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Contral Americn M ilario Rearch

During the st several decades, characteriza-
fion of Arerican strains of raalaria hes been
Almast totally neglectad except for a few strains
which were haracterized in the 10408 b Re-
cently, the Liboratory ol I msitic VHaeasts,
Ntional Instisuie of Alloray and Inicctions Dis-
enees, has Dwon collaboratine with the Central
Amesica Malarin Resvarch Station in Bl =olvador
on chardeterizition o strains of Tan malaiia
from the Central and South Arerican region.

This roport dedl only with stadic: on fzolates
of vivax tasbond fruse fiee Central Ninerican
countries,  Comglete chuzacterization of =trains
o analatin includes sucy featties as prepatent
i activity,

||'i:uli corse ol intection, T
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pricisstns Cowdor nisht monkeysy thiv dutra-

Fhe strame were isoisted in ean, intba

venon: anad o intiaperiteseal inoculation ol puiri-
vitised Vood frem humvn dooars, The monkeys
were inoubaded in B salvador and shipped Lo the
Clhamldee, Geeseia faeilities, Onee patent infec-
tions were etzined in the el monkeys, th
cirains were muintained either by patsove of
parasitized Llood or by s ulation of sporozaites.
The strains of vivax mabarin char wiviiaud o dite
were acqguired  from e (Panam sleaind,
1l Salvader 18al I oand Sal 01 strains), auil
Nieataeua (NICA sfrain),

Volunteers at the Unit on Human Malaria at
the U, &, Penitentiary in Ailanta, CGiearsin wWere
exposed Lo infection by the hites of Jdnopicles
Jreshorn? or A, e rhitus wosqaitues whivh had

been allowed to feed on owl monkess whose

hywed Volunteers

iufections aanmetocyteaia.
were followed dody or 3 times a week by Dol

* Presont acdress Aatuia Presram, Cenler for
Disense Contral, Mlanta, Georsia 30333

i P, A TP AL PSSR AR L A Tl s L L RS T

of Mvigye wad Inje tions Diseases, Chanehlir, Govrgia 3031, and

§ qpdon, san Selvader, Pl S.lvador

AL each attack, the iniectiune weie
Leated afier a minimum of 3 days patent pavi-
Sremin with one of the Stonddard antimalarial
drves ot the recommentled dostge recimen

Tatle 1 shows the results of our Jleelies awith
the g stiaine Tt be seen that the

preputent periads fur U ten nfecions ranond

rotn 12 to 17 days Oacdion vl 13,3 davsi. ‘Lhe
first nlepse activite in S e 10 volunieeis oc- :
curred’ sl from ©4 to 226 days (median of 165.3
davsr after exposuie (o infediion. (0 the 2 re-

reaivine solunters, 1 did not espaicnee el

taransh the ohsenation period of 167 diyvs before

Be reccived fadicad curntive theman of loio-
quiine V13« lise) atd priwagrine oFF s s
ik wher :n‘_inl‘\i

[ od e Alidatoess

coteiitive daash, i

=
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i Hoed & W .
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LHE . gw
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sfter the fir- rol RTINS SR

i atier e

did ot e
Secotind 1'1.'!.'.“;-1' () Bk
231 to 265 Cmedian 2710 or 22 1O 37 davs alter
ecir second relupee. OF the s w which
relapee activity. 7 did so after 2

el days

showed  am
ceinious latent intenvat ol 143 days or 0 weeks

After exposuie to infection.
The response of the Pangisa staan Lo chlorn-
quine atd te guinie was ot tial, with paresite

ear nee oecnrring the 2nd the ath dav. The
re-ponze of this strain was alsn fouml Lo be .
porret delearanee i less than 72 hours) in three
of four treptments with pyrimethamine, Parasite
dearance in one of the pyrimethamine tiewiments
requived betawren 1603 and 192 hours. One infuc
tion was treated @l seromd relapse with a chlo-

[ this counceciion, whepever i vt o thenielos
that he ne lonser wants o particijoite i our darit
atice we honor his dichion and adn or paddiealiy
curative thesapy at that time. Thus. a nember of
volinteers n this study ek ed pmehoadly carshive
antineliial thesapy beiue their inlecons could
have Leen expectetd tu pelipee,
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(medion of 135 davsr, Noordapise adivity was o patent perieds for the Jdeveninde tions e
seen in five nfections Lefure aadical ciative  from 10 Lo 16 daxe Goedion of 15 duyah, In six
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Me. C. 12 (C&P at 19)

R.I. 12 () (CRD at 9a)

M.AL 13 (2) (CXDP at 239)

C.\. 16 (Py) (C&P st L11)

n.E. 16 (CG) (C&P ar 171)

T 10 () (C&P° at 240)

H. 1. 12 () 192 () (C&P a 193)
W. T 16 (L) 200 (CLE) (C &1 at 2¢0)
Me K. 12 (Q) 265 () (C&D at 22%)
Me. N 13 (C) 220 (C) (C&DP at 272)
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Tamk 3
Relapsc artivcity of the Salvado: I stroin of Plasmodium vivax in veluntecrs expesed ta infection by the bites

of infected Ancphicles mosquiters

Infection duy*

Velunteer Pibmary atlack 1t teloprze

2rd relupse

3rd relapse

W. 1. 10 (C) (C&P at 1(m)
G. A 1) (C&P at 14)

L.A. 11 (Q) (C&D at 170)
1108 13 () (C&P at 8y)
M.AL 14 00Q) (C81 at L)
J.o. 15 0Q) (CLP st 221)
S.T. 13 () (C&P at 230)
R, 0. 13 (C)

R.AL 16 (CG) 262 (C)
K. 10 (Q) 172 (Q)
L EY 13 () 205 (CLL)

233 (CK&DP at 245)

323 (C&P at 326)
203 (Q)
284 (CLLE)

231 () (C&P at 233)
342 (C&P at 313)

* (0, ablaraguives (CGY, cbbguzalie:r (Py), porimethaniine; (Q),‘quinino; (CLY), Cleocinis; (C&V), chiorcquine axd
printaquine sodionl curative therapy iuitiaiad on the given indection day,

1 Nepro.

radical curative therapy at 88 to 236 davs. Feur
infections showed first relupses at 172 to 262
days (median 221.7) after eapozare to fufection.
Three infections showed a second relapse at 203

to 323 duys Goedian 28480 ar 81 to 79 days after

the fivst relapze, There were two infections which
exhibited o thisd el e at 277 wid 342 duys,
The respor-w ef ihe Sabvc e sradns oSGt 1
and Sal 1y ote
rerml with e povnsd
fromg 1 ofo b dies,

R
to the recoianeiadd 4 o

chivreguing wmad o oguinue was

sobLar Taitdiny

Tle gesiwonie of thee strafn.
1

HERISUY

tesivens of either
pyrimyetlamine ar Clerzeanide s slaw, althoush
within norpal limits  (parasite dearance  time
rangiug from 12 10 6 davs), The response o
the new semi-synihetic antibiotic Cleocin® was as
slow as with pyrimethamine or ¢hlorguanide (412
to 6 days). The radical curative rute of prima-

aquine (14-duy regimen) for the (wo strains from
1V Salvador was also 10056, The 7-day course of
Cleocin (total of 12,6 ¢) had no siznificant radienl
curative activity azainst the Sal 11 strain, since
relapaes occurred aften treatmons with this drog,
Table 4 shows the resulis of stadies with the
NICA strain, The prepatent peiiods for the six
HARR G UL
10,0 dux=). The dodvctions ja oo of the velen-
CWO L and CFRG DD men et
they reveived nedicel curative ey
64 2ol 710 The four rewainging infections (L. 0,
MOAL PUAL GUAD dhiowed Tirst relapae activity
at 85 to 194 days after exposure to infection
{median of 120.5). One of these voluntcers
(L. Q) reccived radical curative therapy at day
201. -
The three remaining volunteers experienced a

bofedtians ronoed jrom coedon

Y hefiic

MO BN

at dovs

Tapre 4
Relapse aclivity of the NIC:A strein of Plhasmodium vivax in volunteers cxpased to infection by the bites of

infected Anophelos nrosquiloes

Infection duy*

Volunteer  Primary attack 15t relapse

and relapze

3rd relapse 1th relapse Sth relapse

W1 10(Q) (C&KT at 71)

T.R. 12{C)(CKP at 64)

L.0. n(Q) 194 (C&I¥ at 201)

M.AL 10(Q) 146 (Q)

P.A. 10(Q) 94 () 115 (Q)
G.A 10(Q) 85 {Q) 107 {Q)

164 (C&P at 169)

135 (Q) 154 {C&P at 133)
123 (Q) 171 (C&P at 171)

19 (@

‘n (C),. lh]qr?quin,_-; (.(:(‘.). rhlu:u}n:u.i'h-; (y), m:limc-th;un?:u-; (), quinine; (CLE), Cluzin®; (C&I'), chltoruguine and
primagaine radical carative therapy initiated on the given infcition day,
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second relapse at days 107 aud 164 (median 113)
or 21 to 22 days aiter the first relapse. Volunteer
M.A. received radical eurative therapy at day
169, The other two volunteers (G AL and PLAL)
experienced a thicd refupse at days 125 and 133
vmedian of 13030 and & fourth relapee at duys
149 and 1534 ‘median of 1313, respectively,
Volunteer P, AL received radical curative therapy
at day 135, G. A, u\'pc-rirrncn:d a fifth relapse at
day 171 and received radical curative therapy
Leginning oa that duy. The divg sensitivity of
the NICA strain has been tested enly {or chlore-
quine and quinine. Noruml clearance
(Y6 hours) was ob=erved Jor The six
infections lave been treated with 14 days of
primaquine with an apparent 103°¢ radical cure.
The observations on this strain souyest that it
difiers a litde from the other trains in
that infectivns i 2 of 4 volauteers not receiving
radical curative therapy eahiibited relupse activity
eardier than 130 davs,

Strains of vivex mzleria hav
ed into bwoe mutor Gvpes
life pattern chuaeerivies, The
the femporcte zene fipe is b oatetiond by oan
carly  rhin:
followed by alony

parasite
G

three s

generatly been
bazed en their
liie pattern of

Classind

o prepatent pesied

Vatent period betore o
of frequent relap:e activity.
type of life paticra wlso s choractericed by an
cardy primary aitack, but with a short late
period following the inidal attack before appear-
anee of frequent relapse activity, The cassicel
examples of temper te zone and lropical eone
types are the S Blizheth (US\ the
Chesson (New Grinea-Fouth Pacificd strains of
Plusmadinm wivex, cctively,  Coatney et ul,
observed relatively dmrl prepatent perinds of 11
to 18 days with the €t Elizabeth stiain followed
by latent periods of @ minimum of 3 ronths adter
treatment of the primary atiaek first
relapse activity was ohserved® The same inves-
tisators reported that, like the &t Flizabeth
strain, infections with (he Cleszon vtrain exhibited
early primary attacks of U to 16 deys but differed
radically from it in that there was no lonyg Iatent
perivd between the prizaary attuck and the first
relapse. Rather, when a Chesson vivax attack was
interrupted by eficctive  blosd schizontividal
therapy, relapse usually securved promptly, sone-
times as early as 6 daye, Purther relapses cun-
tinued at frequent and,‘ar regular intervalst later,
they gradually became mnge widely spaced.

prearante

The tropicel sone

and

[

before
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of relipee activity of jnlcctions
of Plucaiedinn ¢ i volun-
taoindoaden e of infeted
, Porama coudng Sab I aad
Salvador stiairs; N, Ncoevuan straing VY,
\u.u'n'.n Sivin: SE, St Biadeth stiaing G,
« Chesson strati; TH, Th ul wmd » lr.'.w; &\ South Viet-
nam strain,

1 Partegne
RSTERE ERTI T

e fows

RIS

Iigure 1 presents a summary of the patterns
of relapse activity for strains of vivax malari:
Audied by our group during the past 10 year
with the exception of the SEoand CH steains,
The dota for these two patterns were taken from
Coatney et al® The patterns for exch strain
represent medizn values, As wentioned earlier,
the CH (Chiesson strain) pottern s characteristic
for the tropical zone type of rehapsing vivax
malaria with no long perod of Latency Letween
primary attack end first velapse, The TH Crhai-
Loy and SV (Soath Vietnamd patterns fall into
this tropical zome relapze pattern, The SE (St
Flizabeth) pattern is representative of the tem-
perate zone type, whith has a lom period

Lfeiey between primary attack and fivst relapee,
The V paltern represents astrain from Venezuela,
The other four patterns represent the strains
reported herein, 1t can be seen that the median
patterns for all four Central American strains are
aeperally simitar, with a suggestion that the strain
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from Nicaragea is a “fence-rider” with a few
relapses occursizg befure 3 months,

On the basis of their Hie petierns, it could be
condluded that the fuur Central Amurican vivax
strains fall into tha “tempersde zone” category,
However, becauze the Centrel Amerivan resion s
tropical, s dassificetion, which appears 1o he
hased prinunily on terperature, might be con-
gidered somewhot inconsiziend, This daification
in all puobabiiity coolvaed Jree the explanatior:
selietn,” win

of many fnvestimiors, ncluding H

thowht that the caractesizie of lateney provided
an explanation for the everwinering of the para-
sites aml, consenuently, for the spriag wave of
malarin, He further ouuested that sirains with
this characteristic wenld Tuve greatly enhanead
This

phensaenon of Qelaecd relapee aotivity could alvo

chances fur suevivel o temperate Zones,

Be explained o< o mere edfioient meins in tropicol
arens for muliria parasites to survive thraugh
periods of prolonged dry seasun with low annphe-
lism. .

Cavell stated that “the theory seems to have
grown up on the azsumption that Nuture had
provided thiz patters o epatle the Plasmadivm
to survive in places where the transmission peried

oo shert one T However, Foodid not eomider

this fropticatinn ta b jostified sinee noteredgeing
Ty

Falehorm malaris survives without meeh <
oty B oarecs wiero the trrioniesion
is +hort,

In a monozraph by Coatney ot o1 it is held
{hat malwia spread from Southeast dsinto Africa
and then to Furope: and ondy vecently (16th
Century) was it introduced into the New World,
It is inferesting to note that vivax malaria from
Southenst Asin and the South Pacific all have
been of the Chesson (tropical zone) type (Fair-
ley;* Coatney et al.i* Cantacus ot allty It is as
interesting to note that, in contrast, the vivax
malaria of the Americas appears to bhe of the
St. Elizaheth Uemperate zaned type. Obviously,
something huppened to the vivax parasite on its
long and circuitons journey from Southeast Asia
through Africa and Furope and fisally to the
New World,

H strains of vivax malariz with this late rclapse
mechanism have evolved in areas with short
teansmission seasune, then one would nol expect
to commonly find such strains in areas where
Ltansmission extends over i great portion of the
year, The antithesis of this should also obtiin,

st

7y

It will he of interest to see if arcas in the
Americas with an almust continuous transmission
season do suppart or sustain strains of the tropical
zone tvpe of vivax maturin,

The responses of the four Central American
vivay straing to the usnnly recommendesd dosage
recimens of chloroquine pyrimethasine, chlor-
guanice, oF quinite fve considered to be within
noi pel limite, Therciore, any one of these diugs
seuld cure an attael of Uiis aalarias and, if
given wlong with the 14 dvy courte of primaguine,
a 1030 radical cone rate shauld be oltained. The
Lentment of choice, however, continues Lo be
Jhloraquing, 1.3 g hase, followed by primaquine,
15 mg Lave, fur 11 consecative days,

the relopse :

etradns of

Nuewiedie of

vivay

reasons, fuiemos

loeal or aczional
forpertant Dor several obuious
them belng 01 the
dara s endemic arens undd (20 the
development  of  antimalarial chemutherapantic
prosrams as well as the interpretation of the
re-ults of such drug progums,

palria i3
ot
e nterprciation of

mnlarinmetric

SUMAMARY
Four straing of vivax malaria from  three
Ceoprral Arceriean countrizs  (Panamn, Ft Sal-

wubw, Nicaroiny were studiod dovolusteers ior
chuatactetistivs of their wlapse pativss aad for

Pl repanie Lo reoeaended duetle TUTENeNs

of some standdind an il denes Fle relaper
patterns of the four Centval  Noerican vivax
stiains fell into the “temperate zone” category
of relapee pattern; namely, an ey primay
attack Cshort prepatent period) followed by a
lone period of lateney hefore appearance of fre-
quent relapse activity. ‘The . characteristics and
dassification of relapse patterns are discussed.
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