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Entamoeba histot ’y :ica invades the intestinal tissues of its host by mechanisms
that remained obscure for almost 100 years. Althoug h this ubi quitous ameba , and the
disease it produces, have been studied intensive ly by eminent investi gators throughout
the world , an d mu ’h authori tat ive information has been forthcoming on the pathology
of thi s parasitic infection , the precise mechanisms of its pathogenesis long remained
both elusive and the object of considerable speculation. ~t ti dies of amehic ulcerations ,
in both humans and experimental animals , provided no accurate clues as to how the
paras ite enters the tissues of its host . Onl y b y intensive stud y, at t he ultrastructurat
level , of cellular interactions in in ’.olved tissue at the very beginning of the disease
process, is it possible to observe and identif y the complex cytolog ical events that
eventuate in tissue penetration and disease produ ction by this pathogen.

We ha ve pursued such a stud y in an experimental animal model. This was not an
ordinary experimental animal , in the usual sense, but a “human flora ’ animal , a germ.
f ree guinea pig infected via intracecal inoculation with E. histo lytica and t h e  enteric
flora from a human case of acute amebic colitis. We believe that , in this host , the
disease process mimics quite accuratel y that which occurs in man. We have observed
sequentiall y, by electron microscopy, the morpholog ical events that attend the entire
p rocess of patliogenesis beginnin g with the ameha in the ‘olonic lumen, away I toni
the epithe l ium , then approaching the epithelial lining, and eventually penetrating and
mi grat ing th rou gh the epithe l ium into the sub-ep ithelial tissues and the lamina propia.
Particular attention was directed also to the microc i rculatory components and changes
and interactions therein during these various earl y stages. Collectivel y these data ,
some in review and some ori ginal , comprise this presentation. Since we were inter-
ested in the earliest cellular alterations , all observations were made on tissues of
grossly normal appearance. Althou g h the difficulties of describing a dynamic process
from fixed material were full y appreciated , detailed examination of more than 3,000
electron microg iaph. comprising tissues from 25 infected animals and 5 controls
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iii t lit h anu I uua j ir t ih iria sinne a rtuel t~ i- it ens’ eel i s i-nit-cI iii deu r i- i u i  ,ui ta e’t is ith nue’ sen -

u-li ‘i- mi ua I ‘i-lhi , is hi- rt’a~ u t  he rs is-err w i t h t , lu (  Sli t - I t  t i  ‘ili a c- f - I -t 1is ole-—i ’ r i-il in 11w Ia nu tia

1i ne up cia i ti c -I ti tl e—i l f ih i ncil t la- ’t s_ suit, sit it n i t  ts -h- cells. m t ,at ‘ ni pli agi ‘— . k t t u i iltes -~ te~. ,lai- mu ua

‘-i ’ l l — i t s j m u ci h ihl j l s . ned hh,t)4 c ells and pt i h - u mt iu r p iut tuna -h-a t - h-miktat ~ t i — . Wit h thi- r~ i -i ’~u-

t i ,  i t t  of th e -  last, all ci t lu t -  r m-rII ~, as is i-Il as i i  ell ag e- it lii i , - r— a ti ih iii cci utu ~ i ’Il mt iii rd tic ’ r s i’

l i t tu i c ih i — . — h u i ~ ceI nit si gt i ifie’ au i t  cha u i g i- -— is lie ti in i - lie -- i  1t t ’ t t \ j , i i j t~~ f i t . ( i t ’  li t  i ’ u i i i t ~i i -i

is lilt att it-h iar I Ii g ut r t ’ ’- ~i auid (~ t — ~\ hi t -mu 1,i,l~ u iicir 1, hu t , t iuuu’heu t m l u -u t L i ut  tt ~. itt -ri -

i’aph it - al l  ‘i- i-i t isi- i ii  i -c intact in  g an ue-bai- . t h i ,- ~ —h i u  is i-il I he -ti im , i ’  d t -gt ’u u er ai i’i~ pt t i c —— i- —

u u } .—c’ u s e t h  in fb i —c ’ h-euLcs ~~te’s at the ’ i u i t i - t - i - 1u i t l ie l i a l  i , tt at i t t n  I I igiin’i-s . _  8 amid I ) I t  -

Y~ l u ru t  a ti tehi ac is crc- it resent in f l i t -  s it1 i t - t i l t  I t t -h al ni-g it tii. tl it ’ lii mm i ii iui of u a i illa nit- —

anti c- n mule — is c-re t t h e n  ciilaU-d and c-tm laiHecl ha rg,- n iinl iris of ri-il 1i1 t ~~u i i  u i i l — , 
~
s ti~ -

tm i u , t  l u iututu, t t ’ l t a n cells. Is nip hu ou-v t e- — . t h i u i , t t t h t u i t ’  ti-s anti  hilen imu —‘ii- qit ’ui de ’i l i i i  u - u i u l t i u ’ t I — t u i

1u Ia—m u i i .  \\ hen t i t i  anit liae is i r e  ilet-p i t u t in ’ l amn ina h it _ i up ia. miua t i  ra p hhla r u - — a mii i

s t - t i  u t ii-s -dii is ed sari ,  tu ts tleg ri-es of c-mi do t h e lm 1 det t ia  i-c- i m i t - i  ut d i mug -m h l  ida r swell I m i i~ - i u i — —

i t t  u It ip la stu iii i l et i&ii  ,. dilatat ii un a mud — is ciii ii C of em ud u ‘I ,I a su tm It - mi - f i t - t u b  i mu i ut i i i )  iii III

t - l im i t i t l r ia I fi gii r i  7 1 ,

J ul — t i c - r i - I  v altered ast’iilat i t  r i t l c  tuf t - ru  t1l m ila n t i g h t  I j i i  ut ( ’t I t i t i S  of et i dui t h it - i ia l c t ’ i l ~
s en t -  — e ’ fuucrate(J ruble f reqttc ’nlI y _ and I It— i r lemuestrat i t t - -a snun ahI ~ dc veioiied ga~i — .
‘ [h i  ri ,muu lut i t ii - p rcuresst’s appearesh It , t a -i t t r, sitiit ihIaneiimt~l\ - ( in—i- to the separati ’tI i-elI

j m t u i i - t i i t t u  aitici fe-uue -stn ae I figure 81. ‘Flit’ ~—~iat ’e— hu ,— t sec— t i a ltet - i—d emt ilu ,t iueh it t ut u amid iii,’

I u i—al lam i tia is a— i ifte ut w iden -d,

Vs I l i ’ i u  umutehia ,- ‘is-crc t iupog rap hi i t - all~ i -lu ise to e-ntlot lu-i j ul cd  is, I delis or sinil II
i- — i ’  i i’ — of uu iii It , nm size appeared to Iu a~ i- des c-It iped f r i  urn f l i t -  i -m u du itlue- li aI ri-Il Iilt’m i t -

liramii’ . Iti —u miii ’ instarn-i-s, bh- I~ of di lf ei -eui t si-it’s is i-r i- si-i-it i n an apparent lit - u u t - i- - -—

if p in t - bu l u g - i  11 f r i  m u  the i’mitIe,t lu — h al u - i , tciplasin In to thic’ I u t mnu- t t  I fi g t int ’  ‘I I

—i ‘h u e d  Iragnuenti-u and ci umtt u i is i t  I l i i i  r i i i  is i- r e- u ii u su- r ’i ed n ui t otu l i t t  t he  s a~u - et la
hut mitt-mu I Il gu ri-s 7 ii rid h I l l  b it t  alsi , is- I-ri ’ — t -r t i  I req etc-nit I - i t t  ah ,umudaut i t ’ . I mi t luc e’. t i a -

‘i u i —i -m m i a n space iii the ianiina prt?pria I Fi gu u i i- I t I t  - \bust l i l i r im u  i uu hini i  I t  i t i t  ra a tud
u ’~ t i avasi-titar iticaticimnu lua ked flit’ ts 1iic-t,I st riatic utu ci f 221 I - i itch-e d, ‘ii ’ is l itt l t-  i— t u tu
—i n ia t  i im u i  is as obse rs i’d i fi gure I ( l i  - Th ere is as ito i-s it h i-net ’ t iE  e- ’i t u-a s asateel lb ni u tm il  i i .

-‘  t i —  in t hut  lanu m a  1,n i ipria.
m i -  of tht e  i t—h I n ts r c hanges t i’~~,i m rt i-d h e n - u i as i t t - u - i t  r ri ti g i n i mu (ecu -ti an I mu a lt—

is i-r i- si - ns eli in thu i  i i  u tu t  rt ml an imalt. ,

Tilt- t -i- Ihi t la r events oht served in i-a t h lu ’ sium t i s i t t  imi test inal aimwbi a si — in ti n r st u di i - — .
wa s  a r i-mui arka iml y r - i , mts ist i - rut  and tunic -r I ’, pt- us-e-ss. TIt er.- was ito ph v- u i u - aI e- ’iidene’t I l i tu t
a—i .i it- i at i-il n i ic r isurgan in ts  wi-re imi a r t y  was directl y m in i s eli u t  t hu t ’  occu rr ing pathu ’-
htt gii - cb tauig es _ \ I t i iouig lt a s a n d s  i t f  bacter ial specit - s wt re abi m mmu da um t l s  present im i
tbic - en it-ri c lu m en. hac-t enia were neser f ui t u d in t h e  uuu ,mt - c t s a i  tjst. ne at thit- t-arI~- stage-
u I  the ut imi t -tis a l insaMioui l’s’ atnebae,

l)egt-nt- rat ine chat igi-s in i-pi thehial atu ti pcml y n i i t r p it tm u cI ear  leukes s ti -s eirg amuelh i -s .
it t  s ells in c-lose atcitcs -iation with amebat- . ~cr~ s lilt ’ uine qu i s ea st proof for the iiihut ’r e ’nt
;t at ltcugenma’it ~’ oF E . hj .ctol ’,ij ra ,
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num bers into the lumen also provided spaces (mh ’ro erosions) th roug h which mucosal
invasion by arnebac orcurr ’d. Pol ymorp honuc lear ic-utko c ’ytes in proxint ity to invading
ame ltae also showed marked degenerativu ’ changes in c luding condensation of nuche o ’
plasm and cytop lasm and ly sis of cell membrane with release into the ens-ironment
of u -y to p lasmii ’ -o tnp one-nt s including granules. Other mesench ymal u- ell a in the mucosa
remained unaltered es-en in close association with the amebae ,

As amebae reached the lamina propria . changes became evident in cap illaries and
venules . These included cellular swelling and gap foimat ion at the intercellular june’
tions of endotlielial cells and sometimes at the fenestrac of the cap illaries. Vasculature
close to amehae showed formation of cytop iasn ime- blebs on endothehial cells which
were subsequentl y pinched.off into t i e  vascular of extra s-ascniar sparc- . Platelet and
fibrin thnomboses were seen in cap illa ries and venules whiich showed gaps at both
the intercellular ti ght j unct ions and at the fenestrae . Fibr in .h ike material was observed
also in extracellutar spaces. The ‘~asc’u(ar changes appeared to be re~atee1 to the
polymorp honuclear cells degen eration resulting from interaction of tluese leun-ocytes
with invading amebae.
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,2~~~ junctions~ aff ording spaces through which an’ebae invaded the rwosa . Other
epithelial cells in close proximity to arrebae shc~ ed degenerative changes char-
acterized by swelling of mitochondria and endoplasmic reticulum and disappearanc
of microvilli. The shedding of these cells in appreciable nt.u±ers into the
lun-en also provided spaces (microerosions) through which mucosal invasion by
anebae occurred. ~ Polyn’crphonuclear leukocytes in proximity to invading anebae
also shc~ed mark~~~degenerative changes including condensation of nucleoplasm
and cytoplasm an4~~ysis of cell nent rane with release into the environrrent of
cytopla~ nic car~x3r~ ’its including granules. Other nesenchymal cells in the mu-
cosa remained unal~~red even in close association with the arrebae.
As anebae reached t1~ lamina propria , changes becane evident in capillaries and
venules. These included cellular swelling and gap formation at the intercellu-
lar junctions of endothelial cells and S eti,nes at the fenestrae of the capil-
laries. Vasculature close to anebae shcMed formation of cytoplasmic blabs on
endothelial cells which were subsequently pinched-off into the vascular of
extravascular space . Platelet arid fibrin thrcxrboses were seen in capillaries an -

venules which sFx tt~~1 gaps at both the intercellular tight junctions and at the
febestrae. Fibrin-like material was observed also in extracellular spaces .
‘fte vascular changes appeared to be related to the polynorphonuclear cells de-
generation resulting f ran interaction of these leucocytes with invading anebae .
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