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Absrract.  Parameters of hlood-induced infections of the Vietnam Oak Enaoll, YVisinam
Smith, and Uganda Palo Alte strains of Playmodium falfciparum studied in 395 Fanamanian
owl monkeyvs in this laboratory between 1976-1984 were compared with those reported
from another laboratory for £65 Colombian ow] monkevs, studicd between [968-19735,
and, at the time, designated Aofus teivirgarus griselmembrea. The virelence of these sirains
was less in Panamanian than in Colombian owl monkevs, as indicated by lower mortality
rates of the Panamanian monkeys during the first 30 days of pateney. Maximum parasii-
emias of the Vietnam Smith and Uganda Palo Allo sirain, in Panamanian ow] monkeys
dying during the irst 15 days ol patentinfection, were significantly higher than in Colembian
o] omkeys, Panamanian owl monkeys that survived the primary attack had sigmahcantly
higher maximum parasiternias than the sueviving Celombian owl monkeys. Peak parasit-
emias were attained significantly carlier afier patency in Panamanian than in Colombian
oowl monkeys, irmespective of the strain of P, fadoinares, More Panamanian than Colembian
owl monkeys evidenced self-himited infection after the primary attack ol either the Vietnam
Smith or Llganda Palo Alto strain, The duration of the primary attacks and recrudescences
were significantly shorter in Panamanian than in Colombian owl monkeys. Mean peak
parasitemias during recrudescence were uswally higher in Panamanian owl monkeys than
in Colombian monkeys, Dilferences ol infection parameters were probably attnibutable, in
part, 10 geoeraphical origin of the two monkey hosts and parasite sirains,

It was demonstrated™ that cight strains of MATERIALS AND METHODS
Plasmodivm falciparum would regularly infect .
normal owl monkeys from northern Colombia. Monkeys— nomenclature and husbandry
Such infections have been used in evaluation of Previously, Panamanian and northern Colom-
antimalarial drugs and other bological studies, :
The Vietnam Oak Knoll, Vietnam Smith, and
Uganda Palo Alto alse will regularly infect Pan- 0600 s A recent revision® of the genus Aorus
amanian owl monkeys, This report 15 concernecd separated them into two subspecies: Panamanian
with & quantitative comparison of the course of monkeys, (K VI K IX), A fermurinus lermur-
untreated ]'l'.lﬂllﬁi'iii _in.fn::c:liﬂ-ns inmonkeysofthese .0 209 Calambian monkeys (K I1, K II1, K IV),
two geographic OnIgLns, _ ) AL grizeimembrg, As this proposed nomencla-

The treg St.mm qt_ P‘. faleiparum, Victnam ture s tentative, the animals will be referred to
Qak Knoll, Yietnam Smith, and Uganda Palo 50 140 report as Panamanian and Colombian owl
Allo, were studied serially from 1976 1o 1984 in monkeys.
395 Panamanian owl monkeys, These sirains Panamanian owl monkeys were obtained on
were passaged in 665 Colombian owl monkeys . roihmus of Panama, in arcas west of the Pan-
from 19468 to .1'3'7-'5. Consequently, the .pzrasn-:: ama Canal. Upon arrival at the laboratory, each
DESSner levelsin these monkey subSPeCIEs Were  ypinia] was cxamined, weighed and sexed, iden-
different. tified bv a metal neck tag with an accession num-

ber, administered thiabendazole arally (100 mg
Basedko) and vacoinated wath altenuated Herpes
Accepted 13 June 1955, simplex and Herpes iomarinug virnses of atten-
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bian owl monkeys were classificd as belonging
to the same subspecies, Aoius TWreaius grisel-
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wated virwlence (Mew England Regional Primarte
Research Center, Souwthborough, Massachu-
setls), Bolh vaccines wers used antil July 1981;
since then only B simpdex has been given,

The animals were housed as male-female pairs
in guarantine rooms in wire mesh cages, mea-
suring 31 x 24 = 2% in. Room temperatures
varied seasonally from 2670 to 3370, with rela-
tive humidities of 75% to B7%. A ventilation
system provided not less than 13 aor changes per
Iour. Hlumination oveles in the roorms wers whils
light fromm midnight to noon, and red light from
noon 1o midnight.

Ahoutl one month afier arsival, each monkey
wis tuttooed with ils identification number and
a thick blood blm examined 10 exclude naturally
accurring plasmodial infections, The animals re-
mained in the quarantine room for @ minimuom
af 90 days before being transferred to areas de-
vated to housing monkeys for malaria studies.
The weight of the monkeys when inoculated
ranged from TOO-800 g

From 1976 to 1981, the diet on fve days of
the week consisted of commercial high pretein
monkey chow, bananas, apples and oranges. On
the remaining two days, a liquid dier was offered
(2 cups sugar, 16 oz high protein babwy cereal,
24 oz, orange juice concentrate, 4 cggs with shells,
4 hananas, & co mulivitamin salution [Vi-Day-
lin, Ress], 1 co vitamin B,,, 2 folic acid tablets,
and water to make | gallon), From 1981 wo the
prosent, the daily dict consisted of & mixtare of
meistencd commercial high protein monkey
chow and commercial marmosct diet, supple-
mented with bananas, apples, oranges, carrots,
cooked rice and catmeal, and high protein baby
cercal, Water was available continuossly,

Parasive straing and refared procedures

Colombian owl monkev-adapted 7. fafcipa-
FurT strains were used in these stadies: Uganda
Falo Alte, Yietnam Oask Knoll, and ¥ictnam
Smith, Both the Vietnam Oak Knoll and Viet-
nam Smith straing were oblained throwgh the
courtesy of Dr, Leon H, Schmidt, Universiiy of
Alabama at Birmingham. Birmingham, Ala-
hama. [Dr. Alister Voller, Mufficld Institute of
Comparative Medicine, London, England, kind-
ly provided the Uganda Pale Alto strain. All
siraing were received as crvopreserved hlood.

The Vietnam Oak Knoll and Vietnam Smith
strains were cach imoculated imtraperitoneally into
a splenectomized Colombian owl monkev while
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the T_Tg::_nda Falo Alto strain was inoculated into
an intact Panamanian owl monkey, Onoe para-
sitemias were estahlished in the initial recipients,
parasites were serially passaged in intact Pana-
manian monkeys,

Dronor monkeys were bled (0.5 (o 1.0 ml) from
the femoral vein orartery, using 0.1 ml ofa 2.5%
soluticn of sodinm citrate as anticoagulant. In-
fected blood was diluted with sterile chilled nor-
mal saling o that 1.0 ml contained either 3
10 or 5 = 10% parasites, Inoculom was injected
into the saphencus vein of each recipient to in-
duce infection.

Te reduce monkey reguirements [or strain
maintenance, an noculum of 5 = 1% parasites
was used. Animals serving as untreated controls
for drog evaluation stedies were inoculated with
S ox 10" parasites. The prepatent period in the
Panamanian ow] monkeys that received 5 = 100
parasites was lonper than in those inoculated with
5 x 10% parasites. Data presented in Table 1 in-
dicate infection parameters in the monkeys in-
oculated with either 3 = 10¢or 5 = 10 parasites
ol the Uganda Palo Alle, Vietmam Smith, or
Vielmam Oak Knoll sirain of P )l'éi.-'(.‘r';){l rin. The
peak parasitemas and the ime reguired for their
attainment were equivalent in mankevs, dving
or surviving, afler inoeulation with either num-
ber of parasites. The patent day ol death was also
similar between the two groups infeeted with one
of the three strains of falciparum malaria.

Blood was collected by lancing the marginal
ear vein, and Alms were stained with Gilemsa.
Evaluation ol parasiternia was as follows: nega-
tive, if no parasites were seen afler examining a
thick blood film for at least fve minutes; and
< 10 parasites/mm?®, if parasites could be dem-
onstrated only on a thick Blood filrm. The number
of parasites/mm?® was determinad by the Earle-
Perer method.?

Blood films were preparcd daily from the day
after inoculation until parasites could ne longer
he detected for = five consecutive days. There-
after, lms were made twice weekly, 1f a recru-
descence occurred, blood Olms were again pre-
pared on a daily basis. The infection was
considered “oured™ iFno parasites were ahserved
for = 100 days,

Conversion of parasite counts per f0*
ervihracyies to rumber of pavasites per m®

Maximum parasitemias in Colombian owl
monkeys were published as the number of par-
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asites per 100 erythrocytes,” Mormal Colombiun
owl monkeys were considered 1o have a hemat-
oerit of 45 & 3% and 3 = 109 ervthrocytes per
mm? (L. H. Schmuidt, University of Alabama,
personal communication). At the time of max-
imum parasitenma the mean hemaiocrit, based
upon an unspecified number of spol checks, was
13 + 3%, or LLAT = [0 grvthrocyles per mm?,
and this hgure was used 10 convert number of
parasites per 10° ervthrooytes to number of par-
ALILCS per mm*.

Srafisricnd evalualion

We used a two-tailed i-test to compare the
population means for various parameters in Pan-
amanian and Colombian owl monkeys, respec-
tively. We assumed 1that the samples were in-
dependent and the sample means were unbiased
catimates of the population means.

RESLILTS
Effecrs of inoculum size

The data presented in Table | show the influ-
ence of inoculum size upon diverse infection pa-
rameters of three P fafcipariem strains in Pan-
amanian owl maonkevs, The peak parasitemia and
the dav of its occurrence afler the onset of paten-
oy were essentially identical in monkeys inocu-
lated with either 3 = 10%or 3 = 10° trophozoites
ol the Uganda Pale Alto, Yietnam Smith and
Yictnam Oak Knoll strains, irrespective of
whether the monkevs died or survived the par-
asite challenge, Additonally, the incculum size
had no cffect upon the day of death afier the onset
of patency.

The effect of inoculum size on mortality rate
was variable, For the Victnam Smith strain the
mortality rate of monkevs inoculated with 3 =
[0®ar 5 = 10° parasites was essenually identical,
28.8% and 26.4%, respectively, The mortalily
rate of monkeys inoculated with 3 = [0* para-
sites of the Vietnam Oak Knoll strain was ap-
parcotly greater (79.1%) than those inoculated
sweith 5 = 10° parasites (6 1%), but this difference
was not significant, (F = >0.73), There was a
sighificant difference (P = <0025} between Lthe
mortality rates of monkevs inoculated with § =
10 parasites or 5 o« [0° parasites of the Upanda
Falo Alto strain, 453.3% and 23, 5%, respectively.

The data in Table 1 also indicate that, in the
case of the Yiewnam Smith and Uganda Palo Al
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Tang 2
Martality of Pangmanian and Colombian owl mesbevs following infection with dhiree straing of Plasmodium
[aleiparum
Mumber of monkeys (Fercenil
sdnlzria fnealiies
Falen day Survivess
Elrain Tl =13 | 5-M} =M Self-limatsd mfeetseng

TPanamanian owl monkeys

Yietnam Oak Enoll 102 57 o 4 32
{559 {£.8) {3.9) [31,4)

Vielnam Sroith 172 315 1z — 125
(205 [T.4h (727

Uganda Pale Allo 121 32 i — al
(26.4% (6.6 [&67.0)

Colombian owl monkeys®

Vietnam Oak Eonell 283 1459 24 17 33
(527 {29.7) (00 (11,7}

Vietnam Smith |54 4 41 & 603
{205 {26.3) {1.8) (40,4}

Uganda Palo Alto 226 133 46 B 3%
{5E_E) {20.4) (1.5 (17.3}

T The data ol kbics lor Colomnbdan awl meakoys were derrecd Crean 2 previaws pablcalen. -

strains, fewer recrudescences occurred among
monkeys that had recerved the larser inoculum.
The infection parameter data for the tao groups
of Panamanian owl monkevs were cambined for
presentation in Tables 2 through 6.

Moriality

A comparison of the mortality of the tee owl
memnkey suhspecies to three strains of P falcipa-
ruvtis indicated in Table 2, Overall, 157 (39,75%)
Panamanian owl monkevs died duning patency
in contrast with 530 (79.7%) Colombian owl
monkeys.

The percentage of deaths attributable to infec-
fign with the Vielnam Oak Kool strain, during
the Nirst 13 days of patency, was approximately
the same for Papamanizn and Colombian owl
monkeys., After patent day 16, fewer Panama-
nian owl moenkevs than Colombian owl monkeys
succumhbed 1o infection with the Vietnam Oak
Enoll strain. A total of 70 (68.6%) Panamanian
monkeys and 250 (85 3%) Colomblan owl maon-
keve died of infectinn with this strain of & fol-
AR,

Inlections of the Vietnam Smith strain wore
less virulent in the Panamanian owl monkey than
in the Colombian owl monkey. During the first
30 davs of patency, 47 (27.3%) Panamanian owl
monkeys died, while during this same period of

patency 87 (53 8%} of the Colombian owl mon-
keys died. Mo deaths of Panamanian monkeys
occurred after patent dav 30 six Colombian owl
monkeys died during this period,

As indicated by the number of monkeys that
dicd during the first 30 davs of patency of the
L'panda Palo Al strain, infections were less le-
thal for Panamanian owl monkeys (33%0 than
for Colombian owl monkevs (79.2%). After pa-
tentday 30, no Panamanian monkeys died, while
cight Colombian owl monkeys died.

The percentage of Panamanian owl monkeys
with self-limited infections was greater than that
of Colombian owl monkeys for each ol the three
F. lafciparnm strains,

Farasitentias

The peak parasitermias in Panamanian and Co-
lombian ow] moenkeys that died during pateney
and in the survivors with self-limited infections
are shown in Table 3. Panamanian owl monkeys
inlected with the Vietnam Oak Knoll strain, that
succumbed during the Grse |3 days of patenoy or
between patent day 16 to 30, had lower mean
peak parasitemizs than Colombian owl mon-
keys. There was, however, no significant differ-
ence hetween the parasitemias of the two groups
of owl monkeys, P = <06 and # = <02, re-
spectively,
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TapLE 3
Feax parasiiernies iy infections with three strqdns of Plasmodium Ralaparumn on Panamanian aed Colombian

cwl pRermey

Pexk parasatanng pon mm® = I —rean (#5100

trlslaria Fualitcs

; Taterl day BurviviTs
Slrzin =3 = 5-00 =30 Self-limicsd infeciiens
Panamanian owl monkeys
Victnam Oak Knall a7rs 527 % 622
(427 (243} (45 (114
Wielnam Smith 1,207 620 — 30
[483] Ay {412y
Uganda Pale Allo 1,310 76 - GEL
ELE (415 (i
Colombilan owl monkeys
Wietnam Cak Kool L7 k5 243 243
[374d) (301 (11&) (147
Wietnam Smith 921 GEY 456 I3
[+17) L (371} {90
Ulganda Pale Alie L, 26d 1.055 573 &3
(391 (523} (204 220

The mean peak parasitemia in Panamanian
owl monkeys that died during the immal | 5-day
patent period after challenge with the Vielnam
Smith strain was signilicantly higher {F =
<0,001) than in the comparable group of Co-
lombian ow] monkevs. Panamanian and Colom-
bian monkeys, infected with the Viemnam Smith
strain, that died dering patent davs 16 1o 30 had
exsentially the same peak parasitcmias (F =
=05,

The mean peak parasitermia for Ugzanda Palo
Allg infections in Panamanian monkevs that died
during the first days of patency was significantly
higher (F = <003 than in Colembian owl mon-
keys. For the monkevys that died during patent
dave 16 to 30, the mean peak parasiiemia was
lorwer in Panamanian than in Colembian mon-
keys, but not statistically significant (F = =0.1).

As indigated in Table 3, the Panamanian owl
monkeys that survived the primary attack with
each P jolciparws strain, had higher parasit-
emias than did the Colombian owl monkews
These differences were highly significant (F =
< 0,001,

Time to altain peak parasifeniias

The infection parameler presented in Table 4
compares the time required to achieve peak par-
asitcmia, once patency was established, in Pan-
amamian and Colombian owl monkeys, REegard-

less of the strain of P @&@lciparum, fatality during
the primary attack, or survival, as indicated by
self-limited infection, peak parasilemias were al-
tained significantly earlier in Panamanian oowl
monkeys than in Colombian owl monkeys. In
all instances, except one, the & wvalues were
<0.001. The exception (# = <(.03) was for
monkevs infected with the Vietnam Oak Knoll
strain that died during patent days 16 10 30,

Felitlimited infections

The distribution of monkevs with self-limited
infections attained with either the primary allack
or recrudescence s indivated in Table 5. A total
af 148 Panamanian owl monkeyvs (82.2%) evi-
denced self-limited infections following the pri-
mary attack, while infections in 78 (37.8%) Co-
lemnlvan owl monkeys were sell-limited with the
primary attack, Following the first recrudes-
cence, infections were self-limited in 64 {26.9%)
of the Panamanian owl monkeys and in 30
(2H.9%) of the Colombian awl monkeys,

Sell=lirmted infections after the second recru-
descenes were achieved in 24 (23.8%) Panama-
nign and 13 (9.6%) Colombian owl monkeys.
The infection (Vietnam Smith) in one (0.4%)
Panamanian owl monkey was self-limited fol-
Ieveeing thes third recrudescence, in contrast (o five
(3.7%%) in Colombian monkeyvs.

An Upanda Palo Alte infection in one (O.4%)
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TasLE 4
Time fo qitadn peak pargsiterias (0 infections with theee siraing of Plasmodiom falciparum in Pasgognias sl

Cadommbicern owd mronkevs

Ity from initntion af pacsncs 0o peak — nveae ©= 503

Matzna faalines

B -|’esl.cl-l‘. dav Survivors
lrain =15 15-30 =0 Selllimmized infections
Panamanian owl monkeys
Wielnam Oak Enoll 89 14.0 1.8 9.7
(L.a) (3.3 1.3} (2.6)
Wietpam Srith 14 1.2 - 11.1
(L. (2,11 (1E)
Ulesnds Pale Al 9.3 [RON - 3.4
[L.8) (2.3} (2.7
Colambian owl monkeys
Wielnam Oak Kooll 1L.4 L6.6 1.0 16.2
(1.6} {2.9) (2.9 (4.3}
Wicinam Smith 11.7 17.3 21.3 14.4
{1.4) (2.7) (7.4} (4.0
Uzndda Pelo Alis 105 15,7 13.4 14,49
{1.7 (3.1 (3.3} (4.0

FPanamanian owl monkey was self-limited after
the fourth recrudescence; all infections in Co-
lomban owl monkevs were self-limited atter the
third recrudescence.

While the number of Panamanian and Colom-
hian ocwl moenkey survivors, following primary
attack of infection with the Vietnam Oak Enoll
sirain, was essennally the same (32 and 33, re-

spectively), the infection in 12 Panamanian owl
monkevs was self-limited after the primary at-
tack as it was in |8 Colombian ow] monkeys.
Maore Panamanian than Colombian owl mon-
keys cxpenienced self-limited infection atter the
first and second recrudescence of the Vielnam
Oak Knoll strain. The infection in one Pana-
manian owl monkey was sell-limited after the

Tasre 5
Sef-livied infections {n Panamanian and Colombian owd marfeys [nfected with one of three strains of Plas-

medium Taleiparem

Pua (percench sell-listited nlecnons artamed a1

Recrodessene

Prinuarsy — —
VTR Tl anack z 3 4

Panamaman owl monkeys

Viernam Oak Knoll 32 12 12 I =4 1
[(37.5) (37.5) (2159 (3.1}

Wietnam Smith 125 " 40 14 L -
(56.003 (3200 (11,2 {0.8)

Uganda Palo Alto il O 12 3 - —
(51.5) (14 8} (3T
Caolomboan owl monkevs

Viemam Oak Knoll 33 14 i 3 3 -
(54.6) (274 (5. (R

Vietnam Smith [ 35 22 5 1
(35.6) (345 {7 (1.6}

Uganda Palo Al A4 25 b 5 1 -
(od. 1} (205} (128} (2.6
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fourth recrudescence; three Colombian monkeys
attained sclf-limited infection statas [ollowing th
third recrudescence.

Panamantan and Colombian monkevs infect-
ad with the Vietnam Smith strain bad a similar
rate ol sell=limited infection after the primary
attack., A total of 535 (44%) Panamanian owl
monkevs and 28 (44, 4% Colombian monkeys,
following recrudescences 1, 2 and 3, had selfs
limited infections.

Approximately twice as many Panamanian owl
monkevs as Colombilan owl monkevs survived
the primary attack of the Uganda Palo Al strain.
The infection in 686 Panamamian owl monkeys
was sell-limited with the primary atlack, in con-
trast to 25 Colombian monkeys. Self-hmited in-
fection after recrudescences | and 2 was observed
in 15 Panamanian monkevs, and in 14 Colom-
hian owl maonkevs afler recrudescences 1
through 3.

Pearent and subpatent peviody

Diverse infectien characteristics assoclated
with recrudescing infecuons, length of the pre-
mary altack and recrudescences, nterval be-
Poveen recrudescences, and peak parasilemias are
compared in Table & Although the mean du-
raticn of the primary attack in Panamanian owl
monkeys infacted with the Vietnam Oak Knoll
strain was 14 dawvs shorter than in samalarly in-
fected Colombian monkeys, this difference wias
not significant (P = =0.05), The length of the
first recrudescence of the Yietnam Cak Knoll
strain in Panamanian monkeys was significantly
shorter (P = <0001 than in Colombilan owl
monkeys, but the differenee for the length of sec-
ond recrudescence was not sipnificant (F = =02,

Primary attacks and first recrudescences were
of signtficantly (F — <0001 shorter duration in
Panamanman owl monkevs infected with the
Vielnam Smith strain than in Colombian owl
monkeys, as was the length of the second recra-
descence (F = <[L.03).

A comparison of the mean duration of the
primary attack and first recrudescence of infee-
tons with the Tganda Palo Alto strain indicated
that both of these parameters were significantly
{F <0017 shorter in Panamanian monkevs than
in Colombian owl monkeys. The duraton of the
second recrudescence with this strain was shorier
i Panamanian monkeys than in Celombian
monkevs, but not significantly so (& = 002,

ROSSAN ET al.

A gingle Panamanian owl monkey, infected
with the Victnam Oak Knoll strain, experienced
self-cure after the fourth recrudescence, while
three Colombian owl monkevs had self-limited
infections following the third recrudescence with
the Vietnam Cak Knoll strain, One Panamanian
owl monkey, infected with the Vietnam Smith
strain, had a third recrudescence of nine davs
duration, in contrast with a Colombian ow! mon-
key, in which a third recrudescence lasted 16
davs, Mo Panamanian owl monkeys, infectad with
the Ulpanda Palo Alto strain, exhibited a third
recrudescencs,

The subpatent periods between the end of the
primary attack and the beginning of the first re-
crudescence, and hetween the first and second
recridescencs in Panamanian owl monkeys in-
fected with the Vietnam Oak Knoll strain, were
Ionger than in Colombian owl monkevs, These
differences, however, werg not significant, =
0.0% and P < 08, respectively,

For infections of the Vietnam Smith strain in
Fanamanian owl monkeys, the subpatent period
between the primary attack and first recrudes-
cence was significantly longer (7 -« (1.01) than in
Colombnan monkeys, There was no significant
difference OF < 0.8 batween the durations of the
subpatent period between the Arst and second
recrudescence.

Comparison of the subpatent periods follow-
ing infection of the Uganda Palo Alte strain in-
dicated that the ume between the end of the pri-
mary attack and the Grst recrudescence was
significantly longer (P <2 0.02) in the Panama-
nian than in the Colombian owl monkey. The
subipatent period hetween the first and second
recridescence was nol sigrnilicantly  diflerent
(P = 007) between the two monkey subspecies,

Peak parasitemiay during recriescence

Peak parasitemias for recrudescences in Pan-
amanian and Colombian owl monkeys are pre-
sented in Table 6. The mean peak parasitemias
in Panamanian owl monkevs were higher than
comparably infected Colembian maonkevs dur-
ing the frst recrudescence of infection with the
Vietnam Oak Knoll or Vietnam Smith strains,
but not for infection with the Uganda Palo Al
strain., During the second recrodescenae, the mean
peak parasitemia in Panamanian owl monkeys
wis preater than in Colembian owl monkeys for
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each of the three strains. Because the standard
deviations were greater than the mean peak par-
asitemias in Panamanian monkevs, no maesan-
ingful statistical analvsis was possible,

COSCLIEELMN

The principal abjective of this report was 1o
present a quantitative comparison between the
course of untrealed P fafeiparnen infections (three

slraing) in the two owl monkey subspecies, of

distinet geopraphic origin, which are the most
frequently used forexperimental hurman malarisl
studies. Similarities and differences of infection
parameters in Panamanian and Colombian owl
monkeys may be summarized as follows:

1. The Panamanian owl monkey was less sus-
ceplible 1o infection with cach of the three
strains as mertality during the first 30 davs
of patency was less than in the Colombian
monkey. Only during the first 15 days of pa-
tent infection of the Vietnam Oak Knoll strain
did more Panamanian than Colombian mon-
keys die of malaria,

2. Peak parasitcmias in Panamanian owl mon-
keys, infected with either the Vietnam Smith
or Uganda Palo Alto strain and dyving during
the first 15 davs of patency, were significantly
higher than in Colombian owl monkeys that
dicd during the same period. All Panamanian

monkeys that survived the primarey attack of

the three strains had signiheantly higher mas-
imum parasitemias than did surviving Co-
lombian owl monkeys,

3, Prak parasitemias, either in fatal o self-lim-
ited infections, were achieved sipmificantly
earlier after patency in Panamanian than in
Colombian owl monkeys, regardless of the
steain of P fslelpcren,

4, Aller the primary attack of cither the Vietnam
Smith or Upanda Palo Alte strain, more Pan-
amanian than Colombian owl monkays evi-
denced self-limited inlection, Self-limited in-
fections occurred more frequently in
Fanamanian than in Colomblan monkeys af-
ter the Arst recrudescence, regardless of the
malaria strain. Following the second recru-
descence, maore Panamanian than Colombian
owl monkevs, inlected with cither the Viet-
nam Chak Knoll or Victnam Smuith strain, ex-
pericneed a self-limited infection.

5. The duration of the primary attack and the
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first and second recrudescenees were signifi-
cantly shorter in Panamanian than in Colom-
bian owwl monkevs, except for the duration of
the primary attack and second recrudescence
of Vietnam Oak Knoll inflection,

The subpatent periods between the end aof
1he primary attack and first recrudescence and
between the first and second recrudescences
were longer in Panamanian than in Colom-
hian meonkeys. Only the duration of the sub-
patent period between the primary attack and
first recrudescence of the Vietnam Smith and
Tlganda Palo Alto strains was significantly
proater in Panamanian owl monkeys.

The mean maximum parasitermias in Pan-
amanian owl monkeys, during the lirst and
second recrudescences of the Vietnam Oak
Knoll and Vietnam Smith strain, were higher
than in Colombian monkeys. During the first
recrudescence of the Uganda Palo Alio strain.,
the mean maximuam parasilemis wis lower
in Panamanian than in Colombian owl mon-
kevs, and during the second recrudescence of
this strain, the maximuam parasitemias were
casentially the same in both monkeys.

The basis tor diversities of infection parame-
ters in these vwo owl monkey subspecies has not
heen defined, however, two factors may be cx-
cluded as having affecied the observations pre-
senled in this report, Wo natarally-acquired plas-
modivm infections, of cither human or monkey
origin, have been reported® ® in owl monkevs,
thus eliminating the possibility of immunity ac-
gquired prioe to experimental use. Comparison of
hushandry practices for the Panamanian owl
monkey with those outlined! for the Calomhian
owl monkey indicate that while qualitative dif-
ferences exist, none can account lor the varia-
tions of infection parameters between the two
mnonkays,

Fuew direct comparisons of experimentally-in-
duced P falciparun infections in owl monkoevs
of Panamanian and Colombian origin have been
published. In one such report,® four of four Fan-
amanian owl monkevs and seven of nineteen Co-
lombian owl monkevs survived infection with
the Uganda Paloe Alto strain. Inocalation of Viel-
nam Oak Knocll parasites inte 10 owl monkevs
of Panamanian origin prodeced potentially le-
thal infections in all recipients. Of three Colom-
bian owl monkevs infected with the Vietnam Oak
Enoll strain, one animal survived. The authors
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concluded that the country of origin of the owl
monkeys, rather than the karvotype, determined
host susceptibility o lethal malarial infections,

Car experience with the Panama 11 strain il-
lustrates that ewl monkey karvorype may not be
the sole determinant of susceplibality w . fal-
ciparunt strains. o attempts to adapt P faleip-
arier from Panamanian patients, 75 indigenous
owl monkeys were inoculated with human
klood.'® Na infections were reproduced in any
of the monkevs. A blood sample from a patent
who had acquired talciparum malaris in Panama
wis senl 1o anather lahoratorny where the Fanama
11 strain was established 1o a Colombian owl
menkey.!! We inoculated parasites from the sec-
ond infected Colombian monkey into a splenec-
tomized Panamanian owl monkey and subse-
guently established infections in normal
Panamanian owl monkevs (personal communi-
cation). What parasite modification(s) occurred,
in this Panamanian strain dering two passages
in Colombian owl monkevs, that Tacilitated ad-
aptation o Panamanian owl monkeys 15 wn-
koo,

In another report,”® each of three normal Co-
lombian owl monkevs was inoculated intrave-
nously with 7.5 = 10* parasiles of the Uganda
Palo Alto strain: one monkey dicd on day 8 aller
challenge with a parasitemia of 60%, ancther
monkey died on day 15 after inoculation with a
parasitemia of 34.4%, and the third monkey sur-
vived, with a maximum parasilernia of 25%. This
A6% maortality rate during the first 13 davs of
palency is comparable to that (38.8%) reported®
for a proup of 226 Colombian owl monkeys in-
fected with the Upanda Palo Alto strain, and
greater than the 26.4% mortality in a group of
121 Panamanian owl monkews,

Although almost 20 years have clapsed since
the report' of the first successful adaptation of
P. falciparurm o an owl monkey from Colombia,
no definitive cxplanation has been forthcoming
as toowhy monkeys of the genus Aodes are sus-
ceplible o falciparem malaria. This susceptibil-
ity, as demonsirated in the present report, varics
quantitatively bul moderately so, according to
the country of origin of both the owl monkey and
the strain. These differences in infection param-
erers between Panamanian and Colombian owl
monkeys have not invalidated the usc of the {or-
mer for the evaluation of new antimalarial drugs.

ROSEAM BT AL

ACKMNOWLEDGMEMTS

The authaors are sincercly appreciative o Dirs,
1., H. schmidt and Paul ©. Beaver for their per-
mission o include the published data for Colem-
bian owl monkeys in this paper.

The excellent contributions of the folloewing
technicians are acknowledged: Glona Cisneros,
Frank Dwurham, Leone]l Martings and Liongl The
Sousa. We thank Dr. William O Feeves, It for
hisassislance with the statistical evaluations, and
Mrs. R de Leon for her perseverance in prepa-
raticn of this manuscript.

These studics were supported in part by TLE,
Army Medical Research and Development
Command contracts DAMD 17-76-C-0069,
DAMD [7-82-C-2186 and [DAMIY 17-83-C-
3232, This paper is contribution Mo, 1727 to the
Army Research Program on Antiparasitic Dirugs,

The views of the authors do not purport to
reflect the positions of the LS. Army or the 1S,
Department of Defense.

In conducting the rescarch described in this
report, the investipators adhered 10 the Guide for
the Care and Use of Laborarory Animals, as pro-
rrulgated by the MNational Research Couneil,

REFEREMCES

l. Schmide, L. FL. 1673 Infections with Plassmo
At felcipariom and Mlaomodioom vvae in the
owl monkey —model systems for basic maologi-
cal and chemotherapeutie studies. Trans, B Sos
Trop. Med. Hyg., 67 445474,

Schrmuade, L. B, 1978, Plasmadived faleiparuiin
and Plageiedivsr vivay infoctions in the owl
muonkey (Aot erivirgatus). [ The courses of un-
treated infoctions. Am. J Frop Med, S, 270
G71-T02.

3, Schmids, L. H., 1978, Flaymodivm faloiparum
and Masmodive vivax infections in the owl
monkey {Aatus feivirrainy]. [ Responses o
chleroguing, quinine and pyoimethaming, Asi,
I Frop. Med Hyp, 27:703-717.

4. Schmidi, L. H.. 1978, Plassicdiner faloipar
and Plasmodiant vovex anfections o the owl
monkey {Aoius feivirgases), 110, Meothods ¢m-
plaved in the search for new bleod schizonticidal
drupgs, Am L Trap Med Hpg, 27 T18-T37.

3. Ma, KN.5 F, Rossan, R N, Relley. 5. T., Harper,
1. 8., Bedard, M. T., and Jones, T. O, 1978.
Banding patterns of 1wo new kervotypes of owl
monkey, Aafus, captured o Panama. J MWed,
Primatol, 7; L4h—135.

6. Hershikovitz, P, 1983, Two new specics of night
monkeys, genus Aoty (Cebidae, Plaverrhimal: A

R



PP LCTPARUM INFECTIONS IN OWL MONKEYS

prelimmary report on Aot taxonomy. dm. S
Frimaral, 47 209-243_

. Earle, W. C., and Perez, M., 193], Enumeralion
of parasitcs in the blood of maladal patients, J.
Lab, Clie, Med | 1011241130,

8. Porter, I AL It Jehnson, O M., and De Souss,
L., 1260, Prevalence of malara in Panama pri-
mates. J. Parasitol, 57 669-470.

2. Taylor, I, W.. and Siddiqui, W. A, 1979, Sys-
ceptibility of owl monkeys 1o Plasmodium ol
ciparent infootion in relation e location of or-
igin. phenotype, and karyotvpe, S Parasiod,
63 267=271,

1, Young, M. D, Baerg, . O, and Hessan, . M.,

1970, Onservations on Plasmodive flaiparunt
infeetions in WNew World monkeys. . Parasinad
o fSecr I Pars 22 485-480 (Abstract).

1047

L. Colling, W, E., Neve, F, AL, Chaves-Carballo, E.,
Stanfill. . 5., and Richardson, B, B, 1973,
Stodies on human malaria i dofs monkevs,
I1, Estgblishment of a strain of Plasmaodoagm fal-
ciparitt Tvom Panama. J. Parayited, 54 00%-
12

12, Siddiqui, W, AL Taylor, D.W., Kan, 5., Kramer,
K., Richmond-Crum, 5. M., Koizni, 5., Shiba,
T., and Kusumoto, 5. 1973, Vaccination of
cxperimental ronkeys agamst Flaymedinn fal-
vipeerun A possible safe adjovant, Sofence, 204
1237-1238,

13, Geiman, G M., and Meagher, M, 1., 1967, Sus-
coptibility of a Mew World monkey 1o Flay-
Moediven Saleiparum from man, Narweee, 2135
43T-439,



	p1.jpg
	p2.jpg
	p3.jpg
	p4.jpg
	p5.jpg
	p6.jpg
	p7.jpg
	p8.jpg
	p9.jpg
	p10.jpg
	p11.jpg

