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arETEacT:  Cvslic mud proliferutive stages of lwo steains ol Beesoids cdorfingd [ Bromgt, 10037 amd o
strain of B fedlisoni Freenbel, 1833 were highly pathooenic for nwrmosets, Sugainns geoffront Pucheran,
when acmindstered by vither Ahe idraperitencal or eeal ronte. The dlinfeal pictisre of disease was similar
ter Bath routes of admindzteaticn and resembdad the soule forue of the disesse as seen o mive, There
wits w0 significanl corvelation between mnnbers ol pavasites in intrpeitones] inceuln and the day of
death, T meneral, death after oral adoministealion eecurred sommewhat later Qo after indraperitone:]
inocilation, Bol cwslic B daeling killed nwoee guickle than praliferative Tavms when bothowere given
arally: however, imdlividual variation i menhey hosts ay have been as fmportanl as strain or slage
ol the parasite, with cegard te tioe of death, Thsine velatively Tree nnbers of organisms, all of 22
intraperitimes] ideetions aod 21 of 26 ol infections peoved Lotal, Poeasitemin was detectalide ot the
time al cegth Tollewing both routes of neculatioe. When the nombers of organisms ware oo =mall ta
vilablish @ fuksl infection thew alzo Tailed o immomieae, Peotective douniniby, detectalsle h:. :.'|||_|:\|,'-:|".|{';|I,
intraperitoneal challenge, was established in twe moonkevs recciving Lree onbers of  perssites by
muouth, A monkey which hesne dempestrably iomone Lo H felliond (PN was shown Tee heters]-

amons cliallenge te be still susceplible 1o B darlingg (12230,

dearlingi (= B,
pemgriensiy ool lizard ovigin was veported Lo
be cxperienentally pathopenic {or Geollrov's
marmoset [ Schneider, T9657. The disese i
this animal wos Jeseribed asoan acute, mapidhy
fatal inlection accompanied Ty considernble
ascdtic fluid 0 which numerons ];||'-:J]ij'{~1';|_l,[\ I

Sonsc-adapled  Besaoitia

{erms ol the parasite were Foanel . Thie dliseuse
m the warmioset, me fact, very moch resemlbsled
the clisease in the monse,

The present paper presents the results ol
aclditiomal stueics of marmosed besnoifiosis in
which  experimental infections were induced
sith either evstieo or proliferalive stuges of
flavee strains of Besnoifi by the intraperiteocal
or oral ronte,

MATERIALS AND METHODS

Ceoffees™s marmosel ( Soowinas geaffrogi Pache
vran b ahowids i Tow forest and secandary groweth
thromghout mast of Pansmn, The monkevs conlid
B obitained fram steect vendors doring cerlaim
times of the vear, I they servived i captiviey the
first Tew dowa, they did well oo oa diet of frits
supplemented with nest {oosshoppers ar babe
They would sometimes avoept adult e,
cading ot the braios, nmscles angd  viscecn and
threowing away the sking Almost 1009 had micma-
filariae in the Bloed and many were infectod with

i bevpanosome,

e

Beccived for publication 28 November 18067,
* Present addeess: Parke, Davis & Congany, 2800
Fleonath Boad, Ann Arbor, Sichiomn ARG,

A todal of 33 nwrmesets were wsed fn the present
serries of -\rl:'lillll.'rll.\'. .l'nl,ll."lil:i:\ll'illl-::ll LR Y ]1}' l]ll'
inteaperitoneal e oeral roote. Todragerities] jeoe-
alaticrs swore mgele in the aren ol the '|i:_'::'|l_ “rain
with & Sl-pange needle. Orally, pansites were
dlelivered directhy into the meath of the haod-held
apimal drom w small svringe without peedle; if
siven slowly, peemilliog e L swallow, all mon-
Lews realily aecopted the dose anee it had Beon
Lasle, Tooavaid tooin, stomach inlobudion was
nort wsedd, el anesthetics were geoided as visky and
AT TERCE AN

Strains of Besnoitio

Twers strains al 1. .".I'n."nrl'rr;:l' AT '.I"l,'{;,: I: | i r['|||:'
L-G2 slrswin was isolated o o lsard in LRG3 ad
wins mainbained by [ Scheoeider.
189651, xher lenrds slse vielded isolites which
e identifiod in the tables Ty dillerent "L anm-
The liward hests were all Ameiva gwcien
nraesieredy Fagird & i, I',f:: The 1223 sbrain was
psolateed fn DHGE Eroan n comandn nposson, el
iy waesuialtis L,oin Poaosooa [Schoeider, THGTa0.
I owens nmbained inoniee, The lierd ol cpos-
sum isplates are pow corsidered o be |,'|,3-1_|:\|_:|t_-|:'i|'||:
{Achovider, T9G6TH).

An oenewvsting strgin (1PNCE of Bofellisond was
pde avadalle through the conrtesy of 1 1. K,
Frembel,  University Modical  Center,
Karssas Citv, I the course of splscguont possagies
theaurh mice the encvaling copacily of this strain
wits lost.

Faporimental fnooula consisted  of nouse paeri-
Loneal floid contmingng proliferative st ol Lhe
praamasites Cvstic organismes Feoem wadaral lizaed gl
ppossant infections were also osed g, in one cpse,
ewatio arganisms From the splecn of amonse which
v dmenune ducing chemaoprophnlasis {see the

TEIITTSL - sl T

brers.
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Tamke 1 Swrsical of sarmosets fallowding ntro-
peeitoread fnocrdalion of Besnaitin Qadingd, steain
Iz

M A,

DECEMEBER 1747

Tanre L Swuevivel of pearmosets Jolfmeing fniog-
peritemeal fneenlation of  peoliferative Tesoitia
darlingi (FEh mouse possese of strein 13230,

'_\Illl'l'l-..':.

i slraim

1 s SR CH i

2 4 1,7 62,08 1k

3 H Rk N LA 1

4 Rt} Al L}

5 it ARG 11

i R 1 ECh €S n
T-15 it 25,000 0,11, 13, 1k,
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Festne shivmes devieee maibural Beared bnlesdion,

disengsion of this phevomenon with regard Lo -
ringe bsoplasiesis by Prenkel, T35 Hemoeys
torneter cannts of arganisns were e after fi.x:'u:_{
i Hlavens's il

Pofected monkevs remaimed slert aned aetive ontil
A bew hours too o day belore death, Then thes
bvimae lethargic, bol oot comagose, and sat lwgd-
e with ehe hieod T Totween the lows Thes
vild b aronsed b comvalsive soocement iF Tifed
v e tail, Uremaes ol e hind leegs ancd Lilaored
lrestling weere seanetines noted, A tersainal diag-
rhen wis obsceved o most acimals, Recte] ten-
perbires, whicl varied noavmally from 889 1 101 B
dropped to B0t 83 F o Few hoars befure death,
as measured with o Therdstemp Tele-Thermon-
cter Ranger (B8 to 108 B eguipped with a smell
\I:Iilll;,l,z I._Il'\'.lll'll,'I

Pust-rnortem Findines incloded e presence ol
poeritomenl Awid and occasionslly pleneal flnid i
varving ameunls. A slizht splenmmemaly was some-
Linees seeen bt the r:-tl'.cr VIR <|_E_‘:J_‘:|n:-;a_|'|,'|:| !_l:Il:Ih_\'::.'
merml. Firasites coald be demenstrated in spleen
aned Tiearl Blaocd B oliveet wicrosenic exansinalion.
They wore alse delected T monse inoealation of
Bloodd or harneowenates of sarions ormms,

Three control monkevs, vel incladed io the total,

Py Springs Tostroonent Ca,, Ioos Yellow
Sprvingrs, Ohic,

Tamiy 10
e Sed monse pessige. sireim PN

Aok M ol ity i Phsith §alievs
ik, R T ITT ] alter trvenlakinn
Lini) LTI ORI 7
2 1o fi
2d JRIRATSIT} b
a5 L. 12
a6 1 (]

were lell uninfected fo check an the adeguacy of
vace conditions, Soch animals suevived while their
inlerted vameanabes e,
RESULTS

Intraperitoneal infections

Table T presemts dala pertaining to the sur-
vival of murmesets following  intraporitonesl
mocnlation of B daelingl, straim L6200 All of
five monkevs given TIOO00 to 17620000 or-
wantsns Trom the 281h mouse JrasEz e died in
oo B duvs daverage, 1008 davs 1. Al of seven
monkevs given 25 300 parasites [rom the 55th
monse passage died 0 5 w0 U8 davs (averagpe,
357 :!nyx]. The difference between (]_:z:..' ol
eadh in these tao groups proved 1o be sig-
nficant at the .05 level of confidence when
arlvied by the Mann-Whitney T7 test 2

Eight marmosds were inoeulated swith serial
decimal dilutions of B jellisoni oblained frinn
the thivd monse passace of anoenevsting strain
i Table 0 One monkey given 3 million and
one given JMLODD pacasites died on the 11th
vy twn others whicl received respectively

Acvording Lo Siesel {19380 this test, whivh s

basedd on o ranking procedure, constitubes an
extrennely aseful sltemative 1o e ¢ test when
sl monps of sonparaeeteic data aee o e
compnired.

Srwrvival of marsagels follvse by flraperitoneal neesdadion of profiferaiive Desnoitia jellison:

Menkiey FRTHA Y

L. innculum Cilavs silter Snvienlitinn witly s sleain
14 S 11
15 BN RA ] 11
LEs LA L)
i R ]
L& Sy 250N HL
14 an 250 ]
il i ] RS TR 4] 163
g | @ 23000 10

[ Survived sl chollened an this dav,

b Aveidental death.
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Swrvivel of marmeyets folfowing ol sdministration of Besnaitia darlingg of fzeed erigin

Slrwing SO0 v 300 represend cosdie orgarismy faken elivecihy froon lizareds.

Siee ol [P Sier of
Mk 4 Lhcath challenze Thenthe seco] IF [eicth
Monkey [EETIYEAES SEHLE debivvs wilh spm o ilaws after challense orlavs alber
3 Slemin [EHES T EATEEs in inoealnim Pl sbEain imescki lation 1§ same slngin ||'||||,'|-|'|;|,|,1||r| i)
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12 Lz (N1E] B SCHL N Ll

13 = Survived ainl cliadlenged on this day.

A0.000 and 3OHN ereanisms died on the 14eh
v,
less survived for 22 davs. The surviving mon-
kewvs weere then inoeulated witle o number of
parasites af the same strain konown to be lethal
{250,000 2
result af inexpert hundling, while the others
cicel i 1O-011 dlavs. These results fndicated
that the small nombers of parasites in the pri-
oy indections had ool established prodestive

Four monkevs given 300 porasites or

cons clived o 3 davs, probably as o

iy,

Table TIT shoses the resulls of mocaliding
five monkews with decimel dilotions of B,
daelivesd, strain 1220 Tleve, also, larger doses
resulted inearlier deaths, It is interesting that
an mital inoculum of onlv 10D parasites of this
strain killed « monkey i L davs,

Oral infections

Tables 1V to V1,
The oral infoctions were associated with ek
vartalion e the time ol death, Whereas o sig-
nificant correlation was noted helween siee of

These are surmmmarized

ol death,
mercasing the size ol oral doses ol parasites
didd not alwave produce earlier death, Tt may
b nated, honwaver, that monkeys inlected orally
tended to live longer than those infected intra-
peritoneally,

There were live Failires {monkews 31, 52,
A3 40, und 43T smong 21 attempts o prodnee
fatal ilections by the ol route, In two ol
these cases (33 and 437 the monkevs survived
i subsequent intraperitonseal challenge with
kv, Tethal number of parasites. When muon-
]Cd."_-.' 33 weas injected Illlr:!pf‘l'“n:li';,l,”‘_.' o thard
lire sith a very large dnoculum it died & davs
Iater, bt m-:}nl-cv}- 45 surviveal a thivd large

indeaperitonen] anoeuln gad the day

injection of parasites. I these cases, prradee-
tive immnity appeaced to hive been estab
lished Tov the nitia] oral exposore, It s thougly
that momkey 31 mav alse have hoeen gt least
partly dmmunized by dts initin] oral dose sinee
it survived For the relatively long period of 22
ibave abter o subseguent intraperitoneal chal-
lemge with & large number of parasites,

Tance Voo Swrvival of moarmosers fellowing oml administration of Besositia jellisoni, sraim PN-G
M ik Mo ud 1death 13 [Jesith Eeoamd 11
Alrmker s ) ok s Dilass afler it Lz celava alter ehalline
e, (IR LIRS Y BT i tnenlum i adrain 0 Ly b {sate strain ) AnTvive]
€1 2 (GRS 1,185,000 [33) G 2E 000 1211 1,025 G 271
4 13 |_|:|:-Ii|'|::||.|::"|:r~ L1 S0k ik a0

{3 = Sorvived and challenoed on this day.

ATk 2T dass, this mankey wis ineculated with appresimately 100 proliferative oreanisms of Fesaeid o darlingiy it liel

16 elays later.
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Monkew B was considered to be solidly im
e o B ellizond alter the second clallenge,
Tt swhen i was inoculated with approsimately
LO0 proliferative arganisms of B darlingl il
cicel in 16 dhovs. Tl drmmondty o ehis case
elid

EII."‘ll!!I'(Ill.l:_':(:II.‘-i L“l‘lll”(“.li_‘;l’_".

not sullice o protect acainsl a o small

CISCUSSI0ON

When o relatively Tuzse snber of parisites
was administered. all three straing of Besnoitia
procluced acute, Fatal inlections in mannnsets,
reardless of whether the mtraperitoneal or
aral route was used.

Historically, the lew attempts to transler
Hesnoitia Ty month lave prodoced varied re-
o the dilferent suscepti-
Lrilities of the t'xp::l'im{:nl:l] Tucrsts (,'1‘:I]J]H}'I'|’].
Fromeo andd Borges (1T916E) Tadled to infect vats
anil mice with Besnoitis Besaoiti T oral or

sulis, |_1I_‘r']li]5):i chag

subeotincons administration of ovst suspen-
sionas. These in e
light af subseqoent failores to inloct these
rodents with BB Besnoid by oane role { Pols,
189G But Pals (1496007 was also unable w
travsmit J Besnoitd 1o two o rabbits ool
infected liver and  spleen,
althongh the rabbit i highly susceptible o
s parasite when meceolated intraperitoneally.
On the other hand, Jellison ot ol { TH36) sue-
covaled dninfecting baby mice by intreducing
evsts and prolilerative forms of B fellisoni iubo
the  month capilhiry pipette, They
reported too, thal o oumber ol mother i

vesilts are sl vieseed

athministration  of

with z

developed the dnfection as o consequence of
gracming the newleinfected habies.  Aceord.
g Lo these anthees, costic organisms produoced

a slightly higher proportion ol patent infec-

DECERARER 1947

ions than did prolilerative Torms when given
[ mcnith,

The high susceptibility of Ceollrav's mar-
imEel Lo ]uhur:nn:'y inbections with three strajns
of New World Besnoitis has now bBeen re-
1]1':1'('(][:.' I:'l:l‘IIEiI'IIIII"'ll.
inncnla, wll ool 22

Goiven velatively larpe
infection v the indra-
periteneal ronte proved fatal When ol
L this route were too small to kill the lost,
thew alse Fuiledd 1o fmmuoniee (see Table 11,
monkevs 18 o 210, In 36 attempts o infee
monkeys T omoath there were fve Tailures,
o, cases of sevival of ineculated animals. o
twor ol these, ab leasl some immuonity resolbed
fram aral exposure, as demonstrated by failare
ol subsequent large inbaperioneal inoeula to
il The coneditions under which parasites -
mindstered by month might tmoiee sl net
Eill were nab determined, Tt should pechaps
e 'ltl.‘lilllt-tl ol i this conmeection tlat some of
the marmesets suilered from leoken teeth andd
Bleeding mems aned that the possibility of fnlec
tion b contamination of bleeding surfaces can-
il B fgmorved In these coses.

I stmialar wvein, Rodanichie (19500 nmll:\.-
ilected  Sazrines geoffrogl with o strain of
Tevoplasmea gondil isolated From o Celins man-
keve Do her experience, gastric intubation of
parasites produced dreceonlar sesolls as come
p:u‘l.-tl wilhi |'L~L~tlir|:.{ the dnccuhnn r]'il'-!'-{_'l_}‘_.' it
the mouth of the anesthetized animal. The
clinical picture and covrse ol the indections
lhll.‘:— 1‘.||'|.:|'i.||.||."|.:|.|. 'i'l'.:l?\":'l:ln' :'l?ﬁi'|]1])|l‘(l acufc ]Ir_"‘iI'I::li'
tinsis with regard to the ahsence of signs until
a lew howrs or a day belore death, then the
rapicd dropoin body Aemperabore and, sl oane-
bopsv, the presence of peritomeal or pleural
[uidl eontaining parasites, sometimes  aeoeoni-
panied Baoaoslight splenomesalyv,

The picture of seute besnortiosis in monkevs
incluced by the intraperitoneal inoculation of
parasites conld ot be distinguished from
wlich Followed Fecding the inocelum divect]y.
Piarasitemi dedeted
death in both cases, Bt ois thoupht that sueh
vadations asg dicd ocowe in lime of death were

conld  he st hefore

o more o individoal varidions a0 the condi-
b of the marmosets tlan b differences in
the strain or stage ol the parasites. However,
i the case ol monkevs 27 1o 300 Lerge ol
doses of ewvstic: B darlingd Trom natural infec
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ticns in Hsarels [ Ameiva arecivg | appeared o
Lill the hosts inoa sommewhat shorter diome than
clicl similar large doses of proliferative orpan-
from the L-62  strain
frenkews 30 o 420 i Tact, ameeng the Latter

isms monse-aclapred

there were faur failores 1o Eill, These few
data sugeest that cvstic organisms ol 1L darling
e liwards may bBe better able o soevive
slomach passage than proliforative mosuse
atlupated lorms.

Liv spite ol the Foregoing it seems onlikely
that infections of GeoFfrow’s  moarmeset anth
Besnaoitia dlieling will be Tound in natwre.
Amaive ligards ave restricted to the  gronnd
andl marmosers seldom if ever descend ont of
the teees or dood, Forthermere {althowgh the
subject bas been little studied 1, Teards are not
ko to form part of the vatural diet of these
monkevs ¢ oyoiban, 1967,

The cuesticn of oo antigenic relationslip
hwtween the strams of Hesnoitia vsed in these
experinents was oot purposelully

heve, Hosweser, i1 was neded that one monkes

explored

(437 which became demonstrably fmmoane tn
i, jellivond fstrain PR3 did nob sursive o
srmall clallenge ol L0 arganising with B dar
Waged (12230, sngpesting that there wmny be o
stgniticant antigenic difference hetaeen these

straing.
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