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Members of the etall of Gorgas Memorial Labo-
ratory initiated in 1949 a long range study on the
ecology of yellow fever in Panama after the recog-
nition of & avlvan outbreak of the disease. Clark
undertook a survey for protective antibodies in
the blocd of wild animals shot in various parts of
the country during 1949 and 1950.' Entomological
and virolopieal investigations were also begun in
1549 and have been continned withoutd interrup-
tion to date, Work completed Lefore 1957 has
alresdy been published.®® The present report
covera reaultz obtained from 1957 to 1961, In-
vestizations during thiz period were aimed pri-
marily at resalving the question of the possible
endemism or ensootism of vellow fever in Panama
and were eonducted along the following lines:

1} Attempts to izolate yellow fever virus from
blood-sucking diptera, especially mosquitoes,

2} Attempis to 1=olate virus from the bleod of
vertebrates, including birds, a few reptiles, lower
mammalz and a few human beings with fever of
undetermined origin,

3) Mouse protection tests with the sera of verte-
brates, with special emphasiz on monkeys. Re-
sults with human sera are not included as they
have dubious value due to the fact that it has not
been poszible to obtain relisble vaceination rec-
oris. Findings with the sera of nonprimate verte-
brates will require a considerable amount of addi-
tiomal feld and laboratory experimentation before
their sipnificance can be interpreted accurately.

MATERIALS AND METHODR

Techniques employed have been dezeribed in
previous publieations 45 7 Mice were inoculated
intracerebrally in attempts to isolate viruses from
mosauitoes and from the blood of vertebrates,
Buckling mice were used almost exclusively, the
exception being mosquitoes taken at Buena Vista
which were inoculated into aduli mice duc to

* This investigation was supported in E;rt by
research grants E-1041, E-2084 and E-4228 from
the National Institutes of Health of the T. 3
Public Health Bervice,

ilf_inr%ar: Memaorial Laboratory, Panams, He-
public of Panama,

I University of Panama, School of Medicine,
Panama, Hepublic of Panama,

insufficient quantity of sucklinps at the time,
Protection tests were performed in young adult
miee by the intracerebral route. For lesting
monkey bloods 100 to 200 LY, of French neuro-
adspted virns previously desiceated in vacuum
from the frozen state were combined with aliquots
of serum. A lower Liter, 25 ta 60 LI, was cm-
ployed for non-primate blood. A titration of the
test was repeated with higher concentrations of
virus and /or against two other loecally isolated
group B viruses, Ihéus and 8t, Louis. Unsatis-
[actory results have been exeluded from consider-
ation.

Arthropod collections were all made in rural or
forested areas. A beiel deseription of the colleeting
stations may be found in previous publica-
tions.® 7 & The following statinns were selected
(Fig. 1):

a) Cerro Azul staleon, Tocated at a zite where
yellow fever activity was detecled in 1948 and
again in 1957, This station was operated continu-
onzly from January 1957 to March 19461,

L) Buena Vista station. In June 1957 vellow
fever was clinieally disgnosed in two male agri-
cultural workers engaged in clearing a forested
slope in the vieinity of Buena Vista. Human cases
from this same area were positively diagnosed
post-mortem during the 1949 episode, A Geld sta-
tion was established there soon after the appear-
ance of clinieal eases and eapture of mosquitoes
took place between July 11 and July 23, 1957,

) Orchid Teland and Pife stations, Five months
after the 19 outhreak of sylvan vellow fever in
the area of Buena Vista, virus activity was de-
tected at Pina, across the Canal from Buena
Vista, In June 1957, expecting & possible repeti-
tion of the 1949 oecurrence, field atations were set
up &t Orchid Isfand, in the Panama Canal, and
at Pifia, on the western shore of the Canal. Or-
chid 1zland station was operated until September
1957, while mosquito collections in the Pifia sta-
tion eontinued ondil Felbroary 1958,

d) Stafioms ai Pinfupo, Poya and Tacorcuna.
Serologieal, histopathological and  virological
evidence has been published pointing to the
periodic oceurrence of svlvan vellow fever in

REE
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Fraume 1. Map of Panama, showing location of collecting stations

Panama, east of the Panams Canpall ® %50
Speculation has always arisen as to whether these
outhreaks have their origin in the endless tracts of
tropical rainforest of northern South American or
in enzootic foct loeated within the Republic of
Panama. After the disappearance of yellow fever
from eastern Panama in 1957, efforts were di-
rected at  determining the presence of low-
grade active foel of the virus between the Bayano
river basin and the Panama-Colombia border.
Mosquito collecting stations were established at
Pintupo, in the Bayano river basin, and in Tacar-
euna and Paya, near the Colombian horder,
Colleetion of mosquitees at Pintupo was carried
out beiween Beptember 18 and November 29,
1857, In Tacarcuna and Paya mosquitoes were
captured for virus isolation attempts hefween
February 28, 1958 and Mareh 9, 1959,

) Pacora, La Joya and Tocumen stations. These
stations were operated briefly late in the full of
1958 and again during the sunmer of 1958, Em-
phasis was placed on ground eatches of mosqui-
toes in the hope of reeovering eastern equine en-
cephalitis virus, then causing illness in horses.

[} Almirante station. In September 1959, a field
station was established in the vicinity of Almi-
rante, Bocas del Toro province, in extreme norih-

western Panama, for s long-term ecologieal study
of arboviruses. Ground and arboreal captures of
blond-sucking insects were made from Beptember
1059 to April 1961,

Animals for serologieal studies were obtained
principally by purchase, when their place of origin
oould be determined accurately. Bleeding of these
animals was carried out under aseptic conditions
in the laboratory, However, many mamimals,
birds and reptiles were bled in the field and the
blood was flown on ice to the central laboratory,
Fapecially large collections were obtained from
Pays and Tacarcuna in 1959 and from Almirante
in 1960 and 1961,

RESULTS
Virus Teolations from Mosguiloes

ltezuliz of attempted iselations of yellow fever
virus from mosquitoss at various stations are
detailed in Table 1.

The Cerre Azul station, theater of vellow fever
activity on two oceasions since 1948, was operated
continuously from January 1957 to March 1961,
A total of 35,630 arboreal Culicidse collected
there was inoculated into mice and 12 fsolations of
arbovirises were obtained, None of these proved
to be vellow fever.
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TABLE 1
feaulta of atiempled isolalions of yelfow fever virus from mosguitoes at various field stations

el ST
| m nticms | No. iso-
Collecting station Frovince Feriod of collection nT&jst:ll;:f:s 1&1:}';-“ ﬂ;g‘:l— J?EDU:S:;
pested EUgME fever T
WiFiLs
Cerro Azul Panama (esst of Canal) | Jan. 1957-March 1961 38,630 | 14,005 0 12%
Buena Vista | Caoldn {east of Canal) July 1957 1,514 153 4 13
Orehid Teland | Gatun Lake {Penarma June-Sept, 1957 4,007 | 2,041 1 1
Canal)
Pintupo Panama (east of Conal) Bept,-Tlee, 1957 1,038 G630 10 ]
Pifia Coldn (west of Canol) Ot ~mid-June 1957 3,402 | 2,365 il 3
Paya Darien {east of Canal) Fel. 1958-early March | 16,632 | 2 430 o | 9t
19549
Taearcuna Darien (eaat of Canal) Aug.—early Dec. 1058 4,355 430 1] 1
Pacora Panama (east of Canal)® | Ot 10568 12 055 0 0 il
La Joya Panama (esust of Canal)® | Nov. and Aug. 1050 11,655 | 1] 7
Tooumen Panosms (east of Canal}® | Aug. 1059 31,062 i 0 2
Almirante Boeas del Tora (west of | Bept. 1958-March 1061 | 151,588 31 1] 2
I Canal)
Total o7, 880 | 24 813 | 4 0

t Ineludes Ihéus and 3t. Louis viruses.
T Includes 8t, Louis virus,

Mosquite captures at Buena Vista were carried
out from July 11 to July 23, 1957, Four isolations
of yellow fever virus were obtained from 1,514
mosquitoes colleeted at this station, Two i=ola-
tions were vielded by the species Haemagogus
spegazzinit faleo and two by H. lucifer,

At Orehid Tsland and Pifia collections were
cartied onl between June 1957 and February
1955, A total of 7,400 mosquitoes was captured
and inoculated into mice. No vellow fever virus
was obtained but four other arboviruses were
1=olated.

A total of 22,025 mosquitoes, including 3,528
Haemagogus, was vaptured at the Pintupo, Paya
and Tacarcuna stations, Inoculation of these
mosquitees into mice produced 10 arboviruses,
but none of them was identified as vellow fever,

The stations in Pacora, La Joya and Tocumen
were primarily intended for attemplz o isolate
eastern equine encephalitiz virus, Inoculation into
mice of the 55,705 mosquitees eaptured produesd
ng yellow fever virus, although 9 other arbovirsl
agents (but not eastern equine virus) were iso-
lated.

The station at Almirante yielded the most com-

* Ground ecatches only; all others arboerosl or, at Almirante, both ground and arboreal,

prehensive collection of blood-sueking insects,
including 151,588 mosquitocs, 9,543 Phichotomus
sandflies and 176 Culicoides sandflies. Inoculation
of thiz material into suckling mice produced 36
viral agents but onee apgain vellow fever virus
failed to appesr.

To summarize vesults of virus izolation ai-
tempts from arthropods, it may be said that after
the 1957 outbreak in eastern Panama and up to
1861 o trace of yellow fever virus was found in
Blood-sucking inseets eaptured in different areas
of Panama, east and west of the Canal,

Altempls to Teolate Vellow Feper Virus
Jrom the Blood of Vertebrates

Suckling mice were inoculated with the blood
of human beings, wild mammals, birds and rep-
tiles in an effort to recover vellow fever virus, The
blonds were obtained principally in Darien in
1959 and Almirante during 1960 and 1961, Re-
sults are listed in Table 2. As may be noted, a
total of 447 specimens was used for possible
virus isolation with a single recovery of vellow
fever virus. This isolation was obiained in 1957
from the blood of & mosquite eollector in Buena
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TABLE 2

Results of aftempled isolations of yellow fever virus
fram the blood tl_i" vertelirates

h'""l W
specl-
Species #;:::.s. .:‘L:ub':'u
ulated |iEelated
Tirds
Cormorant  (Phalasrocorar  oli-
R o v b s oo st g 4
American  Egret fl’"aaﬂwrr}rhus |
albus). . ... L o
Little Tilue Heron U* Eorfd::
caerilea). rectce S 1 1
Muscovy Duck {f‘mnnu
moscheata). ol 4]
Kite (Hchcoiesisa Fu::mr:!us]l i 1

Turkey Vulture (Catharles ﬂr.:ru} G
Chicken (frallus gallus
domesticus]. . P I |
Figeon fl.'"a!wre,bu 3 spemenl R .
Parrot (Amazona farinosa, Ara-
tinga finechii, Eucinetis haema-

totie, Pionus menslruus). ol
Groove-billed  Ani {f"rrrtaphapﬂ |

SULCETORIFER) i .\ ss i ras 9
Touesn Lﬂumghaama, 2 ppecies) . .| 22 1
Woodpecker (Centurus pucherant,

Dryocopus lineatus)y, . .......... 2l 1
Cotinga (reerule purpurata) ... .. L]
_'E'lycau:hﬂr (Myiozetetes sp.). . 13
Hwainaon's Thrush [Hyinctchi!a

T L R ol 1]
Clay-eolored  Robin  (Turdus

Lo 1) TR g o T Z
Scarlet-rumped Tanager {fam-

phocelus posserinid). 16 1
Oropendols {Jarhynchm 1l Eﬂrz} 14 |
Rarer specimens. (58 ,'!-pemeﬂg ..... 119
Unidentified speciea AR 11

Heptiles

urtle  (Chelydrae  acutirosiris,

Greomyda _funaﬂ.u Kinosfernon

leucostomumy). . PR in
Lizard (Ameiva sp., " Basiliscus

sp,!gmnawmm) posiraiam avo] O

Mammals
Opossum (Didelphis marsupialis), 1
Vampire bat (Desmodus

Folterdan ). . L e s 1
Agouti (Dasyprocla punclala) . . 1 I
Squirrel {Sciurius grmtmaia] 2
Mopkeya. ... .ccoorassiaiaiaiiies 19
Human beings. . vea| 22 44

Total . . . oo I ¥ 1n*

* (Ine agent J'-dent.iﬁ_ed as yellow [ever; Ilhéus
virus was olated three times from birds and 8t
Louis virus twice [rony man.,

Vista during the carly acute phase of the disease.
Of the remaining specimens, there were 378 avian
samples from Darien and Almiranie, 23 reptilian
sers from Almirante, 24 mammalian bloods from
Almirante and Darien and 21 human specimens

84T

from Almirante, Darien and the provinees of
Colén and Panama. Although no yellow fever
virns was obtained from these blood samples, 10
other arboviruses were izolated. It may be of
interest to note that =ix strains of Posteurella
multocsda were recovered from mertsally il mar
mosets and night monkevs bronght in from the
l..']ninit}' of Pacorn under Hllﬁ['li{":il'rﬂ of }r{&]inw fever
infeetions.

Results obtained with the inoculation of verte-
brate bloods confiem the consistently negative
findings vielded by the inoeulation of mosquitoes
eollected after 1957

Serological Surreys

Results of protection tests in adult mice with
the sera of vertebrates is presented in Tables 3
and 4. The total number of animals tested and
the number giving positive results are listed.
Tezts with human sera have not been ineluded as
the interpretation is obseured by lack of accurate
data as to previous vaceination.

Testz on primate gera. Panama harbors six gen-
era of monkeys of which five were tested. The
Chiriguf marmoszet, Saimiri orstedii, was not stud-
ied asit oeeurzonly in a limited area of the Prov-
ince of Chiriguf, in extreme Western Panama,
where svlvan vellow fever has nol been found in
recent years. The species tested include: spider
monkeys {Afeles geoffroyt and A, fusciceps), mar-
mosets or squirre]l monkeys ( Marikina geofTeoyi),
night monkeys {dotus frivirgatus), howler mon-
kevs {Aloualte pallintz) and white-faced mon-
kevs (Cebus capucinus).

Results by vearof capture are listed in Table 3.
It will he noted that positive resulis were given
by 7.1% of 169 monkeys captured in 1957, 4.5%
of 178 tested in 1958, 507 of 121 tested in 1959
and 0% of 169 tested in 1960 and 1961, If only
spider monkeye are considered, the resulls are
17.99, positive in 1957, an epizootic year, 7.7 %%
positive in 1958 and 2,29 in 1959.

Further analysis aceording Lo the age and place
of origin of the positives reveals the following
facts, In 1957 three positive infant Aleles wero
recelved from Daren and seven positive infants
or juveniles from Chepo, Pacora and the Bayano
River Valley. One positive adult Marikina also
was received from this latter area and one positive
infant Cebus from the Chagres River Valley, In
1958 three positive infant and juvenile Ateles and
{wo adult marmosets were captured in the
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TABLE 3
Results of profection lests in mice with monkey sera by year
1937 1958 1959 1960 161 | Total
Type of meonkey E Positive | § | Poaitive E Positive E iPn!.iiI.-,*: EI Paositive E | Positive
b 1 il S 3 i
E H i i | b A
2 |Ne| % | 2 |h.'o. o : ﬁ _xu.g-'«,:;. # No | % | 2 |Ne | %| 2 [Ney %
Spider monkeye. .. o..ooooovo| 86 | 10)EV.00 52 |4 | 7.7/ 45 |1 22 27 0|0 14| 0| 0| 19415 [7.7
Marmosets, . ..., i 77 L1371 228 45 |4 B &1 0|0 (1600|240 7 (2.8
Night monkeys 20/ oo (35 0|0 16|ojolwlolo| 7 0|o|0eo
Howler monkeys. ...........| & Ul i} B(1i12.58 210|045 810 0,00 63 1(1.7
White-faced monkeys . . .. 20 S0 (121|838 1|17 B|0O)0| 2|0[0]| 37 3 8.
Total . . oo 160 |IE 7.1178 | 8 | -‘!.5|121 fi 5.ﬂ|l3ﬂ Do 39| 0| 0| G3V| 26/3.8

Chepo-Pacora-Bayano sectors, one positive ju-
venile Afeles in the Chagres River Yalley, and one
each positive adult Alouwatie and Celus were shot
at Pifia, Colén. The latter animals probably ob-
tained their immunity during the 1945-1951 out-
break, Tn 1959 all positive monkeys were adults
including four marmosets, one white-faced and
one black spider monkey, four of (these specimens
being native to Darien, one to the Bayano River
Valley and one to Chilibre near the Transisthmian
Highway. The high specificity of the tests in
monkeys is indicated by the fact that 21 of the 26
positive sera were tested also aguinst 2t Louis
virus with negative results,

The fact that no positive juvenile monkeys
were found after 1958, one vear alter the last
isolation of vellow fever virus in Panama, appears
to give additional support to the concept that
yellow fever disappesred from the Republie in
late 1957 or early 19568,

Non-primate angmals, Many of the epidemio-
logical azpects of sylvan vellow fever are not com-
patible with the recognition of primates as the
only animal hosts. Of great importance is the
oceurrence of this infection in areas where few or
no primates exist.” In order to gather more data
in relation to this problem a large serics of sera
from birds, reptiles and nonprimate mammals was
tested for protective antibodies, Unfortunately
none of these were obtained from Buena Vista in
1947, the only ares where sylvan yellow fever was
recognized in the present survey, Results are pre-
sented in Table 4. The only valid conclusion that
can be reached from the analysiz of these data is
that further testz are required, cspeeially with
field material during epizootic periods and in the
kiboratory under controlled conditions.

Previous studies'® have sirongly incriminated
the marsupials as hosts of yellow fever virus. In
the present survey 2 of 115 adult Didelphis mar-
supialis (common opossum), both bled at Pifa in
1858, were positive but yellow fever has not been
aective there as far as we know sinee 1949, Positive
alzo were the sera of 2 of 32 adult Choleepus hoff-
mannd (two-toed sloth) received from Paeora in
1958; 2 of 39 Proechimys semispinosus (spiny rat),
1 of 9 Chireneetes mindmus (water opossam), and
4 of 92 birds all captured and bled in Darien in
1958, The sera of the four birds and two =piny rats
were also strongly positive against St. Louis
virus." The serum of the water opossum was
negative against Bt, Louis encephalitis but the
habits of this animal do not conform to the known
ecology of yellow fever. The positive sloth and
opossum sera were ot tested against any other
viruses. A large proportion of doubtful results was
eneouniered also, especially among the opossums,
sloths and birds. We do not attempt o interpret
these doubtiul findings at this time.

DISCTSEION

Our results indieate that vellow fever iz not
presently enzootic in Panama and that recent
outhresks during 1948 and 1956 have heen due to
periodie passage of virus from forested areas in
South America. This conelusion is based on our
failure to find yellow fever virus in any of 285,088
arthropods ineluding 275,266 mosquitoes, sinee
the small sylvan outhreak in Buena Vista in 1957,
by our failure to isolate the virus from the blood
or tizssues of lower mammals and birds and by the
gradual decline in the pereentage of monkeys with
positive serology sgainst the virus from 1956 to
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TABLE 4

Feesults of yellow fever prolection tests in mece
with sera of lower verfebrafes

[
4 5 =
Species 3 E E
- - ]
|| a
Mammala
Marsupials
Wooly opossum (Caluromya derfianus). .. ... i1
Water aposaum {Chironeetes minimual .. .. I
Common opossum (DHde phis marespinlis) (B L] 2110
Murine opossem (Marmon pobingond) .. | 33 |
Brown-masked opossum  [Welsehirua nudo- |
CMAEPEr]) . e VI
Four-syed opossum (Philandes opossinm) 31 1
Hodenta
TPooket moyse {feteromys spped o0 2
Dwarien gopher [ Moacrogromps dorisiag). ]
Rice rat (Drosomyn spp.) ..o " 3 1
Hpiny rat (Prosdimye semispinosus). ... [ 3 I
White-tailed rat (Tplomyr poromenaal. ... [}
Ted squicred (Seiyruy pranatesmis). . ... 35
Common agodath (Deapprosha punsgadal ... | I3 1
Bpotted ngouts (Agouts paca) | &
Forast mubibit (Spleilemes drerltensis) 1
Parcupine (Coerda rodheebilds) 3 I
Elashe
Theee-taed aloth (Brodppus infeeaaiug)
Two-taed slath (Caclorpua dofoani) a2 2 5
Crroivores
Olingo {Bessaricpon pabal.. ..o ... I
Conki mundi (¥osgwa perdea) o ... an z
Kinksjou {(Porop flabwe) ;oo niooii 1{:]
Crmbeenting racecon | Procpon sanerisorual . 2
Antenters
Pygmy sntester {Cpelopes didactyplual Lo
Tampndin mntentar (o mondu ptradactplo ] 7
Bats
Yampire hat ¢ Dermodus rofundus) i1
Mastif bat (Kumops abesewe) ... ... a
Spenr-noasd bat (Fapllsatomne heslinfug &
Miscsllanenos mammals 5 epp*. ... i 1
Reptiles
Common Lgane {fpuane ipuanal. ..o o0 B
Hirds
Turckey Vulture (Oethartea awra) ..o 00 . |
Domestic Clhicken (Goallvs galius domesticue). . .| 12 &
Little Blue Heron (Flovda eserules] o0 ] 1
Crested (Tunn (Peselops plpuntacena) E 3 |
Muscovy Dheek [Cadeine mosckalo) 7 ]
Rod-thronted Coracars { Depdeiug @ msricnm s} | 1
Crreated Camenms (Coracors blancka) . 1
Hinged Kinghaher (Megneerypls torgquota) 1l 2
Amaron Kingfisher (Cblorocerpls amasans) [ ] I 1
Taucan (Ruemphastos spp.) . ... Bl 2
Miscellaneous birds (17 app.) ..o =]
R o 2 e v K W 1 e Im!

11]33

* Inclides & negntive Dusypier nosemerneney, | negniive Luira
annactans, 1 negutive Tepocs albivostris, 4 negative Felie pa-
gousround] and 3 doubtbul Gulicles allamondi sera.

1961, Only adult monkeys were found positive in
1959 and all specimens teated were found negative
in 1900 and 1961, Failure of vellow fever virus to
cross the Panams Canal (rom east to west in 1957

B40

seems to be a normal cecurrence, Previous sero-
logical evidence! pointa to repeated vellow fever
aetivity east of the Canal from 1925 to 1948 and
eomplete freedom of the disease west and north of
the eanal during those vears, In 1949 yellow fever
virus managed to erozs the canal and to spread
through the forests of Middle America. Conditions
which normally prevenl passage of virus across
the canal are not fully understood at present.

HUMMARY

A surveillance report on svlvan yellow fever in
Panama from 1957 to 1961 is presented. The last
known onthreak of yellow fever in this eountry
oecurred in June 1957 oear the town of Buena
Vista, located along the Transisthmian Highway
a fow miles esst of the Panama Canal. During the
outbreak, vellow fever virus was isnlated from the
blood of an scutely il human and from forest,
day-flying, arboreal mosguitoes,

Failure to isolate vellow fever virus from forest
mosgiitoes and vertebrates captured in various
aress of Panama and results of neutralization
teats on the blood of numerous primates and
other vertebrates lead the authors to the conelu-
sion that vellow fever virus has not been active
in Panama sinee 1957,
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