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Abstract:  Toxorhvnchites splendens, a non-hematophagous mosquito
was evaluated as a bioassav host for the detection and propagation of
dengue viruses. All dengue virus serotvpes and strains attained titers
in T. splendens comparable to those observed for 2 strains of Aedes
aepvpti. Peak virus titers occurred in Tx. splendens approximately 6 days
postinoculation; however, specific fluorescence for all viruses was not
observed in 1007 of mosquito heads until 12 days postinoculation. A
100% correlation was noted between specific fluorescence in Tx. splendens
heads and the recovery of virus from corresponding thorax-abdomens. The
volume or inoculum tolerated by Tx. splendens was approximately 5 times
grester than that injected into Ae. aegvpti. Thus, for a given volume
ol lnoculum, tae number of Tx. splendens required for virus assays was
approciably less thon that needed for Ae. aegvpti. The overall survival

rate (or

following intrathoracic inoculation with dengue
viruses was Y., compared to 41 and 424 tor 2 strains of male Ae. aegvoti,
These findings imply that Tx. splendens would be more efficient than

Ae. aegmvptl s o laboratory assay host for detecting dengue viruses in

blood of inicceted patients and for use in experimental investigations,
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At least 2 species of the Aedes subgenus Stepomvia have been tested
as bioassay hosts for dengue viruses. Acdes albopictus (Skuse) has been
shown to be susceptible to infection with all 4 dengpue virus serotvpes
following intrathoraic inoculation (Rosen & Gubler 1Y74, Kuberski & “osen
1977). Infectivity titers attained in this specles were higher than those
observed in the LLC-MK, cell plaque assay of Yuill et al. (1968), the
technique most commonly used to isolate thesc viruses., In addition,
dengue viruses were isolated more frequently from sera of dengue patients
by using Ae. albopictus as compared with LLC-MK  cells (Rosen & Gubler
1974). Subsequently, Woodall et al. (1979) and Gubler et al. (1979)
found that Ae. aegypti (Linnaeus), was also a sensitive and reliable host
for isolating dengue viruses from patients. Virus isolation rates from
dengue patients in Southeast Asia obtained by using Ac. acevnti and Ae.
albopictus (Gubler et al. 1978, 1979, Kuberski et al, 1977) were
consistently higher than rates previously reported using other assay
techniques (Russell et al. 1968, Winter et al. 1969, Halstead et al.
1969a, b, Nimmannitya et al. 1969).

In addition to the above studies demonstrating the suitability of Ae.
acgvpti and Ae. albopictus as assay hosts for dengue viruses, Kuberski &

Rosen (1977) suggested that Toxorhynchites amboinensis (Doleschall) was

also a suitable host, Furthermore, Burton & Rudnick (1979) reported that

Toxorhynchites splendens (Wiedemann) was susceptible to dengue virus

infection following intrathoracic innoculation. Although these 4 species
appear to be suitable assay hosts, Rosen & Gubler (1974) reported that
a Culex species and an Aimigeres species were resistant to dengue virus

infection following parenteral inoculation. These differences in

susceptibility indicate that mosquito species vary in their efficiency as
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assov hosts dor dengue viruses; however, comparative studies documenting
this have not peen published.

This study was conducted to evialuate Tx. splendens, a common
Soutaeast A=ian mosquito, as a bioassav host for dengue viruses, and to
compiare its susceptibilitv to dengue virus with that of different Ae.
aegvpri strains,  Additional evaluations were based on the size of the
2 species, the postinoculation survival and the time required to detect

virus specific fluorescence in the 2 species.

MATHRIALS AND METHODS
Ae. daeuvpti mosquitoes were obtained from colonies maintained in
the Dopartaent orf oedical Entomology, Armed Forces Research Institute
of Medical sciciaces (AFRLIMNS), Bangkok, Thailand. Colony #1, of unknown
seneracions, vrisinated rrom Koh Samui Island, Thailand, June-July 1968.

Colony 73, Loth to 12th generation, was established from larvae collected

in Bangkos, Thalland, during August and September 1977, The Tx. splendens

colony, o unknown geaerations, was established from larvae collected in
Banurok duriii, June to August 1976, Mosquitoes of each species were 3 to
16 davs old «hen used in experiments,  TImmature Ac. aegyvpti were reared

on viound mouse chow and adults were fed a 5% sucrose solution., Immature

{Say); adults were maintained on honey nd/or o dextrose solution.
Imnature Tz, splendens were reared individually in 9-dram vials.

The history of dencue virus serotyvpes and strains uwed in these
experiments is presented in Table 1. Stock viruses were preparcd as 207
suspensions of denpue virus-infected mouse brain tissue in RPMT 1640

medinm=20., fetal ealf serum (FCS). Inroeetivity titers of viruses were

determined by plagree assavs on LLC-MK |, cells (Yuill et al. 1968). Virus

a
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identity was determined by plaque reduction neutralization tests (PRNT)
in LLC-MK, cells emploving dengue virus tvpes 1, 2, 3 and 4 monospecific
antisera (Russell & Nisalak 1967), Antisera were produced by injecting
rhesus monkevs intramuscularly and subcutaneocusly with 103'5 plaque
forming units PFU/ml of each dengue virus serotype. After approximately
one month, blood was obtained from monkeys; sera were obtained by
centrifucation at 270 x g for 30 min,

Mosquitoes were immobilized for inoculation in 50-ml test tubes in
an ice water bath, I[noculation of mosquitoes with virus was performed
with a needle and apparatus similar to that described by Rosen & Gubler
(197%). Five or more Tx. splendens and 20 to 40 Ae. aegypti were
inoculated with each virus dilution, 0.85 ;1 per Tx. splendens and
0.17 41 per Ae. aeuvpti., Viruses were diluted in medium as described
above and supplemented with 500 units/ml of penicillin and 500 yg/ml of
streptomyein.  Mosquitves were incubated at 32° for various time intervals,
sacririced and stored at -70° for virus assay.

Mosquito heads were severed from the thorax and head-squashes were
prepared and assayed for dengue virus antigen by the direct fluorescent
antibedy technique as described by Kuberski & Rosen (1977). Anti-
denpue virus sera emploved were obtained from humans, 14 days or more
after acute dengue virus infections. Sera with hemagglutination-inhibition
(HI) titers of 1:640 or greater to all 4 dengue virus antigens were
pooled and the wamma globulin fraction was obtained by ammonium sulfate
precipitation. Estimation of protein concentration was determined by the
Biuree method (Gornall et al, 1949). Antisera were conjugated with
fluorescuin isothiocvanate (FITC) as described by Goldman (1968). The

titer of the conjurate was capable of detecting dengue virus antigen

in mosquito heads at a 1:16 dilution; however, a 1:4 dilution was used




in all experiwments. Head-squashes trom virus-inoculated and uninoculated
mosquitoes were examined with the 10 and 25x objectives (drv power) of a
Leitz Orthoplan microscope.

The thorax—-abdomens (Th-Abd) of test mosquitoes were assaved oo
pools and/or as individual specimens by the direct plague technique
in LLC—HK2 cells. Pooled specimens were placed in 1.5 n! and individual
specimens, in 1.0 ml of RPMI 1640 medium, supplemented ns described above,
and disrupted by sonification. Suspensions were centriiured for 30 min
at 12,000 x g at 4°. Replicate cultures of LLC-MK, cells were incculated
with each suspension, (0.3 ml per culture,

Survival rates for male Ae. aegvpti and both sexes of Tu, splorndens

were determined by recording the number of dead mosquitoes cach dav
postinoculation, Mosquito size was based on the mean weirchis of 10

individual mosquitoes of each species.

RESULTS
Comparative results of the propagation of low and hivh nmouse brain-
passaged dengue viruses in Ae. aegypti are presented in Table 2. The
dilution of virus inoculum at which fluorescence was detccted in
Ae. aegvpti was comparable for the ditrerent virus strains, regardless
of the passage level of the virus and/or the generation of the mosquitoes.
Virus-specific fluorescence was usually detected in 2 or more Ae. acgvpti
=4
heads up through 10 dilutions of dengue virus tvpes 1, 2 and 3, while
the dilutions of dengue virus tvpe 4 that produced {luorescence were
considerably lower.

All 4 dengue viruses replicated to high titers in TIx. splendens

(Table 3). Except for strain 050 of denguec virus tvpe 4, virus-specific




fluorescenve was deteacted In one or more

splendens heads up thronah

-5 . . . . .
the 10 ditution for cach virus.,
.

Comparative titers tor dengue vircaes in LLC-ME ) cells ) and in

Ae. aewvpti oand All viruses,

except the prototvpe strains of dengue virus tvpes 3 and 4, attained
appreciably hipgher titers in both mosquito species than in LLC-)ﬂ\’2 cells.

! Table 5 shows the infectivity titers attained by dengue viruses in
individual Ae. aesvpti and in Tx. splendens after 14 davs incubation
at 32°. On the basis of mean titers, the amount of each virus tvpe
recovered was higher for Tx. splendens than for Ac. aegvpti.

{ FIG. 1 shows the perinuclear pattern of fluorescence most commoenly
obscerved in brain ganglia cells of Tx. splendens infected with denguc
viruses. Fluorescence was usually more intense and more prevalent in
heads orf Tx, splendens inoculated with dengue virus types 1 and 2 than
those inoculated with dengue types 3 and 4,

Dengue viruses were recovered in LL(Z—}IK2 cells from pooled Th-Abd
suspensions that corresponded to one or more {luorescence-positive heads

b of Ae. aecgvpti and Tx. splendens for each virus dilution. Virus was

not recovered from Th-Abd suspensions for dilutions of inoculum that
did not produce fluorescence in mosquito heads. No evidence of virus-
specific fluorescence wias observed in heads of contrel mosquitees, nor §

was virus recovered from their Th-Abd,

Since the initial experiment found Tx. splendens as susceptible to
. - . : . . - . o
inteetion with denpue viruses as Ac, acavpti, further experiments wevre
not conducted on Ac. aegpvpti, except for survival studies,
- T 4
Table 6 shows the time requirved for deague virus-specific fluorescence
to appear in heads of Tx. splendens and the recovery rate of these viruses y

from corresponding individual Th-Abd ftollowing inoculation of mosquitoes
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with 0,33 1 ot 10 to 10 PEU/ml of each virus,  Except for strain

001 or dengue viras tvpe 1, specitfic fluorescence was not observed in Tx

splendens heads on dav 6 postinoculation,  On dav Y specitic fluorescence
wias present in most mosquitoes Inoculated with all viruses except strain
2877 of densue virus tvpe 3, Specific fluorescence was observed in all
Tx. splendens inoculuted with the latter vivus on dav 12, Dengue viruses
were recovered from 1002 of Th-Abd suspensions prepared from individual
mosquitoes that were positive by head-squash. Most viruses attailned peak
titers on dav 6. Thereafter, titers tended to decrease, especiallv for
dengue virus tvpe 1. In general, dengue viruses type 2 and 4 exhibited
the niczhest titers,

The survival rates for male Ae. aegvpti and male and female Tu,
spleandens, during the ld-day period after inoculation with dengue viruses,
are presented in Table 7. Survival rates ranced from 25 to 637 for
Ae. aeuvpti, and trom 73 to 1000 for Tx. splendens.

The mean welpht of 10 individual Tx. splendens was 6,76 mg for males

and 7.65 mg for females, in comparison to 1.38 mg for male Ae. aegvpti.

DISCUSSION
Dengue virus-specitic f[luorescence was detected only in heads of
mosquitoes whose corresponding Th-Abd contained virus. 1In a previous

report, specific fluorescence was apparently observed in heads of Ae.

albopictus, but virus was not recovered from corresponding Th-Abd
suspensions (Rosen & Gubler 1974). However, the frequency of these
obscrvations was exceptionally low and associated with dengue virus

tvpes 3 and 4. On the contrary, the recovery of virus from Th-aAbd in

the absence ot detectable fluorescence in mosquito heads was not uncommon

(Rosen & Gubler 1974).  Since Th=Abd from virus susceptibility experiments




were pooled, corvespondine observat fons were not pade in the present

invescioation, ! S,oin the esperiment de

fleore-cenee anpearsdin heods o T oer Do

recoverod trom Th=atd In the abscence or flaorescence in the heads of
correspondine mosquitoes on o daves 3 oad 6 ror all virus serotyvpes anc
on dav Y Yor dencue virns tvpe 3 oand 4.0 Apparentlv, this is related
to the time required tor deneue viruses to spread to the head of
nmosquitoes, as indicated by the recovery of virus rrom correspendine
Th-Abd and the subsequent detection of specitfic rluorescence in moscuito
heads on davs v, 12, 15 and 18 postinoculation.

Denvue vicuses attained peak virus titers in Th-Abd of
aprroxiniitely nodavs postinoculation,  However, at this time specirtic

{luorescence was detected in the head ol only one mosquito., A comparadl

period of time wis required ror dengue viruses to reach naxinm

in the Th=Abd of Ac. albupictus: however, specific fluurescence was [res
in arproximatciy 3070 of the corresponding mosquito heads (Rosen & Gubler

1975) . Otherwise they did not find all Ae. albopict flucrescence=-

positive until 10 davs postinoculation, which approximates our findings

for

treosplendens oA slightly longer period of time was required for
flucrescence to appear in Tx. spleadens inoculated with dengue virus
tvpes 3 oand 5o in comparisen Lo the other serotyvpes.  Similar findings

were observed tor these serotvpes in Ae, albopictus (Rosen & Gubler 1974

To. =plendons were found to be approximately 5 times heavier (mean
wei i) than sale Ay aeavpti. Accordingly, the larger Tx. splendens,

altowed For the nse orf a volume of inoculum approximately 5 times the
amount injected fnto a sinsle Ao, accwptic As oo result, the number of

mosquitoes required for virus assav was reduced substantially, The

larger volume of fnoculum tolerated by Tx. splendens in comparison

(&

ent
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with Aeo ace D will be advantareous.  pecially Tor detecting low
concentrations o f L ae virus, Cell ocnltere assavs orter oan aduanta
o mosouitoes Inorerard to the voluse of inocu!lam that can be nned;
.

however, Citers attained by denene virses in LLU=ME, colls were

considerably lTess than those noted in el aceevptioand

splendens,
Fhieideis

Aes acvptioand Tx. splendens were readily infected with all 4

serotvpes as well as ditfterent strains of denyue viruses., Virus titers

were usuallv hicsher In Tx. splendens; other findings indicated that this

sPecies was a more elficient assay host.  Since females of Tx. =plendens

do not taxe blood meals (Bates 1949), both sexes can be used in the

Laboratory without risk or human infection by mosquito bite. The larger

size of lens In comparison with Acdes specics facilitates

inoculation, allows Cae use of a larcer volume of inoculum, and results

in the veplication of larger quantitics or virus. Also, the number of

|=

s required was lower due to a higher survival rate. Although

Ae. aeuw

otiocan be reared much faster than Tx. splendens, the findings

implicd that the latter species would be a more efficient host for

diagnosing hunan dengue virus infection and for use in experimental studices.
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TABLE 1. Historv ot dengue virases eaploved

evaluations,

HOST/NO, OF

VIRLS SEROTYPE PASSAGES
DEN-1 77-001 Mouse/3

Hawail

DEN-2 74-3379
78-189~184A

House/16

Mouse/5

Tx. splendens/!

in

L

e

mosquito bioore gy

ORTCTN

Human

Human

Human

Ae. aegvpti

\

Datl

1975
1934

1974
1978

New vainea ¢ Mouse/ 29 Human 1Y+4
DEN-3 772797 Mouse/5 Human 1977
7T=2377 Mouse/5 Human 1977
H-37 Mouse /25 Human 1956
DEN-3 77-050 Mouse/3 Human 1977
H-_41 Mouse /32 Human 1956
Suckling mouse brain passage.
% .
Prototype viruses,
s e 14.:
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FABLY 3. Densue virws-specitle fluorescence in heads orf Tx, splendens,

NOL POSTTIVED HEAD SQUASHES/NO. EXAMINED
Vs SERnTYPE PASSAGH UNDTL, 1“ 2 3 4 5 6

D=t Dol y 373" 3/ 3 W4 474 4/

’ Hawalil 1o 4f4 Gl Y& 474 474 2/4 NT

(W3]

DiN=2 3379 W NT 474 4/
/

t
<L

New Guinea € NT NT 4

/4 5/5 3/4 1/4 074
to 25 470 e 4f4 3/4 3/% NT NT

L DEN-. 056 3 470 My~ 3/4 474 0/+ 0/a NT
2SN 32 3. My G5 3/4 3/4 3/4% NT

Controg., 0, /0 0/ 0/3 0/s 0/8 0/3

llu,:l[) dilucions,

ok
Mot tested,

FY 4




TABLE

L

FLUORESCENCE DOSE

Pl

AE.

AEGYPTL

PASSAGL COLONY |

DEX-1

DEN-2

DEN-3

DEN-S
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TABLE 7. Survival rates ot Lo davs of Aey acovpti oand Ta, osplendens

atter intrathoracic inoculation with densue virases,

SOSURVIVAL (NOL/TOTALD
AL ARGYETT T, SPLENDLNS
VIRUS SEROTYPE TASSAGE COLONY 1 COLOUNY 3
DEN-1 001 2 48 (1057 217) 47 (1017 216) 75 ( 36/ 48)
Hawail 1o 43 (1007 230) 420 Y7/ 230) 95 ( 59/ 62)
DEN=2 3379 5 25 (¢ 58/ 17 43 ( 76/ 173) 90 ( 38/ 42)
New Cuinea O 2u 43 77/ 180) 36 ( 64/ 180) 94 ( 51/ 54)
DEN-3 2797 3 Y (917 209) 38 ( 53/ 139) 100 ( 48/ 48)
Heo 7 23 63 (Lil/ 180) 26 ( 47/ 180) 93 ( 28/ 30)
DEN-4 034U 3 27 ( 47/ 173) 55 ( 97/ 175) 94 ( 34/ 36)
H-2o1 32 31 ( A7/ 219) 35 ( 78/ 220) 94 ( 45/ 48) l
Total 42 (579/1366) 41 (535/1293) 92 (294/320)
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