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SURVEY OF LIVE FOREST ANIMALS FOR PROTECTIVE
ANTIBODIES AGAINST YELLOW FEVER IN
PANAMA, R. P.

ENID C. o RODANICHE

Horgas Memarinl Laberafory, Ponama, . P,

In November and December of 1948 a small outbreak of jungle vellow fever
oceurred near the town of Pacora in the Province of Panama, R, P. (Herrera ef ai,
18949; Courtney 1950}, These cases represented the first to be identified here sinee
1807, In order to provide information concerning the vertebrate hosts of the
disease in this ares, & survey of live forest mammals for protective antibodies was
initiated. Surveys of this kind have been conducted in Africa by Haddow ef al.
(1947), in Colombia by Bugher and eoworkers (1944) and in Brazil by Lacmmert
ebal. (1946} and Kumm and Laemmert (1950}, but had not provigusly been un-
dertaken in Panama. Later Clark {1950 and 1952) with the cooperation of the
Yellow Fever Service, began a study of the immune status of shot arboreal forest
animals in representative sections of the Republic. Although the survey of Clark
was much more extensive and complete than the one here reported, it was con-
sidered of value to continue the study of live-caught animals as these present
cerlain advantages over shot animals in the conduct of serological tests: 1.e. the
avoidance of nonspecific reactions due to contamination and hemolysis and the
possibility of repeated bleedings to elarify unsatisfactory or inconclusive results,

MATERIALE AND METEHODDS

Animals were obtained principally by purchase. In most instances the animals
were brought directly to the laboratory by local trappers. A few animals were
bought in the market and their place of origin was unknown. This method of ob-
taining animals had the disadvantage that the majority were received from neigh-
boring districts within casy transportation distance of the laboratory and rela-
tively few from the more distant parts of the country, Blood was obtained either
from the femoral vein or diveetly from the heart and the serum removed within
24 hours, Sera, were stored in a deep-freeze compartment at approximately
—20°T". until a sufficient number had been ncewmulated to test, a period never
exceeding two months. Although Hughes and Perlowagora (1950) found that
prolonged storage may alter the specificity of some nonprimate bloods, it does not
affect sterile primate bloods, An efort was made to keep the animals alive for a
period of at least two weeks after the first bleeding when they were retested for
possible alterations in the neutralizing capacity of their sera. It was not possible
to retest all the marmaosets and night monkeys since many of these snall and deli-
cate animals died az a result of the initial bleeding or other causes,

The virus strain employed was the French neurotropie, received through the
courtesy of Dr. Max Theiler of the Rockefeller Foundation. The standard intra-
peritones] protection test in adult Bwiss albino mice as devised by Sawyer and
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Lloyd (1931) was employed ag we considercd it the most practical for 2 laboratory
of limited facilities. Ten per cent virus suspensions were used and intraperitoneal
inoculations made one hour after intracerebral injection of 2 per cent corn starch
golution. The more recent tests of Bugher (1840) and Whitman (1943) are more
sensitive in deteeting minimal amounts of antibody. However, great sensitivily
is at times disadvantageous in general survey work. As Smithburn (1951) says,
i1 the conduet of immunity survevs the purpose of which is to define the limit
of the disease, it may be more important to exclude with certainty all nonim-
munes than to determine the exaet per cent of immunity. . . - In such cases it is
unnecessary to employ a sensitively balanced test and it may be unwize to do s0.”

During the three year period 1949-1951, a total of 209 monkeys and 38 other
animals were tested. For greater facility in presentation, data concerning pri-

TATLI 1

Resulls of the intraperitoneal protection fosd tn Swiss mice for yellow fever
widh priviade serd

T —

HESTLTE ORTAINED

ERECIES (F MnNEERY — =

Pegitive | Negative E?d"::',,; }L"__‘;_::_';’ I Tozal
Squirrel marmosets (Maorikina geoffroge) . l 5 ‘ T4 3 3 A5
Hawler monkeys (Alowalle pollinta palliala | i
and A. pallinle cequatordalis). ..o ... 0 | 19 o | ¢ 1%
Whitefaoe monlkeva (Cebus capucinus capi- [ ‘
eimus and Cebus capueinus dmdtalor) . 0 21 g a3 | 25
Tied spider menkeys (Aleles geoffropi poea-
MERSTS) . ; s el 4 & 0 0 2
Black 5'}1-;1-:,r mur:lce:,q I.-ih:'ss f?.:%.c-up.:. - |
bm&w,....... L 14 0 0 21
Might monkeys -\zl.-:-.',ns 201 qlt:r} ............. I 1 ! 28 ] 1 | a5
Total. .. oeovieeeieeeeneen| 120|181 | 10 | | 200

mates has been considered geparately from that concerning nonprimates, Animal
species were identified in some instances by the Smithsonian Institution, Wash-
ington, 1. €. and in others in accordance with the deseriptions of Goldman
(1920).

RESTULTS OF TE2TE 0N PRIMATE BLOODE

In the protection tests employing primate bloods, & total of 12 positives was
encountered among the 209 monkeys examined. Iive of 85 squirrel marmosets,
4 of 24 red spider monkevs, 2 of 20 black spider monkeys and one of 35 night
monkeys gave posilive tests. Spider and howler monkeys proved most satisfac-
tory for Lesting both because their large size facilitated bleeding and because their
sera yielded elear-cut positive or negative results that could be reproduced with
utmost fidelity both with serum stored for varying periods of time and with serum
freshly obtained hy rebleeding st appropriste intervals. Sgquirrel marmosels, night
monkeys and whiteface monkeys gave a number of inconclusive and unsatisfne-



YELLOW FEVER FROTECTIVE ANTIRODIES IN ANIMALS 7ol
tory results. These animals alzo showed the mreatest number of spontancous
parasitic and bacterial infections. Inconclusive results on the first bleeding were

TABLE 2
Places of origin of primates lested and year of caplhirs

®i. RECEIVED PER VEAR
ILACE Y DGy A —
e | omese | s Tatal
Panasic, wesl of Canal
Provines of Chirigui
Souirrel marmosela. oo 0 1 o 1
Whileface monkeya. ... ..o 0 1 & f
Howler monkeys. oo oeini- e o 0 b 2 4
Provinee of Boeas del Taro
Tied spider monkey, - ..o oo 1 0 1] 1
Trovineea of Veraguas, Cocle, Herrera
gl Loz Santos
Tredd spider mookeyd, - oo s ] 1 3
Whiteface monkeya, ... oooooea| 1 ] 2 3
Heowler monleys. . ..., R A, 0 0 1 1
Frovinee of Panama, west of Canal
Squirrel marmoseta. ... ooeoenien s 7 5 4 16
ted spider monkeys. .o L 0 | 2 3
Mighl menkeya. . ... o 1 1 2
Cangl Zone
Souirrel marmosets, oo ] 2 s
Howler monkeya. ... ......co0oie 7 i n 1 2
Punana, east of Canal
Provinee of Colon, cast of Cansl
Bouirrel mermosets. oo ] 1 0 1
Red spider maonkeys. . ... 1 1007 2 4 (1)
Whitefaee monkeys, ........ocvooooooof 0 0 1 1
Provinees of Panams, east of Canal |
Souireel marmozets, ..o b 10 LA G4 (5]
Bed apider monkeys. ... B () i 3 15 (8}
Elack spider monkeys. .. -0 1 B (L) & 13 {1}
Whitelnee monkeys. oo oocociann-o-| 8 2 i 7
Howler monkeys. .. .ooooooeeoiorieaoan| 3 4 o 12
Wight maonkeys, Jooosmn D & G 19 {1} a3 (1)
Provinee of Darien
Black spider monkeya. .. oaoveniaien 2 (M 2 2 G (1)
Whiteface monkeya...._..............': 1 1 L a
Qrigin Unknown
Squirrel marmesets. oo a 1 i 1
Black spider monkeys. .. .............| O 1 1 2
Whiteface monkeys. .. ... ool @ ] | 3 4
Sutm botal. - oe e vie o] BT G) | 48 (2) | 104 (4) | 200 (12)

* Nwmnbers in perenthesia represent numbers of poslive reactors obtained.

obtained in a total of 18 monkeys, including 7 squirrel marmosets, 4 whitefare
monkeys and 7 night monkeys. Unsatisfactory results were obtained on first
bleeding in 10 of the animals, including 4 squirre]l marmosets, 5 whiteface mon-
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keys and one night monkey., We were able to repeat the test after rebleeding in
19 of these 28 animals giving an initial inconelusive or unsatisfactory result. OF
13 originally classified as inconclusive, 8 became negative, 4 continued ineonelu-
give and one gave an unsatisfactory result. OF 6 elassified originally as unsatisfae-
tory, 4 became negative, one gave an inconclesive test and one was again unsatis-
factory. These results are tabulated in Table 1.

In Table 2 are presented data coneerning the places where the various monkeys
were trapped and the year of their acguisition by the laboratory, A total of 40
monkeys was received from the section extending west of the Canal Zone foward
the Costa Rican border. Thirty-nine of these were from the Pacifie side of the
Continental Divide and only one from the Atlantic side. There were no positives
In this group nor among 4 monkeys oblained [rom the western part of the Canal
Zone, A total of 157 monkeys was received from the section extending east of the

TABLE 3
Age of monkeys tasled
. ALDLTS JUVENELES
SPECTES OF MONEEY e A e e
Mo tested Ma. positive Mo tested Mo, positive
Sqquirrel marmosels. . Ll s 72 7] 13 ]
Howler monkeys. .o .o ... ... 2 4] 17 I i
Red apider monloeya. oo oo S i} 16 [ 4
Black spider monkewya...........0.000. 4 1 17 1
VWhiteface monkeya. ... ..oooviv 0 18 0 13 0
Night monkeya. ......._.............. 20 1 & 0
o B g T P 127 7 82 )

Canal Zone toward the Colombian border, Of these, 12 pave a positive {est. The
exact place of origin of 8 was unknown. The great majority of all monkeys (142)
were recelved [rom the Provinee of Panama, east of the Canal. Tiftyseven pri-
mates were gequired in 1949, of which & gave a positive test: 48 in 1950 with 2
positives and 104 in 1951 with 4 positives.

In Table 3 iz presented a elassification of monkeys in aceordanee with their
ages, The large majority of marmosets and night monlkeys were adults when re-
ceived. O the larger monkey spacies the majorily were juveniles. This prepon-
derance of juveniles among the spider, howler and whiteface monkeys resulted
of course In a lower pereentage of positives than would be found in o balaneed
group. However, positive resulls among them have greater epidemiological sig-
nificance as they indicate that yellow fever had been active recently in the arcas
in quesiion, OF 6 positive apider monkeys 5 were classified as juveniles, probably
8 to 18 months of age when purchased. Three of these were received in 1949 and
2 in 1950, Four were from the vicinity of the Bayano River and one from the
vicinity of the Gatuncillo River. As the studies of Boper and coworliers (1938)
indicate that antibodies acquired paszsively from the mother are lost in 6 months,
it may be concluded that vellow fever was active in these areas in 1948 and 1949,
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RESULT: OF TESTH ON HNONPRIMATE BLOODS

A tabulation of the results obtained in protection tests with nonprimate bloods
is presented in Table 4. A total of 58 animals of 15 different species was tested, 23
having been received in 1949, 15 in 1950 and 20 in 1951, A strongly positive result
was obtained with the blood of one pygmy anteater, Cyelopes didactylus, an adult
male captured in Curundu in the Canal Zone in April 1951. Three others gave a
negative and one an unsatisfactory test. Two agoutis, Dasyprocta punctala, &
male and female juvenile respectively, both received {rom the vieinity of the
“abalo River in Darien in Junc 1851, gave a positive result when first bled on
Tune 9. They were both rebled on September 18 when an ineonclugive result was

TABLE 4

Raesults of intraperitoneal profection lest in Swiss mice with nonprimate bloads

| |

EMCON- U HEAT=

SPECIES OF ANTMAL Fetah fof et <= za- TaTaL |

Three-toed sloth (Bradypus griseus griseus). .. ... .- ] 10 1 0 11
Castt (Nasua naries paagmensis]. oo ] 13 0 ] 13
Apouti (Dasyprocia punelabel. .. ..o il 9 0 ] 11
Pyemy anteater (Cyelopes didactylus dovsalis).......-....| 1 3 i} 1 5
(Treat anteater (Myrmecophaoge fridaclyle cemlralis), ... .. ] 1 ] 0 1
Opossum (Dddelphis marsupfalis elensis). . o oo D ] ] 0 ]
Woolly opogsnin (Caluremys laniger) o ovoe s o ] 1 0 0 1
Water opossum {(Chivenecles PERGIERITH] o ] 1 1] 0 1
Raecoon (Procyon caneriseris PUREMENSTE] o 1] 2 N 0 2
Hinksjou (Pofos flavus isfhmicua). ..o ] 1 I 0 2
Paca [Cunieulus pacs sirgalug). oo . 0 1 0 0 1
Collared peceary (Peeari angulatus bangsil. ... SR ] R | 1 ] i 1
Tapir (Papirelle bafrddd). ..ooooo i 0 1 1] ] L
Girigon (Grisown can@sfer) . ... oo 0 0 1] 1 i
Parenpine (Toendow rothsehildd). ... e S i} L 0 ] 1
i1 R St Pl L e ll 3 a1 2 2 a5

* Tirst test,

obtained. One was bled a third time on February 7, 1952 when o totally negative
result was given, The first test was preformed after the sera had been stored in the
frozen state for 2 weeks, the second and third fests within 24 hours of bleeding.
Considerable experimental work has been done with various species of agoulis,
Bugher and coworkers (1844) found this animal to be susceptible to yellow fever,
as also Cyclopes didactylus. Laemmert (1948) f ound evidenee of formation of anti-
bodics in the agouti after inoculation with virus but eould not demonstrate eireu-
lation of the virus.

DISCUHIION

In the present survey of 209 monkeys captured in various sections of Panama,
a total of 12 positives or 5.7 per cent was obtained. The specificity of the reaction
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in suitably drawn, noneontaminated primate bloods is generally acknowledged.
However, the proportion of positive monkeys in this series must be considered
low. Haddow ef al. (1947) found 61 per cent of positive bloods among 150 pri-
mates studied in Uganda. Kumm and Laemmert (1930) found an average of
124 per cent positives among & total of 5857 monkeys examined in Bragil, and
Bugher (cited by Tayvlor 1951) in 67 per cent of 183 primates eaptured or
shot in a poslepidemic period and 70 per cent of 44 primates in an epidemic
period in the Restrepo-Villavicencio region of Colombia. Iowever, the number
of human cases in these countrics has been high in comparison to Panama
where the disease had remained clinieally unrecognized for more than 40 years
prior to the recent outbreak. Clark (1930) found 51.7 per cent posifive among
21 monkeys shol in various localities east of the Canal and 303 per cent
positive among 224 monkeys shot in localities west of the Canal. The great pre-
ponderance of juvenile animals among the larger monkeys in our series may
aeeount in parl for the discrepancy. Also the use of the less sensitive intraperi-
toneal test and the very irregular geographic distribution of the specimens re-
ceived may have influenced our results. In general, the present findings, though
limited in scope as noted ahove, correspond to what we know of the epidemiology
of the disease here. No positives were found among 44 primates from the Canal
Zone and the Provinces of Chiriqui, Herrera, Cocle, Veraguas and Panama west
of the Canal, in which areas human eases of vellow fever have not been recorded,
and in which Kumm and Crawford {1943} found only negative human sera in a
survey conducted in 1043, Ten immune monkeys were obtained from the Prov-
inee of Panama, cast of the Canal, where jungle yellow fever has been shown to
be endemic in recent years and where the [irst cases of the present outhreak oc-
eurred in 1948, One immune monkey was received from the Provines of Darlen,
and one from the Provines of Colon east of the Canal where 2 cases of yellow fever
aceurred in 1049, Unforlunately, no specimens were received from the Provinee
of Colon west of the Canal and only one from Boeas del Toro where hurman cazes
were registered in 1951, from one of which the author izolated a strain of virus of
high antigenicity but low pathogenicity in monkeys.

Sinee the specificity of protection tests with nonprimate bloods has been shown
to be affected by a number of variables by Foprowski (1946), no attempt will be
made to interpret the temporarily positive results obtained in 2 agoutis and the
positive result in one pygmy anteater until further experimentel work has been
cornploted.

CONCLUSIONS

Among 209 primates from various sections of Panama, a total of 12 gave a post-
tive reaction in the intraperitoncal protection test for yellow fever in Swiss mice,

0 58 other animals, one pyzmy anteater and two agoutis also gave a positive
test, the reaciion in the latter species being temporary.
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