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ISOLATION OF YELLOW FREVER VIRUS FROM HAEMAGOGUS
LUCIFER, H. EQUINUS, H. SPEGAZZINII FALCO, SABETHES
CHLOROPTERUS AND ANOPHELES NEIVAI CAPTURED IN PAN-
AMA IN THE FALL OF 1956
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The staff of the Corgas Memorial Laboratory has been interested for a num-
ber of vears in the vectors of yellow fever in Panamd, In the fall of 1949 an at-
tempt was made to isolate virus from mosquitoes eaptured at two locations;
Pacora, where human yellow fever deaths were recorded in November and
December, 1948 and Buena Vista, where deaths ocourred in August and Sep-
tember, 1945, From the end of September, 1949 to the onsel of the dry season
in early January, 1950, 2,723 mosquiotes were collected from the Pacora station
and 1,672 from the Buena Vista slalion. However, no yellow fever virus was
recovered (Rodaniche, 19511, Although no further human cases were recorded
from eastern Panamd until the present vear, there was reason Lo suspecl the
infeetion had remained endemic there. This view was supported by the finding
of oecasional juvenile monkeys with high titers of nentralizing antibodies against
vellow fever in their blood (Rodaniche, in press), In August, 1950 & new at-
termnpt to recover the virus was made.

The first mosquite collecling station was established in August 1956 in the
San Blas Territory, in the Sangandi River Valley eight kilometers due south of
the Mandinga air strip on the Atlantic side of the Continental Divide. Methods
emploved in sctting up this type of station have been described by Galinde,
Trapido and Carpenter (1950). Shortly after collections were begun at Man-
dinga, the first human yellow fever death in Panamd sinee the 1945-1931 out-
break was verified, The source of infection was traced to the headwaters of the
Pacora River, in the Cerro Azul area, some 60 km. east of the Canal Zone and
20 km. southwest of the Mandinga collecting site on the Pacific side of the Con-
tinental Divide. A seeond station was then established in this area, whero col-
lections were made from September 13 to October 9 when they were discontinued
for the remainder of the vear,

METHODE

Methads employed were essentially the same as those described by Rodaniche
and Calindo {1957) in their report on the vectors of yellow fever in Cuatemala.
Mosquitoes were macerated in 10 per cent rhesus serum saline containing 1,000
Units of penigillin and 1,000 mierograms of streptomyein per cubic centimeter.
After eentrifugation, the supernatant fluid was nsed to inoculate groups of 6
voung adult white Swiss mice by the intraccrebral route. Oceasionally groups
of infant mice also were used. Yellow fover virus was identified by eross-immu-
nity tests in which mice surviving inocalation with the mosquite viral isolates
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were: challenged with Theiler’s French neuroadapted virus and conversely mice
previously immunized against the French strain were challenged with the virus
strains recovered from mosquitoes. Mouse protection tests also were conducted
using a known positive and known negative monkey serum. In the current
mvestigation mosquitoes were held in the field at atmospherie temperatures for
one day before being packed in ice for shipment, a procedure not found feasible
in Guatemala, This was done in order to permit digestion of any freshly ingested
Blood.

RESULTS

In Table 1 data are presented concerning the eollections made at the Man-
dinga station during the 4 month peried from August 22 to December 20, 1956,
A total of 7,094 mosquitoes comprising 15 different species or species groups
were collected and tested. The most abundant species was Aedes leucoceloenus
elarks, but larze numbers of Haemogogus lucifer, spegazzini faleo and Sobethes
chloropterus also were found, All four of these species showed heavier density in
September than in the sueceeding months, Only one isolation of vellow fever
virus was made, from a pool of 137 JI. fucifer collected between September 1
and 6. This strain was recovered initially in mice but later the residue of the
original mosguito suspension which had been stored in dry ice was injected
subcutaneously in a normal rhesus monkey, The animal did not die but de-
veloped fever and showed cireulating virus followed by the appearance in its

TABLE 1

Yellow fever virus taolafions from mosguitoes copticred af the Mandinga station from August 58
to Dacember 20, 1956 and injecled fnlo mice

T i
Epecics of mosquile rrl!i’iiltll!:flﬁ | i I.:O-Iﬂ“d i
Aug, Sept. G, Hev, | Dec
H. epegazetnid fales. . ., 233 565 335 170 137 | 125
T T ST e R e 258 19 40 £ T4 32
EE el oo i) 1182 @) | 0 (1) 23T 203 ]
A levcocelaenus elarki... .| 1,707 160 G55 455 320 &7
&, chioropleruz. . ... ..., 1,808 162 G4 67 | 158 i
Sebethos spp®. ..., fifid 61 256 179 i &1
Wyeomyde spp. ... ..., 460 178 14 | 174 T Bt
Trichoprosopon riagrum 153 40 ] a4 41 bl
Prichoprosepon sop... ... .. 156 25 gl 104 il 0
Anopheles neivad. .. 143 T 2 LG 7 8
Anephaling . . 46 | 1 i 14 ar 4
Fsorophara spp. ... ... 49 15 n 14 7 15
o adaiapp St B e 12 3 3 il 1 &
Mangonda spp..cv.cvevnn 27 & 1] 7 a 4
Culex epp. oo oL, 7 2 0 ] 0 8
Totad v 7004 (1) =87 2,524 1,863 1,195 655

Number in parenthesis represents viras isolation.
¥ Mot including 8. chloroplerus.
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TABLE 2
Yellow fever virue teolotions from wmosquiloes capluved at fhe Cerrg Azul station
Srom September 15 to Ocfober 8, 1858 and injected fnlo miice

Moz collected manthly

Species of mesquita Total ep. collected | Virus isolations
Sept. | Dzt

H. spegaasinit Juleo, o ... Al [ 23 33 1
H. sguisise o ciiiocoaooiiln £ | 21 a7 1
Holwetfermocaeniieia Ten 540 323 321 2
Aedes leweocelaenus olarki. . . 14 7 3 0
& chloroplerus. ..o 285 158 | T 2
Sabethes gpp.ooo. i 44 o5 16 {
Woycompia 8PE.. .o coaeian e g 144 154 0
Anopheles nedval. . ... ... ... 1) 49 4 43 1

Total . | 1,419 T43 76 | o

* Mot ineluding S, chloreplerus.

blood of high titers of neutralizing antibody against the French neuroadapted
strain.

In Table 2 are listed data concerning the colleetions made at Cerro Azul dur-
ing & 26 day period, from September 13 to October 9, 14530, when collections
were ternporarily suspended. A total of 1,419 mosquitoes were captured and
tested, comprising 8 different species or speeies groups. The most abundant
forms were H. lucifer, S. chloropterus and Wyeomyio spp. Seven isolations of
vellow fever virus were made from five different species. Virus was recovered
once from a pool of 48 H. equinus, once from a pool of 36 H_ spegozzingd faleo
and once from a pool of 49 Anopheles nefvai, Tach pool included all speclinens
eollected during the 26 day period. Virus was recovered twice from H. lucifer,
first, from a pool of 133 specimens collected from September 9 to 20, and again
from a pool of 107 mosquitoes collected between SQeptemnber 21 and 26, Two
isolations were also made from 8. chloropterus pools of 114 and 51 specimens,
captured from September 21 to October 2 and from October § to 15 respectively.
The shorlest incubation period observed in mice during this study was 6 days
and the longest 14 days with an average of 9.5 days. Two straing showed sulli-
eient initial viralence to kill all mice injected that were not sacrificed for further
study. The other five strains required one or more additional intracerebral pas-
sagzes before they produced uniformly fatal infections.

DISCUTEEION

H. spegnzzinii fales has long been recognized as an important natural vector
of yellow fever in South America. The literature concerning this species was
recently reviewed by Whitman (1951). Rodaniche and Galindo (1957) reported
the first izolations of the virus from Sabethes chloropterus and pure pools of H.
aquinus eaptured in Guatemala in 1936, In the present report the first recoveries
of yellow fever virus from pure pools of H. fucifer and from Anopheles newwai
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are deseribed. Boshell and Osorno-Mesa (1944) recovered virus from o mixed
pool of H. spegazzinit faleo, hueifer and equinus in Clolumbia hut it is not known
which species was ineriminated. An attempt was made by Calinde, Rodaniche
and Trapido (1956) to transmit vellow fever by bite using a Pansmanian strain
of i, lucifer. This experiment gave an unsatisfactory result due to death of all
but one of the infected mosquitoes before the end of the ineubation peried. Tt
was uneertuin whether the one remaining mosquito fed or merely probed. How-
ever, virus was recovered from a lurge proportion of the mosguitoss by mouse
injection after incubation periods varying from 14 to 30 days, The finding of 3
pools of B lucifer positive for vellow fever, one from the Atlantic side and two
from the Pacifie side, indicates the importance of this species here. Tt is yory
common in the forested areas of eastorn Panamd near the Canal Zone (Calinda,
Trapide and Carpenter, 1950} and its period of peak incidence seerns to bear a
direct relationship te the appesrance of jungle yellow fever here.

The status of Anopheles siedvar 15 more obscure. The present izolation is the
first from this genus of mosquito, Davis and Shannon (19310 attempted cx-
perimental transmission with two South Ameriean specics of Anopheles, A.
allitarsis and lorstmaculatus but failed to infeet monkevs by exposing them to
the biles of these anophelines or by injection of suspensions of the ground mos-
quitoes after an incubation period of 12 to 18 davs. Further experimentation is
needed to determine whether A, neivai ean harbor virus for long periods of time
and whether it transmits by hite

It is of intersst that naturally infected specimens of dedes levcocelzenus clarks,
8 geographical race of a recognized South Ameriean vector, were not found in
the eourse of this investigation. This was the predominant specics at Mandinga
where yellow fever activity was apparently minimal. Only 10 specimens were
captured at Cerro Azul where virus aciivily was high, an inadequate sample,

CONCLUSIONS

Yellow fever virus was isolated once from 7,094 mosquitoes captured near
Mundinga on the Atlantic side of the Continental Divide east of the Canal. This
isolation was made from . fucifer. Tt was isolated 7 times from 1,419 mos-
quitoes captured at Cerro Azul on the Pacific side, 60 kilometers cast of the
Canal Zone. Two recoveries each were made [rom 7. tucifer and 8. chloropterus,
and one recovery each from I1. spegazzingi faleo, . equinus and Anopheles
NETLIT,
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