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The fivst documented chloraguine-resistance in
malavia was that for a strain of Plesmodiion fel-
etparron Trom the Magdalena Valley in the north-
eustern part of  Colowobist? Although drag-
resistant malariy has been reported sinee frem
other rountries in Scuth Amerien, none has been
reported From the Pacific coast of that continent?

I Mareh 1967 thee North American service-
men, with ne previous history of malacia, were
gocn in the Canal Zore with faleparun madaria,
These men bad participated in studies (or o sese
lewvel eanal route o verthern Colomloe. Their
avbivities had been centered ab the  propnecd
western lermins of the rente at Curiehe, Color-
hin. All mave s history of having taken the mili
tary chemoproplylaxiz regimen of 300 myg chlorn-
guing base and 43 mg primaguioe weekly !

When treated with therapeutic regimens of
chlorogquing, the idections responcded aboormally,
This led to an ivvestigation Lo determine if the
malarie parsites in these servicemen, o= well s
in the nalives of the area where the servieenen
acouired the infertions, were resistant Lo ehlore.
epuine. The vesults are sel forth in this report,

ALATERIAL= AND AETHODE

The gervicemen were freated wich chloroguine
at the T8 Army Hospital, Fort Clayton, Canal

Aone, and in Gorgas Hespital, Aneou, Capal
done, Thiek-filen blood examinaticns were per-
forrned every 12 howes during bospitalization

anel daily chereatter for varving periods of ap to
L dlays; where possible, slides were made o daya
L, 21, and 25 Papssites were counted by the
method of Barle and Pérez.® Urine = snmples were
colleeted for deternunation of the
chlaroguine  {Ilosking  festp® The

presenee of

treatinent

* Phese studies were supported nopart by che
7. 2. Aveny Medicsl Beseareh and !]ev{:l--nr Wik
Command, Department of the Army, under re-
gparch mrant  13RACNTI-A0- TS0, This RN
15 contribbion Mo, A8 from Lhe .'I'I..rl'[:ll'-' lesearch
Frogram on Malaria,

i '-.1.'5:m|n:: Taeilic [nterseeanie Canal Commz

sion, T, 8. Army, Coanal Zone.

reginens aond Lhe parasiiolegie responze o these
men are shown below,

The Listory pevealed thar the most lkely place
for these men o bave conlracted the infeelion
wig i the aren of the Pacifie lase camp for the
el =twdies, Thiz eaoogn i located o Huomhbolt
Bay on the Pacific cosst of Celomhia south of
the Colombia-Panamd  horder the mlive
Curiche, Coredd, aod Goarin.
AT native selilemends inothe ares ave lecated on
the seacoust. The aren immediately welandd from
the Base canap b= inhbabited,

Tn Moy 1967, a i Sy
was eotcueted i e ares Inoguestion, Three
commnilies weee  sueveved: Curiche,  Coredd,
anel Cuarin, and the lghorees ar the eonal-stody
Lase camp (Camp Curiche).

On 1 August 1967 thick and thin files weee
made from hlood of the 186 residents of villages
Ciugrin ol Coredd, Degliniog 3 Aagust, the
tear of invesligatiors went lrom house to house
treating with ehlaroguine the 76 persons zhown
to have malaria, The following procedures wern
el

Eaeh person was weighed onoa bathroom seale
prior 1o treatoent and was ghven the deogg aoder
the supervision of cne ol 1he vest rr
W "jl{l_‘]l T 24 [l,“l |,.|'I|." e III.'H STHRC WYL :'C'l‘uilllllil'l-""l"'l:l.

The tre [

Le

L
conrmnilies of

preliminary malari

LLEH S

striend, was based on
bse (o 1-1r1u||,.~,~_\ ;L{':jll.'ﬂi:-::. for weiglt {Table 17,
The drug i =ingle dails
vecommended. Ty the Woerld Healtle Orgsnian-
tian® Based on oactual body o weightz, the total
3-day dosages rapged Trom 1685 mg per kg to
A3 g per kg,

Thick and thin Blood Gl were nade on Days
0,9, 8, 7. 14, 21, and 28, Doy 0 being the first day
af l]'l!ll.lll‘ll."}'l[. The Als were stained
stain, Parasites found were vecorded as the ratio
al parazites to BOD white hlood] eellz, taken 1o he
the eoguivalent of 001 e ol Bload,

Cocopertion of the conmunity was very zooml
cluring the reatment peviod and, while reluetanee
to give a blod saaple bad developed before the
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rotll of abservation was completed, ao acdeguate
samiple was ebiaioed; 67 of (e T8 persons were
followed for 22 days.

REAULTE
Clinteal walarin ovevrred in the three North
Arerican: who eluimed that they were following
the  chloroguive-primagquine  chemoproshylas
veginen weekly, Before the therapeutic trials
wera began, the wrine of AW and BAL was posi-
tive for chioroguine by the askiog test. The
patienns then were started on aoregimen of ehloro-
apting base of 1.5 ¢ Dase o more,
These three paticnis differed in perssitologic
pespense to chloroquine trestment (Table 2,
Forty-vight hours (Day 20 alter the initisl
dose of chloroguine, parasitenda in potiens 10,
D inereased abiont Bve fimes to the dangerous
lewelof TI6,200 per erey (RTTT grade of sesis anecty

s elivieal condition was worsenimg. Too the
chlomoguine regimen was acdded  quinine (10

graine three timez o day Tor 10 days), pyri-
methamine (25 mg three thoes o day Tor 3
caval, and selfzdinzine (500 we four times
acday (or 6 diwsy, There was o rapid elinical
responze with cleatanee of parmsites 4 dave later
The patient’s blaod filies remained nezative for
the remainder of the 28-dsy obeervation period,
e remained well for 6 moenths, when be lefs
e eontinley,

TAL revelved 21 g of choloreguine over a 5-
oy pevied and ad o good initial elioieal ane
parasitelogic response, e took the siandard
mililary prophelactic tables of 300 mz o chlom-
uine base and 45 mg of primaquine an Days
14 snd 210 Parasites were Tound in his thick
smears on Day 35 alfter the patient had comn-
plained of fever for 2 dave (I grade of mesisl-
aneet), His wrine was posithve for ehlorogquine,
He had another cousse of 1.2 ¢ of chloroquine

with good clivieal and parasitologic response
betore Jenving fov Ahe United States, when he
wils lest toocure Tollaw-ap,

W.H. reevived an dvitial freafmeny of 24 o
of ehloroauing in 6 days; his elinical and parasi-
telogie respunse wag excellent. He returned to dury
took the  stancard  milicary chemopea-
phalactic tablet of S00 wge of chlorcguine Lase
and 43 mg of primaguine on Daes 14, 21, and 23,
Fle beeame febrile on Doy 28 ol when seen on
Py A0 seain hod maloes parasites in the thick
Blood  smear (BT smde of  pesi sneety. His
urine was positive for chlovogquine. On Davs
30, 31, and 32 he received 2 standard regimen
of 1.8 g of chloraguive base, wlhich eliminated the
parssitemdn in & daye. He then leit for the
Tnied States and waz loge o Qollow ap.

The bistorw, elindeal couwrse, and eady relapse
of these men were sulficiens to eause ws o ine
vestignte he resposse of indisenous eases of
laria v chloroouine inthe aoea of the Curiele
bz canp,

The preeliminary malark, survey of the native
population in Moy 1967 had revealed malaria
prevelenee rales of over 5055 in the nearhy
native villsges of Coredd and Guarin (Uable 3.
Acsurvey moade o 1 August 1967 in Coredd and
Guarin resnlled o the dispnesis of malaris on
ioof the 186 blood smeacs, o ratio of 40909,
These fedtions were distriboted  ss follows:
P fulciporan rings, ganmeioevies, or both, a;
Fowfvaer, Ty mixed P Seledparass and P el
four. The highest infection rates were in Lhe
younger agpe groips [ Pable 43

The personsg shown o have malaria were
treated with  ehleroguine  aecovding  to the
schedule in Table 1. OF the 37 porsons with
P foleiparion parasites, in 24 (4290 the parasites
gither did nov disappear o relapeed within 28
days (Table 5. Tweo, and probshly chree, never
lost the parasites, indieating the RII grade of
resistance® An additional four persons {289
lost the parasiles by Day 3, bul parasites wers
Presentaygeain oo Day 72 Seven additional patiends
e parasites on Ty 14 live move on Ty 2],
el fve more on Day 28, Those i the last Tour
groups are indieative of the RD grade of resist-
atee®

Trine samples colleeted on Ty 7 from four
of those in whom treatment failed gave positive
Hazkinz tests for ehloroguine.

O comsiderable interest is the age distribution
of those infeeted at the beginning of trentnens

anil
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T The Tellowing additional trearment was begun: gquinine, 10 gr ti.d, 2 10, prrimetbhamine 28 mg

eiade 203, and solisdiaeioe 30 mg o, 56,

1 The 2tandard military praphvlastie tablet of ehloroguine bese 300 me pleg primoagoine 45

b Deen token,

(Talle 43, o person over age M) had o positive
Bl film when fiest seen; 14 persons ages 19 o
A0 Lol malaria; 62 persons 15 years of age o
vounger bad malacia.

AL, faleiparwn Lailares and relapsees arenrred
i the age group 18 vesrs and vounger; in fast,
22 of the 24 ocenreed i peesons 10 venrs of age
or yvounger, The seven peezong who did not leee
parasiteniin or whese blood was positive on Day
Towerse 10 vesrs of age or vounger; five were
younger than 6 years. No relapses oceurred in
any peratn who weighed ever 100 pounds who
had reecived 135 @ of chlaramguine base,

The L7 cases of P, efwe parasilomin wors

[

TARLE &
Mafarin servey of Camp Cueiche avea, Moy 1867
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2 |7 i | | Por-
Lucaliy o o | £ Mixed | Total | St
ezl r_I“Hm! 4{;.5»:' o X aLla '::f:

- | I 1 —
Chariehe | i:‘:ul}! 13 | 0 0 15 | 12.0
{nreda 07 | 34 | 23 T Al | 38
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TABLIL &
Phe porasils veeponee of P, Baleiparam felfeciions
et were ol cuved by eliforaguine,
tigiribocted by age granns

Age (ware <R 154
Parasiic reapenss MNumbar wumler
Mot eloared.. .oy, i+ i
Cleared but relapsed in |
Tdava, . 4 [
1 days. .. 7 I
21 daws, . 5 i
28 days. . 3 ]
Total fmalures.. ... i 24 1)
Tatal treated .. i 4l 11
Pereent failures . . 52 i

clearcedl within 3 davs after the beginning of
teestment. Theve were theee velapses, coe within
14 davs and fwo within 28 days, These were in
childlren 3, 12, and 5 vears of spe, respectively.

DISCUSSION

The data cited froen the theee eases of fal
cipae malaria cccurring in neobinumane North
Americang ol frem the children in Coredd
Chagrin are evidenes of o chlorogquine-
vesistant strain of P fafefperion malaris s
recenl]ly defined s * The Tallowing poiets support
thiz vonelnsion. The parasites produced clinical
disense while the nonimmune adults were aking
weekly  prophvioetie dosages of  chloroguine

anil

COMER ET AL,

primaguize, Positive urine tests lor clloronguine
supported the claim that the diog was taken,
The parasites greatly ioeveased in numbers in
ol achile taking  the
standard therspeatie dose of 1.5 g of chlomomqiine
bage. In two other adults the paasites disap
pravec after the  therapewtie laurd
relapse veeurred in one ease while the patient
wis taking the weekly prophylaetie regimen.

In the natwe children, o lorge proportion
cithier did ned Juse the parasites, or had relapeses
within 28 davs alter the taking of the stand-
ard dosages of elleronquine,

The differenee o respense of  faleipaoo
talaria parssites Lo ehloroquine in ihe native
ardults as ppposed tosome of the elildeen may be
explained By oseveral hypalheses,  Presunably
e venrs inoan endemic area and inere expert-
ence willh malars conferped 2 higher level of
imenanily in the adults. This, coupled with the
sehigonticidal effect of chleroquine, may have
been sulficlent to “enre” the eees of maloris
seen in aduliz where the combination of a weight-
equivalent amcnnt ol ehloroguine and o pree-
mmunity failed fo e

TLOILS B who  wias

I'l'!"?"_'l T,

siealily loswer level of
aanie ehaldyen,

The 1.5 g standaed dose of chloroguine base
for ardulis gives g dose of 23 mg per kg foe o GOl
acdall and @ waximum of 33 mg per kg for ooy
45 5-kg (100 pounds) peraon. Five of the seven
children whose infections were not clewred, or
i whor relapse oeeurred be Dy 7, had e
ceived more than 25 g of chlovegquine hase
per kg of hody weight, sz hod 1O others wha had
refapers by Ty 25 Ooe of the latter hald e
ceived 1.8 mg per ke Therefore the Tailures
do not appear o be related to inadegquate dessges.

No pallern of parssite response s diseernible;
velapees ot Dayvs ¥, L4, and 21 appear 1o b
independent of the dosge of chloroguine e
ceived, By contrast, \he msponse wos more
wvaried in the three nonimmune MNorth Amer-
cans The parasites in one of these (1. W) showeid
a high level (L of resistance to chloroguine,
ws manifestod by the parasites” inereasiog 1o o
dangevons level while the drsg was being taken.

Alast regisland slrins of P fabeparem malaria
have been detected Ty the falluee of the in-
Frevioms in nonimmune adulls 1o respood ade-
guately to standard doses of vhe drog. The
present study iz one of the st on the response
to ehloepipune of the malaria o vative popu-
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lations, wwlonbtedly semi-nmmune,  compared
with the response of apparent]v the same strains
ol malarin I nonbiomune persenz. The resalis
indicate that the respouse of e resjstanl in
feetionz in the vounger aee grops of e native
popuelation s seenewhal stilor to that o the
adult novimaunes, Had only persens 1 yvears of
age or older Been fested, no evideonee of chiora-
yuine pesiztaner would Twve e dermonstraded
in the native popalalion, The respense of 1the
pative adulls oo hghly endemie aeen wilh
urafonbrecdly the saome zorins of malaris Dedi
cate that thew ave ool adequate models for
testing [or drug-resistant parasiles,

STAMIEARY AND CONCLUSIONS

[rada feonn threee nonimmone Norbh Aooerisans
wlua rlf't|l1i:t"t| fnadavie in A hi'{;]lh' I,"Il(ll'll'lil’_' LN WP
af Colombaz, amd dats Feomg s Beld teial with
infected natives in the sane aeea, Duolieated e
prezence of  chlornouine-resiziam Plassicdium
Federparwi in 1 e arvea. This s the lest report of
chlorocnine-resistant malsrin froon e Pacific
contst ol Uiy Western Hemisphere,

Eviclenes Tor  chlompoquine-resiztanes o
natbves was found only in the childwen, T s
I_!I'_'llll:,"l':]l_]E:(_.l I"Ilqu.. 1|'::C|:-C FI:II' E':I.‘Clll.'\l_:llz'{i I"il:_l']]'[](_'l]'ljl,'.(!-
pesistance o I frleipors i native populacions

Ly

of vodemie areas are hest done in the sounger

!I!_.[l.'.‘-_'_’{l'l:llil|l5.
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