Ase. S Treaps Mad By
Capamght &0 1983 b

12y, 1A, pp A2a-333
w Armerican Seciely of Tropical Mediviee and 1y piee

EXPERIMENTAL 5T. LOUIS ENCEPHALITIS VIRLS
INFECTION OF SLOTHS AND CORMORANTS®
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Abateect.,  Fxperimental infection of 11 Sredvpes variegatas and Choloepus foffmanni
aloths with 51 Louis encephalitis (SLED vivas produced detectable viremdas of seven lg 27
imedian 13 davs duralion and maximum titers of 2.7 10 6.3 (median 3.1 log,, median suckling
rmonse intracranial lethal doses (SMicLDo) per mb. Fxperimental SLE viremia ansel was
delaved and maximun titer depressed in lwo sloths concurrently infected with naturally
acguired virnses, SLE viremias in fowr experimentzlly inoculated cormarants Bhalecrocorny
plivaceis were shorter, and of egual of lower titer, than in sleths. Colonized Culer pipiens
gringuefescindns mosquitoes were infected by feeding on sloths circalating at least 4.8 Tog.,
B0l of SLE virus per ml, and subseguently transmitted the infection 1o mice and chicks
An uninoeulated baly Bradvens became infecled by comtact transmizsion rom its mother
The antibody responze of sloths o SLE virus was slow, being undetectable until seversl
weeks post-inoculation. However, Both sloth species developed high and long-lasting new-
tralizing and bemoagglulination-inhibition antibody s The complement-Axaton antibody
response in Bradypas was lewer and slower to develop than in Cliedpepis. Slaths with nat-
arally acouired SLE virus antibody did not become detectably viremic after sxperimental

ingrulation. MNeither sloths ner cormoerants become overtly U1 from SLIE virus infection.

i Lonis encephalitis (5LE) virus, an arthro-
pod-boene Navivirus, ocoucs from Canada to Ar
gentina. [t causes both sporadic and epidemic hu-
man disease 10 MNorth America, where s summer
cvele depends on transmizsion between Chlex
mosouitoes and Blrds, with mammals as possible
important hosts in soroe areas % [o the mosl re-
cent majet epidomic, 1,815 docomented cases in
LA75 in the United States resulted in 142 deaths.®

In the trapics, SLE virus 12 presamed to be en-
sootic, and probably causes only sporacic human
illness, but itz nawral cvele 12 unclear, 5L viros
has heen isalated from a waide virigty of tropical
Biedds, and, in South America, from twa monkey
apoecies, fve rodenl species, one species of opos
sumit, ancl Mrom g sloth, Svadupas fSddact g ®

T clarify the nataral evelez of hoth vellow Te-
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ver [YEFYand SLE viruzes in Panamarnian lorests,
the Gorgas Memorial Laboralory surveved 39
specics of wild birds and 28 wild mammal specice:

sainst these two agents and other
Logaviruses, " The highest prevalence of antibody

for anlibodics

amainst SLE vires in oany group of forest verie-
brates was found in slothz, specifically the teo-
toed sloth Chalosgns fraffsaend and the three-toed
sloth Bradvins varie This information, to
gether with the solation of 3LE virus from 2 Bra-
wlian B feidaei v sloth, sugeested that sloths
might he important vertehrate hosts in tropicel
Forest cveles of this virus.

To test this hvpothesis, we inoculated captive
O Roffmanai and B, variegeles sloths with SLE
virwa, These oxperiments were desimned to mea
sure the duration gned intensity of experinrental
virgmia in sloths, as indices of their potential as
infectious virus sources for vector mosguitoes. A
second goal was ta measure the humoaoral immuane
response of sloths th SLE vicus, in order to eval-

uate the resels of the feld serologic survey. To
compare sloths with a Panamanian bird species
which has vielded several isolates of SLE viros®
we also noculated cormorants, Phadaerocoror afi-
vacens, A osecond reason for the cortorant exper-
iment was to test the pathogericite of S1LE virgs
for these birds, sinee the Pannmanian i=olates have
heen from: moriinnd birds,
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MATERIALS AND METH{DS
Firnaes

The strain of SLE virus inoculated into sboths
and cormorants was isolated In Vero cells from
the viscera of a motibund Panamanian conmatant
collecled in 1973.% We inoculated this first Vero
cell passage into experimental cormorants, For ex
perimental slath infections, we inaculated Lday
ald chicks with the Rrst Yero cell passage, and
then allowed colonized Culer pigions qieingieefis-
et mosguitees from the Gorgas Memorial
Labaratary o feed on these viremic chicks The
infected mosguitoes served as the source of infec-
fius SLE virns for cloth incculations, ws extracts
either of whale triturated mosouitoes: o of their
dlisserted =alivary elands,

For serolooy, we wsed the struins of 501G 1-
leeus, Bussuoquara, and Y19 viruses described else-
whoere®

Animals

Eragdvpus vavicgatis and O hoflfmanni sloths
were captured by hand in these central Panama-
mign localilies: Aguacate, Ancdn, Acraijan, Chi-
libre, and Curundu. They were maintained at am
bient temperature 123°-28%0 and humidicy in
sereened animal quarters Tree of biling insecrs.
Sloths weere held hefore imocelataon For as litthe as
I oclay ar for az long as several weeks, Although
all were Lested prior to inoculation for pre-exist-
ing, naturally acouieed faviviros antibocdies, it s
theoretically possible that thess tests might not
have detected low-level, developing antilocdies in
a very recentdy naturally infected animal. [n cap-
Livity, &, varicgaiv:s fed on fresh Ceovapin tros
leaves, O faffanad ted onoa variety af fruits and
ring aceotding o mdividual tastes,
plivarenit were caplured as
nestlings an Pacheca Esland, Lslas Perlas, Panami,
and maintaimed in ocaptivity on fishoand souoid.
Thev were inoculated when all fight and bodsy
conlour featlhers hid grown in.

Masquitoes (Cx. fpiens guirgeefosciains and
Huemapogns eguires) were from established Gor

wvimretaliles, il

Cormaorants (M

gas Memoria] Laboratery colonies. No particular
senerations were used in fransmission ane infec-
tion experiments.

White mice from the Gorgaz Memonral Lalo-
rafory colomy were used at 0-2 davs old for vicus
isolation and transmission. One-dav-ald commer
cial chicks were used in Lransmission experiments.

Sevologic tesis

Hemagelutination-inhibition (17 and comple-
ment-tuation (CF tests followed standard pro-
cedures. HI tests were run against 4-8 hemagglu-
vinating unitz, CF teztz were done as block
tibrations, Both tears geed sucrose-acetone extract-
eed STLE virns mouse brain antigen for seruimn an
tihody titrations, Crucde saline brain cxlracts wern
testedl amainst known antisera to ddentily viral
clicley of nwise death,

Plispue redustion neutralization (PRMN) tests were
done in Verg cells, aseneeally against 30100 plague-
forming units. Detadled procedures are descriled
elsewhere for fests wsing Tavivieuses™* and var
ions sloth vipgses V-1

Fivns assms

The 5LE virus content of bleod and inoculs
wits assived] in 0= 1o S-dav-ald mice o determine
the median sockling mouse intracranial lethal dose
(53l Simulianeess litrations weree clone in
YWoro cell tube coltures, Ter cvlepathic effect, and
Yoero menolavers for plague-farming units,

Neosingle assay system was conslstently the most
sensitive. However, at low virus concenirations,

BRI

suckling mouse firations zave the most linear re-
aults, amed wre presented here as the standard vicus
AREAY SVSEeIn,

Aapecial technigue was used o study the si-
multaneous circulation of 5L vinas and o Chane-
vibnala (C0GL) group virns in Chaleepns na, 20,
To detect and assay SLE sirus in chis animal,
whaole sloth Bloed dilution: were ineculated ddi-
rectly into suckling mice, To neutralize SLE vinus
which might mask the slower CGL group virns,
whaole <loth blood or a 1010 dilution thereof was
mistedd with an equal volume of high-titered, heat-
inartivaled meuse ascite Buid against SLE virus,
into suckling mice
after incuibation for an hour al coomm lemperature.
Crade saline C1 antigens were prepared from the
brains of mice dving after inoculation of the bilood-
ascitic Tuid mixture, as well as after divect inoc-
ulation of blood, These antizens were tested for

Thiz maxtuare was bnoeulabed

CF oreactivily with specific ipunune reagents
amainst ST aned COG L virnses 1o caleulate virenia
titers,

Slolls frackelaticn and sompling pracediires

Preingealation sleth plasma samples were tested

b PR teat against 5LT0 and the three other
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newn Panamanian svlvalle Haviviruses, Pre-in-
oculation whole bleod samples were taken several
dave andior several minutes before inoculation,
atd were testedl i Vero cells for natarellv-ne-
guired virus infections.

Four sloths wers then infectend by the bite of 4.
G, T ar 19 infected Cx. po guinguefascinine mos-
guitaes. The rest were injecled subotlaneonshy in
the nose ancd lps, the areas thoughl to be most
reactily attacked by mozguitoes, Needle-and-oe-

=

ringe coses of SLE virus were either 2.6-2.8
Loz, S0 L, pritucated whols mosguitoes) or 2.3
log WSMic LI, drituraicd mosguite salivary
alands)

Slochs were bled From the brockial vein every
ollwer day Tor 2 weeks post-inoculation, beginning
Foor i post-inoculacion. Twao blood
samples were laken during the 3l week postin
aculation, Tellowed by Lwa to live sampdes o the
next 4 weeks, depending on the resulls of viremin
tesiz of preceding samples, For viremia detection

on davs 1,

and gquantficatoen, whole hepurinized blood was
H07C in bwo aligquots, Titers reporid
here were ineasired in zamples which had Been
thawed anly onee. Plasma was generally separat-
ed from a portion of the Blood sample taken at
approcamately weekh intervals after inoculation
until day 28, then ance diering the nesl 2 owecks.

froeen al

After dav 42 plasma samples were Laken roughly
every a0 30 dlavs,

Cormargnd imocnlation, Meeding, ond exglant
frocednives

Cormorants were tested for natarally acoguired
PEN amtibadies againgt the four svlvatic Aavivi-
rases. Birds negative to all four virgses were then
inoculated subeutaneously in the bare skin of the
lewrs andd lares with 200 SMiclD:, of 3LE virus at
the Rrst i(Vero celll pussaze level, Thes were Bled
from wing, leg or jugular vein datlv Ter 10 days
after inoculation, again al duws 14, 210 and 28,
anel finally when they were killed ar day B0 ar
111, Whale keparinized blood samples taken an
these days were frocen al —60°C, then assayved for
virgs content inomice and Vero cell wbe cultures.
Plasma samples taken belore inocalation, and on
davs 7, 14, 210 #8 anmd A0 o 110 adier innculation
were tested for HI and PRN antiboddies,

T cleteet chronie or latent infections. portions
of lrain, heart, lung, hver, kudney, spleen, bone
marrewy aned testis or WMy W taken from each
carmerant and fresen sl —A0CC Ten percent sus-

ARV NOLE., KEAMER, AND PERALTA

pensions of these frozen cregans in phosphate-buafr-
e saline with 0035 eelatin were inocelated 1n-
tracerchrally into suckling mice o detect SLE
virs, At Lhe Lime ol necropsy, explant cultures
were also made Frarm each of these oreans [rom
b antibody-positive cormorants, Explant pro-
cedures fallowed the method of T, Plardy and 5
Prezzer {personal communication, 5. Presser,
Srhool of Public Health, University of Californda,
Berkelev, OA 937200 Organs were minced into
chunks of =1 mm?, rinsed in phosphate-bolTered
zaling, and planted in 60 = 15 mm plastic Foloon
petrt dizhes, in Leibowiiz 1-13 mediam with 3057
fetal call serum plos antibiotics, Cultures were
obaerved [or growth and medivm was changed
cvery A clavs, al whiclh time 1 ml of medinnm was
frozen. then inoculatec inle Vers cell fule cultures
and suckling mice to detect vins, Aller 3 weeks
the entire culture was lreeen, thawed, ancd inoc-
wated te detect virus,

EEFSITL

Sloth virewiias

All sleths withaut pre-existing antilocy azains
SLE virus became viremic, Both genera of sloths
responder 1o ALE viros with remackably long-
lasting viremias of high titer (Tahles 1, 21, [Dnifer-
enees inoroute ancd dose of nocwlem did oot seem
ter sl el the wiremia pailerns.

The durations of delectable viremia in live 8.
variegatns ranged from 13-24 days (median 18
davsl, Vwemia duration tended to be shorter in
most O fefteinnd than in B o@regaies, ranging
fromn (=27 davs imedian 11 dawvs).

i I8

Eradvpes: ranged Trom 4.0-G.5 (median 3.1
AL

Maximum ohserve:d virus Lilers in
lowr = hlic LD Sl oo o Cligdoe e Tromm 2,500 2
tmedian 4% log SMicLI Jml. Viremia peaks
tended o be rather heoacl; it zloths with max-
S LIk yml, the avee-
age number of dayvs on which viremio Liters of al
least 408 log Shic LD ml were detected was 4.1
(range 1-7 dava)

Viremia in slothz was generallv detectable in the
first D] sample taken after noculation idayvs
1.2, or 3. However, in three stoths, SLE viremia
anset was delaved, AL least bao of these three -
ceptional animals were naturally infected by other
viruses al the time of SLE virus infection (Table
21 Both naturally infecting vivases ave described
o dedudl elspwhere ™ Bvmelypos mos £, nfected with

mirn blers of =37 los,,
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TaBLE 1

Vivemde profifes of nine sleties sxperimenially igfecled with st Lonis exceplaliing vivs”

Bonie of irasulaticn
tdnsei

=lath o i

—

Surboutaneows (AGE
Subcwtaneous (A
IMosquite hite ()
Mnzquits late (71
Maosguita Iate 11599
Muosguitn bite (61
Subutanecus (B
Stbeuszneous (B
Subeulangsus (A

Headupig
Brady s
Bradvpus L
Bradypes 15
Clrpdoepris 7
(:‘rlh'_i.'-{.lq',"_f:l.lr.': b
Lfivinegus 11
Cholpepus 17
Clrafoepes 1Y

L

indicated viremiz was bevected in She et
ledian szckling mease inteaeranizl lethal doses.
= it =405 lagaml .

Ualees ntherwi
<34 Er M

M nzibos elEereing.
1 3 Logtml wihole Bl
vin et cdeteciecl until day S pes? inacilazion

Bradypus-4 virns at the tinme of SLE Vieus inoc-
wlation. did nal develop detectable SLE viremia
until 13 davs after inoculation. In Cholospus no.
30, infeeted with an ament celated to Changuinola
virigs, SLE viremia was detected on day 3 but net
dav | poes-inoculation. In Both animals, the peak
SLE wiremia tier was well below most (Chalos
pistoar all (Rradybes) of the peak lilers In ather
slaths,

Tlis pattern ef 2 delaved viremin al deprissed
alao ohzerved inoa thivd sloth, Cheloe s
pa. 11 {Table 13, suggesting that this anbmal too
s naturadly infected by another virus at the time
of SLI virus inocelation. Mowever, no such vires
was detected in pree or post-inoculation Blood
sarnples. Furthermore, sequential plasmas from

Liker wi

tsmmple Laker, unodig |
(TR o B

Masinoi viiemia

Muoal s on

L quizsr which titer = 4.8

Peak nier ireuliatica laagey e LDl
z .5 11 7
14 5.1 11 |
14 5.3 fi 5
L3 A1 8 L
4 o E s
i1 R i )
ke 2.7 b {
7 a5 ! E)
11 5.0 5 K

cale inoawhich e betesoligons viremin from o sateeally infecting vinas was deteitesd dinng the course of vxparimental 51 Lotis

I, 3 oadter iocuabizion,
e Blid b which fell wtween ok

e diys om o which slutls wir v

L - T N Wi i - .
28 o, SMirEDny, whole tsituraned pecsguitnes, 150205 Do SMECL, pranied. mosquile sanary chueds Numhers: Sumber of infecel

Cladpepaes no, 11 digd not show a rise in antibody
liter apainst Bradvpus-4 virus nor agnst tao
Changuioela group viruses, one phlebotomos le-
ver seelp visus, and one vires from geeup Simbe,
all isolated from Panamanian sloths ™

Digtectable PR antibody against the nadureally-
infecting virus developed 10 both Briadvpes o, 4
and Chaloepus mo, 20 before detectable PRN an-
tibady against SLE virus {Table 23 Thiz obser-
wvating zuggests that productive iofection of the
natural vieus ended before that of SLE wvirus
Flowewver, in Chofospres no, 200 the Changuinela
aroup virus circulabed simaltanecusly with 5100
virus For 13 davs and the masinum detected vi-
remia titer for both viroses ccoarred ot roughly
Lhe same time,

TARLE 2
Viegtia profiles and appeovace of nentrelizing amtifode fn 2e0 slovkhs shown fo be iefecred wink natierlly aequeived
viriver witen Dnarlatod suboufononsly with $4-200 plague fovesivg wnits af 81 Lois encepladitds (5L i

Y b A=
et ted i

Hlath Wirns Lratial
Bradyfi: Na. 4 Bradyppus—i —i
SLE 17

Oz Mo, 20 Changuinnla group 8]
SLE 3

= P day past inaeulazion, A negalive valee spedchies o given tlay befone

Flaque reducticn neatraluzimn, with W% rsluctian 1

+

Tethal s

szl

Blasismenn enan

[0 G TS TR

i b

Feak 1tter

Einal LRSSy svsLEml BELLPTE L
i 0.9 (Ve 4
A4 4.0 {5Mict i35 5
=13 =15 (Mero) R 14
L5 A& (5Mic i H

miginlalzan, |.'1'|I!'||\:|I.I.'.|’."|:. nrzor Lo insealslioe

A apetdies the day ofi

woplasmiz 1 considered pusitive.
i Tnes expressed as Jugs, elfectine ddoses per ral whole Slee] Yers tmene ralticre melian infect o doses =300 Zeckling manze intracearial snsdian
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TarLe 3

Agperence of demaggflinalion-infabative (RO sestrplizing TPRN ] axd complemend-fxing (OF ) aniibady 1w sloths

ox perimmanialiv in

Mechian (rasigen day et i
ul e
i HI PR
Bradypus warieralics E Zl Ak
(BS54 [21-53)
Clhroloe e hofFamneg i 145 3
111-211 (3 1=E0

-

I

lock .

FREN R

Aniffady vesmonse of sloils
v £l

All infected zloths produced speciic 111, PRN
and CI7 antibedies against 5LE virus, The times
of uppearance of each tvpe of antibody are shown
in Tahle 3. The humoral immuane respense in sloths
againzt repheating SLE virus antigen = slow; in
eeneral, antibody is st detectable several weeks

his periocd is sooeewhal short-

after inoculatioo.
cned if the appearance of deleclable antibody 1=
considered relative to the end of detectable vire

mia. BT antibody was detected in twao zloths while
thev were =till viremic, and never mote than a
weel after the last dav of detected viremia, Since
plasma was eollecterl onfy at weekly intervals, it
i= likely that several other andmals weee actually
circulating B antibody with detectable viras, PRN
antibody appesved somewhat Tater than FT anti-
body (21 23 dave after inoculation, 619 davs at-
wer detectable viremial. In Chaoleepis, CF anti-
bocly appearec at the same thme ar earlier than
PEN antibody, butl the liest detectable CFore-
sponse in Heedvios owas distinctly delayed (op o
acy dlave post-inorulation aned 69 dova post-vire-
mial.

Althouzh the humoral antihody response was
slovee, the maximum observed tiers were hizh by
all three serelozic tests used CUabde 200 T e A,
ariegatay and four O Seffesn observed for 75—
134 elaws aller inocalalion, masimum observed HI
und PRN titers were not lower than 10330 and 1
L35 respectively. The T and PEMN respanses of
those nine animals were Ione-lasting as well as
higly, ainee the Lowest observed HI and PRM an-
filmmdv Liters al TE=1A9 daves post-inocalation were
LED and 164, respectively, The maximum CF
antibody response was consistently lower in
Bradvens than Choloepris, corresponding with the

focterd qoidd S Lonin encephalilic virns

calation Wit L] da pn

al en

i'F HI EELN F
3 i} LG L]
(18 SN (=125 H-1i [ 11-6
il 3 14.5 D5

| —21-61 - 1A 1 —a—1a)

(2 1-281

Towusl ardibcdy Likers vopsicesed posgitive FUL— 00 gpines =5 Sewapplotioading ueits X— 15 505 refucion of G0 120 ologue forming unifs.

ance al detecizble antiordy Beinre the snl of detecizble viremin, Antitmdy wis detecied in <amples mken dering

sloower appearance of UF antibody in Beadypus.
The bighest CF tiler olserved inoa Hredvpos was
Lt whick equallesd the lowest peak Hler ob-
served inogny Clhradpegns; the one Cligdeefing with
a muximum observed O Gver of 116 wos releazed
omlv 38 davs after incculaten, while 1ts C1 titer
wis still rizing.

Sloth neatealizing antibesdics wore guite specilic
againat BLIT virus, Twoe plasmas from each of three
expurimmental O fpffmannd and lonr B vortepatfig
were tested al L8 and weaker dilutions for neu-
tralizing antibodies against ¥, Hheus, and Bus
sacpeaca Qaviviruses, These plasmas had been tak-
en at various intervals between 35 and 139 davs
postancculation. Hemaologous fiter: against SLE
virts raogecd Brobn 1:04 Lo Z=1:312. None ol the 14
plusmaz reacted with any of the other three fa-
viviruses, except one Bradypus plasma taken day
41 postanoculation. This plasma inhibited heus
virus at a tieer of 18 only, and was negative azainsn
Y and Bussuguara vieases the hosnaoloeons titer
against SLE virus was = 10512.

Chatlenge tnoculotion of slotls

Three £ Soffmannd with pre-cxizting naturally
acguited PEN antibiody ggzainst 5L virus were
¥

inocelated subcuianeously with 2. 0-2.

Tog Shic LD, of 5LE virns, In one animal wath
a pre-exizting PRMN tiler of 1236, no virus was
detected o seven Dlood samples taken a1 2 1o 3
dav intervals during the fArst 3 weeks after inoc
watint, Mooevidence of a secondary PREN anti-
[poaiiv respaorse was seen inosiv plasma samples Gak-
en from this animal during this peried, ncladingg
clavs 2,5 and 7 opast-inooulatien,

The other animalz, with respective SLE virus
PEN antibody titers of 1:32 and 1236 were bled
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trom Z—b dawvs post-inocalation, @ peried when

G antihodv-negative sloths were detectally vi-

= _ _ rertie. A total of Bve Blood samples From these
[ pie - - . S E hoon e
= S B e T vwa sloths were negative for virns, Their plasmas
[ | £ Ly = ”
= [ ¥ = 7 were ol lested Tor secondary immune respanse.
2 |3 :
b - o
: -\. 1 _; ] 1 - v - .
o £ — s | Maosguito tnfeccion and transmission
s £ b 5o !
2 2% 2t mwoes
5 z | o . : : : .
= a8 Da T TS| AL Eraefvfue and Clrslarprs sloths bitten by
| = = B =
= |z - = 7 SLE virus-infecled Cr. g, geingueefasciatins muos-
= [ ; e SRR
B | £ ouitees became infected CUabile 1,
= | & = Fhee 51 vires anlection rates of two species ol
2 [ 2. e cilonized mosgquitoes Teeding on vicemie sletbs are
= L Xl o S 22 et
- = shpwn in Table 50 The 50% infection threshold
= - x ; i o i J
= s for Crx. po o gledsgiefnieiatiy Teeding on both 2loth
z i species tell between 301 and &2 log, SMiclLD) ., /m!
3 # i sloth Bleod, and the 0 10% infection 1hreshold
i = = = 2 = -
=, . o = = was raghly 405 20 loes Fgoivalent values far
=] e = R i B E - . 1 ; ‘
5 A ot R el B SO R mosguitoss af thiz celony Teeeing on viremic mice
= | = - = g - i o St
= | et and chicks were approximatels 4 1-3.0 (305
B £ = threshold: and 3.0-3.0 110% threshold:
iz} é [ | i _ g Iy, Shée LD, por mil chick or rouse lood .
= = o - = % s e - L.
z s e e Na Hygooeaqedes became infected atter feoding
- il B4 | 2] B =: L g E: -3
o SR |~mw mw T o viremmis Beadvges cloths cireulating wp 1o 301-
a o 1 L pi R e o 2 s PR -
] g | = i | B .2 Lo ShicL Dy, per ml. The 3065 infection
- = 2 = _ 3 - )
= z B threshold for these colorized mosoguitoes feeding
= o l-'. . . i . L -
= E s EY on o viremie mice and chicks was 5002307 logs at
: = o R S - ey i
£ 2 B = SLE virds per ml Bleod
= oo s oo olls . : : s :
bt SR e ; 21 ﬁ . Of the o g guimmaelasrfatuy '.||:(:|_'1,§_'-|;1 fav fead-
=z = m EF ing on sloths, 805 woere alle to trapsmit SLE vi-
= = £ b 1o chicks or mice alter 14 27 davs extrinsic
= tneubation. A chick-mosguito-slote-nosogeilo-chick
£ [= SLE virus transmoission cvele was completed in
= s 3 [ ; : ! i
= & f— 1 | the laboratory using a 8. veriegatus and Cro p.
= £ EI Lo |k g eSiraciad iy masguitoes,
el 5 Now-aptheapod {ransmission betioeen sl
23 |3 oA oz 2 . .
Sy |8 1 :|: i An o uninoculmted baby B variegaiog,  honsed
) ) 4 = = 5 1 5 [reEe
;:,_‘:_ o £ & wilh its experimentally iolected mother, devel
E .z 2 Y : o L
% £ aped HI antiboddy asainst SLE virus. The mother
=R 5 wis nod lactating, b the Baly was in close con-
=3 o | A e SR e j
o et with ber, sharing ber food and clineing to her,
- E as b= tvpical of Bradvpis sloths less than 6 manths
oH :
[ - = oty z T a
B 2 = The mothey was vieemic foom at least as early
ey i = ; | T Z ;
=B T as oy 3 postinoculation wetil dav 230 1T ant
TN & = . . I S :
zz Lz = Boaly against SLE virns was first detected in boer
2 w é i at 13 davs post-inoculation, and PEN antibusly at
2= o B 3 odavs, Nineteen davs after Hs mathers inocu-
= E __é 2 . lation the baby's plazma was negative Tor SLE

virns antibocly by bath HE and PRN test, as was
its plasma taken before the mother's inoculation.
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TakLE 5

Fayfery fioe n

feg of cotonized Culex pipiens quinguefasciatius and Haemagoeus wquinus weyguilos feeding on Chol-

ocpus holfmanni erd Bradvpus varicgatus slothy experimentally infecied with 55 Lonis encephalitly aires

Trace 4.0%

Omoday 68, the baby™s T titer was 1:1R0 agains
SLE virgs antigen. This plasma was negative by
HI tesl against YVenesuelan encephalitis virus, a
Poeavirns anbicenically unrelaced e SLE vims,
specilicity of the HI seroconversion
arainst SR virns.

s pporting Lthe

The chive 68 sample was the
L=t plagma taken from the babee, and the solume
was insulfoient for other serologic Lests,

Crne explanation for the bala's seroconversion
i conlact transmission of SLE virus shed by the
non-lTactaling mother. To cdetertine iF =loths can
shed ST wivus, el swabies were ket from an
nfected Chofosprs cvery alher cay tor 3 oweeks
alter moculztion =LE virns was detecied only in
the throat swab taken on day 13, althoush the
animal was viremic davs 3-13 poest inoculation,
The titer af SLE viras in the day L3 oropharynizea)
secretion was at least 10-Told areacer than the trace
viremia detected that dav, eliminating aecult bl
a# @ posible vires source,

e

Thoee of the eur cormatants ineculated devel-
ocped deleclable SLE vicemia and bath HL and
PEMN amtibedies, The fourth biced desveloperd mei-
ther detectable viremia ner untibocy, and appar-
vntly was wninfected.

In twao hirds, detectable vicemia bogan on day
2ot inoeubation, s lasted -5 davs ) with max
imarm titers of 305 and 4.0 LogSMicl D Jml HI
anel PR antibocdies were detectabile o these biceds
i the frst post inocalation plasmes sample, iaken
lay 7.

A hind cormorant was apparently sick oo the
tme of SLE virus incculatien; sizns ol Ulness in-
cluded weakness andd hegd-shaking, Delectalle
SLE viremia was delaved until day 5
e throwgh @t least day 10, but nal day 14 The
masinwn teer was 509 Loy =Micl 1 Sml, Plasey

cand ronlin-

Fiaemagugus egiipe

Cabinepu ety frees

T

130 (2%0F ('ea

] 3 NT

} 21 (03
M an?

taken ob dayv 7 curing vieemia, was necative lor
antiburdics b bath TH and PEN tests; day 19 plas-
ma was positive by hoeth fests
Hemagehetination-trhilaitien IPlax anti-
Bodies persisted i infected bivds untll davs 80
L11, when they were Killed. Maximum HI titees
aof 3200 1:2,500 were reached by day 14 post-
wnculacion, but had declined w 120-1:80 by the
cried of the cxperiment. Maximum PRN antilaody
{ikers al 1

HTjE

AE-1012E persisted without decline,

Civgan suspensions of all four birds were nega
v tor viras by direct inoculation of sucklng mice.
Culture Auids of explant cultures of the organs of
Two zlected Disds woere consistently oezalive for
Virns i Vero cells wncd suckling mice, as were e
eaplant cullures themselves al 21 civs post seed-
g In these cultures, wrowth of spleen, lung,
Tersl s, {!,I'.I'_I .E}I"I'III'_' METATIW Whls r'lll:'lill;'l'.:ilt 10 II{"{,I,"-.':'-',,
Tt brain, fiver and pancreas explants srew only
slightly,

MNoocormorand showed any siens ol dlloess -
=L [n
wesakress andd beacl-sbaking of the bird which was

Trilactalle 1 wirws inlecLion. fact, the
il at the time of imoculation began to disgppear
during the peried of 3LE wiremin: by 2 weeks
after inoculation the bird bad apparently re

covererd compleiely.

[ T e [0

High, lenglasting viremiss infected Tor mos
quitaes qualiiv both Beadvpns and Cholospies
sloths as pooentially important bosts of ropcal
S wirnss Arhwecirus leld stocdics provice dala
wihich support Lhis conchsion, because they slow
that specific SLE antibody is exceptionally pres-
alent in Panamanian slothz, and because the viras
itselt has been solated [rom a Brashan Seadavps
feidnetvins (Pinheivo, FOP unpuablished data oit-
el b Melean and Bowen®l The abundanees of
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slaths in Neotropical forests, vevicwed elaewhere
underlines thewr potential as 5L virus hosts; this
abindance is little recaghized, pechaps hecanse of
sloths” natural camouilasme

The loog bigh SLE viremia in B, varepafos
wils ol surprising. Experimental intections of this
specics with bwo other togavirases, Veneoaelan
cocephalitis (VEN and Y F" viruses, have vielded
similar results. I s curicus that experimental vi-
remias iy B dridactvies Tollowing infection with
Oropouche vicws were rat exceptionally long or of
Bigh titer, particularly since this species has vield-
el the enly four alates of Orapouche viras from
a wilid vertebrate source.

Experimental SLE viremias in O frofeanni
were as high as n Bredvpus, and also remarkably
lang, though generally somewhat shorter thar in
Brogdvpies, This result contrasts with abzervatinn
of minimal or wedetcetalle viremias in O lefds
i andd O daidoctvias follewing infection with
¥F and VE viruses, ™ "

Slath experimental SLE vieemias were as high
ar higher than those of birds, including the cor-
mntants in these studies and the many species re-
viewed elsewhere® The wecks-long durations af
sloth SLE wiremias are remarkable by any stan-

clarels.

Alchouph infectable by mosquite bile and in-
fectious For Feeding Cufex, sloths woere surprisingly
imefboent infectiows wirus sources for the mos
quita species tested, espectally when compared
with clhicks and mice, These results must he in-
terpreled with these cansiderations:

1. The two mosouito species used bave not been
ingplicated as tropical 51T virus vectars;

. Bolh muesguile species were colonized,

A0 Parallel slath and mousefchick mesnuite Teed-
ing experiments did net use the same mosquite
_ﬁnn:&mtian: [rar |'Jr:'.{_'!i|_'u| reasomns; @il

4. Far from being natural hasts, mice and chicks
are laboratory and commercial anifacts.

Defininve experiments woald have 1o inclucle
slotha, wild tropteal birds, and either uncolonized
ar Iy masaquilees of as ver unidentified enzootic
faresl veclor species, Until such experiments have
been denc. the chick-mesoquite-sloth-mosouite-
chick laboratory cransmission cvele i strong evi-
dence for a rale for sloths in trapical SLE virus
oveles.

The humoral immane response of sloths 1o 51T
virs wis remarkably slow, espeeially considering
that circulating SLE virus was detecialide within

851

3 days of ingoulation in 10011 animals. The slpw
antibody responze may be a funetion ol low slath
Liocly temiperature; the rectal temperatures of five
Begdypws and five Chelogpas used in oour SLE
virus infectien experiments runeed from 3125 1o
33.5°C during 10 davs of observation. Little s
known of the immuone svatem of sloths, or Tor that
matter af any ather xenarthrans, o sroup al
mals including armadillos io which lew Lody tem-
peratures ave common. The immune lenctions of
the nine-banded armadille Dasvfes novemeinetis

YA -

have been studied, Becanse of this animal’s im-
psrtanee as g leprosy medel. Altheogh there ane
oy gross or microscoplc deficlencies e abnormal-
ity in the: immunelogc camponents af B peoem
ciggeres and sotme other acmadillos, "™ 5 an in vitro
studly of £, wevemeincins rmphocyies shawed that
cocler temperatures do reduce transformation n
thiz species, as well as in humans, ™ An in vivo
stuedy of armachillo humoral and cellular 1mmune
response fo non-replicating aptigens showed oo
shnaramlities, bt was nol designed to measure
slawness in respense. = Following inoculation with
foot-and-mouth disense virus, Tour armadillos
shenviel o clinical respomze by 3 days, but only owno
af 1hese anbmals bad developed precipitating an-
tibdies against o viral group antizen by day 14
prsl-ingrulation * In contrast, these antibodics are
detectable in cattle 7 davs after incculation,

The hypothesis that low Ledy temperature in
sloths delavs untibody development relative 1o
hernothermic mamemals could be tested by warm-
ing infected slaths to 3790, Alsa, experimental in-
ocnlations of loths with noo-replicating anticens
wonld determine whether slolhs are simply slow
in developing antibedies, or are insensitive to for-
eign antigens, needing & prolonged stimulus for
an bmmune response. Finallv, SLE virus harvest-
el from infected sloths showld be lested Tee chanes
in biological charactet, similar e chanpes ob-
serverd For this viras persistently anlecting turtle
cells at 31°C.*

Whatever ils cause, the delaved antibody re-
spanse may explain the relatively long viremia do-
rations in sloths. Bewardless of slow development,
thie antibods levels attained and peresistently
miaintgined in both sloth species arve high, and ap-
parently functional, since challenged immune
sloths did oot boeome viremic

Tl specilicity of the neutralizing antibocy roe-
sponse for BLE vires i useful for evaluating feld
surviss inoarvas where other Aaviviruzes ar ac-
tive ITigh antibocly titers me experimmental sloths,



sl
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L

arainst SLE virus, compared with very low titers
or negative results against Y E, Hhews, ancd Bus-
siquara wirses, are similar to observations on
maturally acguired immunity in Panamanian
sl b

The smull number of experimentally infected
cotmorants precludes generalizations on wvicemia
ar antibedy respoense, However, SLE virus infeo-
tion clearly does not cause dizease in this species,
unless syvnerzistically with some unknown agent,
Diuring 1973, s3LE virus had been 1zolated from
three of Lve moribond cormetants tested, sug-
gesting an epizootic in Lhese hirde " But nobe of
Lhree cormeranis became i1 when experimentally
infected with an SLE virus strain iselsted from a
rpribund cormorant in 1973 and passed ance in
Verp rells. The iselation of several SLE virus
arpains fram this specics in 1973 might etherwize
be explained by recrudescence of o past, latent
infection 1o stressed Dards; however, o vieus was
recovered from organ explants of twa birds known
Lo have been infectad with SLE virus, nor from
froven oreans ol these and the twa other oo
latedl cormporants.

The apparent comtact transmission of S3LE vieus
from an infected mother Bradvepes Lo ber baby
might he dismissed as 3 laboratorsy cuariosily,
However, a remankally similar seroconversion
pattern occwrred o nature i ow non-lactaling
mother-baby Chedeepas pair” Mother-baby
transmission, possibly throueh salivary contami-
mation of sharved leaves, could deable the peried
al vertebrate virus circulation and availability Ter
veclar mosauitees. This increased effective vire-
mia duration would be ezpecially important dur-
imr a0 period of vector scarcity such as the dey
Lt bat ok B
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