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TRANSMISSION OF ARBOVIRUSES TO HAMSTERS BY THE BITE OF
NATURALLY INFECTED CULEX (MELANOCONION) MOSQUITOES*

PEDTO GALINDOQ app SUNTIORN BRIHONGSE

Gorgas Memerial Lobaratory, Apartude 63838, Paromé, ..

A number of authors have called attention 1o
the peobable role of e mosquitoes of the
subgenus Melgnoconion in the natural tranzmis-
sion of Venezuelan equine encephalitis (VEE),
Group €, and Guamgd viruses'™ However, the
evidence presented has been for the most part
ereumstantial, based mainly on the frequeney
with which Melanoronion mosquitoes sre found
herboring these virnees in nature, and on the elose
azsociation that exisis between these euligines and
the vertebrale hosts of the wvieal agents. The
exception is a report? of single suceessful trans.
missions of Oriboea and Guamd viruses to suck-
ling white Swizs mice by naturally infected Culer
(MW elanoconion) portesi Benmevet and Abonnene

(= Chder sp. No. 9 of Trinddad) and Cule
(MWelanocondon) faeniopus  Dyar  and  Knab,
respectively,

Recent Investigations® have demonstrated that
a mumber of species of Culer (Melanoconion)
readily engorge on polden hamsters {3 esocricefus
auriatus) when these rodents are exposed in the
field as sentincl animals, It was further shown
that the golden hamster is very susceptible to
VER and zome gronp O arboviruses, usually
developing rapidly fatal infeetions,

The prezent reporl deals with resalts of experi-
ments sof up bo determine if Cdex [ Melonocanion)
mosquitocs, and O, pomerdfer I particular, are
important natural vectors of arboviruses in the
Almirante study avea, by oblaining a convincing
number of laboratory transmissions from natu-
rally infected moesquitoss to golden hamsiers,

MATERTALE AND METHODS

Collection of Mesguitoes

Mozquitons for this work were collected in the
vieinity of Almirante, Panamd, where inlensive
studies on tbe ecology of arboviruses have been
in progress sinee 19501 Human beings were 1zed
as bait and were exposed both in the forest eanopy

* This work was supported in part by Grant
AT02884 of Lhe National Institute of Allergy and
Tnfeetions Disesses.

and on the gronnd, Culer (Melanoconion) mos-
quitces thal approached to bite the eollectors
were captured alive by means of & suetion tube
and transferred to - or 8-0z jars lined with & layer
of plaster of Paris, which was molstened just
before collecting started, Mosquito collecting was
carried out 5 nights a week from 1800 to 2100
hours, in the vicinity of slations where aclivity
of group O, VEE, and Guami viruses had been
intense in the past, as judged by jzolations from
sentine] animalz, wild rodents, and mesguitoes.1 1
Captured insects were supplied with freshly pre-
pared sugsr solution nightly by means of a eottan
wick and were kepl at room temperature in the
feld until ready for shipment to the central
laboratary. Three times a week, jars containing
insectz were flown io Panamd City in special
thermos containers with just enouzh e to main-
tain females at resl within the jars. Collections
left Almirante at 0700 and arcived at the lahora-
tony belween 1300 and 1500 on the same dag.

Experimentol Procedures

As soon as ealleotions were received in the
insectary, all eotton wicks were removed from the
jars and replaced by dry eotton plugs, The layer
of plaster of Paris in each jar was moistened again
by meanz of o eapillary pipette, and jars were
set seide for 24 hours in & room ab a eonstant
temperature of T6°1° and 90 o 949 relative
humidity. After thiz period, designed to permid
af Jeast partial digestion of ingested sugar, the
mosguitoes were removed and separated aceord-
ing to spreeies into L-cubie-foot bobhinet eages,
no more than 70 specimens per cage being al-
lowed. Each cage was then given a number and
eaversd with a pailr of wet towels.

Every afternoon, Monday through Fridsy, at
4 pan., & number of solden hamsters bred in a
tightly sereened mosquito-free laboratory roam
were placed in wide-meshed wire cages 714 %
24 x 2 inehes. Bach eaged hamster was
immediately hung inside a2 bobhinet cage con-
taining wild-caught mesquitoes and left there
overnight, At 0730 the following morning ham-
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sters were trapsferred o stainless-stecl holding
cares with sereened tops, These cages were kept
in 4 tghily sereened air-conditioned room where
rassibilities were remole for mesquitors to cnter.
Tngorged mosquitoes in the bobbinel cages were
then removed and placed in ovipesiiion ecages for
colonization atlempts. Twice during the day all
pages containing unengorged mosguitoes wers
eacarnined for dead or moribund inseels, which
were remaved, checked Tor correcl idenlificatiog
and frogen at dey-ice temperatures, fo be owsod
later for attempds al vieus solation. Tach lot of
mosguitoes wus given an apportunity to feed on
the same bamster duniog 3 or 4 conscentive
mights, after which the unengorged inseels lefl
were killed, and a frezh lot of 70 mosquitoes of
the ssme species was nlrodueed o the obbinet
A

As soon s o hamster showed obvious signs of
illess 3t was bled to death, and pleces of heard,
liver, and brain were removed for attemnpts 4
virs Imalabion. A complele autapsy was then
performed, and sanples of most organs were Gxed
for pathologieal studies. All hamsters that sur-
wived at least 1o oonth were bled fo death, and the
gernm was uzed Lo delermine whether antibodies
against cerfain sboviruzes had developed, thos
demonsiraling  probable Aransnission of  these
viruses by the bites of naturally infected mos-
guitoes, Uransmission experiments were hegun
during February 1966, and Lhe resubls Terein
reported eover work until © Cetober 19646,

For attempds ab virus Isolation from suspen-
siens of mesguiloes, insecls wors grouped D
species in pools of 30 or less and ground inoa
martar with sterile alondum and 2 ce of diluent
consisling of 0.75% bovine slbunin in phosphaste-
Luffered saline solution pIH 7.2, 500 unitz of
pendeiliing snd 500 g of streplomyein per ml,
The resulting suspensien was centrifuged in the
cobd al 2,500 rpm for 20 minates, and the super-
natant Auid (0.02m]) was inoculated both mtra-
cerchrally (i) and intraperitoneally {Lp0 ko
each of a group of seven 2- Lo B-day-old white
Swiss mice, which wore kept under observation
for 13 days.

The: techmigues utilized for virus isolation from
exposed banslers, Tor vivus idendifieation, and
for serologic tests were essentially the same as
previonzly  described.! The following  antigens
were used for Lesling the sera of hamsiers that
survived ab least 1 month;

L
s Lees

i3

by serolopic

r framste

poed

Viris

Transmizzion:
Ly viriis
frinn dead

eainfemed

Eies

ges by Culex (Melanoeonion) mosguiloes (Febeagry o Ooleber 18688
hi

TABLIL 1
chieel after masnuita

pesl oo

14
mEleTs

30RT

&

E
K
E=1
g
F
&
=

Lotk e

11,598

leanslers

_:,\.'n_. of mnzguitors

rd
hites
<A

LA Rt

N of hamaters
masgilo

Transmission fo hamsters of nodwrally aeguived arbaeds

Species of wild-caught
minEnaite

(. vomerifer

=4
b

=

R

o

(. lasniopus
. opiadhopis
O el

O menigles

4,061

a1
108
11,820

At

Tatals



ARBOVIRUS TRANSMISSION BY CULEY (MELANOCONION)

327

TARLE 2
Repuliz of posifive serologie lesls fn hemalers confiriing Fanswisstons by the biles of wild-caught

Covomeriler

Reciprocal of LI Literf CF dlterst
dpecimen oo, of positive - T = = =5
liztnkbe’ Clzan Madzid | Gu“?"" I Alayarn Glrami Mavara Fratais
antigen antigen | H‘i[l"";;'u anbigen anligen antigen antigen
LSH-13 any |
L=H-15 | n 90
LEH-15 0 40 EUSS 16
LAIT-20 0 ‘ &0 9L
LSH-42 a0 rap |
LEH-45 , ' ozt

*Total number of hamsters fested: S0

T Oher antigens included in Lests wich negative results: VERE, EEE, Mucsmbo, Pixuna, Ui, TThéus,
Bussuguara, YP, Dengue T1, Powussan, Nepuyo, Ilagui, Carapary, Oribocs, WMarituba, Magnan,

Chagres, Teasrasi, and Turlack,

1 Ciher antigens inchaded in tests with negaiive resulis: VEE, Una, Oszs, Cache Vallay, and Cali-

[oraia.

I emugglutination-tadilition (FT) test. Group
Az VEE, Eastern equine encephalitis (11510,
Muocamba, Vizung, Mayaro, Una, Group B
Tihétos, Tussugquara, yellow fover (Y17, Dengue
IT, Powassan, Group ' Ossa, Madrid, Nepuwva,
Diagui, Carsparn, riboes, Marituba. Growp
Crueamd: Catd. Others: Maguari, Chagres, Teoaraci,
and Turlock.

2. Complement-fralion (OF) lest, VEE, Tna,
Ossa, Patels, {Mache Valley, Guamd, and Cal-
iferna.

HESULTE

A lotal of 115829 wild-caughl wosquitons, of
which 11,508 (9890) were Culer vomerifer, were
given a chanee (o feed on 54 hamsiors (Table 17,
OF the O semerdfer females, 30957 beeame en-
eorged with blood and 15 of the 46 hametors
expozed to the bites of these mosquitoes either
siekened or died. Two of the hamsters eoposed to
the bites of O fgendopus, and one fed on by ¢
erylida, also perished.

Viruses fsoladed Frown slek or dead Ramaters. Ten
virws dzolates were obtained from tissues of the
18 hamsters that sickensd or died after being fed
o by mosquitoes, Fight of these straing were
isnlated from either seram or heart extraet, the
ather two from hoth Hver and brain extracts, All
of 1he izolates had o short ineubation period of
2 to & dave after intracerebeal inoculalion into
suckling wbee, SBerologie ddentifieation shovwed

Wt six of these olates were Ossa virus, and the
other 4 were Madrid virus, bath of which belong
to the group O of arboviruses and are pathogenic
lir man, OF the six hamsters that vielded (szn
virug, five had been bitten by . eomerifer and
one by 1 feendopus, The four Madrid iselales
came from hamsters fed on by O vomerifer. No
sttempl was made to determine if any of the
infections were the result of a mixture of two or
OTE VIFUSeS.

Dewmonstrolion of postinfection. anttbedies. The
sera ol 36 hamsters that survived were tested Tor
HI and CF antibodics. As seen in Table |, nine
of these rodents bitten by €. somerifer produced
antibodies to eerlain arboviruses, five to Cuamg
and one each to Ossa, Maded, Patols, and
Mayara. Detuilz of the positive resetions are
given in Tahle 2.

fate of travemizeion. As may be noted in Table
I, O womerffer waz ihe only spesies used in
suflicient numbers 1o pormit conclusions regard-
g its potential as @& vector for o number of
arbovienses. 1§ viruzes jzolated from hamsters are
added fa infections demonzivaled by presenes of
andibrodics, there were at least 18 arboviral infee.
tionz transmitted to hamsters through the bite
of O, vomerifer. This gives o rate of one arbovirgs
tranemitied lor every 222 mosquitoes that on-
gorged on the hamsters, which is 2 much higher
infection rate than has been obtained in the
Almirante ares by the standsrd techniques of
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TABLE 3

Transmissions by O, vomerifer of nafurally cogquived arbovivuses by month

Mot s vires] Madid | Tats | Guuma | Mayaro Do v | Eegorped s oried
February. ... ! 1 o —- 1 | £l 1:60
March. . .. fa 1 | = — 1 [ 173 12173
RPEL i s s : — | — — ‘ : tn
Mo s s 1 i I -- 1 28 12208
June. .. ... ... 2 z | 1 1 1 | 1 1,577 | 1:185
Finlae s 3 1 - 2 | £ ‘ LR 1:164
S I | - | 1 - T = 2 666 1:333
September — - - | == -- I 405 0:425
Pkl s 7 ‘ & 1 | £ | 1 | 18 3,987 1802

1

virug isolatien through incenlation of wild-caught
mosgnitoes into suckling mise?

Muonthly transwizsion refes, Table 3 presents
the monihly rates of fransmission of the different
arboviruzes. The {ransmissions were well distrib-
uted from February through Tuly, but a definite
drop appearing in August beeame aceentuated in
September, the driest month of the year?
Wherese group O vwirnses appeared during all
months in which transmiszions were obtained,
Ciuamd virus transmizsions were restricted  to
June, July, and August,

Resully of wiosyuito inocidafions trlo mice. More
than 4,000 unengorged, dead, or moribund £
vomerifer females (the great majority dead) re-
moved from the transmission cages woe inoo-
lated mto mice in 153 different pools, with
nerative resulle. All engorged mozquitoes in the
enges were used 1o obfain eges needed for st-
tompts at eclonization of the species.

DISCTEEE0N

The virus iselates (five Ossa and four Madeid)
ohtained from sick or dead hamsters hitten by
wild-canght Culer eomertfer females were un-
doubtedly the result of transmission through the
bite of these particuler mosquitoes, The hamsters,
when not exposed o the mosquito bites in the
bobhinet eages, were held in individnal stainless.
sleel pages with serecned tops and maintained in
a moesquito-proof room, different from that in
which eaged mosquitoes were held, so that there
waz no opportunity for inseets to bite then,

The positive serologe tesls abtained in ham-
slers bitten by O vomerifer also appear to be the
result of transmissions byv bite from these mos-

guitoes, although no base-line serum was obibained
before the experiments to demoenstrale actual
serologic conversions. Ressons for thiz conclusion
follow:

1. All hamsters uzed in these experiments were
bred in oure laboratory in Panamd City, in an
gir-conditioned, {ightly sereened room, where
opportunities for mosquitoes to enter are wvery
remote,

2. None of the arboviruses whese antigens
rave positive serologic results have ever been
demonstrated in Panamd City or within 2 radios
of 20 milez from the laboratory, so it is diflienlt
to imagine that such infeclions were the result of
mosguito bites, other than those of inseets used
in the experiments.

4. During the experiments, hamsies  were
hendled in the manner deseribed above, leaving
no oppartunily for any mosquito, other than the
experimental ones, 1o feed on the hamsters,

4. Al five viruses whose antigens save positive
reactione have heen isolated from the Almirante
study area where the wild-esught mosguitoes
that fed on the hamsters wore captured, and fowr
of the five sre commonly eneountered there.

The lack of iselations from desd € vomerifer
removed feom the exposure cages s understand-
able if we eonsider thet insectz were held at the
very high relative humidities that favor quick
decompozition of dead mosquitoes. That such
decompesition took place s indisated by the
unusnal number of contaminated mosgquito sus-
pensions eneountered despite the use of anlibi-
oties in the diluend. However, from 1 July unitil
30 Heptember, live O, vomerifer mozguitoes ob-
taimed from the same collecling pools as those that
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transmitted the viruses (o0 hamsters were it
ated and inoculated into suckling mice in connee-
Lion with o different project.? and 10 salates were
obtained. (F these, five proved (o be Guamd, four
were identified as Chsa or Madod viruses, and one
was VEF. These results show conelusively that
afl leagd Guamd, Ossa, and Madrid vivises, which
represented 16 of the 18 transmissions obtained,
were active in the £ wemerifer population during
the trapsmizsion cxperiments,

From Lthe data presented the conclusion has
been reached that Culer (Melonocordon) somerifer
Fomp is a proved and boporant vector of Ossa,
Madrid, and Guamgd virgses, the first two of
which sre well-konown pathogens to hunan beings
i the Almiranis ares,

The lack of fransmissions of VEE virus cune
88 a definite surprise, sinee O pomerifer has been
found frequently harboring this virsl agent in
the past, b 7 and the virus was known to be aclive
in the ares, a2 witneszed by several dsolations
ohitained from sentine] hamsiers* and two jzola-
tions ¥ielded by M elonaconion mosquitoes? Tt is
difficnlt to believe that if () vomerifer s an im-
portant vector of VEE in the Almirante aren,
the bites of at least 4,000 specimens of this
species would fail to peaduse infections o sach
a susceptible host as Whe polden hamster, es-
pecially at a thoe when the viree wag being
transmitbed in the same areas where the mos
quitees were captured * The answer o this prob-
lem will have o await results of carefully eon-
teolled dransmission experiments using labora-
tory-reared mosguitoes,

The role of other species of Cuwler (Melano-
comien) mosquitocs in the transmizsion of these
arboviruses canned vel be assessed, s too fow
gpecimens wers availlable for the transmission
experiments, O, foendopus, which in previous
wears rexched very high population levels and
was found infected with VEE" 7 maintained
extremely low densities throughout the period of
the experiments, so that only 37 specimens
could be used to bite the hamszters. Thess mos-
guitoes, hewewver, were vesponsible for a single
transmission of Ossa virus, O faeniopus, there-
fore, should be loaked upon with suspicion as a
veelor of Ossa sod perhaps of other arboviruses
in yiears when high population peaks are atlained,

The single transmission of Mayare virus by £
vomerifer was unexpected, as this virus appears
to be rare in Almirante. Prool of its previeus

a2

presence there was a single isolation from Psoro-
phora feror mosquitoes.?

The high rates of infection demenstrated in
wild populations of Culer (M edenoconiond mos-
guitoes by the transmission method deseribed
abeove points to this method as a feasible routine
procedurs to be used instead of direct inocula-
tiom of mesrquitocs into mice, This is of particular
significanes eonsidering the fact that al least
some of 1he solation: obtained from inoculstion
of mosquitoes may be dead-end infections, Un-
less carefully weighed, resulls obtained from
such isclations could lead to erroneons eonclu-
stons vegarding the vector potential of the species
of mosquite found infected, In the transmission
methad all the virus isolations oblained are the
result of direct transmission by bite, thus offering
indizputable evidence af the ability of a species
of masquito 1o pick up arbevivsl infeetions in
nature and to transmit them by its bite to a
susceptible vertebrate host.

BUMMARY

A total of 11,585 wild-caught females of Ciler
somerifer and 220 specimens of other spocies of
Cidexr  (Melanoconion) mosquiloes caplured in
Almirante, Panamd, wore allowed to feed on 54
laboratory-bred hamsiers, OF the O somerifer
given aceess {0 hamsters, 3,987 were ohserved to
engorge on blood, A total of 18 fransmissions of
arboviruses were demonsirated  in hamsters
bitten by F sewierifer mosoquitoes, and one
strain of Ossa virus was obtained from a hamster
fed on by O, faeniopus, Nine of the transmissions
by O vererifer, five of Ossa virus, and four of
Madrid virus, were identified by solation of the
sgents from the tissues of hamsters bitten hy
these masquiloes, The other mine transmissions,
five of Guamgd, and one eaeh of Ossa, Wadrid,
Patodz, and Mavaro virnses, were demonstrated
and identified by subjeclting the serum of sure-
viving hameiers o HI and OF tests against
antigens of 27 different arboviruses. All five
viruses Lransmitted were previously konown to
cecur in the Almirante area, and four of them
are commenly eneoundered there, It iz concladed
that O sewiergfer is 4 proved important veetor of
Ozza, Madrid, and Guamd vimses in Almirante,
the first two of which are important pathogens
to human beings in the area. It, however, does
not zeem to be an efficient vector of YEE in the
study arca cven though it iz frequently found
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harboring thiz vieal agent. The species O faenio-
pus is suspected 1o be o veetor of Ossa and per-
hape of ather arbovireses when high population
peaks are stlained,
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