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ARSTRACT :

Most group © arboviruzes were Tound o induce ilness and desth inoadult
hamslers. Sick animal: had high viremia g3 determined by the presence of sorum hemag
glulinios,  These agglutinins bad  specificity compiraile to that of hemmgglutining from
suckling-mouse serum, Uhus the adult hamster was @ more ecenmnical and convenient source
cf virgs anligen than the indant mouse. Although serum hemagelutining were not demon-
straled. subcatzncous inoculation of hamzters cauged lethal infection by Eastern, Western,
and Vencauelan cquine encephalonyelitis viruses, a5 well as Chagres vires, a membier ol
the phlebetomus-fever growpr, suggesting that this animal may be 2 valuable sentine] animel

for field studies of these agents.

Group U arbovicuses were first iselated in the
Amagen regien of Breal and bave been encou-
tered Tregquently noman snd zninals during the
last decade™ ™ Other straing have beer reported
Trinidad" ™ and  Panami.'™ Recently.
Scherer and azsociates have isolzled many straine
=Similar agents
have been detected in the Florids Fverglades by

fram

af group O vireses in México ™

workers sl the National Communicable Dizesse
Center, Atlanta, Georgin™ Patois and Zegls
virtses  (rom Panamia, previously classified as

groap T have recently been separaded inta Lhe
“Patais group” which, together with group © andd
ather related groups. 15 now included as 2 member
af 1he Bugpamwera Usoper-grogp, ™=

Hemagrlutining procuced by group O virnses
are widely used in ddentification of wituses,
heir specificity haz been demonsirated to be

L]

comparable to that seen i neutralization tests. ™
The hemagelulinalion-inhibition BT fechoigue
1% alae valuable inoserologic
ta the L1 presencly known zerotypes, These can
e subdivided into at least [lve pairs:  Apoo
Marituba-Muratact.  [taqui-Uriboca.
Madrid-Ossa, gnd Nepavo-Canmbe Limbe.
surmnably
togelhey

surveds for anlibodices

Caragari,
T
either one of the snligens ineach pair,
with the unpaived sntigen for Hestan

* Presented at the &7th Annual Mecting of  the
Americen Soctely for Miceobinloge, New Yok, 300,
4 Mav 1067

T Please send requests for ceprings to e Sunthors
Srihongse, CGorpas Memorial Laborgtory, PO Box
2, Balbos TTeights, Canal Zone,
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virng, could be incorporated in HI soreeningtests
for group O arbovirus antthody survess,
virgses i Lhe Paleds groop, Patois and Zegla,
also form a serologle pate by HI tests, 2s den-

T

onslraled for group U zgents,

A majer problem, howewver, bas  heen Lhat
hermsigs
these groups Trecguently must be prepaced Trom
seram of infecled sockling mice, Such 3 pra
cedure gives a low vield and. inmany cases, poor
foprepare wroop O A antigens
in ocell cultures have mer with little success”
We Dere describe preparation of TIA antigens Tor
group O oand Patois viruses from the serum ol
adult hamsters well as proliminary dals con-
cerning the response of thiz animal o nfection
b 27 other arbovicuses,

2

lntinatiog (FEA D aoligen Jor members of

titers, KlloTis

MATERIALZ AXMD METHOLS

Views stvqing

Cironp © arthoviruzes that were used in this
study were kindly supplied by differont Talors
tarigs,  Apéun (Bedn 2450 Carapart (HeAn
2904 HMacui (BeAn 127320, Marituba (Bedn
131, Muratuea  (Bedn 9% Nepuwo  (HeAn
L0700, and COreiboes (BeAr 150 wicuses arlg

inglly iselated from Belém. Brazl were recelvid
fremm the Bockefeller Foundation Vinos Lalwors-
lnrivs in MNew York, in 1963, The Carapaei-like
(TRVL 34033-1} and Restan (TRVL 31144
viruses were molaled Tromn Trinddad, The prote-
Ly of Maded (BT 40730 and  Ossg
BT were from Panzmi. A
strain of Mepuvo (630100 ortginated i Mixico,

3

sETRInE

1520 rescirvered



and z vecently iselated strain of group O wirus
from Flenda, Gumin Limbe (Fe 371H), were
alza ineluded i thiz stody. Ieoaddition, twao
Walais group virgses from Pangmd (Patoiz and
Zeglay.and & Mexican strain of Patois (6330009
were sbudied.

Arhovirnzes other than those mentioned above

wire stamdard shrains usec at Lhe Gorgas Me-
marial Leboratory for serologte work,  They
were originally  obtamed  Trom various  labora-

lorics, as fellows: a) The Rockefeller Founda-
tion %Wirus Laboratories: Muoczmbo Cehn &0,
ClpAr 336430, Mavero (BeAr 20200,
Buossuquara (BeAn 40100, Guamid (LBeAn 2770,
amd Catis (F 1510 iselated from DBrazil, and
Bimitt (TREVL 83627 and Cacal TRV 402330,
molated Trom Trinddad: by The National Come-
municeble INseaze Center in Atlanta:
equite steepbalomyelilis (Fleming siraind, Cache
(6% 463310 and  Californin  encephalilis
(BFS 28250 molated from Narlk America: ¢ The
Michdle America Keseavch  Unit, Canal  FSone
Una (BT 1463, Guarea (BT 11371, Wyeomyia
CET 209, Chagres (W 100, Melao (BT LLL3),
Changuinolz (BT 1043 and VEV-Indizna (BT
7a0 solated from Panama; d1 The Governmend
of  Panamd's Veterinary Eastern
puine  encephalomyvelilis  (strain 234780 from
Fanagmié. In addition, Venezuelan cquine encephs-
lomyelitls Celrain 7 2321 220 Louis encephalilis
BY 70 and [Mhews (T 38730, dzolared
at the Gorge: Memarigl Laboratory, were s
in the study.

Virus stocks were prepared as 208 clarificd
suspensions in phosphate saling salution
0.7 8% albunmain, and
=70, Anmimalz were noculated with
a = dilutian, giving an infectious doge of 109
Lo LO% infant mouse LD, for groups. C and
Pateis wireses, and 1009 {o 10% infant
LIt-y, for alher arbovirses.,

Mixuna

Western

Wl ey

Labaratary;

fstrain

RISHI
COnEaining laing

slored al

wrre

s

Andiserie Xuonfies

samples of antiserum were prepared inowduld
mrice By bwo intoaperilenesl (pdoinoculations, 10
When
wirases were lethal for adole mice, the Tirst injec-
Liom was made with formalin-inactivated virus:
serurn was ohtained 10 days after the sccond
el i,

days aparcl, of infanl-meuse liver virus.

Vires titrations were done by inira-

cerearal (i nocolalion of decimal chilution inlo

SHILIONGEE AN LR St

infant mice. Endpeints were caleulaied by the
Feed-Muench wmethed,™?

Awiigens wwd Serelogic Tesls

Serum for HA antigenz, both Trom suckling
mice and aduolt hamsiers, was diloted with fous
vilumes of 0#3% saline selution and teeated by
double acetone extraclion,”™™ The diluted serum
wad dropped throvgh o 25-gauge peedle into 20
wvolumes af chilled acetone held inoan fce-bath
while being stirred censtantly. Within 10 min-
utes this mixtare was coentrifuged at 1000 mm
fotr one minole and Lhe supernacant floid dis-
cartded, The sedinzent was then re-extracted with
the same valuine of chilled scetone. The mixtare
wizs allvwed to sit for 30 1o 00 mingles before
centrifugation al 1,300 rpm for 3 minutes. The
resultiog sediment was deied woder wacuans gngd
resuspended in g velume of Bemile seline solution
pH 90 equal to the diluted seeum used for
cxlriction, Before testing, one volume of borale
saling solutinn conlaining 4%
wis added, wnd the final artigen, representing a
10 dilution of the origina serum. was con-
undiluted  in Ha

bosine albumin

sielerd as determinalions of
activity,

Antigens prepared by the shove methed were
tested for hemagglutinating activity with gonee
ervthracytes. The mixture had a (inal pil pnge
ol 295 Lo 6.0 at room temperature. Titeation of
antigenz and HI tests were perfosmed in luacite
plates, according o the weehnigue described by
Clarke and Casals ™" T HI fests, samples of
antizerum were breated with kaolin for removal

ol nonspeciiic inhthitors, and serom-antisen mix-
rukes were held overnight at 250 before addition
il gogsze cells,

BESVLTS
Stisce bty e Adsdd Humsiers o
Corasps Cand Patols Ariovienses
Each virus was inoculated ic o subeutaneously
Lscdinte o group of tew Lo foar 2- to 3-month-
old golden bamsters ( Wesocsiortue suratnsy. Az
shiwn in Table L the bamsters were susceptinle
Lo most group O wirases, and o the Moesicsn
strain of Patods virus, by both reates of mocula-
tion. Meess and death occurred 2 te 3 davs sfler
inoeulation,

In some instances the animals died

G hours atter cthe onset of
Experiments with bamsters of more ad-

fewer than visible

iness,



GROUD

HEMAGGLUTINING IN HAMETERS

Tarre 1

Suezpelibility aof adull Idwesters to gropts £ end Palols arboiriees

Virg: Fassnme”
Apn I
Carnpar STLABILSE
Carapart-like B4
Sumbe Libe KA
Theul Lz
Ml B1iLAE]
Mlaritulia Kl
Muruluen I3
Mepuyo (BeAnl0ron] LalilLl
Soparva (HALIT1Y 134
(hrthaocn Ls
[ksq a7y
fitois (HTPGT1) 5]
Palois (63440 B
Restan E
Fesla L3

* Mumnber of passages i infant mouse: B, biain. 5 secang

sanved age 0L to 2 owvears) were perlormed wich
certain viruses, The paltern of floess and death
was  =himilar mooall cases. although incubation
to 6 davs

=

periocs were semetimes prolonged Lo 3

in older animals.
|iI|:’.i'h'|:|' ol g J'-:'Tl'.i‘!'.'lg'.l'nf.'.‘lf.l:?.'.'
LE

virgses that regulaely
casedd ceath of adule haomsters produced high-
Litered scrum hemageletining, Tnoculations were
first made by the z2¢ route. If HA titers af
sgrum antigens were unsatistactory, the ic route
was wied. The hemagglutinin ticees lluzstrated in
Table # were chibgined in serum haevested ad the
tme of dlnesz. Except 1or Caraparil vires, all

A oshown i Talile 2.

wirnzes in Chis group produced high-titered hemag.
gletimns vanging from 1640 to 1:3.1200 Maxi-
mrn HA cilers ek frism
sorum are shown o the table
AL al these visnses produced

i vitis obibzioed
sickiing-mouse
[ eomparisng,
A antigens at the time hamsters became il
with titers as high as. or higher than, anligens
propared . from suckling-moeuse scrum. In some
mstgnees. zuch as with Madeid and Ossa viruses
feamy Panamid., TEA titers Trom hamsiers were 14
times Nigher than those from mice, Furthermore,
the amaunl ol serom obdainsd Trom cng han-
ster wis shout the same as that recovered from
alote 100 Su-:‘k]ing mice,  Therclfore, an adult

L,

Bz of dnocualation

Subutanegs Intracerebral

Liewabaar o Tncuiatisn

T e interval Cdayry Elloess dntervidl Sefiowsd
il - -+ 4
| 34 -|- 1-3
+ gl - 2
+ 2 - K]
| i - 2
-+ 3 - 2
il - 1 iz
il | i
+ 2-3 -+ 4
- 1 - 1-2
- A | e
1 4 - 24
il o Ml ==
3 | 3
o P 2
il - il -
Ii'\l-'l.':.

hamster furnished 2 muoch group © HA antigen
ax 300 to 1000 suckling mice.

One- to Zovear-old adell bamstess, which preo-
duced more sevum, were also Aried with Ossal
one ol the Iecally zolated vicuses. Antizens werne
oittained with Lters four- to cightfold less {han
those froem animals 3 to 00 weeks of age.

Table 3 shows results for virgses ned reguliclys
pathogente for adolt hamsters. Sesial bleedings
werne carrigel vul every 12 hours Lo determing the

TapLe I
Serum Remapeiniivoling antizen of geonp O anrd
Fadoly wivwses patbogenic o dull hamcier

Recipros
El*

e

Bucigrioeal fant |::|I\|.:<|'
Yirae T1A diter IR
Carupart e Tz a0 a0
Cavapar-like i 45 2,58 A20
Cumba- Limbe & &l 1,280 168
[Laequi i 4R GA% A0
Madlvid i A 1,26 ]
Murtuen i AR 1,280 A0
Nepuvo
R AnT O i LR 1,280 #3
Memava (GALIT1) e 25 1,330 153
Chethiocn s 63 2 Bl ARG
NE= e Vi L2280 Hl
moskin a7 Al 1,280 1,220
i 0o [FE] 20

Paluis (63449
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276
TARIE 3 T
Sevwam Femegsintioalivg enfipen of geonps £ and
Patpds pirases Rondaiiopenic e godwll hamzler v -
infrecesshral fnocidaiion
(L)
ke ecipraral
Tinue ol HA diter s L
Ialeexliig Recipmoal frony iniant-
Yirus Ll 1 HA Liter R R BT L]
ol -
g e v " [DERE]
AP G54 LRl A TITER
Marttula M-t 2120 1,250 it
Pateis
CHTany 1} =72 I Hdi) qui
£ J4-00 o 120
i
I

ITAtiter peak. Excepr for Zegla virus. alb agonts
produced workable A titers between 36 and
w4 hours alter tnoculadien. Inoatiempls te pro-
duce hemagelalinins Tor Zegla viros, sources of
virus nocula otker than brein, soch as ielant-
mouse lver s mowse and bamster serom. were

ried swithout soccess, ¥
WILRE,

[

LA

Felatione fetween Tiers af
Tnfectivitv and of A
wis selected Ter

.

Patpds virus, strain BT 4971,
i detailed sludy of its pattern of hemagglutinin
(ormation because 1o did nol kil adull hamsiers.
12 hours atter injection.

Aramals were bled every
and serum obtained for HA antigen was alsa wsed
demaonstirates the

for wvires Lilralion.  Figuoee 1

cansistent  divect velation eheerved belween the

twn parameters, with peak values ot 60 hours.
coabout TORMLIY, 0 wirus

This infectivity peak
per milliliter of nfected serum is a traly npres.
sive viremig, more Chan [0 Limes the maximem
virus concentration detected inoinfected infant-
TeEe B,
Shecilieidy ol Hlaseer

Seriem HA Awtigens

Wher tested by HI with antizens
=OTU. fél'l'l'.;bl(!.‘i

prepared
ol anti-

from: suckliong-meonss:
serum ohtzined afier two imoculations af wieus

inhibiled four wnits of homelosons bemaselutinin
with titers ranging from 180 {0 1640, Hamster
serum HA antigens were tested with these seram
samples ot the same time, Results indicated that
serum A antigens prepared from adult hamsters
were speciiically inhibited by sample: of homal-

i

ogous antiserum at titers comparable too Uhose
abtained  with mouse-serum antigens, Further-

more, relilions ameng paies of the closely reliled

for dlness twice daily fo

%
4
i 8 -n
| rm— I HFELTIITY
II
Iy ' d
e
il MEMAGHLITININ
251 Ir_ I
[ | K
1 [
ol 18 ,
i ! I| X T ezt
: i i HOUEE Ll
| S gy A2 0Enl
._a h |+
3 ! I|
.I I| i x—---I_‘. -3
: i i " |
i ]
h I
£ | | a..- |?
ks I| ] I‘|
/ | ~
PoEod R AR ¥
1 k
2 yFe & g4 EBd 72 S4 FROKD
HOURS AFTER (HOLULATION
anit

Graph  showing  the infectivity

Fuivne L.
hemagelutinin responses of aduelt hamsters infected
by 1he intracerebral route with 10°TC1E- o Pataois

ses obltained with hamster serum anlizens

virn
were similar Lo Those previously recopnized.

Adtemfres fo Prepare fomater Serine HA
Awmtigens with Arbovivuses (iher Uan
Corpivifis O atted Patols Agends

Resulis of tests with ather arbovicuses in adult
4, Animals woere

hamsters are shown o Tihle
route and examined

poulated by the scoor &
r 7 oweeks, Sergmowas

callecled [rom sorvivars 5 oweeks after inocula-
tien. Ameng the virgses tested. no LA antigens

wiere fouand e mouze-hrain preparations i our

laboratories for Wyeomyia, Cache Vallew, Chane-
suinala, Melao, Cocal, and VSV Indiana, Viroses

froom which hemaglutining were net comsistently
prepeced by oclazzsic methods included  Guamé.
Cata, Binitd, SGugroa, Calitornia eoncephalitis, g
Others i the study Tor which good
HA antigens  were already known

Chagres.,
encephalamyelitis

ST
mclpded Wenesuelan
SVEE . Mucambo, Pixooa, Western coguine en-

Ccouinge  en

ol
e

cephalomyeliciz (WEEY Eastern
fEEEY. Mavaro., Una. Ilhéus.

crphalomvelitis
Bussuguara, and 5t Louls encephalitis (SLE .

ar, I noon-

Bleeding Tor serum antigens was done at the
time af the illness of the hamster :
pathogenic, only once or Lwice belween 74 and
72 hewrs after inoculation. In contrast to the
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Sereegtibilitn of edall Femsters to wew-world arbozivnses otiee than gy pa O i

Sl ois

Virns aod
[HEREO T

e ulnn:

o, deadsua

Antilady ey ed”

Circug Benin passages i £ Test i At
A YEE D2 . 172 --
Mucambo P2Z .3 — -
Pixuna Pa 35 ) HI+ - fi4
EEE ' T.a 23 - - -
P3 7.5 FEy & ] i
varn 1 33 072 02 FI1 1,280 iz
Una 1L 7.3 02 072 H1 1,280 A0
I3 LI T'% T 0’z [RT) HI ey 1,260
Ilhcus B0 4.5 0z L2 H1 245 LSy
Bussusquara P12 44 02 0/ HI Y] 166
Bunvamwrerz Caehe Vallew P12 4.5 27A 143 L O L et
Lallaron M8 4.0 R O e — 25
Wooeomyin 1713 i3 0z o/ b5 | w100 1.0
L Guams I3 A 10 AL i e iz =10
Cnty 0 1.5 (KB {7 ZF L6y et
Bimiti Fi2 3.5 00 /1 CE 1 16
Calitornin encephalitis Califernia . PI7 1E 35 did xT — in
Melan 10 4.5 0:2 a2 ~NT 3 1A
Phlcbotumus-tever Chagres T4 (il RIR 474 - -
Chingeiinagla Clanguinoela P2 A X 053 [0 14 A
VaEV VEV-Tnelipng 6 T.A s 142 [ w3
Cocul P2 w50 LA IR i el ]

win diter 3t A oweeks aller inacafation b
i il
lisxinliain.

i tefant mice e

results obtained with groups U and Tatais wi-
ruses, all virgses mentioned shove produced no
HA antigens. Inoculated harmsters sorviving The
Zewerk period wers bled seversl davs later and
tested for antibodies by standaed seroloeie Lests
The data that adult bamsiers were
infected By 2l agents emploved, with 1he excep-
tiom of Wyenmyin virus,

irzchica el

DS EETON

From g procuical peinl of wview, the prepars-
tien of HA andgens for Pataiz snd grovp O
arboviruses Trom zdult-hamster serum haz a con-
siclerable acdvantage over that with serum from
sickling mice. Large antourts of antigen can e
prepared from far fewer animals: therefore, tesis
for specificity need 1o be performed less ofien
Allquets of 1his serum antigen can be kept in
sedledl glass arpules 2t =70°0 over a long period.
lie many instances it wias passible Lo make addi-
Heoal ameuntz of antizen from the livers of 1he
same infected hamsters vsed for serom zndigen,

Although carefyl evaluation wes nol done, limited

inadicared roaie

phaervation suggested fhat animals more (han 1
wear ald were satisfaclory seurces of antigen.
wilk slightly reduced titers pactially aifsel by
increased sernn vield, 1f confirmed. thiz find-
ingr inclicates an o oeconomical wse for stock ne
longes in use for brecding in hamster colonies.
Results of hemagglutinin production. coroelited
with wirus titers adfult-hamster serum.  indi-
caliel thal such animals are highly susceptible
to infection with these
the pattern ol infeclion

i

groups o viruses, Thus.
of groups C and Palois
similar to that produced
b wellow fever wvirn: in menkews, Such
high-titered  hemagglutining  appear  to reflec
unusuaily inlense viremiss assaociated with hara-

wirusss in hpmaters was
Che 1

farther in-
studdies of the

ster ilection—s finding worthy of
N conmectie
pithogenesis of these agents,

vislimlion wilh

As has been shown in thiz stody. adult bam
sters wers clinically suseeptible 1o most group C
arhoviruses, as well az o some group A virnees
Eneown Lo ccoar i Panansd. These data therefare
extend the potential walue of the hamster 1s o



corvenient, economical. arinevicus seatinel 2 rele

First demonsirated by Scherer ef ol lor VEE
virns™? and condirmed by Siithongse ef ol
Althoueh studies should he repeated with simall

dozez ol lows or unpassaged virus, it is evident
thal many otber acboviruses induce a silent infec-
tien in the kamester, Thus, this apimal oy prove
ta be a wvaluable sentinel for detection of arba-
viris activiey, vielding virus steains of  patho-
aenic groups O, AL and Tatois viruses, and sera-
legic evidence of infection by ather agents whose
arthoapeed veclors are atteacted to feod on 2

SUMMARY

Most group O srbovirgses praduced signs of
Hiness and deatk i 2- to 3-mooth-old hamsters
within a few davs of infection, Sesum oblained
iconm these animals 2 to 2 davs alter moculation
possessed hemapelutinins in tilers of 1:1.230 1o
125020 Tor Carpard-like. Gumbo Limbo, 3.
deid, Maritoba, Muroatuon, Orilenca,
Chzza, Restar, and the Mexican strain of Nepayo
SRAVIL Hemagalutica [ers ol 1080
to 160 were abiamed swith Apéu, Carapard, and
[lacpad wirnses, Amang Palods group agents, balk
Pansmanian and Mexican straing of Patels virus
proceced TTA with tters of 1:0640, bal Zegla
virus did ned induce hemapglutinins.  Antigens
peepared Troen hamster secum demonsteated zpec-
ificily in HI tests comparalle do
suckling-mause zerum. Hamsters inoculzted with
arbovirnzes ather than groups O and Patels, such
1z VEE., Mucambo, EEE. Tixuna, WELE, Una,
Mavara, SLE. Wheéuz, Bussuguara. Cache Valles.

ey,

VIFUELEE,

Lhevse Sram

Guarea, Wyenmyia, Guoami, Caod, Bivdcd, Cha-
grez, Changuinela, VEV-Tndiana, Coecal. Calitor-
niz encephalitis, s Melao, did net produce
seran HA antigens
duced illness and death in bamsters,

Somme ol Lhess virvses nra-
Chbers dud
net, although antibodies developed durmg con-
vialescence.
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