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Background: Plasmodium falciparum resistance to anti-malarial drugs remains a major obstacle to malaria control
and elimination. The parasite has developed resistance to every anti-malarial drug introduced for wide-scale treat-
ment. However, the spread of resistance may be reversible. Malawi was the first country to discontinue chloroquine
use due to widespread resistance. Within a decade of the removal of drug pressure, the molecular marker of chloro-
quine-resistant malaria had disappeared and the drug was shown to have excellent clinical efficacy. Many countries
have observed decreases in the prevalence of chloroquine resistance with the discontinuation of chloroquine use.
In Zambia, chloroquine was used as first-line treatment for uncomplicated malaria until treatment failures led the
Ministry of Health to replace it with artemether-lumefantrine in 2003. Specimens from a recent study were analysed
to evaluate prevalence of chloroquine-resistant malaria in Nchelenge district a decade after chloroquine use was

Methods: Parasite DNA was extracted from dried blood spots collected by finger-prick in pregnant women who
were enrolling in a clinical trial. The specimens underwent pyrosequencing to determine the genotype of the P, falci-
parum chloroquine resistance transporter, the gene that is associated with CQ resistance.

Results: Three-hundred and two specimens were successfully analysed. No chloroquine-resistant genotypes were

Conclusion: The study found the disappearance of chloroquine-resistant malaria after the removal of chloroquine
drug pressure. Chloroquine may have a role for malaria prevention or treatment in Zambia and throughout the region
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Background

The emergence of Plasmodium falciparum resistance to
anti-malarial drugs has thwarted malaria control efforts
and remains a major obstacle to malaria elimination
throughout the world. Chloroquine was one of the first
drugs to be used on a wide scale for the treatment of
malaria. Chloroquine resistance emerged independently
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in different geographic regions [1]. Chloroquine resist-
ance that first emerged in Southeast Asia in the 1950s
eventually reached sub-Saharan Africa in the 1970s. The
spread of chloroquine-resistant falciparum malaria in
Africa was responsible for a sharp increase in malaria
morbidity and mortality [2, 3]. Resistance to chloroquine
is modulated by the P. falciparum chloroquine resistance
transporter (PfCRT) gene. A series of single-nucleotide
polymorphisms is associated with increased rates of clin-
ical failure [4]. The replacement of lysine with threonine
at position 76 (K76T) is necessary for the observation of
in vitro chloroquine resistance [5, 6].
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As a result of the spread of chloroquine resistance and
rising rates of clinical treatment failure, many countries
changed the first-line drug treatment from chloroquine
to sulfadoxine-pyrimethamine, either alone or in com-
bination with chloroquine or amodiaquine. Sulfadoxine-
pyrimethamine resistance quickly spread and now all
malaria-endemic countries have adopted artemisinin-
based combination therapy for the treatment of malaria.
There is now evidence of the emergence of resistance to
artemisinin derivatives and possibly their partner drugs
in Southeast Asia [7—-10]. The international community is
taking urgent and definitive action to prevent the spread
of resistance to the artemisinins and their partners to
Africa, where that outcome would be even more devas-
tating [11].

Due to widespread parasitological resistance and evi-
dence of high rates of treatment failure with chloroquine,
in 1993 Malawi became the first country in Africa to
discontinue chloroquine use and adopted sulfadoxine-
pyrimethamine for the treatment of uncomplicated
malaria [12]. The prevalence of molecular markers of
chloroquine-resistant malaria began to decrease imme-
diately after its use was discontinued and by the turn of
the century, there was almost no chloroquine-resistant
malaria detectable throughout the country [13, 14]. A
recent review demonstrated that decreases in the preva-
lence of chloroquine-resistant malaria were associated
with decreases in chloroquine use as measured by demo-
graphic health surveys [15]. Since then, many countries
have reported the return of chloroquine-susceptible
malaria, but none has demonstrated a complete disap-
pearance of chloroquine resistance as has been observed
in Malawi [16-19].

In 2003, Zambia was the first country in sub-Saharan
Africa to officially adopt artemisinin-based combina-
tion therapy for the treatment of uncomplicated malaria,
discontinuing the use of chloroquine plus sulfadoxine-
pyrimethamine and introducing artemether-lumefan-
trine [20]. Although the transition was challenged by
limitations in the drug supply at the time, the country
now has one of the longest history of artemisinin-based
combination therapy use in the region. This study was
designed to test the hypothesis that the prevalence of
chloroquine resistance in Zambia would decrease or
reach undetectable levels due to the long period of chlo-
roquine discontinuation in the country.

Methods

Study design and participants

This cross-sectional survey utilized specimens collected
from women enrolled in a randomized clinical trial
from 2010 to 2013, evaluating the efficacy of different
artemisinin-based combination therapy to treat malaria
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in women in their second and third trimester of preg-
nancy. The study design and results have previously been
reported [21]. The criteria for enrolment in the study
were: age >15 years old; gestation >16 weeks; P falci-
parum mono-infection of any density, with or without
symptoms; haemoglobin concentration >7 g/dL; resi-
dence within the health facility catchment area; willing to
deliver at the health facility; and, ability to give informed
consent. The study was carried out in Nchelenge district,
Luapula province in the northern part of the country.
This is an area of stable transmission with the entomo-
logical inoculation rate estimated at 4—48 infectious
bites per 6 months in 2013 [22]. We collected and ana-
lysed specimens from pregnant women with a positive
malaria smear who were enrolling the trial and before
they received any antimalarial treatment. Comparisons
were made to historical studies conducted in the Cop-
perbelt and Central Province of Zambia. Although these
areas are not geographically close to the study site, they
are rural areas of Zambia and the results were expected
to be similar to Nchelenge.

The participants were diagnosed with malaria by a
rapid diagnostic test [(RDT) SD Bioline, Standard Diag-
nostics] that detects histidine-rich protein-II antigen.
Drops of blood were collected and dried on 3 M What-
man filter paper. The specimens were collected from
enrolled participants prior to any study treatment. Speci-
mens with adequate quantities of blood were selected for
molecular analysis.

Molecular analysis

Parasite DNA was extracted from the dried blood
spots. The specimens underwent nested PCR followed
by pyrosequencing to genotype of position 76 in Pfcrt.
Details of the protocol used for molecular analysis of
the samples can be found on the website [23]. A sum-
mary of DNA extraction, amplification and sequencing is
described here.

The DNA was extracted from each dried blood spot
sample using a commercially procured kit (QIAamp®
DNA 96 Blood Kit, Qiagen), following a modified pro-
cedure for DNA extraction. The DNA was eluted in
150 pl of AE Buffer (Qiagen) and stored at —80 °C until
time of use. Amplification of Pfcrt 76 was carried out
using nested PCR. The primers are listed in Table 1. The
PCR and pyrosequencing primers for the Pfcrt 76 gene
were synthesized by IDT (Coralville, IA, USA). Primer
sequences were designed using the Pyrosequencing
Assay Design Software (Qiagen). PCR was performed
using the Biorad T100™ and C1000 Touch™ thermocy-
clers (Bio-Rad, Hercules, CA, USA). The reaction volume
for both the primary and nested PCR was 25 pL, and con-
tained 1X PCR buffer (diluted from 10X Buffer, Qiagen),
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Table 1 Primers for amplification of the region of PfCRT 76
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Codon Primer Sequence (5’-3’) Bases Amplicon size

72-97 External forward GACCTTAACAGATGGCTCAC 20 347 bp
External reverse TTTTATATTGGTAGGTGGAATAG 23
Internal forward Biotin-GGTAAATGTGCTCATGTGTTTAAACTTATT 30 241 bp
Internal reverse TTACTTTTGAATTTCCCTTTTTATTTCCA 29

72-76 Pyrosequencing primer AGTTCTTTTAGCAAAAATT 19

200 pM mixture of ANTPs (Invitrogen), 2 mM MgCl2,
(Qiagen), 1.5 units of HotStarTaq® DNA Polymerase
(Qiagen), 0.2 uM (0.8 pM for nested reactions) external
forward and reverse primers and 1 pL. of DNA. Thermal
cycling conditions for the primary and nested PCR reac-
tions were 95 °C for 15 min (HotStarTaq DNA Polymer-
ase activation), followed by 40 cycles (25 cycles for nested
reaction) with denaturation at 95 °C for 30 s, annealing at
45 °C for 45 s, and extension at 72 °C for 1 min; one cycle
at 72 °C for 10 min and a final hold at 4 °C. Successful
amplification was confirmed by running the nested PCR
product and visualized on commercially procured E-gels
(Invitrogen).

For pyrosequencing, single-stranded biotinylated PCR
products were prepared using the PyroMarkTM Vacuum
Prep Tool and Workstation (Qiagen). 3 pL of Streptavi-
din Sepharose HP beads (Amersham Biosciences, Upp-
sala, Sweden) was added to 40 uL binding buffer (10 mM
Tris—HCI, pH 7.6, 2 M NaCl, 1 mM EDTA, 0.1% Tween
20) and mixed with 2-5 pL PCR product (depending
on the band intensity seen for the nested PCR product
on the Qiaxcel) and 28 pL water for 5 min at room tem-
perature using a thermomixer (Eppendorf) at a speed of
1400 rpm. The beads containing the immobilized tem-
plate were captured on the filter probes of the Vacuum
Prep Tool after the vacuum was applied and then washed
with 70% ethanol for 15 s, denaturation solution (0.2 M
NaOH) for 15 s, and washing buffer (10 mM Tris—ace-
tate, pH 7.6) for 15 s. The vacuum was then released,
and the beads were released into a PyroMarkTM Q96
HS Plate (Qiagen) containing 12 pL annealing buffer
(20 mM Tris—acetate, 2 mM MgAc2, pH 7.6) and 0.4 uM
sequencing primer. The plate was incubated at 80 °C for
2 min on a digital heat block, and allowed to cool at room
temperature for 5 min. Pyrosequencing reactions were
performed according to the manufacturer’s instructions
using the PyroMark® Gold Q96 Reagent Kit (Qiagen),
which contained the enzyme, substrate and nucleo-
tides. The assays were performed on the PyroMarkTM
Q 96MD instrument (Qiagen). The sequence to analyse
(STA) entered into the instrument was: G/TTA/TTT/
CA/CATTACACA/TTACACTTAAATA. The nucleotide

dispensation order used was: CGTATCATAGCACAT
GAC. The sample genotype was determined using the
SNP mode of the PyroMarkTM Q 96MD software.

Ethics, consent and permission

The study protocol was reviewed and approved by the
Tropical Diseases Research Centre Institutional Review
Board in Ndola, Zambia, and authority to conduct the
research was sought in line with the existing Zambian
national guidelines. Written informed consent was
obtained from all individuals who agreed to participate
in the study. A Material Transfer Agreement was signed
prior to transferring anonymized specimens to the Uni-
versity of Maryland School of Medicine, Institute for
Global Health, Division of Malaria Research laboratory.

Results

Among the specimens from 900 participants who were
recruited in the study, 314 dried blood spot filter papers
had sufficient blood spot to be selected. DNA was suc-
cessfully extracted, amplified and pyrosequenced for
DPfert 76T in 302 samples. Clinical data were not available
to the laboratory investigators.

All the 302 samples (302/302; 100%) analysed for the
Pfcrt 76 harboured the wild type, susceptible AAA nucle-
otides, coding for lysine. No threonine was detected at
position 76. The amino acid sequence in all specimens
at positions 72-76 was CVMNK, the wild type, chloro-
quine-susceptible haplotype. Results from a decade of
molecular surveys of PfCRT prevalence in Zambia are
shown in Fig. 1.

Discussion

Nchelenge District in Zambia is now only the second
site to document the complete return of chloroquine-
susceptible malaria after the removal of chloroquine drug
pressure. This follows a slow decline in the prevalence of
chloroquine resistance in Zambia: from 95% in 2001 [24]
to 26% in 2006 [25] and is now at undetectable levels.
Although historical molecular data are not available spe-
cifically from Nchelenge, clinical efficacy was reported in
1986-88. At that time, chloroquine failed to clear over
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Fig. 1 Prevalence of chloroquine-susceptible malaria in Zambia
(PfCRT K76) in Zambia from 2001-2012 [23, 24]

20% of infections in the first week, suggesting the molec-
ular resistance marker estimates from neighbouring
regions were accurate as molecular resistance rates are
usually much higher than clinical failure rates [26].

To date, other countries have only demonstrated
decreases in prevalence of chloroquine-resistant malaria.
This may be due to several factors. In many countries, the
use of chloroquine persisted for a longer period of time
before artemisinin-based combination therapy was intro-
duced, and also where the acquisition of anti-malarial
drugs from the private sector is common. In addition, the
return of chloroquine-susceptible infection likely occurs
most quickly in the context of high transmission settings,
where a large proportion of infections are not treated
and there is ample opportunity for recombination during
sexual reproduction in the mosquito [27]. The return of
chloroquine-susceptible malaria in Malawi occurred via
an expansion of susceptible parasites that had survived
in the population despite chloroquine drug pressure
[28]. In contrast, in Southeast Asia, where transmission
is low, chloroquine-resistant malaria has become fixed in
the population. As a result, even with changes in malaria
treatment policy, chloroquine resistance continues to
remain fixed in the parasite population.

There are several limitations to the generalizability of
this study. Due to the sample size and the limited geo-
graphic region covered by the samples, this survey may
have failed to detect rare cases of chloroquine-resistant
malaria and the findings may be limited to the northern
region where the study was conducted. The use of pyrose-
quencing is highly sensitive to detect minor genotype
populations. Pyrosequencing can detect the presence of
a second genotype that is present in 20% of the sample.
Thus, the very low prevalence of chloroquine-resistant
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parasites cannot be entirely excluded. Finally, the sam-
ples were collected from pregnant women with infec-
tions detectable by RDT. Pregnant women are often used
as sentinel groups for monitoring parasite prevalence
and drug resistance due to their reliable contact with
health facilities. Moreover, the drug-resistance patterns
of their infections are unlikely to differ from the general
population.

The return of chloroquine-susceptible malaria to the
entire region may present a novel opportunity for re-
introducing the use of chloroquine to prevent malaria,
especially in vulnerable populations. It is a safe, well-
tolerated and long-acting drug that can be administered
in young children and also at any stage of pregnancy.
Importantly, it does not have cross-resistance with cur-
rent artemisinin-based combination therapy so the use
of chloroquine would not compromise the efficacy of
first-line treatment. With the spread of sulfadoxine-
pyrimethamine resistance throughout eastern and
southern Africa, chloroquine may be a viable alterna-
tive for intermittent preventive treatment or continuous
chemoprophylaxis during pregnancy. Chloroquine may
also be a reasonable option for use as seasonal malaria
chemoprophylaxis in infants and children in regions
where the combination of amodiaquine and sulfadox-
ine-pyrimethamine is not effective. Although Zambia,
Malawi and Tanzania are areas where seasonal malaria
chemoprophylaxis is likely to be effective [29], the pro-
gram has largely been rolled out in West Africa, where
sulfadoxine-pyrimethamine remains effective. The use of
artemisinin-based combination therapy as intermittent
treatment or chemoprevention could rapidly shorten the
useful therapeutic life of the current first-line treatment
in Africa. The confirmation of the resurgence of chloro-
quine-susceptible malaria may provide a new opportu-
nity to use alternative medications to protect the most
vulnerable populations.

Conclusions

This study documented the disappearance of chloro-
quine-resistant malaria in northern Zambia after the
adoption of artemisinin-based combination therapy.
This is only the second region in the world where this
phenomenon has been reported. These findings have
important public health implications. Although chloro-
quine resistance may re-emerge if used as monotherapy
for treatment of symptomatic disease, chloroquine may
be a desirable option for prevention of malaria dur-
ing pregnancy or for chemoprophylaxis in infants and
children.



Mwanza et al. Malar J (2016) 15:584

Abbreviations

DNA: deoxyribonucleic acid; PCR: polymerase chain reaction; PfCRT:
Plasmodium falciparum chloroquine resistance transporter gene; RDT: rapid
diagnostic test.

Authors’ contributions

MKL and MM were the Principal Investigators of the molecular and clinical
studies, respectively. SM carried out the molecular analysis of this work. SM,
MM and MKL led the writing of the manuscript. MN, CM, JBK and SH carried
out clinical study from which the samples were collected and contributed

to writing up the manuscript. JC and PM were involved in sample collection
and writing up the manuscript. SJ provided technical guidance on molecular
analysis. All authors participated in the preparation of the manuscript and

approved the final version. All authors read and approved the final manuscript.

Author details

! Tropical Diseases Research Centre (TDRC), 6th and 7th Floors, Ndola
Central Hospital Building, PO. Box 71769, Ndola, Zambia. 2 Division of Malaria
Research, Institute for Global Health, University of Maryland School of Medi-
cine, 685 West Baltimore Street, Baltimore, MD 21201-1509, USA.

Acknowledgements

We would like to thank the study participants and staff at St. Paul's Hospi-
tal, Kashikishi, Nchelenge and Kambwali Health Centres. We are grateful to
Dr. Umberto D'Alessandro, of the London School of Hygiene and Tropical
Medicine and Institute of Tropical Medicine as well as other investigators at
the Institute of Tropical Medicine, Antwerp, Belgium for their leadership and
support of the clinical trial from which these specimens were collected.

Competing interests
The authors declare that they have no competing interests.

Availability of data and material
All data generated or analysed during this study are included in the published
article.

Consent for publication
All authors have reviewed and approved this manuscript.

Ethics approval and consent to participate
The TDRC Institutional Review Board reviewed and approved this study. All
participants provided written informed consent prior to study enrolment.

Funding

The clinical trial was supported by the European and Developing Countries
Clinical Trials Partnership, the Malaria in Pregnancy Consortium (which is
funded through a grant from the Bill and Melinda Gates Foundation to the
Liverpool School of Tropical Medicine), the Belgian Development Coopera-
tion Agency, the Liverpool School of Tropical Medicine, the Medical Research
Council UK, the Netherlands Organization for Scientific Research, and
Sanofi-Aventis. The molecular analysis was supported by K24AI114996 and
U01AI087624 to MKL. The sponsors did not play any role in this design and
collection, analysis and interpretation of the data or in writing the manuscript.

Received: 14 September 2016 Accepted: 24 November 2016
Published online: 05 December 2016

References

1. Wellems TE, Plowe CV. Chloroquine-resistant malaria. J Infect Dis.
2001;184:770-6.

2. Ndyomugyenyi R, Magnussen P.Trends in malaria-attributable morbidity
and mortality among young children admitted to Ugandan hospitals, for
the period 1990-2001. Ann Trop Med Parasitol. 2004,98:315-27.

3. Zucker JR, Ruebush TK 2nd, Obonyo C, Otieno J, Campbell CC.The
mortality consequences of the continued use of chloroquine in Africa:
experience in Siaya, western Kenya. Am J Trop Med Hyg. 2003;68:386-90.

4. Djimde A, Doumbo OK, Cortese JF, Kayentao K, Doumbo S, Diourte Y,
et al. A molecular marker for chloroquine-resistant falciparum malaria. N
Engl J Med. 2001;344:257-63.

20.

22.

23.

24.

25.

Page 5 of 6

Durand R, Jafari S, Vauzelle J, Delabre JF, Jesic Z, Le Bras J. Analysis of pfcrt
point mutations and chloroquine susceptibility in isolates of Plasmodium
falciparum. Mol Biochem Parasitol. 2001;114:95-102.

LakshmananV, Bray PG, Verdier-Pinard D, Johnson DJ, Horrocks P,

Muhle RA, et al. A critical role for PCRT K76T in Plasmodium falciparum
verapamil-reversible chloroquine resistance. EMBO J. 2005;24:2294-305.
Ashley EA, Dhorda M, Fairhurst RM, Amaratunga C, Lim P, Suon S, et al.
Spread of artemisinin resistance in Plasmodium falciparum malaria. N Engl
JMed. 2014;371:411-23.

Dondorp AM, Nosten F, Yi P, Das D, Phyo AP, Tarning J, et al. Arte-

misinin resistance in Plasmodium falciparum malaria. N Engl J Med.
2009;361:455-67.

Noedl H, Se Y, Schaecher K, Smith BL, Socheat D, Fukuda MM, et al.
Evidence of artemisinin-resistant malaria in western Cambodia. N Engl J
Med. 2008;359:2619-20.

Menard D, Khim N, Beghain J, Adegnika AA, Shafiul-Alam M, Amodu O,

et al. A worldwide map of Plasmodium falciparum K13-propeller polymor-
phisms. N Engl J Med. 2016;374:2453-64.

. Slater HC, Griffin JT, Ghani AC, Okell LC. Assessing the potential impact

of artemisinin and partner drug resistance in sub-Saharan Africa. Malar J.
2016;15:10.

Bloland PB, Lackritz EM, Kazembe PN, Were JB, Steketee R, Campbell

CC. Beyond chloroquine: implications of drug resistance for evaluat-

ing malaria therapy efficacy and treatment policy in Africa. J Infect Dis.
1993;167:932-7.

Kublin JG, Cortese JF, Njunju EM, Mukadam RA, Wirima JJ, Kazembe

PN, et al. Reemergence of chloroquine-sensitive Plasmodium falcipa-

rum malaria after cessation of chloroquine use in Malawi. J Infect Dis.
2003;187:1870-5.

Frosch AEP, Laufer MK, Mathanga DP, Takala-Harrison S, Skarbinski J, Claas-
sen CW, et al. Return of widespread chloroquine-sensitive Plasmodium
falciparum to Malawi. J Infect Dis. 2014;210:1110-4.

Frosch AEP, Venkatesan M, Laufer MK. Patterns of chloroquine use and
resistance in sub-Saharan Africa: a systematic review of household survey
and molecular data. Malar J. 2011;10:116.

Golassa L, Kamugisha E, Ishengoma DS, Baraka V, Shayo A, Baliraine FN,

et al. Identification of large variation in pfcrt, pfmdr-1 and pfubp-1 mark-
ers in Plasmodium falciparum isolates from Ethiopia and Tanzania. Malar J.
2015;14:264.

Kiarie WC, Wangai L, Agola E, Kimani FT, Hungu C. Chloroquine sensitivity:
diminished prevalence of chloroquine-resistant gene marker pfcrt-76

13 years after cessation of chloroquine use in Msambweni, Kenya. Malar J.
2015;14:328.

Morris U, Xu W, Msellem MI, Schwartz A, Abass A, Shakely D, et al. Char-
acterising temporal trends in asymptomatic Plasmodium infections and
transporter polymorphisms during transition from high to low transmis-
sion in Zanzibar, 2005-2013. Infect Genet Evol. 2015;33:110-7.

Mbogo GW, Nankoberanyi S, Tukwasibwe S, Baliraine FN, Nsobya SL,
Conrad MD, et al. Temporal changes in prevalence of molecular markers
mediating antimalarial drug resistance in a high malaria transmission
setting in Uganda. Am J Trop Med Hyg. 2014;91:54-61.

Sipilanyambe N, Simon JL, Chanda P, Olumese P, Snow RW, Hamer DH.
From chloroquine to artemether-lumefantrine: the process of drug policy
change in Zambia. Malar J. 2008;7:25.

. PREGACT Study Group, Pekyi D, Ampromfi AA, Tinto H, Traore-Coulibaly

M, Tahita MC, et al. Four artemisinin-based treatments in African pregnant
women with malaria. N Engl J Med. 2016;374:913-27.

Das S, Muleba M, Stevenson JC, Norris DE. Habitat partitioning of

malarial vectors in Nchelenge District, Zambia. Am J Trop Med Hyg.
2016;94:1234-44.

University of Maryland Division of Malaria Research Protocols. http://
www.medschool.umaryland.edu/malaria/Protocols/. Accessed 22 Nov
2016.

Chileshe JNE, Mbewe BS. The correration between chloroquine treatment
outcomes and the mutation in Pfcrt and Pfmdr1 genes in Zambia. J Life
Sci. 2012,6:368-73.

Sagara |, Oduro AR, Mulenga M, Dieng Y, Ogutu B, Tiono AB, et al. Efficacy
and safety of a combination of azithromycin and chloroquine for the
treatment of uncomplicated Plasmodium falciparum malaria in two multi-
country randomised clinical trials in African adults. Malar J. 2014;13:458.


http://www.medschool.umaryland.edu/malaria/Protocols/
http://www.medschool.umaryland.edu/malaria/Protocols/

Mwanza et al. Malar J (2016) 15:584

26.

27.

Gernaat HB, Verhagen MA, Woods SM. Chloroquine-resistant Plasmodium
falciparum malaria at Nchelenge, northeastern Zambia. Follow-up on 515
hospital patients. Trop Geogr Med. 1990;42:324-9.

Laufer MK, Plowe CV. Withdrawing antimalarial drugs: impact on parasite
resistance and implications for malaria treatment policies. Drug Resist
Updat. 2004;7:279-88.

28.

29.

Page 6 of 6

Laufer MK, Takala-Harrison S, Dzinjalamala FK, Stine OC, Taylor TE, Plowe
CV. Return of chloroquine-susceptible falciparum malaria in Malawi was a
reexpansion of diverse susceptible parasites. J Infect Dis. 2010,202:801-8.
Cairns M, Roca-Feltrer A, Garske T, Wilson AL, Diallo D, Milligan PJ, et al.
Estimating the potential public health impact of seasonal malaria chemo-
prevention in African children. Nat Commun. 2012,3:881.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal
* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at .
www.biomedcentral.com/submit () BiolMed Central




	The return of chloroquine-susceptible Plasmodium falciparum malaria in Zambia
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study design and participants
	Molecular analysis
	Ethics, consent and permission

	Results
	Discussion
	Conclusions
	Authors’ contributions
	References




