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INTR ODUCTION. 

{ IESO I'liA<~ osT0~\11.\ S JS is pP r k1ps th e nw ,;l ~< · 1 · i ·ou~ par:1 ~ iti c d i,;p<J~P "f 
shePp in th e U 11iol! of South . \ fri e:1 :1l ih P pn•.-;e n l l imP . A tr ut' 
u n<IPr-;landing of t he le~ i o n~ prod u<·P<l h,,- t he,;e par:t.-;ilt•:-i :1 nd 
P~l i P\'i : tll.\' :1 dear eon\'eptiml of th e p al lw:.r<•n es i;-; ·of lh P lP,;io ns 111:1 \· 
~ ~ s~ i s t in t•Yohi ng s imp le and d -fi t·i Pn l Jll P:IS11l'f'" of \'O nt rol. ·of i hP 
pan1s ite, "hieh i,; m aking .-; heep Ltnu ing· YPr\· tl ifhntl t in m:1 11.\· p :1 r t.' 
o f t hP rniou. 

\Veinl J~'l'!~· (19U!J) giYe.-; a detai le<l Jll i<'!Os<·o pi c <l e,;nip t ion of 
t 11·en t.1·-t hn·p \' <t ~Ps of oe,;ophago-; tomia s i-; in nni ous s pecies of :qJP-; . 
Th e l es io n,-; of i hP-;e :l[lPS i n fPsted 11·itl1 rli ffere n t -; pe('i es of oe-;oph :1g·o.'­
to mum :1r <.' :Ill p,;se n t i:tlly t he K:1 1n e . Th <> au th or lw l i<>Yes t h:tl l h t• 
lana!' r <> a l'it t he ti ss ues of t hP i n{p,;{ inal 11·all t hrough th e hlood 
shenm. Th e.\· rupt m ·p t lH-• h loo<l \- p ~,;e l :1n<l <·au~!' a ltil<.' ln< ll'l'h ag il' 
n o<htl e . ( \ ·sis we re neYer seen in t hP ,;m :1 1l in le,;l il1<-' , mos t of I lwm 
nre p rp,;pn t' in l h e s1dmnl<·o-;a, -;onlP :II 'P i n l hP 111\I S\'IILn l:t yPr~ a n <l 
otlw r.-; a rf' ra rel .v foun <l sul Jperi l'mwa l l)·. F rom il1P p hol ominogT:Ip h,; 
th e n·~b <l e.' ('ribe<l ar e m osth ol<l e1· n<HlulPs :111 1l \Yo nl<l not. 
s tril'l l ~- ·' lwaki n g, C'n n fon n to w l; a t l' :ll l lw reg:1n l Pcl :1 ~ yo un g ~".'·-;{~ 
whi!'h form 1rlwn l h f' l:t n ·:l f' p <> nPh ·ntP lh P lll ll <'ot J.-i lll <'lll li r:l ll<' in tit<-' 
first i nst :ln<· e . lfp !I PI' Pl' fonn<l Ltn·a<· in l it <· lr:t ll s o f th <> intP~Ii n P . 
lJU I th e a <lu lt -;lnge onl .v . SomPi im es r npl lll 'P<l <·\ sb lH' l'oJ11P infPI'IP <l 
ll'i lh h ndPr in from l lw i nl esti n:1l fl .or:l nml nh-Pra l inn rPs1il iP<1. ;\o 
wo rm n o<ln lPs ,,·ere fou nd in o th er orga 11~ of t h e ho<h . Tl 11 1sP 
monk <.'\·,; ha,·ing brge numher s ·of a dult- ,, · or11 1~ i n tlw l:l l'g'P in{p-;{ i 11 P 
h a <l <lianlt oea . Th e auth o r bel iPYe -; t ha t snhsi:I II<' PS ;-;<•<-re l t- <1 h \' lh r 
,,·orn1 s ,,.P re not resp o11 s ihl P for <l ent lt. I-T <> hel iP\' <'" d <':l lh to h~ <li JP 
t-o a sep l il':1em ia, ;) ]t h o ug h h e <·011lcl not <·n l l iY:tiP an\ l Jadf>l'in From 
tlw hloocl . hut hp s (;t! es t ha t t lw o q..!,·nn is1n ,; proh :1hh <licl n ot gT0 \1-
on l·h e meclia n sed. H e fmmcl :111 a<lnlt fp m :tl <.' IHH'lll :111 cl :1 nu ml1Pr 
·of Pggs i n t h P morula stagf' in n n orlule . l n <l ir ert nHTill11111 i <'nlion 
" ·ith this n -odule " ' <I S nn oth er , ,,·hi r h p o,;si hl\· held a J1l ;) l P \\·orm 
wh ic·h could h a ve fe rtilise<l t h e fpmnlP, h <> fo r e lP:II·i ng it s 0 \1'11 nod ule 
for t h e intestin al l u men. 

vValferston T h om as (1810) d escribes \Yh at, a cc·on ling· to h im. 
is th e seroncl r econl ecl ('a se of oesophag ostom iasi s in t h e hmn an 
t=mbjPct , t h e firs t being cl escriberl by B rumpt i n Hl05, (j n otecl hy him. 
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PATHOLOGY OF OES OPHAGOSTOJIIIASIS IN SHEEP. 

He has never seen a cyst above the level of the muscula ris muoosae. 
This is interpreted to mean in the mucosa proper. He describes cysts 
in th e submucosa and ex ternl}l muscular coat . The cyst consists of 
t he worm and red cells in varying states of disintegration. 
Eosinophiles, neutrophiles a llll mono-nuclear cells are present in 
varying numbers in different cysts. G-iant cells are also described, 
a nd in some cases there is calcification . 

H~ll (1920) in a popubr article on pa1·asites and parasitic 
diseases of sh eep, men t ions the presence .of cysts in whi ch the p ara­
sites may be present. These cysts contain necroti c material, yellowi sh 
or greenish in colour, and may he of a c<J seous or calcareou s nature. 
Lanae which migTate to the m esenteric lymphatic glands, t h e 
omentum and t he liYer , probably tli e theJ·e and neYer get back to 
the intestine to complete their rleYelopment. In seYere cases there 
is emaciation and diarrhoea. H e ascribes the bad effects produced 
by the \YOrms to: (1) large pm·hons of the in tPstinal nnwous mem­
brane are rendered functionless by the les ion s protlncetl t herein by 
the para~>ites; (2) absorption of toxic substances hom t he '"m·ms 
them:;elves and hmn n ecrotic material f r·om les ions pro<l uce<l by the 
paras ites. 

Theiler (1921) describes the po~ t-mortem appearance,; of oesopha­
gostomiasis in sh eep as those of a pronounced ana emia , h:'-·tlraemia 
and serous atrophy ·of fat. K.oJules are present in t h e small and the 
large intestine . 'rhese he classifies arbitrarily as (1) the reclrlish 
nodule which is the young nodule; (2) t he green n odule, '"hich con­
tains green pus and (1) t he h ard nodule in which calci fication h ail 
taken place . 'rheiler f urther states th a t bYo serious complications 
may take place as a 1·esult of nodular " ·orm infestation : - (1) R ek­
siekte* (Intussu sception ) and (2) septic in fection ·of the serous 
caYities . 

J ·oest (1926) describes the young nodule a s consistillg mainly of 
lymphocytes, togeth er \Yith the oesophag·ostmmun lana in a relatively 
sm all amount -of broken <l mYn ti ssue in '"hich eosinophile,, are present . 
Fibroblasts surround thi s ee1d n d ma ss but a well dPfin etl connedive 
tissu e capsule has not yet f.onne<l. These youn g nodules arE' situated 
immedi ately unrler t he m uscubris 1uucosae. The larYae may migrate 
into t he subnnlC01ts ii ssues and the nodules may undergo caseation 
ancl necr.osis . Sometimes ulcers cl eYelop. 

)fi:innig (1934) states that in lambs or in older sh eep \Yh ich have 
no r esistance to the parasite th e lanae cause p ractically 110 r E'achon, 
by their migration into the mu cosa. In such cases a brge number 
of ad ult worms c:1n he found in the eolon, without an~· nodules in 
the walls of the inteRtin e . Th e fact that in som e ca ,;e~ lanae pass 
into the submucosa, with the development of noduleR, he ~1 srrihes to 
,;ome deg-ree of imnnlll ity " ·h ich th e mucosa appean to po,;;;e,;s. The 
larvae according to this auth or may stay in the nodules for about 
three months wh en th e contents become caseous and calcified, the 
parasites either di e or l eave the norlules to wander about between 
the muscl~ fibres. Some lanae ma~· enter the blood mHl lymph 

* An Afrikaa ns word, l it erall.v tran-,Iatecl "stretching cliseaoe " . 
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1' . J. J. FO"CRIE. 

Yessels or pass into the a hflominal caYity, p rodu cing nodules in t h e 
liver , lungs, myocardium and abdominal fat. The nodules are 
usually sterile, hut larvae nul~- can y haderia into t h e walls of t he in­
testine an rl produce acute iutl.ammation , peritonit i;; or eYen abscesses . 
Th e " ·orm,; ~uc not bloorl su ckers but fee<l on the i ntesti nal couit>n h 
or t he prerligestecl mu cosa, afte1· subjecting· the llHI<·osa to th e f\ctJon 
of secr fl t lnns f rom t he oesophageal glands. The \\·on u s sel-rele a 
toxi<; S\lh :> b nce whi ch h as a h armful eftflct on the h osi. 

''T etzel (18:J4) helie,·es th ;l t a glaJHlular sen et ion from the 
noclula r worm s, causes a chronic infiammnti on of t he intestin a l 
mucous membran e of t he sh eep ancl that thf' IJar a,;ites actually feec1 
on the infimnnw tory exu<la te proLl ucell in i hi,; \\' el Y . 

LESIONS OF OESOP HACOSTOMIASIS IN LA M BS. 

::'.Iost of th e material used in thi s stu rh · '"a s the sam e as t hat 
used by Y eglia (1923) ,dw n he \\·as inYestlgat iug the life histor;'\· 
of this par asit e. H e iufected lambs wi i.h large nmnhen; of thinl 
,;i.ag·e bn·;1e a n<l kille<l the,·p lamh,; nt in tenals of 12 hom·s, 2+ hour,;. 
36 hours, :2 dnys, 3 days, etc . Spec imens ·Ot intestin es were collected 
in for malin an<l these \\·er e kindl.v placed at my disposal by Yeglia . 

In addi t ion t·u this materi al obta ined from Yeo·lia seYer al other· 
two-tooth mer·ino sheep \\·ere experimenta lly inf~cted " ·ith pure 
faeces cu ltures -of Oesophag.ostomum lnrYae. 

Seri al se<·t ion,; ·of the intestine \Yer·e cut aurl stainecl in the 
-ordinarY \\' HY with ha emalmn-eosin and YUH Gi esen . In s-ome ca se ~ 
the sechon~ \ ,·ere specially stained '"i.t h Giemsa, etc ., for bacteria . 

L ESIOXS IX THE I:I'TESTIXES OF y O"CKG 

IKJ:'EC'I'E lJ w l'l'H 0ES0l:'H AG OS T OM T AS I S. 

L .urns ExrEL~un:xT.~u;y 
(Yeglia ·s material. ) 

Con t l'ol Lam iJ iVo. (2) . Specim en .\'o . (i:)69. 

'I'his lamb \YH S n ot infeeter1. The intec;i.i ne had a uonnal 
~1 ppeanmce micro- anrl m acr-oscopically. A careful exami nation " '<h 
ma de for t he pr·esenee of oesinophiles iu the mu cous mem braue . 
Ye ry Ee"· of these cells coulc1 he identified therein. 

12 TT ou 7's aft er inf ection . 

Lamb .Y u. 31. S JJ I'r i men Q:)70 .- Sm all intestin e- no p;trasitP~ 
are seen ei thPr in or on t he mu cou,; membr au e. Lm·ge intest ine-no 
llfl rasi te,; are ,;een iu t he mucous m embran e, but in some ,;ections t h e 
v;u·asites a re seen lying Oil t he m ucous m embranr . Th e lcu·ya in 
thi.s case must he j ust on the point of enteri.ug- t h e lll\\ ('01\ S membrane 
(see Plate I ) or what is more likel:v is i.h~1 t a portion of the parasite 
h as ahea<l .'· en tered t he mucosa and tha t whieh is seen as apparentl;'\· 
lying on th e lll1\ Cosa is merely a cr oss sectiou of t hat IJorhon of th e 
lan·a whi ch k1s n ot yet passed into t he m u cosa . If the lmTa i-; 
merel:- ly in p: free on the murous membra ne it " ·ouhl probably Jwt 
have r emai nt>ll there rlurin g the proces,; of cutting- and the man ipub­
t ion of t h e sed ions cluring sta ining etc. 
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PATHOLOGY OF OESOPHAGOSTOMIASIS IN SHEEP. 

PLATE I.-Specimen 6570. 12 hours after infection 

F tg . 1 (X 150) and Fig . 2 ( x450).-Larvae a re just on the point of ente rin g t he 
mucous membrane of the large intestin e. 
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As far <l :> t;an be made out from a YerY t;arefu l microscopic 
e.x ~nnination of serial sections from the smal1 and Luge intestine 
llO eYiden t;e of nn.'· c1isturbances could be fouml . 

24 H 0 11 rs a ft eT in f ection. 

L amb .Y o. :~9 . Specim en G57l.- Small in testine-Duodenum. 
There is Yery marked hyperaemia. The Yessels are clistended with 
blood . In some places the Yilli are markedly infi ltrated "·ith red 
cells. There i~ in aclclition a certain ::m10unt of <lesquamation ot 
t h e cells of i·he mucous membrane. Th ese leciouc are possibly t il l:' 
early stage:; of a haemorrh agic enteri tis (l)late II, Fig. 1 and 3) , [llld. 

probabl~- cli1·ectl.'· or indirectly due to t he eftects of wh at t;an be cou­
Yeniently clesnibed as primary paracitit; m igration , t hat is migratio11 
which is taking place ''hen third stage lanae en ter the mnrou:-; 
membran e a ncl until they bet;ome encysted u nder the musculari:-; 
mu cosae (i. e . against the musculari s mut;o:-;ae an cl on its mucous 
m embrane si de) . :!\I .auy lm·yae are pre:;eu t. These are eoilecl up 
again:;t the must;u lari s m ueosae. Tbi s ll-'siou has already appror)l'i­
ately been de::;o·ibed by Y eglia (19:20) as a eyst. A Yery fim 
membrane fonn,; the e;vst wall " ·hi ch ,;urrounds t he lar\a . ln 
a deli t iou to t he larnt 01; A ean recogni,;e \Yell p1·eserved red eells in 
;;om e cyst:; . (Plate lii, F igs. 1 and 2) " ·hilst in others there is '' 
sb-uctureless (pink staining ,,·ith eosin) fluid (Plate IV, F igs. 1 a nd 
2) . Evidence of in:f:lamma tion or of baderia \Yas neYer seen ''"i t h i 11 

the e;ysts. 

The question now a ri ses as t o h ow the eyst wall is formed . 
Goocley (1922) pointf; out th at the sheath of en ,;h l-'atherl larne is 
p1·-oduced by t he old cu ticle which is r epbcecl by a ue1Y one deYelop­
in g underneath it. The possibility muRt ther t>forP he c-onsidere<l 
that i.he ol d sheath of t he lana actuallY forms thA wall of the cni.. 
'l'his \l·ould b t> the most ecouom i cal means of supplying i tsel£ ,~-it h 
thi s appar entl)- proteetiYe e;oYering. It has alrea dy been sho\Yil 
thnt t he para~it e:-; are on th e j)oint of enter ing t he mncou,; m embrane 
12 h ours after infection and that J11UJW lm·yap ;ue enc v,.;tecl 2-± hours 
after infedion. I£ a certain amon;Lt of time is allowe<l durin g 
''"hi eh th e parasite is making its wa y throug-h the muc-ous membr:nw 
to hec·om e encysted uncler t he mus<·ular i" mucosae, the cyst ''"all 
m ust in nw n-'· cnses he eompleted within 12 h ours' t inw. It W{)tdd 
be remarkable if the t issues wmtlcl uncler tn ke th is sen- ic-e so promptl-'· 
on behalf of tlw parasite again,;t its o\\·n interest . F rom thA rn·ail­
able histolog·i cHl eYideQce it would ne1·t> r theless seem , t hat this i~ 
actually what takes pbre. The cyst wall sta iu s \Yi th l per e;en t. 
m ethyl-green and " ·ith haem alum eoRin . \ Yith ,-an Giesrn it- stain s 
n li g-h t pink L·olom. U nder oil emersion au cl ''" i th t he light sl ightl~­
cu t off, t he cyst " ·all has a g-ra nular appeara nce in plae;es. Striation 
whi ch i s charade1·istie -of the structure of th e skin of, amongst ·others. 
nodular worm larYae, was neYer seen in t he cyst \Yall , although it 
sh oulcl he m entioned t hat in sections, one h t>qu ently fails to identify 
stri ation in t he skin of en evsted noclular worm lm·yae. On struei.ural 
gTountls onr ca nnot c1i:ffere"i1 tiate t h e t wo on clear-cut lines. In SOllJ t> 
n ·sts t here nrt> lHllnerous red cells behYeen the cQils of the lan·ae . 
J.f the CYSt wall is former[ by the oute1· skin of th e par asite, tht>n 
tl1Pse r erl cells must he behnim i.hr t wo skins, " ·hich \\·{)uld seem to 

281 



PATHOLOGY OF OESOPH.·\ GOSTmHASIS IK SHEEP . 

PLATE H.-Specimen 6571. 24 hours after infection. 

Fig. 1 (50x).- Duodenum h;J,emonhagic infiltration of mucous membrane. 

Fig. 2 (l200 x ) .- Eosinophile infil t r at ion of m ucous membrane. 
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\ 

~: 

Fig. 3 (2/0 X) .-.~s F ig . 1, sh owing hypArn.em ia anc:l h aemorrh al! ic infiltration 
of villi . 

be an exeeedingly unlikely, if not an impossible eventuality. EYeil 
if the 1·ed cells should h ave been ingested by the parasite, t hey "·oulcl 
not be present between the hYo skins, but in the alimentary canal of 
t h e parasite. Veglia (192;3) further points out that the second 
ecdysis ''"h ich occurs in the first parasitic stage of the s·ocalled th ird 
stage l ana is completed in the lumen of the alimentary canal of the 
sh eep, Yery soon after th e parasite is ingested . Thus having cast 
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l'ATHOJ,OGY OF OESOPIIAGOSTO::IIIASIS IX SHEEP. 

th e old skin , it seems very unlikely t h a t it could , within 2-± hours, 
release the new skin t o form a cyst wall. All the aYailable H iden ce 
poin ts to the formation of th e cyst wall by or from the tissues . 

F en o' (1931) believes t h at in Phy saloptera clausa infection of 
h ei!n·eho <~s and Pln;salopteTa caucasica infection of m onkPvs, the 
wor~ns p~-oduce a s~creti on " ·hich rauses liquefaction .of t he 'tissues. 
Spindler (1933) beli eves t ha t suc;h a liquefaction or more preci sely 
a coagulative necrosis of t h e tissues may also be caused b~· t he Oeso­
phagosto?Jnt?1~ longicaudum in pigs and that this homogeneous tissue 
actually forms the cyst ''"all . As the p[lrasite only rem a ins encys ted 
for a shor t t ime ( 4-5 clays according to Yeglia) it may be achantageous 
to h ave a p rotective c;.o,·er ing \Yhieh is not too strong. If such [lll 
em ·elope consist" of dead ti ssu e, this may automatica lly di sintegr[l te 
in a few days time an rl r ele[l se t he par[l site to complett> i t s rl eYeJ.op­
ment. The great objection t•) this Yiew is the fact th at th e cyst 
wa lls consist of such well-defined , alhei t deli eate t hr e.arl-l i ke stnte­
hu·es , that it is h an l to believe that a 1n·oeess of coagulatiYe necrosis 
ean produce t h em . Hi stologi cal evidence Yl·hi eh may t o somP ex tent 
su ppor t Spindler 's con tention is furni shed by a cyst " ·hich is 
reproduced in Figs. 1 and 2, Plate VI. From the " ·alls of thi s 
cYst one sees in places what appear to be hooklike processes projectin g 
into the cyst cnvi ty. If there \Yas a 111[lSS of liquefied tissue which 
t he parasite pushed ou t i n t he form -of a c~·st \Yall , one can \Yell 
imagin e tha t some of t hi s substance coulcl :Ao,..- or be forcecl between 
the coils of t he lana an cl s·o p roduce t h ese h ooklike processes. 

Ho,YeYer on car eful examination ''"ith the higher magnificat ions 
one can differ enti at e " ·hat c·au be d escribed as the membranou s cysi. 
\Yall , as a " ·ell-rl efined cl Plirate threa d running r ounrl t h e hoold ike 
Jn·ocess . In addition the t"·o sta in cli:fferenily " ·ith Yan Ui e:=:en , ancl the 
~truchneless material in,;i cle the cyst eaYity c;:tn :>imilarly he rliftereu­
tially stained. How eYer too great importance shoulcl not he a tt:1 c heel to 
this, as the materi al inside the cyst s may be pr esent as a t h in la)·er , 
as a resu lt of whi c:h i t may stain more lightly tha n the thi cker cyst 
\Yall. The exact nature of t h e shuctureless material " ·hich is presen t 
in some cysts (Plate I Y , Figs. 1 and 2) has not heen cl Pterminecl. If 
it is not t h e r esult of a p1·ocess of liquefaction, is it ,-;pvretPd by the 
parasite, or lw the wall of t he CYst ::J Somr c·Ysts as [llreaclY clearlY 
sh o,Yn undoubtedly contain reel 'c:ell s and i t ~eems Yer)· liJ~ely t h a"t 
ihe structureless material is t he remains of ihese rerl cell ~ after th eY 
lw ei become haemolysecl. Iu Yiew of t he foregoing th e qur;;tion of 
the format ion of the cyst wall nmst for t he time being r emain open . 
In t h e case of one cyst (5 days after i nfecti on, Fig. 3, P lai.e IY) a 
nudeus resembling t hat of a fibr·ohlast seems to be lH'esen t in t he 
eys t " ·all and the possibili ty th at it may consist of :;ome form of 
connectiYe ti ssue cannot he entirely excluded. It is ratlwr rpmarkable 
t hat in all cases the lar vae beo~me encysted immediately against 
t he muscularis mucosae and tha t encYsted lan·ae are HPYer seen iu 
t h e wall <lf t he in tf'stin e deeper tha1{ the muscularis mncosae. It 
seems Yery likely that thi s structure merely offers a conYenient 
m ech ani cal barrier to t he p1ogreRs of the larvae anrl as t h ere is no 
par t icular reason why they shcmlcl g'o furth er, t hey become encysted 
t here . 
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PLAnJ IlL-Specimen 6571. 24 hours after infection. 

Fig. 1 ( x 150) and F ig. 2 ( X450).- Duodenum. T.arn:t encysted under 
muscul a r is mucosae. 
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l'Al'ILOI~OU Y 0 l•' OE SOPJ L\ GO~TO~\lL\ SI S I K SHEEP . 

"Fi g; . :~ ( LillX) .-Ency~led l :u ·n1 •• ud0r musc td :~ri s Jllii Cosa - tPrlnina l po r t ion 
II C Uill. 

Ahe:<<h :li thi ~ early s L1 g·e a h JI OJ'llLil lli!J illH· J· . ..; of eosi noph i l es 
;ll't' lHPsf• nt in i lt e lllll('OIJ ;-; Jll <'lllh r:I! IP . Pla t<' I I, Fi g. 2. :Jiany -of 
t h p..;p <· Plls '''em io ltaYe r o11n <l nu clei, hut Oll P h esi tnt 0s in m a ki n g· 
a <ld1nitl' . ..; ta h' lllPllt to thi s p ft'e(' t , ns th e eells m ny lw lyi n g in su('h 
'' "'"~' tlt :i! on e ma,· noi he ab le to SPt' t lt 0 olh Pr lob es of lit e nuclei. 
1f .. ;1e is :1..\uall:v· d en l in g- lt E're " ·it It eos inophilP mydocy ies , t h E'_,. 
mu ..; t ll :I\·E' .J p\·e lope <l l ol' :tll_,. ho m l _,·nJpllOhl asi s (h em ocytohlas ts of 
the unitari:ms) . l\Llximow HJ:Z:l (b) q u oted b~- Maxim o\\· (192.'3) 
showe <l th at ly mphoc,dP..; ma y e ,·en i n ti ssllE' cultu re he inaul'Pd lo 
difft•re ni ia tP in i n amnng,.; t -o th er ..; ensi nop hile m y elocytes . It seems 
Yer \· unlikPly t ha t t h e l1o ne nJ<HTO \\' l'n uld read so quif'kly thai thesP 
cell s coul<l f un('t ion in ih P in t f'sh ne ,,· it hin a pPrio <l o f 24 l10u r s . lf 
i t is nwre l ~· a q uestion of t h P moh i li 11ation of t ll P eos in o phi les . 011e 
um un<l er stancl th eir rapi<l \Yi thd ra\\·al hom the h lo()(l, h ut t b f'n onR 
co uld not h P rle:-~ling- with myeloeyi f' ,;. 'T'hese cells ot ·r 11r frpp nncl 
not in ep i1h el i:il cPlls :111<1 ,,·pr e t h Prefore n ot l'on fu ,;ecl w ith the 
" S('holl PnlPnko~~~- t " cl e,;niht• ll hy \\' <•i ll , qu ote<l hv Keash<'y (1923) . 

ThP,.;e ro~inoph iles are di ffu sf'l~- p r e,;ell t :1lnw,; t througho ut th e 
llHl! 'O ll S Jll pJlJl)]':ln e hut Sf'PJU to l1P nl OI'P llll lll C' I'OU~ in f11e ll E'l p:hh01ll'­
h oo.J of la1·Y:1t•. S eei n g- th a t the :1 n im :1l \\·a,; c'xposecl i o a g rosR 
i n fPdion onp t·:Jn PXIJPl't th :1t parns itf's a r r e11 ier in g- ih P m u cou s 
m emhrane almost alo ng the PntirP lin P ·of th e int t>shoP, tbi ,.; pmhah l :v 
explain .-< t]w ir d ifht sf' cli s trihctti on . In t h p l'Ontrol u ninfede <l laml >, 
hanll:,· <~n~· Posinoph i les :1re presP n t . Si m ilar l f' ,.; ions :u e presf' n t i n 
i h P IlPnm. (Pbi P lii , F ig. ::J ) . H err :llso n umPrn ns posi n ophi l rs 
are sef' n to h e <lifh1 sel~· ])]'Psf' n t tln·ou g lt ou t ihP 1n u cmJs m em bra ne . 
'l'hi s porti o n of the intp-;t i ne <l oes not ('o ntain l f'sion ..; li ke th ose of t h e 
earl _,. s tnp:Ps of n l1a emorrhu.g ,ic Pn t eriti s to th e s:nn e ex\ Pnt as t h P 
d u odenum. 
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PLATE IV.- - Specirnen 6571 (Figs. 1 nnd 2). 24 hours after infection . 

F ig . 1 ( L50x) a nd F ig. 2 (-i50X).- Large in test ine . Lana encysted under 
muscularis mucosae . 
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F ig. 3, Spec. 6.378. 6 days after infection. (l.iOO X ) .- 1 nucleu s fibroblast. 
2 cyst " ·all , 3 cyst ca v ity , 4 portion of en c,·sted Jr.n·a. 

L arge l n t estinr.-A s t h e encysted lanae lie coile<l up against 
the muscular is muco~ae , t hey are cut in seYeral places in cross section. 
'l 'his is clearly seen in P late IY. l <' igs . 1 and 2. Immed iately around 
t h e cyst ''"all there are qu i te nmuerouR eosiuophiles. 'l'his "·ould 
.seem to Le quite remarkable if it is remembered that the lanne had 
p robably onl~· Yenturetl into the Inlwous membrane during the 
previous 12 hmu s. In Plate Y a LnYa is seen more or less in longi­
t udinal seetion. It i:.; n ot possible to make ou t definitely which is 
t h e cranial por tion of t h e parasite . Ilowe,·er, i t \YOTLld seem that the 
larva is en tering th e mucou s membrane behYeen two g lands . The 
r>r esen ee of f1 con:3i <1erahle number of eos inophiles is Ye1·y defin ite 
BYiden ce t hat t h e t i ssn e~ are res isting th is inYnsion; uot onl:'i· 
immerh ately around t h e par;1s ite are nm11 erous eosinophiles, but these 
(:ells are also promin e ntly present in th e t issn es some distnuce awa~· 
from th e parasites. Sim ilar le,;ions arP presen t in the ;.;mall and 
lar ge intestiue o f anoth Pr la mb Ko . 0(j destro.vecl 24 homs after 
infedion . 

4/:l Tlow·s after lnjectio11. 

Speeimens from t h ree rl itter ent lambs \\·er e aYailable for exmm­
JJation. 

No. (1) . Lamb !Yo . 129 . Sr:r:cimen 6'172.-Encysted lanae are 
pr esen t un<1er the mu s(' ulari s mucosae, " ·hilst others nre still migTa t ­
ing nppnren tl)· on t h ei r wn~· to the mu~(·uLni s m ucosae. In thi~ 
particular l amb the eosi n ophile rear·hon , althoug'h presen t, is not so 
>Yell marked a6 in the preYious case . 
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PLATE V.-Specimen 6571 (Figs . l and 2). 24 hours after infection. 
Specimen 6574 (F' ig . 3). 3 days after infection. 

Fig. 1, 6571 (l50X) and Fig 2, 6571 (850x) .- Larva entering mucous membrane 
betw9en two glands. Eosinophile infiltration around parasite. · 
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Fig. 3, Spec. 6574 (250X).- Empty cyst 3 days after infection. 

No. (2). S]1ecimen 6912-A drlitional l-am6 .- vVhilst no para­
sites are seen in sections examiuetl from the jejunum, ileum, caecum 
and ansa spiralis, parasites are found on the mucous nwmbrane 
spparently -on the point of entering- the du-odenurrf, the jun ction of 
the caecum and ansa pro:s:imalis and the rectum. .Eosinophiles in 
appreciable numbers are present throughout the mucous memhmne 
of the small and larg-e intestine. This eosinophile reacti-on is pr-ob­
ably due to the presenee -of lanae " ·hich hfl rl slrt>a<ly entt>recl th e 
mucous membrane on their primary paraRitie migration, although no 
such parfl flites could bt> clemonstratt>tl in t h e clt>pth of the m11rous 
memb1·ane anrl no encvstecl lan·ae \Yere founcl in hundreds of sec ti ons 
examined. Tbe meHiocl of infertion \Yill probahl.v in-A.uen<'e lo a 
considerable extent the rapidity with \Yhil'h the parssitcs pass through 
thei.r vari-ous developmental s tages. If the larvae must first of all 
enter the rumen, it "-ill take tht>m longer to 1wcome encysted tha n 
if the_v should pass throug-h into the abomasum and this may possihly 
explain the apparently i!eb.yerl deYel-opment in this lamb. 

lVo. (0). ~amb Nn. 38. :\pecim r>n G573.-Ko parasites '"ere 
found in any of the serial section~'\ examined.. \Vith the exception 
of a catarrhal enteritiR in th e ileum no leRions were r ef'ognised in 
the small or large intestine. 

3 Days aftr>r lnfect7'on. 

La1nb No. 18. Sperimen N o. G574.- Eneystecl larvae are present 
against the muscularis mu cosae of tlw large intestine. In the 
vicinity of the cyst are scattered eosinophiles. In some places empty 
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cysts are seen (Plate Y, F ig. 3). The ruptured end of the cyst is 
immediately opposite the m uscularis m ucosae. On following a sort 
{)£ traek which is present between the mueous membrane and the 
muscularis mucosae, portions of a migrating larva, which could 
pos,ibly ha,·e m igrated from th is cyst, are found. 'l'he larva was 
unfor t unately cut in such a way that i t coulo not be definitely 
identified as a fourth stage lana. From thi ::; it IYould appear that 
what \Yi ll be described as secondary parasitic migration in this paper, 
can somet imes take place c-onsiderably earlier than 5 clays, which 
according to Veglia (192:3) is the time 11·hen the fourth stage larvae 
usually emerge from their c·ysts. 

-! Days afte-r In/ eciion. 

Lamu !Vo . :w. :::ipecimen :ro. (j.)lo. - So parasite;; were found 
in the sections cut from tht' first pol'tion -of the small intestine. In 
the ileum uumerous eneystecl lanae fire prt'sent 1mcler the muscularis 
mucosae. 'l'he cysts fire nm1· increased in size and ean readily be 
pieked out under an onl inflry ch-;sed iug micro;-;cope with a magni­
fication of 16. The lanae can only gro11· if they haYe sufficient 
available food material. It seems unlikely that they can build up 
suffic ient resenre mater ia l during the short lime of their primary 
parasitic migrnhon, for i.heir growth while they are encysted. If 
such resen-e mater iaLs are not available the larvae p1·obably make 
use of red cells and possibly other substances present within the cysts 
for food . I n some -of th e sections photomierographs of which are 
reprodu ced (Plate VI) the cyst " ·all is clenrly seen to oonsist of a 

PLAT E VI.- S pecimen 6575. 4 days after infection . 

F ig. 1 (150 x ).-Encysted ian· a . 1leum. 
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Fig. 2 (450X). - As Fig. 1. 

Fig. 3 (l 50X).-Encysted lana. Large intestine. 
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fine thread like filament , which at this stage can be differ entiated 
from the outer skin of the parasite by van Giesen 's staining. The 
outer skin of the parasite takes on a yeUo11·ish colour whereas the 
cyst wall stains a light pink colour . T h e g landular epithelium of 
t h e large intestine is in places complet ely replaced by t he cyst and 
hy a :>;one of tissue 11·hich has formed around the cys t. Thi s zone 
of ti ssue consists of scattered eosinophiles, fa ir numbers of round 
cells , but mainly of cells having large Yesicular ·Or spin dle shaped 
nuelei, whi ch are regarded as fibrob last s . am ongst 11·hich a certain 
num her of epithelioid cells m ay also be p resent. This p robably 
represents a type of granulation tissu e, 11·hich already at this early 
~tage seeks to encapsulate th e par asite . This cellular zone arouncl 
th e cyst Yaries in depth , as i t consist s of onl~- a f e\\· rows of cells in 
the case ·of some cyst s, '"hilst in the case of oihers an appreciable 
zone of ti ssue is formed around th e cyst. 

~ umerous serial sections \Yere examined from Yariou s pottions 
of the gut and in not a single one \HI S any eYi cl ence found that lar vae 
hacl penetrated the mu~cularis mucosae. 

5 Days after I n f ection. 

Lamb (no number). SpeciTnen 6077.-Many en cy st ed larne are 
present agai nst the museular is m ucosae. In F ig. 1, Plate VII two 
larvae are shown encysted side by si<l e . If t h e tissues are r esponsible 
for the cyst wall, it seems strang e t hat they did not include these 
two larvae wit h their associated cyst contents within one cyst \Yall, 
there is , ho\Yever, a possibili ty that t h e t wo lanae beca m e en cysted 
at differ ent t imes . The cyst generally r esembles that 1\·hi ch is seen 
four days after infection. I n ser ial sections fr.om anoth er porti.on of 
the large intestine a portion of .a larva i s seen mor e or less in longi­
tudinal section, F ig . 2 Plate YII . Th e h ea<l end is ag ainst the 
muscularis mucosae and causes a bulging of it tmYanls the submucosa . 
.Tudging from the mouth eapsu le etc. the structure of this lana con­
forms to the structure of the four th stage l an -a described by Veglia 
(1023) . A ccording to Y egli.a , Oesophagost omum larvae are, during 
this time, completing the t hird eeclysi s hut th ey had not yet migrated 
hack to the lun1en of the intest ine . Th is lan -a nmst h ave emerged. 
from the cyst and is ncm migrat ing as t h e fourth stage larva. 'rhis 
can be conveniently rlescrihed as seconrl ary parasitic migration, in 
contradistinction to what has already been 1eferred to as primary 
parasitic migration. 

G Days after I nf ection . 

Lamb N o. 16074 (Ou· n case) . Speci men N o. 6578 .- Kumerous 
encysted larvae are still p r esen t ag a inst t h e muscularis mucosae 
(Plate VIII) . T he cysts themselves vary a good deal in appearance . 
Some h.ave a well-defined deli cat e threadlike membranou s wall 
(Fig. 4) with very few cells or dinar ily associated with granu lation 
tissue and capsule formation , wher eas others h ave in addi tion a zon e 
of tissu e consisting of several ro\YS .of eells (F ig . 3) . T he cel ls of 
the central rows, i.e. immediately around t h e parasite haYe large 
vesicular nuclei, some of which are almost ellipt ical in sh ape, oth ers 
more or less round . The cells of t h e peripheral r ows h.ave nu clei 
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PLATE Vll.- Specimen 6577. 5 days after infection. 

Fig. l (150x).- Encysted larvae. J.,arge intestine. 

Fig. 2 (150 x).- l\1igrating 4th Stage larva. 
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which are spindle shaped. These cells are interpreted as being 
mainly fibroblasts and the tissue is regarded as granulation tissue, 
whieh is building a capsule ar·ound the parasite. This difference in 
the structure of the cysts may be due to: (1) a difference in age. 
It is almost certain that even in cases where infection takes place 
at the same moment, some larvae will complete their (levelopment 
before others. (2) For some unknown reason, the tissue reactions 
to individual cysts may Yary. It seems unlikely that there would 
be an inherent difference in the cysts themselves, but possibly the 
kind of tissue where they become encysted, may influence the type 
of reaction which is produced. 

In places there are empty spaces from '"hich the larvae have 
migrated. In addition to migrating larvae of the fomth larva or 
seeond parasitic stage, the nodules whi ch are produced by some .of 
them are now for the first time seen. (Plates VIII and lX). The 
nodules are present mainly in the submucous tissues, but some are 
present in the submucous as well as the mucous tissues . In the 
earlier sections of the series, one sees merely a more or less circum­
scribed accumulation of eosinophiles, but in later sections of the 
series portions o£ the larvae are easily recognised. In Fig. 1 
Plate IX the nodule is seen t.o occupy the entire mucous membra11e 
antl penetrates the muscularis mucosae t{) extend int·o the submucous 
tissues. Here the lana is seen cut more or less longitudinally and 
details in its structure are easily recognised. The head end lies in 
the suhmuoosa and is directed :nYaY from the mucous membrane. 
The en tire parasite is closely smroun'ded by infiltrating cells amongst 

PLATE VIII.- Specimen 6578. 6 days after infection. 

Fig. 1 (75X).-Encysted larvae and young nodule 111 submucosa. 
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Fig. 2 (150X).- As 111 Fig. l. 

Fig. 3 (300 x ).-As in Fig. 2. Well deYeloped capsule. 
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Fig. 4 (300X).-No capsule formation. 

PLATE lX.- Specimen 6578. 6 days after infection. 

Fig. 1 (75 x ).-Worm nodule in mucosa and submucosa. 
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Fig. 2 (150X).-As Fig. 1. 

which many eosinophile,; are pre::;en t. ln other ,;ections where a 
larva is cut mainly through its cranial portion, a group of 
polymorpho-nuclear cells is seen lying at the entrance to the oeso­
phagus. Only t he nuclei of these cells can be identified. 'l'hey are 
regarded as eosinophiles which the larva had ingested, as there is 
no reason to suppose that these cells could have been acci cl en tall:v 
depositerl here in such a regular g roup during the process of cutting. 
'rhe early nodules as seen in these sections consist -of the parasite 
with masses of infiltrati ng cells, t he great majority of which are 
eosinophiles. In addition to surh circumscribed accumulations of 
eosinophiles around the migrating larvae, there is also a diffuse 
infiltration of eosinophiles throuO'hout the mucous membra ne. This 
must be looked upon as an expression of the rlefensive mechanism 
of the intestine, which is being mobilized against the parasites. 

7 Days after I nfection. 

Laml1 No. 19. Specinten G579.-In quite a number of places 
there are bloody tracts in the mucous membrane. These may extend 
to the surface -of t h e mucous membrane, where the parasite has 
passed out into the lumen of the gut . Migrating and encysted 
l arvae are present in the mucous and submucous ti ssues of the large 
intestine. In the case of t he ileum larvae are seen wanfl ering in 
the interstitial tissu es of the follicles in Peyers patches, P late X, 
Fig . 1. 
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P LATE X .-Specimen 6579. 7 days after infection. 

Fig. 1 <150 X). - ::\ligrati ng latTa 111 follicle of P eyers Patch. 

F ig. 2 (225x).-Empty cyst. 

299 . 



l'A,THOLO(;Y 01:' OESOPlUGOSTO:\IL\SIS I:'\ SITEEP. 

Fig. 3 (lOOOx).- Dlood ,-essel m submucosa containing numerous eosinophilt•s. 

Fig . 4 (G50 X).~Sho"· ing cast striutcu skin. 
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'l'he migr ating lanae especially in the sul.nnu oou ::; tissues are 
closely surrounded by infiHratmg eos inophiles, forming t ypical young 
worm nodules as in the p1·evwus case si:s: days after infection. 
E osinophiles are also <liffusely distributed in the mucous membrane. 
Althoug h th e ava ilable eYidence is incondusi1·e there \\·a uld seem to 
be a possil>ili ly i.hat adult worms and to a less e:s:lent fomlh stage 
lanae, in the lumen of the in testine, may induce a diHuse eosino­
p hilia in the m ucous meml>rane. F urt.her, eosinophiles ar e seen t.o 
be t he cl·ominating cell,; in cerlain YPssels in i.he submucosa (F ig. 3, 
P late X ) . T h ese cll'e uDLloubtedly blood Yessc]r; <l t; t·hey con tain red 
cells in addition to ihe eo::; iuophiles. They are nol <;apillarics, as 
they are far too wicle ancl ran eas ily accommo<late :3 or 4 eosinophiles 
side by si<l e. Keit- her ure they ~nteriolPs as th eir walls are much 
too thin. Furtherm ore, if t.he,,· were arteriol<'S Oll E' must assume t hat 
there is aci. iYe ll aE>mopoiE>sis in the myeloi<l li s::; ues, hom which the 
eos inophiles ,,.pJ·e r elensed into lhe circulating blood. Judging hom 
the prepomleran ee of eosinophiles in ihese YessE>ls, the Yast majority 
of t he leucoeytes in i.h e blood oug-ht in thnt case to be eosin ophiles, 
a conditi<Jn n<Jt yet encountered to sueh a markecl degree in th e 
fairly extensive haem atological obserYations made in cases of oesopha­
gostomiasis. One is t h erefore fOl'ced i.o the conclusion that these 
ves~:>els are nctually venules , w b i ch are dra i uing- an area " ·here active 
secondary migrating larYae are present or from whi ch such larvae 
ar e disappenring. vVhen t he eosinovhiles are passed into t he general 
circnlati<Jn t heir n umber s will relati1·ely be very much decr eased, 
but t hey m ay still be sufficient to produce a tran:> it-ory eosinophilia. 
Later, h owever, t h ey will disappear from the circulation . If this 
interpr etation is correct, an eosinophilia in oesophag-ostomiasis is not 
so m uch r-m indication of an active tissue verminosis, hut rather, 
t h nt t he t issne ve rm inos is has been complete<l. In snch ra ::;es on e 
vi sualizes mi g r:1 t in g lan ·ne which p enetrate the muscllbri s mucosae, 
wfl nder about in t he submucous and other ti ssues , where nn iui ense 
eosinophilic reacti-on is elil' iteil. Sh-ould t h ey clie and fincl their way 
bad: in to the lumen of the g nt , the eosinophiles may no l onge r be 
requi rerl for t he pu rposes of rlefenr·e and are r elensed into th e genernl 
circulat ion , from wh ich t hey will Inter clisappPar. Hacl"·ell (1925) 
had alread~- at t hat t ime expressed th E> vi ew ihnt i.his nwy ()Ctnr in 
eases of parasitism . 

I n some sections empty cyst s a1·e seen (F ig . 2 and 4. Plate X ) . 
T he walls of th e cysts are intaet e:s:eept at the one enrl " ·here the 
parasite h as broken t hrough. The sug-gesti on pre\· iousl ,v put viz. 
t hat t h e \Y:tlls \Yh ic-h \\·ere supposecl to consist ·of clea<l tissue , \\'ill 
disin tegrate i o J'elertse th e parasite, is not 1mpporlecl h,v ihe struetur·p 
of t h is empty cyst , " ·h ich cl oes not· <liffer from that of tl1 e inhabited 
cyst. \ i'iThen th e par asitE' l1ns r eadtecl thP enrl of the first parasiti c 
stage i t casts its skin , the str iated sh-uci.ure of which is easil:v 
r er:og ni serl (P late X, F ig . 4) . The par;1 :; i!e t.hen 1n eal\ s th roup;h a t 
one eucl ; leaving, n,; already staterl, t he r emainin g portion of the 
c_vst wall int act. 'r he cyst wall, as a clefiniLe slruchn nl entity , is 
very clearly seen i n t he empty cyst r epr·orlu recl in Plate XI, Fig. 1. 

8 Days after l n f ect1:on. 

Lam b No . 3585 . Speci?nen 6580 .-Encysted larvne are only 
very r ar ely seen against the muscularis mucosae, hut migrating 
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larvae and nodules produced by them in the 1ralls of the intestines 
are frequently seen. The nodules are pr esent m ainly in the sub­
mucous tissues, but in plaee~ portions of ihe mucous membrane itself 
are etxensiYely invoh-ed, with t he complete destruction of a consider­
able number of villi. In oth er cases the lli LI::;culur lavers are 
exteusi Yely replaced by eosinoph ile;; . Some of t h e iufiltrat~ng cells 
have uutlergoue n ecrosis hu t in places one nm sti ll recognise the 
polymorphic nature of nuelei of what are pro bably the remains 
mainly of broken do1Tn eosinophiles. Hound cells are abo present. 
Thi t> probably 1·epresentt> the early stage;; ot ea::;ea t ion (Figfi. 2 and 0 , 
Plate Xl), although it sh oulcl be mentioned UJ<d in t;OJJJe of these 
centres shO\Ying commencing necrosis, quite <1 JJUJllber of bacteria 
m·e prese nt. -They are bacill i , all apparenlly of t he same type 
(Pla te Xl, Figs . . 2 ancl 3) . The~- are p1·ohabl.'· not putrefactive 
bacteria, as there are pod io ns of tile ,.;a me sc·1·t lOll in ,,·hich they are 
not present. (JJecompos itiou can l1e clefinit el.1· exdud crl as the lamb 
" ·a" tlesiroyed and sp ecim ens co ll eetecl i n fonunlin almost illlmeclialely 
after death). lt seems as if the migrating hn,·:l e han prorlnced 
sue b SP- I·ere changes in the muc·ous !lJeJllbrclne that. bacleri ;d infection 
from t h e lume n of the ho~1·el took placP an1l one may t. h en bP­
aclually (l P-aling- \\'ith a (rue infiammaiory pro1·es~ in add it ion lo t he 
l esions produced by thP ,,·orm,; t he msPlH's. Tilt· fad t h:d. neuLJ·o­
philes are unclouhteclly also presPn( f urther supporis t hi s. lfo,YeYer, 
to cwt.icipate "·hat will be shO\Yll later in this pape r, it, doe~ not seem 
that bacterial infection is a regular complicatio n of oesophagosto­
miasis, but seems especially liable to occm· ,,·hen mi graling larvae 
pro(luce Pxteus iYe lesions in the mucou s m embrane. Occasion ally 
empty cysts are seen unrl er th e m usr-ularis mucosae (Plale XI, 
Fig. 1). 

P L ATE XI.-Specimen 6580. 8 days al'ier in fection 

Fig. 1 (250 x ).- Empty cyst showing structural enti ty of cyst wall. 
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l"ig. 2 (375x).- Commencing necrosis with bacteria . 

Fig. 3 (750 x ).- As Fig. 2. 
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12 Days after Infection. 
(Two lambs.) 

Lamb No. 1. SzJecimen G581. Large lntestinc.-Nodules of 
Yarying si11e are p1·esent in the mucou s m emlnane, ihP submu cous 
tissues, the longitudinal and cin:ubr museular layer,;, ;md in smne 
cases extend ing right up t.o the se rosa, ''"hich seem:; to l.J e on !.he 
point of lwing- perforat ed. In thp:-;e ;;ituat ion s !.he normal tissue has 
been eomvletely d estroy<><l (Plat e XJ t ) a nd rPplaccd by the noclules. 
In some places a nodule may lw seen to extentl hom tltc musl'ula1· 
layers , through the suhmuc:o,;;l, right to 1 he :;nrfnce of the mucou:-; 
membrane, fonning an ulrer "·hich opens into the lumen of the gut. 

The nodule at this stage has th P follo"·ing- :-;trueture. ] n a fe"· 
cases the eells (eosinophile:;) " ·l1ich mainl.'· forlll the JloclulP:>, are 
still seen more ·Ol' les:> i u taet, bu 1. lll os t of 1. he uod ul e;; <·onsir; t of a 
large central structurelcss ma ss, " ·hil'h stains more or lps,; uniformly 
pink with eosin. lu Hodules hom specimen,; '"hich are cut ::tllll 
stained, s·oon afler they are collec·te<l, the l'entral struc! ureless ma;;s 
stains an intense pink co lour with eosin, 11iffering in this 1·esped 
Yery markeclly from the glanders nodule, the Preis11-X O('ard a hscess 
and the caseating tubercle. In pbce::; nuclear <lel.Jris can sti ll be 
seen and this is ah ·ays in greatel' ahullllan<·e to'l\·anls t he periphery 
of the nodule , ,,·here a " ·ell defin ed more dePply staining zo11e iB 
which the nuclei of the cells are sePn in ym·ying stages of necrosis, 
is usually present. He1·e intaet t>o:>inophill:'s may be see11 a11d '"heTe 
the liYing and rlPacl tissues mePt the ('ells of thP tissue normal to the 
part are pycnoti c . 

Fig. 1 (13 X) .-Deep caseous nodules , parasite in one of them. UlcPration of 
mucous membrane. 
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Fig . 2 (150 X) .- ,\ s m Fig. l. 

Fig. 3 (750x) .- .-\ nother n odu le . commcuc1ng nef"rosis , nu nwrous bacte r ia. 
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In addition to the r emains of Lroken clown leucocytes, mainly 
eosinophiles, but in some cases probably also neutrophiles, one may 
find in the central caseating mass the following :-

(1) Bacte1·ia.-'rhese are present in most of the nodules. They 
may be scattered throughout the central shuctureless mass or may 
occur in groups towards the periphery of the nodule. These bacilli 
seem to be exactly like those previously described. They appear to 
be Gnnn positive rods, and h ere and there small boc1ies, resembling 
spores are present. 'l'hese bacteria are present not only in the depths 
of ulcerating lesions, but also in nodules deeply situated in the 
submu c:osa, including the muscular layers of the intestinal wall. 
These bacteria probably gained entrance through the severe lesions 
lJroduced by the gross parasitic infestation. It is extremely unlikely 
that the parasites carried them into the '"alls of the intestine, when 
they first entered the mucous membrane. If that were so, one would 
expect to find eviclence of inflammation (regenerati.Ye or rlegenerative) 
in the walls of the intestine, when the parasitic invasion first takes 
place and when the cysts are formed . 'l'his is, however, not the case, 
and in the cysts themseh-es one never sees an:v bacteria or any 
inflammatory reacti·on. This is confirmatory Hidence in support of 
the vie\YS of Carne and Clunies Ross (1932) who failed t.o find any 
Preisz-X ocard organisms in the nodular worm lesions of sheep, \l·hich 
were dosed per os with nodular worm lan-ae as "·ell as with cultures 
of the Preisz-Nocard organism. Further it is of interest to note 
that these authors in examining, histologically and culturally, 50 
well-developed lesions of oesophagostomiasis of the bowel \Yall of 
sheep, were able to identify gram-negatiYe bacilli of the colon­
typhoid type in two instances. I£ infection by paratyphoid bacilli 
was more common in sheep, one would have to cotfsider the possibility 
of food poisoning in such rases of severe oesophagostomiasis. 
Fortunately, howeYer, this does not seem to be the case. Mason 
(unpublished '"ork) in making a very careful stucly (at this inst itute) 
of the intestinal bacterial flma of 23 sheep, was not able to isolate 
any paratyphoid organisms. 

(2) Irregular, darkly staining (u:ith haemalium-eosin) particles. 
These ar e regard eel as the early stages of calcification, which is 
characteristic of the {)ld nodules. 

(3) J>ara siws.-The Oesophagostomum larvae may or may not 
be present in the structureless central portions of the noel ule. Some­
times they are found tmYarcls the periphery o£ the nodule. Several 
nodules in one field may be produced by different larvae or they 
may be produced by one migrating larva. It seems that larvae, 
having emerged from their cysts, can migrate through the mucous 
membrane of the intestine, without leaving much evidence of their 
presence. Sometimes an eosin·ophile infiltration o£ a greater or 
lesser degree may be produced, but this probably clisappem·s very 
soon after the larvae have again returned to the lumen <Jf the 
intestine. If, however, the migrating larvae penetrate the muscularis 
mucosae, then an intense reacti{)n is elicited from the tissues con ­
cerned, in the form of an active eosinophilic infiltration. It is 
possible that such wandering larvae may again pass through the 
muscularis mucosae and the mucous membrane into the lumen of 
the gut finally to eomplete their life history. However, the 
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probability is that they will \Yander aimlessly about in the depths 
of the intestinal \Yalls, and according to Carne and Clunies H-oss 
(1932) and other;; may eYen be found in the mesenteric g lands and 
sueh remote organs as the liver, having as it \Yere lo;;t their sense 
of direction. Most of them ,,-ill be destroyed and it seems extremely 
likely t hat the macroscopic nodules ~o characteristic of llOclular "·on11 
infection, indicate as stated by ::'IIonnig (193-d:), ,;ome form of 
resistance on the part of the host to infestation and 1·eprt'sent lanae 
" ·hi eh a re being or haYe been <iesb·o_,~ed, in thei1· " '<lJHiering-s. On 
post-mortem examinat ion, one ;;orne! ime,; fin<l s Yf'ry uumf'rou,.; adult 
11·onns in the lunwn of the bowel IYhe n only a few nodult>s are Jn·est> nt. 
This tends to in<lieate th<1t in what can he (le,;cri lH'<l as the normal 
develop ment of t lw pan.tsitf', Yiz. primary mig-ra tion into (ht> mu!·ou,; 
membrane, Pneystment against. the n1nscuLu·is mucosne <lJHl se<·uJHia J·.'· 
migration ha ck int·o the lumen of theg-n!, 11·ithout ]Wndra ting· t he 
muscularis JlJUCOt><te- 1·ery littlP disturban ce of a penuant>nt nature 
is pro(luce1l in the IYalb of the intet>tine. In !he abnormal <leiPiop­
lll e nt of the parnHite, insf('<Hl of mig-rating- b;u·k t hnmg·h tlH' nnu·o u,­
membrnn e iuto the lumen of the gut after i t emerg-es from t he <· .y;-;t, 
it. p enetrates t. he muscularis nJUC·osue a1Hl eli('its an i1l1Pn se tiss11e 
rea('tion a~ a resu lt of " ·hi ch !he nodules form. That something· of 
this kin<l ma,v i.akt> plaee is supporte<l to son1e t>xl.t>nt hy the ob;ena­
tion, which is not infrequeutl.'· mrHle on post -nwrlem Pxnminatiou, 
thaL numerou s no1lules are prest>nt, " ·hen no <Hlult parasite:-; may be 
found in the lumeu of the intestine it self. HoiH'YPl', in this 
connec-tion one t> houltl not loo;;e sight of the pos~ilJilit.'·, i nd Perl eYell 
th e likelihoo<l, that in s·ome of these c·a:-;t>s, tht> adult II'Onn s may kt1·e 
h<'en got rid of hy me<licinal treatment. as a 1·esult of <liarrhoea, or 
1nay eYen hal'e di ed .of ol<l agP. It is more than likel.'·, that th ere 
mu t be some <lefinite fa<·tor ( physical, biologica l, chemical) whi ch 
induces the pantsite to refuse t. he pat.h of lf'a,.;t 1·esistan!'e, from t.he 
muscularis muPosne , throug-h the mu!'ous membrane, to ('omplde 
its deYelopment in th e lum en of the g11! all(l to prefer t.o penetrate 
the barrier, in the form of tlte muscularis mucosae, only to loose 
itself in the depth of the intestinal "·all. 

Towards the per iphery of the nodul P th<'re is eYidence of :flbro­
blaslie actiYit.y , nud in . ome ('ases a goo<l <leal of filn·ous ti ssue is 
present.. In acl <lition to t.he nodules t.heJm;elYes, the mign1ting lanae 
in this case inflicted eons id t'rablP me<"hanieal injuries to the intestinal 
walls, haYing Jn·o<lucecl brge blood tracts in the muro11s membrane 
the submucous anrl other ti:-;sue:-; right up to the serosa. 

(12 J)ays oftet lnfcctiou-continueil.) 
Lomb .Vo. (2). Specimen G582. - Large intestine. In portiont> 

of t.he intestine pronounced lesion s are sef'n macro- an<l micro­
scopicall.'· · The lesions may im·ohe !he f'ntire thiekne.-s of thf' 
intestinal wall and in places there is actual perforat ion. In s11ch 
cases there are multiple, discrete and ci1·cmnscribed lesion s "·hi ch 
Ynry in size up to 2·5 nun. in <liameter, on the se1·osa. (Plate XIli). 
Centrally there is a well marked pit or depression which is the 
a dual hole where the bowel '"all has been perforated. The bonlers 
of the lesions are prominent and raised aboYe the surrounding normal 
tissue surface. The whole lesion has a rather characteristic ellipti cal 
shape . In places there is a fibrinous deposit on the serosa (fibrinous 
peri toni tis). 
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PLATE xru .- Specimen 6.382. 12 days a fte r infection. 

Fig. 1.- L a rge intest i ne " · ith D<'r forat ion dne to Oesophagostonttltn lana e. 

Fig . 2 (3SX) .- As F ig . l . 
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Fig. 3 (20x) .- N odule ll1 wall of inte3tine, sho"-ing wandering latTae and 
ulceration. 

Fig. 4 (38x) _- Tra <;ks of \Yanclering larvae and ulcer ation. 
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Microscopically the lesions are similar to those described for 
lamb No . (1), except that in these seetiou:; 11erforation of the intestinal 
" ·all is clearly seen (Plate XIIl). The trads of the " ·unclering larvae 
in the submucosa, represented m ainly by masses of eosinophiles, 
some of which are partially or complete ly disintegrated, appear in 
som'e sections to be quite independent of the tracts of the lanae which 
have produced the perforation. Ilo"·ever, if one carefully follows 
out a complete series of sections, it is clearly seen that the tracts 
referred to communicate with one anoth er and in this way it " ·as 
possible to study the 'Tanderings of the larvae from the" mucous 
membrane through the submucosa ancl muscular layers, until eom­
plete perforation th roug h the serosa has occurrecl. In ;:u ch c·ases 
one must expect to find lanae i11 the peritoneal eaYit~· . This 
observati·on was actually made by Veglia (1923), confinnation of 
which will be reported subsequently in this paper . The effect of 
such perforation '"ould depend larg-ely on the pr esence of hacteria 
which could have heen introcluced from the lumen of the intestine. 
In this case ha cteria were seen to be present in the lesions, where 
perforation harl oecurred a1Hl it is more t han likely that the fibrinous 
perintonitis already refened to was eausecl hy these Ol'gani:;ms. In 
one case, '"hich will he 1·eferre<l to in greater <letail later, when 
discussing the pathogenesis of the rlisease, the bacillus zryocya11cus 
was isolated in pract ically pure culture frmn the peri t.oneal c:a ,· jty. 
In t his case death 1Yas due to peri ton it is as a result of perf{)]·ation 
of t he intestinal wall subsequent to infection with oesophagosi.omum 
larvae . A t the moment a consi dered opinion as to the extent that 
peritonitis and ot her har·terial compli cation s may he important 
fa ct.ors in natural cases of oesophugostomiasis cannot he giYen . 
However, to jurlge from the fact t h at bacter.ia '"ere repeatedly shO\Yn 
to be present in lesions of the disease during the course of this sh1 cly, 
bacterial oomplieations in oesophagostomiasis of sheep would seem to 
he rather more important, than is suggested by the arlmitteclly Yery 
guarded statement of Tayl or (193FJ) that " it seems hi ghly probable 
t hat the injuries cau sed to the bo\Yel '"all by parasitic \Yorms in 
gelleral d·o not play any important part in bringing about bacterial 
in fection from t he lumen of the intestine ". 

15 Days ajte1' Infection. 

Lamb :r o. G4. Speci1nen iYo. 6583.-Nodules in which parasiter; 
may or may not he present, are seen in the small and the large 
intestine. They are situated in the nnwosa, suhmueosa and in some 
cases large nodules measuring 1 x · 5 ems . are situated beyond the 
inner circular muscular layer, completely replace t he longituclinal 
muscula1· laye1· and cause a bulg'i llg' of t he serosa. In the mueous 
membra ne there are actually ulcers present anc1 in the caseous mass 
which completely r eplaces the glandular epithelium, parasites are 
seen, probably just on the point of passing into t he lumen of t he 
intestine. Therefore. it wonl<l seem that as long as the "·anclering 
lanae r emain aliYe, they may at any time find their way back into t he 
lnmen of the intestine . Obviously it is impossible to devise experi­
ments which " ·ould supply reli able evidence as to the proportion of 
larvae whif'h may successfully migrate hack into the lumen of the 
intestine, after having penetr::~ted t he muscularis mucosae. My own 
opinion is that the majority of them are destroyed when this occurs. 
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Numerous bacteria can be recognised readily on microscopic 
examination ::.nd in addition to eosinophiles, there are also numerous 
neutrophiles. In these cases one is therefore really dealing "·ith a 
worm nodule, which is complicated with abscess formation. In order 
to get further information concerning the constituents ·of the nodules, 
smears "·ere made from nodules present in sheep y,·hich passed 
through the post-mortem room at this institute in the ordinary way 
for r-outine post-mortem examination. In this way a number of 
smears were examined from fourteen different sheep. 'l'he smears 
were stained by Pappenheim's :May-Grunwalcl-Giemsa method. 
Whilst in some cases there was complete r1estruction of the cellular 
elements s·o that they could not be cli:fferentiaterl in any " ·ay, in the 
case of others, the cells were easily recognised.. In nearl;y all ca. es 
eosin·ophlies were present. In quite a number of rases there were , 
in addition, numerous neutrophiles, not infrequently bacteria '"ere 
present. These included cocci and Yarious types of bacilli, e.g. short 
rods, bipolar organisms, and organisms haYing terminal spores. This 
is C·onfirmatory evidence that in quite a number of cases, the nodules 
are infected ·with bacteria , but in actual practice this does not occur 
to the extent which is suggesterl by the statement of Cameron (1933) 
that " Bacterial contamination is Yery oommon and the simple 
helminthic nodule become converted into a pyogenic abscess ". The 
usual practical experience is that animals showing symptoms of 
severe oesophagostomiasis make a remarkable reooYery if the adult 
worms are removed by treatment, which cannot have any significant 
specific effect on any bacteri a which may be present in the nodules 
themselves. 

Towarc1s the periphery of the nodule, granulation tissue is being 
formed, and in addition to fibroblasts there are some cells which 
resemble very strongly epithelioid cells. In some nodules a certain 
amount of fibrous tissue has been formed. In a number of places the 
blood vessels immediately around nodules are markedly distended. 
This may be clue to a certain amount of mechanical interference on 
the part of the nodule, with the free Yenous drainage of the intestinal 
wall. 

17 Days after Infection. 

Lamb No. 3. Specimen 6584.-Small and large intestine-no 
encysted larvae were found. Tracts of wandering bnae are seen 
throughout t he wall of the intestine. The nodules themselves show 
the presence of very extensive central necrosis. Iu this caseated 
mass cellular elements cannot be recognised, but the presence of 
calcium particles indicate t lJe ea1·ly stage~ of calcification. In a 
numbei· of nodules numerous bacteria (cocci and bacilli are present. 
At tl':e per!phery of th~ lesions there is a rather darkly staining 
~?n_e lll w ~lCh the nuclei .a£ the. cells are seen in varying stages of 
d.Ismtegra~wn.. The whole leswn is surrounded by granulation 
tissue, which m places has already £.armed adult fibrous tissue. In 
this tissue eosinophiles are present in abundance. In many of these 
noclu}es .the wandering larvae are seen cut either transversely or 
longitudmally. They may be present in the central structureless 
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mass, a t the pe1·iphery of the nodule or sometimes ju st outside of 
th em . U p to n o\\· no defin it e eviden ce of dead p ara,;ites has been 
tieen , but in this particular an imal t here are occasional bodies, in 
wh ich the n ormal struct ure is g reatly altered, and j u llgiug from 
their outline i h er e is the po<>sibility tlwt they mny be portions of 
the Ll eacl bod ies of the pnrasites . 

In the ileu m, of ''hi ch complete cross sections " 'ere made, '"ell 
marked ch a nges are ,;een in the lymph ±ollides and in the mucous 
membrane . l n ihe case of the lymph follicle.-;, the lymphocytes are 
conspicu ou s by their absence . Indeell it is mdy here a n d there that 
not mal lymphoid tissu e can be recognised in portions of the follicles. 
There are not r en llv " ell defined l es ions in the follicles , but i hl' 
cellular elem ents Sevem io haYe been drain etl fl\Y <lY allcl t he tissue 
has u n dergone a kin d of rari fication as a result of \Yhich gaps haYe 
li terally been left. On th e other hand follicles of the control lamb 
conta in dense m asses of eel lubr elements . :X-<J definit e statement as 
to t h e presenee or absenee of fluid (oedem a) in th e lymph follicles 
of the ile um can be made. T.:n fcn·i:unately the u sual regional 
lymph.a ti c glflntl s in ,,· ell-dnelopecl case" of oesophagoRtom i a sis were 
not available for examina t ion. ln the circumstflll ces i t is JJot 
possi ble to say if i.h ese chan ges in i h e follicles of i.h r ileum are 
defini t ely du e to the e:ffeets of the nodulm· worm s, hut it is likely 
t hat t his is the case . T he question n o\\· arises as to " -hether the 
condit ion is on e of lym phoid a trophy or of lymph oid hypoplasia. 
Th ere is no eYi cl en ce t hat i h e gla nC! s are det:reased in size ancl except 
for t h e clecr er1 se in t h e nu m bE'r of lymph ocytes, th ere are no recog­
nisable structur al chan ges. It i s n·ot known if the glands are 
produ cing lym phocy tes ·Or oth er l'ells at an increased or decreasrtl 
rate . If t her e is hy per-actiYi t.\- in th e g lands , there should be a 
lymphoi d hyp er plasia m h ~,pertrophy, hu t su ch compen:-;atory pro­
cesses m ay be inhibitetl or con t rolled by toxins from the parasites. 
Th ere is a possib il ity th~1t tox in s m ay interfere wi t h the normal 
production of lymphocytes and if that is the case, the oondihon 
would be one of lymphoid hypopln sia , rath E'r th an that of atrophy 
of the gla nds, espeeially in Yiew of the a lJsence of definite evidence 
that t h e g lands are cl eerensed in size . 

I n the case of the m ucous membrane there is Yer .\' e::densiYe 
clesf]uamation of catarrhal cells, \Yh ich are easily i ll en tifif'cl in the 
exud ate in th e lum en of the intestinf' in complete transYersf' sections . 
This is interpreted as an ncute catarrhal en teri t is, p1·obably can sf'cl 
hy t h e parasi tes after they h aYe 1etu r n ed t·o tlw lnmen of the intestine 
at t h e com plet ion of secondary mi gration. (Pln te XIV.) 

In on e place a " 'ancl er ing larYa is seen in a mnss of stnH:tureless 
material, which completely r epl aces th e m u cous m embrm1e there. 
(P late XIV, Fig. l.) Its h ead is just f ree of t hi s material and it 
appears to be on t h e point o f entering t h e lumen of t h e gut . This 
is f urth er c-onfirmatory eYiclen ce th af su ch wandering lanae may 
fi nd their " 'ay back into th e lumen of t h e intestine an d that this 
possibility ex ist s as l ong as th e parasites remain nlive. 
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P LATE XIV.- Specimen 6584. li days after infection. 

F ig . 1 (35 X).- \Yancleri ng lana on t he point of r eturni ng to lumen of int estine. 

F ig. 2 (25 X ).- Small intestine, showing; catarrhal ent eritis. 
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Fig. ;~ (220X).-As Fig. 2, showing exudate in lumen of intestine. 

Large blood spaces are present, some of which extend from the 
submucous tissues, through the musculari s mucosae and into the 
mucous membrane. On careful examination these are seen to be not 
haemorrhages as they \Yere at first thought to be, but actually 
(lis tended blood Yessels haYing an en(lothelial lining. Here again 
the explanation which suggests itself is a mechanical interference 
with the free venous drainage of the intestinal wall by "·orm nodules. 

18 Days after lnject1.on . 

Lamb .V. Specimen G587.-Lesions are present in the small 
anrl the large intestine. The nodules are situated mainly in the 
submucous tissues and their structure is very similar to that of 
nodules of the previous case (17 clays after infection). In some 
nodules, bacteria and / or parasites are present, whilst in others one 
or the other or both of these mav he absent. The bacteria are chiefly 
bacillary forms in chains, many' with spores which appear as refratile 
bodies all along the chain. In Plate XV, Fig. 1, a cross section o£ 
the ileum is shmYn, in which there is very marked thickenino: ·of the 
serosa. In this thickened portion are numerous hacteria(Fig. 2). 
'l'hese were probably responsible for peritonitis here. The exudate 
is now being organised and a good deal of fibrous tissue has already 
been formed. In the same plate, figures 0 and 4, a n.odule is shown 
in which the parasite appears in longitudinal section. \Vithin itR 
mouth capsule there is a mass of cells which have polymorphic nuclei. 
'l'he cytoplasm of these cells stains pink, and although no eosinophile 
granules can be recognised it is believed that they are ingested eosino­
philes. It is not clear if the parasite is primarily making use of 
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PLATE XV.-Specimen 6587. 18 days after infection. 

Fig. 1 (8X).-Section Ileum, showing thickened serosa due to peritonitis. 

Fig. 2 (750X).- As Fig. 1, showing bacteria at extreme margin of the thickest 
portion of t he th ickeued serosa. 
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l!'ig. 3 (:25 x) a n d Fig . 4 (220X ).- Sho\\·in g parasite and st ru cture of uodule m 
the submu cosa . 
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these cells for food purposes, or if it merely devours them in order 
to protect itself ag-ainst their attacks. I t <loes not seem likely that 
t he parasite could <lecr·ease materially the actual numbers of these 
cells in this \Yay . To what extent the po::;sibility exists that the 
ingested eosinophiles haYe a special biologieal significance, leading 
to an immunity of th e parasite ngainst their attacks, is at the moment 
entirely speculative. Should this be the ease, th e life of these 
IYande~ing larvae \Youltl be considerahl.v prolonge<l and the damage 
t hey infli ct woul<l consequently he greater. In seYeral places there 
are <larkly bluish stain i ng (h~1emalmn-eosin) h yaline ma sses, which 
lie closely applied to the parasite. An oceasional eosinophile is 
present in the subst ance of th estl masses . This is obYiously an acid 
substnn ce \Yhich is bkiug· t he basic stain. It may possibl y be secretecl 
by th e parasite itself. It s significauce is not under stood. 

Towards the p tlriph Pry of the central struchueless mass intact 
eos inophiles an<l in some notlnles probn bl,,- also neutrophil eR ean he 
iclentifierl. Thi s is surrounded by a small zone consisting of fairly 
large cells, having a faintly siai11ing cytoplasm, whieh S·ometime,; 
appears to lJfl m arke<lly Yacuola terl. Some of thesfl cPlls haw~ more 
t han one nncle11S. They are regarded as epithelioid l'ells and the 
parasitfl seems to ha,·e mnrle a (:irnnbr tract all along t h e epithel io id 
zone . In the epithelioi<l zone one sees nmY for the first time onnasional 
well developed foreign hofly g:iant cPllR. Around this zone there is 
an accumulation of two kinds of cells mainlv. T hestl are eosino­
philes and roun<l <:ells. The rourHl eells are n;ueh smaller than the 
epithelioifl cells, amongst IYhieh somtl of t hem lie . Their nuelei 
stain rat h er darklv. 'l'he,;e hYo ki nds of cells ean almost he said t o 
form another mn~ here around the ep ith elioid cells. Tbis z.one 
merges int·o a zontl of granulation t iRsne, where fibroblasts are readily 
i clentified a ll(l in places filwous tissue has alrea<ly been formed , the 
"·hole consti tuting a capsule . The parasite has nmv probably become 
imprisoned within this capsule, ancl although it may be posRihle , it 
seems unliktlly, thnt it would break through this barrier. 

Some nodules cause <oomplete destruction of not only the r:irculnr 
hut also the longitudinal lll1!Seular layers in the \Ya ll of the intestine. 
One can \\·ell imagin e that in some cases nodules may rause a com­
plete break in the plain muRcle of the intestine at a particular plal'e 
and although as pointe<l out h:v Theiler (1921) that this may not he 
the onl.v cauRe of intussuseeption in sheep, it probably is the causr 
of complete interruption of peristalsis and conS8f1Uent invagination 
(reksiekte) in some rases. 

There is flvirlenre of h~·pern emia aml catarrhal fl n teritis. Not 
infrequently eosinophiles are seen diffusely <1 istrihut0<l throughont 
the muc·ons membrane. 

21 anrl 22 Days after Infection. 

Sheep 23 and Kirl 24. Specimens 6589 and fl589A .- The lesion~ 
(including peritonitis) except t.hat they are rather more advaneerl . 
are .otherwise very much l ike t hose of the previous case . The central 
caseous mass is relatively large (Plate XYI, Fig . 1) and a fair 
amount of calcification h as occurN1. An epithelioid zone is present, 
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PLATE XVI.-Specimen 6589. 21 days after infection. 

Fig. l (25X).-Caseating worm nodule with calcification. 

Fig. 2 (220 x ).-As Fig l , showing foreign body giant cells. 
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but this is n<Jt Yery well defined in some nodules and is then to 
some extent replaced by not infrequent and Yery typical giant cells. 
(Plate XVI, Fig. 2.) .Many of these have the diffuse distribution 
of the nuclei, usually associated with foreign body giant cells, bui 
there are some in which the nuclei are p1·esent mainly to" ·m·ds the 
periphery .af the cells and resemble then to some extent the Langhans 
giant cells, usually regarded as typical for tuberculosis. No living 
parasites could be demonstrated in any of these sections, neither is 
there any definite evidence of the presence of dead parasites . 

28 Days after I nfection. 

Lamb F. S pecimen G590.-In everal places migrating larvae 
are presfmt in the mucous membrane, hut no evidence <Jf encysted 
larvae was found. 'l'he older nodules haYe more or less the same 
structure as those previously described. Some of the lesions are 
very extensive with c.ansequent destruction of a good deal of the wall 
·of the intestine. 'l'he nodules may actually project beyond th e serosa 
and extend into the peritoneal cavity (Plate XVII, Figs. 1 and 2), 
or they may cause a bulging of the mucous membrane into the lumen 
of the intestine. In such cases there may be an actual ulcer and 
·one can frequently recognise a small macroscopic hole in such n<Jdules 
in the muoous membrane (actually the nodule may also invoh·e the 
tissues, deeper than the mucous membrane). In the central 
structureless mass calcified particles are present . Immediately 
around the central caseou s mass are cells which have a radiating <Jr 
a palisade arrangement. They are epithelioid cells (Plate XVII, 
Fig. 3) amongst which one sometimes finds " ·ell devel.apecl giant 
cells. 'l'he nodules are surrounded by a capsule consisting partly of 
granulation tissue and partly of well formed fibrous tissue. 

PLATE XVII.-Specimen 6590. 28 days after infection. 

Fig. 1 (18x).-Nodule projecting into peritoneal cav ity. 
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F ig. 2 (30 x) .- As F ig. l. 

F ig. 3 (l20 x ).-Showing palisade arrangeme nt of epitheli oid cells . 
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30 Days afte?' I nfection. 

Lamb No. 403 . Specinwn 6591.-Lesions are present m the 
submucou~ tissues and extend right up to the ser·osa. Amongst the 
nuclear debris, polymorphic nuclei can be recognised, but it is not 
possible to say if they are eosinophile or neutrophile nucle·i. Bacilli 
are present, mostly in the form of chains. There is nothing in the 
structure of the lesion which suggests definitely its verminous origin; 
on the other hand it may be an abscess which may be secondary to 
the verminous infestation. 

32 Days after Infection. 

Lamb 4. Specimen 6592.-The usual nodules are present in 
the walls ·of the intestine. In some nodules one sees for the first 
time unmistakable evidence of dead parasites (Plate XVIII, Fig. 1). 
'l'he di sintegrated remains of the parasite lie amongst nuclear debris. 
Portions of the parasite would seem to be impregnated with calcium. 
Further calcium particles are found scattered irregularly throughout 
the nuclear debris. Towards the periphery .of the nodule there are 
not infrequent foreign body giant cells, some of which contain calci­
fied particles. 'fhe whole nodule is surrounded by a capsule, which 
in its inner portions c.onsists of granulation tissue with epithelioid 
cells and fibroblasts and the peripheral portions consist of fibrous 
tissue. 

PLATE XVIII.- Specimen 6592. 32 days after infection. 

Fig. 1 (6.'iX).-Portions of dead parasite marked by numerals 1. 
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Fig. 2 (65X).-Strand of intestmal epithelium at periphery of nodule . 

Fig. 3 (65 x ). - Showing structural relationship between epithelial strands 
around periphery of nodu le an d mucous membrane. 
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The 1·enwins of glandular epithelium fr.om the intestine can be 
;;;ee11 to"·.arcls the periphery of some nodules situaterl in the submucosa 
(.Plate XYIII, Fig. 2). ·when the serial sections are carefully 
examined, it c:an be seen that these apparently isolated strands of 
epi thelial cells, amongst which goblet cells can be recognised, are 
strudurally c:onnected with the muoous membrane (Plate XVIII, 
Fig. 3). It seems that such cell gToups may easily become detached 
from their normal structural relati.onship with the mucous membrane 
a nrl may then probably give rise to anomalies and even tumours. 

40 Days after l nfection. 

S heep 114. Specimen 6593.- :Numerous n-odules, some of large 
size, are irregubrly distributed throughout the wall of the intestine. 
The " ·all of a p-ortion of the intestine is markedly thickened an<l 
microscopically this thiekening is seen to he largel,v due to an increase 
o£ the plain muscular tissue. Although both the inner circular and 
the out er longitudi11al muscular layers are involved, there would seem 
to be a gTeater increase o£ the inner circular muscular layer. At the 
same time there " ·ould , eem to he an increase of fibrous tissue, strands 
of \Yhich are irregularly distributed throughout t he plain musculature 
of the intestinal \\·all. In the absence of a full post-mortem 
description of this particular animal, one can only speculate as to 
the cause of this apparent hypertrophy of the plain muscle . The 
possibility which suggests itself is, that worm nodules in the walls 
of the intestine caused a partial obstruction to the free passage of 
intestinal ingesta and that this stimulated increased peristaltic 
activity of the plain muscle in the intestinal wall, pl'oximal to the 
obstrndion, with consequent hypertrophy of the parts in,olved. 

45 Days after Infection. 

Lmnb .Yo. 32. Specimen 6594.-Numerous an<l extensive "·orm 
nodules are distributed irregularly throughout the walls of the 
intestine. Some nodules project from the serosa into the peritoneal 
cavitv. \Yhere the nodule is attached to the serous surface of the 
intestine, its outer portion (capsule) cDnsisting of fibrous tissues oom­
pletely replaces the outer longitudinal muscle fibres of the intestinal 
wall, hut only involves the inner eircul.ar muscular layers very 
slightl~· . In most cases the nodules are surrounded by well developed 
capsules, which in the case of some nodules oonsist ·of adult fibrous 
tissue, '"hilst in the case of others the capsule is partly fibroblastic. 
The epithelioid cells, when present, again show a marked tendency 
to palisade arrangement. Many giant cells and eosinophiles are 
present. rrhe central porti·on is mostly structureless, calcification is 
taking place, but is not very extensiYe. Parasites can be readily 
identiflecl in some nodules, but it is not known if they are dead or 
alive. Bacteria could not be identified in any of these nodules. 

56 Days aftwr Infection. 

Kirl No. 44. Specimen 6595.-Nodules similar t-o those of the 
previous case ( 45 days after infection) are present. Very many 
eosinophi les are distributed diffusely throughout the mucous mem­
brane eYen in portions of the intestine where no nodules are present . 
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J t i<; not clear if t lw eo~illophi le re:1l"li on i ~ par!ly or ,,· lwll:-· du P !o 
ihe action of adult ,,·m·1u ~ 11·h ich llla.'· l.t• prP~t·nt in l h t· lumPJI of 
!he iutes!i ne or if it is a reactio n "·b ich mu~t lw a~~ot·i:1tPd IYi!h thL• 
nodules pre~en l iu the (]Peper portion~ of ihe 11·all of thl' intest in e, 
e1·en !h ough s u\'h n.odules may he s il naic• tl some tli ~S t:J II Ce fmJII p~u!,; 
uf th e 111 ucou ~ m emln:1 JlP " ·her e nu mc1·uus eo~iJlop hilt·~ :n<· :d~o 
prese nt. X o dPfi n i!t• e1·i dt·n ce of ( hp prec;Pnr-e o f b:u·! eria 11'<13 fo und 
i n t h e se<; t ions exalll i ne<l. 

11 lJuys ofter ! nfeclion (:2 lambs). 

( l ) l ,aiJl!J :!!J. :·.:,fJecinu•n (j .-J!JU.- X o<lules an· J HP~L'IJ t 111 the s1nall 
:1 1Hl large in tes lin<'IS . A! !he ile.o-(' ncc:!l Yfdl't' , lc~i "n ' :nt• s<•PJI 111 
l.o! lt !he ileu 11 t a nd t he ca<' f'lllll. l lc•rp tlwn· i~ ,·vn· l'Xll'JJ:;i,·l' 
d e:;! rudion of t he 11·:1lL o f the in te:;t in t•. ·111 pb<·t·~ tht• pn.tin· l1lUI'Ou:; 
lll Plllh rn JJP. t h t• ~ ulllilU !'OS<I, t hP t'ircul:1r :111d tht· lnn gi!udiJia l 
ntu.-; t·ttlm· la Ye rs :tl'P t·omp iPtely reJd:I!·Pd h,· :1 honW.!..!'t'llPOII- llPI'I 'Ot ic 
lllfltt •rial, ll' ltit· h s tai ns pal t• pi nk 11·it h hflt' lll:duJJ J t·o~in :1nd i11 "·hit·h , 
i 11 adtldiun to Yl'l'}" nwn y hnt·tt•ria. ! h l'l'l' i:; p n·~t·nt aJ..,,, ;1 t·t•J·tai n 
anlt>ll ll t of fi hro . .;i,;. \\'lwrt• tht• li,-i lw :111d tle:l d ii~"l"'" Jlll' l'l, ti ll'l'l' 
i:; :1 ZOll l' in 11·hi (' h ti H• nJ Jt·l t>i of t l11• 7dls are Sl'L' II in Y;lriou~ ,;(; lg't'" 
of ll<'no:-;i :; . HP.\'OJHI thi:-;, in !he l i,·i ng !i;-;:sul':<. tiH'IP is m:1ri;cd 
inGn·a:se in fi b rous t is:;ue, in 11·h i(' h a 1':1i1· numlw r of nt•utro philr,.; :lilt! 
a gn•:1ter numhc r .of l a r g·<• r ro und t·l' ll ~ :1re p1rseut. J•:o;-;inophiles 
:ne con:;pii'IIO IJ ~ by !h e ir :ll>sP nce . Th<· lPsH>JJ . :Jlmo;-;t cert:li ld ,,· 
i uiti:1t ed hy nodular IHJ l'l ll lan· :1 e, h:1s no11· tl1e t,q>il': ll ~trudnn• of 
flll ull'er . in " ·hi ch JIG( p:ira;-;iics, hut haderi:~ phy tht· pri111'ipa l 
aeiiologic:il rf>l l'. 

Th e st ruct ure of II'Ol'lll llo(lu les, 1Jll(·o Ln pl ic:ilPtl 1,,,. h:ii'IPria. in 
othe r p ort io n;:; or t h t• la rgt• in tt •,.; ( ill(', i:-; \\'I'll sh oll·n in ] 1 i:liP '\ I X, 
Figs. 1 Ulltl :~. 'l'ht· t·en tr:d sf r uc! u rt'l e,;;-; p ortion ,;(;l i!l" :111 i lltP!lSP 
pink col 011 r 11·ith ba t·m a lum-eos in . 'l' h e rt• tloes 1101 't'l'ill to h<' :In\· 

c:l ll'ifi<·;ltio!l at :~ll. l mlll<'tlia!t ·l.,· a round fhP t·t• J dr:~l portion of th.l' 
IIOtlu lt• fl l'l' a lllllllhE'l' of gi<llll Ct'lls . ~lllll<' of [hPlll :ll't' l\']>ic;tl forPig'll 
body gifln! cell .-;. hut m o"t b al' l' lllll'lri :nntng·<·tl :11 flii!ltl 1 hr pt'ri­
phe n · of (h e t·t•ll, iII 11· iJ it·h l'l'~pecl !lw\· l·e~!' iiJl ljl' to SOli I!' l'Xf I'll t 
L:lll .g·hnJb gia nt t·dl ~ . f11 pl:u·c .-; lhPI't' :ll't' t'ollt·diolb IJf t·t>ll:'i<lt'r:~hlP 
lllllllht•rs ·of cosi n o ph i l r~. J<:p if ll<> l ioitl t·Pllc; :11Hl fihrold:is{,; an· 
I n(·()Jl,;[lJ('Ii<lll:'. 'J'h t• II hol t• i;; SII ITOl.l!ld Ptl 1>,\' ;t II' PI[ dt•\'PIPjll't [ fi hnnt" 
C< lj)SU]P. J<: o:;i 110pllill's ;t][iJ01Jg iJ jll'l'Sl'n( i11 tJH• llliit·tl\1 :' lllt'lll\n·;JJI(' 
;\I'P, \lil t ni!III E'l'OUS. 

(2) T amb .Y o. ] :nrn. ,\pcr·i11tcn fi,-,91. -Th<' llotluiPs t llt'liL"P I,-e,., 
,, ,.!' .s i111ib r in st nu·fure tu !ho,,• of Lim!, :.!!), l':;l'rpt tlwf !lw\· ar<' 
]H'rh:~ p:.; more I' Xtt• n ;-; i,-p ( l' la ft! \X , Fi g 1 :1nd l 'Lil•· '\I\. Fig·s. '2 
:111d :)) aud i.1Ja1. u b ir :mwun! ol' cfllci~i cntion ha~ tHTIIn•d ( Pint<' \ .\., 
Fi~·. :n. Tn som r of the l t•sion .". "·liil'h ,., far ;J..; ;·an Le dl't cnni JJ•~tl 
fr,;;ll (lJ e I'X:IJJli ii :J!io ll of ~(•r i:Jl ,-;pt'( [on:<, fl l'l' !JOt i11 ;\ 11 \' 11';1\' :ISSOI'i:ltl'<l 
11·i th ul ce r f.m· n ~:li i oll . l ' f'l',l ' ll ll lllt'rO l. l ~ h:1 c!Pr in an· pi:t";t•ni. ln sn nJP 
of ! he nodul es l he 1·emain :; of <ll'atl pa i n,;i!t•s fliT ."ee11. Tl!t• tletaill'd 
.sl nJt·f ure can no lon g-Pr he recog nised , hut only th P l>a r t• out-linl's of 
tlJ e ]l<ll'f!Si[C' ('fl ll h e SPP II . rn o( hPrs !l1 e p;ll';lf'i ies ;\1'(' in :'Ut·h a g-ood 
..-Lit e of prcsern!i on !hal th e prohfl l li l it~· of lh Pi 1· ;-;till \,ping a lin• 
i~ \'(' JT gTl'fll (P la te '\:X . F ig. :!) . 
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PLATE XJX.-71 days after infection. 

Fig. 1 (18X).-Specimen 6596. Nodule under serosa. 

Fig. 2 (18 x ).- Specimen 6597. S ubmucous nodule. 
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Fig. 3 (l20X).-As Fig . 1. Showing giant cells. 

Fig. 4 (120 x ). - As Fig. 2. Showing giant cells. 

32(3 



P . . J. .T. FO l ' IUE. 

P L.\n : :'\.'\: .- :-iper· irnen Go59 i' . i'l days afte r infect ion . 

F ig. 1 (GX) .- E xtens i1·c Jc, io n' in t he 1clll of t he intest ine. 



"1 ' .\TIIOT.OC~Y OF OESOPHAGOSTO~IIASI S 11\ SHEEP. 

Fig. :l (l 20 X).- As fig;. ·1, sh o11·ing cakific,.tion. 

lOG Day;; afte!' Infection . 

l-om b .Y u. -1-L Specimen G598 .- \Vell encap~ula ted nodules are 
pn"sen t in t he submucous t issues of the small a ncl large intestine. 
'J'h erP is no defin ite eYidence of cal cification. In some places 
nnmeron s eo,;inophi les are diffusely present in the lllllco us memlll'ane 
itsE'lf. ~o hacter.ia can be r ecogni se<l. 

Mnl t>rial from animnb kno\l'n to he in fecte (l fo r exact periods 
beyon<l l ()(j days " ·as not <.Yai b hle for examin a tion. 

SHORT SUMMA R Y OF THE PARASITIC LIFE 
LAR V AL STA GES OF OESOPHAGOSTOMUM 
BIANU M IN LA M BS. 

(1) 12-2-l: Horns .\FI'ER I x.I:'ECTTOX. 

OF THE 
COLUM-

'l'11·ehe h om·;; aHe1· i11 fect iou l:n1·ae are clemm~,;trable in thE' 
lllli COl i S m emhra ne . Duri ng- this time prim:1ry pnra ~ it i c migration 
may tal; e pla('e, nrodn ci ng- an eos inophi l ic reaction in the mucosa 
an<l f;OlllelimE'" les ions likE-· lh osP of the earl,,- stages of a ha emorrhagi c 
enter itis . 

('2) 24 Houns TO -± D.H s .\FTEH I x FECTIO.'\. 

'l' he l a1·ya p E: ocyst agai n ~(- th e 1nuse ubri s lll li ('OS<te . T he muscu­
laris m l.wosae seems (o he m erelY a c-o nYenient m('chani(·:1l obstruct io n 
to ihe further penetration of the lan·ae inlo ihe w::dl of !he intestine. 
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'L'he cyst \Yall consi,;b of a del icate m embrane ll"hich 111 a m icro­
scop ical section has a threadlike appearance, a lHl the n a t ure .of which 
coulcl not be <letennin ecl \\. i th certain ty. The lana i~ coi le<l "·it hin 
1he c,p;t, in whi ch, in addition lo the lnna, t h er e are red cells a ud 
som etimes strudureless, pink staining (with eo,;in ) fluid, \Yhich 
probab ly consist s in part, if n ot entirely, of h aem oly:;ecl red celb . 
Auy eosin op h ile attack clireeied aga inst the encyste<l lan::te, if at all 
prese nt , is sli ght. It does not seem as if the enc:ysterl lanae c<nT_I. 
bacteria " ·hich produce p athological cl isturbau ces in the cy,;h t h em ­
seh es . '1\w kinds of cysts can be distiuguisherl, Yiz . \1) those iu 
\Yh ich thm·e i s Ye ry l itHe tissue reaction, with only sl ight filnoblastie 
acti 1·ity ancl (2) those in which greater fibrobla stic actiYi ty is presen t , 
resulting in the formation of a " ·ell d efinecl capsul e . Lan::t P in s u<"h 
e;ysts m.ay be impri son ed th er e as suggest ed by Y eglia (1923), hut 
no eYicl enee of <l t' nd larYae \\·as eYer found in the llllll'OU:i mPmbrane. 

(2) ;) l>Al'S AFTJ<:Jt l Kl.-ECTIOX et SC (J. 

SeconLlary parasit ie; m igrntim1 ta J.;:es place . In one cast> :ill empt ~· 
cy~t ,,·as founcl th ree cl ay,; aHer infection iudic:a ting thn l in some 
eases secondary parasitic m igrntiou ma.\· c-ommeu ce solllf'\\·hat earli t>r 
than \Yas thoug h t to be the ca,;e h ,1· Y eglia (192:3) . Th is migrat ion 
may occur (a ) normally an d (b) abnormally. 

(a) :Vonnal sccondarv ]Jarasitic ll!l.IJration .- The fourth stag-l' 
larYa em erges hom its cyst. The mHsculcuis muco;;ae i~ n mech:w i­
<"a l ·obstruction to its cleeper pe netration into t h e submnco~a ::tml the 
p aras ite is clireetecl tlu ough the mneous m embrane to\Ya nl...; the lumen 
of the intestine . Dur .iug its pa ::;s::tge through the nnll:0\1:' membrane 
a see;·oudary eo::;iuophil ie reaction (as against the primar.\· eosinophilie 
r eaction , during t h e pr iman· parn siii <" migration prior to encystment ) 
ta kes p lace, an d eosi no ph ilP~ ma.1· he fou11 cl Llihu~e ly d i stribu tecl 
t h rou ghout the muco us m embran e . Alt-hough unmi..;takahle e1·iden ce 
t h at fou rth stage larne in tl1 e lnmen of the iu(Pstine as \Yell as 
ad ult worm ;; can pmcluce a cliffuse eosinophilia in tht> mncous m em­
brane, was not foun d , t h ere is a possibilit~r that thi ~ mn:-· urcur . ln 
t h e normal m igrat ion of t he larvae , noclulPs clo n ot form in the \Yalls 
,of the intesti ne. In such cases numerous a<lult worms may eYentu ally 
he present in the lum en , wheu on l~· occ::tsional noclule,; ,;Te found i~1 
the walls, of the i ntestine . 

(b) Almonnal secondary pam sitic migrntiou.-For 1·ea . ..;on s whie;h 
are n ot unclerstood, the l aryae penetrate the muscular·i,; muc-osae. 
Once ihey haYe clo ne this, th eY seem t·o loosf' all ~en se of cliredion an d 
" ·ander ;lJOut i n t h e t issues" cleeper than the lllll ~culari-; mucosae. 
D u ri ng this time a n in ten se eosinoph ilic r·ear!ion j, prorluct>cl anrl 
after n limP the nodu le form s . The Yery yonn g n odule c·onsist,; of 
eoc; in·ophiles and t he para~ite. \Yithiu a few clay,; (8 cln:n afteT 
in fect ion) some of the P·osinophile,; disintegrate. Thi -. eo~inophilic 
disin tegration is t h e cau,;e of t he fonnation of tll e et> nh al ,-;(ruchne­
less portion of the n odu le. · Ho,,·eyer, in ihe casp of 'Ollie noclule:-; , 
ba cteria l a ctiYity may contr ibute to the form at ion of t he cen hal 
stru ctureless portion of the nodule . L nter on cnlc·ificatiou may i.akc' 
place. Towards th e p eriph ery of the rwelule gram1bt iou tissu e a 1Hl 
intact eosinophi l es arP })l'eSPn t . 'fhe gTam1lation t ic;,;1Jf' <"Onsists of 
fihroblasts a nd epithel ioid cells. L ater 011 giant cells ar·p st>en ancl 
eYentually a \Yell clevPlopecl fibrous capsule is formed. 
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Iu "·a Jlllering about in the " ·alls of the in telitiue , the larvae 
may pr oduce very marked destruction of the normal tissues, le:1ding 
to physiolog-ical c1isturbances ass·ociated with a pal'tial stenosis or 
even interrupted peristalsis (im·agiua tion) . Ho\\·ever , i t seem c; that 
ver y m:nked tiss11e destnwtion may take place in t he " ·all of th e 
intestin r 1leeper t han the muscular is mucosae, with very little nutri­
ti,·e disturbances, provicled no or only very few a <'lult worms ar e 
present in t he lumen of t he in testine. I£, on the othe1· h and , 
numer ous primary and secondary migrating larY:le produce gross 
changes in th e mucous membrane, bacterial inYasion :uul bacterial 
complicati on ;; can r eadily t ake p lace. 

D ur ing t he wanderings of the parasites one of a number of 
things may ha ppen . (1) It m ay by good f.ortuue, after r epenetrat ing 
the muscularis m twosae, find i ts \Yay baek to the lumen of t he 
in testi n e to eomplete its de.-elopment. (2) 'l'he tissues may succeecl 
in imprisoning the par asi te, whieh then dies there. It is almost 
imposs ible to prove, hut , i f as is belie ,·ecl , t hio; is the most usual 
eourse of e1·ents, t h en t he del nodules in the intestine " ·ould r epresent 
the graYes ·of the par asi tic cemetery in the walls of t he intestine. 
(3) The parasite m ay per for ate t he intestine and pass into th e per i­
toneal ca ,·ity, or may, accor ding to Hall , Carne and Clunies Hoss 
and ~fonnig, already quoted and other authors, eYen pass t.o remote 
organs such as the liver , " ·here t hey eYentually clie. If the infesta­
tion is "uch that suffic·i f>u t. de. t n tctiou of the mucous m em­
brane has occnred , with eonsequent bacterial invasion, a fa tal 
peritonitis may take plaee, with perforation of the in testinal " ·all. 
This may explain th e h i t herto unl'ec<Jgnisrcl eause of some cases of 
peri t oni tis of sheep , not in frequ ently m et wi th in South Afrien. 

PATHOGENESIS OF OESOPHACOSTOMIASIS. 

In onler to 1mclersta nd t_he pat hogenesis ·of the tli sease a brief 
f;UITey of the outstanding clinica l f eatures is neeessary. There is 
charrh oea, aceompani ed h~- a Yery marked emaeiaho u ancl cachexia . 
X.o morphological change" in the reel eells, usually aRsoc iatecl wdh 
fln aemia , a re presen t. 'fher e ar E' usually no diniC'al n lspiratory or 
circulatory disturbances . The '"onns actually eause t he death of 
the an imal. h ut exa ctly h olY t hey do th is, is not understood . Th E' 
imm ediate cause of death is frequ e1ttly ascribed to toxaemia ancl 
exhaustion . At post-mortem one usually fi ncl s : adult worms in t h e 
large intestine; nodules m ay be n umerous or infrequent ; ulceratiYP 
or oth er f·orms of en terit is may or may not be present ; Yery markrd 
lll11Se1tlar a troph~· ; m arkecl SE'rons atroph~r ·of fat " ·ith E' lll a('iation ; 
atroph y of the spleen; clegE'nerati\·e changE's of th r liw r . 

I n cli ,;cu ~" i ng- the pa th ogenesis of the cli sease the primflry, ns 
" ·ell as t h E' Heoonclary, factors concernerl, '" ill lw referr ed to, Yiz.: 
(l) To:xins. (2) Haematolog~· . (3) Cmuplic·ation.": (o ) Those of a 
specific na tnre-hacter ial i nfect ion- enteriti s, peritonitis, etc·. ; (li ) 
those of :1 meehani eal natu re : (i ) <l estruehon of um m al ti .-sne \\'ith 
consequen t nutrit i,·e antl other cl i ,; (urbanees ; (ii ) int ussnsception 
(reksielde). 
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P. J .. J. HICH lJo. 

1. ToxiKS. 

l11 UH[JUh lisbPd 11·o rk ~Iiiuuig and tlH' "Titer madP a n atte tttp t 
to rep ro(lu<"e t he ".\"lllJ> toms of oe,;oph agos(omiasis by r epeated iujec­
t io ns int o t>USceptible ,.; lwep ·of ex( n H; t,; lll ade hom 11·onus colledecl 
ho m sh eep whil: h d ied el l On ders (c, poo r t . The res ults \\'e l·<" e11t in · l.l· 
lt Pg-a tiYe . Th er e i::; n·o clireet PXpe r illw nLtl eYid e nl:e t.lwt toxi n s ;tre 
lll :t inl.' · or e1·e n partly rl•spons il1le for the symptom s of tltis disea .-;e . 
]l o ll·e ,·er , thei r JFPse nc ·e has !wen in ferred m;t inl_,. on •·i JTum s(antia l 
e Yi de nce . On e mePb 11·ith fatal !"ases of tltP dis<·a,;p in 11· lti!"h 
n •Ldin•ly fe 11· noclult•,; :n P prPse ni an d iu 11·h ic· lt no e\·ide nt;e ·of 
co mpl icat ions s uc h [t,; ent er iti,; i,; p resen t, in spite of many adult 
worm s in th e la r g·c·' int es t ine . l n s n c· lt c;lsPs, the c•m:l !"iaiion , g· c• n ~c· ral 
a trophy nnd ad,·a ncPd deg·en eratin, c· h:lllges of :1 L1tty naturl• in th e 
l in, r. sef> tll to IJt' cl u e (o toxic p rin ('i p l<•s, clc·rin•d f rom the \\'() r illS 
t hc• tJI Kel Ye,; . ll ·o \\·e ,·er , t lw re is aLolh<• poss ibilit~· th :d toxic · m:d e ri:tl s 
111ay he dPr i,·e'cl from thP cb nwged mu c·o u,; nle lnhrane. \\'!tip p le 
qu oted hy ]l e\\·lt· tt ( I!J:!:l ) isolated duoden:tl loop;; 111 dog .-;, 11· it h 
1·a pidl .~· fata l 1·c• s ull ,; in :lf)-i':! ho u r.-< I ili i!' . Sim ila r loop -; ho111 thP 
Ltrgc) in iPst in <· \IPre o nl y -;ligh t ly tox ic·. Jf tlwse re,;ulh in clog·,; 
cn n I ll' applit- cl to sh c·<•p, thP rP 11·ottl d s!'Pill to hP :1 po,;,;ihllit.~· t lt :d 
toxic ~uhs t anc·rs lll <IY :tc-l ualh· IJp fornH·d from tlw llllJ< ·ou,; JU P !II iJ r:~n e 
o f th P la rgP i nt e~ t i ne :ts a n:<u l( of pln·,;io log-i \':d or olht·r di~turha l ll·P~ 
du e to t hP- :t d ion of t he Jw<hilar \\'OIIll<i . [ n ,;eYl'l' l:' infe,- t:lliolh 
11·hPn t lw sylllpt·o lll S <li'P tno,;t m :ll'kf'd, sud1 to:s:i C' SlllJ,;(an \'e,; c·:tn lw 
fornw cl :tl-o ng- the e ntire l f' ngt h o f t he hq.('P in tP:; t ine. (as ngainst 
PX]Wl·imentaJ loo ps of \ '\'hipp ll' ) 11·hpn • thP \I'Ol'lli S fliP IJI'PS!'n(: :Ill(] 
e' I'P ll t houg·h o nl y :1 s ma ll <llliO IIll t of loxin j ,., form ed. its c ·umul:! tin~ 
rfl'ecl OYe' l n pPriocl of \\'PPk,; or l!IO!lths liWY hp quite• markPcl. 

') ] L-\ 1~ .\L-\ T OT.OGY . 

A s f:n ns is kno11·n a s\·.-<tPmat ic · esa minntion (Jf t h e• hl ood of 
,; hf•P p s ull'ering- fmm a pu rp. infPshlt ion of noch il nr II'O I'll l~ . has not 
lH'l'll Jf'ro rcl ed . F om ·ip ( ID:)l ) rPfc•JTc·d to thP clif\i(·lJlii P-; <'X]WI'i<' n< 'Ptl 
i1 1 pmcluc ·i ng :1 JIIOg' IP<i<iil·e :tn cJ fnt: tl cJi,;l':ISl' 11· it h :1111< 1 ng·~ t othC' I'S, 
]>ll l l' l':tc•c·l's C'lll t u rc• .-< of (Jr' .<o;d'o .IJ"·"II/117/111 r·o/um lu.o /111111. _:\ p,·c• rl hP­
l P.';s, 1\'i t h 11H• :l.-;sisL!nC'P of \' c·g· l i:l :1 f<'\\' SIIC'h (':l Sc-',; 1\'l'l'l' pmtlu(·l'd :u~d 
i hPsP <H<' thl' c·:J .-;p,-; 11·hiC'h ,,·ill 111:1 inh· l1!' n ·fP I'I'P cl lo in ,-c, fa r as 
t he :tn n<' ltl i:1 i,; t·o nc ·c•J·npd. · 

'l' he 1P-t· hniqtl l' e'll l]il o\·t·d is l':\:IC'i ly th:tl l'l'f<' l'l'<'d to ln· Fo11r i1' 
( 1!):)1 ) . H oll.t'l·c· r , in III OIP I'C' <'P II i 11·ork , it \Ia;; .'O IIlc•lil liPS fou n cl ll1~il 
•·o n;; idPrahl <• clif-fi C" ul ty \1':1:' rxpc>Ji <·nc·c•d i11 <·OIIlil ing· IIi<, n·tl c·c· lls . ns 
:1 n·,; til t of JIJ:H·m,;t·o pil' :tg-g-l11i i11:1ti r,n ll'h i('h took pl:ll ·t· "·hl'n h loocl 
fro m so lnP s hPP JI in i'P-;tl'd 11 ith ne,;oph:l g·nstomia ,;i-; and :Jil('_dosto­
lll ia .-; is . 11:1 s cl ilu it- cl i n l lal' l' lll ·,_ ,;o luiion in tlw onlin:IIT \\' :1\' lor 
I'O U!l ti n g . ~ u l' lt ag-g· lu ti n;d.i"n 11 :1 s :1l1n o,;( C'lllll pl PiPl .\· Plin.lin:tl~cl , i11 
i !J c fPI\' (';ISPS \\·l1 iC'h \\'P]'(' ;J\'; Ii lalll!' fo1 ~t u ch·J, ,·lll•:Jti i iO' th<·l la\'Plll' l' 
~olu iion di~· h ih- l !Pfo r!' th e hloocl \1·;1-; acl;l e•tl' to ii. ~\ "·.,·luti l;n tion 
wi ll not tal;p 1; L1<·P s: th"P<jl!Pn th · if lhl' clilu tpcl hloocl i _:-~di(I\\'P cl to 
c·ool dm1·11 (o mo m tPillJH'J·nt urP. T-Tm1·p ,·P r. :wg-lutinntion " ·hil'h lin ~ 
t n I; Pn p lac·c· in c·olrl H :l\'Plll ·,_ -;olut ion will no( h P hrob•n tloll' ll 
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appr eciably hy subsequent sl ight heating. 'l'he deta iled r esults from 
one sheep, the blood of " ·hieh showed man·oscop1c agglutinati on in 
cold H ayem' s solution , are r eproduced below. 

.-\ . c. 

Dilut ion in Cold H:aycm's 

I H. I 
I Dilut ion in Warm H:ayem's. (B ) But Allowed to Cool D own . 

54 60 o:2 60 59 45 45 45 I ii3 4:2 4 7 5+ 
72 60 71 59 41 53 59 38 4 1 47 54 5:2 
73 68 61 44 I 47 53 ,,9 36 -

1 

.j.,, +8 5 :2 5:2 
6+ 69 +\l 51 :)2 5-± 5 1 49 5;) +7 46 :'50 

--:263 - ;2,,, ; 43 -2141-l'w- 205 -;·I:1168\--1 94--i84--199 208 
9· 77 7·86 7 ·85 

A suffici en t numbe1· of cases of t hi s t,vpe of aggltttin at ion ,,·as 
1lltforhtu atel.\· 11ot ;wa ilable for r epc<ttecl obserYatioll , hu t lo judge 
from the ahoYe ca"e it woul<l seem that a lthoug h t he tota l count:; in 
(B) a nd (C) !'OlTespond almost exucl_v , t he di stribu tion i s Jlluch more 
u ni form i.n the w:u m Ilayem 's dil uting fl uid "·hi ch 11·as :s ubsequen tly 
allowed to cool down before eountiug (C).'' 

7 I acm atoloy !J of S h eep 14512 and 15970 (P w ·e i n fe ct ion Oesoplw.r;os­
t ollllnc< /-<) a1)(l 11 899 (Jh:l'ed I nfect ion Uesophago;:; lonntnl 
columh. (1/1(71 Haemouchus coutorlus). 

T,,·el n .. "·onn free sheep \\'ere infected 11·ith faece;:; n tllures of 
nod ular 11·orm lanae. Of t hese on ly t h ree (14512, FJ970 , and 11899) 
de,·elope!l a prog-res,; iYe <l iseuse fr om IYhi ch t hey d ied . On post­
mortem ex;t miuah on deat h was found to be due to a pure infeRtatiou 
of OrsozJlwgo;; tomum colt11n bianu m, in sh eep 14512 and 15970 and a 
mi xe<l infe;;tatiou of Oesop/w .gostO?il1l1n col1tm.h iamn1lli and Hn emon­
l'ln ts contortu s in ,; heep 11899. 'l'h e haematological obserntti.om; con­
cerning- th e,;e t hree sh ee p are recor ded i n Table 1 , Graph 1 (sheep 
Ko. 14-) 12) . Table 2, Graph 2 (sheep ~o . 10970) and Tal..Jle 3, Graph 3. 
(sheep X o. 11889) . 

!Taema tology of S h eep 14512. 

The exact age of this animal is not knmvn , but i t 11·as und er s ix 
mon ths . l 1lfeeti{m \\'a S commenced on t he 28th .Jul y 1926, at t he 
rate of 200 l arne eYerv second cl a v un til a tota l of 1. GOO larvae had 
been gi Yen . v ' 

Faeces cultures were posit iYe on t he 7lh , 9th , 29 th , an<l 00th 
September 192G. On th e 2nd Odoher 192G, the anim al was in poo t· 
!'Onclit ion and h at! diarrhoea . On t he 11th Octoher 1926, t he c·oncl i­
t ion of t he ;mimal was very poor :m el it was weak. The a nimal rlie<l 
on t he ] .) t h ~OYeinher 1926 . 

* The statist ical a na lvs is of t he ahm·e fig ures ma de bY :Mr. .A . P . :Jfal an 
(S t a tisticia n ) confi rmed t l1is . 
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P. J. J. FOL;JtU: . 

Clwn ges in Lit e R ed Cd/., .- Th er e is a c.;ontinuous d enease lll 

t he nulllber of red l'elb ;d m u:;t up (-o tl1e time of deat h . ] (is no( 
d ea r to ,,.h ,tt exten t thi,; <len ea;;e i n the numher of n'cl cl'lls m ay bP 
due in lJ<t rt io a normal d ec rea:;e 11·hi ch m ay take place in the h"Iood 
o t .\·oung a n imnl,.; as th ey g r·o11· older . }"raser (19:29(30) rPfe rs to 
Ya ri ;dions i 11 t h e n m nber of red cell s of t h e :; heep of di ffe rent <1ge 
gTOltps . U nl e:;s on e <· an lll<1k t· s.1·stematic luwmatolog ic.;al ob::i<'n·a t ion s 
on t lte hlood of <l su fl icie nt n untlJer of lambs from hirt l1 and until the1· 
a re a<lult, Jt o 1·e liable C·ond us ions a:; io t he l'hunges 11·hich lll<t_\. o<·<·u·r 
in t h r JIU llllJPI' of r ed ce ll s in :;]wep as thr.1· gTo\\· ol<lrr can he <h <t ll·n , 
p:n(i('ldarly in 1·iew of i he 1·a r i:d ion,; 11·h ic h ar P lmmn1 to {Jt'(;lll ' i n 
t he IIUllll JPr of n '<l <·elb ·of the .-i<lllle sh Prp as poin te<l out h.'' \\" irih 
(l~rl l ) :11Hl F omi e (1D31) . 

Th t> ;1ni nwl st il l h :1d more tha n e ight tnil li on < ·el l ~ pt> l' l ' .l'. of 
hlood IYhen ii <l iP<'i. 'r hi s e:an he a lt lol'e o t· le"s JI OI'lJJ:d l'ount fur ,;ouH· 
s hePp. ::\o mo rph ologil'al l'h:ltlg-es usuall_,. <l:;so<·iatPd 11·ith a n 
<lll<Jellli:l 11·rn• pn·sen t· i n thr red <·ell s. UbYi ously, i hen 'fore , ihere i~ 
no primary II<I PIIIO[>oi eti r· or othe r <l ishtrb:1JH·e i n 11·h ich the 1111lll he r 
of l'e< l <·elL ca n he J'<'g·anl ed as (J pfil'i ent ( clin ical anaeJlli:1 ) in ~pik 
o[ t he oli gor·.\'1 h:1 el11 ia 11·hi l' h i,; :Hl lllitteclly present. Any t h<lll).!.'I'S in 
t he d ecn •a.-;e of t he hat' lll O).!.' lohi H and the percPid <l).!'<' vol \lllll' of red 
cell s, :;e~· Jil to lw Pll ( irely d e pPtHlt'Ji t Oil the dec·n•ase in t]H' Jl\lllll lt'J' of 
red celL alrPa<l_,. r efe n Pcl iu . 

' L'h ~· ol ig-ol' .1·t hne mia ma .1· hP <lu e to a <lilll i n ~ h ed pftici e n<· v 111 
i he nonn:d f u ncti on of the h<l PIILOP<JPti c org-ans , '"h id1 HW,\. ab'o lH· 
invo h·ed i n tlw g'e ner:d a t rophy clwrad eristic of the di sease. Jf 
t hi:; i .~ t h<· ca st> th e toxi n s ma.1· in ted t>re 11·it h t lw nonn a l r egenen:di YP 
c· bang-p:; 11·h il'il are <·onsL1n tly ta king- place in the h ae mopoPt i<· system. 
11·it h t he result thnt t he Tepl:J cen1en t of 11· orn ou t l' ells does not o1·cllr 
nol'lllall,· a nd a g r:1dnal den ea c;p in th e n u111 her of red <·Plls is the n 
inn itn lde . Th<·re is 110 cl in·d expP rimPnt:Jl evi<lence in :; upport or 
th io-; YiPII'. F urtlwrnwTe, there is no appreci alJle IIIOL'phol(Jgical 
di tt(>re iii'('S hf'hl'(•en th P <·el ls of thi s an inwJ in t h e (•;~r J iPI' stag·f's or 
i nfPd io11 (!J.S.l!f2G ) an rl at t he t imP of d<·'nt h . ] f tht· re is an,v atruph ,1· 
of t he lHJll e ma iTO\Y , it i,; concei,·ahle th:d the bones th e n1 seh Ps 11·ould 
he suhjP<·t to s imilar cha ngf's in thi s clisensP <111(1 alth ough a sp r c i:1l 
C'X<llllin;~ti o n or th e holll'S \\':IS not indll(J ed in t his S(ll<h· Olle 11'0\Jld 
rx pPd t h:1t an,,· dP I'ec t of t he ho n e~ s 11 ch ns ln·itt leJH':'" 1n ndd J,e 
re\' 1': 11 ,,.1 by a predi sposition t o h:1du1·Ps . This is n ot " clin ical 
fpnt u n ' of th e di se;1se . ::\ en'l·t h e] e:;~, it is JH>:;,;i hlP t h :d a tropl1 y of 
t he hae n10poiet i<: syste n1 , n ·s ultil l).!.' in oligoc.vt h:l Pllli:l , hu t not to th P 
ex1P nt of clinic-:Jl anaem ia, n1a 1· :-; im ilarh· a fl'ed t lw ho n 1· ~ th em,;eJ,·p,; 
1n :1 lll od errli P <l <'gTI'P only , :;o t h:d in ;H·iua l practil'<' n pre1li ~ pos i ti o1 1 
1n ft ·a < · ture~ i ~ not prese nt . 

('fulii.<.JI 's in t lu· 1- r' ltr·ot ·yt('s .- 'l'he hgur1';; pre~<· l dPd in 'l'ahl e I 
:w<l (:h<1ph I loosf' a g-oo<l cl eal in ,-a lm' 011 nl'con nt of the fad th:li 
pre infe<·tio n r·o 11 11 L 11·en• not m:ul e <lll <l in Yit'l\' of th e l ikP i ihood t h:d 
; l nu m hPr of hrnw lll : l ~· alre;ul y haYP ('OIIll1l l'llCed a nd some eYP ll 
•·on1plPtPrl (h e ir Sf'l'll iHla n · p:wa~iti<· migTa t iou. " ·h t> n i h<-' fi1 ·~t c-oun ts 
\\'f' ll' lli :Hle 12 ,]n ~·s aft<'l' in fe1·tion 11·as ronlmencerl . 

Th Pre 11·nnl d appea1· to he <I rlefi nitP leu l'on·to:;i:; on t he :20th and 
th <' 21 th of Septe nilw r (1n ore or l ess t11·o u101Jt hs after infe<· tion ) . 
Th i~ i~ ea uf'erl main l.'· ln · :111 in1 ·re :1~e in t]u> nun1h1•r o f neutrophile:;. 
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PATHOLOGY OF OESOPHAGOSTOMIASIS IN SHEEP . 

During the next two weeks there would almost seem to be a collapse 
in the total number of leucocytes, affeding mainly the neuhophiles ,. 
an observation which tends tD supp-ort the view in faY·our of a 
possible atrophy of the blood forming tissues previously postulated, 
particularly as this occured at a time " ·hen a similar kind of collapse 
in the number ·Of red cells took place. During the later stage of the 
disease the neutrophile counts are definitely high. but the totnl 
number ·Of leuc·ocytes d·o not reach the same high le,·els c1S on the 
20th an<l 27th of September. Not knowing the preinfection normal 
counts, it is useless to ca lculute the absolute numbers of neutrophiles 
am] lymphocytes etc. 'l'his is unfortunate, as there may merely 
have been a relative neutrophilia, which p-ossibly could hase bee11 
accounted for by a lymphoeytic leucopaenia as a result of a possible 
greater atrophy of the lymphoi<l tissues. Probably the neuhophilia 
indicates that bacterial complications are taking place ancl if there is 
a certain amount of atr.ophy of the blood-forming tissues, the neutro-· 
phile counts will not reach the s::nne high leveL as woulJ be the 
case with a normally reacting hone marrow. 

EosinozJhiles .-1'here is a very steep ascent in the eosinophile· 
curve which reaches its peak (27 per cent.) six weeks after infection 
was commenced, and then subsides gradually until the <1eath of the 
animal. · The peak of the e-osinophile counts occured at a time when 
the total leucocytic counts \Ve1·e relatively low. If these total counts 
can be regarded as more ur less normal, the possibility "·hich suggests. 
itself is that previous to, or, during the time that the eosinophile 
counts were increasing, there was no significant reaction in the­
myeloid tissues and that the eosinophiles were produced else"'here 
possibly in the lymphoid tissues of the intestine. This is not 
incompatible with the vie\v previously expressed that an eosinophilia 
may indicate that the actiw tissue Yerminosis has bePn completed, 
when these cells are temporarily released into the circulati.on. The 
subsidence of the eosinophiles may he due to either (1) a c1iminishe(l 
or (2) an increased effect of the parasitic factor. 

(1) The Diminished Effect of the Pm·asitic Factor. - The last 
close of infective larYae was administered just about a month before 
the peak of the eosinophile counts occured. During this time the 
lanae should all have completed their normal secorHlary parasitic 
migration, so that from this source there shoulc1 be no stimulus for· 
the production of eosinophiles. Also it is possible that during this 
time there may be a c1 ecr·ease in the effeds proclucec1 hy a bnormnl 
secoudary parasitic migration, hut no definite statement to this effect 
can be made as it seems that until the parasite dies or finds its way 
hack into the lumen of the gut, the abnormal parasitie n1igration 
may continue indefinitely. It is not known when the parasites will 
die and the factors such as food, age, general hygiene ·of the sheep 
etc., which may influence the life of the parasite, during parasitic 
migration are not understood. 

(2) The Increased Effect of the Pamsitic Foctor.-'rhiR may 
cause atrophy of the tissues which produce the eosinophiles. During· 
the two weeks subsequent to the time that the peak in the eosinophile 
~ounts was reached, there is a very definite increase in the total 
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leucrwde:;. acr·o un ted f01· p_·q· [us i,el,- ],,. <I I> in\' l' t'<I~L' i11 tht> JJUilllwr 
uf JI PI ;!ruphiles. Th is ,.;peaks aga i n~! :1. m yl'loid atroph-'- <luring t hi ;; 
!imP . Sintilarl_,- !hr• incn•:1~e i11 the tliflert>tdial lnnphrw~· tic co u n t~ 
,,-ltir· h occ u red d uri ng the Lit ter pa1·t of October tna.\· i ll' regarded :IS 
e1· iclP nce ag·ai n ~t atrop hy of tlw l_nnphoicl !i,;:>uP~. Hut herr ag:1in 
!be rlifferPtdial r·otmh lll<t \- IJe :1 ,-en· uun·lin h ll' iudP;; of tll e tn te 
~ !ntr• -of :dla i r~ : 1 ~ nc-turdl_,.-l hen• nw~_-kiYe ht-•en :1 n t>ulmphik leltr·o­
p:lenia rluring t h is t ime , :u·r·o1111ting- for iltr· rebtiYe i ttnea~l' in !lie 
num i:Pr of lymp h uL·_,·te~. 

The h:I Plll:t!ologi(':d r·h:mg·p~ can h t> s ltmmari~ed :h: Ol tgor·\·­
l h:w mi a hnt n.o cli ni c:l l atU1<'1llia; eos inophi l in 11·h ich ~ub~i dPs 
gr:1du:1ll.'· rlnri ng l h<• laiN ~!:1g·r•-; of t hP < li~Pn~t· : ne utm philia proh­
:lhly ind il'a(ing thnt huct<•rial t·omplil':tlion ~ ;ll't' t:1king place , l>1il 
t he!'(• is :1 poss ibil ity th:ll, rstwcia l\ _,- durin ,!.!· t h t· hro \\'PI'k,; hcl'o rP 
dPnth. ilH· neut rophi l i:1 nt;ty lJe men• \_,- rehtin' <lt)(l po<-;il.ly duP to 
:1 \_,. llljlh oc.Yii.t· IPuc-o pa eni:1. 

/l ol'llllli o/o.r;.l; of Slll'l?f' 1--J ~J'IO. 

'J' b is :1n int :il 11· ;~~ a co n trol in a ~~ - il ·e'iHJI'lll ~'-' IJ E' l'illtl'n l i>ul Lttrr 
(8t h F ebruary l ~J27) it \Y:I~ infPI'l ell " ·ith nodu L11 11·o rnt lana<· at th t? 
1·alP uf 0,000 JWr d:J _,. u n ti l :l.-> ,000 had heen g·iw 11. TI H· animal d il·d 
] :j d :I\"S a fl t?r in fect· ion and he1-; 111 ~P of th e <ll'll te t·our~P o f tltr <lis<'<IKe 
thP h ~ematolog·ic:ll oll~PrY :tli on~ d o n ot I'('Y<':ti all\ -;ig·nifil'an( cha11~·r•s, 
E'Xt·P p( for a l<'lii'Oi·\· lo~i~ ,;ix <b_,-~ nfiPr infPdion and :JI JO ut :\ \\'PPk 
he fo re thr lle:tl h of t he anima L. 

' J'hi ::; l:<ISe ]J;I S lWP II int ·iltll e rJ hPl'l' lllclill l .\· OJI <1\'l'OIIIil of tiS :S]WI'l<d 
pnl l10logica l in tPrt?st. lt i~ :1 t"· u-tootli e11·<· in bit co ndi!iott. ThP t'E' 
an• 111an\· e rosion .-; :1 ntl e\'PJI ulu• rs PS]H'I'ia \I,- in t he llllll't>ll~ JltPmhr:ln e 
of l lt P ~m all inlt>sti nt•. It t llla l l_\- pbt· rs Iii Pre i,; ]Wdor;tt ion of the 
in!r . ..;tinr. parlintlarh· ihP il eu m . 'l'h e ]tl'dor:ltion.' <I' ~PPII fm111 
t lw ~Pt ·o .-;; 1 :1rr tli~nPIP a n tl tnon-· or l <· ~,; r llip lit·:J I tleft•t·l~. ,,·itlt r: l i~f'<l 
lJordPt·s . prt?St? n i ing- :1 p;\lltolog· it·:1 l pit·lurl' almo~t idt•nli\':tl (o t hP 
(';\~( · ])l'P\IOII~ I y dl:' .-;nilwrl (T>htl' 'X I r [). \Y iinP pt•dor:ltion 11 :1~ 
o<· t·ltJTt>tl t h t> o tlll' ll ( n tll i~ :ldh l:'t '<'lli to thl' i n lt• . ..;linP. 'J'Iwn· i.< :1 tihritii>IJ~ 
pP rito n ili~ fron t 11·hich th l' J>.,r"tlllUI/1111111-' I'.IJOC.lf!lltro 11·a..; i-ol;ti<·d in 
pr:11 ·! i<·:t l h · put·t• ndlut·e . 'l' lw t·at>C'1llll sho11· ~ an :H·ult• h;tPIIII>rrh:~gi<· 
Pllit• r ilis. 'l' h<•n· :"H<' l ntn H•rou~ notlu l <·~ in iht> ,; mnll init·s t ine, hut 
nnl\· :1 fr•11· in t h t> brg-p in(r~tint? . TllP li\'l' r ."'!HI\\·-; \\·p i] m:nkt•tl 
Llih· t]pg·r·n pr:llio n . !nforlull:llt•l,·lht•t·p i~ 110 r<'t·ortl ,J!· thl' IHJJII lH·t· 
of p:lrn~ill's p rr,;t•ni in t ht• l unH• n n.f tlH· tn tP-;IinP. ;1ntl :111 E'X<IllliJwtio n 
\\';Is no t tnnrll' fo r ih<' fourth ~t:we l:tt·,·:IP in I IH · Jll'riton (':ll ('<ll' it\· . 
IhrP ihl'n, is a (';lSP in " ·hich :1 young· shrep ,q,; -;uh.it•t ·tP<l to a gro~~ 
·inft•r·tion \\· ith norlul:n \\'OI'Jil lnn·ne :tntl in ~~-hi cli in llll lltt>mus l';t,;p,;, 
th.-r!' \Yas ahnnrtnal .-;er-ondnry p:IJ';lsiti(' mip-n1tion, l e:1ding· (o p edorn ­
iion -of l h t? w:1 ll of iht? inh.o~j ine . As :1 res ult of I he < ·xte n ~ i YP 
de.-;fntr-lion of l li P llllll'0\1 ~ tn emhraue ;1ncl othe1· pnl't..; of the in tP,;Ii ll e 
hY prim:1ry a ntl ~ec-on<lary mig-r:ding- LnY:H'. baf'ie1·i:1l inft?l'iioll look 
plni'P anrl latt>r r·au st?cl tht> peritoniti s 11·hi<·h \\·as ihe immerliate r·a u;;e­
of tl t?ath. 
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l 'ATHU LOG r 01' UESUl'!L\ t;O STU~lL\ SIS 1 K Sll.EBP . 

liaematulogy of Sheep 11899 . 

Thi s ca se ha,; been indudecl h er e in onl er t o show the ty11e of 
olood p ie;l ure \l·hi ~;h ~;an be expeded IYiih a m ixed infection of 
nodulm· :1ncl ,,·irewonu::;. lnfech oH ,,- it. h n odul:i r '"or m lanae waH 
commenced on t he 16th ::\o,·em ber 1.92-), at the r:1te -o± :200 or :),000 
lanae eYe ry se~;ond or thi rd day, unt i l a total of l>1,400 lan·ae had 
been g-i1·en. ln the course -of t im e, t h e un imal beca m e aLo g r o:-;sly 
i IJ reeLed wi th \\ irewonns aeeidenta lly . 

Th e :tn inwl tli ed ou lhe 11t h Fehruan· JH;2(i an d ::;h o11·ecl on 
lJu ::d.-Jt lodt-'111 exam ination : \ 'er:1· n t:trked a n :;~emi a ( lty (h :tenti:t . pnle­
ne.-;,; ·of all Jllllt'{JU S m e ml.na nes); t' :H;hexia, 11·ith 1:wrou s al mphy of 
fat ; g-P ner:ll :tlt·op lt_,. of org·an s a n t! t he mu:-;t:uln b tr P; deg<' nen tLin• 
ch<~ug-es of th t> myot·<trdiulll , l iYt> r <t nd kid uPy; \\'Ol'Ji l n od ules, .-;e ,·rr c 
i n fes l<~li o n "·il lt uodula r and " · ire11·urms. 

On referri JJg t o Table J and Plate X X I , it " ill lw st.-•<·n, that 
the outstamling morpholog ical ~;ha nges iu the l'Ptl l'Plls are those o f 
poikilof·yt o:;is and :misor-y t osis, :m el t hat celL showiu g- pu nctate ha,;o­
philia 11·er e definitely not pre~ent t o th e extent t h ey Ot'l'Ur in m ost 
ca~es -of hat•moncho~ i ::;, a ceonl i ng to Fourie (19J1) . .Fottri e further 
be li e n·~ t h:tl punchd e h:1sophili :1 i11 hae mon t·ho,; is ind ica lt>s r egen<·'t·a ­
t iYe changes aJll ! i;:; a ~ig-n of nei i1·e h:tem opoit-•si::; . T he f:1et iha t these 
cel ls are Jll'e,;e nt. i o :1 ~ligh t deg- ree -onl.Y in t his case o f m ixed 
infed ion, m ay posc;ibly in<l it.:ate tha i th e not!ubr " ·orms hn.Ye ca userl 
;~imphy ·of tlw haemopoie t ic ti sstt P ~ . <I S a r e,;ult of ,,·!t ich ac t iYe 
r eg enPratiYe chang-P:-; \\·h ich an' usu ally r-a used by a well rlPYelope tl 
" ·irewnt'lll in fes l:liio n , 11·ith i ts r e,; tdian t an:1 eJni :1, ur e no11· largPI_,. 
do 1n ina tprl hy t[ pg·en('rati,·e t"lta nges, i he a i. rop hi l'tl bon<' JIWlTO\\' hP ing· 
no lon!.!·er a hl<-' to rPK JH)n tl effi r·ie ntly to ih e sl-i m ulus fo r adiYP 
l'E'g'<'!J('I ';lti tlll. 

1/ fl ('IJI (/ to lo_r; y of Sli CI'JI 18000, liD<J'J, (11/ d ts:l4-L 

ln ,-i r·\1 of the poss ibi l ii·y lh at Posi noph iles in a sh Pep infer·te tl 
'IYit h nmhd:1r 11··orms may ltP p rodu ced ont s irle i he m _vPloid l issnPs. 
total nntl d ifl'Prenlia l 11·hi te ('('ll t'Ol.l llls 11·erP m:~tl e f rom hlnotl 
eollect.P(l h om ihe jug ula r, :wrl: t, t': tu dal ,·ena ('<lvn. tnes<' nterie Yf'ins 
antl, i n som e cnses :tlso, from the por ta l Yei n . hom (l,·.o sheep (1790:) 
flntl 181-I:..J. ) infedetl w ith n·oclnlar \YOl'l1JS, a s well as from n eontrol 
1t ni nfel'l ecl :-;h ePp (I ROOO). 

'L' hP ~]wep 11·en~ infect Prl on 26t h Sep temlter 19'21 a n<l hlootl '"as 
coll t>cletl 1llltl eJ· :maPsthe:si a ten tlays laier. 

In th ~ conirol sh et> p eo;-; in ophi l t>s \\·m·e fmtn d In th e exlent of 
l per t'Pn i. in ihe jug11lar Yei n, h11l· n one 11·ere found in t h P -other 
,·essels , ,,-]Jt•n '200 t'e' ll s \I'PJ'P t·o un (prJ . 

In slw <' Jl JE-\:!44 ihe eosin oph ilP r:ounts 11·P rP : _j ug- 11l ar , 1 pPr rent; 
mesenl e ril' , 6 pPr t:Pnt: :1ml aorla . :l 1wr ce n t-. Tn sh eep 17')!):'i IIJP 
-:s mPar s 11·en' Sllt'h ihat 1lifft> rPn l-i :1l f·o tl ll h cm1lcl not he madr , rxl·t•p t· 
in lh e t' nse of ihe HJt•se n iPril' YPi n, 11·hert> n-o posinoph i les 11·er e fotlllt'l. 
Alihollg-h lh e p t>rcenh g-t• of eos inophile;; is f:1irl.1 h igh r-~pec i :lll.'· in 
t hP m eseni P1·ir ve in of sh ePp 1S:l44. no 1·el iahlt> con clus ions t'a n he 
drawn frolll th Pse 1·esul ts . Such a n PXJH•rim en t ean supply r rlin.h le 
rPsults onll-. if t otal a n1l tli ffer e ntia l C'01111 ts can he m nfl P at Y:try ln g 
p eriods afiP I' in fect·ion . 
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I'.lTIIOLOGY OJ-' OESOPHAGOSTO~I J..I S TS J::\ SHEEP . 

GRAPH U I.- SHEEl' 11899. 
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l' . J . J. ror1nr:. 

P LATE :S:XI.- Sheep 11899. M ixed infection H aemonchus and 
Oesophagostomiasis. 

l~1g. l. (l 2.'JOX ).-2/.l.26. Poikilocytosis. 

' • 

F ig . 2 (1250 x ) .- 29.1.26. Anisocytosis. 
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• 

Fig . 3 (1250 x).-5.2.2G. Poiki locytos is and a ni soc-ytosis. 

~ 
·1 

•. 

F ig. 4 (1250x).-Poiki locyto~ i s and a n isocytosis. 
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0 ) Com·ur:.lnoss. 

(a ) BacfC'rial I n f ection. 

P. J. J. J:·orRn:. 

As already ~:~ i. ated t h ere is JJO eY icl eJJce th at 11·orm s uarry patho­
geni c bac teria IYit h them d uring; primary parasit ic mig·r::~tion. T he 
primary migrat in g l arn1e may, ho11·eyer, prod uce such g r o:>s anatomi ­
cal ch anges in t lw m ucous m embra ne, e::;peci.ally iu seYere infestations, 
tb::~ i bac:i erial irn ·asion of the m ucous m embrane can tn kt> p lace from 
t h e l umen of the intestine and producP various fonus of enteriti,.; 
(enteriti ~:~ snperfi(·i.ali s). \ Vhcn t he aninwls a re exposed to contim1011~ 
infrdion 011 ihe pasture, primary and secondary paras iti(; mi g-r::~i io n 
will pr·obahlv hP J>I'PSen t in many an inLtls at the sa me time. In such 
cases bacterial in,·::~sion of th e suhmul'OSa anll oi11er tissues of the 
intt>st inal wall deeper than th e museularis mucosae can also oecur 
::~nll produce t!erp inflammatory processes in t h e iutestinal lYall 
(enteritis profunda) an(l per ito n iti s in cases IYh ere the srro"a becomes 
p erforated . If enteritis is prese nt the conll ition nw.v he ::1 contri­
butor\· fa ctor in the p rollu rtion of th e cliarrhoea l'hararteri~hc of 
t he ll ise::~se. Ho,Yever, d ianhoea is a symptom in ('a~:~es '"hi eh, on 
post-modem exfl minahon , IH're found to be f r rr hom haeteria l 
complica tion s. 'l'hrreforP in su ch c::~ses it seems th::~t ih e p::~rasite,; 
i n t h e larg-e intr~;tine p1·oclu ce t h e irri tat ion leading to increased 
m otil it.1· -of the intestin e with c-onsequent diarrhoea. Exactly ho11· 
t hey d u this (toxin s, methorlR of parasit ic feeding, etc .) i s not knmnJ. 

Tt is Yery (li{ficult to ;1 ,;srss the importance or othrn Yise of the 
TOlP pbyrll hy bacteria in OPS·ophag-ostomiasis. Tlwre is n o (loubt 
whatwe1·er that the parasites can and rl o prorluce the death of i lw 
anim::~l , iu cases wher e bacter ial compli cations ::~ re not present, hut 
to ju(lge from the number of ca::;es in \Yhi ch hadrria 11·er e shown i(J 
h e prPsent in the rleep er portions of the i ntestina l lYall, rluring- tl1P 
eo ursc of this study, th ere must be quite n mtmller of casps in "·hich 
hactrr ia are a co usiclerable contr ibutory fnrtor in the protlucti on of 
s~·m pi oms an cl of morbli ty. 

(b) ComzJlications of a .lfechawical Nature. 

( i) H~·prrtrophy of t h e plain m11Sclr in the intest i11 al '"all was 
desnihe(l. It is likelY that this may h aYe been clue to a parti::~l 
sten osis, as a result of t h e presence of worm noclnlPs an(l i t is co n­
cei ,.::~ ble t h at in som e casrs a complete stenosis m ay he prod nee fl . 
One would thin k that the adual clestn 1dion of thr t issues of the 
intestin al wa ll maY lea d t o n nhitive d ist nhan ces i11 f ho;:e c ::~ses " ·he rr 
YerY numProu s no.rhiles arr present. This woul(l Hot seem to bP the 
r-asP. One renenteclly find s, at post-mortem, Yery nlilllProu s norh tles 
in animals " ·hich are in PxcelleHt condi tion. I n !'mrh ca,.;rs anY 
bacterial invasion which ma~r h :we -ocr·nrrll has pre,um ahl .v lH'E';l 
•lver com e and ::~nY adult \YOrms 1Yhic:h ma:v haYe b een p resent. h aYP 
heen got rifl of .. 

(ii) l ntussuscep6on (l?elcsielde).-Thi s is a condition 11·hic:h is 
sometimes mrt IYith in Sou th African sheep. Whilst thrre is no 
PYi(le nce th at this eon(liti on is ah·a~rs rausec1 by OPsoph agostomum 
norlul es, there is, in. some ca,.;e~ of oesoph ag-ostomiasis, a Yer~· c1efinite 
nnatomical basis for the dPYelopment of the condition. In t lwse 
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cases the larvae cause complete destruction of t he circular and longi­
t udinal muscle fibres at a part icular place during abnormal secondary 
parasiti c migration . As a result of t h is, peristalsis may become 
rompletely interrup ted here and invagination may take place . 

SUMMARY OF THE PATHOGENESIS OF 
OESOPHACOSTOMIASIS. 

(1) Although toxins f·or the experimental reproducti on of the 
di sease h ave not actually been obtained from the n·odular 11·orms, 
there is very strong circumstantial eviden ce t hat: during t he C·ourse 
of the disease poisonous substan ces ar e formed and that these can 
produce t he symptoms . lesions and death in the absence ·of bacterial 
and other complications . 

(2) Although insufficient cases were aYailable for haemat·ologi.cal 
;;tucly, t her e seems to he a possibility t hat t he toxic aehon of the 
par asites m ay also produ ce a cer tain amount of atrophy of the 
h aemopoietic tissues leading to olig·ocythaemia, bu t a deficiency of 
th e reel cells to t he extent of a clinical anaemia was no t observed . 

In some cases t here is an eosin ophilia. "Whether t h is is due 
to their increased production in the myeloid ti ssues and their sub­
sequent mobilization, or , whether they ar e produced locally iu t h e 
walls of the intestine and are released temporarily into the circulation 
:1t the conelusion of the aetive tissue verminosis, cannot be sb ted 
Tl-i t h cer taini ty . 

(a) In some cases haeterial eomplieation s produ cing- Yar ious 
forms of superfieial and for deep enteritis, as " ·ell as peritonitis, are 
contributory factors in the eausation of symptoms and mortality in 
t he disease. 

(4) In some of the lesions there is a definite an atomieal hasis 
for the development of part ial st enosis and intu ssuseeption . Ap art 
from such accidents, the nodules t h emselves, eYen t hough they may 
be r esponsible for very extensi ve tissue destruction , do not seem to 
produce nu tritive or oth er disturbances, in t h e absen ce of pm·asites 
in the lumen of t he intestine and in the absence of haeterial 
complications. 
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