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SHORT REPORT: PREVALENCE OF PLASMODIUM FALCIPARUM MUTATIONS
ASSOCIATED WITH ANTIMALARIAL DRUG RESISTANCE DURING AN EPIDEMIC
IN KUNA YALA, FANAMA, CENTRAL AMERICA
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Absrract,

Aomolecular epidemiclogy study was conducted 1o determine the distribwtion of antimalarial drog resis-

tance alleles among feld solates of Plasmodive faleiperin. Samples were oblained during an epidemic alfecting Kuana
Arnerindians in Panama, A high prevalence of mutations associated with chloroquine, pyrimethamine, and sulfadoxine
was observed, Genolvpe analysis of msp? revealed a low genetic diversity of £ faleiparan parasites circulating in the
studied area. The public health implications of these findings for the Central American region are discussed.

Malaria is now considered the most imporlanl reemerging
disease and cne of the major public health problems in
Panama. During the past three decades, malaria infection in
the countey was virtually under control, A Tew small areas
with malaria transmission remained in geographically isolatad
localities where control measures were difficult to implement
and suslain, Almest all the indigenocus cases reported in the
couniry during that pericd were caused by Plasmoding: vivas,
However, each year o handiul of imported P faloiparie cases
were sporadically observed in Kuna Yala and Darien regions,
near the Colombian border, These small numbers of im-
ported cases were rapidly controlled, and thus P fiulciparum
transmission was not eslablished in Panama, MNowadays, the
epidemiologic scenario has completely changed. The number
of malaria cases have strikingly increased 1o epidemic pro-
portions, reaching 4,500 new cases during 2003 (3,873, 86% P
vivirand 627, 14% P, faleiparum), the highest incidence sinee
1971, Furthermores, several deaths (W ) due o P falo-
parim Infection have been reparted during the same period,
a siluation oot observed in the country in the past 20 years.!

The mujority of the P. faleiparum cases (N = 338, 86%)
and deaths (N = 4, 80% ) reported during 2002 were rom the
Funa Yala region oo the Caribbean coastline, revealing 4
geographic clustering among the Amerindian popualation that
lives in this area. AL the time of the cutbreak chloroguine
{000 plus primaquine were the first-line drogs used to treat
uncomplicated £ falciparens malaria, NMowadays, sulfadox-
ine-pyrimethamine (57 is currently nsed. Although there is
no ufficial description of resistanee 0 these drugs, clinicians
frevmn the arca insist in declaring treatment failures even atter
the second choice regimen. Thus, thers is an urgent need 1o
determing whether the current drog treatment peliey is still
adequate to control P falciparum infections in the country,

blutations in selected P, fulciparnm genes have been asso-
clated in several studies with resistance o antimalarial drugs,
The E7T6T mutation at the ptert gene is considered a reliable
genetic marker for OO resistance, particularly in non-immune
populations.*~ Some studies have suggested that pfmdr 1 mu-
lalions, mast notably at codon 38, might be invalved in the
modulation of resistance o CO and mefloguine 7% Howaver,
several field studies bave Tailed o confirm this finding. ™ In
velation 1o antifolate drugs, point muatations at the dibydro-
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folate reductase (dhin) and dibvdropteroate syothe tase (dhps)
genes have shown a good correlation with in vitro resislance
to pyrimethamine and sulfadoxine, respectively.”™! In the
clinieal setling, however, Lhis associalion may be confounded
by many factors such as transmission intensity and host im.
munily, The objective of this study was to rapidly delect
through molecular techoiques the prevalence of P falciparum
mulalions associated with resistance to the antimalarial drugs
currently used in Panama. Alleles of the msp2 polymarphic
genctic matker were analyzed to asses the genetic diversity of
fizld isolates.

A molecular epidemiology stucy was conducted in two
mginland localities {Carreto and Playon Grande) in the Kuna
Yala Amerindian terrilory (Figure 1), Both localities have
gach less than 300 inhabitants and presented the highest ma-
laria transmission rates during the 2003 epidemic. Kuna Yala
iz the name of an avlonomous terrilory geographically iso-
lated fromn the rest of Panama. AL present, the only access (o
thiz region is by plane or boat, both very expensive routes. An
aetive scarch for malaria symplomatic paticnls who had not
previously received antimalarizl treatment was performed at
the beginaing of the cpidemic in June 2003 (N « &0), Finger-
prick blood was collected and blotted onto filter paper for
assesament of specific molecular markers. DNA was ox-
tracted by the Chelax method,” and positive P falcipariem
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patients (N = 500 were detected by PCR using & pl. of the
above DNA preparation as previously described.'* Mine mu-
tations in F. fodciparun genes closely related with resistance
to antimalarial drugs were analyzed using published PCR-
based methods for plert K76T, pfmdrl NaaY S dhir (Ile-51,
Arg-59, Ase-108, Leu-164)"" and dhps (Gly-437, Glu-340,
Gly-5813" Genotyping of the merozoite surface protein-2
pene {mep2) was performed in 26 samples using nested PCR
and Flinf T digestion as previously deseribed.™

PUR-Based mutation analysis was possible in the 50 P fal-
ciparutn positive samples. The plert 76T mutation critical 1o
cloroquine resistance was detected in all Held isolates, We
also found a 100% fixatien of the mutation pimedrt 867 as-
socigted in some studies with an increased resistance to CO.
Murations dhir 1le-31 and dhfr Asn-108 associated with pyri-
methaming resistance were present in all the sanples, and
mutations at codons 39 or 184 were not detected. Concerning
dhps genotypes, all samples had the wild-type Lys-540 and
Ala-581; however, 33 (86%) samples had the sulfadoxineg re-
sistance—associated mutation Glv-d437, No mixed infections
containing both wild ype and muatant alleles at any dhie or
dhps genes were detected. The msp2 genotyping revealed the
presence of two different alleles circulating in the studicd
sites. One allele from the allelie family 3137 was predominant,
found in 85.8% (2326) of the field isolates. The other allele
(WS 3) belongs e the FC27 allelic family and was obscrved
in three samples (11.5%), Three patients had mixed infections
wilh both alleles,

Asin many Lafin American countries, in Panama malaria
control aperations deleriorated when the program was inte-
erated into the existing health services, It s clear now that
despite efforts 1w control the epidemic, P. falciparam endemic
transmission has been reestablished in the country. Logistical
problems, as well as insufficient funds to initiate and maintaim
malaria control activities in aveas of difficult aceess, such as
the Kuna Yala region, have been held partially responsible
for this epidemic, However, other factors such as resistance of
the parasite to the antimalarial drags may also be implicated,

[ the cwrrent study we have found 2 100% fixation of the
Prort K76T mutation, which is considersd a relialle means to
predict ©O therapeutic failure particularly in populations
wilh low or no acquired hnmunity, presumably like the one
evaluated in this study, The presence of o dblr mutations
(The-51 and Asn-108) i all the feld samples coupled with the
presence of the mutation dhps Gly-437 in one third of the
isolates suggests that that resistance to 50 already exists or
may develop soon in this region of Panama, However, our
findings need te be complemented with fn vivo tests as these
will refleat more closely the therapentic efficacy of OO and SP
in this cpidemiclogic seonario,

Before the epidemic, S was not used w treat P falciparum
mazlariz i Panama, thus the high prevalence of mutations at
dhfr and dhps genes could be explained by the recent intro-
duction in Kuna Yals of parasite populations conlaining these
mutations. Tn this region, there is an intense ransitory migra-
tion associated with commercial exchange from the Atlande
coast of Colombia, where similar mutation patterns in Lhese
genes have been previously mpur[cd.""'ls This [act Tucther
enhances this possibility.

Resulls from msp2 analysis sugpest thalt P falciparum
population circulating in the studied site was zenelically ho-
mogenous as evideneed by the fact that only two alleles could

be demonsiraled, one ol which was predominant. Further-
more, with the exception of a single mutation on dhps ob-
served in 33% of the feld isolales, only one genctypic patlern
wis observed in the other studied genes relaled o drog re-
sislance. Contrary to reports from several malaria-eneemie
African countries, limited genetic diversity is commaon in Cen-
tral and South American countries with similar P, falciparim
transmission intensity."* On the other hand, the relatively
small number of samples analyred and the fact that they were
obtained from symptomatic individuals during a cross-
sectiomal survey should also be considerad an alternative ex-
planation for the lmited diversity observed. [tis possible that
the evaluation of other polvmorphic markers such as Msp 1,
glurp, #nd microsatellites markers would have detected a
higher genetic diversity in these field samples, Studies are in
progress (o further evaluate the genotype of the parasites
circulating in this area,

During 200, the number of F. filciparem cases and deaths
in the country continued 1o increase, and the epidemic spread
to other Kuna Amerindian communities located in Eastern
Panama, 100 km away from Panama City. This epidemioclogic
situation together with oue malecular findings prompted the
Ministry of Health to change the fivst-line drug to mefloguine,
until further clinical studies could demonsirate the efficacy ol
EP Lo treal I falcivarin cases,

Although preliminary, our resulls show evidence thal po-
tentially drug-resistant P, feleiperam popalations are cireulat-
ing in Panama. This data can be used as an early warning for
the Central America region where according o several re-
ports, P falciparim from this region is still sensitive 10 C0)
and SF.%* It also highlights the importance of establishing
sentine] sites in the region for monitoring by molecular meth-
ods the propagation of this prabable resistant genotype. The
introduction of resistant P falciprren populations ean causs
a serious public health problem for the rest of Panama and
the Central American region, where most of its population
has low or oo acquired immunity and thus is susceptible 10
severe P falciparum malaria,
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