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In 1961 the suthors reported the Grst =olalions
of Théas viras in Panamat * Two imolations wers
aldained from mosguitees and two feom bBirds.
The Arst recovery was made in 1058 fram o poal
of Trickeprosopon spp capiured in Daren, close
to the Colombian border, The seeond came from
a lot of Hoaemogogus spegazzing foleo taken at
Cerro Azul, near the Panama Canal, doring
June 1955, The third and fourth were obtained
[room serae of the Little Blue Heron (Flerida
crerulen) and the Keel-billed Touean (Romplas-
foz sulfuraius) captured during March 1960 in a
loswland swamp close to the Costs Hiean border,
The zera of hwnans and bivds from the study
areq i Daren and of birds from Almirante alao
pozsezsed antibodies against Ihéus viros® ® T
i5 thus apparent that Ilhéas infection hos oeo-
ecurred recently fram one boeder of the Repahblic
to the other, The ecologieal stadies borein re-
ported cover the period from April 1960 1o April
1961 and were conducted in the vicinity of Al
rErs e,

Pegeription of the stidy area. The study area
covers a portion of 25 square miles of swampy
landd surrounding the town of Almirante, pro-
vinea of Baeas del Toro, 10 exteeme northwestern
Panamsa. [t is bounded on the soulh and on the
wrst by a serles of complex forested  ridges
forming Lhe Cootinental Divide, which st this
podnk rses SO0 fect above zea level, This high
mountain barrier produces an extreme uplifting
of the moist air masses brought o by the worth-
easterly trade winds, thus producing heavy rain.
fall throughout the year. Table 1 gives the
monthiy rainfall recerd for the years 1950 4o 1961
fromm 11 rain-gauge sistions operated by the
Chirtgui Land Co. near Almideante. These figures
Place the study area almoost within the category
af “tropieal rain forest elimale’ as defned in
the Kappen svatem of climatic classilication,

* Thiz investipation was supported by rescarch
granls L-2084 and F-4Z28 from the Natiooasl
Towstitizles of Health of the U, 5. Public Health
Hervies.

T Universily of Panama Schaol of Wedicine,
Bepublic of Pansme.

f Gorgns Memorial Laborstory, Apartade U991,
Tepnibibie nf Panmon.

g

The orographic, hydeographic and elimatic
conditions of the regton have contribuled Lo the
development of a variety of eeological sssociations
within tle study ares. Since the region has a
Lrapical rain forest climate, it is mostly eovered
by evergreen broad-leaf forest braken up only by
special hvdrographic and edsphic conditions or
b buman activity. The four main categories of
eeological assaciations recognized in the arca are
1) tropical rain forest; 20 specislized forested
awamps produced by edaphic conditions, such as
mangrove and SHiliea palm (Haphia flesdigere)
swamps; 4 speclalized habitats developed by
hydrographie action, such as apen feesh water
swamps snd marshes, inoa highly dyvoamic stage
of evolution; and 4) habitats produaced by human
aetivity, including banana and casao plantations,
catile pastures and domestic environmenls.

The town of Almirante is o deep-sea port used
almost exehwsively by the Tnited Fruit Co. for
the shipment of bananas and cacan. There are
1,152 human dwellings with & population of
4,920 persons, Most of the dwellings are grouped
in an urban ecmmunity about 1 mile leng and
squarler of & mile wide, The town iz honnded on
the north by larme stapds of paln, freshwater
and mangrove swamps, an the south by Almirsnge
Baw, on the cast by the Chiviqui Lagoon and on
the west by the lower ridges of the Continental
Dhvide, Most of the native population live under
very unsanitary conditions, The shun ssetors of
fown, with some 160 housez and a population of
TA) persons, are bullt againgt the swamps and
many  “wild'” speeies of mosguitoess may be
eodlected in the act of attacking man in the gen-
eral neighborhood of the human dwellings.

MATERTALA AND METIIONDNS

enlloated
sprlilies

Material for study  eonsisted  of
s LS, vertebrate  Tilood
(himsn, mammalisn, aviae and repdilian). The
inseetz and bloodz were tranzported to Paosma
City b oair and iF not proscssed immediately,
stared 1o dry lee. When laree oumbers of arthro-
nods were abtained, ther were pooled in groups
of approsimacely 200, dritrated  with serume-

anl
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TAGLE 1
Meonthly rognfall for the poriod 851 Lo 1861
Rainizll in inches
Mootk
Avg. al-E3 FE-5% E3-R4 5435 Fi-54 36=57 S7=3H Sh=3% L] LA}

Zeprember. ... .. | 4.07 | 5051 3.03| 2.50| 638 2.36 | 5.34| 4.70| 4.60 [ 3.35 | 3.34
Oetoher, ... .| 62! .62 t3.08 | 624 562! 9.37 | 5.8 | 5.53 | 4.56 | 2.85 [ 2.90
November. .. ... 8.75 | 8.15| 4.23| 1280 9.25| 8.5 | 6.75 | 17.82 | 6.07 | 8.38 | 6.00
December.. ... .| 12.65 | 567 [ 1281 | 9.38 | 21.40 | 11.27 | 20,81 | 18,00 | 6.30 | 7.62 | 12.01
JADUATY. .. ees ARG5S | 14.18 | 9.26 | A8.12 7 4,95 | 1256 | 9.25 ) 1147 | 3.47 | 3.51 4.748
Tebruary. ... .| soen) 47| 632 1.39| 4.26| 5.4 F.80) 1695 | 2.9 | 621 | 1.0
Mareh, .22 | 28| o9 634 | 6.03| 61| 179 T80 4.3 | 6.8 | T8
April:io... 5.71 | 4.8 | 4.14| 899 | 472 .01 3.60 | S.10 | 12.63 | 3.0 | 6.32
May 70! 32! goar| T.a2| 0871181 | B0 845 806 480 0.74
June 7B& | 877| 50| 615 &3 8.00| 6.35 | 6.21 | 12.14 | 8.04 | 12.55
Tularo e 977 | 8.8 | 9.38| 8321015 | 17.00 | 12.12 | 5.84 | B.68 | 7.04 | 10.28
August 0.14 | 3.81 | 15.47 5.91| 1.21 | 5.59 | 21.56 0 L0585 | 8.03 332| B4

TABLL 2
Beguenee of dsolations of Tlhius virue in Boces
del Toro, July 1950 fo February 1881

i G i | B 5|:-==|:i.- Mo,
st ale oL caplurc !&TE;“;:' Ii!.al:.‘.iunx
Mogquitoes 18ex}
Parorephora
fulzed o ... .. | July 17-21 1 1
Paoropkorn
Jeraz. ., ... Oet. 11-20 117 1
Culse wigri-
paipus .. ... | Nov, B-12 3,672* 2
Agdes angusii- |
villalug. ... Naov, 15-1% 46837 1
Taards 1641
Homphorelus
POSSETIRIL .. Jan. 24 1 1

* Pooled in 18 approximetely equal growps.
f Pacled in 3 approximately squal groups.

saline containing penteillin and  streptomyein
and injeeted intracerebrally nlo 2-day-old mice
sz deseribed previously ! Harer species wers
retained in dry iee for o period of 2 months and
then injeeted as deseribed above regardless of
quantity. For the jsolation of virns from blood,
the sera were removed and inoculated into mice
individuslly or in small pools of the same species
depending on the guantity available. In the
case of badly hemolvzed or toxic blood {eg.,
reptilisn?, dilutionz of 1 to 2 or 1 o 4 were made
with pormal serum-zaline with or withoul anti-

bioties, aceerding 1o the probability of baclerial
eantamination,

TFor identification of the solates, hrmunologi-
cal comparizon was made with two strains of
Ilhéus virne previously recovered from mosgui-
toes in Honduras and Guatemala, respeetively!
Virszes oblained from mosouitees were compared
antigenicslly by the techniques of eomplement.
fixation with unextracted mouze brain antigens,
neutralization and cross-challenge  tests. The
antibody content of the sera was evaluated by
intracerehral neatralization tests in adult miee,
using 100 to 2000 LDe per inoculum, Survival
rates of G40, 5/0 and 5/5 were considered posi-
tive, and of 4/8 and 475 doubtful. All other
resulls were elassed as negalive. In a fow ine
stances the human blands were retested against
1000 fo 20600 LI aof virus.

REEULTS

Llhéus virus was izolated five thnes [ram maos-
guitoes and onee from bivd blood. The sequence
of isolations is shown in Table 2. The first isols-
tion was made from Peoroplora hedzti captured
in July 1060 and the zecond from P feror taken
in October. The third and fourth were ohtained
from alot of 3,672 Culer nigripalpus captured in
early Movember and ipoeolated in groups of
approximately 200 mosguitees each, The &fth
tgnlation was from a2 pool of 154 Aedes argus-
frilafus also collected in November 1960, The
last recovery of the virus was from the Dleod of
the Searlel-rumped Tanoger, Bomphocelus pas-
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TABLE 3
Verfghrate sora fnoewlaled info miea
Viras
. Na inslations
Species spi-
[ meas [T, 5
| Iihfées  Otker
[
Birds*
Casmerodius albus. .o ... ... 9
Florida caerulea. ... .. ... &
Columba nigrivesiris. i)
Codtemthe- Pl i D a4
Amazona farinoga. ... ... .. 12
Aratinga finschis ... ..., 7
Fuetnetos hovmatelts [ 11
Plonus wenstruws. ... .. | 20
Cuthartes aura. ..ol i
Ramphastos sulfuratus. ... 3]
Cenfurus pucherani : il
Cratephogt sulcirosirda. .. . g |
erula purpuralo. ... B
Hylociekle wetwlala .. ]
Turdus grayl. ... ..o T 2
Zarhynchus woglers. ... .. .| 14
Mylozetefes ap, ... ... .. 13
Ramphocelus passﬁmn ..... 16 1
HRarer specimens (34 species) | 104
Upidentified specimens. .. .. 11
Eeptilea
Chelydra serpentine .. i [
fgana igeana, R T i |
Kinosternon fsucosmnmm fi
Miscellaneoust, .. ., .. ... . 5
Mammals
Lower mammalsf. .. ........ 4
Humsan with fever of un- i |
known arigin. ... ... .. ... 13 | 2
Iy | E T 370 1 | 4

* Only species of which more than § specimens
were repeived are liated by name,

T Includes 2 Ameiva sp., 2 Boesiliscus ap.
I ffeoemydda funeren.

f [ncludes 1 Dusyprecta punctate, 1 Desmodus
rodendus and 2 Seduruws granatensis.

and

gerinii, captured in January 1961, In view of
previous isolations from the blood of two bicds in
March 19602 it 15 obvicus that the virus was
continuously present in Almirante from March
1960 to al least February 1961, There can be
little doubt of the importance of birds in the
ecology of this virus. It is of interest that species
of mesquitees found infected were obzerved to
feed frequently on birds,

RODANICHE AND GALINDO

TABLE 4

Besaulty of neulralization fesls against Nhéus virus
with sara of lmeer verfehrates caplured

in Mocas del Toro

IT‘uTﬂ i,
Specics gn'ﬁ'::‘ Ma. pus.
tected
Birdz* [

Timamus major ..., 3 1
Floride caeruloa. ... .. ] 1
Leucophayr hula. ... . 3 1
Herpetotheres cachinans .. 3 1
Jocona spenosa. ., ..., ., 1 1
Clarasie prefiosa. .. ..., ... i Z
Columba nigrirostrie. .. .. 1] 5
Amazong farinosa. ... ... ) 1
Buaryphthengus martéd. ... | 3 1
Hamphastos swaineonis. | |, 0 2
Pleroglossus orquatus i 1
Centurus pucherani . ... .. 17 B
Erator dnguisttor. . ... .. .| & b
Guerula purpurala. . .. .. sl 3 2
Pyrannidas, B I ¢ 2
felerus mesowelas ... 11 2
Romphocelus passerinii. . .. i
Thrawpis virens. . iy a2
Salinior sp.. ) 1
Birds giving t.D-tﬂ.le neg -

tive resultaf, ... ._.....| 108 0
Total.....................| 236 | 35 (14.8¢%)

Lower marmmals

THdelphis marsupializ. . |, | b} L]
Avtiheus jomaicenain . ... 0 i}
Artibens Niuratus 39 0
Desmadus rotundus. L 5 i}
Phyllostomus dizeolor 4 ]
Vampirodes major. ., ., ] 0
Nectomys alford & 4 2
Frogchimys smr!.a.spmus ug . a6 0
Sipmedon higpddus. | 42 1
Miseellaneons mamrmslsl. . 14 ]
TRl oo 255 3 (1.2%)

* Ooly binds giviog one or more positive reaults
are listed by speeies,

T Includes 9 Catharies awra, 7 Crofophage sul-
airostriz, 11 Galluz gellue, 16 Fionus menairuus, §
unitdentified apecies snd several species with 6 or
less specimens swvailsble,

f Ioneludes 3 Hoploweys gymnuras, 2 Helevorys
desmorestionis, I Oryzomyps calliginosus, 3
FPhilender opozswm, 2 Potes foves and 3 Sedurus
grianafensis,
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TABLE 5
Kegulls of neulralization leels wilh human sero
Males Fenales
Y age Positive Dioltiul Fasituve Daubiiel
Tatal - e — Tuotal — e
Mo T Ha. i [ Ma. ., Mo, s
-2 3 2
3-3 i 1 14.3 10
610 66 | 4 | 6.6 3|
11-15 44 i+ 8.2 24
16~ 23 3 13.0 11 R | 3.3
21-30 7 W | 128 | & | 6.4 5 | 8 | 148
41-30 ai 1 1%.6 fi i3] 0 | 12 ! 7.1 | 4 5.¥
511083 63 28 44 .4 1 1.6 22 4 | 182 | 1 1.5
Age unknown 7 5 | 714 Al | | 2 | 283.6
Todal. ... ... ... .. a8l 71 18.2 12 31 204 25 ‘ 9.5 7 i

A total of 370 vertebrate sers were invculated
into mice. These included 330 avisn, 25 reptilian,
4 lower mammalian and 13 human specimens,
The only isolation of 1lhéus virus obteined was
that fram the Searlet-rumped Tanager disoussed
above. Four other viral sgents were recovered,
two from birds and two from human sera (Table
3.

Nentralization tests for aptibodies agsinsg
Ilhéus virus were condueted with the sera of 236
birds, 255 lower mammals and B43 human
beings, Besults sre listed in Tables 4 and &,
Thirty five or 14.8%, of the bird Bloods gave a
pesitive finding. These included 3 of 7 Hampho-
celug pagserindd, species from which virus was
recovered in January 1961, and 1 of 6 Floride
coeridea from which virus was obtained in March
1960, No HRemphostos sulfiratus {source of a
previous virns isolation) were tested, but 2 of 9
R, swoinsondi, s closely related species, were
positive, Ooly & or 1.29 of 255 lower mammals
possessed neuntralizing antibodies against IThéus
virng. These were Alfarc's Water Rat (Nectomys
alferd) with 2 positives among 4 specimens and
the Cotton Rat (Sigmoden hispidus) with one
pool of 3 zera positive out of a total of 42 speei-
mens xamined.

The 643 human bloods similarly tested were
drawn in December 1960 by Dirs, Carl M. John-
son and Alexis Shelokov from residents of Al-
mirante. A positive result agsinse 100 to 200
LDy was obtained 1n 96 or 14,99 and a douktful
finding in 19 (Takle 5). The pereentage of posi-

tive males (18.29) was significantly higher than
that of females (3890, Males also became posi-
tive at an earlier age, the voungest being 35
vears ofd whereas the younpest female found
positive waz 20. There were 9 positive males in
the ape group 0-15 years among 127 tested,
while all 71 females in this age group were
negative, These results =seem to indicate an
infection contracted in the field rather than a
domestic one, The fact that species of mos-
gquitoes which vielded Ihéus virus sre considered
“feld” rather then “domestic” species would
geem (o corroborate this theary, Twenty positive
human Bloods were retested against 1000 to
2000 LDg of Ilhéus virus and all were found to
neutralize this quantity of virs.

The interpretation of the positive neatralizing
capacity of hurnan sera 15 difficult, especially as
other group B viruses ccour in the arvea, I6 may
be noted that a wave of Yellow Tever passed
northward through Boeas del Tere provines in
1951 but this would not explain the presence of
antibodies against Ithéus vires in children. No
records of vaccination apainst yellow fever are
available. Although elinical infection with Ilhéus
virus has not yet been diagnosed in Panama, it
hes been found in other areas (Causey el al.
18615, Serclogieal surveys in Brazil * Colombia,?
and Trinddad® indicate a more or less extensive
distribution of the infection in those countries,
The pereentage of positive reactions in Almirante
waz considerably Jess than that  previously
engountered in the Province of Darien (43,7 %)
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although in the latter province also, males gave
& higher propertion of positives than fewales.
The over-all higher infection rate in Dariet roay
be explained by the fact that people fested thera
were nomadic  agriculturisis  living in elose
conteet with the forest, while the survey in
Almirante was earried out among residents of an
urban  community, Our ecurrent findings re.
ernphasize the importance of members of the
genus  Psorephora a: vectors, The virus was
originally reecversd from  Peorephera feror in
Bragil in 19447 and arain obtained there from
this species in 1959.% It also was found for the
first time In Trinidad? and in Central Americat?
in this genus of mosgquitoes,

The importence of =ome species of the genus
Aedes 15 demonstrated by the isolation reported
here and by the work of Causey ef al.% in Brazil,
Moreover, mosquitoes of this genus were shown
to be ecapsble of transmitting the infection
experimentally by Loemmert and Hughes?

There can be little doubt of the significance of
birds in the ecology of this viral infection, al-
though further investipations are needed to
assess the imporfance of the different avian
species as natural hosts of the virus,

SUMMARY

Izolation of Ilhéus viras is reported from pools
of the mosquitces Feorophora luterd, P. ferox,
Culer nigripalpus snd Aedes angustiviftaius and
from serum of the Searlei-romped Tanager,
Rowmphocelus  pagseringt, all captured in the
viginity of Almirants, Province of Bocaz del
Tara, in Pangma durivg 1960 and 1961. Alsa
14.584% of 236 birds, 1.297 of 255 lower mammals
and 14.99 of 643 human beings were found to
possess newbralizing antibodies against this viral
agent. The slgnificsnce of these results is dis-
nuzsed,

RODANICHE AND

]

10.

15,

. Gaviwpo, P, Ropaxione,

. Cavsny, O. R, Cavapy, .

. Groor, I, Keexr, J. A, SaxManrin, 0.,

GALINDO

REFERENCES

. Ronariene, Evin pE, ann Gavivoo, P, 1981,

Taglation of the virus of Ilhéus encephalitia
from mozoguitoes caplored in Peoama, A,
J. Trop, Med. & Hyg., 10 3054,

L Ganinoe, I, ann Rooaxsicns, Bwin pe, 1961,

Birds as hosts of Tlhéus encephalitis virus
in Panama, Am, J, Trop, Med, & Hyg., 10:
50,

. Rovanwwene, Brin pe, axe Joosson, O 3,

1961, &i. Louis encephalitis in Papsens, 11,
Survey of human blood for  antibodies
against 2, Louis and two releted group B
virtsea, Ilhéus and vellow fever, Am, J.
Trop, Med, & Hyg., 10: 387380,
Exin ng, axp
Jomwsow, O, M., 1959, 5t. Louia encephalitia
in Panzme. I Tsolaticn of the virus from
foreat moanuitoes zod human blood. A S
Trop. Med, & Hyg,, 8: DHT-060.

i E., Marosa,
O ML, ann Macepo, D, G, 1961, The isola-
tion of srthropod-horne vicuses, ineluding
members of two hitherto undeseribed sero-
lagieal groupz, in the Amazon region of
Brazil, Awi o Trop. Med. & Hyg 10 237-
249,

CCamsey, O B, ave Teetner, M., 1958, Virua

antibody survey of residents of the Amazon
Valley in Brazil, dAm. S, Trop. Med. & Hyy.,
Ti A1,

AND
Vipargs, H., 1838 Antibodies to yellow
fever and other arthropod-Torne virug in
humean residents of Ban Vieente de Chueurd,
Bantander, Colombia. Am. J. Trop, Wed, &
Hyg., 85 175-120.

. Dowxa, W. (3., a¥vp AxnoeRsos, O, R., 1950,

Arthropod-tiorne encephzlitia virgges in the
West Incdies Aren, I, Serologiesl survey of
Grengds, W. I, Weat Indian M. J., B: 101-100,

« Lagusmenrt, H. W., avp Huanes, T. P, 1047,

The wirts of Ilhées enecphalitis. Tsolation,
serologienl  specificity and  transmiszion,
S Tevinanod,, GBSz GL-6G7.

Axperzow, O, K., Aresew, T. . G, awn
Dowms, W, (3., 1956, The isclation of Tlhéua
viruz [row wild eaught forest mesquitces in
Trintdad, Am. J. Trop. Med, & Hyg., b:
B21-625.

Ropaxione, Exin o, 1060, Iselation of the
virus of Ihéus encephalitis from mozquitoes
af the genua FPeerophora captured in Hon-
duras, dm. J, Trop. Med, & Hyg., b: TO7-801.



	p1.jpg
	p2.jpg
	p3.jpg
	p4.jpg
	p5.jpg
	p6.jpg

