 
th e skin and al ong th e com plica te d pa thways befor e th e liv er is 
rea ch ed. acco un t for this rclutivcl v Iow percentage. 

Anot her very in tcrcstins; observa ti on is th e degree of m igra Li on 
of th e parasites uwav Irom th e liv er . The lurgcr number of liv e 
worms found in th e vita min ~\ deficient an imal s in th e la ter s tages 
of infection, permit s of co rrespo nd inglv la rger numbers of worms 
in cxl.ruhcpnt.ic s it es." Thus, in th e bl ood of th e right side of the 
hea rt. e ight were found in one vitamin A deficient rat (N o. 1,'')1 ) on 
t he ·~7t h day al'lel' in f'ccl.iou , forty in a seco nd (N o. 1,'37) on th e (i!Hh 
day a nd sixteen in a third (N o. 155) on th e n:;rd day . \Vhile in ani

• In ' p ile of caref'u l ' ea rch l ll l d irect nnnstumo-« : het wce n port ul a nel hep ut ic veins eou lel l.., 
ident ifie.I ill t he live r m icro-c op icully . From ev iden ce Iha l we ha ve ohtai ued ill schislosmnu l 
expe rime nts ill Ihe l-:ui,lt'a p ig we arc led to bel ieve Ihut t h is migru ! ion 10 hea rt. a llel luug, is e1 ue 
to port ul-sy st c ruic nnu st o moses wh ich d evelop and enlarg e co m-om it u n t with ilw rea st'd pressu re 
in I he porta l sy stem cine 10 de- t ruc t iun of pnrusit e-, and rea c t ion a bou t cgg-~ ill the por tal 
vein s of I II(' liver. This will IH..' descr ihed iu luler cu mm uni cnt io ns . 



1,'.l' jlCrimental .')('11 isios«11/iasis 

mals 01 1 the n or m al d id occas iona lly one or mort' pa ra si tes were 
found in the hear t's bl ood , the maximum was only seve n in one 
in stance (Ha t No. 15(j) Oll t he (j4t h dav . 

In th e lungs there were 14fi in one "ita min A defici en t ra t (1\0. 
157 ) on th e ()!Hh d ay af'l ('r infection a nd 1'24 in H at No. 15,j on the 
(j:hd day. In the late s tages of infecti on in an imal s on th e normal 
di et. t he re were unvwh ere fr om 1.5 t o .57 parasites co unted in t he 
lungs , many of t he wor ms in t he lu ng were probal ilv dead. A Iurther 
indication t hat th e lungs a re a n un suitable medium for the parnsitcs 
is t he paucity of ova. 

Limit ed migrati on to the mesen te ric veins occ urs ea rl ier in the 
co u rse of infecti on and g rea ter numbers a re again found in t he 
v ita m in A free 0 1' deficien t a n imals. The p a rasites were found 
ch ie fly in the m ain super ior m esent eric ve in drai ning fr om th e ileo 
ceca l angle, and occas ionally in th e sp le n ic vein . The m uxi mum 
number of worm s, a bo ut. 85, was fo und in one vi tamin A d efic ient 
rat (N o. 157) on the ,nth d uv, 

Neit he r age a t the time of in fecti on nor sex of the animal a p pea r 
to influence th e findin gs in the two g l"O ups . Th e we igh ts of th e 
anim al s at th e time of inf ection ea n not be co r re la te d with th e sub
se q ue nt number of p ur usit cs th al. a re found , i. e . it docs not follow 
tha t th e lu -uvi cr a n ima ls had few er pa ra sites than t he lighter ones, 
or vi ce ve rsa . 

'1'1)('1'(' was cons iderable vnr ia tion in th e s ize of the fluk es fr om th e 
"ita m in A d efici en t rut s , purti culurl v from th ose that were kill ed 
fr om th e '2 1st to th e 4'2nd d ay s of infection . IVillt bill 1/1'0 exceptio ns 
1111's trend teas not noted in a/lY (~r the paras ites/rolll norm al rut», 

The anatomieal cha nges in th e liver b oth in gross a nd mi croscop
i call ~ ' a mp lv con firm the observa t ions mad e above . 

GHOSS AXATOlllY OF LI\' EH S OF I X FECT ED A XL\I:\ LS 

Normal Diet: In the ruts on th e normal di et. th ere are 'no g ross 
lesions in the liver before the '241.h day a fter infection. B etween th e 
24 th a nd '28t h day there arc recognizabl e but m inimal lesions, co n
s isting of so me sla ty way p igmentat ion in margin ul a re as at t im cs 
associat ed with marginal a t ro p hv and a yello w spo t or oblong area, 
th e s ite of ca rlv les ions a bo u t. d estroyed worms. Sectione d aspccts 
of the liver occns iona llv rev eal lobular, fibrous ac cen t na t ion a nd 
so me scattere d , d iscrete sma ll yellowish or wh ite lesi ons, or a I'Hn~ 

irreirular 0Ta" t ranslucent. zo ne of reaction about a larger port ulb b. 

vessel. 
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Aftel' the '2St h da ,'- a nd on O J' nhou! th e ~ :'2 nd d a,v, Lhe re nr c gen
erally qui te marked chu ng es . The ex t. e rnul su rfuces of th e liver , 
part iculnrlv th e ve n t ra l aspects of th e lef t. 1(1)(' a nd Ll u- I'ight. and 
lef t. accesso rv lobes reveul extens ive lin eal' and hroud cr s te lla te 0 1' 

pol,,'gonal depression s. The poly gon al and stella te a reas ofte n in
Icrrupt. lh e lin eal' scars , Tl l('se sca t's are s lutc co lored 0 1' of g l'a,' 
cas t associa ted with yellow spots, l a rge l~- in the broader s te lla te 
or polygon a l arcus . In sp ite of th eir ir regul ar co u rse the lin ear 
fur rows a ppea l' t.o represent lesions in vol ving th e g reat.e r len gth of 
the suhcups ulur division s of the port a l vein . It is t o be recall ed th at 
mature WOI'IlIS ca n s t re t ch for a co ns ide rub le length in a vessel, a nd 
th a t. on e 0 1' 1lI000e ilia," be kill ed in t he sa llie vessel . In addit.ion, t.lu
cxtcruul surfaces, pa rticul ur lv th e vcnt .rul as ped s of tlH' left lob e 
an' churac te ri zed hy deep, often pign u-n te d pi t.s a nd lohular hvper
trophy lending t o th e su rfa ce a fine ly co b bled appearance. The 
marginal arcus a re extensivelv in ' -01 ved . Either they a re wedge
sha ped, 0 1' more co nt inuo us, inv olvin g a shorte r 0 1' lon ger stre tch 
of margin . Suc h co nflue n t lesion s are m ost ofte n noted in th e left. 
lol x- a nd along the sinis t ra l b ord er of the left. accessory lob e , These 
marginal lesion s are c hu rnc te rizcd by utrop hy and thinning, a vari
able degl'ee of pi gmentnt ion lendi ng a Iuwnish -gruv or darker sla te 
'colored appcurunce with orungc co lored spotting 01' s t ippling, and 
manv coarse yell ow areas. These a rc ei t he r rou nd , ob long 0 1' of 
irregular sha pe and a re eit he r marginal 0 1' so mcwhut suh marg iuul. 
Occasionall v a single vell ow m odular lesion without sur ro uudi ug 
chungcs or a mnrgin ul t elungiectu tic vessel mav h e see n on th e d orsal 
aspect adjoin ing th e mu rgi nu l lesions wh er e the liver subs ta nce pre
se nts a rippled effect. Se ctioned su rfaces of th e liv er reveal y ello w 
subc upsulur and deepel' lesions either triungulur 0 1' lin ear', often 
surr ou nde d by gl'a,'- infiltrated zo nes. I t is t o he em p has ized that. 
while subcups ula r a nd m urg inu l les ions nrc reudil v a p pn rc nt extc r
nullv, lending th e im p ression t ha t mu ch of th e des truction is a t th e 
vxt.rvm e pcriphcrv, many d eeper. more ce nt ra lized lesion s nr c se en 
on sec t ion . The iliaI'gi na I a reus on sed ion III a v Inere lv rcvca I evi
d('n c('s of ut rophic t hi n ning with 0 1' wi th out a g l'ay ish pig mented 
cns t , 01' where ye llow les ions OCCUI', t.he murgina l a rc u ma v be l.rnns
foru u-r] into homogen eous . g l'ay-yel low tissu e. Occasion all y gl'a,'-
whi te s triu« muv he see n I'ad ia ting a t I'ight a ng l('s Irom a prom inent 
suh rlla rg ina l hl ood v esse-l. In t lH'se ea rl ier s t.ages litany WOl'IlIS d is
gOl'ge Iro II I th e la l'gel' sect ion c« ] port u] ve-ins . The lobes of th e live-r 
most co ns tuu t.lv :l lI d lu-uvi lv in vol vc d an ' I he Jt. ft. Id t. a nd right. 
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accessorv' and pupilli f'orm lobes. The right and ca uda te lob es are 
gen er all~' only mild ly affec ted. 

From th e 4'2nd duv after infection to th e end of th e ex pe rimen tal 
peri od evi de nces of ov iposiLi on and progr essive regression of lesions 
are not ed . The extcrnnl su rface of th e liver becomes smoo th , as the 
cobb led effec t in grea I, pa rt di sa ppcars wit h regression of th e previ ous 
Iohulur paren ch ymatous hvpertrophv . The subma rginal rippling 
mav persist in the late s tages. There is , howev er , ev idence of in
crease d pigm entation. The interru p te d . lineal' , gray lobular out
lin es ofte n assume a sla t v a ppea ra nce, The more superficia l lin ear 
furrows d isappear wh ile t he deep er ones m a~' persist, hu t are no w 
mor e supe rfic ial a nd smaller , The y ellow lesions indicative of ac
ti ve destruction of parasi tes, particul arl y in th e broader' expansions 
of t he sca rs, di sa ppear , a nd there ma y be either a la rge whit ish 
spo t de no ting a n orgau ized scl erosed lesion of previous parasitic 
de s truction 0 1' very small pin poin t whil e spo ts (measled eff'ect.) 
usu ully representing depo sited ovu with surround ing reaction. The 
m nrg inul k-siou s , too, und ergo changes. The thinned margin s be
come I hick er wi th occasional deeper not ch es, ultho ugh th ere ma y 
be an uhru pt transition to the t hick porti ons of t he subjacen t liver, 
th ou gh with ma rk ed reduc tion in t he num be r of living worms in 
later stages , muuy previou s margin al lesion s arc a lmost com pletely 
rest ored to normal appeara nces. The s t ill act ive, or recently active, 
marginal lesions where viable worms 0 1' n-cent lv destroy ed worms 
are presen t are qu ite heuvilv pigm en ted , a t times quite blacki sh, 
associa ted with a reti cul ated gray black ish capsula r pattern with 
int ervenin g red rcgenern tcd islands of liver tissu e. A rare vcllow 
nodule ma y he seen but th ere a re mor e of'Ie n Im'ger whitish spots 
or g ray-wh ite st reak s of olde r organizing and orga nized lesions. In 
addition th ere may he fe w or' many pin point whit e spo ts of ov i
position , The la tter may a lso he found in the adj ace nt, mor e normal 
liv er ti ssu e, a nd a Iew here and th er e elsewher e in area s Hot definitely 
sca rred. T erminal margin al vessels as see n b~' transmitted light a re 
wid e and shcnt.hcd in pigm ented de nse t issue. Hurelv a smal l dark 
red vari x is see n fr om which worms may disgorge. 

The sec ti oned aspects of th e liver' in th ese la te r s tages rev eal at 
times fibr ou s lobular accen tuat ion and sca ttered sma ll wh ite granules 
or gray whi te Iinca I' lesio ns . There is lac k of W'I\l'ra l pigm cnta tion 
as SCI'n in th e la t er s tage s of the vitamin A ddicil'llt animal s but 
occnsiou all v some peri venous areas of pi gmr-n ta I.ion an' sel'n . B oth 
nuu'giu nl lr-s ion s and th e inf'rcqu r-nt l'xte rua l sea l's p resent on sec tion 
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a more hOlllogen eou s g ra ." appe a ra nce occusionul l v of d arker pi g
mcntcd ca st wi th m ore di scre te whit e spots or s t r iae , At Linu-s 
t here is a rn iscd, g ree n m osnic pn t.l. crn cuc losi ng rcdcl ish lacuna I' 

area s l'('p J'('s('llting cc tuti c vessel s uh ou t orga n ized sec to rs of th e 
porl u] vein. \'( '1',\ ' few worms esca pe Irom t he la rger scc t.ioncd ve ssels, 

Vitalllin "I f)(j icicnt Diet: B.\' co n t rns t , in th e v itum in A defi c ient 
unim uls th e livers p resent 110 lesio ns in th e firs t foul' week s , excep t 
tha t t he re muv 01 ' m ny no t he so me apparent pigmcututiou. After 
th e 4th week and up to the nth week there are often broad , sm oo t h 
uppeuriug , cx te rnu l a rea s of ilia hogan ." co lo r , associa te d ofte n with 
bl acki sh lob ula r ret iculation, purt ic ulu r lv rlorsullv. There mav or 
mu v not he so me few sc a ttered , sm a ll, vc llow, ro undish lesion s. This 
is 1lI 01'e apt to he seen in the sup pleme n te d a n im a ls. Except 1'01' 
some ri ppl iIIg lila rgi nully , there is ot hcrwise no ev idence of sen rri IIg, 
pitting o r cob bled effect. Sect ions of the liver re veal ill th ose areas 
underl ying t he mahogun j zon es fair l." sha rp ly ou t line d wid e a re as 
of g rav pi gmentation, There is portal accen t uu t ion . L esi on s are 
sc a n t , hut there m a v b e a few ." dIO\\' or wh ite spo tted areas or sm al l 
white nodules , par ticul arl , margina l, represen ti ng live parasites that 
are packed ill dila ted portal veins. I n a ll instances numerou s worms 
di sgorge from th e sectione d p ortal vei ns. In the 6th week oviposit ion 
make s i tself manifest b." num v sma ll white spo ts, and on sec t ion , 
in addition t o gcne rul port al accentuat ion , fib ro us vertical whi t e 
lines and sma ll wh ite g ra nu la r spots ilia." h e enc oun te re d . There 
ma v al so be quit e m arked m urginal d earing as see n hy trunsmitted 
light, and ou t line s of worms packed in p ortal vessel s ma v be di s
cc rnc d . JII the 7th a nd Slh weeks th e lesion s a re largely marginal 
co ns ist ing of nodu lur a reas, either sm al l 01' quite large, bl ocked 01' 

square, yellow 01' white , with co ns id ernh le m urginn! pigmentation 
and m ea sled effect . The u trophy, fibrou s reticulation a nd irregular
ity of margin seeII ill the livers of un imu ls 0 11 normal di ets are prn c
tieal l.v cn t.irc lv lacki ng. The large coa rse nodules ill particular 
represent mu ssin g and pa rtial d es truction o f WO I'IlIS in the terminal 
portal veins , with exaggera t ed fihroblus ti c proli fcrn ti on. The sm a ller 
nodular les ion s rcprcscn l: eith er the occas iona l destroy ed WOl'IlI or 
til(' sa me ex agg(' l'aled Iihroh lns t.ic rcn c t ion about g ro ups o f ova . 
Sec t.io n« o f th e live-r at this s tage re v r-a ] nlm ost. ge !)(' I'a lly e ithe r 11 

dirt.v gray , brownish pigu icnt cd or nlm osl sln tv black cas t, associated 
with conrsc gray I'd icu lu I ion a nd lila nv S ill a 1\ wl: itc spo ts . In ad d i
Lion there mav I l l' some vcl low areas with su rrouud ing gm,\' zo nes, 
Fewer worms d isgol'ge Iroru t he see! iou crl vessels. 
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E ven ;IS In I h\' co n trol v il umin A deficient unimuls , I h\' co uuuo n 
hilt- is of't In;lr k\'dl.\ ' w ide ne d (illt-d with soft .d u ct c n u n d vr - l l o w , 

roundish or m ore [lucuu lr- n ]. m u tr-r iul. with n t ti mes m a rker] ('l!t-III ;I

l. ou s th ickr-uins; an d vusculuritv or t he pnric tcs which inv olve lh e 
s u r ro uud ing p.mcrou t ic t issuc as w('11. 

:\II C HOS CO I'I C .\ :\ .\ '1'0 :\1"" O F LJ\, E Hs OF IX F I·:C'I' I·: n A I\ I.\ IALS 

Nortu« ! D ie): On t he UHh d;l .\· t he re is irreg ulnr portal ccl lu lu r 
infi ltra ti ou c h ie flv in voking s m a lle r d ivi s ions a nd largely o r eos in 
op h ilic c hu ru ct.er. L a rger port al spaces l'l' \'e a l litt le cellu la r infiltra 
ti on hilt a ppa l'l ' ntl~' so me edc m n. l nu sm uc h as in t hese ea rly s tages 
11)(' p a ras ite s m igrute rea d il.\' to ward " the se ct ioned s u rf aces and 
l.he imm ersi ng 0 1' fixin g flu id , re w wor ms ure see n in por t al ve ins. 
Two pa rus iIt's we re fo un d wed ged in s iu us oid al ve in s , On e g a ins 
th e im press ion t hat at t hi s s ti lg'e suc h a tt empted mi gru l ion through 
s in uso id a l vesse ls k ad s 10 r up tu re of t he s in uso id, nn area o r micro
scop ic hl ' lIIo IThag'e a nd fina lly d est ruc ti on a nd ra pid nhsorption 
of the p a rasi te , lea v ing S01l!e in filtra t ing round cells, he terophil e 
po lv mor p hunuc leurs . eos in op h ils and nec rot ic live r ce lls in it s pluc« 
S itc h a reus w it hou t rc cog n iz» hlo purusit es a re n ot in Ircq ue n tl v no ted . 
' I' hc r« un- t oo . ru re roca I pa ri-nc hvm ut ous n ec roses with hcl.eroph ile 

pol vmorph onuclcur in filt ru t ion . T here is litt le e v idence or p uru sit ic 
pi gmentuti ou. Except fo r an occasion a l mi tos is co ns is t e n t wi th t hat 
found in n o rm al livers. t here is littl e ev id ence of prol ifera ti ve ac 
t.i vity ,Kllpffer ce lls a re no t p.u-ticul url v en la rged nor in crea sed in 
nur uhers . H en ce a t t hi s s tagl' t he snu rll inu n ut lir e wo r ms Illig ra te 
prolia hl y wid ely Ihroug hou t t he Iivcr concorn it a n I. with wh ic h t he re 
is eurlv por tal resp on se wi th eos ino ph ilic in filtru tion a nd s lig h t 

ev idence o r p urasi ti c d cs t r uc t ion. The S ill a II s ize o r the pu ru sitc 
at t h is s tage prec lud es its fix a ti on in t he larger pctipherul vessel s 
n l tho ug l: i t is like ly to be d estroyed if it wand ers int o a s in us o id . 

On th e 28 t h day we no ll' grea t e r rcgu lnritv in di stribution o r 
cos inop h ils in po rt al spaces which is q u it e int en se a bout th e medium 
sized Vl'SSl'1s. s lig h t. uliout th e vc rv s mal l ones a nd mil d to morl r-ru tr
a liou l 11 ll' verv I;lrge ones . C ros s or l ;lngen li ,1! sc c li on« o r in t.ravas
r-ulu r pn ru s ites (c h iefl,\' o r m ed ium s ize d por tn l vein s) are 1II0l'l ' 

Ircqueut lv c-ncou u lc rcd ;IS the inc reased s ize o r Ihe p nrusil cs nnd 
till' thickening o r IIll ' vu scul ar w;llls Il' nd to limit th eir IlIigr;ltioll. 
:\I;ln~' WOI'II IS in ti ll' I;lrger por lul ve sse ls d o escape quih- read ily. 
however. I I s ho u h ] !wl'h;lps 1)(' no te d he re th ,1I t ill' pc-riph e ru l portul 
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ves se ls as th ey en large, OJ' wi !h d estruction o r pa ras ites \\'IH 'I"(' their 
collateruls cn lnrg c, con t inue to recei ve pu rusit es 1'1'0111 th e main 
vessels. The numbers of pa rn si tcs in the larger vessels thus d ccren sc 
as 11101"(' lIIigrall' !H'I'ipherall," wh ere th ev are prog ressively destroyed. 
I n lila nv inst a nccs t lu-re is II W rk (·d cn do t lu-l ial hvpertrophv or till' 
invol ved vessels , which assu me a t Linu-s an alm ost col u m nu r appear
ance . ::\1 ild or mark ed sulicndo theli ul eo sinop h ilic infil tration is a lso 
observed. Lesion s ind icu t in ' or parus it ic d es truct .ion a re ev iden t. 
Tlu-se co ns ist o r intra vascular infiltrations of eos inoph ils with Icw 
hel e ro p h ilos and occnsiona llv a s t r iP of c u ti cle, indica ti ng th e re
mains of the para site which ha d u ndergone rapid uut.olvsis and 
het c rolvsis. The cuti cle here , as in th e la lcr s tages , is the m ore in 
diges tible port.ion o r the worm , Collatera l po r ta l vesse ls" in s uc h 
areas are at t im es th rom bosed and s t u ffed with cosinophils, The 
vas c ula r wul ls are in grea t part obscured and overru n hy eos inop h ile. 
In ot he r instances t he d estructiv e p a ra sitic les ions a re esscn t iullv 
proliferative a nd nuicle up of voung fib robla s ts with m onocvtic a nd 
g ia nt ce ll reaction about cuticu lar remn unts . Concom ita n t wi l.l: 
these les ions there a re n ot infrequent m id-zonal a nd cen t ra l h v uli nc 
necroses or areas wh ere th e hepa t ic cells have in grea t pa rt di snp
pc ured (a u t o ly zed) , lea v ing a va scula r m esh wi th eo sinop h il ic and 
round-celled infiltrati on. T he tn nr gins , p .u-ti cul nrlv those ad jacent 
to d es troy ed parasit es, revea l e it her atrophy 01 ' en t ire loss o r p ar
e llc hy nw with ce llu la r infiltrati on (c h iefly eos ino ph ilic) a nd reticul ar 
cond cnsnt ion . El se\\, hel'l' , t he re are subcaps ula r Ioci of m onocvtic , 
I'OUIH! ee lI and cos ino p h il ic in filt ru t. ion with 01' withou I. ea rlv fibrosis . 
There is some in filtrati on abou t cr-n trnl lob ula r and hepn ti c veins . 
There is s t ill a m in im al nm oun t of demonstrable pa rasi ti c pigment, 
largel,v co n fine d to m on ocv tcs wit hin port nl a reas o r in K upfl'er cl' lIs 
toward s th e p eriphery o r t he lobu les , or 11101'1' hea vil y in th e ('arly 
s ubca ps ula r or m a rg inal sca rs. B l'gen era t ion nn r] proliferu t.ion o r 
li ver cells are as ve l. s lig h t. 

On th e :l;,)\.h day there is evidence o r mu ssi " I.: pa rusi ti c d estruction. 
This is agai n charac te r ized ei t he r h," a throu ili o- cxudul.ivc , 01' 11101 '1' 

Ir cq ucn l.l v , a prol ikra l.ive ph use o r react iOI}' The la tiel' ilia ," e i t hcr 
ropn-scnt. a lat er s t age or a preceding exud a ti ve phase or a local 
plu-non u-n on in til e course o f t he vesse l wh ich th e pa rnsi l c occu pi es. 

* ' r ile ler ru ('o lla lera l porlal \"c:,:,td:-o is u~ l'd for con ve nie nce to deno t e wide ned vns culn r 
c han ne ls a hou t t he ("('n lra l po r lal ve in whic-h represen t t he a lla .slo lllll" " be t wee n po r la l ve in 
a nd lu-pu t ic a rler ia l plexus wi th in Ihe porl al ' p ,wc. 'I' h,,'!, a rc gencl"ally q uit e inco usp ic uou « in 
t he nnrmal ra l ', live r . 
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From obse rvat ions wit.h fresh liver exa mined under the dissecting 
m icroscop e it is ev iden t th at th e worm as a whole m av not be des
t roved simultaneo usly, but t ha t only a part of it muy be affected. 
It mn v be cons t ricte d within the vess el a t one point whereas the 
rest ma v st ill be free and well pr eserved. In ot her words, wh ile th ere 
may be a sha rp eos inophilic thromboti c reacti on abon t one sector 
or th e worm , othe r sec to rs undergo a slower dea th with hvul inization 
which mnv be followed alm ost simulta neo usly by a pr olifer ative 
resp onse of fibr oblast s and m onocvl. es . The thrombo-cxud utive re
action, on the othe r hand , do es no t only follow th e death of th e 
parasit e. Fi xation of th e parasi te in the portal vessel exc ites a gre ater 
perivascular cel lula r resp onse which may ex te nd bey ond th e limits 
of th e endothel ium producin g a n intra va scul ar t hro m bus. This 
co mpletely inunures the parasi te wit hin th e vessel. Furthermore 
t here is a grea tel' tendency for more than one worm to be destroy ed 
in th e sa me vasc ula r seg me n t. Thus, occasionally in the len gth of a 
long wid en ed peripheral portal vein there muy be di stally necrotic 
worms and proxim all v, viabl e appearing ones . These are separa ted 
eit he r by a regen erat ed endo t hel ia l shelf 01' b)' a fibrinous thrombus 
which tends to enclos e t he viable W01'1ns . On ce destroy ed , the seg
ment of necrotic W0 1'1n is co mplet ely overrun, chiefly by eos ino p hilic 
ce lls. Cut icula r and subcut icular portions only rem ain and abo ut 
th ese, large pal e vacu olated histiocytes and multinucleated gia n t 
cel ls ga the r, a nd peripherally mon ocvtes a nd fibr oblasts proliferate 
to a grea te r 0 \' lesse\' degree. Even in th e more exclus ive ly prolifera
tive lesions, ncorot.ic cos ino phils are ofte n gro uped cen tra lly and 
in the 1II0re exuda t ive lesions there are quite marked necr osis and 
di sintegration of the eos ino phils with accompanying phagocytosis 
of t he ir rem ain s by amb ient mon ocvtcs. At times t hese reactive 
changes a re confined t o grea t ly wid ened, thicken ed and cellula r 
portal spaces; at other times , part.iculurly in small divisions , wider 
01' narrower zon es of surround ing liver t issue sha re in th e reaction 
eit he r with a trophy, partly as a result of compress ion due t o the 
rapid ce llula r infil t rut ion of th e portal area, or b)' solid hvul inizution 
and necr osis. M on ocytcs and filn-oblasts or infilt ra ti on by eosi no 
phils and some round cells OCC Ill' in t hese areas between th e a t ro phic 
01' necr otic liver cells, 01' mor e solid ly where these have di sappeared. 
The reaction often ex te nds to the external ca ps ule . Bil e duets in the 
thick ened portal a reas lengthen . Theil' lining cells are large and pal e 
and an occa sional one is in mit osis. 

In place chiefly of a sing le cen t ral portal vein in a portul space 
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th ere may he now wid e co llu h-ruls . These ofte n SU IT OU I H I a ce n t ra l 
proliferative and orga n izing (or less Ireq ucn l.lv, an exuda t ive) para
s itic lesion . At times , pnrLiculnrl v with t he la tter type of lesio n , on e 
or mor e of these collutcrnls a re Ihrornh oscd and s tu ffed with cos ino
phils. The sep ta hctwccn th ese co llu tera ls arc th ick and cel l111 :11', 
chiefly eos ino philic, even as in I he res t of th e porta l space. 

E ven at this st agc th ere a re ulrcadv ev ide nces of orga n ized les ions 
with no truce of t he puru sit c . These appea l' as s ing le 01' multiple 
nodul es made lip of voun g fib roblast s wi th littl e co llagen, vacu olated 
ruon ocytcs co n ta in ing fat , an occasiona l gian t ce ll a nd ofte n heavy 
parusitic pigm ent deposil s . The types of paren ch ymatous necroses 
described under the 28t h day liver arc again found her e with addcd 
sm all hem orrhages, s inuso ids throm bosed both hy fibrin and eos ino
ph ils and ve rv act ive phagocvtosis hy Kuplfcr ce lls and histiocvtes. 
These necroses in -part are apparent ly dil l' to rapid occl us ion of th e 
ce nt ra l portal ve in bv t he rea ction t o the parasite as well as th e 
thrombosed co lla tcr nls. 

In addition , however, there are mark ed reparative and prolif era
tive processes a ttes te d to by the n um er ous mitoses. Thus, active 
regen er ation of liver cells abou t portal spaces that are in volved in th e 
destruction of parasites is cle a rly appare n t. Proliferative processes 
not on the basis of regen er ation ar e best seen su bc aps ula rlv wh ere 
the recen tly proli ferat ed large pale ce lls ele va te th e caps ule giving 
it it s rai sed lobula ted 0 1' cobbled character. At th e sa me time, 
portal and hepatic vein s reaching the caps ule t end to draw it in 
wardly h~' v ir t ue of ce llular infil tration and, in th e latter instance, 
by increa se in fibr illar connec tive tissu e. Furthermor c th ere arc 
irregular' fibr illar scars rad iati ng from portal a re as (gcnerully the 
s ites of pa rasitic destruc t ion) t oward s cc nt ru l or hepatic ve ins . The 
sca rs as well as the hepatic veins a re infil trated hv numbers of 
eos inu p hi ls, some round ce lls and pigmen t co n ta in ing mon ocv tes 
which at times a lso co n ta in globules of fat. These scars sha rp ly 
outl ine irregular lobules whi ch reveal a lte ra t ion in arrangem ent of 
cords and relation ship t o cen t rul veins. 

Marginal areas are co ns idc ruhl v a t ro phic, ther e bein g loss of liver 
tissue, re ticula r co nde nsat ion and cel lula r in filt ration co rre la ted with 
parasi tic lesion s of suhmarginal termi nal port al ve ins 0 1' th e very 
margin al seg me n ts of t hese. 1\ l assi vc dep osi ts of 'pa l'asitic pigmen I, 
occur in a nd abo ut destroyed wo rms, with lighter dep osits in th e 
fihrilln r sca rs , and hy pertrophiedKllpffe r cells her e and th ere ad 
joining th e involved porta l areas. T herc is nun-ked fatty infiltration 
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of th e cel ls in volved in th e prolifera tive parasitic reuction s both m 
the mon ocvtcs and young fibroblasts. 

On th e 4'2nd da y th er e are few cha nges in cha racter or type of 
lesions from th ose obse rve d on the : ~ ,1 th d uy . There are some re
cc n t l, d eposi t ed ova sur ro unde d b," gia n t ce lls 0 1' mon ocytcs. The 
sa me cells muv also he found within th e deformed egg shel l. Di s
iutegrut.ion of eosino p hils in portal a nd ot he r infiltrated area s a nd 
in zones of org a n iza tio n of dead parasites are a p pa re n t and lympho
cy tes with so me pla sma ce lls are more frequent. Active d estruction 
of worms is sti ll in progress althou gh l hcre are now m ore Frequent 
ev idences of olde r lesion s sha rply bordered a nd better ou t. lined, 
m ade up of sma ll nodules of Iihrohl astic and mon ocytoid ce lls , 
one or both bein g stuffed with glob ules of fa t a nd enclosing a fail' 
uh unduncc of parasitic pigment. The cosino p hils o rig ina lly within 
t h is zone of orga n iza tio n hnve di sintegrated a nd di sappeared and 
the fibrobl as ts have become reduced in number and size . These 
older lesion s are e ithe r ova l in cross section 0 1' cy lind r ica l in lan
ge ntia l sect ions . Ther e is in gc ue ru l g rea te r co ncc n trntion of pam
sit.ic pigment , h u t little evide n t sta ina ble iron in adj oining Kupffer 
cel ls and rudiuting sca rs . The latter are thick er nnd more filn-illnr. 
The lobules a re larger , with more co mpact, I'l'gen em lcd , a nd m ore 
norm nllv arranged, liver ce lls . Parasites wh ich a ppe a l' to he viable 
a re. qucezed within t h ick wall ed , probably hypertrophied , portal 
veins. More of t hese a rc seen both in portal vein s apparently pre
v iou slx involved as well a s in those where act ive org a niza tio n of 
deud worms is proceeding. Occa sionally a fibrinou s thrombus se pa 
rates th e dead from the livin g . 

I n t he 50t h an d ;3(jLh day peri od s there are ve rv wid e cc ta tic 
po t- ta l veins , pa rticul arly pcriphcrnlly , e i the r lar'gel y as a s ing le 
cent ral vessel in the portal space or' mul ti vuscular a nd angiomatoid . 
Of ten in th e la tter th ere a rc man y vi able parasi tes , or in th e form er , 
m ore recen t an d ea rlier orga n ized parasitic n odules. The ea rlier and 
more di ff use portul eos inoph ilic infiltration ha s in g rea t part di s
ap pea red a nd in many sect ions th ere is little or no infiltrution a nd 
the sect ions gen ernllv a rc p rac tically normal. TI It'I'e is, howe ver, 
fairl y diffuse fib rous pcrilobular and pseud olobular sca rr ing. T he 
in volved m argins reveal ra t her ex tensive sca r ring or reticular co n
clensa t ion with marked regen era t ive lobulation of liver ti ssu e in 
inst an ces, or t hey rem ain essen t ia lly reticular with few sca tte red 
liver ce lls and in fil tra t ing eosinoph ils a nd round cells. There arc 
frequent ova, pa rt icularly m argin all v and pei-iphcrullv neal' the 
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ca ps u le o r within thick porlal zon es bOl'd eri ng the ec lu ti c ve in s, In 
t he lu l.lr-r regi on th ey le nd to b e ilion' fr equent. and a re o ft r-n mu ssed. 

aud t hus add 10 the d d orlllit .\· o f th e vessels . T hcs« o va han' bel'li 
deposiled b.\· worms ly ing wil h in tlu - wid e por tnl ve ins . As the o vn 

a re re lea sed th cv are rapidly ex c luded front th e c irc u lu l.ion hy an 
«ud o t. hc lia I covc r iug muc h as a ny fo re ig n body , ind uci ng. however. 
at times eo s inop h ilic t hrombosis. The reacti on about. them is va ri
uhle, at times associat ed with co us id c ru b le fihrohlust.ic proliferation, 
at. o l her times merclv associat ed wi th so m e m onocv tes o r g ia nt cells . 

TI I('re are not. infrequen t recent h vuli ne necrotic worms. The 
rea ct ions about th e m a re s t.ric t lv int rn va sc uln r and l a rg ('I~' prol ifer

ative. 
Till' di st.rihu l.ion o f pigmen t is m ilc h as in the ea r lie r s t ag('s . i.e ., 

Iocal , loculized l.o rudi u l.ing sc a rs . large. previ ouslv involved port nl 

areus and adj oin in g Kupff'er cells . Th is is due to the d estructi on of ? 
the pn rn sites with conseq ue n t re lea se of pi gment in these a re as . The ~ 

more uniform di stribution of purus iti c pigment within Kupffer ce lls ' 
of th e liv er (as in hum an sc h istoso m ias is ) is lacking' lH'ea llSe of tlu
few worms in portal a nd m esenteric vessel s . 

On a nd after the Wlrd cluv regress iw ' cha ugcs as noted in g ros s 
ex uui ina tiou are now quite ev iden t . Subca psula r lohulur hyper
trophy and the previous infiltrat ion of hepn l.i c veins which acco uuted 
for th e pitting a nd eoh h ling of t he su rf ace h uvc in gn·a t ·pa r t. di s
appeared , remaining o n ly in m arginal a reas where it. acco un ts for 
the rippled effec l. Frequent. sec t. ions o f liv er a t this s tage a.re PI'aC

ti eall.\' normnl exce pt for port al area s here a nd th ere which are quit e 
heavily pi gnlen ted and infi ltrated h~' round ee lls with few cos ino
pliils . El se wh e re I here a rc occas iona l s m a ll fih rohlu stic pigment ed 
nodul es or hvul ini zor] nodul es o f previous p nrusi ti c d es truction with 
lit.tle co lla te rn] venous cc lasis a nd with or with out su r ro un d ing 
psc u.lolohul n ti on or fib ros is . Tl ll's (' pm-lal a reu s a rc ge ne ra lly verv 
lightly, if at. all , infiltrat ed h.\' round ce lls wi th ver v fe w cosino p h ils 
hut arc s ti ll quilr- thick, hvu lin izc d a nd so m e whu t ed e m u t.ous . In 
eon t rud ist in ct ion loa reus wh ere vi a hh- or rcccn l Iy d est.rovcd worms 
alT s l ill present. the re is ligh t. p ig nl(' n tat io n o f c it her tlu- port al 
an'a 01' l.h« h vnl ini zcd , ir regu lar. p oo rl v -ccllul nr s u rrou nd ing sea rs . 
TIJ(' piguic -n! is o f tw o tv pos ; parasitic and o f th e free ir on Lvpr
which takes the Prussia lil ur- n -nction. Often . th erefore, within tlu
sa n l(' m onocvt c , p urusil.ic a nd iron fr ee p igm ent a rt' dr-m oustrubk-. 
'111('1'( ' is little pi g m en t; in th e K llp H'c r ce lls in t hese a reus . This d ilu 
I ion of pa rasi t ic pig nll'l ll iIII p iii's ei t.lu-r iI s progn'ssi V(' Ir a nsporl a li on 
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to o ther distant area s o r org-:IIIS , or (in part) it s progressive local 
metaboli c eon version qucst.ionubl v into an iron fre e hem osiderin-like 
s ubs ta nce . For hol.h here and in th e hea vier pigmented regi on s 
where viabl e and recently destroyed parasites exis t, th er e is marked 
incr ea se in iron conta in ing pigment in th ese later st ages, proha hl v 
not en t irel." accounted for by org nnization of thrombus 0 1' break
down of red ce lls . As for I hcse lu t.tcr area s (ge ne ra II," more marginal ) 
th er e is progressive decrease in th e fr equcncv with whi ch one en
coun ters wid e port.al vein s with number s of v ia hie parasites. Hvn
linizcd necr otic worms arc quite fr equen t. ~[on ocytic and g ia n t ce lls 
a re closel y applied to these a nd about them there a rc co nc en t r ic 
rin gs of fib rob las ts with a thin or th icker reticulum a bo ut each. The 
sha rp exuda t ive phases o f' purusitic des truct ion of the cur lier s tages 
are en t irely lacking . Abo ut th e orga nizing a rea within t he thick 
portal space, th ere nIa." be more or less ma rk ed ce llula r infiltration , 
but c hiefly lymphocytic. There li la." or muv not be wid e colla t era l 
vessels, Abou t th ese th ere arc ofte n go od ly sc a r r ing and reticular 
co nd ens a t ion ex te nd ing to the ca ps ule o r t o the ve ry margin. This 
is ge ne rn ll y associated with qu it e marked regenerati ve mult.il oh ula
tion of the liver. 'Whereas in the old orgnn izcd and regressed zon es 
of parasitic d estruction , the surround ing SC:ll'S b ecome th inner a nd 
1II0re delicate with on l." a rure eosino p hil 0 1' round cel l, in the a reas 
of active d estruction t hese arc ofte n still quite ce llu la r and infil tra ted 
both hy round ce lls a nd eosino ph ils . 

There arc ge nera lly many ova eit he r single or m assed , ei the r sub
ca ps ula r and associated with a fa il'ly wid e irregula r zo ne of m ore 
hyal in e fibrosis , or marginal , or, more ofte n, wi thin the thicken ed 
portal a reas with eit he r wid e patent or o rga n ized vein s. The rea c
tions abou t these eggs a rc much as desc ribed a bo ve and of variuble 
c haracte r. F ew of th em a ppe a r t o co nt a in v ia b le miracidia. The 
she lls are ofte n di storted and mon ocvtes, g ia n t cel ls, and occas iona lly 
some eosino p hils :II'e often within th e egg she ll wher e the inner 
ce llu la r mass ha s been d estroy ed and phagocytosed. Abo ut the egg 
s he lls th er e may be little more than so nic flatten ed mou oc v te s or 
multinucleated g- ia nt ce lls with su rround ing round ce lls or, for so me 
rea son not e n Lircly clea r , quite marked fibrobl astic rea ction . In 
so me instances, in addition , ther e is sha rp, a lmost necrotizi ng, 
eos ino p h ilic respon se t o the p resen ce of the egg-s , which largel," 
in volves the inne r cellu la r mass. In a few instances a fra gment of th e 
she ll co u ld be iclcn ti lied in a sm ull p oorl y ce llula rand hyal inized 
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nod ulc represent ing the Ia Ie s tages of th e react ion occas ioned by 
th e o vum. 

Vi tamin ..I (";Iide II I Diet: The livers of th e vitamin A d eficien t 
group that were stud ied microsco pica lly we re taken from rats all or 
whi ch had been s upplc mc u ted once wit h a drop of co d liver oil. In 
those that were kil led o r d ied be tw een t he IHth and :;2 nd da.v uf'tcr 
infection , th e sup plemen t had been given ;j t o!) day s a fter infection. 
From th e :;;')t h to th e u5th d ay , wh en th e last ani ma l in this g ro up 
wa s kill ed , all had been su pple me n te d on the :12 nd day after infec
ti on . 

There is pract.icnll v no reaction to the presence o f the parasites 
up to th e :l2nd du v . So m e portal thic keni ng and edem a is noted hut 
there is no ce llu la r infiltra ti on except fo r son ic bil e pigment ed mon o
cytes. In th ose ra ts that presented th icken ed, co m mon hil l' ducts 
with ye llo w so ft calcu lous particles within th e widene d lumen, there 
is a lso ap p a re n t b ile d uct proliferation extend ing irregularly into 
the adjoining lobules, But in nUlII ," instances whether the co m mo n 
bil c duct wa s o r was n ot d ilat ed , sm a lle r b iliu rv rudiclcs often co n
tained e ithe r a hyaline ac idop hilic material , 0 1' g ran ula r and crvst a l
lin e dcposi ts with occ as ionally frank b acterial co lon ics which migh t 
provoke, how ever, no infla m ma tory response . In the thicken ed 
co m mo n bi le duct , on the othe r hand, there are often b ac terial 
co lon ies with parietal n ecrosis , ulce ra t ion a nd ac u te and chro nic 
infl amma t ion . 

In those animal s that were kill ed , the parasi tes had largely m i
gra ted towards the fix ing flu id. In those that di ed and were autop
sied soon afterwards , t here a rc numerou s , so mewhat immature
appea ring parasit es in t he la rge and med ium sized portal veins , 
There are none that a re ddin itcl ," dead 01' di sintegrating . 

The Iive l' ce lls prescn t often q ui te m nrk ed gra des of a trophy with 
very fe w mitoses. The s in usoids a rc wid e. The Kupfl'cr cel ls are not 
pur t.i culurlj hypertrophied or active . There is very littl e apparent 
parasi tic pigmentation. 

On the :l;j t h clnv the la rger porta l ve ins a re packe d with parasites. 
Endothel ial hypcrt rophv a nd a t t imes mod ernIc, in t imal thickeni ng 
nnr] ce llu la r infilt.ru ti on o f t hese vein s a rc not ed. In ge nera l, how ever, 
l.here is s ligh t portal in fil t ra ti on b,v ro und cel ls or cos ino phils al
though in ins tances th is is q u ite ma rk ed . There is li tt le evident 
d es truc t ion o f pura sit cs. There nrc e ithe r a ru re co llate ra l portal 
ven ou s l.hromhus mad e up largely of cos ino p hils 01 ; a ra re murul 
01' m o rc mn ssivc t hrom b us in I he wid en ed ccnl.rul por ta l vessel which 
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encl osed in o ne ins ta nce viuhl c- uppcnriug pn rus il.cs. There urc-, too, 
ran' sm ull periportul or mid -zon ul I)('C!'OS('S, The Kupfh-r ce lls arc 
somcwha t hvpcrt rophicd and co n tuin purn sit.ic pi grn cu l.. 

On l.lu- V2nd day l.lu- port al s puces a rc exccp t. io nullv t hick and 
promjnr-ul , This is in large par t. due to qu ite n uu -ked ro und-cc lk-d 
infil t.rution with but few eosinop h ils . In ins tances there is associa ted 
fihroblustic prolifera ti on with out demon stra bl e o va o r dead worms. 
Thcr« is a p pnrcnt.lv q u ite ruurked proliferation of bi le duds and an 
occa si onal one co n ta ins bact eri al co lo n ies . T here are frequ ent re 
cen t.lv d eposi ll'd eggs, pa rt ic ulur lv in sma ller porta I vessels . These 
are su r ro unded h,v round ce lls, some eos inoph ils a nd, in insta nces, hv 
fihroblus ts . The inner p ortions of so me of th e eggs a rc in vad ed by 
ma nv eo s inop h ils . The peripheral por tu l veins arc Ircquentlv mildlv 
dil u tccl and occupied b'\' one O!' 1II0l'l' via ble a ppea ri ng worms . III a 
fcw inst ance s t hese purusit vs p resent. ho we ver, ca r lv bu t frank 
g ro wt h of hn ct eria with in t heir intestina l ceca , T here is only a rare 
lesion (p res umuh l',: of a d ead and org a n ized WOI'lIl) cha ruc tc ri zcd by 
co ncen tric fibrobl as ts and so m e multinucleated g ian t ce lls , l\10derat e 
end o thel ia l h vpcrl rophv of t he paras iti zed vei ns persists , As fo r the 
liver elsewhe re , in sp it e of utrophv, t he re a re uumcrou s mitoses . 
Occa sion al mitoses are noted in the cp i th eliun: of bile dud s and of 
Kupff'er ce lls , The latter are m urk ed lv hypert rophied , increa sed in 
number a nd present ucl ive p hugocvtos is of parasitic piglll en t. cel lula r 
debris a nd erv th rocvt es. There a re Irequ cn t in t rusiu uso idu l aggrc
ga lr-s of e ith er mon ocvf es wi t h SOIll(' ro und ec lls 0 1' of hcteroph ilo 
polym orp hon uc lcn1'5 , There a rc a lso rurv pnren e hvmu to us neeroses, 

On th e ·Wth d a,\' th e o u tslund ing featlln's a re Ih e large Iihrohl nst.i« 
nodul es which occa si ona lly project hey ond the k v (" o f the c-xl crnul 
ca ps ule . In the ce n te rs of th ese the re arc necro tic pol vm orphonu
clcu rs with. in insl a nc cs , some rccog n izn b lc rem a ins of parasites . 
Th is react ion tow nrcls dead pa ru si tes is th erefore ella ra d erized by 
excessive fibrobl astic prol iferation with out. the rapid regression 
noted in th ose on t he n ot -m al di d , as well as b,\' t he lack o f eos iuo
phil ic response a nrl of dil a Ia ti on of' t h(· eo lia lera I pl exus of veins in 
l he port ul spuccs . These nod ulcs p rod uce a d egree o f su rrou nd ing 
parcn chvmu lou s atrophy . In ra re inst a uccs . in nssoci ut.ion with a 
d ead paras it e, th e reac t ion is csscn tinll v thromhnl ic a nd 11101'( ' 

[runklv of heteroph ile pol vm orphon uch-a r ty pe, There are on lv rare 
lesi on s indicul.ivc o f o ld and pa s t dcst ru ct ion of pa ras ites or ova 
su ch as a s ma ll fibrou s pigill enit'd nodul e or a hyaline one with Llu
rc m uins o f a worm ccn lrullv pl; I('ed , In gelH'I'al t lu-r« a 1'(' Ir- wc-r 
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c ha ng l's than on l.he 42nd day , wit h pru c t icullv no parcnch vm n lou s 
mitoses, lit Up hvpr-rpl usiu o f KlIpfl' l'r ce lls. less in fil t rn tion of port nl 
s p aces and li tt.lc hype rplns in of th e hi lc duct s, 

011 th e 5(Hh day t here n rc s im ila r p ro lilc rn l.ive fihrohl ast.ic nodules 

as 0 11 the ·w l h da ,\', h il t in this instance su ch rcucti on not 0 111,\' occurs 
about destroy ed paras ite s h ut a bo ut ova as we ll, 01 ' aboul: both. 
These represent olde r reacti on s t o th e ovu , The m ore recen t ly d e
p osi ted ones a re deal t with h,\' m onocvtes 01' g ian t ce lls with ro und
celled rcuct.ion 01 ' at t im es hy het e rophil e polvmor p hon uc leurs whi ch 
al so invade th e in terio r of the l'ggs . In o the r respec ts it resembles 
th e liv er o f th e 40th du v wi th. h0\\'(' , '(' r , fre q ue n t mitoses of liver 
ce lls , B oth on t he 4!Jth a nd 50t h day s no Iruuk g ro wt h of hu ctcriu 
is id en tifi ed ill the ceca of v iab le parasites. 

011 t he (iijlh du v there a re profound h istologica l cha nges . The 
m os t ou t s tu nd ing Ieu tu re is the ama zing growth o f rclut. ivelv sho r t , 
pres uinubly G ra lll posit ive hucilli in t he ceca of th e purus it es . Few 
pn rn s it es are spa re d . There a re so me w hich con lain few , whi le in 
o t hers the hac te riul g rowt h ha s produced g reat en la rgemen t of th e 
ceca, leaving on lv a shel l of u l.rophic cxt ruce cul t issue. The bacteria) 
grow th is s t r ict ly intru cecal and results in it s di sten sion and enl a rge
mont hil t with ou t fr ank ex t rucccnl in vas ion . I n ud va nced s tages the 
parasit e di s in tegrat es a nd r up t u res , libera ti ng the mass of bncl .criu 
which a rc rapidly engu lfed by t he ens ui ng hel cro p h ile pol vmor
phonuclcur in filtr a ti o n . This lea ds to frank smal l p vlephlebitic ah
scesscs . 

The por tu I s paces are thick, t hough gencra II," wiIh in od eru te 0 1' 

light , round-cel led infilt ra ti on , inc ludi ng m nnv p lns ma ce lls. Ircqu cn t 
het er ophile pol vm orphouu cl curs a nd large , hcn v ilv pigmented 111 011 0 

cv tcs , H a l'(~ly th ('!'l' is a hvul in izcc] t hickened p or tal space . There is 
murkec] a ppur en t b ile d uct prolifcra ti on. Some o f Ih e bil e ducts 
co n la in buct crinl m usses , hyu lin« d ebris a nd in a few in sl un ces 

heterophil e polvmorph onucl eurs. I n a ddit ion t o t he pyl cphlchitic 
a bscesses th en' are q u ite f rcquen ! thrombosed smn lle r portal ve ins 
co n tai ni ng fibr in, wit h or witho ut p ol v urorp ho n uc lears , 0 .cus iona llv 
in association with a recen t1,\' deposit ed ('gg . :\ si llgle tlu-oiuhoscd 
Il('pa l ic ve-in wit h mussed hcl c ro ph il« polvm orph on uclcnrs is seen , 
Th('I'(' a n' lila lIy recen t I., ' clcposik d ('ggs l i u L Ihere a rc a Iso older 
lesions o f nod ular Iih rohl ns t ic tv pc : IS in th e 4!ll h a nd ;j (il h du vs, 
sho wing in all : 1 lillie 11101 ' ( ' n 'gression wit h lhieker rel.iculum a nd 
fewer Iihrohlas! s, hilt th (,s(' a re m ore uln uu ln n l. a nd plumper Llum a t, 
uuv Shlg(' in l.lu- anim al s Oil a no rma l d ie!. There is mark ed a t rophv 
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of the liver with frequent necr oti c cel ls, but no mit oses. T he sinu
soids are exceed i ng l ~' cellula r. Aggregates of hypertrophied and 
prolifera ted Kupfler ce lls (with rare m itoses) nrc quite frequent. 
These are gene m ll ~' quite heavily pigm ented and reveal active 
ph agocytosis of red ce lls. Intrusinusoid al clu st ers of het erophile 
polymorph onuclcars are also frequen t and at times ther e a re fibrin ous 
thrombi. There a re p igmente d monocv l. es in th e wall s of th e hep atic 
ve ins , The pigm ent here as in Kupfl'cr cells and portal spaces is 
pru ct icallv enti re ly of parasitic type. There is little dem onstrable 
iron. This is al so true of th e ear lier stages in th e Vitami n A defic ient 
se ries, There is also littl e dem onstrable fat either in liver cells or 
proliferative nodules but more in occasional small clu sters of large 
pal e portal monocy tes. 

Of th e o the r organs, I he lungs a re of particul ar interest. F ew 
viable appearing worms nre found in th e lun gs of the anima ls on th e ' 
norm al d iet; mun y more, however , in th ose Oil th e deficient diet . 
These lie eit he r freely within th e larger parahil nr bran ch es of th e 
pulmonary a rtery 0 1' a re cro wde d and st re tc hed with in widened and 
thinned peripheral ones . In the deficient animal s where more para
s ites are see n ther e is little reaction primnrilv t o their presen ce 
except for so me endo thelia l hyper trophy and in th e sma ller vessels 
1'01 Ill' perivascular lymphocytic infil trntion . There are many lesions 
ab ou t dead and destroyed parasites , These are largely peripheral 
pu rl.iculurl v subpleura l and could be identified gross ly by their 
rai sed gray character with cent ra l whit .cish areas. The lesions all in 
all resemble those in the livers of th e sa me animals and to a degree 
th e same processes lead ing to th e destruction of th e parasit es can be 
traced. N ot infrequent viable-a ppea ring worms presen t ceca l bac
terial overg rowth , Th is, however, never reach es the proport ions 
s een in the liver. The parasites appeal' t o die mu ch soone r. Their 
death and destruction leads at first to intra-arteri al abscesses, fol
lowed subsequently by exaggera ted surround ing pr oliferative fibro
bla stic and histi ocy tic reaction with conside rub le lvmphocytic infil 
tration , In other instan ces, with th e destruction of one 0 1' more 
worms in one sector othe rs arc kill ed off as a result of the conco mita nt 
reaction or thrombosis. Occasionully the necr otic remains of t he 
parasi te have ulcerated into th e lumen of a bronchiol e. 

There are at best hut few ova in the lung and th ese produ ce but 
little reaction , which cons ists ma inly of some mouocytcs and giant 
cells, except in the deficient ani mals where exaggerated mono cytic 
a nd ro und-celled reacti on is not ed ab ou t th e ova . 
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In th e vi tamin A deficient a ni m al s paru sitic pi gment in th e s p leen 
ca n h e id cn t ilicd ea r lie r a nd is genera llv m ore ubund un t , du e to th e 
greutc r nu mhe r of live wo rm s in th e live r , In th e late s tages o f in
Icc ti on in th e a n im a ls on th e normal di et the pigmentation , howc ver , 
is q u ite ma rked. In g ross, this pigm en ta ti on co uld best he id entified 
within t he ly m phoid nod ules whe rc th e no rmal wh itc 1'011 icles as
sumed a s lute-g ra~· and even da rker co lo r. It was O U I' ex pc rien ce 
that th e pigmen t is cliiefiv co ncen t ru tcd within th e rcticulur cel ls 
of the folli cl es (pur t ic u la r lv th ei r ce nl.ru l por ti ons) with hu t littl e 
in th e hea v ily hemosid er in-lad en m onoev tes of the pulp. 

The mesent e r ic veins at no t ime p resent ev idences of any reuc t ion 
even wh en modera tc ly hen v ilv pa ras iti zcd. 

The re is q u ite co ns t ant cn la rge ment of the lymph nod es at the 
head end of the pa ne reas, adj oining the di stal end of the co m mon 
hil l' duc t. These hi s tol ogicullv p rcsent lvmphoid hyperpl usiu , wide 
s inuses wi th many monocvtes co nta in ing hemosiderin but no defi
ni tc ly iden t.i fiuble par asi ti e p igmen t. 

Sec t ions of fem oral b one m arrow of a ll the se r ies included in the 
ex per imen t , a nd smea rs of th e marro w st a ined bv "rright's of a ll 
the animal s em ployed for hi stological s t ud ies of the liver, were 
rev iewe d . No diffe ren t ia l co un ts were m ade. It is quite apparent 
that in the a ni m als on th e n ormal d iet the nun-row is a lways r ichly 
cellul a r with ma ximum numb ers of ma tu r ing and m ature eos ino ph ils 
fr om about the 5 th t o the 7th week aft e r infect ion. The numbers of 
eos ino ph ils then appear t o decline t o a m orc n orm al level. In the 
vitamin A d eficient ani ma ls there is hvpopl asia o f the m urruw with 
quite marked fatty repl acement. There is no pur ti culur eos inoph ilia 
at any time. 

DI SC lJ SSI O X 

If on e attempts to recon s truct the seq uence o f events lead ing to 
the m arked reduction in n umber of live worms in t he rats on th e 
normal di et it is perhaps hes t t o reca ll two things . Fi rst, the live r 
is an uu favorabl c m edi um 1'0r the pnras ite s , purt .lv as a res ult o f 
phy s ical Inctors . T he portal vein , excep t 1'0r it s juxt ahil a r div isi on s , 
is essen ti a lly a sy stem o f II:lITO\\' rmuif'ving b ranch cs wh ic h co me 
o fl' m ore 0 r less a t r igh t a ng les t o th e pa rcnt s tem. In suc h sys tem 
th e parusi tcs have not. th e f rcc dom o f m ovement 0 r space as in the 
ma in port a l or mesen tc r ic ve ins. This likewise appl ies to th e di stal 
h runches of the pulmonarv a r ter~· in th e lung . Second , there a re 
the ohscrval ion s that were mad e du r ing th e exa m ina t.ion o f the fr esh 
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liv ers . In the earlier s tages of infection , worms freely esc a pe d with 
tll c"l>lood or actively worked th eir wuv o u t towards th e immersing 

'flu id from larger portul venous rndicles wh en th e liver wa s sect ione d 
into sm a ll pi eces. " 'hen l.lu-se fragm t'ut s of liver were crushed under 
a hea vv g lass s lide more live worms were lib eru led. These in pnrt 
represented parasi tes al n -ady tigh I.I~' wedged in peri plu-ral sm a lle r 
portal veins hut which could s t ill he relea sed hy di srupting th e 
su r ro un d ing tissu e. In ad d it ion, th ere were other parasites st ill 
viable that were fixed in the vein e ither as a wh ole 0 1' in part , as 
revealed hy exa m ina t ion with t he di ssecting mi croscope. As a ge n
erul rul e, therefor e, it wa s found that as more time uf't er infection 
e la psed, there were few er fret' liv e worms that escaped spon ta neous ly 
from larger sec t ioned porlnl vein s and m or e were immobilized partly 
or co mp letely in IIaIToWt'r puriphcrul veins co nc om ita n t with I he 
in crea sing number of definitely dead and destroy ed OJ H'S . 

This wa s subs tu n l. iuted hist ologicall y. In the verv t'a r ly s tu gt-s 
wh en t.he parusites were sma ll a nd immature th ey were more uni
Iorrulv di stributed throu ghout the portal rudicles of the liver, pro
voking a mild eos inoph ilic reaction . In later stage s, on and after 
th e :l5 t h day after infection , th e ob v ious ly live and normal worms 
were pa ck ed within l hc port al ve in at th e h ilu s and it s larger rudicles . 
In I.Il('se wide cha nne ls there wa s littl e perivenou s rea ction and it wa s 
vel'." un usual for nod ules of destroyed Worm s t ;-) be irk-u t iIicd. The 
destructive process, how ever. wa s cen te re d in th e p eripheral vessels, 
those in marginal , s ub m a rg ina l and subc a ps ula r s it es. So me of t.hcse 
ve ins widen ed to accommodate t h e worms which ha ve b een forced 
ce n t r ifuga lly for unknown rea son s away 1'1'0111 th eir nuturul routes 
of migrn l.ion to th e m cscn tcric veins . The rea ction about suc h veins 
might be s light . In others , on th e other h and , whether mod erately 
widened or not , there wa s int en se eosinoph ilic and edema tous parie
tal a nd sub end o thel ia l infiltration which served to IIaITOW the lumen 
and to inhibit LI)e m ove tuc n ls o f th e parasite. It was not infrequent 
t hat under s uc h c irc ums ta nc es a sm all thrombus of eos ino ph ilic 
ce lls was not ed 1.0 one s ide of t he vessel pa rt icula rly where the ma ill 
ve in of th e port a l space comm un ica t ed with one 0 1' the vessels 0 1' I lu
su r round ing widen ed colla lcral plexus, 0 1' a t it s bifurcation. This 
Iurthcr helped to im m obilize a part. of th e worm ill the vein . It wa s 
al so felt that. th e apparently hvpcrt.rophicd muscul ul.urc of I he 
pcriphcrul portal vein eve n as thnt of the sma ll pul monary arteries 
might by contract ion eit her hinder I he movements o f the parasite 
or force it more di stally. The conv ict ion , therefore , grew that as 
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IOllg as t he pu rusi t« wa s net in ' wi! h ill a lurgc ve in it was 11 0 1, lik (,ly 
to \)(' dl's lroyed : hu l 0 11<':(' it wund ercd in to lIalT OW pl'riph('ral vessels 
where it could mo ve less Ircel v . it wa s likel.v 10 be pa rtl y o r COII I
plt-kly in uu ohilizcd ill Ih c vesse l as a res ul t c h iefly or the s ha rp 
peri vascu lur uru l sulu-ud ot lrcl iul re-ac t ion (oft.en wit h IlI\II'a l t hrombi) 
ind uc('d by iIs cl ose a lid 1I 1OI'l' proloug('d COli t ad with t he vusc ula I' 
wa ll. H en cef or th t he inu uoh ilizcd pur asi te acted as a co m plex OJ' 

ga ll ic fo reign hod v towa rd s wh ic h the hos t reac ted ill all aug lllc llkd 
nu uiner bo th preceding a nd fo llowing it s d ea th, There were CII
lumccd pcr ivuscul ur ce llu la r infiltrut ion und int ruvuscul nr react.ion 
a nd t hrombosi s s u ffic ien t at times t o sq ueez e and d istort t he parasit e . 
In vasion a nd cligr-sl.ion o f t he body of t he pa ra site hy the ce lls of th e 
host (r-os inop h ils ch ie flv ) co uld occ ur even before it s d ca th . H ence 
the «(Pa t h o r t he pa rusi te co uld he due to t he cu tti ng otr or hl ood 
flow as a resul t of t.hrom hosis . Io rc ib le com p ress ion , a nd direct in
vas ion and d igestion of t he p aras ite b," t he ce lls of t he host. Sec tors 
of t he sa me WO I'Ill, 1I0t inu u ohili zed hu t project ing free in to a nothe r 
par t. of th e vessel , up pa ren tlx und erwent s uhscq uc n t hvnlin c chung r-s 
a nd were di sposed o r b,\' a s lo we r p rolifcru ti vc proce ss of orgn u iza t io n . 

III t he lu te st:tges o r ill feet.ion a I'tel' cons id er»hi e pa rusi ti c d estruc
ti on has occ u rred th e n umber o r WOI'IIlS fr ee ill the lu rge portal 
\,('1I0 US rud icl cs is co ns id e ru b lv reduced . As a result , e it he r g re:ttly 
widened 0 1' a t t.imes Taricosed an d ofte n ca nu l izcd m uin veins or 
peripheral p ort a l s pace s (where wor ms had p reviou sl v b een d e
s t.ro vc d ) or those of the su rrou nd ing colln t c ral p lexus ucco uunodu tcd 
1Il 00'l' live WOl'IIIS: t hese we re of ten o r ud eq un l.e width to permit t he 
WOI'IllS to III on' a bou t I'rcl'l,'" Cons t un t depos it ion of ('ggs ill these 
vessels wit h t he ir subsequen t pa r iet al orgu n izu t ion p ro d uced she lves 
and Io ng uc- like p ro jec ti on s in lo t he vu scu la I' IUIllCII. Ad d it ion a ] 

WOI'IllS cou ld t hcrcf'orc be d estroyed by one of se ve ra l mechu n is ms : 
( I ) t ho wed gillg or t he pu ru site wil hin suc h p oint s of IWI'I'O\\'ill g ill t he 
v essel . ('2 ) the fixu t.i on of I he purusi te seco u d a rv to a thrombus se t 
up by ova o r th e WOI'I Il it self', 01' ( : ; ) t he enc los u re of the WO I'IIl within 
a th rornhus adjoin ing a m ore rcccut lv d cst ro vc d pa rn si! r-. Th is lasl 
nu-ch.mixm wa s al so I' I'< 'q u(' III I," operu t iv t- ill cu r lie r s tagl's . 

II S('('IIIS I ln-reIorr- t ha t 11 \l' ch ief uu-chunism or dcsl.ru ctiou o r l.lu
sc hist oso nu -s ill I lu: rn l Oil I lu: 1I01'1I 1a l di l' t is dll (' prin unil v to th e 
IlIigl'a ti oll o r t JI(' purusit c-s in lo lW I' I'm\ ' b lood ve sse ls suc h as t he 
pl'l'iplu' ral brunch es of th e po r la l ve-in o r t.l u- s m n]] arlt 'ri( 's or Llu 
lu ng . I I' llu -s« an ' ca pa ble of wid l' lIillg 10 a d egrl'e whic h will permit 
tl\l' pu rusi tes to 1I 10" l' 1'l'('l' ly wit l i in l.lu-m , with out. c los (' parid a l 
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con ta ct , then it is unlikely t.lra l. th e worms will be destroyed except 
for reasons lik ~ that of ovipos ition described ab ove. Us ually, how
ever, these vessels are incapable of enlarg ing to llJ1y exte nt, pnrticu
lad." in ea rlier s tages of infection a nd th e d ose and co n tinued con tac t 
of th eir pariet es with th e purasites induces sha rp rea ctive cha nges 
which se rve to iuunobilizc, fix and subse que n tly t o destroy the 
worms. There was no evide nce t hnt al l." pr ecipi tin imm nn e effect 
eit her ab out cuticle, ora l parts or in the ceca occ urred in th e way 
described by Sa rles and Taliaferro! and Surles" in th e ease of Nip
post1'0 /I fl!Jlu s III II I' is . 

In the rats on t he vita min A free or deficient diet where there 
was pructically no destruction of the parasites in th e first :35 or 42 
davs a fte r infection there were by cont ras t, (1) almost complete 
lack of an." cellula r react ion ab ou t pa rasitiz ed por tal vein s ; (2) 
greater ab ility of the peripheral portal veins t o dilate, partly as a 
result of ca use ( 1) , and partly as a result 01' parench ymatous at rophy 
due to the vitamin A deficien t st ate; and c» grea ter vu riu t.ion s in the 
size of th e parasites, man? remaining quite small and inu unturc. 
Hence th ere was less cont in ued close contact between p urusitcs and 
th e walls of the blood vessels and str ik inglv less reaction on the 
part of the host. 

From th e 42nd day 'onwards whatever des truction 01' parasi tes 
did occ ur was due to a twofold mech ani sm. On e of these conce rned 
the changes in t he por t al spaces. Co nsta nt parasitization as well as 
some added reactive ab ility on th e part of the host as a result of the 
cod liver oil supplement were not without it s effect on t he por t:" 
ve ins . These thick en ed and were infilt ra ted ch ief!? by lymphocy tes. 
Although in the co nt rol vit amin A deficient ruts there was a cer ta in 
amo unt of biliarv ci rr hos is, i.c. , ap pa rent bile duct proliferation and 
lvmphocyt ic infiltr a tio n chicflv seco nda ry t o the ulcern tive cho le
dochitis, it gene ra lly did not reach th e proportions seen in th e 
inf ected animal s. In add ition, hea vy dep osits of ov a, with th e 
cxaggcr a. ted fibr oblastic reacti on ab ou t th em , served to uarrow th e 
va scular lumen . As a result , t he refo re, eit her' of marked narrowin g 
of th e vessel at one or' more points 0 1' thrombosi s set up by ov ipos i
tion 01' irrita tion induced by th e p ara site, certa in numbers of worms 
were thus des tr oyed . The seco nd mech ani sm was one in which the 
wor ms wer e killed as a resu lt of bacterial inva sion and growt h in 
their ceca. This at times ass umed murkcd prop ortions in whi ch the 
cec a were dist ended forming hu ge cvs ts filled with ba cteriu . These 
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subscqueutl y rupt ur ed, lib erating th e mass of buctcria, inducing 
pyl cphlchit.ic 0 1' intra-arteri al pulmonurv abscesses . This bacteria l 
invasion of th e cec a of the p arasites ca n be accounted 1'01' b.,' th e 
greater ba cteri al permeabi li ty of the in tes t ine as sho wn by Verdcr ' 
and Lassen " and by th e increased bacterial co n te nt of th e in testine 
hv CraJIH'I':' and . eid mon and Arn old " in vitamin A deficient an ima ls , 

Inasmuch as this invasion ap paren tl y on lx occ urred after th e 6th 
week of infection it may be th at it was d ep endent upon se ve ral 
factors: (1) the degree of ma t urn t ion of t he parasite; (2) th e degree 
of b uc teremiu in the host: (3) th e type of mi cr o-organism: (4) the 
effect of .t lie vitamin A dcficicn cj on th e parasite itself or the ou t
come of it s own depleti on of th e vitamin A factor ; (..5) disturbances 
in th e con t rac t ile nhi litv of th e ceca of the parasites, perhaps de
pending on ca use (4) , lead ing to a paresis 0 1' p a ral ysis , and creat ing 
thcrebv a st agna nt medium ; (0) so me change in the p lI reaction of 
the ceca whi ch wou ld permit the gro wt h of bacteri a, 

As far as one can tell a t present the bac te ria in th e cec a of the 
parasites ap pe a l' t o be Gra m positive bacilli. Thev m uy, therefor e, 
be La ctobacillus acidop hilus , the co mmon org an ism of the bacteri al 
flora of the intestines of rat s. Theil' ac id resist ing propert ies might 
be parti cularly suited 1'0 1' th eir gro wt h in th e parasiti c ceca if th ese 
should prov e t o be acid, Ce rt a in ly the rapid co nvers ion of red b lood 
cells into a dark brown pigment within th e cec a would attest t o 
their con sid erable degree of acidity 0 1' a lk nlin it v 

This stud ." has se r ved to shed some light on the d ifferen ces of 
reacti on t owards a helminthological infection b." a host on a vitamin 
A deficien t di et as com pared with one on a normal di et. In addition 
to t he lack of eos inophilic a nd cell ula r respon se t o th e parasitization 
of portal veins in th e ea rlier s tages of the infection in vita min A 
defi cient animals there wer e al so quit e marked di fferen ces in later 
st ages in the wa,Y destroyed pa rasites and ova were handled . In th e 
anima ls on th e no rma l di et , part icul arlv abo ut the 5th and (ith 
weeks when d estruction of the parasit es wa s maximum, rea ction 
and repair were sharp and rapid . There wa s either an intravascular 
eosinophil ic t.hromh us with active di sin tegrati on of th e parasi te by 
t he invadi ng eosiuophils 01' th e reaction wa s t o a g rea te r ex te n t pro
li fcrn t ive. In the lu l. ter instan ce. m on ocvtes or ep it hel ioid cel ls with 
t he Iormu t.ion of g iant ce lls p layed the more importun t ro lc in digest
ing c u ticle a nd necrot ic hyal ine sec to rs of th e worms . \ ssociated 
with t hesc 'sha rp chu ng es th e re wen : qu ite rna rk ed surround ing 0 1' 

more di s tant loh ulur necr oses with 0 1' without hcm orrhugc and with 
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eosinophilic and round-celled infil tration . At the same time, or a 
little later, the sites of destroyed pnrusites were con verted into 
small fibrous nodul es or cy linde rs with some remaining large m orro

cy tcs s tuffed with parasitic and iron pigm ent. There were active 
regeneration and beyond that excessive prolifcru tion of liv er ti ssu e 
leading to multilolmlation about deli cate fibrillar sea rs; and sub
capsular hypertrophy lending th e cobbled effect t o the exte rn al 
surface of the liver. In bri ef t ime even th ese changes regr essed in 
great part, and reactive changes persisted only in areas where viabl e 
parasit es remained and wher e oviposition had taken place. D e
st royed parasites at this stage were dealt with hy slow er organization 
performed hy monocvtes with a surro und ing border of rather thi ck 
collage no us but fairl y cellular fibr ous tis su e. There was little evi
dence of surround iug parench ymatous reaction 0 1' the sharp eosino
philic resp onse of th e earlier stages . 

In th e vitamin A deficient an imal s, however, besides the frank 
ab scesses ca used by ba cterial invasion of the parasites, where death 
was du e t o so me othe r mechanism, their organization was charac 
teriz ed hy it s excess ive fibr ohlasti c proli feration. Fibroblast s gre w 
through out the thick prominent portal space and extende d inwardly 
to surro und th e dead parasite. It was accompanied by a vari abl e 
am ount of lymphocvtic, heterophile polymorphonuclear, eos inophilic 
and monocytic reaction but rema ined in gene l'al chiefly fibroblnstic. 
These reactive areas formed largish nodules which were quite dis
tin ctive in th e g ross examinat ion of the liver. Furthermore, in 
addition t o this excess ive fibrohla sti c proliferation there was marked 
retardation in the regression of the lesion even wher e the parasite 
had to all a ppeuruuces been complet ely digest ed, i.e. , the reduction 
in th e number and size of fibroblasts and the dep osition of mor e 
collagen were retarded. Precisely the sa me response wa s observed 
in the lungs about dead parasi tes. Abo ut ova t he same differ ences 
were noted. H er e too th ere was excess ive fibrobla stic proliferation 
with retarded regression as compared with that seen in an imals on 
the normal di et. 

Con tra riwise, there was at best only mild OJ' moderate rcgcncru tion 
of liver cells, but little ev ide nt excess ive proliferation in the vitamin 
A deficien t animals as compared with th ose on a normal di et, i.e. the 
vitamin A deficient st ate permitted of excessive proliferation of 
fibr oblusts but retarded the proliferation of more highl y organized 
ce lls such as th ose of th e parenchyma of th e liver. ' 

There was no evide nce that phagocytosis was in any way hindered 
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in inf ect ed vitamin A deficient animals, It is frequently sta ted in the 
literature that there is injury to, 01' luck of response of, th e reti cul o
endo the lial system in the vitamin A deficien t s ta te, In fact, here 
one was impressed by the pronounced nctivitv of t he Kupffer cells 
of the liver , by th eir hypcrtroph v and pr oliferation ; and even in th e 
spleen, altho ugh th ere was considera ble a trophy of lymphoid tissue, 
the reticular cells of the follicles and th e monocvtes of th e pulp wer e 
ac tively phagocytic. 

Tn the excellcn t revi ews on the subject of the effects of nutrition 
and vitamins up on th e resistance of th e host to infection , Clause n" 
and Rober tson" obse rved tha t in the vitamin A deficien t s tate there 
was little ev idence to indicate eit he r a loss of circulat ing antibodies 
or' a failu re of the ir' production, al thoug h thcv might he qu an ti
tat ively reduced . It is realized that here we are dealing with an 
abnormal host , but th e conclus ions to be drawn from th e results of 
these experime n ts see m to be upplicablc in geuc rnl to hclm intho
logical pr obl em s of resistance 01 ' immuni ty at leas t as far as dietary 
cond itio ns a re conce rned . Hence, in those hclminth ologicul infec
ti ons where ti ssue immunity appears to pla y the greater rol«, th e 
effects of a norm al as com pared wi th a deficicn t diet serve to dem on
st ra t e [rom an ana to mica l viewpoint pr ecisely how th e greater 
resis tance of th e host on the normal diet (imply ing the reby decreased 
surviva l ra te of th e parasites) is brought abo u t, T o us thi s see ms to 
be dep enden t up on several essent ial factors: (1) the degr ee of contact 
of t he parasite with th e ti ssues of the host, i.e, the re will he less 
co n tact of parasite with the wall of la rger' blood vessels and du ets 
(such as common bile duct 01 ' bronchu s) t ha n in smaller ones and 
littl e con tact in th e lum en of th e int estine, if the parasite lives fl'l ~ ely 

within it ; (2) th e type of tissu e through which con ta c t is made, i.c, 
intravascular 01' interstitial ; (:>') the length of time this contact is 
maintained ; (4- ) the size of th e puras itc and (..5) t he ex tent of its 
mu scul nr development and act.ivity. G iven these factors , purt iculurly 
of close and more prolonged contact of th e parasite with th e tissues 
of th e host, g rea tel' resistanee of the la tter on th e normal di et is due 
to the sha rp ce llula r reac tion abo ut the worm which serves to im
mobilize, fix and dcstrov it. In intravascul ar migrations or huhitu t, 
thrombosis and possibly spas m of th e vessel arc additiona l factors 
se rving the same purpose. The same a pplies t o mu scul ar du cts, i.c, 
th e nature of their conten ts HS , for exa mple thick viscid mucus, and 
spasm of th e duct itself. The size of the pa ra site ami it s muscular 
power may det ermine whether' it can esca pe from these restricting 
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reacti ve forces, On th e deficient diet on th e other hand , the reaction 
on the part of th e host is relatively slight and inadequate to immobi 
lize and kill th e parasite. Other factors such as atroph y of tissu e 
and possibl y disturbances in vaso-or ductal spas m mnv be con t r ibu
t ory factors in permitting more parasites t o surv ive . In our experi
ments with a deficient diet , we have found that ba cteri al infection 
of the parasite its elf acc ounted for conside ra ble mortality. This 
might superficia lly give one th e impression of increased res istance 
on the part of the host, which it sca rce is, in this instance. 

In the available literature dealing with the effects of vitamin A 
deficiency on helminthic infections Hirnishi ," N ago ya, IU Ackert et. 
ul. , II Clapham, 12l\l cCoy , I ~ F oster and Cort , II Ogul'a , 1:, " 'right, 16 and 
Spindler" dcmoustrut.cd diminish ed resistance to infection as com
pared with cont ro ls on ade quate diet s. These results accord with 
our findings. But th ese authors ofl'er littl e explanat ion as t o why 
1II0re parasi tes survive in animals on an inadequate di et. I t seems 
to us that the reasons given above ad equately expla in thi s. 

Thus, for example, Acke rt ct . al. reported the developmen t of 
larger nUIII bel'S of A scarid ia liuea!u in yo ung chicks on a vitamin A 
deficient diet and a signi fican tly grea te r average total worm length 
per chicke n than in the cont rols. Thev ascribed th e larger number 
of worm s in th e anima ls on th e deficient diet to weakened peri stalsis, 
Bnt according to Ackert, Ascaridia liue«ta in ch ickens has a ti ssu e 
phase in th e host inasmuch as it buries itself in to the wall s of the 
duodenum in its curly stage of developm ent. It seems t o liS that 
th is is of greater importance in accountin g for the difference in 
numbers rather' than the factor of peristalsis. On the othe r hand , 
Clapham found tha t the vitamin A co nte n t of tire diet did not 
d irectly a ffect th e resistance of chickens again st H eterakis qallinae. 
But th e latter devel ops directlv in t ire lumen of the intestine without 
any tissue phase, In P arascaris equoru ni which does migrate t hro ugh 
the tissu es of tire host before completing it s development, sire found 
that the less vitamin A administ ered in the diet tire grea te r was the 
survival rate and th e more rapid th e development of the worms, 
While Sha w" did not find that wethers were more suscep t ible t o 
lun gworm infestations when kept on a diet deficient in vitamin A, 
his results are open to crit icism ina smuch as he used only two ani
mals, 

] t is not to be implied that the vitamin A facio I' necessaril y in 
itself accounts for th ese diffe rences. Indeed , there are reports that 
dietary deficiencies of ot her kinds may produ ce a decreased resistance 
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of the host. Thus, amongst ot he rs Porter 19 found that rats on a 
whol e milk diet dev elop ed a reduced resistance to infestation with 
N ippos/rOIl!!!ll/ls 11//I ris whether in a primal'," infection Of' in the 
acquired resistance of a reinfection , Fostcr ~ 1I ob served that th ere 
wa s an inverse correlation between an emia and resistance to hook
worm in fections in dogs a nd ents, Hcsis t anee to A nculosi omu m CII I/ 

-ilUI111 could be ov er come b~' periodic ble eding or iron dcficien cv 
brought abo u t h," a milk diet. 

I t should finally be add ed thut in one instance a rat depleted of 
vitamin A was g ive n a sing le drop of cod liv er oil on eac h of th e I st, 
Q·Hh and 27th davs after infection. Before the second and third 
supplem ents it s weight had dropped t o 7.) gms . 1l had, howev er, 
ga ined 7:3 gm s. three weeks later. 'Vhen it was kill ed on th e 4nth 
da y, th e liver g ross lv resembled th e tvpe described in th e vitamin A 
deficient animals . .:\[i cI'O sc opi call~ ' , however, th ere were mixed feu
lures of hoth types , viz " atrophy of th e liver ce lls and ev en of the 
small regenerated lobu les withi n and about sca rs ; accentuated 
th ickened portal spaces with appare nt proliferation of bil e ducts; 
and moderate lymphocytic infilt ration as well as ba cteria within 
hiliar~' radicles, eve n as in most of th e vitam in A deficient animals. 
On the ot her hand, ther e were many reccn t and orga nized destructive 
parasitic lesion s with con siderable eos ino philic infiltration , and quite 
marked and diffuse sca rr ing, as in th e animals on the normal diet. 

This therefore illu strates (1) tluit sufficient co d liver oil which 
all ows for a goo d sharp ga in in weight au gm en ts th e degree of para
sitic destruct ion producing lesions of the tvpe see n in th e animals 
on th e norrnul diet : (2) th a t it is, however, inadequate to st im ula te 
excessive proliferation of liver tissue to th e exte n t of that seen in 
the con t rols : a nd ( : ~ ) that it is esse n t ially in grea t part th e active 
regeneration and excess ive prolif'crn tion of liv er tissu e in th e latter 
wh ich accen t ua tes t he lesion s of parasi tic destruction rendering the 
g ross changes so di stinctive. 

S li~D I.\ HY 

1. 'Vhite rat s were infect ed with cerca riae of Schistoeoma /Iwl/ solli 

and mnintuincd cit her on a normal diet or a vitamin A free diet, with 
or without the suppleme n t of one drop of co d liv er oil. 1\0 attempt 
was made to detel'ln ine th e efl'ects of th e tw o diets ou th e parasite 
during t he, peri od of its mig ration from t he sk in to th e liv er, 

2. In rats on the normal di d th er e was ma rked destruction of th e 
parasites in th e liver, max imum between t.he .) th and 7th weeks 
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after infection, Thereaft er parasites co n tinue d to be d estroyed in 
liver and lung until there were few remaining viable worms at th e 
end of the experimental peri od. 

3, In rats on th e vitamin .:\ Iree diet such destruction of the para
sites wa s eit her absent or minimal. Even with the sup pleme n t of a 
drop of cod liver oil there wa s relatively littl e parasitic d estruction 
up t o the end of th e Gth week after infection. Thereafter' g rea te r 
number s of dead worms occurred, but st ill appreciably less than in 
rats on th e normal di et for th e sa llie len gth of tim e after infection , 

4. The rea sons for this diff eren ce in parasitic su rv iva l or so ca lled 
resistance t o the helminthic infection in th e animal s on the t wo types 
of diet are g ive n and are applied to th e probl em s of resistance in 
relation t o diet in helminthic infection s in genera l. 

5. " 'hill' the defi cien cy of th e vitamin A factor in th e diet permits 
excessiv e proliferation of less highly orga nized ce lls suc h as fihro
blast s and histiocytes, it retards the resolution of lesions formed 
ch iefly by th ese eleme n ts (a lt houg h the foreign body such as thc 
dead parasite mav be rapidly digested ) . I t al so retard s th e prolifera
ti on of m ore highly organ ized ce lls such as those of th e parenchyma 
of th e liver, ove r' and above th e minim al requirem ents of immediute 
regen eration, 

G. In sch istosomal infection s of the rat it is es t ima te d that a 
maximum of 24 per' ce nt an d an average of 11 per ce n t of th e ce rc a riae 
to which th e animal is ex posed will rea ch the liv er'. L oss of ce rca r iae 
through failure to pen etrate th e sk in and bey ond that in th e co m
pli cated pathways until it rea ch es the liver accounts for this rela 
tively low percentage. 

7, A m odifi ca tion of the slide method for the exa m ina t ion of 
Trichinella Sp irulis wa s employed, whi ch is adap tabl e for dctcrmin
ing liv e and dead worms in th e tissu es of th e infect ed host. I I, 
sho uld be applicable to related st ud ies in o ther helminthic infections , 

'Yc are g rea tly indcbtcd t o ~Ir . .J. L. Jnner for hi s technical 
assist ance, r 
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APPENDIX 

TAnLJ~ 1
 

(j Rats, 3 011 N ormal and 3 011 a Vitamin A Free Diet Krpo,sed to .cmoo-J,OOO Cercariae"
 

I I
Lenatli of 

N 1I 1IIberof time of delI'arm dis tributio n % of total 
A geat 

da.ll'~ (af ter 
pleNoll Oil Rslimated Estimated. Estimat ed 1l1J1l1 ber of 

S o. Sex Diet time of injection) n'tamillA Su pple . total nu m- total nu m-
total of 'dl icormsto 

inf ection deficient ment - ber li re bcr dead 111I1II ber of 
in da!!" 

animai tliet at tim e Lirer irorm s 
cercariae /l'askilled M e,,uorms 1ronn.~ 

of death Heart / ,lIl1g 
cnteru exposed 

ill daliS Al ire Dead 
- - -- - - - - 

I6(; F A free 83 ~8 83 0 0 I 2 330 I :3:1:3 I :3:J.I 8 .45 
-  , - - - - - --  -  -

M f\ormal 
I I(;7 42 21) -

I 
- ~ () 12 :182 171 :l!J6 171 :j()7 14 . 35 

- 

I 

---  - - - - - 
153 M I Norm al '~ 2 85 - - () I) () Hi 4;; I 16 ,; 4 70 1 .77 
- - I --  - - - - - - -

I I 
-

162 M Normal 42 108 - - () 10 :1 21 1:1 24 2:J 47 l.l!l 

* 2 Hats on th e vit amin A free diet dic,117 and ~ I days after infection respect ively. E sti ma ted number of cercariae :l!lOO-chcck count :J!JIli . 



TABLg 2
 

10 Hats, ij on Normal and ij 011 a Vitamin A Fr ee Di et E X110sed to 81'00-8800 Cercariae"
 

I . I f,ellgt" of 
Num ber of time.of de- W orm distr ibution % «([toted 

Aq e ai ( l ' pletio» OIl Esti mated Esiimoted E stimat ed ninn ber oj 
time of d.ay .~ (~ter ritamin A Supple totul numtotal nu m'l('or m s to No. Scx Did lIIf eetwl/ ) deficient total of ,,1/ injection ment I Lcr lire lrer dead II II 111 her of 
ill day .~ 

animal [' . . I.i rer u·or m."; 
cercariae I '[[ I d ie! at tim e JfesU'fir m s warmR 

I I'11H n c( rif death Ileart rlll/g 
cntcri] Alite : Dead 

erposed 
ill d ay .~ 

- - -- - - - --
(i!) ?II A fre e 131 2!J 1:12 0 0 0 2.5 .H I 2 ;; (j(j 2 ;illS I,; . 14 

- - - --  - -
70 M A fr ee S·t :1O 8/j 0 o 0 3 ,W,; 0 23R 0 2:IS (, , :11 
-  -- - - - - -
us l\I A free lOll 42 120 0 0 0 0 :IRI 0 313 1 0 :IRI 10 .1;; 

- - - - - - - - - -

I 
I 

72 10' ='Iormal 4:1 :12 - - 0 I! 2 Inn :WlI 20 1 :WR ;; H!l 1:; ,1 7 
-  - - I- - - - - -

RO ;\1 Normal 4:1 3!J - - 2 I 4 17S :lS7 18·t I 3138 I ;; 7'2 15. 2{j 
- - - - - -- - - -

i -~-
!It F Norma l 42 42 - - 0 I 0 104 \C OR 10;; 'lOS I :11 3 
-  - - - - - - --
14n ;\1 ;\' ormal ·t l! 7n I - - 0 22 ;; 1;;0 WI! I 15;; 214 

I 
:Jon [1 . R4 

- - --  - - - - - --
16:1 \ M N ormal 43 108 I - - o 34 4 as 25 I 87 i ,; !J 1·1(1 :l . 8n 

*:t rats 011 vitamin A free diet d icd S und 2!l '!>I~'S after infect ion respect ively. Estimated number of cercariae 30:10--d lec k count :17(i0. 



T,\nLE 3 

IfJ Rats, 7 on N ormal and 8 on a V itamin .Ii Free Diet Exposed to S900- .p OO Cercariae" 

I 
[,ellglh oj 

IEstimuted ISI/ mlwr oj lime <! f de lJ'orm disiribut ion % oJ101111 
AYfJal pletion all Estimate! number of 
time oJ day" (llf ier rilmllill A 8 1/ 1'1'le total num 1011l 11/l/m- E stimated 

icorms to 
S o. Ser Did injection inJeclioll) 

deficient tu eu! berlire her dead total <ifIIIl 
nlim h e~ oj 

ill day., anim al diet att ime Liver worm.'! 
11'0 " I..il/ed .11e.'

trorms 1./'o rm .'f cer('(lr w e 

, of death Tfellrl Lun « cntcrt; erposed 
{II dlly., A lire Dead I 

I 
--

I 

- - - - - - - -

I~ Itil I·' A free 107 20 108 () 0 0 13 W7 210 10 220 .) .s 
-

I- : I 
73 i\I A fr ee 108 :1O 110 () () 0 ,; :11 ,; 3 1 . ~ ;; :1,; 1:1. :17 
- I 

SO 1 
M :\ free 107 :1-1, ns 0 0 :3 :172 () ~: n 7 0 :177 0.42 

Rl F A free 10;; :1-1, 111 () 0 0 0 2 10 2 · ~ 210 I '<!I 23-1, S .H;j 
- --- - \ - -

82 F A fr ee lOS :15 11;; () 0 () 8 :15(j () :H;-J, I 0 :W4 !1 .I0 
- -- - --- -

I 
!) ;; F Afr ee 10;; 41 ll S () () () 0 24;; 1 2 ~" 1 'l Ui u.is 

-  ----- - -

!IS F A fr ee lOR · ~ 2 122 0 0 0 0 267 0 SW7 

I 
0 267 H.H7 

- - - ----
78 F Nor mal 45 :1:1 - - 0 2 :l 24,; 177 2;jJ 177 ·12R 10 .70 
- - ----

IR4 F N ormal 44 :1(; - - 0 () 0 IS(j 18!1 1!Hi 189 :17;; !l .:17 
- - - ---

!ll J\[ Normal H :1!l - - () 2 0 111 22 1 11:1 22 1 :1 3 ·~ s.ss 
- - - - - -- -
96 M Normal ·H 41 - - 0 0 0 sn 11 2 (I!I !l2 1!ll 4 77 
- - --- - -
104 F l\ormal 4;; on - - 1 () 4 120 'l OR 12,; 211R 4 2:1 10 ~)7 

- - - - - - -
148 

1 

:\[ Normal 44 7tl - - 0 10 0 ;,;;) 7 : ~ .j;') H:l 138 :1.45 

Normal I - - - - - - -
164 ]l' 4" 107 - - 0 :1 () 2H 29 28 :J 2 GO 1. ,;0 

* One rat on the vitamin A fr ee diet di ed 3.5 days after infection but wa s not examined for n u m be r a nd di stribution of schistosomes , E st ima ted number 
of cercariae 3900-4100-eheck count 4092. • 

t F ound d ead in we ll preserved fre sh st a t e. 



T A Il Ll'~ 4 

14 Rats, G on Normal and 8 on (I V itami» A Free Diet E.rposed to 8 rJOO-~H OO Cercariae* 

Lellglh of 
IS IlII/herof lillieof de- JVorlll d isiril.ution 

% of total 
A qe.at days (af ler pletion 0 11 Estimated Esti mated Estimated nu mber of 
time of injectio n ) 

r£la lllil/ .1 S upple total nUIII total nu m- total of all 1/'Orm810 
i.Y o. 8e.r Diet infection deficient 1111'11 1 her lire her dead num ber oj 

in day.y ani mal diet at ti llle Heart Luiu; I Lirer u'orms cercariae u'a.ykilled .If1'8 1('orms lI'orm" 
of death exposed 
ill days cllicry A li"e Dead I 

- - - - - -
tS:l M A fr ee ioo I;; n:l 0 0 0 0 218 0 'l IS 0 218 ;; . ·1;;
- -- - - - -

nn , i\! A free 12;; 2:1 120 0 0 0 ..j ;;2:1 0 ;; 28 0 ;; 2H 1:1. 20 
- - - - - - - -
1'21 M A free ; ;3 :In H:l 0 I I 2 I ;; GO;; I G2:1 I G(H 15.nO 
- - ----- -
101 :\1 Xormul n;; 2-t - - 0 0 ;') -t-t:l I tl-t ·l -t8 1III n:l'2 15 . HO 
- - -- - - - - -
12:1 ;\1 No rmul n;; :n - - 0 1 1 208 :l-t2 210 :1-t2 .');;2 1:1. 80 
- - - - - ----
I:n i\l Normal G,; ,1:1 - - 0 I 0 l SI 2-t-t 1:31 2 15 :n n n ,47 

-- - --
1M F Normal (j;3 WI - - :1 17 ;3 Hn 7:3 !17 !)2 IH!) -t . 72 
- - --- - - - - --
\til i\l N ormal ll;; H-t - - 0 ;;7 0 122 1H 1''') 171 2n:l 7.S2 
- - - - I I 

-- ---
II(i;; i\I Normal n-t III - I - I l-t 

I 
I -t7 ;; n -tn 70 11!l 2 .07 

' ;) rats 0 11 vit um in A fr ee diet. die,llO, 1:1, I-l, III a nd 2n da y s aft er infecti on , respectively , but were 1I0t examined for number a nd d ist ri bution of worms, 
Estimated number of cerc a riae :l87;;- d leck count -to 12. 

[ In moribund cond it ion when killed. 



'fABLE .:> 

12 Rats, G 011 N ormal and 6 on a Vitamin A Free Diet Exposed to 3500-8600 Cercarioe" 

Lellglh of 

Xumber of lime of de- Worm distribution % of lollll 
Age III days (af ler pletion. Oil Estimated E.,limale<1 

E stimated number of 

.\'0. Sex Diel lime nf illfectiOll) rilamill A Supple- tota l n um - total num -
10101 of all 11'0/'111 .,10 

i nj ection dl'jici-l'lll ment - bel'l ire bel'dead II 11/11 bel'q{
ill day., animal dietat time 

Ileart IL Ullg 
Lirer lI' OI'llI S 

tcorm .~ 
cercariae

l fOS liilwl .11 es
tcorms 

oj death erposcd 
i ll dllys fII lay Alire IDead 

- - I -- ---
I107 :\1 .-\ free 77 27 7H I drop c.l .o.] 0 0 0 2H (j 2 H n 2;',0 7 .0-l 

I 
2 days b. k. j 

- - - - ---- -
lOll :\1 A free 77 28 77 l dr op c .l.o. I 0 0 1:1 -lUi 35 4,i ll :I,i 4111 Is .s t 

I 
:1 day s h .k . 

- -- - --
l: IH :\1 A free 71 4'l !ll I drop c.l.o. 0 I I :N 2 {j :12:1 Ii :12!) 1l.2(; 

17 day s h .k . 
- -- ---
I,; I F .-\ free 77 ;; 7 ion I dr op c. l.o . 8 18 8,i sru 21l (i72 :IH 710 20 . 00 

:12 day s b.k. 
- - ---
I.'i7 l\l A free 77 HIl lI S 1 d rop c. l.o. 40 UH 0 :l li7 70 4 80 142 U2Q I7 . ;i2 

Hdaysh.k . 
- - - - - --- : 

110 :\1 Normal H7 28 - - 0 0 :1 'W 8 8:1 27 1 8:1 :I,j.I !I ,1l7 
- -----
1:14 }o' Normnl (Hi 40 - - 0 0 :1 20 1 :I:.\;i 204 :1:I,i ;i :lll 1;j ,I H 
- - - - - ---
!+O F Norm al (i7 ,1:1 - - 0 0 0 II 'l :1I I 112 :1lI ,123 II . !ll 
- - - - ---
1.'iO F N ormnl (iIi ;i(i - - 0 (i 2 77 I ;j3 71l Li ll 2:18 s .70 
- -- - - - ---
1,; 8 F Normal (i7 (?) 70 I - - 0 20 0 :12 80 -12 110 132 3 .71 
- - - - - - - - -  -

~IJ(j (j :\1 Nor mal (?) II ,i I - - 0 o 0 32 Hi I :12 48 I . :I,i 

*One rat on vita min A free di et d ied 2·1 days afte r infect io n and no worm coun ts were made. Estimat ed number of cerca riae 3,i7 U----check cou nt 3;j (j9. 
t c.l.o. = cod liver oil. . 
t b.k. = before killed. 



--

--- - - -

-- -

- - - - - - ---- -

-- - --- --- -- -

-- ------- -

-- - - - - - - - - -

---- - - - -

--- --- --- - -

TAB L~~ (j 

16 Hats, 8 Oil N ormal and 8 011 a V itam in A Free Diet Exposed to 8800-_1000 Cercariae" 

-
I I Lcnqth oj
 

Y I if li me oj de % oj lola! IVorll/disir ibution • mn ic r 0 pletion 011 11"l imaled IEstinuited n umber oj A yl' "I Estimated d."!I.' ( ~fla ritamin A iotul nnm - . totol num-S lIpple worms to time '!f S o. Se.l· Diet 101,,1 of all lIlje~llO ll ) deIicicnIinjection lrer dead meut bcr lire II II II/ber oj worms" "1111111 . ' . tror nrs L irer trarms ccr('llrlaCi;,d"y" J '1/ I rhel at tune .If e.'11'11.' " e( of dent}: U earl /.11111/ cr posed 
I' ll lay . l/ il'e in ria!!" /Jewl I 

. 0IOQ H-I ~lH O0 :3RO 0 :380 I O ~3 1\1 A free 'to O. H0 0 

1\1 A free HH 2 ;j 8,;	 I dr op e. l.o.j 0 0 Q QU7 -~ I QGV I 't70 U.OQ 
I day h. k .; 

III 

(j!1I IOQ QH (i!llHF 102 1 drop c. l.o, 0 0 0 H 702117 :\ free IH.OO 
4 days h .k . 

·13,; 4 ~14 ·13,; 11. 1;; 
4 da y s h.k, 

RR 1 d rop c.l.o. 1 0Il H F A free H8 28 0 0 0 

I 
1 drop c. l.o , 12.; HR ~ l'2 !l2 0 0 SOl 0 HOI 'W .,;:3 F A Irce 0 0 HOI 
Rdays b.k . 

H~3(jI drop c.l.o, 0 0 !l:W O:W102 ~ 34 IOH 0 0 0I 'tH F :\ free 't4 .00 
J0 da~· g b .k . 

(j(j 7;')8H ,; (iG HQ4102 42 I d rop c.l o . 0 H 750 F A free 116 0 't 1. I't 
III days b .k. 

1(; 2!l,; Q7 ~3I 't:3 1't·1 2 2't 0 HH G:l 1 drop d .o. !OO 5 15 I3. 'tOA free j;; ,; I F 
:31) day s b .k. , I I 



- - - - - - - -

- - - --- --

--- -------

-- - - - - - -

___ 

- - ----- - -

T A BL E (j (Continucd) 

Leuyth oJ
 
time of de
 % (~f lalal 

11'01' 111 dis tr ibu iio«Aqc «! X llmber oj Iplcti,;/I all E.,timllll'l[ /lilli/bel'ojg,ti/llllied Estimatedti mc oj dalll' (lifter total IIU/IIrill1111111 A Sup ple totnl nu msrorms toi nfection.xa. Sa IJict infedioll) bel'dead 101111 oj alldcjicieut ment ber lirc II limber ofI ii day;; an im al 11'01'111$ uorms irormsdiet at time , cercariaeMcs- j LirerI l'Il.' k illed of dcuth II ear l l ,un g e.rJlus!:d 
i ll dlly' clliem Alire Dead 

--'- - 1·- - --:- - - - - 1-----1--- - -1- - - - - 1-  - - - :- - - --:- - - --1-- ---1- - - ·
3.51III o o 56 3:31102 :\1 xormal 71 o -107 

- - 1---- 1-- - - - 1-- ---1---- - 1-- - - - 1·- - - 1--- - 1--- - 1--- - 1- - -
o 1711-1 F Nor mal 71 se o 120 17 :1.7 1 

--I----I----I----I----- I----I-- --I,----I---~- 1----1---

:ll1711!) ?II Norma l o o 3!Hi [().28 
- -!- - - -l

71 40 1 
- - - -I- - - -I-- - - -I- - - -I-  - -Ii- - - - ;- - - - -[- - - -1- - 

ss I:lO127 F Normal 71 Il . !J2 __ .1 1 1 .1 1 1 () O_ ,_ :l_ 3:l2 _ I:_lO_I I I I _ 

s ;; 11:1I 227I·H ;\1 Normal 71 o 238 1128 4UU·n u .ns 
- - 1-- - - 1-- ---1-- --- :-----1-- --- 1·- - - 1---- 1---- 1--- - 1- - - 

() 8-1,2 :l 8!171**1·17 F No rma l 178 ·1 .5(; 

U-1,** Ii j () F 7 12UNo rmal 71 156 2!l8 7 .6-1, 

o :1(; .51 8771 1111IG7 36 2. 23 

*Es tima ted number of cercariae :l800-!-OOO. Check count 37!J2.
 
** Pound t.obe pregnant. a fter infection. Both gav e birth to litters of :2 and 7 ~' oung . respect ively . T hese young were killed but no schistosomcs were
 

encou ntered in t heir livers. 
t c.I.o. = cod live r oil. 
; b.k, = before killed. 



312 1~:l;Jie r imenial Schisiosoniiasis 

DESCIUPTI0N OF PI-IOTOl\UCHOGRAPI-IS 

FI GUH ES 1 t o 8 (incl.) represent the vari ous ways in whi ch 
the pa rasi te is fixed within peripheral po rta l vein s pri or to it s 
destruction in t he ra t on th e normal diet. 

FI GUH ES!) to 15 (inc!.) represen t t he va rious ways in wh ich 
t he pa rasit e once kill ed is disp osed of and some of the effects 
on the sur round ing liver substa nce in t he ra t on th e no rma l diet. 

F IG{ HES 16 to 24 (incl.) include th e modes of destruc tion 
of the parasite and the types of reaction evoked by t he ir pres
ence, destruction or ov ipos ition in the later stages of infection 
in t.hc rat on the vitam in A deficien t diet. E a rlier stages arc 
omitted as they almos t uniforml y presen t v iab le worms in 
peripher al veins with little sUITOIIl1d ing reaction . 



J~;l:jJ er ill/ell tal Se llisiosom i asis 

:MI CnOFOTOGRAFIAS 

G HA IlA DO 1-8 (inc lus ive). Dist.inta s formas en qu e cI pura sito 
qued a fijad o dentro de las ve nus portales periferi cas antes de 
se r destruido , en un ani mal con a lime nt ae i6n no rma l. 

G HABA DO f)-V> (incl.) . Distintas fonnas en q ue el parasito 
mu erto desapareee y cfec tos que se obscrvun en el purenquimu 
hcp.i ti co c irc unrla nte, en un animal co n alime n tae i6n normal. 

GHABAD O Hl-24 (incl. ) . Distint as fonnas en que cl pur.isi to 
queda dcstruido y tipos de rcnccion celula r qu e provoca su 
presen cia, su destruccion, 0 la presen cia del huevo, en las 
ultimas ct apas de la esq u ist osomizucion de un animal co n 
nlimcntacion dcficiente en v itam ina A. (E n las primeras clapas 
casi no sc observa n m ilS qu e ve rmes vivos en la s ven us periferi
cas, co n muy poea rcaccion circ undun te .) 



E.l: ]Jcri11/ental Schistosomia«is 

F WUlm 1 : The para site is wedge d within t he porlal vei n hy a Ih rorn h us of 
cos inop hilie "ells a t the ju nction of the vein with a t rihutu rv . I Tote the Ihickcned 
port al space heuv ily infilt ra ted hy eosinoph il», (X ormul die t. :1,; duy s aft er in
feel ion) x · ~ .; O , 

( ;II.\ BAI){) 1: EI pan"'ito esU, ut rupudo de nlro de la vc nu por ta pOI' un tro mho 
dc eosinofllo«, en ln h ilu rcnciun dc un a vena secundaria . N{,tese el espesor de l 
espucio portal, in tensnmeute infilt rado de cosinofilox, (Anima l a diet a norm al, 
:1,; d ias desp ues de csqu istosomiz.u lo) x , ~ ;;o , 

FIGUlm 'l : The parasite is wedged bc t wcen lh e wa ll of t he vei n on t he right a nd 
a projecl ing shelf of eos inophi lic infiltra l ion 10 the left , ove r whic h th ere is litt le 
recoguizuhle endothelium. T he nar row clea r spaces bel ween worm a nd ve nou s 
walls ar e a rtefac ts du e 10 fixa t ion, T here a re red cells within a nd put eu cy of th e 
lum en only above a m! to th e left. (~orma l diet , :1.; da ys after infect ion) x · ~ ,;O . 

( ; Il All ,\1l0 'l: EI pa rasite es t :'t a t rapado entre la pa red de la ve na, a la dercch u. 
y u na capa de infilt rncio n cosinofila , a la izqu icrda, d isti ngui{·ndo.se apcuas el 
cnd olelio. Los espacios c1aros y esl rech os entre el verme ~' la s paredes venosus 
son produ cidos pOI' cl apara lo de fijacion. E xist cn enrpusculos rojns deutro del 
lum en del vaso 'Inc vu por eneima y a la dereeha . (Anima l eon uliurent ucion 
norm al , ~ ~;'i dias despues de esquistosomizado) x . ~ ;'j{ J. 



1':.1:perill/ CII tal ·('Itistosomiusi» 

F U ;( ; Il E 1
 



3Hi Exper i mental S chistosomiasis 

F w ulU: :1: T he pa ra sit e is sq ueezed and mi sshapen within a port a l ve in , Ther e 

is a t hr oruhus of eosi nop hi l» cornp lelely occl uding th e lume n of the ve in between 

the limbs of th e Y-for m of th e parasit e a bo ve und to t he left. Below and to th e 
r ight th ere is loss of endo th eli um a nd the cos ino p h ils of t he parietes lie agains t 

th e cu ticle of t he worm , T here arc two a reas of parench y ma tous necrosis, th e 

larger one to t he righ t of t he por tal sl"I<'e, th e sma ller one to t he left reac hes th e 
port a l space. (X ormul d iet , :1,; day s aft er infec t ion) x 100. 

(; U,\IlAnO :; : Pu rasito co mpri uiido y re lorcido den t ro de u na ven a por tal. Uu 
trombo de eos inMilus ohst ruye completumcnte el lu m en de ln vena en t re las do s 
ra runs d e Y 'Inc for ma el pnrasito por cnc imn ~. II la izqui erda. Por de hu jo y a I II 

derech« lla~' perd id u d el endo tclio , y los eosinMilos yacen co nt ra la cu t icu la del 
vcrmc. lIay dos areas de nec rosis purenq uimutosa , la mayor a la der cchn de l 
espacio port al ; la me nor, a la izq uierdu, Ilegu hu st u el espacio port al. (Anima l 
con nlime ntnciou normul, :1,;dins desp ues d e csq uistosomiza do ) x IOU, 

FJ(;lJIlf: -l : ?\'o te bow Ihe pa ired pa ra sites a rc be ing enclosed wit h in the vascu lar 
lu men by a fib rinous t hro mb us 10 th e lef t. The t hr omhus a rises from t he mo uth 
of a co llatera l ve in a nd show s evi d ences of ea rly orga n iza lio n . Note ib smoo th 

su rface where t he parasit e p roba b ly moved against it a nd its rou gh opposit e 
surface. T he t hro mh us is not covered h)' en do the liu m , (?\'o l"l na l d ie t , -l'! days 

a fter infect ion) x 100. 

(; II.\ I< ,\ no ,I : Xote-e coruo los panisit os up ureados q uedn n p resos deul ro ,Ie! 

lu men vascu lar por lin t ro mho flb rinoso a la izq u icrda , q ue sa le ole la IJOea de una 
vena coln tcra l, ~~ presen ta signos de orga uiza ciou reei eute. \ ~ i'a se la su pe rficie 
su ave, co ntra la ella I p rob uhl eru en le se d eha t io el punisito. y la asperezu de la 
superficie o puesln . 1<:1 t rom ho no esta euh ier to p or cndotc lio . (Anima l " Oil a li

men tucio u no rmul , a los -1'2 d ia s oil' esq uistoso mizado) x 100 , 



J~'. I' peri/II ell1111 -"citistoscnn ia«i» :Hi 
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sts j '::r pCf i 111 1'11/01 Sch is tosoni iu»is 

F IG UHE ;j: X ol e I" "," l ighl ly wedged t l ie viab le parasite is hetween the or
ga nizing dest roved parasit ic lesion above and t he infilt ra ted venous wa ll below , 

• The e1ea r spaces ar c a rtefacts due to fixat ion a nd shrinkage. (Xormal diet , 
" ~ 2 days afl er infect ion) x 100. 

G Il AIl .\ DO ;j : " {-a se la comp res ion de un pur.isit » vivo ent re una lesiun de un 
pnrii sito dcst ruid o arriba y la infi lt rnc ion de la pa red veno sa dehajo. Los cspaei os 
d ams sc debcn a los elementos de Iijucion y ala cunst riccion que suf're e1lejido . 
(An imal con ulimentuciou normal , ' ~ '1 dias despu es de esqu istosomizudo) x 100. 

FIG IlE (i : A viab le pa ired couple ly ing ill a wide subea psulnr ve in a rc seen. 
Xote t he fixa t ion of t he ma le 10 the wall of t he vein 10 th e left , nea r a pa rietal 
deposit of ova surrou nded b~' fih rohlnsts . (Xorma! diet, WI days a fter infect ion) 
x 100. 

GU.\ JL\DO 0 : Dos partisit es \ Tjy OS aparendos e n una cspaciosn ve lla subca psula r. 
Xu!ese coino el macho se adhiere a la par ed en la vella que queda a la der ccha, 
eerca de u n depo- ito de huevec illos ju nl o a la pared , rodeado po r Iib roblastos. 
(Anima l con ali mcntucion norm nl, fi:l d ius despu e- de esqu isto som izudo) x 100. 
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F, GWH; i: Same as Figu re n. hu t h igh power a rea of fixa t ion of t he ma le 
pa ra sit e is represented . ~o t e t he loss of cu t icle and invasion of t he subs luuce of 
the pa ras ite h." cells of the h usl. T he poin t of a nchorage to the vessel wa ll has 
bee n rup t ured p rohably agon all," and there is a sma ll hem or rhage a t its site 
x 1000, 

GII.\ II.I I>O i : E l mism o gra hado an terior. a gr a n a ume nto : ;' !'l'a .Ie fijacion del 
mach o, ~" l ese la p l'rd ida de la cul icu la ~' la inv asion cel u la r de l purasito. EI 
pun to en que cl pan"lsito sc nd h ierc a la pared va scula r se ha rot o, p robablem cnte 
('0 11 los mov im ion l os Hg'i'J ll icos, y Ita p rod ucido u nn pcqucfiu he morrngia . 

F W U I<E H: There is a massive th romb us of red h lood cells a nd eos iuop hils 
cro wdi ng the para site against the inferior par t of t he vessel, T her e is no inva sio n 
of the worm hy cel ls of t he host. T he fra yed a ppeu rnnce of the pa ras ite in t hal 
sect o r of il above it s main port ion. completes it s smoo t h co ntou r in a sligh t ly 
higher p la ne of focu s in the section from which th is was taken, (X orma l di et , 
:IJ days after infect ion ) x ·1.; 0 . 

G I<o\ lI ,\I\O 8 : G ran t rombo de he mut ie , y eosino filos qu e empujn n al purrisito 
co n t ra la porcion inferior de l va so, ~o hay invasion celula r del vc rmc, EI uspecto 
dcshi lach ndo, en cl segm ent o 1' 01' enc ima de la porcion principa l de l' parasito, 
se lorna de co nt orno S1l:1\'e en un p la no supe rio r a l enfoeado en es te co rte his
to logic o. (Animal con a limcn tucion norm al. a los :1;; d ins despu es de esqui s
tosomizndo) x ·1;; 0. 



J·:.l'Jlcri /II CII tal SellistosomiaS is 

F IG UIlF; i
 

F IGum; S 



E»fl er i //I ell tal Schistoson:iasis 

F IGlJIn; !l: T he recen tly dead pa ras ite is surrounded by eos inophils which in 
turn a re enc losed b.l· an ext ensive libri!'ons thro mbus will} a fibrob last ic boni er 
below a nd to th c righ t. (N orma l diet , :1,; day s a ft er infect ion) x 100. 

GILIB.I llo !l: Un pa r:'tsito aea bado de Icnccer, rodeud o pOI" eosinofilos, que a su 
vez es tan englobndos en u n gran trombo fib rinoso, con u n borde fibro b hist ico 
por dc ha jo y a la dereeh u. (Anima l con ulimen tneion nor ma l, a los :1,; d ins de 
csqu ist osomi zudo) x 100. 

FIGu m; 10 : T here is massive eosinophilic infilt ra t ion of th e necrot ic wor m a nd 
with in the eosi noph ilic thromb us a bout it there is st ill a well preserved sec tor 
of worm ab ove a w l to Ihe left. (Xorma l diet, 3,; ,lay s al'l er infecti on ) x ·1:; 0. 

GllAIHIlO 10 : l nfilt rncion masivn eosinofila de Ilil venue ncc rot ico. D enlro 
del t ro mbo eosinofilo, ha eia arriba y a la derccha, hay nun un pedu zo, bien con
ser vndo, del verme. 



j·:.l'jicri III elltal Sch isiosomiasis 
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/·:.rpcri 11/ental Schistosominsi« 

Fr c uu» i I: To demonstrate th e exten sive zone of necrosis of liver aboul a 
porta l ' pace in which a worm has been dest royed . (X ormul ' liet . :\.; duvs afte r 
infect ion) x IOU. 

( ; ' UB ,\IlO 11: Extensa zona nccrotica en cl higudo, p ro xu nu a l es pacio 1'01'
Iul, cn Ja cua l ha qucdado des t ruido lin vcrm e. (Animal con a liuu-utucion normal , 
a los :1;; d ia s despu es de esqu isto som izado) x 1011. 

F lC; U l n : l~ : T here is a r ing' of fihroh lust» abou t a dead wor m wit h ma sses of 
cosinophils separa t ing worm and fibrous wal l. ~o l e t he enlu rgement of t ho su r
ro undi ng collatera l p lexus of veins. (Xormul d iet , :1,; da ~ ' s aft er infec tio n) x lOU. 

Gn .UI,; IlO 1'2: Anillo de fibrobla stos ell lorna a un verrne mu er to, con gl'llpos 
de eosin ofilo» sepurundo el verrne de la pa red Iib rosn. ~ <it ese engrosam icnto del 
plexo ve noso cola te ra l en torno. (Anima l con d ieta normal, a los :1,; d fa s dcspues 
de csquist osomizado) x lOU. 



Erpcri III cII tal Sch i.~ t{]SlJIII iasis 
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Experimental Schistosomiasis 

F IGUllE 1:1: There is a subca psular fibrous nodu le of an or ganized dest roy ed 
pa ras ite wit h sub capsular p rol ifera t ion of liver ce lls, Note t he rnised cob bled 
effect , (N orm ul d iet , :1;; <l ays a ft er infect ion ) x 100. 

(;n,\II.\nO 1:1 : ?\{" Iu lo fibrose subcaps ular Iormado en c1lugar que ocupaba uu 
pa rasito dcst ru irlo, co u proliferacion su bcapsular de la s celu lus hep ril icas. ?\{,[cse 
el nspecto p iza rro so y onduludo, (Anima l con ulimen tncion normal, a los :1;; di as 
de spues de esq uistoso mizndo) x 100. 



j';.l'pcrimental Scl!istosomillsis 
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Eirpcri IIII'll tal Sc histosom ia»is 

FI<HJHE 1·1: Slow fibro us an d monocyt ic orga nizu t ion of a hy a l ini zed necrotic 
pa ra sit e in the late stages of infection . (Xorma l diet , 113 days afte r infect ion) 
x ]00. 

GHAI I.'. J)O H : P roceso lcnto de organizucion fibrosa y mo nocitos de un panisito 
h ialin izado, en las ul t ima s eta pus de la esquistosomizacion. (Animal con a li
menl ucion norma l, a los l l S dia s despues de esquistoso mizado) x 100. 

F IGUHE 1;;: T o demonstra te nests of eggs a nd how minima l the reacti on about 
th em may be. (Normul d iet, G:l days a fter infecti on) x !OIl. 

GH ,\ Il .\ J)O I .;: N ido» de hueveeillos. Veuse la insignificant e reaccion celular 
en torn o. (Anima l con a limc ntncion normal, a 105 U:l d ias de csquis to som izudo) 
x ]OIl. 
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330 E»fief i 11/ental Sc!ti.~/()S() III ias is 

F unnn c Hi : T here is massing of parasit es within a periph eral portul \'e ill.·1\'ote 
th e relat ively sma ll a mou nt of ronud cell infillra t iou of lhe portal space. (I '.! da,Ys 
after infection . Vit umin A free diet wit h supplement of I e1 rop of c-or ] live r oil 
10 e1a ~' s before bein g killed ) x lun. 

( ;n .\IU()O W : ~[ a sa s de pa r.isi tos dent ro de un vuso po rt al per iferico. Xot cse 
la pcq ucna cnntidad de celulas redondu s de inlill rucion en los espac ios por tal es. 
(Anima l "on ulime ntucion pr ivadu de viuun inn A, a los .l'.! dins de esq uisto-o

mizad o, con ulimcnt acion su p le nienturin de 1111:' go la e1ia ria de ur-ei t e de hig,ulo 
de buca lno, J() d ias a ntes de SCI' sncri ficudo) x WO. 

FW lJnE 17 : Noto to th e left t he lar ge fihroh last ic nodul es of rcaet ion ah out a 
destroyed pnru sil e, th e on ly rema ins of which a rc th e lar ge clumps of p igment . 
:\ol e how th ese project. iuto t he rema ining pal eu t lum en of th e vesse l. To th e 
right the re is a para site squeezed wit hin a porl al space dil l' to: (I ) A Iihr oblust ic 
shelf ah ove a nd to th e left of th e three sect ors of th e worm. ('.!) a t hr omb us 
immedia tely below lhe tih roh lnst ic shelf which compl et es th e closure of lhe 
lum en. T he Ihromhu s is made up of a crescent ic loop of fibr in and 01hcrwi se 
het erop hile polymorphonuclcars, (Sa me animal as in Fig. IIi) x 100. 

Gn.\Il.\1l0 Ii : Yea nse a la izqu ierdu los gra ndes nodulo» fibrobl{lst ieos de 
reaecion , en el lugur qu e ocupa bu cI parnsilo dest rrtid o. Los {1IIieos vesl igio« de] 
verme son los grtl lllOS de pigmen to, que se pr oycctn n de nlro del lumen de l vuso. 
Ala dereeha hay 1111 pnr.isi to co mp r im irlo, dent ro de un espncio portal , pOI' una 
eapa fihrobl asticn pOI' encimu, a la izquierda de las t res cuurta s part es del vcrm c, 
y pOI' un tro mho situado iruuediut a mentc pOI' debajo lie I" cnpa Iihrohl ast iea que 
aea ha cerrundo I" In? del vaso, EI t romho CSI;1 eonst ituielo pOI' fihrina y poli
nuclcados. (EI mis mo a nima l que en cI gra11lI do a nt erior) x 100. 



I·~:I : p cr i111 ell fa I Schisto.«: III ia«i.~ 
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F.rf lu i IJI CJI tul SI·1t istosoin ius is 

10'1"1 ; 111'; IS : ~ol e t he exagg"raled fib rohlu sl ic nod u les nho u t ovn , a nd vi ulrl e 

parasit es wed ged ill I he po rtal sp ace hel wee n s lie lvc« for med hy t hese nod u les 

und th e vasc ula r wall belo w nnd to t he r igh t. X ote t he enlarged ceca of t he 
pa ra sit es whic h a rc filled wit h huc terin . Ii.; day .' aft er in f'ect ion Vita m iu ;\ fn -e 

und su pp leme nted wi th 1 drop of eod liver o il :\:1 day ' before hc ing k illed ) x 100. 

\' llAll.\I)(, IS : X t',ll'n , e 10, en or tnc- nt',dll]o .' fih roh \{lStieo, CII torno a 10 ' hu e

vc ci llos ." 10' par ;lSito, v ivos up rc tu dos e ntre es tes mi sm os IIbd ulo, y la pared 

vn- cu lar. " ea , e el ciego hiper t rolico de 10' pan"' ito " lleno d e bncter ius. (An ima ! 
con nlimentucio n p r ivnd a de vit um inu A. 0,; d ins despues d c esq ui stosum izurl«, 

eon al ime ntuciun su p lcmenturiu de u nu gota d ia ria de ncei te ,Ie higud o d e ha
ca lao, d u ra nte :1:1di a ' n nt es de '''I' sucri ficudo ) x 100 . 

Fi ornu: I n : I l igh po we r of in lest innl ceca of parasite filled wit h bacilli . (Same 
unimu l as ill F igur e IS) (; ielll,a x 11100. 

GIlAIl.,n" W : Ciego in tes ti na l del pa n"i! o, a gran a u me nto, lieu» de ha"i los . 

(E l mi smo un imal u nte rior) Col. G iern su : x 1.000. 



F.I' I I I' I' i III ( '/I tal Sch i 81/18/111/ ias i s 



J';;l'p cr i mcllflll Schis tosomiasis 

FIGUIlt; '.?o : T he pa rusiles a rc converted in to hncter in] filled cysts, (Sa me 
a nim al as in Figme 18) x 100. 

(~Il .\ ll .\ I>O '!o : Los punisitos qu eda n convert idos en q uistes repl etos de hue
terias. (El mismo a nima l a nt er ior) x lOll. 

Frouu » '21: Rup ture of bacter ial filled eeea l cys ts with result ing py lcphleb it ic 
ab scess. (Same a nima l as in Fig. 18) x lOll. 

(~ lL\ lIA I>O '21: Hup tura de los quiestes cern les haeleriano s, con lu filellehit is 
resu lta nte. (El mismo animal a nter ior) x lOll. 
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Ex-peri /II elltal S cliistosoui iu» is 

FIGUlu ; 22 : I'nrnsite in b ra nch of pulmonary artery with eady bacterial in
vasio n of ceca . The black clu mps withi n Ihe ceca are remains of p igmen t. (Sa llie 
unima l as in Figure 18) x 4;;0. 

GIl .I Il A[)O 22: Pa n isit» en una ra ma de la arteria pulmona r, con cI ciego in
vnd ido prcmnturument e pOI' hac te rias . Los mo ntones negros en el ciego son 
rest os del pigmenlo. ( El mismo anima l a n te rior) x ·l.i O. 

FWl:RE 2:1: Ab ove cen te r of sec t ion of lun g t lu-re is a la rge nodule in wh ich 
t here is no lrace of pa ra site hut rema ins of a cent ra l abscess and snrro nnd ing 
monocyt ic, fih roh lasl ic a n,I ly mphocy l ic reac t ion. (Yita min A free d iet-no 
supplem enl; 4.i days af le r infect ion ) x 100. 

GIl .\IlA[)O 2:1: E ncima de l cenl ro de un co r le de Icjido pulmonar aparecc \ 111 

no d ulo gra llde ~ si n 1ruza s del puras ito, peru lIa,\" IH I ahseeso cen t rnl y u ua fPaeei{u l 

en tor uo, con mo noci los, fih roblaslos y lin foci los. (Anim al con a limcntnc inn sin 
vitu mi un ,\, no suplcmentnd u, a los .~ ;; din s de esq uistosomizudo ) x lOO. 



/.;.1' l I N i III (' JI ln I Schis /oso /ll iaS is 



Erpcrimental SI·/tis tosonriasi» 

FJ(; UIH: \!·k Xecrot ic worm wh ich ha s been ulcerated iuto the lum en of II
 

b ronchu s. (Sa me a nimal as in Figur e 2:;) x 111 11 ,
 

G H AIl.\!)() 'H: Ven ue necrot ico, con ulcerueion en el lumen de un hr onquio. 
(El mism o a nimal an terior ) x 100. 



j ': J:per i men tul Sch istosom iasi» 
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Experimental Schis tosomiasis 

FWURF. 2;; : Liver of infected rat on nor ma l diet, 50 day, after infection. Xote 
scarring a nd lobula r hypert rophy or cobbled effect. A sla rch m ixture was used 
for co nl ra st. 

G U,\B.\lH ) '1.; : lI il(ado de uu nuinui ] cou nlimcu tacion norma l, dcs pues de ;; 0 

dins de csqu istosom izudo . Notese cl aspecto eicnt riciul y la hipcr t rofiu lobula r 0 

nspccl o p izarroso, lI emos ut ilizado un a m ezcla de ulmidu n pa ra hace r resa lta r 
la s ult eruciones hist ologicn«, 



F.r/II'ri II I ('//{II! S('1I is iosotn ia s i» :H I 



Erperim ental S(:" istosom iasi» 

FW Ullt: ~ ( j : Lun gs nud liver of in fected ru t on vita min A defic ien t d icl, ~ !l 

days uf'ter infect ion. 1\o le Ihe large mu lti ple pu lmo unry lesions due to purns it ic 
invasion of t he lu ng und the smooth liver with wh it e mnrginal and suhma rgina l 
nodul es, 

GIl .\B.\I)O ~(j : Pulmoues e higado de U II an ima l con nlim entucion de ticient e en 
vit ru uiu n A, ·W .l ias desp ues de esquis tos om izudo. X otense la s lcsiones pul 
mon a res 111 (111 ip lcs pruvocad ns pur la invasio n pur asi lur ia del pulmon , ~. la 
supc rficie lisa del higa do co n lI{'dulos margina les y submurgina les . 





:144 l~;r f! eri lll cnt al ScI;i8lo8o/ll iasis 

FW UIl E ~/ : Liver of infected vit ami n A deficien t rat, H,; clays a fter infecti on 
to show smoo th surface and the measled effeet (numerous small whi te spot s) of 
ovipo sition ch iefly but also of para sit ic massing and destruct ion . 

G llA ll .\I)() il/: H igad o de un anima l somct ido a alimen tncion deficientc en vi
tamina A, despu es de (j ;; elias de csq uistoso mizado . :\bt ese la superficic lisa y con 
pro fuse moteado blanco debido a lu ov iposicio n ya la destruccion parasit ari u 
en ma sn. 



":OrfiN i tuc/I tul S chisllIsolIIiasis 

F IG 10il E '27 




