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The Caribbean area s prominent in Lhe history of vellow fever. From
here came the first accounts of yellow fever recopnizable as such. The
large population centers of Panama, Veracruz and Havana were re-
peatedly visited by severe epidemics, and there woere long periods when
vellow fever remained endemie in these places. At the turn of this cen-
tury the transmission of the disease by Aedes aegyply was proven. The
control of aegupls which shortly followed in ITavana and then Panama
reailied o the disappearvance of the disease from these citics. Urban

250



286G HARUDLI TRAPING AND PERHO GALINDO

vellow fever persisted, however, in Mexico and Cenfral Americs until
the first hall of the twentics, In Pamama the last urban vellow fever was
reparted in the fall of 1905, While several rases of the disease were
brought 1o Panama by ship in subscquent years, there was no elinieal
recognition of autochthonous cases until 43 years later inthe fall of 1948,

During this inferval, continued work on the disease, particularly in
Alrien and South Americs, resulted inow number of important. discoverios
and developments, 11 was demonstrated by Stokes, Bauer and Hudson
(1928) that primates other than man were suscepdible to the discase,
amd that the etiologica! agent was delinilely a Dlirable virus, Bauer
(19287, Philip {19247, and Davis and Shannon (1928) showed that in
the laboratory, al least, the virus of vellow fever could be Lransmidled
by meosquitoes other than Aedes aegypds. In Brazil and Colombla the
recognition of vellow lever in areas in which the presence of Aedes argupli
could not be demonstrated brought o realization that olher mosquiioes
must in faet e natural veetors, and that animals other than man were
involved in mainlaining the virus in nature. The concept of a sylvan or
jungle evele of the disease was thus developed. This history has recently
Leen summarized by Warren (19510,

This review will deal primarily with the epidemiology of yellow [ever
which appeared in Panama in 1948 and subsequently invaded the region
to the west and north. For want of some better way to refer to the land
mass extending from northwest to southeast, connecting Lhe two Amer-
iean Continents, and including Pamwma, Central America, and Mexico,
we have chosen the term “Middle America.” Before attempting to deal
with wellow fever in this area we must first give briel consideration to
the physiral environment.

Puvsiocrarny, Cuniaronocy, axn Vecerarion Fomaerioss

Hunning the length of hliddle Ameriea is a complex mountain system
which is relatively narrow at the south, broadens in the area from south-
ern Niearagua to Chigpas, and expands to become the vast highland of
Mexico. There are Lhree gaps in this erographic chain, one at the Isthmus
of Tehwantepere, a second in southern Micarapua, and a thivd at the Isth-
mus of Panama. This third natural land feature was cxploited for the
eongtrnetion of the Panama Canal. Thus the Canal 5 more than an inei-
dental artifact on the landscape. T4 marks the location of an important
physiooraphic feature. The terrain features of Middle Ameriea have an
important influence on the elimate, which in turn influences the vegeta-
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255 HARGLE TRAPIDG AND PEDRO GALINDO

tion cover. Together, physiography, climate and vegetation have affected
mosguito distribution and bionomics, and the geographic course of the
vellow fever vims.

The yellow fever activity in Middle America has all oceurred within
what may climatologically be spoken of as the tropics, Le, a region in
which there is no month with a mean temperature below 18°C (64.4°T),
The relatively constant high temperatures of the tropies produce high
evaporation rales, so that there must be partiewlarly abundant el
to maintain humid conditions, The cimates of the tropics have been
subdivided under the Koppen system according Lo the amount and an-
nual distribution of rainfall (Trewartha, 1954). For our purposes the
three principal tropical elimatic types may be briefly characterized as
follows: Af—rains throughout the year with no month having less than
B oom. (2.4 inches) of precipitation; dm—there are monthe with less 1han
G ocan of precipitation but these are compensated Tor by rains at other
times of the vear heavy enongh to maintain high moistuee conditions;
Aw—the wyear marked by pronounced drey perieds without sullicient
precipitation during rainy seasons to avert drought.

In Middle America the movement of the air mass and the conligura-
tiom of the land and mountain masses are such that, in general, high rain-
fall is experienced on the Atlantic side and lower rainfall on the Pacific.
There are exceplional pockets of high rainfall on the Pacific slope such
s those in southwestern Costa Riea and western Guatemala, There is
also g special sifuation at the mountain gap in the Canal Zone which we
will deal with later in disenssing the course of the virus in this critical
wres: This general rainfall pattern is due Lo the Tuel that the trade winds,
which blow from the north or northeast, are deflected wpward iy the
mountain masses and in cooling precipilale their molsture along the
Atlantic lacing slopes and the lowlands immediately sdjseent. There iz
also zomie spilling over ol precipitation on the upper slopes of the Pacific
faee of the mountains,

I general the annual epele of rainfall is a function of latibude. The
rainy scazon is longest in lower Middle America and progressively shorer
Lo the north, with the converse being true for the dev season. Thus in
Panama the rainy season extends from May to Decomber, while st Vera
criz the principal rains are limited to the period {rom June through Sep-
tember, This paltern of wet and dry periods is more pronounced on the
Pacific side,

The physical aspect of the vegetation cover is directly relaled to tom-
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perature and rainfall alihough soil tvpe may alzo be a detenmining factor.
The association of vegetation with climate is so intimate that climatolo-
wists often wse vegetation cover Lo delimil climate Lypes. Agreement is
lneking among plant ecologists on the details of how the tropical plant
associaiions should be elassified, what they should be named, and the
limits of the climatic conditions essential to thelr development, Certain
moneral principles have impressed us, however, as being essential to un-
devstanding the relation of yellow fever to the Middle American forests,
We need to characterize briefly two principal forest formaiions to he able
to diseuss later the epidemiology of vellow fever in the area.

“vopical ratr-fores!” 1s notable for the great height {often 150 feet)
of the trees of which it is composed, the heavy covering canopy which
permits little or no direet sunlight Lo reach the forest floor, and the con-
socuent lack of herbaceous ground cover, It s evergreen in the sense that
ab no time of vear is there a geners] loss of lewves from the high covering
canopyv. The A7 and Am elimales of the oppen system are capalile of
supporting evergreen tropical rain-forest of this sort, but it does not
follow thatl rain-forest will everywhere be present where these climates
prevail, While climatological maps show a band of Af and Am climates
pxtending the length of the Atlantic slope of Panama, Central Amerion
and neross the base of the Yueatan Peninsula Lo the Mexiean Gulfl coast,
edaphic conditions inlervene in parts of Niearagua, Honduras, and Gua-
temali. The sandy soils there are elothed with pine lorests which appear
as slands in o sea of broad-leaved tropieal rain-Torest.

In “fropienl deciduous forest” the trecs do not attain the great height
characteristic of tropical rain-forest, and during dry season there 12 g
more or leas genera] loss of leaves, The loss of leaves serves to reduce
transpiration and conserve moisture for the trees, but it also permits the
circulation of dryving winds within the Torest, The penetration of sun-
light to the forest floor allows the development of a substantial ground
cover. Thiz forest formation is associated with the Aw climate which 13
generally distributed along the Pacifie side of Middle Ameriea, with some
exceptional areas as previeusly mentioned. By its association with a
ainfall eyvele of the Aw type, tropieal deciducous [orest s also an di-
cator of conditions nnlavorable to the maintenanee of yellow fever trans-
mission during part of the wear; the period of effective drought, which is
implicit, reduces the number of tree holes with water available for larval
development, and produces low humidites and high temperatures which
limnit the life span of adult mosguitoes.
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Ivmuxonocican Svuvevs Prion oo 10458

Dhuring the thirties, the authorvities of the Rockefoller Foundation un-
dertook to make o world sucvey of the distribution of yellow fever im-
munity, utilizing the mouse protection test which hud been devised by
Sawyer and Lloyd (1931 following the disecovery by Theiler (19300 that
white mice were stseeptible to vellow fever when the virus was intro-
duced by intracerebral inoculation, SBeveral immunological survevs were
made in Panama, Cenlral Ameriea, and Mexieo,

Besulis from Masi af the Pename Canol

Thiman sera were collected from Iocalities in Darden Provines and
along the San Blas consl of Panama {east of the Canal Pone and adjacent
to the Colombian border) in 1936 and 1937 by Dr. Carl M. Johnson of
the Gormus Memorial Taboratory and by the Army Medieal Research
Board, The results of these tests were reported by Clark (1938 and
Bawver (1M, Tnoaddition to positive sera from adulls, one [lyear-oll
and one 12-vear-old of 107 childeen from Darien, and one S-oyvear-old
of 835 children from the San Blas coast were positive. Sawyer conelnded
that “the evidenee sugmeste that vellow [ever was present al least as
late s 1027, In 1941 and 1942, Kamm and Crawford {19430 collected
additional sera in eastern Panama. They lound six positives in the 10- to
Ld-veur-age group and eight positives among children less than 9 vears
old., There were Lwo posilives in T-year-olds, and at El Llano, which is
but 50 miles cast of Panama Cily, they found fwo positives in chi
born as lale us 1928,

dren

flesults from West of the Pananie Canal

Inwestern Panama, Central Ameriea, and Mexieo, Kumm and Craw-
ford found no positives in persons under 23 years of age. Bawyer (1940)
reported two falal jaundice cases from the Pacifie slope of Costa Ries
in 1835 which elinieally resembled vellow fover. But there was no nee-
ropey in one case, and no histopathologieal study made of the olhor, so
that no delinilive diagnosis could be made, He also gave the resulis of
nentralization fests on the sera of 300 porsons 1 Costa Thea, colleeted
i L9349 and 19400 ALl tests were negative and he coneluded that vellow
fever was not present there, The results of other surveys of human sera
for yvellow fever protective antibodies in the Middle American region
were reported by Bawver, Bauer, aml Whitman {18370 and Bustamante,
Bumm and, Hervera (1M42), Sawser & ol found immunity, as might
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have been expeeled, throughout the older age groups which would have
been exposed to yellow fever when the aegypéi-transmitied urban form
was present in the area. But in Mexico there were also positive sera ob-
tained in 1932 from three children reported to have been born 2 and 3
vears subsequent to the last elinically recognized case of vellow fever in
that couniry {at Panueo, Veracruz, February 1923}, There was also one
ineonsistency in the sera from El Salvador, A child from Usulatan born
in 1625 showed protection, although the last clinical yellow fever in the
principal vity, San Sabvador, was recognized in 1924, and the last yellow
fover recognized at Usulatan was in 1921, Several possible explanations
for these aberrant positives were suggested, which we will consider later.
Bustamante ef al. collected bloods in the area along the Mexican-Gua-
temalan horder and found no imrunity i persons born subsequent to
L0245,

Thus the general understanding of the distribution of yellew fever in
the Americas, al the time the eases were diagnosed in Panama at the
end of 1948, was that the sylvan or jungle phase of the disease was en-
demic in South America and possibly in eastern Panama adjacent to
Colombia, or at least made periodic excursions into this last mentioned
area, Bun Middle Amerien, west and north of the Panama Canal, was
free of the disease and had been so sinee 1923, prior to which urban
pegypti-transmitted vellow fever had been present.

ArrEarANCE 0F Yronow Taver mx 19458

Several papers have appeared dealing with the first recognition of
elinieal yellow fever in Panama during the last months of 1948, Herrera,
Elton, and Nicogia (19497 give accounts of case histories, the pathology
of five fatal eases and the elinieal histories of four recovered cases from
the Pacors ares aboul 25 miles northeast of Paname City, Elton and
Herrera {19449) summarize the histories, elinieal courses and post mortem
findings in three of the fatal enses. Elton and Johnson (1950) diseuss the
histopathologieal findings in these and several subsequent eases. Calvo
and Galindo (19523, and Elton {18541) provide some background informa-
tion on the circumstances under which the diagnosis of vellow fever was
made, As is often the case in places where vellow fever has been absent
for a long period, the disease was not diagnosed with certainty until
several cases had aceumulated, The appearance of yellow fever in Pan-
ama was officially notified in the Weekly Epidemiological Report of the
Pun Ameriean Sanitary Burean for January 17th 1949, Listed are cight
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cages and six deaths from the Pacors region. This report, which was
based on o preliminary felephonic communieation from Panama, is ap-
parently in error as but five fafal cases and four recovered coses were
known at this time {Herrera, Elton, Nicosia, 1949). On January 14th
149, a firm histopatholegical diagnosis of yellow fever was made by i
Joge M, Herrera, Chief of Pathology at the Santo Tomas Hospital, and
Dir. Norman W, Elton, Chief of the Board of Health Lahorwtory, and
confirmed by Dr. Herbert C. Clark, Dhrector of the Gorgas Memaorial
Laboratory. All agencies concerned were officially notified, and 8 con-
ference of interested parties was held on January 17th, This resnlied in
the establishing of a rooperative program between the governments of
the Hepublie of Panama and the Canal Kene, Included were plans for
{1) the immunization of humans, {2) Aedes acgypii eradication, and (3)
epidemiological studies. Courtney (19500 has reported the activities car-
ried on under this program.

Courze or YeiLow Fuver 1x Mippre Averica Arren 1043

In the period from 1949 Lo 1954 there was a succession of vellow faver
fatalitics in both humans and menkeys in central Panama, western Pan-
ama, Costa Rica, Nicaragua, and Honduras, Human cases for which
there is laboratory confirmation are reported internationally, The se-
cuence of human cases and deaths, as officially notified, has been listed
i the Weekly Fpldemiologica] Reports of the Pan American Sanitary
Burean, The geographic location and liming of these cazes are shown on
the accompanying map, he Fpidemiologieal Reports lise 45 deathe and
an additional six recoversd eases for Costa Riea, But Elton, Romero and
Trejos (1933) state that 200 yellow fever palients with 37 fatalities were
seen in the San Juan de Dios Hospital in San Jose; during 1951 there
were 157 eases, durving 1932 46 cases, and during 1953 3 cases, In Niea-
ragua, the Epidemiologieal Beports list 11 deaths: five in 1952 and six
in L8353, Trejos and Romero (1951) give the monthly distribution of 203
Closta Rican eases scen in 1951 and 19532, Al but four of these oeeurned
from June through December, the rainy season, when forest canopy
Huagiagagics are most prevalenl. Threc-quarters of the vases (154) were
in August and September,

There were undoubtedly many more cases and deaths than eame to
the attention of health anthoritics. The poorly developed transportation
system in most of the area in which the disesse ceeurred, together with
the rapid onset and short course of the dizsease, militale ngainst patients
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Fro. 2, Map showing the sequence of buman vellow fever cages in Middle
Ameriea from 1945 to 1954,

reaching a hospital where a diagnosis can be made. The substantial
number of eases reported from Costa Riea s probably only indicative
of the faet that the capital and prineipal hospital are cenfrally localed,
wilh a relatively mood radiating net of rosds and railroads, In Panama,
no vellow fever wetivity was reported belween Jannary 1950, near the
Canal Zone, and April 1051, from near Almirante close to the Closta
Rican border. But the path of the virms between these two places would
have been through the Atlantie side rain-forest where there are no roads
and the ]:|='|:rlc|11t.inqnt'j1.' Indian population can only travel by trails on
foot or along streams in dugouts, The absence of reports from here, during
a 15 month peried, is more likely a reflection of the failure of cases to
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come to medica] slitention rather than any indication thal humeans were
not inwvolved. The cases ot Almirante were diagnosed hecausze o United
Fruil Company hospital is there, The small nomber of cases recorded
from the Atlantie side rain-forests of Niearagua and Honduras mayv also
be allributed Lo poor communication and transportation.

The last numan case reported wos a fatality which ocearred at the hos-
pital at San Pedro Sula, Honduraz, in September 1954, Ban Pedro Sula
18 located in the valley of the TUlua River which = under intensive cul-
tivation for bananas, and it is unlikely that the vellow fever was con-
tracted there. Devastating Hoods woere oceurring at the time and com.
mnicalion lines were disrupled, so that il has ned been possible to trace
the soures of the infection.

A prominent {feature of the vellow fever episode 1 lower Middle Amer-
ira has heen the frequency svith which reports of fatalities in monkevs
were noled, Massive monliey mortality was apparently not o regular
feature of the yellow fever epidemiology in South Ameriea alithough i
was remarked by Boper (19380 after the discovery of the sylvan oyvele of
the dizease that, “there 13 0 great deal of acommuolated evidence, both
seientific and hearsay, indicating that monkeys are infected in the jungle
and that certain species, notably the howlers, die in large numbers at
the time human infections are ocewrring e the loresc” Other recrospec-
tive arcounts from hearsay evidence of natives are those of Gailtan {19319)
and Sanches (VU300 0 Guatemala, Leemmert and amm (10500 in Bra-
eil, and Gast-Galvis, Anderson, and THI {19540 10 Colombia,

Asoearly as 1914 Balfour had called attention {0 reports by local resi-
dents of howler monkey mortality being associated with the appearance
of yellow fever in Treinidad. He alzso noted the close association with the
forest of several human cases in the outhreak of 1913,

There were no reports of monkey mortalily at the iime of the first
human yellow fever cases in the Pacora area of Panama. Elion {1952a),
however, called attention to the work of Collias and Southwicle (1952)
or the population densily and social oreanizaiion of howling monkeys on
Barre Colorade Lsland, a biclogical reserve in Gatun Lake, These authors
made o census of the howling monkeys on Lhe sland i March and Aprl
1951 and found the mumber of individuals to be only about halt that re-
corded ina study made |8 years previously hy Carpenter (19341, While
their interest was in social organization in these primaies and its possible
Hmiting effeet on population growth, they also consider the possibility of
population reduction by diseases, including vellow fever. They recond
the observation of Dr. Fugene Kisenmann, who had visited the island
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on several previous oeeasions, that the decresse in numbers of howling
monkeys had happened shortly before 1951, Dy Elsenmann also noted
that in L9531 there was an apparent inerease in numbers of Cebus non-
kevs, This would be a patural consequence of seleclive mortality in
howling monkevs, had there indeed been a yellow fever epizoatic. Elton
(19528 and 1952d) pointed out that human cases of yvellow fever acourred
at Buena Vista, bul ten miles from Barro Colorado Island, in Angust
and September 1948, and attributed the reduction in numbers of howling
monkeys on Barro Colovado to yellow fever. Early dn 1951 there were
word-of-mouth and newspaper aceounts of monkey mortality in Chiri-
rui and Bocas Del Toro Provinees of western Pansma, but no tissues
positive by pathological disgnosis weree obtained. In Costa Riea, Th.
Osear Vargas-Mendes, Director General of Public Health, was alert 1o
the significance of reports of monkey mortality, and w substantial series
of tissnes was oblained from sick and dead monkevs between July 1951 and
Eeplember 1952, which formed the basis of the paper by Vargas Mendesx
and Elton (19531 on naturally acquired vellow fever in monkeys in Costa
Rica. In the period from April Lo August 1952, Dy, Jorge Boshell, in
charge of vellow fever epidemiclogical investizgations for the Pan Amer-
ican Sanitary Bureau, oblained three spider monkeys and three howling
monkeys in the Rivas area in southwestern Nicaragna in which histo-
pathologice]l dingneses of vellow fever were made by Dre. Gast-Galvis,
Divector of the Carlos Finlay Institute, Bogotd, Colombin (Boshell Man-
rigue, FH20, 1he Boshell arrived in this area while the epizootic in mon-
Levs was slill in progress and has vividly deseribed how the mortality was
sivextensive that the woods reclied with the odor of dead animals, He also
traced reports by local people of monkey mortality in Chontales Pros-
inee, cast of Lake Nicaragua, We visited this arca in 1953 and gathered
reports from natives which were consistent in detailing how the howling
monkevs, which formerly awakened the people by their calling at dawn,
were nee longer heard; how 1he bodies of monkeys which had died and
[allen i strears fouled the water which was used for drinking and wash-
ing; and how the howling monkeys were most affected, the spider nen-
kewvs less affected, and the white-faced maonkey populations were seem-
ingly not disturbed. There were further reports of monkey mortality to
the north in the Atlantic drainage of Nicaragua during 19535, Dr. Boshell
also investigated a report of monkey mortality southwest of Managia
on the Pacific slope in September and October of 1953, but he was unable
to confirm the presence of vellow fever by histopathological diagnosis,

In June and again in August of that year we traveled widely in Hon-
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duras, to the north of Niearagua, but nowhere did we hesr of monkey
mortality from local people. In December of 1953 there was a report of
a human fatality with o clinical picture of yellow fever at Dulee Nombre
in the basin of the Rio Patuea in southern Honduras, In tracing this Dr.
Bozhell went into the area in early January 1954, He obtained reports
of monkey mortality there during the previous two months, but by the
lime of his arrival the dry season had become established and there was
no eurrent evidence of an epizootie. From Febroary to July of 1954 the
Department of Public Health of Honduras reccived reports of monkeys
dving to the north, near (lanchito in the bazin of the Iio Aguan, and at
spveral other localities facing the north coast, In July fresh reports were
received from the vicinity of La Masica, on the north coast between the
port towns of Tela and La Ceiba, In this instance livers were abtained
from two recently dead monkeys and a positive histopathological diag-
nosis of vellow fever established (Trapido and Galindo, 1955). There
have been no further reports of monkey mortality in the 15 months which
have sinee passcd.

Tt will he noted from this summary covering o 6 yvear period, that all
ton often information on the events oceurring in the primate populations
in the forest was baged only on the hearsay evidence of natives. [t should
be appreciated, however, that local reports were slow in coming to the
aitention of health authorities in eapital eities, that valid reports were
admized in no small measure with haseless rumors, and that the areas
involved wore rernote and difficult of aceess.

Thiring the period of yellow fever wetivity extensive vaceination cam-
paigns were earvied on in Panama, Costa Riea, Nicaragua, and Honduras,
Both Dakar and 171 vaceine were used. Eklund {1953) has reported on
encephalitis associated with the use of the Dalkar vaceine n Costa Riea
and Honduras. Treios and Romero (1954} give the details of yellow fever
pages in vaceinated persons.

An extensive series of papers on various aspects of the yellow fever
wave has been published by Elton (1952a, b, e, d, e, f 1953, 1954, 1955)
who projected schedules for its movement as far as the State of Veravrug
in Mexico, In Costa Rira clinical aspeets of cases were detailed by Mi-
anda (1953) and Romero (1854), and o [ull elinieal and laboratory ac-
count of hospitalized cases was given by Trejos and Romero (1954]. A
series of papers dealing with the forest mosquito fauna related to sylvan
vellow fever in Middle America is that of Galindo, Carpenter, and Tra-
pido (1949, 1951a, 19510, 1952, 1955), Galindo, Trapido and Carpenter
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(19507, Trapido, Calindo, and Carpenter {1955}, Galindo and Trapido
(1955} and Trapido and Galindo (1955}, Recent review papers, baszed
primarily on the literature are those of Benitez Armas (19510, Soper
(19220 and Aldighierd (1954). The paper by Hanlan (1953) 13 a poorly
cvaluated review of the current status of vellow fever in Central Ameriea
wilth questionable conclusions. Much informal information is ineluded in
the transeript of the yellow fever conference held in Washington in De-
cember 1954 (Anonvymons, 19557,

TvyuNoLoGIcal BURVEYS In MInoLe AMBRics
BUBSEQUERT To 1948

flumans

The only immunologival survey of humans was that undertaken m
Panama in 1949 and reported by Courtney (1930). Positives v the
monsze protection test were found throughout the Republic, During
World War 1L, however, catensive vaceination had been carried on by
the Armed Forees, not only among iheir own personnel, but also in
civilians emploved in the area, It iz, therefore, not possible lo uassess
aecurately the signilicanes of the fact that positives were found in western
Punama as well as the eastern part of the country.

Frimates and Cifer Andmals

Courtney {19500 and Clark (1932) have reported the resulls of monse
protection tests on the sera of primates and o variety of other arboreal
anumals which were collected by shooting. Courtney recorded positives
from a number of locslities 10 Panama, just east of the Canal Zone,
among howling monkeys, spider monkeys, white-Taced monloeys, mar-
mosets, and kinkajous {(Folos flovus dsthimdicus), These specimens were
collected during 1949, The Clark paper summarized resulis obtained
with animals collected in Panama duving 19449 aned 1950, and 1 Chiapas,
the southernmost Mexican state, during 1951, In Panama, Clark found
positives among primates al all localities from which he obtained speci-
mens, throughout the length of the country, He also reporled positives
in kinkajous, an opossum (Didelphis morsupdalis efensiz), an ocelot,
(Feliz pordelis wearned), o three-toed sloth (Brodypus grisens grisens)
and a concjo pintado (Chunienlus paca virgafis), Positives In more than
A % of the shot primates were nel unusual. Protection tests on the mon-
key sera collected in Chiapas vielded positives in both howling and spider
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monkeys. There was some diserepancy 1 the results obtained with di-
vided serum samples run at the laboratories of the Servieo Nacional de
Febre Amarela in Bio de Janeiro and st the Gorgas Memorial Labor-
tory.

Animals which have been collected with a shotgun usually have the
vasenlar Lree seriously ruptured, and it is not possible to obiain sterile
Llood from the heart or principal vessels. When serosanguineous fhad s
taken from the thoracie or abdominal cavities there is often gross con-
tamination which renders the serum unsatisfactory for use in neutraliza-
tion tests, There is, therefore, some question of the validity of tests per-
forrmed with serum from shot animals when it haz not been possible to
ahitain sterile blopd. In the monkeys from Panama obiained on the off-
shore island of Coiba and in the El Volean area of Chirigui Provines,
above 1,500 feet, the other epidemiclogical facts would nol seem to be
ponsistent with the finding of positives by neniralization tests, In the
course of the epleooiic wave here under review, there has been no overt
evidence of vellow fever ab elevations as great as those Irom which the
Chiriqui highland monkeys were obtained. In six months of routine for-
est canopy mosiquite eollections just below the place where the El Volran
monkevs were gotlen, only two specimens of Hoemapogus eqiinus were
captured [Trapido, Galindo, and Carpenter, 1835), The validity of the
positive protection tests in the monkeys from Chiapas would also appear
to b inoguestion. Tn 1953 Die, Jorge Boshell shot a second sexies of mon-
kovs there using a small bore rifle which damaged the animals but little
and permitted him to oblain sterile blood. The protection tests per-
[ormed on these sers at the Carlos Finlay Laboratory, Bogotd, were
negative and it has been coneluded that the monkey population of that
area of Mexico, ab least, lacked immunily to yellow fever at that time
{Anonvmous, 1954), Caution should also be exercized in evaluating pro-
teotion Lests in animals other than primates, sines varions workers have
rajsed the question of the presence of non-specifie virividal substances
producing false positives. [t has been pointed out by Laemmert, Fer-
reira, and Taylor (1946) that some species giving posilive proteetion
tests are highly resistant to experimental infeetion with vellow lever,
and Woprowski (1946} found that the sera of marsupials and rodents
which gave positive protection tests for vellow fever also neutralized
pertain other viruses,

A survey for vellow fever antibodics in live animals brought in to the
Gorgas Memaorial Laboratory from various localities in Panama during
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LMD, 1950, and 1951 has been reported Ly Rodaniche (19523, For these
bests It was possible to obtain sterile blood, and in many cases Lo retost
sera that gave doubdlul or inconchusive results, Among 208 primates
tested 12 mave positive results, (five marmosets, =i spider monkeys and
one might monkey). Fifty-cight other animals were also lested with a
single positive being found in a pigmy anteater (Cyelopes didactylis
dorsalis). All positives were in animals from loculitios east of the Canal.

Tiodaniche (1956a) has continued the seareh for vellow fever anti-
bodies in primates brought into the La horalory alive. She has been able
to demonstrate immunity in seven marmeosets and one spider monkey
obtained from late 1953 to the middle of 1955 at various localities in
eastern Panama. In the case of the adults, there cannol be cxcluded the
possibility that the inmnity was aequived during the period that yellow
fever is known to have been active in that region from 1948 to 1950, But
she also found to be positive a juvenile spider monkey received in April
19534, & juvenile marmoset also received in April 1954, and a young
wdult marmoset received in June 1955. These would sweggest that sylvan
vellow fever is enzoolic cast of the Canal, oratl least that it has persisted
nnrecognized for several vears,

Minpre AMERICAy Fausa v BRELATION T SvLvan YeLwow Feven
Mammal Hosia

The neotropical vertebrate fauna is so vast that the adeiuate explora.-
tion of the whole of it for possible involvement in the maintenance of
vellow fever would be o staggering task, In vestigations have thercefore
logically centered about the tree-inhabiting animals most likely to be in
vontact with the known arboreal mosquito vectors, Of greatest interest
have been the primates and secondarily the marsy mals, There are also
fragments of information on other animals, Bugher {1951} has recently
reviewed the knowledge of yellow fever hosts other than man, We hers
consider only the principal mamrg) groups for which there is some posi-
tive evidence of participation in the yellow fever transmission cyele in
Middle Amerien. The numes used and the distributions EIven are based
on the recent check list of Miller and Iellogr (1953],

Night Monkeys— Aotus. One species, bipnenctatis, in Panama only. (rec-
ords of other specics from the area are considered BITONEOUS. )

Howling Monleys—Alonatta. The species palliate with seven subspecies
ranges north to the state of Veracruz in Mexico.
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Capuchin or White-Faced Monkeys—Cebug. Three subspecies of eop-
wednus oceur from Panama to northern Honduras,

Spider Monkeys—Ateles. Two Soulth American spocics, rufiventris and
Jusciceps range into eastern Panama; nine subspecies of geaffropd range
north as lar as southeastern San Luis Potosi, Mexico,

Sguirrel Mormosstz—Saimirs. This South American gonus has a dis-
continuons distribution. It does not oceur In eastern or central Pan-
ama, bul there are two subspecies of srsted?s in southern Costa Ries and
the adjacent Chirigui Provinee of Panama.

Marmosets—MWariling (also called Oedipanmidas in the literature). The
species geoffroyd ranges through Panama to the Costa Rican border,

In laboratory experiments all these genera of primates are susceptible
to yellow Tever to o greater o lesser degree, and it wonld appear that the
virug levels attained are adequate to infect mosquitees and maintain the
monkey-mosquito transmizsion evele. Differences in the outcome of the
disease may be due to the strain of virus, as has been repeatedly shown
i the laboratory, bul also to the particular primate involved.

OF the widely distributed primary forest inhabiting monkeys, the dis-
ease 18 most often futal in howling monkeys (Alouaffe), less frequently
fatal m spider monkeys (Adeles), and least often if at all fatal in white-
faced monkeys (Cebus), This dilferential in the severity of the disease
as determined in the laboratory appears to have been confirmed in the
field in the course of the series of epizooties in Middle America. The re-
duetion in numbers of howling monkeys in relation to white-faced mon-
keys reported by Collias and Southwick (1952) on Barro Colorado Island
would be an expression of the differential effect. Less reliahle bat never-
theless impressive was the consistency with which the country peaple
in the epizootic areas in Nicaramia remarked the severe mortality in
the howling moenkeys while the white-faced monkey populations were
not noticeably affected. It has been suggested by Dr. Boshell, who has
had extensive experience with yellow fever in the forests of both South
and Middle Ameriea, that the populations of howling monkevs in Colom-
tia, where sylvan vellow fever is endemie, were smaller than in Middle
America prior to the present series of epizootics. Frequently recurring
movements of yellow fever through the primate populations in Colombia
would effect this difference by periodieally reducing the howling monkey
populations, This would also imply that sylvan vellow fever has not
previously been active in the lower Middle American region for some
long period. At Almirante, Panama, howling monkevs had been abun-
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dant in the rain-forest of the mountain slopes but alse in the coastal
mangrove swamps. After the yellow fever episode there in 1951, they
conld still be frequently heard in the mangrove, but not on the Torested
slopes. In this case the factor determining their survival in the mangrove
appears to have been the restriction of the vector to the foresied slopes,

Night monkeys {dolus) are very susceptible to yellow fever but they
sleep during the day in tree hollows, while Haemagogus mosquitoes are
dinrnal and feed most readily in bright sunlight. There would thus ap-
pear Lo be a behavior barrier between the two, although under other cir-
cumstances as ab Muzo, Colombia, where yellow fever is endemic, Aofvs
monkeys are the only primates present and their involvement in the
yellow Tever cyele has been suspected theve (Boshell Manrique and
Usorne mesa, 19447 Should it be shown that arthropods other than
dinrnal mosquitoes are involved in transmission, the possible role of
Awfuz would have to bo reovaluated.

L Colombis, Bates and Roca-Garela (1945} carried yellow fever virms
through five eyeles of transmission using Seimerd monkeys and Haema-
gagus mosquitoes, but in the area here considered these primates have a
very restricted range in the Costa Rica and Panama border ares, and
could not have been generally involved,

The marmosets (Mariling) are very susceptible to yollow fever, with
the disease frequently resulting in o fatal outcome. They are primarily
inhabitants of serubby second growth and thus are not in intimate con-
tact with the preponderantly forest-dwelling arboreal mosquitoes which
are the preseatly known vectors, Although they are common in the
FPucora area where vellow [ever appeared there was no evidence of mor-
tality among them. However, Rodaniche {19520 found fve of 64 indi-
viduals tested in this area during the period 1949 to 1951 possessed neq-
Lralizing antibodies for yellow fever. There is also some cireumstantial
evidence that they may have been affected by vellow fever on Baro
Colorade Island, as Collins and Bouthwick (1952) found the population
of this species to be lower in 19531 than that reported in 1929 to 1937 by
Fonders (1035, 19349, Their limited range eliminates them from consider-
ation north and west of the Panama-Costa Tica border ares,

Much work has been done in South America to assess the possible role
of various marsupials as intermediate hosts of vellow fever in nature,
with apparently conflicting results. The accumulated evidenee has been
eritically reviewed by Bugher (1951). e concluded that all species stud-
ied were susceptible to the virus to some degree, but that the suscep-
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tihility vared duc to @ number of factors, particularly the strain of
virus, In the ease of the brown-masked opossurn (Melfachives) a labora-
tory transmission evele with Haemagogus mosquitoes hus been aceom-
plished (Bates and Roea-Garels, 1946). These workers also infected a
woolly opossum (Calwromys) by bite with Hacmagogus. Waddell and
Tavler (1948) have carried on mosquitoanarsupial transmission oyiles
in the laboratory using aegiptf, murine opossums (Marmosa), s
brown-masked opossums. While the opossums are active at night their
davtime sleeping places inelude the crotehes of trees as well as tree fuoi-
lows, 5o they might well he expuosed to the bites of diurnal arboreal mos-
quitoes. There are seven genera and numerous speeies present in Ml les
America: Dedelphis (eommon opossms), M earmiean (MUTING OPOSSTIE],
Monadelphis {short bare-tailed  opossums), Phelander  [grey-masked
opossums), Melechiris (hrown-masked opossums), Caluroneys fwonlly
apossums) and Chivorectes (water opossums). Une genus, that of the
common opossim, DHdelphis, extends north through the eastern United
States Lo the Canadian border, As mentioned proviously, Clark [ 1452)
found one positive Dédefphts in hiz immunological survey in Pansma,

Another group of arboereal inhabitants of the Middle American forests
are the Kinkajous {Polos) and olingos (Basserieyon) which are closely
related. There are seven races of Pofos flavns ranging through Middle
America Lo southeastern San Luis Potosi in Mexico, und three raves of
HBassarieyon gabbi, and two other species, lostis and pawli, in Panama,
Costa Hiea and Nicaragua, As is the ease with the marsupials, they sleep
during the day in trees where they are exposed to attack by diurnal
arboreal mosquitoes, According to Bugher they are readily infected and
pirenlate virus, He considers it probable that individuals giving positive
protection tests are specifically mmmumne to yellow lever, But it has ap-
parently never been demonstrated whether or not they are vapable of
infeeting mosquitoss, While these ereatures are less conspieuous than
monkeys heeause they are prineipally nocturnal, we are impressed that
they are convnon animals in Middle America. Courtney (1950] anid
Clark (1952} both report positive mouse protection tests from shot ani-
mals collecled Dy Panat.

Taoo little i3 known of the significance of positive protection fests in
such animals as ocelots, sloths, anteaters, and cavies {eonejo pintadol to
he able to evaluste their possible roles in the epidemiology of wvellow
faver.
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Mosguilo Vectors

At the time that vellow {fever appeared in Panama late in 1EM8 a2 DDT
residual house spraying program for the control of malaria had already
been carried on for severnl years, While the entire conntry had nod been
conslstently spraved, it so happened that the Pacora area had received
treatmoent the proviouns September. Cne consegquence of the appearance
of vellow fever was an inlensified DI residual house spraving prooram
which resulted in the apparent eradication of dedes aeguptd from Panama,
Use of residual house spraviong in the Central American countries also
had a profound effect on aegypil. At the time vellow fever later appeared
in Closta iea, Nicaragua, and Honduras the urban vector of vellow fever
had either been eradicated or reduced Lo sueh low levels that the possi-
bility of urban transmission of the disease never arose in this area.

It may well be that there are as vet unsuspected cyeles of yellow fever
iy environments other than the tropleal forest canopy. Bub our stodies
in Middle Ameries have been oriented toward learning enough about
the distribution, ecology, and belavior of the mosguito associations of
this situation to determine if the present general understanding of the
epidemiology of 1he svlvan form of the disesse can rationally he sup-
ported. In South America, mosquitoes of the aedine genus Hasmagogis
have repeatedly heen implicated in the transmission of svlvan vallow
Fever, and we have accordinglsy paid particular attention to them in our
sludies in Middle Americs, Whitman (1951) has recently reviewed the
knowledge of mosquito veetors of yellow fever, But since little has been
koown aboul the forest mosquitoes i Middle Ameries, we give here a
relatively full smmmary.

Husmogogus spegazzinat faleo. This species ranges throngh Panama
and Central America as far as the north ceast of Honduras east of the
Ulna Valley, Except for the Rivas Isthmus, southwest of Lake Niea-
ragua, ib 1= known in Nicaragua and Hooduras only from the Atlantie
slope, Tt is characteristic of tropical rain-forest, ITn Middle Ameries 1o
appears most often on mountain slopes from 300 to 1500 feet in eleva-
tion, although we have taken it from as high as 4200 feet on the Allantie
side of the Chirigui voleano. In dense rainforest it i3 almost completely
arboreal, bul when I appeas o deciduons Toresl or in eacao planta-
tions, where the forest cover has been broken by thinning out the large
trees, it alzo attacks on the ground. Yellow fever virus has been recovered
Fromn 16 in nature, by bile, & number of lmes o South Ameriea.
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Haemagegus equirns. This is the widest ranging Hocmagegis in Middle
America, oeeurring throughout the region in suilahle forest cover, ut
seldom abowve 000 feet. We have recently been able to demonstrate that
i even extends north to the United States where we collected 11 near
Brownsville, Texas Urapido and Galindo, 1956a). In habitat predilec-
tion it iz the least discriminating Joemaogoges of the region, 1t is present
in numbers in deciduous tropical forest, and even in low thorny serub, as
well as in rain-forest. 16 may also be peridomestic, breeding in artificial
water containers, Where coastal mangrove thickets have not been in-
vaded by other Flaemagogios, equinus also oceupies this ecologieal niche,
In most forest situalions it is the commonest Hoemoagogus present. Tt 1s
distinetly arboreal, but somewhat less so than spegazzing faleo, The
species has repeatedly been shown Lo be capable of transmitting vellow
fever in the labhoratory. Although virus has never been recovered from it
with certainty in nature, it has not been the subject of such intensive
field studies as have been carvied on n areas nowhich apegozeined fuleo
was shown to be o natural veetor. It was the only Haemagogus present
in the Immediate area whers g vellow fever epizootic oceurred near La
Masiea, Honduras, in 1954 (Trapido and Galindo, 1953), bul virws was
not recovered Trom it (Rodaniehe, 18560).

Haemagogus lucifer and iridicolor. Hoemagogus Deeifer ocowrs in for-
ests throughout Panama at elevations below 3500 feet. 1t is replaced
pear the Costa Rican border by the very closely related Moemagegus
iridicalar, which extends into northern Nicaragua, Of the species of Hae-
magogus in the forests of Panama, lucifer is outtumbered only by eque-
wis, bul in areas in which yellow fover appeared in Costa Rica we found
driclivolor to be more abundant than eguines (Calinde and Trapido,
195353). These species are somewhat less arboreal than eguinus, about
two-thirds to three-quarters of the specimens being taken in the canopy.
Their ability to transmit yvellow fover has never been fesied.

Huoemagogus mesodentolus complex. Morphologieally these mosgquitoes
are closely related to Hasmagogus spegazsindt faleo. At the time we be-
gan our studies in Middle America the deseription of the type series
from San Jose, Costa Rica (Komp and Kumom, 1938) and mention of
iheir presenee in El Salvador (Fumm and Zufiiga, 194820 was the only
available information about them, We have since been able to estahlish
that mesodendatus has o wide range from the mountain slopes of Doeas
Dl Toro Provines in western Panama through the Atlantic side forests
of Central America and Mexico to southeastern San Luis Potosi. We
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failed 1o find representatives of this group on the Pacilie side of MNicara-
gua, but now know that there is a related but distinet species ranging
from Fl Salvador through the Pacific versant of Guatemala and Mexico
at least as far north as southern Sinaloa near Mazatlan, There is a thnird
[orm replacing the other Lwo In the highlands of Guaternala and exvend-
ing at least as far north as the vieinity of Cuernavaca in Mexieo, We
have taken this form as high as 5000 feet in Chiapas, In lower Central
America these mosquitoes are not particularly common, but in Fl Balva-
dor, Guaternala and Mexico we have found them to he often a dominant
element of the forest canopy fauna, in some places outnumbering even
Hacmagagus epunas. In recently performed experiments at the Gorgas
Mermnorial Laboratory both mesadentafics from Peten and the cormnpanion
speries from the Pacific side of Guatemala (as yvet undeseribed) have
heen shown to he capable of transmitting vellow fever by bite.

Hoemagogus of littoral situations. On the Pacific shores of Widdle Amer-
ies there are three Haemagogus which semetimes breed in coconut husks,
fallen palm spathes or rot holes of trees in eoastal swamps, but whose
primary habitat is tidal mangrove where they attack in numbers, both
on the ground and in the trees. Hoemagogus boshelly oeeupies this special
habitai from Colombia to San Miguel Bay in castern Panama. Replac-
ing it in Panama, and extending to the Gulf of Fonseea in Honduras, is
Haemagogus chalepspalons, Here 11 is In turn replaced by Haemoagogus
regalis which ranges north to the Pacific coast of Chiapas in southern
Mexico. On the Atlantie side of Middle America we have found the
constal habitat to be oceupied in British Honduras by an nndescribed
species, and in southern Veracruz by a form of wneertain status. Tlse-
where this habitat is invaded by primarily [orest-inhabiting speciess in
the Atlantie side mangroves of Costa Rica and westernmost Panama,
fridicolor: in the coastal swamps of northern Honduras, eguinus; and in
the mangroves of the west roast of Mexico, equinus.

[t has heen proposed by Komp (1951) that regalss s conspecific with
leeifer, bt In light of the disconnected ranges, the different habitats,
anid merphological differences evident in newly collected muaterial, we
eonsider them quite separate species. Komp (1953) has also snggestadl
that Huemagogus boshelli might be suspect as a yellow fever vector in
enstern Panama. It is our view that boskelly as well as chalcospilans and
regalis are essentially mangrove inhabitants, that they oceur in numbers
only in coastal situations, and that they therefore could not he invelved
in epizootics of the interior forests. The only coastal flatland where a
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vellow fever epizootic has been detected was that on the northern shoves
of Honduras where we found only Haemagogus equinus (Trapido and
Cralinde, THE5)

Huoemagogus of deciduous forest and second prowth, Tn lowland situa-
lonswith relatively apen deciduons forest and second growth there are tao
rharacterislic Hoesmagogis speeics, Hacmagogus argpromeris is limited to
the Pacifie side of Panama where it breeds in artificial containers as well
as tree holes and ground bromeliads, Hasmagagus anastasionts, which is
krown from Colombin and Vencoela, apparently skips Panama bt has
been taken on the Pacifie side from northwest Costa Riea to El Salvador,
and on the Atlanlic side of Mexico in Veracruz. It iz morphologically
related to spegazsing: faleo. Both arguromeris and anastosionis are taken
primarily on the ground, The ecological situstions in which thev occur
together with their predilection for hiting at ground level would seem to
molate them from possible involvement in epizootics among forest dwell-
g primates. Their ability to transmil vellow fever virus has not been
tested,

Aedes leucoeelarnns clarki and leucelaeniotis. Aedes levcoceloenus clarki
is abont as conmumon as Haemagogus spegozeind foloo in simnilarly forestod
situations in Panama, bul becomes uneommon in Costa Biea and rare
i Niearngua and Honduras, The northernmaost vecord is from Yaruea,
Honduras, Slightly more than half of those taken were in the forest
eanopy, Maturally infected specimens of leveseelaenne have been shown
ter Aransmit yellow fever by bite in Bouth America. Closely related is
Aedes fevcolaeniatus, known from Panama and Costa Biea, T is less com-
mon than leweacelpenus clarks and is also less arboreal, fewer than half
the individuals having been taken in the forest canopy. Tis ahility as a
veetor 18 unknown as it has not been the subjeet of experiments,

ther Aedes. Aedes ferrens isa member of the same subgenus (Fondaga)
25 the preceding fwo species and might therely be suspect as a vellow
fever veetor. But in Middle America there ave probably soveral species
or races pessing under this name, and the Torm which readily feeds on
man iz abundant only at elevations of 2000 feet or maore. It has not been
a significant part of the mosquito fauna where yellow lever has appeared,
Aedes scapuloris which has heen shown to be capable of transmitting
vellow fover by bite in Brazil is present in Middle America, but it is a
temporary ground pool breeding species which is spotty in distribution,
erratic In numbers, and primarily atfacks at ground level, In Mididle
Americn it has not appeared to be associated with the transmission of

AT
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vellow fever. Aedes fusiatilis is another species which has been shown to
be able to transmit by bite in South America and is present in Middle
Ameries, but it has been rare or absent where vellow fever has appewred.

Sabeffing, A greal diversity of the mosquitoes of this tribe iz present
in the American tropics, They breed primarily in water-holding plants
but there are also some species which breed in tree hales. The eges do
not resist desiceation as do those of the aedines, so that they must either
find breeding places throughout the year, or be very long-lived to survive
the unfavorable dry season, One species has been consistently present
i3 significant mumbers wherever we have investigated sylvan yellow fover
in Middle America, Sebeifes chloropterus. 1t is an inhabitant of both
tropical rain-forest and tropical deciduous forest, and ranges north to
southern Mexico in both the Atlantic and Pacific drainages, but becomes
uncommon al elevations above 3000 fest. Tt breeds in tree holes, i dis-
tinetly arboreal, and persists during the dry season when Hoaemagogus
species wid Aedes leucaceloers hecome rare or disappear.

On the north coast of Honduras in 1954 very substantizl numbers of
Trichoprasopon magnus were encountered in the forest canopy where
monkeys had died of histopathologically proven yellow fever {Trapido
and Galindo, 1955). We consider this an exceptional circumstanees, how-
aver, since the species breeds in a Calathee characteristic of swampy
lowlands, and with the exeeption of this epizootic, the yellow fever re-
cently experienced in Middle Ameriea has been confined largely to for-
ested slopes where the species 1s rare.

The diffieulty of maintaining sabethine mosquitoes in captivity has
limited the laboratory study of their ability to transmit. Interest in the
group has stemmed {rom the recovery of virus by inoculation from a
mixed pool of this tribe in Breil (Shannon, Whitman, and Franca, 1938,
Aceording to Waddell (1949 and Whitman {1951), one laboratory Leans-
mission by bile was obtained with a Brasilian species, Trichoprozoporn
Jromfosus. The survival of vims over dry season, when Hasmagogus ap-
pear to be rare or absent as adults, requires the involvement of some
other mosquito which is betler able to persist through this unfavorahle
period. (This ussumes that only mosquitves ave concerned, which is the
eonservative course Lo follow until proof to the eontrary is fortheoming, )
In our first studies of the forest mosquitoes associated with the appear-
ance of vellow fever in Panama (Galindo, Trapido, and Carpenter, 1950)
we were attracted by the fact that Sabethes ehloropterus best fittod the
theoretical requirements. Epidemiological studies in areas where vellow
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fever subsegquently appeared in Central America further stimulated our
interest in this species. After moch effort a colony of ehloropierus has
heen established at the Gorgas Memorial Laboratory, and in collabora-
tion with D, Enid de Bodaniche we have recently been able fo demon-
strate the ability of this mosgquito to transmit vellow fever by bite.

EripeMioLocicar Discussion

Studies carried on in connection with the recent wave of vellow fever
in Middle America have provided much new information of imporiance
in reevaluating the epidemiology of the disease in the area. We will deal
here with four principal problems: (1) Had sylvan yellow fever been
present in Middle Ameriea prior to 10487 (2) Of what sigralicance is the
Clanal Zone region in limiting the spread of sylvan vellow fever into
Middle America? (3) [ow does the vellow fever virus survive over Lhe
dry season when the forest canopy mosnuito fauna is at its lowest ebhb?
{47 Why did the sylvan vellow fever wave which recently passed through
Middle Ameriva stop apparently on the north coast of Honduras in 19547

Sylean Yellow Fever in MWiddle America Prior o 1948

Tvents have shown that conditions Tor the support of a lransient wave
of sylvan vellow fever reeently existed in Middle America at least as far
north as the Caribbean const of Honduras, The immunological survevs
conducted prior to 1948, together with the obwvious susceplibility of the
primate population at the time yellow fever virus entered the area, would
indicate that sylvan yellow fever was not present west and north of the
Panama Canal for some considerable period, In the cose of the monkeys
the evidenee covers the life span of the present population, while the
immunity surveys among humans indicate the absence of vellow fever
since 1925, These facts do not, however, exclude the possihility that
sylvan vellow fever was present in Middle Ameriea at some previous
time, masked by the more obwvious urban cyele of the disease, To weigh
the possibility of svlvan yellow Tover having been present at some time
in the past we must fivgt consider eertain historical evidence,

Of primary concern is the place of origin of the urban vector, Avdes
aegypti. There is now general agreement that this mosguito 15 African
in origin, and was introduced to the New World at the time of the Con-
quest or as a consequence of the slave traflie from Afriea in the period
immediately following. Aedes aegypti is & member of the subgenus Siego-
myin which has numerous representatives in Africa but only segyple 1n
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Ameriea, In Africa gegypdi 12 both svivan and urban i habicat, The
Mew World population is composzed of only the domestic urban strain,

Secondly we must consider whether yvellow [ever originated o the Od
or Mew World. Thiz 15 a question which probably will never bie setiled
with certainty. It was coneluded by Carter (19313, in his carcful and
scholarly study of the carly history of yellow fever, that both the histori-
eal and biclogical evidenece pointed to Afriea as the place of origin, More
recently Taylor (1951) has summarized the evidence on hoth sides. He
draws no conclizion, bal the weight of the evidence he presents favors
an African origin also. In revent papers on yellow fever in Middle Amer-
ica, Blon (1954, 1955) has unequivoecally accepted certain relerences
in the Mavan chronicles oz proof of the presence of yellow fever in sonth-
ern Mexieo prioe Lo the diseovery of America. Carter (19313 had exam-
ined these records with meticulous care, bul concluded that the [irst
evidence of yellow fever recognizable as such was the Yucatan epidemic
of 1648, some 120 vears after the arrival of the Spaniards there.

[t Aedes aegypti were not present in the New World prior to the Con-
rquest, and yellow fever oceurred among the Maye in southern Mexico
hefore that lme, the transmission cyvele must have been sylvan, The
evidence {or pre-Conguest vellow [ever is, however, too much in doubt
to support firmly this conclusion,

By the time epidemics which can unguestionably be attributed (o yel-
low fever appeared in Middle America, aegypti was firmly estahlished,
The fact that the control of aegepéi resulted 1o the apparent disappesr-
ance of yellow Tever from Middle America would favor the theory that
only urban vellow fever existed here, But Elton (1853, 1853) has called
sttention to the native aeeounts recorded by Gaitan (1939 and Sanchez
(19307 of monkey mortality being associated with yellow fever in Guate-
mala near the tum of the century,! Although we might like some more
substantial evidence than these hearsay accounts which were not re-
ported until after the existence of sylvan yellow fever was recognized in
South America, they cannot be wholly disregarded.

We should also at this point reexamine the immunoclogical studies out-
lined above, We have mentioned that there were cerlain minor ineon-
sistencies in the survey of Sawyer, Baver, and Whitman (1937), In

Ualthough meonmals ather than primates may be involved in the sylvan vellow
fever transmiz=ion cyvele, for the sake of aimplicity we will refer anly o them oz
hests in the epidemiologios] discussion. What s said of them, however, would ap-
ply in general to other arboreal mammals which might be concerned,
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Mexico they found positive protection tests in two children veported to
have been born in 1924, and one born in 1925, hut the last clinieally
recogmzed Mexican eage was in February 1924, They sugeest several
possible explanations: (11 the ages of the subjeets may have heen incor-
rectly miven; (2) the protection tests performed at that time may have
reen oversensilive; (4) mild and unrecognized yellow fover mav have
persisted for a period after the last apparent ease was diagnosed. There
was a similar difficulty in the case of a ehild from Usulatan, Bl Salvador.
While the child was recorded as having heen born in 1923, the last vellow
fever recopnized ot Usulatan was in 1921

Also of interest here are the details of the irmunity survey made along
Lhe border between Mexico and Guatemals by Bustamante, Kumm, and
Herrera (1942}, They found positives only in the older age groups, but
these were distributed far up the Usumacinta and Pasion Rivers, in an
area of tropical rvain-forest, Their explanation of the disappearance of
yellow fever may be translated as follows, “The isolation of the villages
of the Southeast, their few inhabitants and the lack of breeding places
of Aedes aegypds explain the extinetion of outhrealks of rural tvpe with
A aegypti” The concepl of rural vellow fever transmitled by aegypti
was developed 1o explain o special situation in northeastern Brazil,
Tavlor (19510 hus sumimed up this epidemiological pattern as follows,
“Endemie rural vellow [ever demands rather special cireumstances,
which in brief are: low rainfall, necessivating the eollertion and storage
of water in avtifieis] containers; a sufflicient number of nonimmune trav-
elers; and a wide dissemination of the mosquito veetor among the vil-
lages and isolated inhabitants” The fipst recuirernent for rural ey
transmitted yellow fever is low rainfall with the attendant collection,
storage and lransportation of water in artificial eontainers, The area (u
whirh this vellow fever pattern appeared in northeastern Brazil is arid,
The Usumacinta basin, on the other hand, has sbundant rainfull which
supports tropical rain-forest. It is not a reglon in which there is any cause
Lo store water in artificial containers, for water is always close at hand.
The climate and forest type support populations of Haemaogogus equinis
and mesodeniatus, as well as howling and spider monkeys. This suggests
that sylvan yellow fever rather than aegypii-transmitted roral vellow
iever had been present in the Usumacinta basin.

When considered all Logether (the accounts of monkey mortality in
Guatemala, the apparent persistence of vellow fover in Mexieo and El
Salvador after urban cases were no longer recognized, and the evidence
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of past vellow fever in the remote rain-forest of the Usmmarinta hasin
there is certainly sugzested the possibility thal vellow lever of non-urban
type had been present.

But in reviewing the history of vellow fever we have not heen able to
find evidence of & sustalned geographic sequence of oulbreaks such as
characterized the recent wave in its progress from Panama to Honduras,
If svbvan vellow fever had oeenrred i the pust in Middle Americae we
sl find some explanation of why such episodes were localized in nature,

While the SBouth American tropical rain-forest habitat extends along the
Atlantie slope of Middle America as fae oz Mexico, and the same generic
eloments of the mesquito fauna do likewise, there are distinet differences
in detailz, Sueh details are: (1) the geographieal lmitations of the dis-
tribution of particular species; (2) quantitative dilferences in the relative
densities of species; (3} quantitative differences in the annual oyreles of
abundanee. Two forest mosquitoes which have been implicated 1 the
iransmizsion of sylvan vellow fever in Bouth Ameriea we found in Pan-
ama and Costa Rica: Haemagogus spegozzindt faleo and Aedes lewcacelo-
ervus oferki. Bub they are almost never present in the densities reporied
i Bowth Ameriea (Galindo, Trapidao, and Carpenter, 18500, These spocics
become inereasingly less common to the norlth (Trapido and Galindo,
193370, Aedes feweoceloernius clarld 15 rare north of Costa Riea, and its
range ends in Honduras, Hacmagogus spegezzingi folvo is present in mod-
erpte numbers throngh Micaragua, but the populations aee sparse in Hon-
duras. [s range appears to end near the place where the last yellow fever
was reported on the novth coast of Honduras, In the case of the ffoem-
agragus, there are replacernent species which extend to higher latitudes,
O the Atlantic slope, Hasmagogus eqguinus and mesodenfotus follow the
tropical raln-forest to its end 0 soulheastern Ban Luls Potost in Mexieo,
and equinue continues still farther neeth through tropical deciduous
forest and even thorn serub to southernmost Texas, Bolh these species
have been shown o the laboratory to be capable of transmitting vellow
fever, but they appear to be less efficient vectors than spegozeindd faleo.

The effects of climatic changes which are related to latitude are also
of great mnportance. In general, the greater the distance from the equa-
tor the more prolonged i3 the dry season with s atlendant limiting in-
Huenee on the forest canopy mosquito fauna during this part of the vear,
Temperature conditions also change with latitude. While the mean an-
nual temperature ot Belize (260370 s very close to that at Clolon
(266700 Lthe departure from the mean is greator in British Hondoras
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(070 than in Panama (1.2°%C0 (Rapper. 19327, Charaeteriztic of the
climute of this region 12 the fact that the period of low temperatnres eo-
ineides with that of low rainlzll Thus as one procecds norih che elimatie
conditions for the survival of virus over this eritica] time of year become
inereasingly less faverable. The low temperatures reduee the rate of virus
multiplication in mosquitoes at the same time thal the longer drv season
limits mosguito survival. The chance for an infected mosquite to survive
long encugh to become nfective during this unfavorahle period lessens
with inerease in latitude,

The combination of these fuctors severely limits the opportunity for
svlvan yellow fever to persist for long periods in endemie fashion in
regions as far north ag Guatemala and Mexico, on the Atlantic versant.
The lower total precipilation on the Pacific versant, together with the
more pronounced dry season militate against survival of virus over even
a single dry season as far south as Panoama,

In contrast to the unfavorable factors of climate and mozquito fauna,
the lurge and wholly susceptible monkey population in Middle America
favors the maintenance of sylvan vellow fever, But when the yellow
fever virng ehters the monkey populaiion the siluation deteriorates st
once. With the available intermediate host pool shrunken through mor-
tality and immunization by infection, the possibility of the virus cyele
being continued s reduced,

In the regions of Bouth America where sylvan yellow fever is per-
manently ensootic the factors are differently balanced, The available host,
population of primates is smaller due to the recurring passage of virus
limiting the number of susceptibles. But the forest canopy mosquitoes
are cfficient vectors, they arve present in large numbers, and the elimatic
eyele is more favorable, so that transmission is possible even when some
substantial portion of 1he sylvan host population is immune, Herain the
gituation in Middle Awmerviea diffevs. Eflicient vector specice have re-
stricted ranges and are present in only limited numbers, Olher species
are wider ranging, but these too are usually present at densities lower
than in South America, and inaddition ave less efficien! vectors, Under
these conditions a large and wholly, or almoest whelly, susceptible pri-
mate population is necessary to suppert lransmission.

In Bouth America the sylvan eyele of yellow fever is thought to fallow
& monkey-mosguito-monkey or a monkey-mosquito-man evele, and o
wander through the vast forest indefinitely, The danperous aspect of this
gylvan eyele which has been repeatedly stressed has heen that of a hu-
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man infected in the forest coming into a nonimmune population center
where aegypté is present, and setting off an urban epidemie.

Tittle attention has been given to the possibility of the reverse process;
i.e., an aegypli-infected person going into the forest and being bitten
by sylvan moscquitoes, thus releasing an epizootic in monkeys. But it
vellow fever were brought to America with aegipte, this would have been
the way by which permanently enzootie sylvan yellow fever hecame es-
tablished in South America, When urban yellow fever was present in
WMiddle Ameriea, prior to 1924 or ihereabouts, the opportunity existed
for the seeding of epizooiics in arcas peripheral to infected population
cenlers, Such epizoetics, however, would have been eircumseribed in e
tent and duration by the marginal factors of climate, veetors and hosts
previously outhined. They would have gone unrecognized at the time
hecause the roles of veetors other than aegypdd and hoste other than man
were not suspected. There is thus suggested for Middle America, prior
to 1924, a modification of the conventional svlvan yellow fever epidemi-
ology. The transmission chain would have been human-sylvan mosquito-
monkey, with a dead end in the forest after a period limited either by
the intervention of particularly adverse climatic conditions, or the shrink-
ing of the pool of susceptible primates, or a combination of boih. Like
the splash from & drop of water which dries up if more water is not added,
vellow fever from urban reservoirs would have “splashed” into the forest
andl deied up there,

This leads us to the explanation of why there appear to have heen no
previous waves of sylvan yellow fever passing through Middle America
surh as that witnessed during the period from 1948 to 1954, When the
virus entered from the south in 1948, this was probably the first fime
since the introduction of aegypli-transmitted yellow fever that a sus-
tained transmission evele was possible, because this was the first time
that there had been opportunily for a nonimmune and abundant pri-
mate population to develep,

Significance of the Canal Zone Area as a HBarrier
to Sylean Yellow Fever

It ig plain from the immunological surveys cited, that sylvan yellow
ferver was present in eastern Panama long after urban yellow fever was
cradicated. There is no satisfactory evidence that it had been west of
the Canal [or some longe period. What then is the significance of the Pan-
ama Canal ag a barrier? The Canal, us has been previously mentioned,
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marks a gap in the orographic system. To the east, toward the South
Ameriean conlinent, ihe mountaing are low and narrow, but to the west
they broaden and increase in altitude Lo almost 12,000 feet at the Volean
de Chirigui near the Costa Riean border, The gap at the Canal Zone
permils the moisture laden trade winds aceess Lo the Pacilie side. Thus
the Atlantic side of the Canal Zone is deprived of a portion of rain which
might fall there, and the Pacific gains in precipitation. To the west of
the Zone, the mountain mass induees inereased precipitation on the At-
lantic and decreased precipitation on the Pacifie. Fast of the Canal Zone,
the low narrow rdees are less effective in sereening onl molsture from
the trade winds,

These features produce tropical rain-forest on the Atlantic side of the
Tathous, and a hand of this forest type along ihe lower slopes of the
Pacific-faring ridges east of the Canal, To the west of the Canal, on the
Pacifie side, there is tropical deciducus forest or savannah. In the ares
of the Canal Pone and the eounley directly to either side of it, the inter-
mediate rainfall produces o vegetation rover which iz transitional be-
tween Lropical rain-forest and tropieal deciduous [orest, This area 1s thus
one in which conditions are marginal for survival of sylvan mosquitoes
and virus over the dry season, The rainfall, however, varies substantially
from vear to vear. For example, al Cristobal, at the Atlantic entrance
to the Canal, anmual rainfalls of as liitle as 86 inches or as great us 153
inches have been reeorded (Hsslinger, 1954 Our studies 1 the forest
just east of Panama City, over a G-yvear period, have shown that there
are correspondingly great year to vear fluctuations in the populations of
forest canopy mosquitoes. This leads s to believe that what happened
in the period 1948 to 1930 was that & viras wave arvived at this eritical
zome during s particularly good time for forest canopy mosquito pro-
duetion, The minimum conditions for sustained transmission wore met,
and the virus was able Lo pass acress into the tropical main-forest of the
Atlantie slope west of the Canal. Onee aeross thiz gap, elimatic and for-
sl cover conditions were favorable for the continued movemnent of the
virus through an area with a whaolly susceptible primate population.

Vivies Survivel During Diry Seasons

Wi are next [aeed with the problem of how the virs survived through
dry seasons over a B-year period. In the Atlantic side rain-sforest, with
the attendant Af or Am type climates, the “dry” season is in fact not
very dry. At such Atlantic side localities as Limon, Costa Riea, and
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Bluefields and Grevtown, Nicuragua, the mean monthly rainfall at no
time of year drops below 3 inches according to the data compiled by
Read (1923, Despite this lack of any completely dey period, our two
vear study of the forest canopy fauna in the tropical rain-forest ot Al-
mirante (Trapido and Galindo, 1956b) has shown that the rainfall Aue-
tuations are sutficient to produce large swings in the abundance cyeles
ol Haemagogus mosguitoes, In some months adulls are so searce that it
is diffienlt to imagine the virus evele being maintained by Harmagogus
alone. Persisting througheout the year, however, is Sabethes chloroplerus.
While there mayv be other factors of which we are unaware, the recent
proof that Sabethies chloreplerus s capable of transmitting vellow fever
virus seemingly provides the missing link in the transmission ehain in
the rainforest, The Pacifie side tropical deciduous forest with ite Aw
climate evele and sovere dey seazson appavently did not sustain the trans-
migsion eyele, There was no overt evidence of yellow fever along the
"acifie versant of Panama west of the Canal Yone, with the exception of
o human case al Buriea Peint on the Costa Rican border in an area
which is, as previously mentioned, exceptional [or the Pacific coast in
that it is a pocket of high rainfall. The vellow fever here, like that on
Lhe Pacific side of Costa Riea and the Rivas [sthmus of Nicaragua, was
the consequence of the excursion of virus from the Atlantic slope,

Wiy D Yelloe Fever Apparently Step in Northern Honduras?

Finally we must deal with the question of why the vellow fever which
paszed through Iower Middle Ameries appeared to stop on the north coast
of Honduras, after its last activity there during the rainy season of 1954,
Perhaps too little time has lapsed (15 months) to sav with certainty that
1 has indeed stopped. But the area of most recent activity is well pop-
ulated, there are several hospitals i that part of Hooduras and adjacent
Cmatemala, and an entire rainy season has passed without new evidence
of yellow fever. For the purposes of this disenssion we will adopt the
working premise that we have seen the last of the recent vellow fever
episode, There are three possible explanations of why yellow fever ap-
parently stopped on the north coast of Honduras,

The Ulia valley, which lies just Lo the west of the place where the
last epizoctic was observed in 1954, may have been a barrier, This vidlley
is almost completely eleared and under intensive cultivation for bananas,
The inland bordering ridges are covered with pine forest which supports
neither monkeys nor Haemogegus mosquitoes. There is, however, a nar-
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row band of swampy broad-leaved forest at the head of the valley, be-
tween the bananas and the pines. It is possible that the clearing of the
hroad-leaved forest from most of the valley floor created & zone of arli-
fisial conditions sufficiently extensive o interfere with transmission.
Another consideration is thal the place where yellow fever last ap-
prared is very close to the end of the range of Husmogogus spegoasiniy
Jafeo. 1t eould well be that there is a pansal relationship between the
limits of the range of thiz efficient vector and that of yellow fever. But
spequzzinii falea 18 not common here. Only (32 specimens were Laken in
a year of daily collecting in the eanopy of the rain-forest at Laneetilla.
These numbers are so small that it i dillicult to imagine that spegazzing
faleg alone could sustuin transmission. Also, i our investigation of the
epizootic on the north coast of Honduras in 1954, we Tound that the
momkey mortality ceeurred in the forest of the swampy coaslal plain
where the only Haemagogus present was equanas, [t would thus appear
that spegazeinii fales was nob exclusively involved i iransmission. The
range of equinus extends far to the north, and if il were a vector in this
area, as seems likely, the yellow fever wave would not have stopped here.
Probably of grestest significance is the fact thal the dry season of
1055 was exceptional, insofar as any elimatological event can be rallerl
“exceptional,” The elimate of this Atlantic Tacing regrion 15 of the Af or
Am type, without a severe dry season in most years, but during the first
half of 1955 an unusual drought was experienced. This was severe enough
to eanse failure of the corn crop, In Guatemala it was necessary for the
covernment 1o take emergeney measures ahd import eorn to averl fam-
ine. We have collected data from a series of representative localities an
the Atlantic coastal plain Lo show the low raintall during Warch, April,
and May of 1955, in comparison with the averages for Lhese places in
previous vears (Table 13, 1t will be scen that during these months of
1955 rainfall was only & [raction of that usually experienced. We have
available 23 vears of rainfall data from Lancetilla, Honduras, which iz
only a few miles from where the last epizoolic oceurrid, In none of these
years was there as little rainfall during March, April, and May, as in
1955, This wusual drought, through its effect on the sylvan mosquito
fauna, appears most likely to have been the positive lmiting factor,
The strong probability that it was the unusual deficiency of rainfall
during the first hall of 1955 which put an end to the progress of sylvan
vellow fever, leaves us in doubt as to what right happen should another
ware move through Middle Ameriea at some future time. It may fake
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another quarter century, and abservation of another such wave, Lo deter-
mine whether or not sustained sylvan yellow fever is capable of extend-
ing north to Guatemals and Mexico,

SUMMARY

The history of vellow fever in Middle America and the events asso-
clated with the passage of a wave of the svlvan form of the diseuse from
Panama to Honduras, during the period 1948 to 1954, are briefly given.
The distribution and bionomics of the elements of the sylvan mosquito
fauna and the mammals of the region, which are most likely to be re-
lated Lo the maintenance of the yellow fever eyvele, are summarized.

The following epidemiological conclusions are suggested. (13 11 is pro-
posed that in the past there have been cireumsoribed and sell-limiting
episodes of sylvan yellow fever in Middle Ameriea, which were seeded
from urban Aedes aegypti-transmilled epidemics, These eplzooiics were
limited in extent and duration beeanse of the marginal ellfectiveness of
the sylvan mosguito fauna as veetors. (2] Localized outbrealks, b reduce
ing the size of the sugeeptible primate pool, prechuded the possibility of
any general sustained wave of gylvan yellow fever. The elimination of
urban yellow fever at about the end of the first quarter of this century
permitted the susceptible primate host population to build up to densities
capable of maintaining the recent wave of yellow fever during a fi-year
period. (3) The passage of virus across the Canal Zone on to the Atlantie



318 HATROLD TRAPINE ANT PEDRD GALINDO

slope of western Panama, and so tnbo Crentral Ameriea, is attributed to
the coincidence of the arvival of a virus wave at this zone of marginsl
eeology during a period of climatic conditions partieularly Tavoralile for
forest canopy mosguitoes, (41 11 s sngeested that transmission ol yellew
fover by Salicffes chloroplerns, which persists through dry season, is the
kev to the survival of virus during this unfavorahle time of year. (5)
The apparent end of the vellow fever wave in northern [MTonduras
l054 s thonght most likely to have been due to a severe anil unusnal
droughi during the first hall of 1955,

Anpusnen

The manuseript of Lhis paper was completed in early January 1A,
Later in that month reports of monkey mortality during Diecember anid
Tanuary reached the Central Ameriean Lone offiee of the Pan American
Sanitary Bureau. Dr. Stanford ¥, Farnsworth, representative of the an
Agneriean Sanitary Bureau in the area relayed this information as wiell ag
liver specimens from dead monkeys to Dr. Carl M. Johnson, Pathologist
and Director of the Gorgis Memorial Laboratory. Dr. Johnzon has re-
ported o histopathological diagnosis of yellow fever in howling monkeys
{Aloratha) Foppived from two areas, the north coast of Honduras near
Fsparta, and the lower part of the Montagua Biver valley in adjacent
Chaatemala.

These events invalidate the working premise adopted in the Lasl part
of our epidemiological diseussion and the derived snggestion of the severe
drv season of 1055 as the probahle cause of the end of the vellow fever
wave, Both loealities at which vellow fever has now appeared are of more
than ordinary interest. The Tonduras loeality is the same swampy coastal
sorest in which monkeys died in July and August of 1954, and 15 in Tact
within g fow miles of the last episode near La Masiva, This demaonstrates
thee ability of the viras to persist in o locality for almost & year and = half,
4 siate of affairs known in some areas of Bouth Ameriea, hut novel inso-
far as recent observations in Middle America are coneerned, The Gute-
mnalan locality is heyond the limits of the range of Huermagogus spegoz-
zindi fuleo a5 we now know it Colleetions of forest mosquitoes hy D
Boshell and his asststants in the Montagua villey and the Peten, to the
west, and north, have revealed only Haemogogus equtnus and mesodenii-
tws, That these other Heemagogus, already known to transmit yellow
fover in the laboratory, may under some circumstances also be vectors
in nature beeomes an inereased probibility.
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The virus has demnonstrated = ability to pass across the intensively
nltivated valleys of the Ulne and Monlagia Tvers, Lo survive o severs
dry seazon, and to be transmitted by veetors other than Hoacmogogus
spegazaines fealon, 1t 35 now at the southern edge of the vast forest which
exlends across the Peten to the Mexiean Gulf coastal plain, In this forest
howwling monlkeeys (A fouaiie) and spider monkeys (Adeles) are abundant,
ax are Hoemogogus egurnue ond mespdentatvs, Also present, bol appar-
ently snmewhai less abundant than to the south, is Sabeifies chilorepterus,
The et several vewrs will reveal how far noeth these elements are in
ool enongh balanee 1o sustain the vellow Tever transmission chain.
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