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ISOLATION OF GROUDP C ARBOVIRUSES IN PANAMA INCLUDING
TWO NEW MEMEBERS, PATOIS AND ZEGLAY

SUNTIIORN SRIHONGEE, PELRO GALINDO ane MARGARET A, GRAYS0ON

{rovgue Wemorial Daberatory, Ponemue, 5

Tharing the first fve years of an extensive sar-
wey for avbovirusss in the Amazon regionof Brazil,
hundreds of virus strsins, including nine new
types, were izolated from different sonrees! Five
prototypes of these new agents were found 1o
constitute o distinet antlgenic group to which the
pame group O was given® More than 200 strain:
in this group were obtained from man, mosguitoes
and zentinel and wild animsls during this sindy.
Three serologiesl eomeplexes within the group,
Mavituba-hMurutuen, Corapard-Apen and  Ori-
boes, were alzo recognized by henagelntination
inhibition (HT} snd peatralization (M) tests?
Carapari was the mest frequently encountered
gronp O arent in that study srea. A strain elosely
resembling the prolofype Carapard vires wos
also solated repeatedly in Trinided? Hubee
quently, another apent, called lagui, was iszo-
lated in Brasil and was reported os being elosely
related to Oriboen viens! Results of jurther stud-
ies an the serologiesl relatiomships ameng mem-
berz of this group of arboviruzes were reported by
Shope and Cauzey,® who slso suggested 2 wethod
of eombined complement-fixation (CF) and HI
technigques for the rapid identification of group C
fzolates. A sevenih member of group C, Nepuyo
virns,® was solated both o Drasil and Trinidad.
Two additicnal distinet fypes, Madnid and Ossa,
were tecovered [rom Blood serum of mosguito
collectors in Panama’

The present paper reports the isolation of cer-
tain group O wbovireses, including owo addi-
tional new types, Trom rodents exposed or eap-
tured in atropieal rainforest arcs near Almirante,
Panams during 161 and 19652,

MATERIALS AND METHODRS

Detailed deseriptions of the study area, ool-
leeting stations and field-colleeling methods are
presented  elsewhere® Virus isolation attempts
fronm field specsimens were made in white Swiss
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miee two to four davs: old using the combined
inteacerebral (e and  intreperitoneal (i)
roles of noculation. Brain seepenzions from
sick mice were Lher zerially passed in new litters
of suckling mice by the e route of injectior,

Virus iselation attempts and preparation of
reagents for referenee strains were done in two
enlively separvate scetions of the Isherstory by
different personnel,

Reference wrng siraing, Dy, Loring Whitman of
the Rockefeller Foundstion Virns Laboratorvies
i Wew York kindly furnizshed vs with carly pos-
suge material for each of the following group C
type strains: Oriboca (BeAn 17), Muratusu
iBeAn 9743, Ttagui (BeAn 12752, Carapard
(BeAn 39947 Apen (BeAn 848), Marituba (BeAn
151 and Nepuyo (BedAn 10709, all of which were
rendily established in our laboratory and were
uzed o this study. Another protolype strain,
Madrid (BT 4075), was obtained from Dr. Enid
de [odaniche of the University of Panama.

Beagents Tor type sbrans other than gronp ©
virzes were also prepared Tor screening wleniifi-
ealion procedures. Most of these strains were olb-
tained from the Rockeleller Foundation Vies
Laboratories in New York, Belero, and the Com-
municahle Disesse Clenter in Atlanla, Georgia.
The remaining reference strains utilised in the
study were isolated locally,

Antigens, lofeetive momla were prepared from
infreted suckling mouse brain for Oriboca, Muri-
oo, Marituba, Ttagui and Apen vivuses; from
infected =uckling mouse serum for Carapard
virus; and frem infected suckling mouse liver,
alter several serial liver passages, for Nepnyo and
Madrid vituses, Inoeals for infeeting miee with
suspeeted group O isolstes were prepared from
infected suckling mouse brain or liver.

All hemagelutinating (HA) antigens were pre-
pated from infected suckling mouse serum by
acctone extraction, following the method de-
seribed by Clarke and Casals® with slighl madifi-
cations.

Complement-fixing antigens lor type strain: as
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well as for some of the Lest steaing were made by
sucrose-acelone extraction of infected suckling
mouse liver or brain® Qeeasionally, crude lver
antigens were used o the case of test strains.

Favmuiie sera, Immune zeram for each of the
group O type strains was prepared by the ip,
mjection of adull mice with two doses of viras
prepared from infected suckling mouse liver, ad-
miniztered 10 days apart. Formalin-inaclivated
virus was nsed for the Arst mjeclion, except in the
cage of Apeu virus nowhich both inoculs con-
tained live viras. Bleeding for Immune serum was
performed 10 days after the second injeetion.
Crronypy Immnne ascitic finid for gronp O viroses
was kindly supplied by D, Roberl Bhope of the
Belern Virus Laboratory,

Iromune serum for esch of the suspected group
! jsolates, unless otherwize indicated was ob-
taimed from adolt miee one to two weeks aftor &
single ip. inoculalion of live virus suspension pre.
pared from infected suckling mouss liver.

Serological fesfs, Hemagrlutination (HA) and
HI teats were performed aceording to the toch-
nigues deseribed by Clarke and Cazals® the lesls
beirgr held ab room temperature {(22° to 2450
after the addition of goose erythroeytes, All im-
mne 2era were troated with kaolin for removal
of non-gpecifie inhikitors. HT antibody titers were
eorrecled, when necessary, to those expected with
four units of antigen.

CF teats were performed in plastic plates using
a modification of the Fulton and Dumbell micro-
fechnigue.

Neutralization testing was done in infsnt mice
by the e, route of injestion, employing a con-
stant-seriun, varving-virus  dilution  technigue,
and stock viens suzpensions prepared from in-
fected auckling monse brain. Testa were inenbated
at 37°C for eoe hour prior to njection in mice,
Titration cnd-points were caleoalated by the
methad of Teed and Muench.

RESTLTS

Farug teolations. Fifteon wiros strains, dis-
tribated in five antigenically distinet types of
group O, including two hitherto  andescribed
members of the group, were obtained from ro-
dents. Five of these agenta were recovered from
the colton rat (Sigrodon Rspldus), one from the
spiny  rat (Proechimys semispinosus), and nine
from sentinel mice. Multiple salations of the
same virus from & litter of sentinel mice are con.
sidered as a single izolation in this report, These
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isolates were obtained from a tolal of 273 serum
samples of mammals other than man and 436
litters of sentinel mice tested for the presence of
arboviruses.

0Of the six rodent sera which yielded group C
virnses, only one (BT 5012) was available for re-
izalation attempls, which proved to be suceessful.

Virus sdentificalions, Brain and liver antigens
of new izolates were fiest tosted by CF technigue
with mouse hyperimmune sera of the following
antigenia fypes of arboviruses: Venezuelan equine
encephaliliz (VEL), Eastern equine encephalitis
(EEE), Western equine encephalitis (WER),
Pizuna, Mayaro, Aura, Tna, Guamd, Guarca,
Wyeomyia, Kahd, Cache Valley and Califarnis
virnses, Mo fixalion of complement was observed
in these screening tests, However, positive results
were obtained with some of the soven group C
typing antizern also used in these preliminary
fosts.

Alterapts were made to prepare I1A antigens
irom infected suckling mouse sers for all of the
suspected group O zolates nnder study. Although
difficnltics were freguently encountered, many
workable HA antigens were obiained, thus mak-
g possihble the performance of HI tests toward
preliminary  charncterization of these izolates.
Tnhikition of hemagglutining of some new isolates
wag demonzirated in the presence of group C
immnune aseitie fuid, In eross HI tests employing
gpecifie immune sers, test strains were compared
with eight group O type straing with the follow-
g resulis:

Carapard. Four isolates from sentinel mice
(BTEM 1228, 14713, 411A and 435A) were found

to be closely related to Caraparid wiras (Table 1)

TABLE 1
Hesulle of hemagplutinefion-inkibifion feslz wifh
Clarapard vivie and four izelates from
senlinel mice

Antigen
Antiserim = = = __ s
Carapard. . | 640% | 160 390 | 320 320
BTEM 1220 1460 160 [ |
BTEM 147 .| 160 =1a0 | |
BTSM 4114 ] 320 | 320 |
BIsM 4354 | 320 : | 840

* Teciproeal of highest serum dilutivon inkibit-
i four units of anbizoesn.
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TALBLE o
fesulte of hemagplutination Sakililion fesls wiih
Maodrid viras and fwo {sololes from sentinel mive

Antigen
Antiserum .
Madrid LETM lll‘.-Bé BTEM 1270
Madrid | | 1280+ L2&{
BTEM 1168, 1280 1280 =320
BTEM 1274, 1250 1280 pe-F

* Reciprocal of highest serum dilution inhibit-
ing Jonr unita of antigen.

Madrid. Two  strains [rom zentioel  mice
(LTEM 1161 and 127A) showed close antigenie
relationships with Madeid vieas {Table 2).

Nepuyo. One agent obtained from the spiny
eat (B 4868) proved to be closely related to
Nepuyo viras (Table 30,

Undeseribed viruzes. The remaining eight strains
were found o differ from the prototvpe proup O
virnses ulilized in this study and to belong to two
distinet antigenic types. The fesl lype, to he
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designated Patoiz virus, includes two isolates
trom the eotbon rat (BT 4571 and 4972) and one
isolate [rom sentinel miee {BT3M 117A). The
seeondd Aype, which will be referred to as Zesla
virus, is represented by three isolates (rom the
cotton rat (BT 4875, 5012 and 5015) and twe iso-
lates from zentinel mice (BTEM 1094 and 3894).

The grouping of these isolates by HI technigue
is indicated in Table 4. As may be noted, antizens
prepared for Patois virus strains reacted at very
low titers or not at all with Zegla antisera. Tow
HI titers were also deteeted when Zegla antigens
wire regeted with Patois antisera, showing that
Patois and Zegla are distinet antigenic entitics.
However, the results of CF ditrations shown in
Table § demonstrate a elose relationship hetween
these two viral types. Neutralization lesting
with Patois and Zegla prototy pe strains confirmed
the resulte of HI tests, demonstrating conclu-
sively that Palcis and Zegla viruses are related
bt distinet {Tshle 8.

In HI sereening tests, Patois and Zegla hemag-
glutining were not inhibited by hyperimmune
serg or sseitie fluld of the following arbovirgs

TABLE 3

Camparison of five antigenically distinet rodent deolates with eight group € fype strains
by hemingglutinetion -tnkibifion fes!

Antigen
Anlizenym : | i ) s .
Oiboca | M40 | Murey | Ttaqui | Apeu | Core Nepaye | Madzid R BT g gl o

Oriboca . oL S80% it 0 20 0 ¥ L] ] ] L] ] 0
Blaritaba. o000l (¥ 160 B ] 0 L1 0 | 20 20 i ] (1}
Murntwey . o000 L. 1] 8 | &40 i} A0 ETH 4 i 40 A 0 0
T e e ! | 1] ] 0 ] r ¢ | D0 1] ] a 0
Apeua. ..., . 0 {} il 0| a4 B {1 40 A0 | ] i}
Carapari.. .. 0 B 4 0 |32 [ 640 0 160 B0 | B3 ] 0
PRAPEYD: s it a g 0 40 4 0 40 40| B4 20 20 i i} 0
Maderd oL /] 20 [ ) 0 [N B} A 1230 | 1230 [ 20 ] 1]
BTEM 1168 .......... 1 4} 2] i} Hi bt ) 1280 1280 | i 0
BTSM 147E . iH 2 i 1] H) 160 { 40 =160 il L]
BT 4971, .. .........| 40 | 80 0 | 20 | 40 | 20 | 0 | 40 | 20| 2560 | 0
LR ) | L i 0 ] ] ] 4] ] { 0 1 20| 840
BT 48 ... ........ 1] 20 ] oo 40y (40 ¥} k] { i}
Palyvelent group O

immune  aseitic |

] A 40 [ 320 | 160 | 320 | 640 (G40 | 160 | 20 ! 40 | 20

* Reeiproeal of highest serum dilution inhibiting four units of antigen.

7 1T titer less thon 1:20,

§ Bullicient quantities of BT 4068 antigen were nob available for inelusion in this series of feste



382

BRIHONGEE, GALINDD AND GRAYSON

TARBLE 4
Grouping of Puleis and Zeple viras fseletes by femagpiulinalion-anhihilion feal
Antigen
Anlizerum Paluds | Legla
BT A9TL | BT 407z I;‘;I;':';‘M BT s0iE | BT 35 | BT 4955 “ig;‘,:’ ’-\';Q:"
FPatois | |
BT4o7L. .. .o 25e0* 2540 2o A0 L)
Baligs o s Al i230 2560 An A0 Al
129 AT G b’ IS PRR ) - 520 40 20 a0 | % [ 20 a1
e St S S L | |
Fepla
BrG0 e iia s 20 Al 740 () fidd} 320
BT 315, ot [ Sl &40 =160 20 320
BT 4075 - 20 i} 6 G0 G440 =180 1280 320
L3 ) [T S A e VI 0 20 16] A 320 F20
BTRM B8N v ssn nes sy n | 0 0 320 164 320 | =80 i
Polyvalent group C immune :
azeitic fuidf, .. . 40) 0 20 20 | 20 &)

* Heeiproeal of highest serum dilution inlobiting four units of antigen.

7 HI titer less than 1020,

1 Patods and fegls viroses were nod ioeloded i the preparation of polyvalent gronp C imomune gzeitie

fluid.
TABLE 5

Hesulle of compleomeni-firglion teels wiih seneral
Pafig and Legla virus tsolates

Austigen
Antiserum Pataiz Yegla
ot lwren ) pr |prssl owr
w1 T S [ mA s
FPatnig '
BT 4071........... 64" &4 |128| 128 128
BISM II7A ... 00 i | igd | 128 | 128 | 198
Fpgla | I
BT O e vna) B2 6d | 128 128 i
BTEM 100A. .| 125 | 200 | 206 266 | 250
BT 4075, ... 138 | 188

o[ 128 | 128 | 256

* Neciproeal of highest seram dilution showing
Ford + fxalion of complement in the presence of
two unita of antigen.

tynes: VEE, EEE, Pixung, Mavara, Aurs, [heus,
2t. Louis encephalitis, Yellow fever, Dussuquars,
Diengue 11, Cache Vallew, Guarca, Wyeomyvia,
Maguari, Wair, California, Capim, Guajara,
Orepouche, Turlosk, DBwamba, Anopheles A,

TABLE &
Comparisorn of Palels and Zegle prololype slvains
by wendralizalion tesd

Wirns
Serurm | Patnds (BT 4971 Aepla (BT S02)
| Titer*  NI: i Tieer | NI
MNormal rebhit i I i
geram ..o iR : 4.5i
Braa7l it ... <1.0 | >3.6 | 2.2 2.3
BT 5012 I';li,'l......i 2.4 2.2 | <1.0| »3.4

* Loge LDaw/002 ml of viros-serum mixture
after ineubation st 37°C for one houre,
7 Loagz neutralization mdex of undiluted seram.
1 Antizerum prepared in mice given four ip.
inoculationg of 105 infested liver suapension.

Anopheles B, Tacsribe, Changoinols, Coaocal,
Vesionlar  stomatitis  (Indiana  type),  Sicilian
Sandily fever, Teoaract and Chagres virgses, Simi-
larly, Patois and Zegla hyperimmune sera Failed
to inhbibit hemagrelutinins of Maguari, Turlock
and Teoarnci virnzes as well az several members
of arhovirus groups A and B In the same tests a
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polvvalent rroup O immune sscitic fuid as well
as eertain hyperimmoune Guamd group sers re-
acted at fow titers with Patois and Zegla Ha
anliggns. However, the latter sera failed to react
with Pateis and Zegla antigens m CF lesls,
whereas members of the Guamé group charse-
teriztically show a high degeee of cross-reactivity
i this taype of Lol

The antirenic relationships: of Palok and Zegela
virses, represented by oprototype strams BT
4971 and BT 5012, respectively, with cerisin
group O arboviruzes are shown in Table 3. As
may be noted, Pateis and Zegla virnzes differed
significantly in H1 tests From all koown members
of aronp O, with the exception of Ossa virus which
was not avatlable for testing. However, Roda-
niche ¢f af, have shewn that Ossa is closely ve-
lated by 111 technigue to Madeid and Carvapansd
vivuses,” while Patols and Zegla vivuses show very
slight, or no antigenic relationship in this type of
besst with Lhe latter agents. As shown in Table 3,
Patods antipen and anlizeeim reacted al low
Liters with antisera and antigens, respestively,
of & number of other group C sments, while Zerla
antizen and antizerum (one injeciion) were com-
petely non-reactive with the other knosmn mem-
bers of grong C utilized in this study.

From the evidence presented above it s con-
eluded that Patels snd Zeela viruses represent
two closely relaced hitherto undeseribed members
of gronp UL Bome properties of Patois and Zegla
prototype strains are described below:

Pateis sirus. Prototype strain BT 4071 of
Pateis virus which is named after Patoistown, a
goctor of Almirante, Hocas del Tore Provinee,
Tepublic of Panama, was isolaled from the blood
sernm of sk oadult masle cotton ral, Sigmoden
fispidhus, lrapped two miles north of Almirante
on June 16, 1961, OF =ix suckling miee inoculated
with & 12 dilution of this serum, two wers found
sick and Four dead on the second post-incenlation
day, Bramn malerial from the sick mice was in-
aenlated inkracerebreally in a litter of suckling and
weanling (2L.dav-old) mice. All of the infant
mice were il or dead two days afler injection,
whereas ve of six weanling mice Inoculated sur-
vived for st least 15 days. Stock virus for this
izolate was prepared Tvom the brains of infected
suckling mice, al the third ov fourth passage
level, sacrificed about 48 hours after inoculation.
Titers of 1057 and 10 505, lathal doses (L)
per (W02 ml of stosk virus suspension were ob-
zerved o three-day-old wice inooulated o and
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L., respectively, No significant loss in infectivity
was observed after Altration throngh s Seitz KK
pad. The average survival time (AST) of infant
mies inootlated e or Lp. with 0002 ml of a 1%
suspension of slock virns was 2.5 davs. Weanling
snd adult mies similarly inoculated with a stock
virug suspension survived a twoe week period of
abzervation withont development of overt illness.
Thiz profolype strain was almost complelely in-
activated after 30 minules of incubalion at 56%0
(Joss of approximately five log Lld.), whereas
eanosire of the virus suspensien to diethy] ether'®
resitlted in s drop in titer exceeding three log
LIbsg Tor infand mics iojected intracerebrally.
The titer of an HA anligen prepared by acetone
extraction of infected suckling mouse senmm was
1: 2560 when tested within the optimal pll range
af activity (575 to 6.0) and ineubated ac 227 o
450 Padeds viras ean be propagated with oylo-
pathogenic effects in prmary hamster kidoey
tizsue cultures, Noo original hlood serum was
availahle for virus re-izclation attempts,

Zegln, wirng. Prototype strain BT 5012 of this
virus which s naned afler degla, a seetor of
Almirante, was recoversd from the bloesd seram
of an adult male Sigmodon bepidus trepped two
miles north of Almitante on June 23, 1961, Two
davs aller injection with a 1:2 dilution of this
seram, Lwo sick mice wore saerificed for passage
in suckling mice, The remaining five mice in the
litter were found dead on the thivd post-inooula-
tion day. Daring the second passage, brain ma-
terial from two mice sacrificed on the day after
inoelation was passed toa fresh litler of suckling
rrier, all of which subsequently became sick or
died on the second pest-incculation day, Steck
virus was prepared during the thivd or fourth
passape  [rom infected  sackling mouse brain
harvested about 40 howrs aflec inoonlation. Tilers
of 5.7 and 5.8 log LD, per 0.02 ml of stock virus
spgpension were obtained in suckling mice inocn-
lated Ly the i and Lpo routes, respectively. At
the fourth mouse passage level, the agent was
shown to be filterable through & Seitz BK pad.
The AST of three-day-old mice inoculated e, or
Lpe with 002 ml of o 1% suspension of stock
virus was bwo days. Weanling and adult mice
similarly inoeulated with fourih passage siock
virns survived for at leasl two weeks and devel-
aped homoelogous HI antibody. A 109 brain
suspension frarm snekling mice infected with this
srent was totally inaclivated after 30 minutes of
incubation st 56°C, This strain was also shawn 1o



384

be zenzitive fo diethyl ether, the titer of the vivas
before and after exposure being 10%7 and <1020
LIdi, respectively, per 002 ml of stock virus
sugpension administered intracerebrally to suck-
ling mice. A hemagrlutinin for Zepls virus was
prepated from infested baby mouse serom twice
extracted with acetone. Goose red bloed cells
were nsed to demonstrate hemagglutination over
a pH range of 575 to 6.0, the maximuom HA
titer heing 1:640 after incubation at room tem-
perafure. Fegles vwirnes can be propagated with
coneormitant eyvtopathogenie effects in primary
hamster kidney tissue cultures, The viras was
reisolated from the originsl serum  specimen
after nearly three years of storspe st —BA"CL

DTSCTIRSION

Although group C arbovirazes have been but re-
cently dizeovered, numerons infections have been
encountersd in humans, mosgquitoes and wild ani-
mals inhabiting aress of fropical Americs where
extensive surveys have been conducted 3% 67
Little is known regarding the ecology of this
group of viruses which have nod been found as
vet in other continents, Members of this group
were first reeovered from Central America by
Todaniche ef ol )7 who isolated Madeid and Ossa
wiruses Trom hiunans engaged in the eollection of
mosguitoes in Almirante, Panama. In our studsy,
additional isclations of Madrid virus were made
from sentinel mice exposed to the bites of hema-
tophagous insects in the zame avea. The recovery
of Carapari and Nepuyo viruses from rodents in
Panams represents the first molations of these
group O aeents in Central Ameriea, The izolation
of two new members of group O, Patols and Zegla
virgzes, beings the total nwmber of described
group O lypes 1o 11, six of which are konown to
ooeur in Panams.

Expericnee in Panams, where many strains of
group © wirnses have been izolated from man,
wild rodents and sentinel mice, bt not from
large numbers of mosquitoes tested # points to the
need for further investizations of sroup C viras
infections n arthropods, Detailed studies on in-
seei-rodent arbovirus eveles in Almirsnte, Pan-
ams are currenily in progress.

AT MMARY

Fifteen straing of group C arboviruzes belong-
ing to five distinet antigenic lypes were isolated
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from rodents in Almirsnte, Panams during 1961
and 1062, Corapart and Madrid viruses wers re-
eovered from sentinel miee, One isolation of
Nepuyo virns was made from o spiny rat. Twe
new members of the group, Patois and Zegla,
were obtained from sentinel mice and cottan rats.

Deseriptions of these new types are ineluded.
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