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Evidence of Recent Jungle Yellow-Fever Activity
in Eastern Panama*

PEDRO GALINDO ! & SUNTHORN SEIHONGSE ®

Cuthreaks of jungle yellow Jover in nuan have been recorded twive from eastern Panami
af recent years, first In 1948 and apain in 1956 Sinee ther, a close swrveillance las been
mainteined on vicus Gorivity In eastern Panama, Recent field observations and sevodegical
rests on 402 momkey sera indicate that theve was an outhrenl af vellow fever AMORE o=
Feps of southern Darién Province some time between 1963 and 1985, It does not appear
thar the outbreak has specad o5 xet ra other areas. Viens fransmission way fave heen per-
manenily disrupied during the dronglie which aifected the repion i 1963, However, i the
virs fead fJ!t!fIH,ﬁ'lV{lr fo suevive iy ff.'.fll'-f{'|'|:lj'fr.:;,ll}.|';_-f F_?.g’:',l',llf_r{lf’ o l'.",l'.F'n"Zl:'.‘;'.”:ﬂ' W e ”;I-'glr” Frerwe
evolved, invading forested aveas inmedintely cast of the Panama Canerl, now {nhabired by
e dense Bon-Inmene Suonan popilario.

DPruring the cighteenth and nineteenth centurics,
yellow fever was a well-known endemic disease in
the isthmus of Panama. Gorgas initiated his intensive
measures against the mosquito dedes gegppri soon
after the start of the twenticth century, His campaign
was a0 suceessful that by the fall of 1905 urban
vellow fever had been completely cradicated from
Panama. From that year until 1948, no autcchtho-
nous cuses of the discase were seen again in the
isthmus (Trapido & Galindo, 1954),

During the months of November and December
1948, several cases of a rapidly fatal infectious
disease appearcd among wood-cutters and hunters
in the area of Cerro Azul, some 20 miles east of
Panama City. On 14 January 1949, these cases were
officially reported as vellow fever, on the basis of
post-mortemn histopathological examination of liver
specimens (Herrera et al., 1949),

Froo 1948 1o 1936, outhreaks of the dissase werg
noled among humans and monkeys in central and
western Panama, Costa Rica, Nicaragua, castern
Hondoras and eastern and central Guatemala
(Trapido & Galindo, 1956: Rodaniche & Galindo,
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1937). Wirus activity in these outbreaks took the
form of a wave which moved slowly westward and
northward from the Panama Canal through the
tropical forests of Central America, leaving in ils
wake several hundred human fatalities and a greatly
reduced population of howler monkeys (Alowaita
sph). The last known outbreak caused by this epizo-
otic wave was detected in 1956, when howler monkews
were reported dying near the Guatemalan-Mexican
border. Yellow fever was diagnosed after histo-
pathological ‘examination of a  liver specimen
obtained from one of these dead monkeys (C. M,
Tobmson, personal communication). The last report
of yellow-fever activity in hwmans in Panama caused
by the 1948 wave was of a human death in February
1932, in the wicinity of Burica Point, Chirigui
Frovinee, near the southern end of the [rontier
between Panama and Costa Rica (Elton, 1952) (sce
the accompanying fizure),

Early in September 1956, sions of a second wave
of jungle vellow fever were detected when virus was
isolated from a pool of Haecmagagas fneifer mosgui-
tos collected in the Mandinga forests of Panama,
some L3 miles north of the Cerre Azul area where
the 1948 outbreak cccurred (see figure). This isola-
tien was followed a few weeks later by a fatal human
case and by further isolations from mosguitos
captured in the Cerro Azul area (Rodaniche of al.,
19571 During the summer and Fall of 1957, outbreaks
of yellow fever similar to those of 1949 were noted
near Buena Vista on the castern shore of the Panama
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Canal, with isolation of virus from the blood of a  mented by ecological observations which  give

man who recovercd and from forest mosgquitos
(Galindo & Rodaniche, 1964). However, in contrast
to what happened in the 1948 wave, the viras failed
to cross the canal into western Panama and with the
advent of the dry scason yellow-fever activily ceased
east of the Canal as well (Galindo & Rodaniche,
F964).

From 1937 1o date, a close surveillance for signs
of yellow-fever activity in castern Panama has been
maintained, This surveillance has included atiempls
to isolate virus from day-flving forest mosquitos
collected in stratesic areas and scrological tests o
detect acquired immunity in monkeys inhabiting
these areas, Information gathered in these survel-
lance activities points 1o the absence of yellow fever
in eastern Panama Irom 1957 to at least 1963 (Ga-
lindo & Rodaniche, 1984; M. A, Gravson, unpub-
lighed data).

The present report includes serological data
obtained from tests on monkey blood collected in
castern Panama during 19635 and 1966, comple-

information as to possible recent yellow-fever activity
in the area.

METHODS

Monkeys oy indicators af jungle yellow-fever activity

It is a known fact that all Panamanian monkeys
are capable of hecoming infected with yellow-fever
virus. However, the level of viraemia and the resist-
ance to infection vary in the different groups of
primates,

There are five gencra of monkeys In eastern
Panama —namely, Ateley (spider monkey), Adowaria
thowler monkey), Cebas (capochin monkey), Sa-
suines (marmoset) and Aeres (night monkey). OF
these five groups, the spider and capuchin monkeys
show a much greater resistance to yellow-foever
infections than the olbers, Spider monkeys, when
infected, usually show some symptoms and high
virus titres in the blood, but seldom die as a con-
sequence of the infection. Capuchin monkeys resist
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infection even better than spider monkevs. They
seldom show any symptoms and rarely die from
yellow fever. Moreover, in the field they do not seem
to become as easily infected as spider monkeys, nor
do they have such high virus titres as the latter, The
three other groups (howler monkevs, marmosels
and night monkeys) are very susceptible to infection.
All of them wsually sicken when infected and have
high virus titres for several days, while a large per-
cetlage die. Thus, theoretically, when vellow-fever
viress gets to an area inhabited by all these types of
monkeys, large numbers of howlers and marmosets
will die. Night monkeys, though highly susceptible,
are hidden in tree holes at the time of day when the
mosquite vectors are active, so not many of them
are liable to become infected. On the other hand,
many spider and capuchin monkeys become infected,
bt few die, The result is that howlers and marmosets
are pgreatly reduced in numbers, leaving only the
few specimens which survive infection and become
immune and those which were not infected. Popula-
tions of spider and capuchin monkeys are hardiy
affected, as these monkeys seldom die as a result of
yellow-fever infections.

It is evident from the above discussion that
periodic observations of population densities of the
different species of monkeys inhabiting a particular
torest should offer substantial evidence as to the
presence in the immediate past of vellow fever in
the area. The validity of this theory was demonstrated
in Barro Coloradp Island, Panama Canal Zone, after
a vellow-fever wave passed through the area in
1949 (Collias & Southwick, [952; Trapido & Ga-
lindo, 1956).

The serological responses o a4 vellow-fever
antigen also show distinet immunological patterns
for the various specics of wild primates inhabiting
the forests of eastern Panama. Soon after the passage
of yvellow-fever virus through a forest, howler mon-
keys and marmosets will become scarce while a
small number, particularly juveniles, will show anti-
bodies against the wvellow-fever wvirus, Spider and
capuchin monkeys will be almost as common as
before the arrival of the virus, but a larger percen-
tage of the spider monkeys than of the capuchin
monkeys will show antibodies in the blood, as the
former seem to become infected more readily than
the latter,

A combination of these two methods has been
used in the work reported here, to arrive at conclu-
sions  regarding  recent  wellow-fever activity in
forested areas of eastern Panama.

Collection of monkey sera

The majority of serum samples were obtained by
shooting monkeys in selected forested areas and
blecding them by heart puncture immediately after
retrieval. The rest were secured in the laboratory
from monkeys from the Cerro Azul and Bayano
River arcas (see fizure) purchased from hunters
and Indians, The great majority of monkeys shot
were still alive at the time of bleeding. No attempt
was made to bleed monkeys that had been badly
shot through the heart or abdomen. The heads of
all monkeys vielding a blood sample after shooting
were removed and labelled with the same number
as the corresponding  blood specimen. All blood
samples were placed inside a portable kerosene
refrigerator soon after being taken, and were kept
at approximately 4°C for periods ranging from 4 to
10 days before being sent to the central laboratory,
Monkey heads were skinned and the skulls were
thoroughly cleaned and dried before being shipped
to Panama City for age determination,

At the laboratory, all blood samples showing
bacterial contamination or a high degree of hasmo-
Iysis were discarded, Sera were separated from the
rest of the specimens and stored at —20°C until
ready (o be tested.

Serofogical feats

All stored sera were subjected to a preliminary
haemagglutination-inhibition {HI)} test against a
number of group-B antigens, including indigenous
and sometimes non-indigenous viruses, Sera that
were positive only to the yellow-fever antigen or
that gave a higher titre against this antigen than
against all other group-B arboviruses used were
later subjected to mouse ncutralization (NT) tesis
against yellow-fever virus and sometimes also against
Bussuguara virus. Samples of the Hl-negative sera
selected al random were also ingluded in the neu-
tralization tests as controls, When a large number
of sera from one area gave a positive reaction in the
HI and NT tests, the positive sera were further tested
by the complement-fixation (CF) technique,

The methods used in the HI, CF and NT tests
will now be briefly described,

Haemaggltination-inhibition rest. The technigue
described by Clarke & Casals (1958) was used.
Primary incubations were done at 4°C overnight
and the tests were carried out at room temperature
(22°C to 24°C) alier the addition of goose erythro-
cytes. All sera were treated with kaolin for removal
of non-specific inhibitors,
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Complement-fixation test, A modification of the
Fulton & Dumbell (1949 microtechnique was used
in CF testing, Primary incubations were done at
47°C overnight and the tests were carried out al 379C
in an ingubator for 30 minutes after the addition
of the haemolytic system. At least lwo units of
antizen were used in the tests,

MNewmralization fesi, Weanling white mice inocu-
lated intracerebrally were used in the neutralization
fest, Titration end-points were calculated by the
method of Reed & Muench (1938), Untreated sera
were mixed with virus suspensions preparcd from
infected suckling mouse brain and were incubated
at 37°C for one howr prior to injection in mice, The
reaction was considered positive when 4 or 5 out
of 5 inoculated mice survived during the 2-week
examination period.

Uive of skalfs for determinarion of age of monfeps

In 19462, more than 30 skulls of mookeys from
the Rio Mono area were sent to Dir Charles O, Hand-
ley af the US National Museum, Washington, 2.0,
in an attempt to establish eriteria for determination
of the approximate age of the specimens, After a
study of these skulls and of material deposited at
the LIS National Musewm, Dr Handley was able 1o
separate specimens into 5 age-proups which are
guite adequate for evaluation of the age of eastern-
Fanama monkeys In the light of past episodes of
jungle yellow fever recorded from that area.

TFIELD ACTIVITIES

As in previous surveillance years, an area in
southern Darién Province was chosen for the col-
lection of samples of monkey blood in 1963, The
arca selected for this activity was that of Cerro Cana
in the Pirre range of mountaing, not far north of the
Panamanian-Colombian border (see figure).

Once examination of the Cerre Cana  scrum
samples revealed the possibility that jungle yellow
fever had been recently active in the region, & number
of other areas in eastern Panama were chosen to
determine how far virus aclivity had spread toward
the Panama Canal. The hunting areas will now be
deseribed bricfly, with mention of the dates on which
hunting operations took place and the number of
monkeys (hat were bled in each area,

Cerra Cang

Located south of El Real in southern Darién

Province (see figure), On 28 July 1965, one scientist
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and three technicians were transported into the
area by a US Air Foree helicopter. The base jungle
camp was eslablished near the top of the mountain
in a ¢loud Torest at 4200 ft (1300 m) above sea level,
In view of the fact that only a fow groups of howler
and capuchin monkeys were scen near the camp
location, most of the monkey hunting activity was
moved down to heights of 2000 fr-3000 ft (600 m-
GO0 m), belween the base camp and the Valley of
Cana, A total of 67 monkeys were bled from 30 July
to 11 Aungust. Of these, 32 were howler monkeys
(Alpnaita palliaia), 27 spider monkeys (Afefes gri-
sescens) and & capuchin monkeys {Cebus capucinus).
Although many howler monkeys were observed,
particularly above the 3000-ft (900-m) level, 1t was
noted that the groups were made up of al most
4 monkeys, many of them being solitary specimens.

Rin Maono

This collecting station  was cstablished at the
junction of the Mono and upper Tuira rivers, south-
east of Cerra Cana, at an clevation of 500t {150 m)
above sea level (see figure). The base camp was lo-
cated above the Mono river in a thick, continuous
stand of tropical rain forest, The same site had served
as base camp for a similar expedition in 1962, A 1o1al
of 115 monkey sera was obtained between 22 March
and 17 April 1966, O these, 83 were from spider
monkeys and 23 from capuchin monkeys. No
howlers or marmosels (Sugeines geaffior) were seen
ar heard despite the fact that in 1962 these (wo
monkeys constituted 29.2% and 335,490 respectively
of all those bled. Mr Charles Myers (persopal com-
munication), a keenly obscrvant herpetologist, who
collected extensively in this area in July 1965, was
also impressed by the lack of audible and visual
cvidence of howler monkeys.

Az Frios

This iz a small stream which empties into the
upper Chucunaque river, just below the Mot
tributary, in northern Darién Province (see ligure).
The Aguas Frias area was visited between 13 May
and 19 June 1966, Since the base camp was located
in an extensive cative (Prioria copalfera) swamp,
most of the hunting was done about 4 to § miles
(6 to 8 km) north-west of camp, on a ridge covered
wilh transitional tropical rain-forest which separates
the Chucunague, Bayano and Sabana rivers. A
total of 91 monkeys were bled, 47 being capuchin,
16 spider and & howler monkeys. Groups of 10 or
mare howlers were common, but few members of
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this species were obtained because efforis were con-
centrated on the spider monkeys, which constitute
a much better serologital indicator of vellow-fever
activity,

Cevra Azul

[ wiews of the fact that the spot where vellow fever
was detected in 19536 has been largely cleared for
agricultural purposes, the collecting station was
established about 5 miles (8 km) to the north, an
the headwalers of the Rio Piedras, at 2400 ft (730 m)
above sea level, The station is located between (he
Cerro Azul and Mandinga areas, both of which
vielded yellow-fever virus in 1936 (see figure). Fores
cover is of the tropical rain-forest tvpe, and
continues unbroken castward to the Panamanian-
Colombian border in Darién Province, Thus, any
vellow-fever activity occurring in northern Darién
could spread into this area without any physical or
ecological barriers to its progress. A total of 54 mon-
key sera was ohtained at the Rio Piedras station
between 7 and 31 January 1966, from 21 howler
monkeys, 16 capuchin, 15 red spider monkevs (Arefes
geaiffrayd) and 2 night monkeys {Aotes frivirsatus),
All groups of howler monkeys noted were made up
of 10 or more specimens and were normal in appear-
ance.

PURCHASELD MOMETEYS

The Gorgas Memorial Laboratory has always
been interested in the study of diseases of wild
primates. Thus, monkeys brought to the laboratory
by hwnters and junsle inhabitants ae routinely
purchased, Recently, these purchases have been
greatly increased in consequence of a very active
research project on monkey malaria carried out by
Dr Martin D. Young and Dr James Porter,

A total of 138 sera of infant, juvenile and very
young adull monkeys were obtained from Dr Porter
for testing, OF these, 34 were from spider monkeys,
33 from night monkeys, 15 from capuchin monkeys,
42 from marmosets and 14 from howler monkeys.
All these monkeys were obtained in 1965 or 1966
along the Pacific slopes ol the continental divide,
between the Cerro Azul area and the upper Bayano
River basin {sec figure).

RESTILTS OF SEROLOGICAL TESTS

Cerro Cana aren

Of the 67 sera collected, 60 were subjected to a
preliminary HI dest; 12 specimens (20%) gave a
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positive reaction for vellow fever. The break-down
by type of monkey and age-group is found in Table 1,
As may be noted, almost all (11 out of 12) of the
positive specimens were Itom spider monkeys.

TABLE 1

RESULTS OF HI TESTS ON CERRD CANA MONKEY SERA
WITH YELLOW-FEVER WIRUS

Source of i . Age of positive

Baira Mo. tested Mo, positive spiclren

[

Spidor monkay i | 11 2 juveniles,
3 young adulls

and & adults
Howler maonkey 29 | 1 | 1 eardy juvenile

Capuchin monkey| T [ L]
B S Bl SA—
Total B

Table 2 shows the HI titres of the various positive
specimens against 3 group-B arboviruses known o
cocar in the area—namely, vellow fever, St Louis
encephalitis and Bussuguara, Table 3 presents the
results of CF tests against a number of group-B
antigens, perfofmed on all Hi-positive sera and on
3 negative ones selecled at random. OF the 3 HI-
negative samples, 2 were also negative by CF, the
third being anti-complementury. OFf the 12 HI-
positive  specimens tested by CF, 2 were anti-
complementary; % of the remaining [0 save positive
reactions with the vellow-fever antigen, As expected
in arboviruses of group B, there were many HI and
CF cross-reactions against the wvarious antigens.
However, with one exception, all sera gave as high
or higher HI and CF titres with yellow-fever antigen
as with any of the other group-B anligens used,
The exceplion, specimen T-00142, obtained from a
senile female spider monkey, gave a strong positive
HI reaction with the 3 group-B antigens uvsed, but
wis stronger against 50 Louis cnoephalitis and Bussu-
quard viruses than against vellow fever. In the CF
test, this specimen reacted against all group-B
antigens used, bul reactions were strongest for vellow
fever and Bussuguara.

Mouse neutralization tests performed on all
HI-positive and a sample of HI-negative sera showed
that the 3 sera which were negative in the HI test
were also negative in the NT test, OF the 12 sera
positive in the HI test, 11 were also positive in the
NT test against yellow-fever virus. On the other
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TABLE 2

Hl TITRES OF CERRO CAMA MOMKEY SERA AGAINST THREE GROUF-B8 ARBOVIRUSES

Source of sarum

Specimean Na.

Titee againat £ unifs of antigea @

5t Louis

CF TESTS OM CERRO CAMA MONKEY SERA

Yeallow fever encephalitis Bussunuara
Spider monkey T 4011 | 2D 1}
Spider mankey T, m0119 40 20
Spider mankey T b2 160 G40 Ao
Spider monkey T 0FE 180 o Ba
Spidar mankey | T ODER 20 0 Q
Spider monkey . Tomss 8 0 0
Spider monkey I T 0oiag B 0 a0
Spider ruonkey T 401480 20 [} b
Spider menkey Toazea | 40 0 0
Epider maonkay T D023 a0 1] I 40
Splder monkey T o023 B0 1] 40
Howlar maonkiy ToMzT 40 a ]
T (e |irss than 1050
TABLE 3

AGAINST GROUP-BE ARBOVIRUSES ®

yzigﬁifs:?;r Specimen Ho. St,‘,r;ﬂ zlg Dengue 2 \"Eﬂg:"' | E-qf.a_n;g- ‘ TTheus TITE?I:FFF | Remarks &
e T 0114 il ) 0 0
+ T 00119 PR 4 0 0 0
+ T 00127 = - - | - - - ac
+ T o182 16 g e | a 16 o
+ T 0H162 4 4 az i | 4 o
+ T 00186 0 0 0 0 0 o
+ T 0148 0 o ] 0 0 0
+ T 0189 . — - g I 5 AC
+ T 0190 1 b 1 0 o 0
+ T ongen 0 o & | o0 ] 0
+ T 06230 4 fi 16 | 4 1] ]
+ T 00231 o 0 8 o o 0
— T op1ig | 0 o 0 0 o | 0
= T 00164 | o a 0 [
= T 00168 | . ~ a - = | = AC

2 Tezt done with 2 unils of antigen. Titres given as 0 are less than 1:4.
& AC = anfi-complementary.
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hand, with the exception again of specimen T-00182,
all these sera werc negative in the ™NT tests with
Bussuquara virus. Another significant finding was
that, of the 12 monkeys which were positive for
vellow-fever antibodies (HI, CF or NT), 3 were
early juveniles probably less than 2 wears old, and
3 were very voung adults probably no meore than
4 vears old.

Ria Monwn area

A total of 77 sera from Rio Mono was tested
by HI against & group-B antigens, namely, those of
vellow fever, St Louis encephalitis, Tlheus encepha-
litis, dengue 2, Bussuguara and Powassan. OF these,
15 specimens gave the highest titre with vellow fever,
or gave a litre higher than 1:40 only with the vellow-
fever antigen. These were considered positive Tor
vellow fever {see Table 4); 8 additional sera gave
higher titres with other group-B antigens than for
yellow fever, and are not considered here as yellow-
fever-positive sera. OF the 15 positive sera, 14 came
from spider monkeys and 1 from a capuchin mon-
key: 2 of the positive specimens were obtained fom
juvenile monkeys probably less than 3 vears of age,
1 from a spider monkey and 1 from a capuchin
monkey.

TAELE 4

YELLOW-FEVER ANTIBODIES IN MONKEYS OF 3 AREAS
OF EASTERN PANAMA

No.-pasit:'.l.rﬁ:
Lecality ested | | NT | peaite
o I8 test tast e
Rie Mano | T 15 14 a
Apguas Frias T3 & [} 0
Cerra Azul 54 A a

All HI-positive sera, and 3 of the Hl-negative sera
selected at random, were subjected {0 mouse neu-
tralization tests. As may be noted in Table 4, of the
15 HI-positive sera tested, only 1 appeared to be
negative in the NT tesis,

Arnas Frias avea

OF the sera collected, 73 were subjected to HI
tests and only 2 gave a positive reaction with the
yellow-fever antigen, 1 at a titre of 40 and 1 at 20,
Both sera were obtained from adult spider monkeys
estimated {0 be more than 6 yvears of age. Both HI-

positive scra and 4 Hil-negatlive sera selected at
random were subjected to NT tests, All of the HI-
negatives sera were also negative in the WNT test.
Both HI-positive sera were positive in the NT tests
{zee Table 4),

Cerra Azl area

All of the 54 sera were subjected to M tests
against group-B arboviruses, OF these, 3 were con-
sidered positive for yellow fever, reacting at titres
of 160, 80 and 80, All these specimens were oblained
from adult monkeys (2 spider and 1 capuchin) that
were considered (o be over 6 years ofld. The 3 HI-
positive sera and 3 HI-negative sera were subjected
to NT tests. OF the positive scra 2 were also NT
positives, OF the HI-negative sera, none was positive
in the NT test (see Table 4).

Purchased monkeys

A total of 138 sera from purchased juvenile and
voung adult monkeys from the Cerro Azul and
Bayano River arcas were submitted to HI rests
against a  yellow-fever antigen with completely
negative results (see Table 3).

TABLE 5

YELLOW-FEVER HI TESTS OM SERA OF PURCHASED
YOUNES MONKEYS FROM THE CERROC AZUL AND BAY AND
AREAS

Mo, {ested | Mo, positive

Typa of monkey

Spider monkey i 0
Might monkey a5 ]
Capuchin monhey 15 f
Marmosed a2 a
Howler monkey 14 a

Total 138 ! a

DISCLISEION

The field observations and results of serological
tests will now be discussed by localities, in terms of
possible recent jungle vellow-fever activity in these
Argas.

Cerrn Cera

An ¢xamination of the field and serological data
pathered from Cerro Cana, in southern Darién
Province, leads to the conclusion that there was
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jungle yellow-fever activity in this area some time
between 1963 and 1965

This conclusion is based on the follewing con-
siderations:

(@) Although in July [965 howler monkeys were
not uncommon in the area, almost all the specimens
were seen or heard aleng the upper fringes of the
vellow-fever belt, betwesn 3500 It and 4000 ft
(1000 m and 1200 m) above sea level. All howler-
monkey groups observed were made up ol Tew
individuals with many solitary specimens. On the
ather hand, groups of spider and capuchin monkeys
were composed of many specimens, as is normal.
This reduction in the howler-monkey population
with little or no effect on the spider and capuchin
monkeys 15 a common occurrence after a yellow-
fever outbreak.

b1 At feast 18% of all the monkeys and 409 of
the spider monkeys showed neutralizing antibodics
against yellow-fever virus and were negative against
Bussuguara, also a group-B virus, confirming the
specificity of the reactions, Previous expericnoes in
Panama have shown that these high rates of positive
sera are only obtained during the first two or three
vears after an outhreak of yellow lever,

(e} Positive CF antibodies probably indicates
that yellow-fever infection occurred in the area
during the last two or three years.

i) Tt was found that 2 of the positive spider
monkeys and the only positive howler wers juveniles
wilh milk dentition. Since they were probably less
than 2 wears old, they must have acquired their
infections alter 1963,

Rin Muong

Data from this southern Darién locality also
show that it must have been visited by jungle vellow
fever at about the same time as the Cerro Cana
outbreak., The reasons for this conchesion follow:

(@) As early as July 1965, it was noted by Mr
Charles Myers that something had happened to the
howler monkeys, as he neither heard nor saw any
specimens during the several weeks he was collecting
amphibizns and reptiles in the area. Later, in March
and April 1966, our party failed to find or hear
howlers and marmosets, but populations of spider
and capuchin monkeys wers noted to be normal,
This is in contrast to findings during a similar
expedition in 1962, when howlers and marmosets
constituted a high percentage of the total sample of
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menkeys obtained. This phenomenon in an un-
inhabited virgin forest in Panama is usually indicative
of recent vellow-fever activity.

{h) Ower 197 of all the monkeys and at least
242 of the spider monkeys showed antibodies to
vellow-fever virus, As explained above, these high
rates are only observed soon after the wirus has
passed through an area.

i) 1t was Tound that 1 juvenile spider and 1 juve-
nile capuchin monkey, probably between 1 and 3
vears ol age, had ncutralizing antibodies against
vellow-fever virus, showing that the disease must
have been active i Lhe area some time belween
1963 and 1965,

Aguas Frias and Ceveo Azwd

Examination of data from these localitics leads
to the conclusion that there has been no recent
vellow-fever activity; this conclusion is based on
the following roasons;

(g} The low titres of positive sera in monkeys
from these areas arc indicative of old infections, Past
experience demonstrates that as vellow-fever virus
passes through these regions, it leaves in its wake
relatively high rates of immunity in the monkey
population which gradually decrease from year to
year (Galindo & Rodaniche, 1964).

{5 Populations of howler monkeys were normal
bath at Aguas Frias and at Cerro Azul. This observa-
tion would argue against the occurrence ol recant
vellow-fever outbreaks in these areas, sinde a high
mertality rate among the howlers is one of the first
visible signs of a jungle yellow-fever outbreak,

{e3 All positive sera from Cerro Azal and Aguas
Frias belong to aduit monkeys probably over 6 years
of age, which may have been old enough to acguire
their infections during the previous wave of yellow
fever which swept the area in 1936 and [937,

(e A total of 138 sera of purchased juvenile and
young adull monkeys from the Cerro Azul and
Bavano River ared showed no HT antibodies against
the yellow-fever virus.

STATISTICAL ANALYSLS OF THE DXATA

Examination of the totals included in Table &,
which suinmarizes by locality the over-all percentage
of HI-positive monkey sera, will lead Lo the inevitable
conclusion that there has been a recent outbreak
of jungle yellow fever in the east of the Republic of
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TABLE &
YELLOW-FEVER-HI-POSITIVE MONKEY SERA BY LOCALITIES

Locality

Cerrg Cana soulthern Darién

Rio Mona southern Daridn

Sauvaz Frias nartfiern Darlén

Cerra Azul eaztern Panama
Carro Arul and
Bayana © | ¢astarn Panama

Total !

5 Mo of | Nl:l. of 9 Ma. i'_'n!
FOVINSE sera positive = | juveniies
tested ! sern e | Positive
80 ‘ 12 20,0 ‘ 3
™o 15 195 | 2
| B | 937 o
54 | a 5.6 1]
134 ] ] ]
I | |
4z | a2 | & | 5
|
|

A Maonkeys purchased from hunters and Indians.

Panama. However, some doubt might be cast on
the contention that the data presented indicate that
the recent vellow-fever activicy has been restricted to
southern Darién Provinee and has not yet spread to
regions in northern Darién province and eastern
Panami Provinece.

In order to test the validity of this contention,
the available data were subjected to  statistical
analysis, It must be emphasized here that the areas
sampled are ecologically wery similar. The large
majority of monkeys bled were inhabitants of
closely related types of forests in areas with qualita-
tively and  gquantitatively wery similar [auna of
diurnal, arboreal, forest mosquitos. The composition
of the different monkey samples was also similar,
with the exception of the one from Rio Mono which
included no howler monkeys,

The first step taken was to determine whether it
would be statistically permissible to condense the
data from the four localities which yielded positive
monkeys into two groups, one representing southern
Darién and the other including specimens from
northern Darién and eastern Panami Provinces,
To this end, the statistical significance of the differ-
ence between the positive rates of the Cerre Axul
and Aguas Frias samples, as well as (hat between
the Cerro Cana and Rio Mono specimens, was
determined, The x* test gave a X% value of 0,12 for
the samples from Agoas Frias and Cerro Azul
Since this value is much below the level of signifi-
cance, there appeared to be no statistical objections
to lumping data from these two localities,

A X® value of 0006 was obtained for the Cerro

Cana and Rio Mono samples, which is again much
below the level of significance. However, since the
composition of the Cerro Cana and Rio Mono
samples differed in that howlers were not found at
Rio Mano, while at Cerro Cana many howlers were
present in the sample, the data from the two areas
were again submitted 1o the significance test after
elimination of howler monkeys from the Cerro Cana
sample. A X* value of 2,28 was obtained this time.
This fizure iz still below thal corresponding 1o the
wsual significance level of 5%, which iz 3.841. It
thus also appears statistically sound to lump the
data from Cerro Cana and Rio Mono, as representing
vellow-fever immunity rates in monkeys inhabiting
southern Darién Provinee,

As a last step, the significance test was applied to
data from southern Darién (Cerro Cana and Rio
Mong) as compared with those from northern
Darién and  eastern Panami Provinces (Aguas
Frias and Cerro Azul), A X% value of 13.9 was
obtained, showing that the difference between the
twir samples is significant, much above the 0,19
lewel.

From this statistical analysis it becomes evident
that the difference observed in the wellow-fever
immunity rates among the monkeys which inhabit
the two large meographical areas mentioned above
15 certainly not due to chance, The contention that
such a difference is probably due to the fact that
jungle yellow fever was recently active in southern
Darién but not in northern Darién or eastern Pa-
namd Provinees is therefore net contradicted by
statistical analysis of the data,



160

PRESENT STATUS OF JUNGLE YELLOW-FEVER ACTIVITY
IN EASTERN PAMNAMA

Al the date of writing, it has not been possible to
determine whether yellow fever is sfill active in some
region of Dariédn Province, The absence of reported
human cases iz not unusual, as the areas where
activity of the virus has been noted are inhabited
only by a few isolated groups of nomadic Choco
Indians and clandesting Colombian Negroes, These
areas are so remote that if a hwman case ocourred
it would probably po unnoticed.

It is gquite possible thal transmission of the virus
was  permanently  disrupted  during  the  severs
drought experienced throughout the isthmus of
Panama during the first half of 1965, 1f this was the
case, several yvears will probably elapse before the
virug is able again to break throogh the barrier of
immune vertebrate hosis in southern Darién. On
the other hand, if small centres of virus aclivity
managed to remain throwgh the unfavourable
drought period, they will gradually flare up into
larger and larger epizootic outbreaks during the

P, GALINDO & S SRIHOMGSE

present rainy scason (May to December 1966).* Such
outbreaks are apt (o evolve quickly into a wave of
yellow fever moving toward the Panama Canal
that, if not detected in time, is likely to cause a
considerable number of human cases in the areas
of the Bayano River and the Cerro Azul mountains,
which are now much more densely populated by non-
immune persons than during the 1956-57 outbreak.

Plans are being drawn up o establish a permanent
survelllance station in the critical Morti-Sasardi area
in northern Darién Provines (see figure). Yellow-fever
wirus will have to funnel through this area in order
to pass from the extensive forests of Darién Pro-
wince into the narrow forested belt along both slopes
of the continental divide at the level of the upper
Bayano River basin, These plans include the use of
sentinegl monkeys, attempts to 1solate yellow-fever
witus from divrnal, forest-canopy mosquitos, and
close surveillance of the monkey population For signs
of vellow-fever activity.

*In fact, close sweveillance of the Morti-Sazardi area in
Morthern Darién Provinee did not reveal any signs of
yellow-fever activity in 1966,

RESUME

En raison de poussées épidemigues de fiévee jauns
survenues en 1948 et en [956-1957, une &teoite surveillance
est exercée au Panama ariental pour dépister tout signe
de reprise dactivied de la maladie. On tente notamment
d'isolar le viras amar] 4 partir des vecteurs potenticls et
on pratique des examens sérolomigues parmi la population
simignne pour déceler la présence d'anticorps. D'autre
part 'étude de la densité relative des diverses populations
de zinges fournil de précieuses indicalions, car certaines
espéces (singes huarleurs, ouistitis) sont décimées par la
maladie tandis que d'autres (singss capucins, singes
araignées) sont particulidéremant résistantes 2 Minfection.

Une premigre expédition de chasse au singe a été
organizée cn 1965 dans la province du Darien méridional.
Les zinges huarlenrs &taient inhabituellement rares.
Sopixante sérums prélevds chex trois cspéces ont été
examinés par les éprouves dUinhibition de Uhémagslatina-
tion, de fixation du complément et de séronsutralization.
Douze d’entre gux (20%) donnaient une réaction pasitive
aved le vicus arsarcil: onze avaient &0é prélevés chez des
singes araignées o0 le taux de positivied ateignaic 43 5.
Trois des échantillons positifs provenaient de jeunes
singes dgés de moins de 2 ans, ce qui semble démontrer
gutune épidémic de figvre jaunc de brousse a sévi dans
la région entre 1963 et I7é1é 1965,

Au cours d'une deaxidme expédibion, dans une région
wilising, on a noté une absence inhabituclle des singes
hurlewrs ¢t des ouistitis, Rik-neul pour cent des 77 sérums

examinés et 24% des sérums prélevés chee des singes
araignées renfermaient des anticorps antiamarils. Deux
serums de singes dpés de moins de 3 ans donnaient une
ceaction positive, ce g suggére cgalement existenoe
récente d'une eépidémic de fievre jaune de brousse dans
la région.

A Toccasion de dewx enquétes mentdes dans d'sutres
endroits du Panarma, aucune mortalite anormale n'a été
constatée parmi les singes hurleurs. Dans un cas, 2 sérums
sculement sur 73, ¢t tous deux recueillis sur des animaux
Ageés de plus de & ans, dlaient positils pour la figvre jaune.
Dans autre cas, seuls 3 singes Goés de plus de & ans,
sur 54, etalent portears d'anticorps antiamarils, D autre
part, 133 singes achetds par le labormtome et orgmsires
des mémes régions ont fourni des sérums dépourvas
d'anticorps.

Selon les auteurs, ces césoltats démontrent 1"activite
récente dua wvirus amarnl dans la province do Darien
méridional, les provinges du Darien septentrional et do
Panama oriental étant épargnées. Le fait que la région
atteinte a sowffert d’une extréme sécheresse en 1965 a
reut-Etre entravé [a transmission de Pinfection, 51 le virus
avait survécu, on aurait pu assister éventusllement,
durant la saison des pluies, 3 une extension de fovers
acluellement limités ¢t & des épizooties dans la zone
avolsinant |z canal de Panama, Les conséquences auraient
pu en étre désastreuses pour la population humaine i
forte densité et non immune gui v vit actuellement.
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