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Abstract-A total of 101 P. falciparum positive patients were enrolled from urban population of Kolkata, India to determine 
the therapeutic efficacy of chloroquine as per 28 days follow-up schedule of WHO, 2003. All parasite strains were analyzed 
for P. falciparum chloroquine resistance transporter (pfcrt) haplotypes using DNA sequencing methodology. The PCR 
corrected chloroquine resistant P. falciparum was very high (76.3%, 95% CI 0.642 – 0.832) of which early treatment failure 
was (10%), and late treatment failure was (66.3%). K76T mutation was found in all parasite strains irrespective of 
therapeutic outcomes. Both the Venezuelan (SVMNT) and Southeast Asian (CVIET) haplotypes were prevalent in the study 
population with predominance of South East Asian haplotype (87.1%). The present study showed that incidence of CQ 
resistant P. falciparum malaria in Kolkata was very high and well above the WHO recommended cut-off level for change of 
drug policy. Recently introduced Artimisinine Combination Therapy by the Government of India to treat all P. falciparum 
cases is an appropriate step. 
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Introduction 
During the second half of 20th century chloroquine (CQ) 
became the antimalarial agent of choice due to its 
efficacy and low toxicity [1]. Then the resistance to CQ 
was developed in Plasmodium falciparum and 
subsequently spread over almost all the endemic areas 
of the world. CQ resistance in P. falciparum has 
contributed to the global resurgence of malaria and its 
consequent morbidity and mortality. Resistance of P. 
falciparum to CQ was first reported from South-East Asia 
in 1957 and then in South America in 1959 [2].  From 
India, CQ-resistant P. falciparum was first reported in 
1973 from Diphu area of Karbi Anglong district of Assam 
[3]. Several reports of resistance were subsequently 
confirmed from the different parts of India [4-8]. Due to 
increased CQ-resistance in 2002 National Anti Malaria 
Programme (NAMP) introduced Sulfadoxine-
Pyrimethamine (SP) as the second line option to treat 
falciparum malaria cases. But SP resistance has 
developed quickly in other parts of the world following its 
wide spread use [9,10] and also in different parts of India 

[11,12].  As the CQ-resistance has reached significantly 
high levels, National Vector Born Disease Control 
Programme (NVBDCP) has recently introduced 
Artemisinin Combination Therapy (ACT) for the 
treatment of uncomplicated falciparum malaria 
throughout India. 
P. falciparum chloroquine resistance transporter (pfcrt) 
gene is associated with the CQR phenotype in P. 
falciparum which is located on chromosome 7 [13]. The 
pfcrt gene encodes an integral membrane protein 
located in parasite digestive vacuole membrane [13]. 
During haemoglobin digestion haem molecules are 
released in the digestive vacuole and detoxified by the 
formation of haemozoin and CQ is suggested to interfere 
with this process [14,15]. P. falciparum CQR is 
suggested to involve mechanisms whereby pH sensitive 
physiologic processes inhibit formation of toxic CQ-
haematin complexes in favor of haemozoin [15] or CQ 
efflux reduces drug concentration to the levels that are 
no longer parasiticidal [16-18].  
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In different parts of world 15 genetic polymorphisms 
have been identified in the pfcrt gene, which are linked to 
CQR in P. falciparum [19-21]. Mutations of particular 
interest are in the region of pfcrt gene encompassing 
codons 72-76. Among these codons the amino acid 
substitution at pfcrt codon 76 (K→T) has been shown to 
have the strongest association with the CQR phenotype 
[22]. Substitutions in the wild type allele, encoding 
CVMNK, give rise to several resistant variants, of which 
the most common are CVIET in South-East Asia & Africa 
and SVMNT, which has been reported in South America 
[13] and Asia [23], but rarely in Africa [24].  
In the present study, DNA sequencing technique was 
employed to study the distribution of different CQ 
resistant genotypes at positions codons 72 - 76 of pfcrt 
gene in the study population and evaluate the correlation 
of in-vivo chloroquine resistance with the pfcrt K76T 
mutation. Samples were collected during a clinical study 
in 2009, before the deployment of ACT in India. 
 
Materials and Methods 
Study Areas 
The study was conducted in the Kolkata district of West 
Bengal state in India, which is situated along the banks 
of the river Hoogly and lies at 22.300 N latitude and 
88.300 E longitude and at an altitude of 17 ft above the 
sea. The study was carried out in two different malaria 
clinics – one at the Malaria Clinic of Calcutta School of 
Tropical Medicine (Central Kolkata) and the other at 
Malaria Clinic of Kolkata Municipal Corporation, Ward 
No. 81 (South Kolkata). The study was carried out during 
January, 2009 – March, 2009.  The malaria transmission 
intensity was seasonal (July–December) with the 
predominance of falciparum malaria and the annual 
parasite index in 2008 was 10.69. 
 
Screening of Patients and Recruitment 
The febrile patients from surrounding localities attending 
the Malaria Clinic of Calcutta School of Tropical Medicine 
and the Malaria Clinic of Kolkata Municipal Corporation 
were screened for malarial parasite by examining 
Giemsa stained thick and thin peripheral blood smear 
(PBS). During the study period, a total of 1812 patients 
with fever were screened, of them 454 tested positive for 
malaria (200 P. falciparum, 250 P. vivax, and four mixed 
infections of both P. falciparum and P. vivax). The 
patients with confirmed P. falciparum mono-infection 
confirmed by pan-Plasmodium antigen lactate 
dehydrogenase (pLDH) test, were explained about the 
study protocol and requested to participate into the 
study. Those who fulfilled the following inclusion criteria 
(Age: over 6 months; P. falciparum mono-infection with 
asexual parasite count - 1000–100 000/μl; axillary 
temperature ≥ 37.5°C or history of fever during past 24 
h; ability to swallow oral medication; absence of signs of 
severe falciparum malaria; absence of febrile condition 
due to diseases other than malaria; absence of regular 
medication, which might interfere with antimalarial 
pharmacokinetics; a negative pregnancy test or not 
breastfeeding) as per WHO protocol (2009) [25] were 

enrolled following obtaining written, informed consent. 
The medical history including presenting symptoms, 
current medications and previous antimalarial use were 
recorded. A complete physical examination was 
performed and case record form was completed for each 
patient. Clinical history, examination and other 
investigational data were recorded. Blood was collected 
for parasitology and molecular biology studies, using 
standard protocol. 
 
Treatment and Follow up 
A standard three-day dose of chloroquine (25 mg/kg bw, 
NVDCP supply) according to body weight with biscuits 
and glass of water was provided by the study team under 
observation. Patients were observed for 1 hour after 
treatment. In case of vomiting within 30 minutes of 
administration, a full dose was repeated and beyond that 
period up to one hour, half a dose was repeated. Single 
dose of primaquine (PQ) 0.75mg/Kg of body weight were 
given on day 1. 
After enrollment all patients were given a follow-up 
schedule for attending the clinic on days 1, 2, 3, 7, 14, 21 
and 28 after treatment. Patients were advised to return 
on any day during follow-up period if symptoms recurred 
and not to wait for schedule visit day. During the follow-
up visits the axillary temperature was recorded. In 
addition, thorough clinical examinations were carried out 
to identify the presence of any signs of severe and 
complicated malaria. On the event of occurrence of any 
such complications patients were withdrawn from the 
study. The treatment failure cases were treated by 
AS+SP combination as per Indian National Drug Policy 
for Malaria. In this study, no signs of severe and 
complicated malaria were recorded in the study patients. 
Blood films were drawn for parasite count on Day 1, 2, 3, 
7, 14, 21, & 28 or any other day if the patient 
spontaneously returned to the clinic. For genetic study 
the blood samples were collected in EDTA coated vial on 
day 0 and on any other day with reappearance of 
parasitaemia. 
 
Study end points 
The in vivo study outcomes were classified according to 
the WHO 28-day protocol [25]. The clinical endpoints 
were: (1) early treatment failure (ETF), (2) late treatment 
failure (LTF), which included late clinical failure (LCF) 
and late parasitological failure (LPF) and (3) adequate 
clinical and parasitological response (ACPR). 
 
Ethical approval 
The Ethics Committee of the Calcutta School of Tropical 
Medicine, Kolkata, approved the study protocol. Informed 
consent of the patients or their legal guardians was 
obtained before recruitment of the patients in the study. 
 
Laboratory Method 
Microscopic blood examination and parasite count 
Parasite counts were done on Giemsa-stained thick films 
and the number of parasites per 200 WBCs was 
counted. Assuming a WBC count to be 8,000/μl of blood, 
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parasitaemia was calculated and expressed as per μl of 
blood. A thick smear was diagnosed as negative on 
initial review if no parasites were seen in 100 oil 
immersion fields and 10% of positive and negative slides 
were cross-checked.  
 
DNA extraction and PCR Genotyping 
Genomic DNA of P. falciparum was isolated from 200 μl 
EDTA blood that were collected on day 0 and on any 
other day on reappearance of parasitaemia, using 
QiaAmp DNA mini kit (Qiagen, Hilden, Germany) as per 
manufacturer’s instructions.  
To differentiate between recrudescence and re-infection 
of the paired samples of treatment failure cases, 
genotyping was performed with a nested PCR assay 
based on the amplification of msp1 and msp2and glurp 
as described in detail elsewhere [26, 27].  
In the primary reaction, the used oligonucleotide primers 
spanned the entire genetic segments i.e., block 2 for 
msp1 and block 3 for msp2 and R II block of glurp. In the 
nested reaction, separate primer pairs targeted the 
respective allelic types of msp1 (K1, MAD20, and RO33) 
and msp2 (FC27 and 3D7). 
PCR amplifications were performed on a Thermal Cycler 
(Perkin Elmer, Branchburg, NJ, USA). All amplification 
reactions were carried out in a final volume of 20 μl 
which included 2 μl of DNA template (genomic DNA for 
the primary reactions and the product of the primary 
reaction for the secondary amplification). Oligonucleotide 
primers were used at final concentrations of 0.3 μM in 
both primary as well as secondary reactions. The 
reaction mixture contained PCR Buffer, 0.2 mM 
concentration of each of the four deoxynucleoside 
triphosphates, and 0.75 U of AmpliTaq polymerase 
(Perkin Elmer, Branchburg, NJ, USA).  
 
The reactions were carried out in the presence of 2 mM 
MgCl2 for all oligonucleotide combinations except the 
msp 2 nested PCR, for which a concentration of 1.5 mM 
MgCl2 was used. The cycling parameters for the PCR 
were as follows; an initial denaturation at 94° C for 2 
minutes followed by 30 cycles of -denaturation at 94° C 
for 30 seconds, annealing at 54° C for primary PCR (50° 
C for msp 2 nested and 59° C for msp 1 and glurp 
nested) for 1 minute, extension at 72° C for 2 minutes. 
The final extension was done at 72° C for 5 minutes. The 
PCR products were stored at 4° C until further analysis. 
Nested PCR products were analyzed by electrophoresis 
using 2% agarose gels (performed in TBE buffer).  
 
All the distinguishable allelic variants for each marker 
paired samples were loaded side by side. The gels were 
stained with Ethidium Bromide and visualized under UV 
illumination and documented by Gel-Doc system. Gel 
photographs were analyzed by visual comparison of 
DNA fragments on base line and recurrent samples.  
A recrudescent infection was defined as one that showed 
a match in size of at least one allele for both the msp1, 
msp2 and glurp genes on day 0 and on the day of 
recurrent parasitaemia. 

PCR amplification and sequencing of pfcrt gene 
P. falciparum chloroquine resistance transporter (pfcrt) is 
3.1 kb gene with 13 exons, of which exon 2 contains the 
codons 72-76. Exon 2 of pfcrt gene was amplified by 
PCR using the oligonucleotide primer pair PFCRT-P1 5′-
GGCTCACGTTTAGGTGGA-3′ and PFCRT-P2 5′-
TGAATTTCCCTTTTTATTTCCAAA-3′ [28], which gives a 
264-basepair product corresponding to amino acid 
residues 32 to 119. PCR amplifications were carried out 
in a final volume of 35 μl which include 3 μl of genomic 
DNA as template. The reaction mixture contained PCR 
buffer, 0.2mM of dNTPs, 2.5 mM MgCl2, 0.3 μM of each 
of the primer and 1.5U of Ampli Taq polymerase (Perkin 
Elmer, Branchburg, NJ, USA). The cycling parameters 
for the PCR was an initial denaturation at 94° C for 3 
minutes followed by 45 cycles of denaturation 94° C for 
30 seconds, annealing 58° C for 30 seconds and 
extension 60° C for 1 minute. The final extension was 
done at 60° C for 3 minutes. 
The quality and concentration of PCR products for each 
sample were ascertained by agarose gel electrophoresis. 
The PCR products were purified from the agarose gel by 
use of the QIAEX-II Gel Extraction Kit (Qiagen, Hilden, 
Germany), in accordance with the manufacturer’s 
instructions. The sequencing was done using the BigDye 
terminator 3.1 (Applied Biosystems) with forward primer 
(PFCRT-P1). 
 
Sequence analysis 
The sequences were analyzed using the software Bioedit 
Sequence Alignment Editor version 7.0.5.2. The 
sequences were then aligned using the online multiple 
sequence alignment tool ClustalW (available at: http: 
//www.ebi.ac.uk/clustalw). 
Statistical analysis 
The data was entered into a standard data entry 
programme designed by Global Malaria Programme and 
analyzed by Kaplan-Meier survival curve according to 
WHO standard procedures 
(http://www.who.int/malaria/resistance). The 95% 
confidence interval was calculated by Dimension 
Research calculator 
(http://www.dimensionresearch.com/resources/ 
resources overview.html). 

Results 
Study population 
During the study period, we screened 1812 patients 
presenting with fever, among them 454 tested positive 
for malaria (200 P. falciparum, 250 P. vivax, and four 
mixed infections of both P. falciparum and P. vivax). Of 
the 200 P. falciparum, 101 patients met the enrolment 
criteria for the study. Their baseline characteristics are 
described in Table 1. 
In vivo drug efficacy 
Originally 101 patients were enrolled from the two 
different malaria clinics of the study area (50 from 
Malaria Clinic of Calcutta School of Tropical Medicine 
and 51 from the Malaria Clinic of Kolkata Municipal 
Corporation, Ward no 81). Among the 101 patients, eight 
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patients withdrew consent from the study and seven 
patients were lost to follow-up, leaving 86 in our per 
protocol analysis. Eighty-six (85.1%) patients completed 
the CQ treatment course and complete the 28 day 
follow-up schedule and reached one of the study end-
points (Figure 1). Among the patients who completed the 
follow-up, nineteen (22.1%) exhibited adequate clinical 
and parasitological response (ACPR). The remaining 
patients failed to treatment and these were classified 
using standard WHO definitions. The PCR uncorrected 
incidence of CQ failure for uncomplicated P. falciparum 
was 67 (77.9%); among them ETF, LCF and LPF were 8 
(9.3%), 48 (55.8%) and 11 (12.8%) respectively (Table 
2).  
Out of fifty nine apparent therapeutic failures (LTF) 
cases, four samples could not be evaluated due to 
inability to amplify the parasitic DNA for msp 1, msp 2 
and glurp genotyping. Two LTF cases were reclassified 
as ‘re-infection’ on the basis of DNA genotyping and 
remaining fifty three recurrent infections were classified 
as ‘recrudescence’. The PCR corrected cumulative 
incidence of CQ failure for uncomplicated P. falciparum 
was therefore 76.3% (61/80, 95% CI 64.2 – 83.2) and 
the therapeutic efficacy was 23.7% (19/80, 95% CI 16.8 
– 35.8) (Table 2). 
 
Mutation analysis of the pfcrt gene 
DNA was isolated from blood samples, collected on day 
0, of all 101 enrolled patients and were subjected to PCR 
amplification and sequencing of pfcrt gene. Sequencing 
was done successfully in 93 samples. In the present 
study, mutations of pfcrt gene were observed at positions 
72 (87.1%), 74 (12.9%), 75 (12.9%), 76 (100.0%), and 
no mutations were observed at position 73 (Figure 2). 
The wild type, C72V73M74N75K76, was not detected in 
any of the samples studied. All the samples (including 
both CQ sensitive and CQ resistant) belonged to the 
mutant genotype. There were two mutant pfcrt 
haplotypes in the parasite population, 
S72V73M74N75T76 was highly prevalent (81/93; 87.1%, 
95% CI 80.29 – 93.91); C72V73I74E75T76 was present 
in 12.9% (12/93, 95% CI 6.09 – 19.71) patients. 
Interestingly, the mutant genotype S72V73M74N75T76 
was prevalent in both CQ sensitive (13/18; 72.2%) and 
CQ resistant (58/64; 90.6%) (Table 3). Further, the 
mutant genotype C72V73I74E75T76 was observed in 
27.8% (5/18) of CQ sensitive isolates and 9.3% (6/64) 
among CQ resistant isolates. These observations 
suggest that the mutant genotype S72V73M74N75T76 of 
the pfcrt gene is widely distributed among the P. 
falciparum isolates in the study area. However, the 
S72V73M74N75T76 genotype was more prevalent in 
ETF (8/8; 100.0%) than LCF (42/46; 94.1%), and LPF 
(8/10; 80.0%). The C72V73I74E75T76 genotype was 
more prevalent in ACPR (5/18; 27.8%) than LPF (2/10; 
20.0%), LCF (4/46; 8.6%), and ETF (Table 3). 
 
Discussion 
Early and effective treatment of malaria is the 
cornerstone of malaria control, and appropriate selection 

of first- and second-line antimalarial medicines for 
country programmes is based entirely on the efficacy of 
the drugs against the malaria parasite. Monitoring the 
therapeutic efficacy of antimalarial drugs is, therefore, a 
fundamental component of treatment strategies. As the 
parasite evolves continuously to develop resistance 
against antimalarials, continuous global monitoring and 
reporting of drug efficacy and parasite resistance are 
needed [29]. 
In vivo studies remain the gold standard for monitoring 
antimalarial drug efficacy and are the primary source of 
information for the policy makers to formulate 
recommendations for malaria chemotherapy and 
prophylaxis. However, molecular surveillance can give 
an advanced indication that a particular drug may lose its 
efficacy in the near future. The present study was 
designed to determine the therapeutic efficacy of CQ in 
P. falciparum malaria in Kolkata and distribution of pfcrt 
haplotypes in the study area. 
A very high proportion of P. falciparum cases (76.3%, 
95% CI 0.642 – 0.832) were found to be resistant to 
Chloroquine and importantly about 10% of the total study 
cases were categorized as early treatment failure (ETF). 
In India, chloroquine was used as first line agent to treat 
all categories of malaria, till 2010. The long term use of 
the drug, often indiscriminately, is the most important 
factor for development of parasitic resistance. Similarly, 
a high prevalence of chloroquine resistant P. falciparum 
malaria was reported from different parts of the country 
[4-8]. Very recently, Mullick et al. [30] reported 61.2% 
chloroquine resistant P. falciparum malaria from 
Jalpaiguri district of the same state where the current 
study was undertaken. So, the change of drug policy by 
the National Vector Born Disease Control Programme 
(NVBDCP) of India, from Chloroquine to ACT for all P. 
falciparum malaria cases was appropriate. 
P. falciparum chloroquine resistance transporter (pfcrt) 
gene has been found to be associated with the CQR 
phenotype in P. falciparum. Research revealed that 
substitution of threonine (T) for lysine (K) at poison 76 
(K76T) is the hallmark of CQR [31]. In the present study, 
mutant K76T was found in all parasite strains 
irrespective of Chloroquine response. Similarly a 
widespread high prevalence of the K76T mutation has 
also been reported elsewhere from India [5,8,28,32] 
even in the CQ responders. Several reports showed that 
the pfcrt mutation is necessary but not the only factor to 
predict the in-vivo response to CQ [33]. Host immune 
status plays an important role in the clearance of P. 
falciparum infection, which may influence the in-vivo 
response to the drug [32]. Different haplotypes of pfcrt 
gene have been reported from different parts of the 
world. In the present study, two different haplotypes 
(amino acids 72 - 76) were detected. The Venezuelan 
haplotype SVMNT was predominant (87%) over South 
East Asian haplotype CVIET (13%) like in other studies 
from India [5,8]. 
Considering the WHO recommended cut-off level for 
change of drug policy and high incidence of CQ resistant 
P. falciparum malaria in Kolkata, the present study is in 
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agreement with the introduction of ACT by the 
Government of India in the therapeutic guideline. The 
mutant K76T was identified in all CQ resistant as well as 
sensitive strains. Further studies are indicated to 
elucidate the reason(s) for existence of K76T mutation 
among CQ responders with respect to the host immunity, 
other mutations of pfcrt and pharmacokinetic 
characteristics of the drug. 
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Table 1- Base line characteristics of study patients 

Characteristics Study patients (n=101) 

Sex: no. (%) 
    Male 
    Female 

 
58 (57.4) 
43 (42.6) 

Age category: no. (%) 
    < 15 Year 
    >15 Year    

 
29 (28.7) 
72 (71.3) 

Age: year 
    Mean 
    Range 
    SD 
    95% CI 

 
31.2 
05 - 70 
± 13.4 
28.6 - 33.8 

Temperature: 0 C 
    Mean 
    Range 
    SD 
    95% CI 

 
37.7 
37.5 – 38.2 
± 0.16 
37.66 – 37.73 

Parasite count: no/µL 
    Mean 
    Range 
    SD 
    95% CI 

 
7700 
1000 – 64000 
± 9191.4 
5907.5 – 9492.5 

 
Table 2- Study outcomes CQ treated patients (n = 101) 

Clinical 
outcomes 

PCR uncorrected PCR corrected 

No. of cases (%) 95% CI No. of cases (%) 95% CI 

ETF 8 (9.3) 4.1 – 17.5 8 (10.0) 4.4 – 18.8 
LCF 48 (55.8) 44.7 – 66.5 43 (53.8) 44.2 – 65.0 
LPF 11 (12.8) 6.6 – 21.7 10 (12.5) 6.2 – 21.8 
ACPR 19 (22.1) 13.9 – 32.3 19 (23.7) 14.9 – 34.6 

Total Analysis 86  80  
WTH 8 10 
LFU 7 (14.9) 7 (17.5) 
TOTAL 101 97 

** ETF, early treatment failure; LCF, late clinical failure; LPF, late parasitological failure; ACPR, adequate clinical and 
parasitological response; WTH, withdrawn; LFU, loss to follow-up. 

Table 3-  Prevalence pfcrt haplotypes among the CQ treated patients of study area 

Study Outcomes 
No. of isolates 

analyzed for pfcrt 

pfcrt  haplotypes codon 72 – 76 n (%) [95% CI] 

SAGTVGTAMATGNAATTACA CTGTVGTAIATTEGAATACA 

CQ Sensitive (n=19) 
      ACPR (n=19) 

 
18 

 
13 (72.2)  

 
5 (27.8)  

CQ Resistant (n=67) 
      LCF (n = 48) 
      LPF (n = 11) 
      ETF (n = 8) 

 
46 
10 
8 

 
42 (91.4)  
8 (80.0) 
8 (100.0) 

 
4 (8.6) 
2 (20.0) 
- 

Unknown (n=15) 
      WTH+LFU (n=15) 

 
11 

 
10 (90.9) 

 
1 (9.1) 

TOTAL (n=101) 93 81 (87.1) [80.29 – 93.91] 12 (12.9) [6.09 – 19.71] 

** n, number of isolates; ETF, early treatment failure; LCF, late clinical failure; LPF, late parasitological failure; ACPR, 
adequate clinical and parasitological response; WTH, withdrawn; LFU, loss to follow-up. 
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Fig. 1-Flow diagram of screening, follow-up and therapeutic outcomes of study patients 
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Fig. 2- Prevalence of pfcrt codons (72-76) among the CQ treated patients (n = 101) of study area 
 

 

 

 

 

 

 

 

 

 

 


