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CYST RUPTURE AS A PATHOGENIC MECHANISM OF
TOXOPLASMIC ENCEPHALITIS
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Universice of Kansay Medical Center, Kansas City, Kansas 66103 and
Gorgas Memorial Laboratory, Panama City, Republic af Panama

Abstract.  Seemingly intact cysts and sequential stages of disintegrating cysts of Toxo-
plasma were identified immunohistolegically within developing microglial nodules in a

Panamanizn night monkey (Ao fesrtarinn

). This monkey had been successfully im-

munized and challenged 5 months earlier. This supports the hypothesis that glial nodules
unassociated with Toxoplasma tachyzoites may represent the tom bstong of a Toxoplasma
cyst. Disintegration of cysts may give risc to clinical encephalitis in the presence of ap-

parently adequate imm iy,

The hypothesis that Toexoeplasma rrenedif cysts?
ruptured intermittently and gave rise lrsiun.s“
was based on the interpretation of pai]mlégi'c
findings." In chronically infecled animals, lissue
cwsts of Toxoplasma are commaonly [ound in sec-
tions of the brain without any histologic reaction,
Glial nodules devoid of mulliplying Toxoplasma
flachyzoites) are alse present in e same #ni-
mals, and they increase in number with duration
alinfeetion. In hamsters chronjcally infected with
Tozoplasma (R H and other sieains), hiypreractiv-
ity, choreilorm movements, circling, and other
manifesiations of encephalitis often develop in
the absence of middle ear lesions. Microghal
nodules are found in the brain, and superim-
posed lial nodules and destruction ol Bber tracts
in the spinal cord of these inlected hamsters reg-
wlarly lead to hind limb paralysis.? However., be-
canse in earbior studies traces of Toxoplasma were
ravely identified in these nodules, their patho-
penesis remained conjectural.

Recently we observed a Panamamian night
monkey in which some seemingly intact cysts
were surrounded by microghial reaction, and
where the transition from intact Toxoplasma tis-
sue cysl, 1o disintegrating cyst, and further o lial
nodule with Toxoplasma antigen could be traced.

MATEREALS AN METHODRS

Climfcal dara

A scronegalive Panamanian night monkey
{Aons fenmurinus 10825) had been injected sub-
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cutaneously theee times {days 0, 5, and 20) with
the ts-4 vaccine candidate of Toroplasrma gor-
il Mincteen days after the first injection anti-
body titers of 2! were measured in the dye test.
Alter 28 davs the monkey's immunily was chal-
lenged by feeding it a mouse brain coniining
cysts o T-163, isolaied fromoa cal in Ransus City
and maintained in mice by brain passage. Chal-
lenge was followed by fover [rom days 4 through
9 and thereafter the monkey was asymplomatic,
Two cantrol monkevs died aller 9 days with dis-
seminated tonoplasmosis, Signs of cncephalitis
developed 5 months after challenge. Sulfach-
arine, 125 mesday, was given on days 137-161,
and the monkey was killed on day 166, when it
exhibited posterior paralysis. The serum anti-
body titer was 277 in the dye test. Tissues werc
fixed in formalin, 4 blocks representing corles
and hypothalamus, and § blocks of spinal cord
were embedded in paralling stained with hema-
toxylin and eosin, the periodic acid Schill tech-
nigue followed by hematoxylin (PASH), and with
rabbit Toxoplasma antibody follawed by the per-
oxidase-antiperoxidase technigque (PAPY using
the preinfection rabbit serum as control.

Pathalogic daia

Mo lesions were prossly visible on any of the
viscera excepl Tor splenomegaly. 1o a total of L
slides of brain and of spinal cord, 14 intact cysis
without inflammation (Fig. 1) and %4 glial nod-
wles without visible Toxoplasma were counted
{Table 1). In addition, 1] nodules were found
conlaining a scemingly intact cyst (Fig. 23, a dis-
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Ficumes | =4, From brain of Aerws 10825, Bar = 50 um. 1. Intact Toxoplasma cyst without inflammatony
reaction, (H&E} . Parially intact tissus oyst of Toxoplasma wilh carly accumuliion of microglial cells. The
sharply delineated profile (armow) represents the cyst wall. (H&E) 3, Disintegrated Toxoplasma oyal with nuclet
al lysed extracellular arganisms, in the center af the ricroglial nodule. (H&E) 4. Microglial nodule containing
irrepular amorphous granules of Toxoplasma antigen {arrows), (Exposed to Tasoplasma antibody and stained
with the PAP lechnique and
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integrating cyst iFig. 2. seattered hradyroites In
Jpadivicual vacuches, or T auoplasi antigen (Fig.
41, Cmly one glhal kil wils fund with prolife
crating Toxoplasmi (204 10a yacuole), which
qre the wsual Lrdings i the prains ol nonim-
U aoiemats dyImng of Toxuplasnii encephalitis
(Fig. 3
Histologically. the nodules wert composed
of “microglial colls” possibly consisting ol he=
malopenous infammatory cells, Although a Cysl
weall was apparent around certain seemingly in-
{0l Cysks, many of those were uc-;;umpunicd by
microglial podules which wert crnalier than the
podules without Toxoplasma. The latter podules

were interpreted 10 o ohder,

Shin tests for delaved by s s vty
T

glin Lests with Loxoplasann® (o7 the presence
of delayed h}-purscnsltivi.t:.- were pcr:’nrmed. Al
of & naive monkeys. & vaccinated monkeys, and
7 chalienged monkeys werd negative, The SaMme
anligons gave sipongly positive reactions in fi-
mans and moderate reactions in 4 hasters.

Bl jas i

1 ois owell known that actively prp&ircnuiug
tachyrolles of Toxroplssma destroy their host cells
and give riseto microghal nodules in the brain.**
Although achyzoikes are gl soeT in eveTy glial
podule, this i5 explained i oparl by the incom-
plete sampling of the lesions. ln addiuen, SOIME
af the tachyzoites arc destroved, although their
antipen can new he identified immunohisiologs
jcally.”

of Toxaplasma cysls during
For many ¥oirs.

The persisience
chronic inlection has been ko

pitiatly, aften called pseudocysts, tese Ccysls were

characterized successively DY the identilication
of a cyst wall by direct microscopy,” Y the ar-
gyrophilic and PAS-pesiiive siaining of the €yst
wll -5t by Lhe digestion ol the cyst wall i pcpE
gin and wrypsint and by the intracystic Brady-
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FroumE 5. Al with acute Lok plasmosis, i
croglinl noduls wilh numerosus tachyroites from the
prain of another Aarts (11068) that diged 15 days afler
infection por as. Bar = &0 pm.
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zoiles with their storage of amylopectin, shown
by PAS positivity.! * Since the recognition of the
Toxoplasma cycle by several authors.? the bio-
logic role of the cyst has become clear, 1t is g
resling slage, “wailing” o be calen by a feline
or other carnivere, and 1o develop inlo OOCYsls
i cats aller a typically shart prepatent period of
-1 days. ™ Bradyzaites in cysts are the main,
il not only, Toxoplasma stage present during
chronic infection and are the apparent source of
arganisms which slart 1o multiply in the im-
munosuppressed host.?

The hypothesis of eyt rupture became im-
portant to explain the pathopenic mechanism of
sporadic attacks of retinochoraiditis in oves of
patients with serologic and skin test evidence of
persistent Toxoplasma infeclion.® ' Under-
standably, no biopsics were available rom such
lesions, In an experimental hamsier maddel, the
relinas showed cvsts unaccompanicd by cellular
reaction and lesions free of organisms as in h-
mans. 1 Hewever, rupture ol cvsts of Besaoftia
Sefiizond could be uncguivoeally observed be-
cituse the larger cysts persisted for sone jme ® 12
in addition, a Besnoilia eyst was {ollowed
ophthalmoscopically for several wieeks, and when
an inflammatory reaction appearcd in the fun-
dus, the carly stages of cyst replure were den-
onstrated histologically, Depenerating Besnoitia
C¥s1E wore accompanicd by inllammation and
later gliosis or fibrosis.!®

In enuelented eves of humans with chranic
progressive lesions leading o blindness and zlau-
coma, only lachyzoites were found. The rare
linding of a cyst was discussed, ' Eyes that sus
tain the occasional self=lmited inflammatory re-
action atiributed 10 eyst rupture sulfer little dam-
age and are rarely coucleated,

Distintegration of cysts in the brain of our Aogus
could be followed in several stages, [Tom a few
glial cells surrounding a seemingly intact cyst {Fig,
2y or scattered bradyzoites cach in an individual
vacuole, to dense ghal nodules containing either
lysed organisms (Fig. 3) or only antigen (Fig, 4).
In slides exposed to Toxoplasma antibody and
the peroxidase technique, we Tound 7 glial nod-
ules containing antigen, 2 with cysls, and § with-
oul stainable antipen, which might have been
presentin another area ol the nodule, or had been
digested. The finding of a toxoplasmic origin in
mare than half of the glial nodules supports the
concept of eyst ruptuse,

The cause of the instability of the cyst wall is

&
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noet clear, Because it is dipested by pepsin and
trypsin® a role for endogenous CNEYINLS 15 S15-
pected. Why numerous cysts disinlcgrated sis
mullancously remains obscure,

Chronic Toxoplasma infection is nal sy
lound in Aetns, and other arboreal New World
species, like Saguinng oedipees ired-crested hare-
faced thmaring and Soinird sciureus {squirrel
mankey), All of these are exguisitcly susceptible
1o Toxoplasma inlection, and usually succumb
to disseminated acule toxoplasmosis. !5 ' Ty na-
ture such arboreal primates appear to be rarely
exposed to Toxoplasma oocysls deposited I Fe-
lidae on the ground. Because terrestrial Pana-
manian mammals aflen have Toxoplasma an-
tihody in nature, whereas Aoty and Seainiri
almost never do," i1 is postulated that 1hese ar-
boreal mammals were nod exposcd to selecuon
pressure by Toxoplasma, This might account for
the unusual sensitivity to neute infection,

Earlier studies indicate that the Toxeplasma
cystis more unstable in hamsters than in mice,!
In fact, in their study of chronic toxoplasmaosis
in C3H/km mice, Conley and Jenkins'® did not
imterpret the glial nodules as secondary 1o cyst
rupture. However, Hay et al.?" identified one dis-
infeprating cyst by electron microscopy and do
nod rule outl a hypersensitivity reaction.

Immunity remained ellective in (he Arus
studied, as indicaled by the findings that the bra-
dyzoites lberated from the Cysls wire generally
destroved, and the lesions remained imited, Oinly
one nodule with profiferating Toxoplasma was
found. 13y contrast, in immunosuppressed ani-
mals and humans, lesions are PrOgresgives 4
and are accompanicd by innumerahle tachy-
roites and some now Cysts In our vaccinated
Avtus, acquired immuniny, although not pre-
venling reinfection, prevenicd cxcessive mullje
plication of the challenge organisms and possible
ilimess resulting therefrom, This appcars (o be a
general characleristic of the immunity achieved
in loxoplasimosis. The same was found in e
and hamsters, where immounity, even with per-
sisting infection, did not prevent reinfeetjon ! 22
This may be characieristic of other Immunilies
arcompanied by persisting infection: as the arig-
inal infection cannot be climinated, neither can
reinfection he completely prevented. Cylomega-
loviras,** wbercvlosis, and herpes infections are
olher examples of this phenomenon,

That delaved type hypersensitivity gives rise
to the exagperated inflammation is inferred from
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studies in homares, hamsters, and guinea pigs im
which hypeorsensitivity cocxists with mfecs
ton 22 Although 1L may be delayed in appoar-
ance Tor weeks in humans, hyperscnsitivily de-
velops during the Brst 4 days of infection in
hamsters, long helore proleclive immuonity be-
comes elfective m the third and fourth week ™
A given amount af antigen injected inlo g e
anirnal {or human withaul antilady) elicity lite
inllammation: however, Lis 15 gecenimlod many
fold alter sensitization. Tosoplagnin skin Lest?
reaclivity had not develaped in vaceinated Aodns
and was not present aler challenge. The inflam-
malory reaction aracnd disintegrating and rup-
rored Toxoplasma oysts cannal therefore he at-
ributed 1o hyperseositivity as postulated for

Ramsters and humans, but only o simple in-

flammation. The clinical mantfestatons of en-
cephalomyelitis w1l hind limb paralysis were
attributed o the relatively large number of dis-
integrating cvstsy with 107 ghial nodoles in 11
seelions of 24 # (6 mm x5 g thickness and
a brin weight of 25 g, owe colealated in the order
ol 3,000 glhial nodules per brain, measuring about
100 gm each in diameter. Mevertheless, immu-
pily was preserved, as indicated by the destruc-
ton of liberated bradyveoites in almeost all glial
podeles examined. :
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