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Molecular genotyping in a malaria treatment trial in Uganda -
unexpected high rate of new infections within 2 weeks after
treatment
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Summary Polymerase chain reaction (PCR) genotyping of malaria parasites in drug efficacy trials helps
differentiate reinfections from recrudescences. A combination therapy trial of one (z = 115) or three
(n = 117) days artesunate (1AS, 3AS 4 mg/kg/day) plus sulphadoxine-pyrimethamine (SP) vs. SP alone
(n = 153) was conducted in Mbarara, a mesoendemic area of western Uganda. All paired recurrent
Plasmodium falciparum parasitaemias on days 7, 14, 21 and 28 post-treatment were genotyped by PCR

amplification and analysis of glutamate-rich protein (glurp) and merozoite surface proteins (msp) 1 and

2 genes to distinguish recrudescent from new infections. A total of 156 (1AS = 61, 3AS = 35, SP
alone = 60) of 199 paired recurrent samples were successfully analysed and were resolved as 79
recrudescences (1AS = 32, 3AS = 8, SP = 39) and 77 as new infections (1AS = 29, 3AS = 27,

SP = 21). The ratios of proportions of new to recrudescent infections were 0.2, 0.9, 1.4 and 1.9 on days
7,14, 21 and 28, respectively (P < 0.001, 5 test for linear trend). Unexpected high new infection rates
were observed early in follow-up on days 7 [5/26 (19.2%)] and 14 [24/51 (47.1%)]. These results
impact significantly on resistance monitoring and point to the value of genotyping all recurrent infections

in antimalarial trials.
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Introduction

The World Health Organization (WHO) in vivo antima-
larial efficacy testing protocol is instrumental in assessing
and monitoring the emergence and extent of parasite
resistance to antimalarial drugs (WHO 1973). The current
WHO in vivo protocol for high transmission areas
recommends 28 days of follow-up, stipulating that recur-
rent parasites should be genotyped by polymerase chain
reaction (PCR) to distinguish recrudescent from new
infections (WHO 2003, 2006). The ability to discriminate
newly acquired infections by comparison of baseline and
recurrent parasite genotypes allows a more accurate
estimate of the true levels of treatment failures. However,
because of resource constraints in malaria-endemic areas,
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genotyping all recurrent infections, particularly in large
trials, is expensive and may not be feasible. To compensate
for such limited recourses, correction of treatment outcome
could be made by only genotyping post-day 14 recurrences
whilst assuming that most recurrent parasites before or on
day 14 are likely to be due to recrudescences. This strategy
was adopted for a series of WHO/TDR coordinated
clinical trials assessing artesunate in combination with
standard antimalarial drugs for the treatment of paediatric
falciparum malaria in several African countries, including
Burkina Faso, Gabon, The Gambia, Sao Tomé, Senegal,
Uganda, Malawi and Kenya (von Seidlein et al. 2000;
Adjuik et al. 2002, 2004; Gil et al. 2003; Obonyo et al.
2003; Priotto et al. 2003; Sirima et al. 2003). We report
the PCR-defined reinfection rates on days 7, 14, 21 and 28
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in the Ugandan efficacy trial (Priotto et al. 2003) and assess
their effect on the efficacy outcome.

Methodology

A 28-day antimalarial combination efficacy trial was
conducted in Mbarara District Hospital in Uganda, an area
of seasonal, mesoendemic malaria using artesunate

(AS 4 mg/kg/day)/placebo plus standard dose sulphadox-
ine—pyrimethamine (SP) for treating acute uncomplicated,
falciparum malaria in children: SP alone (n = 168),

SP + AS 3 days (n = 126), SP + AS 1 day (n = 126). The
trial profile and clinical findings are detailed in Priotto

et al. (2003).

PCR amplification

Blood for PCR analysis was collected onto Isocode stix®
(Schleicher & Schull, Dassel, Germany) on days 0, 7, 14,
21 and 28 and DNA extracted following the manufac-
turer’s instructions (i.e. washing and boiling of Isocode
stix®). Plasmodium falciparum in paired samples collec-
ted on day 0 and any day (7, 14, 21 or 28) of recurrent
parasitaemia were genotyped by analysing the glurp, msp
1 and 2 loci. PCR amplifications were performed at the
Ifakara Health Research and Development Centre
(IHRDC) laboratory using an M] Thermal Controller
PTC-100™ (M]J Research Inc., Watertown, USA).
Primary glurp, mspl and msp2 PCR reactions were
multiplexed whereas nested PCR amplifications were
performed separately for each locus. The primary and
nested amplifications were carried out in 20 and 30 ul
reaction volumes using 5 ul of template DNA and 2 ul of
primary PCR product, respectively. All oligonucleotide
primers and reference DNA were obtained from the
Malaria Research and Reference Reagents Resource
Centre (MR4). The oligonucleotide primers have been
described elsewhere (Felger e al. 1994; Irion et al. 1998;
Snounou et al. 1999). Temperature cycling parameters
were: initial denaturation at 94 °C for 5 min followed by
30 cycles of denaturation at 94 °C for 1 min, annealing at
55 °C for 2 min (for primary PCR) or 58 °C for 2 min
(for nested PCR) and extension at 72 °C for 2 min. The
last extension cycle was prolonged for 10 min. msp2 PCR
product (10 ul) was digested with 3 U of HinfIll for 2.5 h
at 37 °C and the resulting fragments were resolved on
10% polyacrylamide gels. The glurp and mspl PCR
products were directly resolved on 2% agarose gel. For
better comparison of fragments paired samples were
loaded onto the gels side by side. Gels were stained with
ethidium bromide, visualized under UV illumination,
photographed and discrimination made as described.
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Definitions of recrudescent and new infections and data
analysis

A recurrent parasitaemia was classified as a recrudescence
(true failure) if the following conditions were met: (i) all
alleles of the three loci in the baseline and recurrent
parasitaemia were identical, (ii) a sharing of baseline and
recurrent alleles but with some missing alleles in the
recurrent parasitaemia, and (iii) a sharing of baseline and
recurrent alleles but with new alleles in recurrent sample
that were not observed at baseline. A recurrent parasitae-
mia was classified as a new infection or treatment success,
if the allelic pattern for any one of the loci differed
completely between the baseline and recurrent samples
(Snounou & Beck 1998). The clinical and molecular
genotyping data were analysed using STATA v 8.0 (Stata
Corporation Inc., Texas, USA)

Results

Of the 373 patients who completed the 28-day follow-up
190 had recurrent parasitaemias. All these recurrent
parasitaemias were genotyped by PCR amplification to
distinguish recrudescence from reinfection. Table 1 pro-
vides a summary of genotyping results per treatment arm.
PCR was unresolved for 34 patients due to eight incom-
plete paired samples and failure to extract/amplify DNA on
26 recurrent samples. The proportions of new infections on
days 7, 14, 21, 28 were 5 of 26 (19.2%), 24 of 51 (47.1),
29 of 50 (58%) and 19 of 29 (65.5%), respectively. The
corresponding values for the recrudescences were 21
(80.8%), 27 (52.9%), 21 (42%), and 10 (34.5%). Figure 1
illustrates proportions of new and recrudescent infections
on days 7, 14, 21 and 28. The ratios of proportions of new
to recrudescent infections were 0.2 (19.2:80.8), 0.9
(47.1:52.9), 1.4 (58:42), and 1.9 (65.5:34.5), on days 7,
14, 21, and 28, respectively. The chi-square test for linear
trend was 12.8 (P < 0.001), demonstrating a linear
increase in the odds ratios on days 14, 21 and 28 compared
with day 7. The frequencies of new infections increased

Table | Distribution of recrudescences, new infections and
unresolved recurrent infections in a cohort of Ugandan children
treated for Plasmodium falciparum malaria

Genotyping status SP SP + 1AS SP + 3AS Total
Recrudescence 39 32 8 79
New infection 21 29 27 77
Unresolved 14 11 9 34
Total 74 72 44 190

SP, sulphadoxine—pyrimethamine; 1AS, 1 day artesunate; 3AS,
3 days artesunate.
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Figure | Distribution of PCR-determined recrudescence vs. new
infections during follow-up in Ugandan children with uncompli-

cated falciparum malaria treated with either artesunate or placebo
plus standard dose sulphadoxine/pyrimethamine.

over time (i.e. lowest on day 7, highest on day 28) but with
high rates on days 7 and 14. The effect of the 29, pre-day
14, new infections is to lower the overall failure rate (all
three arms combined) by 7.8% (29/373) by counting
unresolved PCR data as failures, or by 8.6% (29/339), if
unresolved PCR data are excluded.

Discussion

In the artesunate-based combination therapy trials con-
ducted by WHO/TDR in Sub-Saharan African countries
only post-day 14 recurrent parasitaemias were genotyped
to distinguish recrudescent from new parasites and treat-
ment failure rates adjusted accordingly. In the present
study, we genotyped all recurrent parasitaemias observed
on days 7, 14, 21 and 28 from one site, Mbarara, Uganda,
in order to assess pre- and post-day 14 re-infection rates.
We observed unexpectedly high frequencies of genotypi-
cally new infections on days 7 (approx. 19%) and 14
(approx. 47%). Although the entomological inoculation
rate was not measured in this study, cumulative
re-inoculations during follow-up have resulted in these new
infections which represent an important fraction of the
total number of recurrent parasitaemias. Given that the
prepatent period for P. falciparum is 6-12 days, and that
pyrimethamine has weak causal prophylactic activity,
parasitaemias detected on days 7 or 14 after initial parasite
clearance may represent early new infections. Therefore,
the assumption that recurrent parasitaemias on days 7 and
14 in high transmission areas are due to recrudescence and
should be excluded from genotyping assays may be
erroneous. These findings strongly suggest that genotyping
should also be conducted on recurrent parasitaemias
recorded before and on day 14.
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Characterizing these early recurrences may change sub-
stantially our appreciation of drug efficacy. By taking these
new infections into account, the overall failure rate fell by
approximately 7-8%. This change could have a profound
effect on deciding drug policy if the efficacy of a given drug
is not deemed to have reached a predefined threshold for
changing drug policy. The using of PCR-corrected efficacy
end points in malarial drug trials has become standard
practice but there are variations in the way that the PCR
data have been interpreted (Ranford-Cartwright et al.
1997; Brockman et al. 1999; Basco & Ringwald 2000;
Magesa et al. 2001; Basco et al. 2002; Cattamanchi et al.
2003; Happi et al. 2004). This calls for a standardized
genotyping protocol for areas of intense malaria trans-
mission.

It has been speculated that new infections might already
be present during the clinical presentation but sequestered
and not detected by PCR only to be picked up at the time
of recurrence. Although this might indeed occur in a few
cases, ample evidence exists that clinical episodes are less
complex. A study by Irion ez al. (1998) found that <2%
of recrudescent genotypes were absent on day 0 but were
detected on day 3. Similarly, Farnert and Bjorkman
(2005) detected the same genotypes in consecutive sam-
ples obtained every 12 h for at least 3 days post-treatment
in Swedish non-immune travellers who acquired falcipa-
rum malaria in Africa. These observations suggest that
single time-point samples may reliably represent all
subpopulations present prior to treatment. A further
complication in the interpretation of paired genotype data
arises from infections with new parasites possessing
identical genotypes to those present on day 0, leading to
an erroneous diagnosis of recrudescence. However, in
endemic areas the probability of this occurrence is rather
low and negligible when two or more discriminatory
markers are being used. We believe this theoretical
possibility is not an important consideration in the
interpretation of our findings because we observed a high
rate (approx. 33%) of new infections (different geno-
types) within the first 14 days of follow-up.

In our study, laboratory failure to amplify/detect parasite
genetic material in the recurrent samples was the main
cause of the loss of genotyping data. This PCR failure is
highly attributable to the low parasite densities in the
recurrent samples coupled with a less invasive/rigorous
DNA extraction method consisting of simple washing and
boiling of the Isocode stix®. The performance and effective
use of PCR genotyping will be detailed in a general report
on the combination therapy trials that will be published
separately.

The definition of drug-resistant malaria and the report-
ing of drug efficacy data are becoming more complicated
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with our better understanding of P. falciparum molecular
genetics, seasonal variations in malaria transmission, drug
pharmacokinetics (e.g. longer follow-up is required for
long half-life drugs) and the intrinsic parasiticidal effects of
antimalarial drugs (White 1998). Further studies are
needed to assess the importance of genotyping recurrent
parasitaemias observed between days 7 and 14 and how
this might refine the current WHO definitions of late
clinical and parasitological failures. More robust defini-
tions will be beneficial to policy makers.

Acknowledgements

We are grateful to the International Atomic Energy Agency
(IAEA) for the support on laboratory equipment and Swiss
Tropical Institute (STI) for personnel training. We would
like to thank the field work team in Mbarara District
Hospital and parents/guardians of all children who parti-
cipated in this trial. This study was funded by Médecins
Sans Frontiéres and the UNICEF/UNDP/World Bank/
WHO Special programme for Research and Training in
Tropical Diseases (TDR). IHRDC receives core financial
support from the Swiss Agency for Development and
Co-operation (SDC). Kefas Mugittu’s PhD programme is
supported by TDR.

Disclaimer

The views expressed in this paper are those of the authors
and not their institutions.

References

Adjuik M, Agnamey P, Babiker A et al. (2002) Amodiaquine-
artesunate versus amodiaquine for uncomplicated Plasmodium
falciparum malaria in African children: a randomized, multi-
centre trial. Lancet 359, 1365-1372.

Adjuik M, Babiker A & Garner P et al. (2004) Artesunate com-
binations for treatment of malaria: meta-analysis. Lancer 363,
9-17.

Basco LK & Ringwald P (2000) Molecular epidemiology of
malaria in Younde, Cameroon. VII. Analysis of recrudescence
and re-infection in patients with uncomplicated falciparum
malaria. American Journal of Tropical Medicine and Hygiene
63, 215-221.

Basco LK, Ndounga M, Keundjian A & Ringwald P (2002)
Molecular epidemiology of malaria in Cameroon. XI. Charac-
teristics of recrudescent and persistent Plasmodium falciparum
infections after chloroquine or amodiaquine treatment in chil-
dren. American Journal of Tropical Medicine and Hygiene 66,
117-123.

Brockman A, Paul REL, Anderson TJC et al. (1999) Application of
genetic markers in the identification of recrudescent Plasmo-

222

dium falciparum infections on the Northwestern border of
Thailand. American Journal of Tropical Medicine and Hygiene
60, 14-21.

Cattamanchi A, Kyabayinze D, Hubbard A, Rosenthal PJ & Dorsey
G (2003) Distinguishing recrudescence from re-infection in a
longitudinal antimalarial drug efficacy study: comparison of
results based on genotyping of MSP-1, MSP-2, and GLURP.
American Journal of Tropical Medicine and Hygiene 68,133-139.

Farnert A & Bjorkman A (2005) Limited advantage of multiple
consecutive samples for genotyping Plasmodium falciparum
populations during the first days of treatment. American Journal
of Tropical Medicine and Hygiene 73, 204-206.

Felger 1, Tavul L, Kabintik S ez al. (1994) Plasmodium falcipa-
rum: extensive polymorphism in merozoite surface anti-
gen 2 alleles in an area with endemic malaria in Papua New
Guinea. Experimental Parasitology 79, 106-116.

Gil VS, Ferreira MRC & d’Alva FSM et al. (2003) Efficacy of
artesunate plus chloroquine for uncomplicated malaria in chil-
dren in Sao Tomé: a double-blind randomised controlled trial.
Transactions of the Royal Society of Tropical Medicine and
Hygiene 97, 703-706.

Happi CT, Gbotosho GO, Sowunmi A et al. (2004) Molecular
analysis of Plasmodium falciparum recrudescent malaria infec-
tions in children treated with chloroquine in Nigeria. American
Journal of Tropical Medicine and Hygiene 70, 20-26.

Irion A, Felger I, Abdulla S et al. (1998) Distinction of recrudes-
cences from new infections by PCR-RFLP analysis in a com-
parative trial of CGP 56 697 and chloroquine in Tanzanian
children. Tropical Medicine and International Health 3,
490-497.

Magesa SM, Mdira KY, Farnert A, Simionsen PE, Bygbjerg IC &
Jakobsen PH (2001) Distinguishing Plasmodium falciparum
treatment failures from re-infections by using polymerase chain
reaction genotyping in a holoendemic area in Northeastern
Tanzania. American Journal of Tropical Medicine and Hygiene
65, 477-483.

Obonyo OC, Ochieng F & Taylor WR] ez al. (2003) Artesunate
plus sulfadoxine-pyrimethamine for uncomplicated malaria in
Kenyan children: a randomized, double blind, placebo- con-
trolled trial. Transactions of the Royal Society of Tropical
Medicine and Hygiene 97, 585-591.

Priotto G, Kabakyenga J & Pinoges L et al. (2003) Artesunate and
sulfadoxine-pyrimethamine combinations for the treatment of
uncomplicated Plasmodium falciparum malaria in Uganda: a
randomized, double-blind, placebo-controlled trial. Transac-
tions of the Royal Society of Tropical Medicine and Hygiene 97,
325-330.

Ranford-Cartwright LC, Taylor J, Umasunthar L et al. (1997)
Molecular analysis of recrudescent parasites in a Plasmodium
falciparum drug trial in Gabon. Transactions of the
Royal Society of Tropical Medicine and Hygiene 91,
719-724.

von Seidlein L, Milligan P, Pinder M et al. (2000) Efficacy of
artesunate plus pyrimethamine-sulphadoxine for uncomplicated
malaria in Gambian children: a double-blind, randomised,
controlled trial. Lancet 355, 352-357.

© 2007 Blackwell Publishing Ltd



Tropical Medicine and International Health

VOLUME 12 NO 2 PP 219—223 FEBRUARY 2007

K. Mugittu et al. Molecular genotyping in a malaria treatment trial in Uganda

Sirima SB, Tiono AB, Konate A et al. (2003) Efficacy of artesunate
plus chloroquine for the treatment of uncomplicated malaria in
children in Burkina Faso: a double-blind, randomized, con-
trolled trial. Transactions of the Royal Society of Tropical
Medicine and Hygiene 97, 345-349.

Snounou G & Beck H-P (1998) The use of PCR genotyping in
the assessment of recrudescence or re-infection after
antimalarial drug treatment. Parasitology Today 14,
462-467.

Snounou G, Zhu X, Siripoon N et al. (1999) Biased distribution of
msp1 and msp2 allelic variants in Plasmodium falciparum
population in Thailand. Transactions of the Royal Society of

White NJ (1998) Why is it that antimalarial drug treatments do
not always work? Annals of Tropical Medicine and Parasitology
92, 449-458.

WHO (1973) Chemotherapy of Malaria and Resistance to Anti-
malarials. World Health Organization Technical Reports Series
529, Geneva.

WHO (2003) Assessment and Monitoring of Antimalarial Drug
Efficacy for the Treatment of Uncomplicated Falciparum Mal-
aria. WHO/HTM/RBM/2003.50. World Health Organization,
Geneva.

WHO (2006) Guidelines for the Treatment of Malaria. World
Health Organization, Geneva.

Tropical Medicine and Hygiene 93, 369-374.

Corresponding Author Walter Taylor, Oxford University Clinical Research Unit, National Institute for Infections & Tropical
Diseases, 78 Giai Phong Street, Hanoi, Vietnam. Tel.: 00 844 576 4320; Fax: 00 844 576 4319; E-mail: bobtaylor@oucru.netnam.vn

Génotypage moléculaire dans une étude sur le traitement de malaria en Ouganda - taux élevé inattendu de nouvelles infections endéans deux semaines
apres traitement

Le génotypage des parasites de la malaria par la réaction en chaine de la polymérase (PCR) dans les études sur I’efficacité des médicaments permet de
différencier les réinfections des recrudescences. Un essai comparatif de la thérapeutique de combinaison d’un jour (1AS, n = 115) ou de trois jours (3AS,
n = 117) avec de Partésunate (4 mg/kg/jour) plus du sulfadoxine-pyriméthamine (SP) contre le traitement a base de SP seul (n = 153) a été conduit a
Mbarara, une région méso endémique de ’ouest de ’Ouganda. Tous les échantillons appariés de parasitémies récurrentes a Plasmodium falciparum
aux jours 7, 14, 21 et 28 aprés traitement ont été génotypés par PCR et analysés pour la protéine riche en glutamate (glurp) et pour les génes des protéines
de surface de mérozoite (msp1 et msp2) afin de distinguer entre recrudescences et nouvelles infections. 156 (1AS = 61, 3AS = 35, PS seul = 60) sur 199
des échantillons appariés de récurrence ont été entiérement analysés; 79 cas de recrudescences (1AS = 32, 3AS = 8, PS = 39) et 77 cas de nouvelles
infections (1AS = 29, 3AS = 27, PS = 21) ont été identifiés. Les rapports des proportions entre nouvelles infections et recrudescences étaient de: 0,2—
0,9-1,4 et 1,9 au jours 7, 14, 21, et 28 respectivement (P < 0,001; Chi carré pour le test de linéarité). Des taux élevés inattendus de nouvelles infections
ont été observés tot dans le suivi, aux jours 7 [5/26 (19,2%)] et 14 [24/51 (47,1%)]. Ces résultats ont un impact significatif sur la surveillance de la
résistance et soulignent 'importance du génotypage de toutes les infections récurrentes dans les essais avec des antimalariques.

mots-clés: génotypage, recrudescent, réinfections, plasmodium falciparum, malaria, thérapie de combinaison, ouganda

Genotipaje molecular en un ensayo de tratamiento para malaria en Uganda — una alta tasa inesperada de nuevas infecciones dentro de las dos semanas
después del tratamiento.

El genotipaje de parasitos de malaria mediante la reaccion en cadena de la polimerasa (PCR), en ensayos de eficacia de medicamentos, ayuda a diferenciar
las reinfecciones de las recrudescencias. Se condujo un ensayo de terapia de combinacion de uno (n = 115) o tres (n = 117) dias de artesunato (1AS, 3AS
4 mg/kg/dia) mas sulfadoxina/pirimetamina (SP) versus SP sola (n = 153) en Mbarara, un area mesoendémica de Uganda del oeste. Todos las para-
sitemias pareadas recurrentes de Plasmodium falciparum, en los dias 7, 14, 21 y 28 post tratamiento, fueron genotipadas mediante amplificacion por PCR
y analisis de los genes de la proteina rica en glutamato (GLURP) y las proteinas de superficie del merozoito (MSP) 1 y 2, con el fin de distinguir infecciones
recrudescentes de nuevas infecciones. Se analizaron con éxito 156 (1AS = 61, 3AS = 35, SP solo = 60) de 199 muestras pareadas, resolviendo 79 como
recrudescencias (1AS = 32, 3AS = 8, SP = 39) y 77 como nuevas infecciones (1AS = 29, 3AS = 27, SP = 21). La razbn de proporciones de nuevas
infecciones recrudescentes eran 0.2, 0.9, 1.4,y 1.9 en los dias 7, 14, 21, y 28, respectivamente (P < 0.001, 7 prueba para tendencia linear). Se observaron
unas tasas de infeccion inesperadamente altas durante los primeros dias de seguimiento: Dia 7 [5/26 (19.2%)] y 14 [24/51 (47.1%)]. Estos resultados
impactan significativamente sobre la monitorizacion de resistencias y muestran el valor del genotipaje de todas las infecciones recurrentes en los ensayos
clinicos de antimalaricos.

palabras clave: genotipaje, recrudescencia, re-infecciones, plasmodium falciparum, malaria, terapia de combinacion, uganda
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