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Abstract,  Twenly-four viras straing were isolated from Aedeomyino squanipennis mos-
quitaes collected in Ecuador. One additional strain each was isolated from this species from
Panama and Arvgentina, All 26 isclates were shown to be related serologically to prototype
Clamboa virus, erisinally isolated from Ad. spuasapesnis mosquitoes collected in Papama.
Antigenic comparisans of eight steains, including prototvpe Gamboa virus, indicated the
exiztence of four distinet viruses, Neutralization teste with sera from a vaclety of mammalian
arel avian species from Argenting provided further evidence that Gamboa serogroep virgses

are transmitted hetween Ad. sguomipennis and Tards,

Gamboa virns was st isolated from Asdes-
mivia agwamipennis (Lynch Arribalzaga) mosqui-
tees collected in Panama an 20 December 1962
The prototype strain, MARU-1096Z, was regis-
tered in the Imternationzal Catalogue of Arbowvi-
ruses as an unerouped bonvaviras! Four addi-
tonal virus isolates closelv related or identical to
Gamboa virus were abtained from Ad, squami-
pennis in Panames. O these isolates, MARL-
11070 was tested by one of us (G )1 and Do R
E. Shope at the Yale Arbovirus Research Unit,
Vale University, Mew Haven, Connecticut, and

was sDiown Lo he closelv related but oot adentical
o MARU-1G%62 By camplement-fixation (CF)
hemapriutination-inhibition, and neutralization
tests, The two viruses, however, were not consicd-
erpd suffieiently distinct by these tests to warrant
separaie registration.,

Between 1974 and 1975, Geld studies in Bowa-
duer and the
oiny virus strains from Ad, sguamipennii mos-

Argenting reselted in isofatian of
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quitoes. Prelimineny lesting indicated Lhat theze
were all refated to Gamboa prototype MARU
10962 or to strain MARU-11079.

This paper reports results of antigenic compar-
isons of these Gamboa-related wiruses and pro-
vides evidence that MARU-11079, as well as two
additional viruses, are distinct from the protytype.
A classification scheme is sugrested for what may
now he ronsidered the Gamboa serogroup of bun-
yaviruses. =
Greef deseription of collection sites
in Argeniing and Ecwador

[n Argentina, mosgueito collections were mare
in November and December 1977 in Hanta To
Province, Three callection sites (Villa Califernia.
Santo Tome, and La Esmeralda) were located
within a 10-mile madius of the city of Santa Fe,
anc one (Las Gamuas) was situated 130 km north
of Santa Fe, The area is at the transition heltaeen
the pampa and espinal vemetational zones and Qs
characterized by open. luxuriant grassland, pas-
rure, cultivated helds al coreal crops, and oomaesaic
of ppen native Tosest of thorny trees andd shrube
Thue

within 20 km of the Parann River, Onoe <ate, Villa

knawn as “mosfes” collection =ites were

Codifnrnin, was located oo teibsuiary of the Par-

aa 1opile Troary the river itsell gl owas clsarae
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terized] I laoons andd partull Tooded pasiures,
The climate is the calivctions were
tade in the antipodean springtime. Average rain-
Tall i= 500- 1,000 mm annualiv, and the averaze
annual temperature iz 3

Masquito collections in Feuador sielding Gam-
o group virus sirains were from the tropical

Lo riate,

mansoon tesion along the bose of the wesiern cor
dillera in the viciniee of the city of Dalihoye, The
region is charneterized by about 3 months of pre-
cipitation follewed by several months of almost
cormplete dryness, The native forest and vemeta-
o is cut over in many areas Lo form small plan-
tatinns o finces, Crops grown i the aren include
hanana, cacao, citrus frits and soear cane.

MATERIALS AND METHODS

frpdafion of virnges feom
Fietd-callecled mosguitoes

Masquito collections were made by using min-
tature CDO light traps supplemented with Diry Tee
a3 an added attractant. Traps were operated fram
tare afterncor ertil davbreak. Mosguiloe: were
anesihetized with COL znd placed in rubhber-stop

pered glass viale, which were held on Diry Tee or

in o mechanical feeecer a1 — 007 wntil they were
returned to the Fort Colling labharatories
the mosmqueitoes were thawed, identified with the
aid of 2 slereoscopic mickescope mounted oo oa
chill table,® and poaied By species in groups of 100
ot fewer, Pooled mosguitoes were triturated in
chilled mortars in diluent consisting of Medium
199 supplemented with 20% heal-inactivated
(A6 e 30 aming Fetal hovine serum (FBS) and ano-
biatics. After centrifuzation. =upernatant fuids
were either inpealaled directly or frozen and held
at —70°C for later inocclation, Aliquots (0.2 mb
of each of Lt mosguilo suspensions were inpoa-
lated onto menolayer culiures of primary Pekin
duck embirye (ED cells and o continueus cell line
af African sreen monkey Kidoney Verod grown in
a-cm® (Carning®y plistic Masks, Monelavers were

Mhpre

overlaid as previousle described.” Cultures were
pheerved for a minimum aof 10 clavs for plague
formation. If plaques appearsd, wires was pas
sigeer] by pemoving the aooer oaverlay and suspend-
ing the cells in 2 ml of the ahove difuent, Suspen-
sions: were reipoculated onte DE and YVeroa cell
monolvers and also inocubated intracrantally ini
-t 3-clay-old suckling mice (380 Mouse brain

T xl,

arvests from dead or moritbuaod mbe wery gaed
for virus wdentification® by CF tests

demtifration of vivuses

For preliminary identifications, CF lests” om.
ploved alkaline suspensions of 56 Grains as crgde
antgrens of the molates under study ane o batiee
of immune reagents cncompassing a large rl.l.mﬂw-r
of wiruses, including Groups A0 B, O Buyns-
amwera, Guama, Capim, Califormia, Patais, Sim-
bug, Phlebotomus fever, Anopheles AL Anaplicles
B, Turlock, Chanpuinola, Vesicular =tamatiti.,
Timba, Hart Park, Hughes and Tacaribie and in.
viruses Kwatta, Alirim, Arooc,
Trintti, am! Gamboa.

Anusera were prepared according b stancdasd

cividual Teri,

methods for production of hvperimmagne .
ascitic Auids,” or by immunizing adult hamsgers
with 1.000 plague-forming units (PFL of virus
piven intraperitoneally at 4-weckly intervals,

For stock vires preparations in Vero cells, cul.
tures growhn in 2i-cm® plastic dasks were inocu-
lated with approximately 1,000 10 10,0600 PFU of
virus, When 5-3+ ovtapathic effects aecureed oo
at the 9th day after inoculation, whickever came
firat, heat inactivated FES was added taog i
concentration of 20% . Flask- were Trozen an
thawed, the contonts were ventrificge] ar G0 -
g for 10 min, and the supernate was sligunted Jor
GO0°C as stock virus. For production
of virus in mice, 5M were inoculated Gnteacrani-
ally with 1,000 30,000 PFU of the isalste zn fro-
wen when they showed signs of illness. A 100wy
sy spensinn af infected 53 brain in 4% havine al-

slorase at

Lmin p]m.-iphaie-‘.;uffered zatine, pH 7.2, was
centrifuged ap 900 = g far 15 min, and the super-
nate was aliquoted for stocageal —60°C as sk
wirtis, Viras titrations and serum dilution plago
recluction newtralizasion (X1 tests wers performued
bee the douhle asar overlay procodure described
previonsly,
1:25,000 neutral red, was added to cash well an
the 3th dav after ineculation. Plagues were usy-
allv visible lner that day and sufficientdy distine
b enemerate :r} 1|'ZIL' mexl o mmornine.

e asecond smar overlay. cantening

and b4 A8 fromm Argentina were colleced during
arbavirus feld studies: detailed result: af these
studies will be reported elsewhere, There were
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Avdeomyin squsmipeRis MREGE IO and peed ix
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21,056 (2.7%) Ad. squamipenniz in the Ecuador-
ian collection, From Arpentiona, 339 (0.8%) were
Ad. sguamipeanis. The highest population of this
species in Argentina, 322/04,247 (2,35, was en-
countered at Villa California, in an area nearest
the Parana River. lsolates feom Ad. sguamifennts
were abtained from 27 of 2649 pools from Ecoador
and from threr poods collectedd during the spring
iy Armeniina (MR 2300000 Two virus iselates
were obtained from 322 Ad. sguamipenniy col-
leeted at Villa Califoenia (MMIT & 201, 000) and one
from 32 coflected at Las Gamas (MIR 291, 0005

Plaques appeared in Vero cells from 5-9 days
after the cells were inoeulated with mesqguilo sus-
pensions, Subsequent passages in Vero cefls re-
duced the time 1o appearance of plagues to a rel-
ativelv uniform 3 days with titers of 107* to 10%7
alague-forming units (PFUYml attained. Coly 12
strains were reisolated from the same mosquilo
pools by ineculating SM, In addition, Vero cell
culture harvests of some strains containing 2,000
b 20,000 PEL .02 mil passed to SM did not cause
lness o death, In the case of mouse-pathogenic

a
oot

virus sbeains, SA showed signs of dlness from
12214 davs after being mocolated with field-col-
lected mosquitoes, with survival times reduced to
43 fays after subsequent MOUsSe passages,

Intraczanial inpcwlations of suckbing hamsters
resulted inodeath oniy with Gamboa prototvpe
strain (MARU-109621. Mo plagues were seen in
duck embirva cells tnoculated with any of the mos
quite posks,

In OCF tests, the Freuadarian topobype (sirain
E4-816) reacted only with antibody 1o the Game.
bea prototype strain, Atempis 1o confirm the
iclentity of this virus as Gambon by N tests indi-
cated cifferences sufficient to sugpest Lthal strain
E4-B16 was a new vires, Subsequently, these two
virus strains, as well as a second isolate from Pan-
amanian Ad. spuamipennis MARU-LI0T four
‘additional isolates from Ecuador, and one of the
iselates from Arpenting were cross-tested by I an
Vero cells. A& history of the strains used in these
comparative studies iz presented o Table 1. Re
sults of cross-testing these cight virus tsolates Dy
W tests in Vero cells are summarized i Table 2.
All isalates were neutralized b at least two sera
in addition 1o the bomologows senam.

Oinlw partial success was obtained when -
tempts were made to produce useable CF antigens
for all eight styaing by suerpse-acetone extracton”
of inferted Vern cell supernatant fluids. Both
MARU-10982 (Gamboa prolotvpe) and dMARU-
1070 vielded low Liter (1:18) antigens, as ovi-
denced by similarly Tow titer (1;5-1:63 reactions
of antibody to the cight izalates, Mo reactions wer
ohtained with supernates from Vero cells infected
with strains from Ecuador (E4-818, 75V-144,
FAVIAAT. TEV-ZEAT, SONS40I5) or Argentina
(78V-24411 Mo differences were seen in OF an-
tibody titers with antigens of the two Panamanan
isniales,

Tager 2
Boselts of prove menirelization teiis with grototype Gambon vinns ( MART-20962) and deven irafeler from Acdeomyiiy
squamipennis masqiiioes rom Panema, Ecuader dad Argenting
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A serosurvey of hirds and mammals collected
in 1978 In Santa Fe Proviner, Argeotinag, shawed
a high provalence rate of X antibody 10 Argentine
straine FAV 2441 in berds, whereas Tew mammals
were found w be immune (Table 31
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These resulls canfirm the exiztence of o Gambo
seragroun camprised of two compleses, each com-
posed of at least two serclomically distinet vireses
The first complex, represented by pratotype Gam-
hea virus MARU-10962, also includes the topa-
tvpe Ecuadortian virus steain E3-816, for which
we suggest the name Pueblo Viejo virus, Straine
TEV-26I1 and 70V-4013 isolated in Frouador ap-
pear, by virtne of their reactivities with protatspe
Gamboa virns, to be variants of Fueblo YViejo vi
rus. The zecond complex is represented by stram
MARU-11079, for which we sugpest the name
Alajuels vires, and strain 73V-406, for which we
sugrpest the name San Juan vicas, Al of these vi-
TS Names aird ;lrl_\l]:'l'.'lf-'!.‘l-l accordine o the recom-
mended proceciore of naming a vires after the cen-
ter of human habitation of prominent ceorcaphoeal
site nearest the location at whick the virus was
isplated. Strafns TAV-2304 and TaV-2441 appear
to Iie variants of San Juan virus.

We consider the Gamboa group virtses to be
properly elassified as shown in Table 4.

The anly species of mosquito from which Game
bBoa group wirtgses have Dbeen izolated iz Aq.
siuurmipennis. In addition, these sre the only vi-
ruses which have been isolated from this species
of mosguite, The distribution of Ad. squamipen-
nis extends from Cuba o Argentinn” Since mos-
guitoes af this species are seldom abundant or
troublesome, very Htte information i o be {found
in the lteratare concerning their biclogy., Thes
are known to accir in perminent bodices of ground
water with shundanl vegetalion, such as Pidn
sp. ancl Azelia sp,
of Gamboa virus has ool ¥el been demonstrated
in Ad, squamipennis mesquilpes in Pansmea, bt

EEC N

Ueansovarial transmission



VIRUSES FROM AEDHEIMYIA 3OLAMIPENNLS MOSQUITOES

workers at the Gorgas Memaorial Laboratery have
jeolated Camboa virus from masquitoes collected
throughant the vear, from larval mosgquitoes, and
from both male and female Ad. squamipensis, *5
Teolation of the vires from dd, sgeamipennis st
high roinimal infection rates in Argentina during
the springlime alse sugzests the occurrence of
transovarial Lranstmissioen.

An additional 19 other viruses were identified
by CF andfor N Lests as belenging to the Gamboa
serogroup, Prelimivary rescelts indicate that a
number of Gamboa group vireses may exist. We
consider it sufficient to define the group and illus-
teate the natural complexity of antigenic relation-
ships among member viruses, Certain of Lhese 19
isolates were neutralized by antiscra lo one oo
totre of the eight strains intensively studied.
Thosze which react to titer with more than aoe
antizerwm may represent natural recombinants o
reassortanls aof these bunvaviruses, Had antizera
been prepared wilh those which react to titer with
anly one antisenzm, additional subtypes and vari
ant: might have been wdeotified.

The vertchrate hosts of Gamboa vires ace not
known, The higher provalence of & antibody to
San Juan virus subtvpe 7EV-24410 in birds than in
mammals from Argentina suggests that the nat-
ural cycie of Gamboa serogroup wiruses invelves
Ad. sguamipennis-bivd transmission. The high
prevalence of infection in birds supzests that hor-
izontal transmission and amplification of virus
ooours, The role in viral maiotenance of trans-
ovarial infection in the vector s uncertain, since
Ad, sguamipennis 1s active throughoul the year.
Inherited transmission may he an adaptation loc
assurance af virgs survival during perods of low
susceptilile vertebrate-host density or low vectoer
density at the temperate zane extreme of the dis-
tribyution of Ad. sguamipennis (o.g , Argentinal.
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