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The invasion of Middle Ameriea by svlvan vellow fever in the years sinee 1ts
appearance in central Panarma in 1948 has raised the problem of natural vectors
in this region other than those known to transmit the disease in South Ameriea.
The experiments reported here were intended to throw light on thiz problem.
Btudies on the forest mosquito fauna have shown that the known South American
veetors with ranges which extend into Middle Ameriea (Haemagogus spegazzing
faleo and Aedes leucocelaenus ssp.) have been either uncommon, rare or absent
in certain of the places where vellow fever has recently oceurred (Trapidoe and
(Gialindo, 1955, and Galindo and Trapido, 1957a). The South American Hasma-
gogus mentioned above is replaced in Middle America by other species. Maost
widespread 18 Hoemagogus equinus which oceurs from Venezuela and Colombia
to southernmost Texas (Galindo and Trapido, in preparation). It is present
on both the Atlantic and Pacific slopes. Other forest-inhabating Haemagogus
of Middle America are two of the three subspecies of Haemagogus mesodentotus,
the typical race mesodentatus oceurring on the Atlantic slope from western
Panamsa to southeastern Ban Luis Potosi, Mexico, and the race gorgast on the
Pacific side from El Balvador to southern Sinaloa, Mexico {Galindo and Trapido,
1956 ).

In explanation of certain epidemiological aspects of the disease in Panama we
have been much interested in determining the possible role of the sabethine
mosquito, Sabethes chloroplerus. Early in the work it was realized (Galindo,
Trapido and Carpenter, 1950) that if this mosquito were shown to be a vector
there would be a possible explanation for survival of the virus over the dry season.
Thiz matter of the mechanism of the survival of virus over the dry season has
been elaborated in recent papers (Galindo, Trapido, Carpenter and Blanton,
1956 and Trapido and Galindo, 1957},

(Of the species tested in this study Haemagogus spegazzingi falco and H . equinus
previously had been the subjeets of experiment. Both the typieal subspecies of
spegazzinti and the race foleo had repeatedly been shown to transmit in the
laboratory, and had been implieated in transmission in nature. The work with
this species has recently been reviewed by Whitman (1951). In the case of I
eguinus, material of Colombian origin was used by Waddell and Tavlor (1945
and 1947) in various experiments in which suecessful transmissions were obtained.
In the field studies made in South Ameries virus was never recovered with
certainty from naturally infected individuals. In Colombia Doshell-Manrique
and Osorno-Mesa (1944) demonstrated the presence of virus in a group of three
species of Haemagogus, one of which was H, equinus, but it is uncertain which of

1 Present addreas: The Rockefeller Foundation, 4% West 40ch Strect, New York, N, Y,
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these species may have been infected. The role of the latter species In nature
has therefore been in doubt.

Interest in the sabethine mosquitoes stems from the recovery of yellow fever
virus from a pool of four genera of this tribe by Shannon, Whitman and Franca
(1938). One mosquito of the iribe, Trichoprosopon frontosus, is mentioned as
having experimentally transmitted by bite (Waddell, 1949 and Whitman, 1951)
but the details of the experiments have not been published. The difficulty in
keeping these mosguitoes alive in the laboratory and inducing them to bite has
limited the work with them,

MATERIALS

Virus strains. It seemed desirable to obtain a recently isolated strain of yellow
fever virus which had undergone as few passages in experimental animals as
possible. As the Trinidad Regional Virus Laboratory had made a number of
isolations during the recent outhreak there, such a stran was golicited from the
director, Dr. Wilbur Downs, He kindly forwarded to us the two strains used in
the experiments Lo be described.

The first strain was received in dry ice on December 4, 1954 ag mouse brain
suspensions representing the first and second mouse passages of specimen # 4754,
the serum of a nonfatal case of yellow fever. This strain failed to produce fever
or other symptoms in any of three rhesus monkeys injected by the subeulaneous
route and eirculating virus titers were low, although the monkeys later showed
a high level of immunity. This strain was used only in the first experiment.

The second strain of yellow fever virus was received on March 14, 1955 as a
suspension of the spleen of the original Aloustla (howling monkey], specimen
#4204, found dead in the forest on July 30, 1954. This strain has proven uni-
formly fatal to rhesus monkeys and gives high circulating titers. It was used in
the second and third experiments.

Fxperimental animals. White Swiss mice, usually 21 to 30 days old, were used
for virus titrations and for iselation of virus from mosquitoes by injection. The
intracerebral route of inoculation was employed.

Monlkeys were used as sources of infective blood for the mitial engorgement
of the mosquitoes and as hosts for experimental transmission by bite, In the
majority of the experiments juvenile rhesus monkeys were used. In a few ex-
periments locally captured red or black spider monkevs (Ateles geoffropd rebusius
and ponamensis) were employed. All monkeys were previously tested for new-
tralizing antibodies by the intracerebral mouse profection technigue.

Mosquitoes. As Aedes aegypli has presumably been eradicated from Panama,
a colony of this species is not maintained at the Gorgas Memorial Laboratory.
In view of the known efficacy of Haemagogus spegazzindt and equinus in trans-
mitting yellow fever virus, these species were considered as controls.

The Haemagogus spegazzinii faleo used in the experiments were the first
generation progeny of ferales collected at Cerro La Vietoria, near Panama Cify.
This species was used only in the first experiment sinee it could not be colonized
and sinee the numbers of females which could be collected was not large.

In the first experiment, the Hoemagogus equinus used were both the progeny
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of females collected at Cerro La Vietoris, and stock from & colony which had
been established with material from the same place. For the subsequent experi-
ments the mosquitoes used were reared from cggs obtained at two localities in
Guatemala, El Salto in the Department of Esquintla and El Remate in the
Department of Peten. Large numbers of equinus eges had been obtained at these
loealitics in the course of collecting the material of mesodentaius mesodentafus
and mesodentatus gorgast, forms in which we were primarily interested.

The Hasmagogus mesodentafus mesodentatus and mesodentaius gorgost were
reared from eggs obtained respectively at Tl Remate and Kl Salto, Guatemala.

The material of Haemagogus lucifer was obtained at Cerro La Vietoria, Pan-
ama. As this species was not colonized and the number of eggs gotten from wild
caught females was not large, only limited numbers were available and this
specles was used only in the first and third experiments.

A colony of Sabethes chioroplerus had been established by the time the second
and third experiments were performed. The wild stock had been obtained at
Cerro La Victoria, Panama. In the seeond experiment both ecolony-reared
individuals and wild caught material, also from La Victoria, was used, while in
the third experiment all the chloropterus were colony stoclk. Insofar as we know
this is the first time a sabethine mosquito has been colonized. While the species
with which we worked lives well and mates readily in eaptivity, great difficulty
was experienced in getting them to feed in the lahoratory, although they attack
freely in the field. Tt was particularly difficult to obtain refeeding.

METHODS

For feeding the mosquitoes several methods were used. Usually the Haema-
gogus were first put in Barraud cages, eight inches square, and the shaved foot
of the monkey inserted. When adequate feeding was not obtained by this method
the mosquitoes were transferred to one-pint eylindrical cardboard eartons which
had been provided with netting at either end. The cartons were then applied
to the shaved belly of the monkey. Mosquitoes which had not fed by either of
these methods were transferred individually to shell vials and these were then
put on the shaved belly of the monkey. The Sabethes chloroplerus, which in the
field bite primarily about the head and similarly fed in the lahoratory, eauld not
be induced to bite by the methods used for the Haemagogus, They were released
in a cage three feet long, two feet wide and 18 inches high, and the entire bady
of the trussed monkey was put in the eage. Under these conditions a portion of
the specimens would feed on the face of the monkey when he did not move too
much, and there was also some feeding on the hands.

On the day before feeding experiments were scheduled, food (sugar-soaked
colton balls) was removed from the stock cages. After feeding, all mosquitoes
were placed in one-pint eardboard cartons provided with netting at both ends,
and these were then held on a shallow pan covered with moistened cotton and
filter paper. Balls of sugar-soaked cotton were kept on the tops of the cartons
at all times until the day before refeeding was attempted. As there was an abun-
dant growth of mould on the feces excreted in the days after the first feeding,
the mosquitoes were usually transferred to fresh cartons after about a week.
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In the first experiment the mosqguitoes were held in an outdoor insectary
where the daily range in temperature was from 72°F. to 90°F. and the bi-hourly
mean was T8°F. For the second and third experiments an enclosed msectary
was available in which the temperatures ranged from T6°F. to 85°F. and the bi-
hourly mean was 79°T.

Mosaquitoes were allowed to engorge on monkeys on the 2nd to 5th day after
subeutaneous injection with vellow fever virus. Immediately prior to exposure
to the bites of the mosquitoes, blood was drawn from the femoral veins of the
monkeys and the serum diluted serially in 10 per cent inactivated, filtered,
negative rhesus serum-saline for titration in mice. Bix mice were injected intra-
cerebrally with each decimal dilution. At the end of the 30-day observation
period surviving mice were challenged for immunity by the intracerebral injec-
tion of between 5,000 and 10,000 LD/50 of the French neurotropic yellow fever
virus. As the Trinidad strain of virus isolated from the spleen of a howling
monkey showed relatively low pathogenicity for mice, the minimal infective
titers (ID/50) obtained may not represent aeeurately actual virus titers.

The mosquitoes were maintained for an incubation period of 22 to 44 days.
Any found dead or dying during the first five days after engorgement were
disearded. Those found recently dead or dying subsequent to the first five days
were triturated in 10 per cent rhesus serum-saline for injection into mice, either
singly or in small pools of 2 to 4 mosquitoes. Mice were kept under observation
for 30 days. Those surviving this period were challenged for immunity by the
infracerebral injection of 5,000 to 10,000 LD/50 of French neurotropic yellow
fever virus.

Af the end of the ineubation period the surviving mosquitoes of each species
were allowed to bite n normal rhesus or spider monkey. Temperatures of the
monkeys were taken twice daily, morning and afternoon. The animals were bled
every other day and the serum injected intracerebrally into miee fo deteet
eivenlating virus. Pathological study of the livers of monkeys dying of the infee-
tion was made by Dr. Carl M. Johnson who in each instance confirmed the
diagnosis of yellow fever. Burviving monkeys were hled at three, four and six-
week intervals and their serum tested for mouse protecting antibodies. Mos-
quitoes which probed or engorged on the test monkeys were emulsified with
serum-saline and injected into mice.

Identification of virus. Mice developing suggestive symptomns during the 30-
duy observation period were sacrificed. Impression smears stained by the method
of Giemsa and eultures in blood agar plates and in thioglycollate broth were
made [rom their bran tissue.

Virus isolated in mice from the blood of monlkeys bitten by infected mosquitoes
was identified by cross-immunity and protection tests. Fer the former a group
of normal mice and a proup of mice previously immunized against the Trench
neurotropic yellow fever virus were injected intracercbrally with first monse
passage virus, Resulls were considered positive if the immunes were alive and
well after the non-immunes had sickened or died. In the protection tests the
intraperitoneal technique was employed combining mouse passage virus with
known positive and negative monkey serums.
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Due to the very large number of iselations of virus from mosquitoss feeding
on infected monkeys, protection tests were not done. In view of the known history
of these mosquitoes, identification of yellow fever virus was considered estab-
lished when bacterially negative smears and cultures were obtained and cross-
immunily experiments gave results ag previously deseribed.

The experiments were performed in throe groups. The general techninue previ-
ously deseribed was followed in each instance.

EXPRRIMENT 1

In the first experiment (sce Table 1) the virus strain isolated in mice from
specimen #4754, serum of a nonfatal human case of yellow fever, was used. This
virus had been passaged three times in mice and onece in a rhesus monkey prior
to subcutaneous injection of the rhesus monkey used for infecting the mosquitoes,
Mosqguitoes used were Haemagogus mesodenfatus gorgast, spegazzingl falco, lucifer
and two strains of equinus, one from Panama and one from Custemala. The
mosquitoes were fed on the rhesus monkey on the second, third and/or fourth
days after moculation. Virus titers were low, the highest being 10-2% on the
second day after inoculation.

Only H. mesodeniafus gorgasi and spegazzingi falco survived long enough to
be used for bite transmission attempts, each species being allowed to engorge

TABLE 1
Firat transmission experiment with o Trinidod strain of yellow fever virus feolated from human
geruim (specimen #4764

Foesults af Mouse Infections [Besults of Releeding on Monk 3]
Titerof | ;
Sredesof ot Fie | Gai | e | N, | S | o | fow |
1 e isalz- M quitees (] sl
: injected | tona passibic) biting . days)
Huoemagogua 2nd 10-2.8 1 2 |12.5-37.5
mesodentafus ard (e 2 0
gergast 2nd & drd r=e & 18 1 5.6 12* | 20-33 | Negative
{poal) s
Hasmagogus 2nd 128 3 0 1 a1 Negative
IPEAZITRTT rd 10-t-a 10 2 16.6 Gt | 28-32
Jaleo |
Haemagogus Ind 14 3 ]
fueifer drd 1ir1.5 3 0
tth < 101 2 0
Haemagogus Znd 10-2-& 10 [
equinus (Pan-
ama)
Huaemagoguws nd 1025 17 I | 4.212 5
EGUTNNE 3rd n-ts 7
{linatemala) |

* Bubsequent injection of mice with suspensions of individual moaguitcos gave one
posilive,

f Bubseguent injection of mice with suspensions of individual mosquitoes gave Lwo
positives,
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on n normal rhesus monkey, Haemagogus mesodendalus gorgast which had fed
on the second and third days were put together for refeeding in the transmission
attempt. Ttesults are tabulated in Table 1. No transmission by bite was obtained,
which was to be expected in view of the low virus titers in the infecting monkey.
MNeither monkey showed [ever or other symptoms, cireulating virus or subsequent
immunily, However, this experiment was not without interest because virus
was recovered from a small proportion of the mosquitoes by injection of mice,
in spite of the low tilers in the cireulating blood. Of the H. spegazzinii faleo
which had engorged on the third day, when the virus titer was 10-1% 16.0 per
cent were positive. The exaet proportion of positive H. mesodendotus gorgosi
could not be determined since pools of mosguitoes were used in several instances.
However, those engorging on the second day, when the cireulating virus titer
was 10-25, showed a proportion of positives somewhere hetween 12.5 and 37.5
per cent depending on whether only one or all of the mosquitoes in the positive
pools contained virus.

EXPERIMENT 2

lfor the second transmission experiment (see Table 2) the strain of vellow
fever virus isolated from the spleen of a howling monkey, gpecimen # 4204, was
used, Three monkeys, two rhesus and one spider monkey, were injected sub-
cutaneously with this strain in its first experimental monkey passage; Lo, wilth
sorum of a rhesus injected with the original Alsuaiie spleen suspension. The
following species of mosquitoes were employed : Haemagogus mesodentalios gorgast,
mesodentaius mesodentatus, Sabethes chloropterus and two strains of I1. equinus,
from I0] Bemate and i Salto, Guatemala. (The Haemagogus equinus from ISl
Teemate died in less than 26 days and therefore were not used for bite Lransmis-
sion.) After an incubation period of 26 to 34 days pach species was allowed to
bite a norral rhesus monkey. Transmission by bite was obtained in each instance.
The rhesus monkeys bitten by the three Heemagogus forms all developed fever
in three to five davs after the first day of refeeding and died n s1x to seven
days. It 1s of interest that the rhezus bitten by only one H. mesodenfatus meso-
dentatus sulfercd a rapidly fatal infeetion. The monkey (Macaca madatio) on
which Sabethes chlorepterus was refed was exposed each of five days. It developed
fever 15 days after the first exposure and ten days after the last, and died two
days later. This prolonged imcubation period may indicate infection with a mini-
mal amount of virus. Virus was isolated, by injection of miee, from & high per-
centage of the Haemagogus mosquitoes (see Table 29, Virug was not oblained
from any of the 49 Sabethes chioroplerus injected into mice after periods of neu-
bation varving from 12 to 44 days. The discrepancy between su peessiul transmis-
sion by bite and unsuccessful isolation by injection must he resolved n fulure
experimentation.

EXPELRIMENT 3

The strain of virus obtained from Alouatte spleen was agam used in the third
experiment. It had been passaged twice in rhesus monkeys. The following mos-
quitoes wore used in this experiment: Haemagogus mesodentatus gorgast, luctfer,
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TABLE 2
Seeond fransmizsion ceperiment with a Trinddad stvain isolaled from Aloustta splesn
[apecimen ¥ 45085

! “"'“{‘I_EE:G":E;{H""S“ Rezlts of Refeeding on Monkeys
Titer of
Specics of Mosquite Day af Feeding Ct?ﬁ"’ﬂng Tutal No. Fer cent | a. of | Tneuba.
W/ | mes | vins | B S | e | 93, | Outeome
.Eﬂfffﬁ' tinns IW‘;-"TEM Biting | (dava)
Huemagogus mes- | ded {Rb #1) | 10792 2 2| 100 4 26-28 | Positive
odentatus gor- | 4th (Rh #1) | 1074 0 2
psl Jrd & 4th 1075 & 8 G 62.5
(pool) 108
Masmagogus mes- | 3vd (Bh #£1) | 10742 0 | 27 Positive
oederdalus mes- | 4th (Rh #1) | 10-#2 3 & 6.7
adendatis ard (Ith #2) | Lot 16 2 |12.5-50 Pazitive
Sabelhes chlorep- | 3nd (Ith £1) | 1W0-e: 4 0 | ¥ 27-34 | Poaitive
torus deh (Rh g1) | 107 4 n | 24
drd (Tth ®2) | 10-6+ 10 0 Ty
3rd (RS ®1) [ 1063 1 4] 2
pool of the | a0 il
abiove | I |
Hasmapogics | 3rd (Rh #13 | 1075 1 1 | 10D 0
equinus (Peten,: 3rd (Rh #£2) 1 107 20 T | 3580) 0
Cruatenala)
Haemugogus ird (Rh #1) | I0-e2 6E a0 | 44-70 | 10 | 26-28 | Positive
equinius (Bl | 4th (Rh #1) | 10-63 i 0 16
Balto, Guate-
malal

* Purentheses indicate speeimens which probed but did not feed. Bh = Rhesus (Macaca
mulaita). B8 = Red spider monkey (Ateles geofTrowi}.

Sabethes chloropterus and H. equinus, the last from El Balto, Guatemala. All
species were fed on a single rhesus monkey on the third, fourth and fifth days
after injection when the cireulating virus titers were 10-%5 10744, and 10-%3
respectively,

After an incubation period varying from 22 to 29 days, surviving mosquitoes
were allowed to feed on normal monkeys. Haemagogus equinus, lucifer and
Sabethes chlorepterus were each fed on rhesus monkeys, H. mesodentalus gorgasi
was fed on a black spider monkey. An infection fatal in seven days was produced
in the rhesus bitten by H. equinus, The spider monkey on which H. mesodentatus
gorgasi was fed did not die but showed circulating virus and was subsequently
immune. Only one H. lucifer attempted to feed on the rhesus monkey. It 13
uneertain whether it simply probed or actually fed. In either case results were
negative.

In this experiment only the . lueifer and 8, chloropterus were injected into
miee as it was thought that sufficient data had already been accumulated on the
other two species, The exact percentage of J. lucifer positive by mouse injection
could not be determined due to the use of some pooled specimens, However,
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TABLE 3

Third transmission erperiment with a Trinidad strofn dsololed from Alouatta apleen
(rpecimen #4304)

- . | TFesults of Mouse Tnjectinns | Eesults of Releeding an Mankeys
iter of
Speeies of Meosquita ll—};d;;i ]{:.th:i: TS:‘ u?;?:'s. ﬁg]ﬁr::" | e ot ! g'lrcu
LD - foabi. (Min, & | moequitoes Igrﬁ Dhubesme
! quitges | T Max. | Liting ‘Erl-'urs-}
Enjectod poasible]
Hosmagoyus mes- Ard | p0rEs 0 5(110% | 27-20 | Positive
ndenfolus gor- 4th -2 ]
past Sth 10-#3 4]
Hieragogus 3rd 10-n-2 32 i1 3-89 | 1T | Negotive
lueifer 410 I I
Sth 10s-8 10 0
pool of the 4 1 25-50 Negative
ahowva [
Sahethes clilorop- drd 105 f i 3 ZT-0G | Megative
feres 4th 1042 1]
Ath 10798 ] [ [
Hapmagopus drd 1052 ] -5 22-24 | Positive
ppusnus (Bl dth 10—
Salte, Guste- Gth | 10-3.%
mala) | |

* Parentheses indicate speeimens which probed but did net feed.
t Uneertain whether probed or ferd.

of those originally fed on the monkey on the third day when the eirculating titer
was 10-*#, between 54 and 59 per cent were positive by mouse injection.

No virus isolations in mice were obtained in this experiment with any of nine
5. ehloropterus, all fed on the third day, nor was transmission by bite obtained.

DISCTESION

Tn view of the many uncontrollable variables in an experiment of this kind, it
is diffieult to make an accurate interpretation of all results obtained. The prin-
eipal objectives, however, were achieved. Fair to high proportions of all Hasmaga-
gus species tested harbored virus. The exact proportion varied with the titer of
virug in the infective meal. Successful transmission by bile was obtained twice
in three trinls with M, mesodentatus gorgost, twice in two trials with H. equinus
and onee in the trial made with II. mesodentatus mesodentalus, The failure of
H. mesodentafus gorgasi to transmit by bite in the first experiment. may be
attributed to use of a mouse-passaged strain of yellow fever virus which developed
only very low titers in the blood of the source monkey. The direct correlation
hetween virns titer in the infective meal and subsequent capacity to transmit
by hite has been amply demonstrated by Waddell and Taylor, 1947, and Bates
and Rova-Garcia, 1946, among others, It is significant that under equal cireurme-
stances, the control species, H. spegazzindl fuleo, also failed to transmit by bite,
although two of the seven engorging mosquitoes were positive by mouse injection.
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The experiment involving bite transmission hy H. fucifer must be considercd
unsatisfactory as ouly one mosquito bit or probed.

No Sabethes chioropterus were found to harbor virus, at least in sufficient
amounts to infect mice. No mouse injected with suspensions of this species
showed symptoms or developed a subsequent immunily. One experimental
transmission by bite was oblained in two attempts. In the successful transmission
experiment, 11 mosquitoes fed and five probed, In' the unsuceessful experiment,
only three fed. The interpretation of this result is diffieult and further B EIT-
mentation is required,

SUMMARY

Suceessful transmission from monkey to monkey of a strain of vellow fever
virus isolated in Trinidad was obtained with the following Middle American
Haemagogus: I m. mesodentalus, H. m. gorgasi and Il equinus. All the above
mentioned species as well as H. lucifer and 7. spegazeini: Jaleo were found by
intracerebral mouse inoculation to harbor yellow fever virus from one to four
weeks after the infective meal. No virus was isolated from mice injected with
pools of 8. chloropterus even though the species transmitted the virgs by hite
from monkey to monkey on one oceasion.
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