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Abstract

The present study was carried out to evaluate the prevalence of polymorphism of point mutations at position 16, 51,59,108 and
164 of Pfdhfr and at positions 436, 437, 540, 581 and 613 of Pfdhpsgenes in preserved blood samplesof patients with
confirmed P. falciparummonoinfection, who were treated with SP only, in 2010, in Kolkata, West Bengal before introduction
of ACT in West Bengal, India.This study may be used to assess the usefulness of these molecular marker in determining the
future trends of SP resistance.

The prevalence of polymorphism of Pfdhfr and Pfdhps gene point mutation in preserved blood samples of patients with
confirmed P. falciparum mono infection, who were treated with SP only in 2010, in Kolkata, West Bengal. W.H.O. now
recommends use of ACT for the treatment of uncomplicated P. falciparum malaria. As SP monotherapy is no longer in use for
falciparum malaria treatment, blood samples of patients with confirmed P. falciparummonoinfection, who attended the malaria
clinics, of CSTM during July to December 2010 and who met the W.H.O. inclusion criteria and were treated with SP only,
were kept preserved in EDTA vials at -20°C in protozoology section of CSTM were used for this study.

Through this study, we have tried to characterize the prevalence of mutations in Pfdhfr and Pfdhps genes associated with SP
resistance, from isolates collected in 2010 from Kolkata, before the implementation of ACT. We found a high prevalence of
mutated allele for both the gene locus (Pfdhfr more than Pfdhps). The absence of quadruple mutation in either gene or absence
of sextuple mutation or more in combined haplotypes assures that resistance was not at an alarming level to cause SP treatment
failure and so majority of the cases were found to show ACPR. However, this high prevalence also points that if the drug
pressure continues to increase ( as SP is being used with ACT), it will lead to further increase in mutations and will finally
cause treatment failure as has been seen in North Eastern states of India and many countries of world. Hence an ongoing
monitoring is required to know the prevalence of these mutations in different regions, so that timely intervention in drug policy

can be done.
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Introduction

A limited number of genes involved or potentially involved
in P. falciparum antimalarial drug resistance have been
identified: the genes encoding dihydrofolate reductase
(Pfdhfr), dihydropteroate synthase (Pfdhps), the chloroquine
resistance transporter (Pfcrt), the multidrug resistance 1
protein (Pfmdrl), Na‘/H* exchanger (Pfnhe-1) and
cytochrome b.

Parasite transfection experiments have proved the role
ofPfdhfr and Pfdhps gene mutations in resistance to
pyrimethamine and sulfadoxine, respectively. In addition,
in-vitro assays of parasite purified enzymes as well as
Pfdhfr allele expression in the yeast Saccharomyces
cervisiaesupports the role of gene mutation in SP resistance
[1,2,3]

Sulfadoxine/Pyrimethamine is a synergistic combination.
The drugs act as folate pathway blockers in the malaria
parasite and thus interfere with the synthesis of DNA from
guanosine triphosphate (GTP). Pyrimethamine inhibits
Pfdhfr, whereas sulfadoxine inhibits Pfdhps. A remarkable
feature of P. falciparum Pfdhfrmutations both in resistant
and sensitive parasites is that the mechanism of resistance
depends not on a single mutation but on the accumulation of
point mutations. The critical mutation is a serine (S) to
asparagine (N) change at position 108, which is found in all

resistant isolates. Altering Cystine (C) to Arginine (R) at
position 59 Asparagine (N) to Isoleucine (I) at position 51
and Isoleucine (1) to Leucine (L) at position 164 increases
pyrimethamine resistance, while the mutation at codon 16
where alanine (A) changes to valine (V) is specifically
associated with Cycloguanil resistance [,

While resistance to sulfadoxine and sulfones results from
mutations within Pfdhps. Amino acid changes at four
positions (Serine-436, Glycine-437, Lysine-540, Alanine-
581, and Alanine-613) confer resistance to sulfadoxine and
also cross-resistance to sulfones and sulfonamides 51,

The evolution and spread of resistant lineages of SP are
traced by the Pfdhfrrather than Pfdhpsbecause, a minor role
of Pfdhpsmutations have been reported in the development
of SP resistance [ 26 271 The increase of sulfadoxine
resistance was assumed to have occurred several years after
the appearance of Pyrimethamine resistance and few studies
of molecular evolution have been focused in Pfdhps [6 7891,
In India, chloroquine-resistant malaria was first reported in
1973, and since then resistance to this drug has been on the
rise. Accordingly, Indian drug policy was changed and the
SP combination was introduced in 1982 as a second line of
treatment. However, in light of increasing resistance to SP
monotherapy and WHO recommendations, Artesunate
(AS)+SP combination was first introduced in India in 2006
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in areas showing chloroquine resistance. This was revised
by NVBDCP Drug Policy in 2008 to include all high P.
falciparum predominant districts. Again in 2010 Drug
Policy was revised extending ACT for all P. falciparum
cases. But even this ACT combination has come under
threat due to increased resistance to partner drug SP being
reported from North-Eastern states of this country. In view
of this the combination of AS+SP is replaced with
AS+Lumefantrine in these states.

The increased SP drug pressure in the ACT is predisposed
to put rapid selection pressure on Pfdhfrand Pfdhps resistant
parasites. Ongoing monitoring of these mutations for their
prevalence and therapeutic efficacy of the AS+SP
combination should be done routinely for effective policies
in the country. Though SP failure may not be rampant in
India (except the North- eastern states and Nicobar Islands)
but the rate at which the the mutations are increasing could
lead to SP treatment failure as reported elsewhere.

The present study was carried out to evaluate the prevalence
of polymorphism of point mutations at position 16, 51, 59,
108 and 164 of Pfdhfr and at positions 436, 437, 540, 581
and 613 of Pfdhpsgenes in preserved blood samples of
patients with confirmed P. falciparummonoinfection, who
were treated with SP only, in 2010, in Kolkata, West Bengal
before introduction of ACT in West Bengal, India. This
study may be used to assess the usefulness of these
molecular marker in determining the future trends of SP
resistance.

Objectives

The present study was designed with following objectives:

= The prevalence of polymorphism of Pfdhfr and Pfdhps
gene point mutation in preserved blood samples of
patients with confirmed P. falciparum mono infection,
who were treated with SP only in 2010, in Kolkata,
West Bengal.

=  The co-relation of mutantPfdhps and Pfdhrgenes with
in vivo SP resistance.

Methodology

The study was carried out at protozoology section of the
Department of Microbiology, Calcutta School of Tropical
Medicine [CSTM].

Study Population

W.H.O. now recommends use of ACT for the treatment of
uncomplicated P. falciparum malaria. As SP monotherapy is
no longer in use for falciparum malaria treatment, blood
samples of patients with confirmed P.
falciparummonoinfection, who attended the malaria clinics,
of CSTM during July to December 2010 and who met the
W.H.O. inclusion criteria and were treated with SP only,
were kept preserved in EDTA vials at -20°C in protozoology
section of CSTM were used for this study.

Inclusion criteria

1. Age group >6 months.

2. Mono-infection with P. falciparum detected by
microscopy.

3. Asexual parasite count of 2000 - 200,000/microliter in
areas of high transmission and 1000 -
100,000/microliter in areas of low to moderate
transmission.

4. Axillary temperature > 37.5 or history of fever during
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the 24 hour before recruitment.

5. Absence of of general danger signs in children under 5
years or signs of severe falciparum malaria according to
the definitions of W.H.O. (2000).

6. Absence of severe malnutrition according to W.H.O.
Child growth standards (W.H.O., 2006).

7. Absence of febrile condition due to diseases other than
malaria (e.g. Measles, acute lower respiratory tract
infection, severe diarrhea with dehydration) or other
known underlying chronic or severe diseases (e.g.
Cardiac, renal or hepatic diseases, HIV/AIDS).

8. Absence of regular medication,which might interfere
with antimalarial pharmacokinetics.

9. Absence of history of hypersensitivity reactions or
contraindication to any medicine tested or used as an
alternative treatment.

Exclusion criteria

1. Patients who did not comply with the complete SP
treatment as per records.

2. The blood samples which got
contaminated during preservation.

degenerated/

Sample Size

From the 100 preserved blood samples of the patients
fulfilling the above criteria, 50 samples were selected
randomly using the random number table.

The definite study end point (as per W.H.0.2009 protocol)
like “adequate clinical and parasitological response
(ACPR)”, “early treatment failure (ETF)”, “late clinical
failure (LCF)” and “late parasitological failure (LPF)”, “loss
to follow up”, “withdrawal from study” and “protocol
violation” was noted as per records.

a. Early treatment failure (ETF) if the patient develops
one of the four conditions during first three days of
follow up:

1. Development of danger signs of severe malaria on
day 1, day 2 or day 3 in the presence of
parasitaemia.

2. Parasitemia on day 2 higher than day 0 count
irrespective of axillary temperature.

3. Parasitaemia on day 3 greater than or equal to 25%
of the count on day 0; and

4. Parasitaemia on day 3 with axillary temperature
>37.5°C

b. Late clinical failure (LCF): Development of danger
signs or severe malaria in the presence of parasittaemia
on any day between day 4 and day 28 in patients who
did not previously meet any of the criteria of early
treatment failure; and Presence of parasitaemia on any
day between day 4 and day 28 with axillary temperature
> 37.5°C in patients who did not previously meet any of
the criteria of early treatment failure.

c. Lateparasitological failure (LPF): Presence of
parasitaemia on any day from day 7 to day 28 and
axillary temperature <37.5°C, without previously
meeting any of the criteria of early treatment failure or
late clinical failure.

d. Adequate clinical and parasitological response
(ACPR): Absence of parasitaemia on day 28
irrespective of axillary temperature without meeting
any of criteria of early treatment failure or late clinical
failure or late parasitological failure.
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e. Loss to follow up: despite all reasonable efforts, an
enrolled patient could not be found. Reasons include
failure to find a patient in the community after he or she
misses a scheduled follow-up visit or moves out of the
study area.

f.  Withdrawal from study: A study patient (or a study
patient’s parent or guardian) who decides not to
participate any further in the study is referred to as
voluntary withdrawal. An involuntary withdrawal
would be due to development of a concomitant illness
that would interfere with the clear interpretation of
study outcomes.

g. Protocol violation: when a study patient is removed
from the study because of an event that does not allow
for continued accurate interpretation of response to
treatment. Examples include missed treatment dose,
detection of a mixed infection during follow-up, or a
credible report of additional antimalarial drug use
outside the study protocol (such as self-medication).

Study Period
The study was conducted in between April 2016 to March
2017.

Study Design
Descriptive, observational, cross-sectional study.

Study Tools

Preserved blood samples as described earlier, DNA
extraction, PCR augmentation, gene sequencing and DNA
sequence analysis.

Study techniques

This study was conducted at protozoology section of
Department of Microbiology at CSTM, Kolkata, after
obtaining approval from institution ethical committee, from
preserved blood samples. 50 samples of SP treated patients
having P. falciparum mono-infection were
randomlyselected using random number table, out of 100
preserved samples in good condition, collected in June-
December 2010.

DNA Extraction

Genomic DNA of P. falciparum was isolated from 200ul

EDTA blood, that was collected on day 0, using QiaAmp

DNA Mini kit (Qiagen, Hilden, Germany) as per following

procedure.

= 20 ul QIAGEN Protease was pipetted out and poured
into the bottom of a 1.5 ml micro centrifuge tube.

= 200 pl of blood sample was added to the micro
centrifuge tube.

= 200ul Buffer AL was added to the sample. Mixture was
then mixed well by pulse-vortex for 15 sec.

= The mixture was then incubated at 56°C for 10 min.

= After incubation, the 1.5 ml micro centrifuge tube was
briefly centrifuged to remove drops from the inside of
the lid.

= 200 pl ethanol (96-100%) was added to the sample, and
mixed again by pulse-vortex for 15 s. After mixing, the
1.5 ml microcentrifuge tube was briefly centrifuged to
remove drops from the inside of the lid.

= Then the mixture from microcentrifuge tube was
carefully applied to the QlAamp Mini spin column (in a
2 ml collection tube) without wetting the rim. After
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closing the cap, the QlAamp Mini spin column was
centrifuged at 6000 x g (8000 rpm) for 1 min. The
QlAamp Mini spin column was placed in a clean 2 ml
collection tube, and the tube containing the filtrate was
discarded.

= The QIAamp Mini spin column was carefully opened
and 500 pl Buffer AW1 was added without wetting the
rim. After closing the cap, the QlAamp Mini spin
column was centrifuged at 6000 x g (8000 rpm) for 1
min. The QlAamp Mini spin column was placed in a
clean 2 ml collection tube, and the tube containing the
filtrate was discarded.

= The QlAamp Mini spin column carefully opened and
500 pl Buffer AW2 was added without wetting the rim.
After closing the cap, the QlAamp Mini spin column
was centrifuged at full speed (20,000 x g; 14,000 rpm)
for 3 min. The QlAamp Mini spin column was placed
in a clean 2 ml collection tube, and the tube containing
the filtrate was discarded.

= The QIAamp Mini spin column was placed in a clean 2
ml collection tube, and the old tube containing the
filtrate was discarded. The QlAamp Mini spin column
was then centrifuged at full speed (20,000 x g; 14,000
rpm) for 1 min.

=  The QIAamp Mini spin column was then placed in a
clean 1.5 ml micro centrifuge tube, and the collection
tube containing the filtrate was then discarded. After
opening the QIAamp Mini spin column carefully, 200
ul Buffer AE was added without wetting the rim. After
closing the cap, the QlAamp Mini spin column was
incubated at room temperature (15-25°C) for 5 min,
and then centrifuged at 6000 x g (8000 rpm) for 1
min.The 1.5 ml micro centrifuge tube containing
isolated DNA was stored in -20 °C freezer until further
analysis.

PCR Amplification of Pfdhfr and Pfdhps Genes

A portion of Pfdhfrgene spanning codons 16, 51, 59, 108
and 164 and a portion of the Pfdhpsgene spanning codons
436, 437, 540, 581 and 613 will be amplified by two rounds
of PCR using the primers.

Table 1: Primer sequence of Pfdhfr gene

Gene Name Primer Sequence

Primary| F CCAACATTTTCAAGATTGATACATAA

PCR | RACATCGCTAACAGAAATAATTTGA

Pidhfr Nested F GCGACGTTTTCGATATTTATG
PCR | RGATACTCATTTTCATTTATTTCTGGA
Table 2: Primer sequence of Pfdhps gene
Gene Name Primer Sequence
Primary F TTGTTGAACCTAAACGTGCTG
Pdhps PCR R TTGATCCTTGTCTTTCCTCATGT
P Nested | F TTTGAAATGATAAATGAAGGTGCT
PCR R TCCAATTGTGTGATTTGTCCA

PCR Amplification of Pfdhfr Gene

Afragment 720-bp of the Pfdhfrgene in located on
chromosome 4, will be amplified by using oligonucleotide
primer pairs AMP-1 (5 -TTT ATA TTT TCT CCT TTT
TA-3) and AMP-2 (5-CAT TTT ATT ATT CGT TTT CT-
3). PCR amplification was carried out in a final volume of
50ul which include 5ul of genomic DNA as template. The
reaction mixture contained PCR buffer, 0.2mM dNTPs, 2.5
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mM Mgcly, 0.3 uM of each of the primer and 1.5U of
AmpliTag polymerase (Perkin Elmer, Branchburg, NJ,
USA). The cycling parameters used are as follows:
denaturation at 94°C for 30 s, annealing at 45°C for 45 s,
and extension at 72°C for 45 s. A total of 45 cycles are
carried out.

PCR Amplification of Pfdhps Gene
The Pfdhpsgene is located on chromosome 8. For
amplification of dhps, a primary PCR were performed to
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amplify a 1,287-bp fragment of P. falciparum DNA by
using primers M3717F (5_-CCATTC CTC ATG TGT ATA
CAA CAC-3) and 186R (5-GTT TAA TCA CAT GTT
TGC ACT TTC-3). Forty-five cycles are performed under
the following conditions: denaturation at 94°C for 30 s,
annealing at 55°C for 45 s, and extension at 72°C for 90 s.
A final extension will be performed at 72°C for 30 min for
detection of the nucleotides at codons S436F/A, A437G,
K540E, A581G, and A613S/T (Wang et al.,1997)(",

Table 3: PCR Amplification Profile

Target Gene Denaturation Annealing Elongation Cycle No.
Pfdhfr (primary) 94°C (30sec) 450C (45sec) 22°C (45sec) 45
Pfdhps (primary) 94°C (30sec) 54°C (30sec) 72°C (90sec) 40

Nested (Pfdhfr/Pfdhps) | 94°C (30sec) 57°C (30sec) 72°C (90sec) 40

Sequencing of PCR Products
The quality and concentration of PCR products for each
sample were ascertained by agarose gel electrophoresis. 3%
agarose was used. Agarose powder was dissolved in 1x
TBE buffer by heating up the mixture in microwave until
boiling and all agarose particles are dissolved. Then 5 pl of
ethidium bromide was added in to the conical flask. The
dissolved agarose was then cooled to 50°C and poured in the
gel casting mould. The cast gel was then allowed to set for
30 minutes at room temperature before removing the well
forming combs. The gel plate was placed in the tank and
covered with TAE. Then pre run (blank running) of gel was
done to remove any obstacle in the groove of gel. Then the
PCR products were loaded in to the gel groove using
pipette. A DNA ladder of 100 base pair up to 1000 base pair
was loaded in the corner grooves. Then gel was run and
visualized under UV illumination and documented by Gel-
Doc system. In gel electrophoresis 5 pl of the PCR products
were loaded for visualization of the PCR products and
remaining 45 pl samples were used for sequencing.The PCR
products are 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 Big Dye terminator 3.1
(Applied Biosystems) with forward primer of the respective
PCR products the sequencing protocol is as follows -
= DNA Preparation: Automated sequencing requires
high -quality DNA. Sequencing directly from PCR
products is also possible if the quality and quantity are
sufficiently high. PCR products were purified using
Qiagen QIAquick PCR Purification Kit (Qiagen,
Hilden, Germany), in accordance with the
manufacturer’s instructions.
= Primer Design: The length and sequence of a primer

determines its melting temperature and specificity. ®
Most recommendations are for primer lengths of 18-25 @
bp and GC content between 40-60%. There should also @

be no runs of a single nucleotide greater than 3 within

the primer. The primer should also be checked for >
potential self-annealing or hairpin formation, especially »
at its 3’ end. We used the former primer of the 1)

respective gene to sequence the PCR products.
= DNA Quantity: The quantity ofPCR product needed
varies with the size of the fragment. The amount of the

DNA required for the sequencing reaction according to 3)

the PCR product size, is as follows-

Table 4: Amount of DNA Required According to PCR Product

size
PCR size (in bp) Amount of DNA (in ng)
150-250 25-40
250-500 40-70
500-700 70-90
700-900 90-110
900-1200 110-140

= Sequencing Reaction: Sequencing reactions were
performed using ABI Big Dye Terminator V.3.1
chemistries. Because of the increased sensitivity of the
new platform the recommended dilution for the
terminator reaction kit as indicated in the table below.
The manufacturer supplies the dilution buffer needed.

Table 5: Sequencing Reaction Mixture

ABI 1/2Rxn 1/4Rxn 1/8Rxn
Terminator Chemistry (2.5X) 4 ul 2ul 1l
5X Dilution Buffer 2 ul 3ul 3.5 ul
Primer 3.2 pMoles|3.2 pMoles|3.2 pMoles
DNA
H20
Rxn Total 20 pul 20 pul 20 pul

For ABI chemistry, program the thermo cycler as below:
* Inital denaturation of 96°C for 1 min

= 25 cycles of:96°C 10sec; 50°C 5sec& 60°C 4min

= Followed by a 4C hold until ready to purify

After the thermo cycler has finished, samples were stored at
-20°C in the dark or taken immediately to Terminator
Removal.

Terminator Removal & Sample preparation
Best sequencing results are obtained when excess dye
terminators are removed prior to electrophoresis.

Hot SDS Treatment

2.2% SDS in deionized waterwas prepared.

An appropiate amount of the 2.2% SDS solution was added
to each sample to bring the final SDS concentration to 0.2%.
Tubes were sealed and mix thoroughly.

The tubes were heated to 98°C for 5 min and then allowed to
cool to ambient temperature before proceeding to the next
step.
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= Dye Terminator Removal: The unincorporated dye
terminators were removed by using Edge Bio systems
Performa DTR Gel Filtration Cartridges, including
precolumn SDS treatment.

= After terminator removal purified samples were
transferred

Sequence Analysis

The sequences will be analyzed using the software BioEdit
Sequence Alignment Editor version 7.0.5.2. The sequences
will be then aligned using the online multiple sequence
alignment  tool  Clustalwv  (available at:  http:
Iiwww.ebi.ac.uk/clustalw). The amino acid sequences were
compared with the wild type amino-acid sequences
(GenBank accession numbers, XM_001351443 for
Pfdhfrgene, and 230654 for Pfdhpsgene).

Plan for Analysis of Data

Out of 50 randomly selected stored blood samples of SP
treated patients, the prevalence of mutations at various
codons of Pfdhpsand Pfdhfpsgenes were recorded and
tabulated. The various two locus mutations in the genes
were noted and the associated resistance level was tried to
understood, as described in earlier field studies.

Results & Discussion

This study was conducted with preserved blood samples not
with patients, so demographic data of age sex were as per
records preserved.

The DNA from 50 samples were PCR amplified and
sequenced for Pfdhps and Pfdhfrgene. Out of these 50
samples, PCR was successfully done for both genes in only
45 samples. (n=45).

As per records, subjects were divided into three age groups,
0-5 years, 5-15 years and >15 years (adults). In total
samples, 1 subject (2%) was in 5-15 years age group, 44
(98%) subjects, were adults and no subjects in 0-5 years age
group. Out of 50 samples, 30 (60%) were males and 20
(40%) were females.

Out of the 45 samples, 5 were recorded to have treatment
failure with SP monotherapy (11%), while the rest were
found to have ACPR. Of the 5 treatment failure cases, 4
were found to be LCF and only one as LPF. None of the
sample was recorded as ETF.

BACPR
WETF

CILCF
COLPY

Chart 1: Response to SP Treatment

After sequencing, the results were analysed for mutations in
five codons of the Pfdhfrgene (A16V, N51I, C59R,
S108N/T, and 1164L) and five codons of the Pfdhpsgene
(S436A/F, A437G, K540E, A581G, and A613S/T) to know
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the prevalence of mutated haplotypes of both gene in this
region.

Mutations of PfdhfrGene

In Pfdhfrgene the most common mutant codon was found to
be S108N (93.33%) followed by C59R mutation (91.11).
Mutant allele for N511 was 6.67% and for 1164L was
8.89%. None of the isolates showed mutant allele at position
16 of Pfdhfr gene in our study. Also there was no S108T
mutation.

Table 6: Mutations of PfdhfrGene

Codon Position | 16 51 59 108 164
Allele (W/M)  [45]0[42] 3 [5] 40 [3] 42 [41] 4
% Mutation 0 6.67| |8.89| |93.3 8.89

1000 =

600 —» U S W S 600

Gel picture of nested PCR of p/falhfrgene showing bands at 600 bp

Fig 2

Our study found, six different haplotypes of Pfdhfrgene.
The wild type haplotype ANCSI was seen in 2 cases
(4.44%). Among them, A16Ns1Rs9N108l164 Was the the most
prevalent (73%) (Mutated amino acids are red coloured).
Prevalence of single mutant ANCNI and ANRSI was 4.44%
and 2.22% respectively. Triple mutant haplotypes were of
two varieties ANRNL (8.89%) and AIRNI (6.67%). No
quadruple mutant genotype was found in Pfdhfrgene of any
isolate.

Table 7: Frequency of Pfdhfr Haplotypes

Haplotypes of | ANCSI (wild
Pfdhfr type) IANCNIANRNIANRNLAIRNI
Total no. 3 2 33 4 3
% 6.67 4.44 | 73.33 | 8.89 | 6.67
Mutations of Pfdhps Gene

In case of Pfdhps gene wild type allele (SAKAA) were
predominant at all codons. Mutation was found to be most
common at position 437 where A replaces G (60%). This is
followed by by mutation at K540E (31.11%). The
prevalence of mutation at positions S436A and A581G were
17.78% and 13.33% respectively. None of the isolates
showed any mutation at position 613. Also no S436F
mutation was found in this study.

Seven different Pfdhps haplotypes were recorded, of which
the wild variety SissAs37Ksa0As81A s13Was the most prevalent
one, being 35.56% of total isolates. Among the mutant
variety, there were two single mutant haplotypes SGKAA
(17.78%) and SAEAA (4.44%). Prevalence of double
mutant variety SGKGA and SGEAA were 13.33% and
8.89% respectively. Only one variant of triple mutant
haplotype A36Ga37Ess0As81As1s was  found with a
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dominating presence of (17.78%). None of the isolates were
found to be a quadruple mutant.

1000 w—p
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-
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Gel picture of nested PCR of pfdfips gene showing bands at 758 bp.

Fig 3
Table 8: Mutations in Pfdhps Gene

Codon position 436 | 437 | 540 581 | 613
Allele(W/M) 37 [8]18]27[31]14] 39 [6]45]0
% mutation 17.78 | 60 [31.11]1333] 0

Table 9: Frequency of Pfdhps Haplotypes
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four different combinations here with majority carrying a
two point mutation in each of Pfdhfr and Pfdhpsgenes (8 out
of 10). Only 2 isolates carried a triple mutated allele for
Pfdhfrand only a single mutation for Pfdhps.

We also found quintuple mutations in 20% cases while only
one of them had a triple muation in Pfdhr gene rest all had a
triple mutation in Pfdhpsgene with a double mutation of
Pfdhfr gene.

It was seen that all the resistant samples had either
quadruple or quintuple mutation. Of the 4 LCF cases, 3 had
that the same triple mutant variant ofPfdhfrgenotype
(ANRNL) with either a single or a double mutant variant of
Pfdhps. The lone LPF sample was found to have a double
mutant variant of Pfdhfrgene (ANRNI) and a triple mutant
variant of Pfdhps (AGEAA).

Table 11: Dstribution of Mutations

Total no off , . . . . sextuple
mutations \Wild(0)singledoubleftriplequadruplequintuple or more
(n) 1 3 10 | 11 10 9 0
% 2.22 |6.67|22.22 24.44] 22.22 20 0

Haglfc:jtggse OfSAKAASG KAASAEAASGKGASGEAAAGEAA
Total no 16 9 2 6 4 8
% 35.56 20 444 | 1333 | 8.89 | 17.78

Pfdhfr-Pfdhps Two locus combined Mutation Analysis

Table 10: Frequency of Pfdhfr/Pfdhps Combined Haplotype

Pfdhfr/Pfdhps allele Total no.

Haplotype combinagons ) Percentage
Wild type ANCSI/SAKAA 1 2.22
Single mutant ANCSI/SGKAA 1 2.22
ANCNI/SAKAA 2 4.44
Double mutant ANCSI/SGKGA 1 2.22

ANRNI/SAKAA 9 20

ANRNI/SGKAA 6 13.33
Triple mutant ANRNI/SAEAA 1 2.22
AIRNI/SAKAA 3 6.67
ANRNL/SAKAA 1 2.22
ANRNI/SGKGA 5 33.33
Quadruple ANRNI/SGEAA 3 6.67
mutant ANRNL/SAEAA 1 2.22
ANRNL/SGKAA 1 2.22
Quintuple ANRNL/SGEAA 1 2.22
mutant ANRNI/AGEAA 8 17.78

Wild type two locus haplotype (ANCSI/SAKAA) was
observed in a single isolate (2.22%). Also 33.33% isolates
had only mutation in Pfdhfrgene with wild type Pfdhps
combination. There were two different types of single
mutated two locus combinations ANCNI/SAKAA and
ANCSI/SGKAA which were present in 4.44% and 2.22% of
isolates respectively. Two type of double mutation
combination was seen as ANRNI/SAKAA (20%) and
ANCSI/SGKGA (2.22%).

For triple mutation four different combinations were seen.
Out of these majority had a double Pfdhfrmutation and a
single Pfdhps mutation (7 out of 11). While in 8.89% cases
there was a triply mutated Pfdhfr gene with a wild variant
Pfdhps gene.

Quadruple mutation was seen in 22.22% cases. There were

Discussion

High prevalence of malaria and significant mortality and
morbidity attached to it, has made epidemiology of malaria
a subject of continuous investigation. Moreover control of
drug resistant P. falciparummalaria has become a
challenging task globally.

With the increasing incidence of resistance of falciparum
malaria to Artemisnin and its derivatives in India as well as
S.E. Asia, it is important to closely monitor the
epidemiology and dynamics of the drug resistant P.
falciparum 1% 1112 Availability of easy and rapid molecular
markers would greatly facilitate this process and will allow
overcoming difficulties in the use of traditional methods for
characterizing anti-malarial drug resistance.

Various studies from the past have identified Pfdhfrand
Pfdhps gene as molecular markers to be associated with
anti-folate drug resistance. Several reports on in vitro drug
assays and clinical therapeutic assessment generally agrees
with this hypothesis suggesting that genotyping of
molecular marker may provide valuable information about
trends of SP resistance in falciparum malaria [*3 14 151,

My study was based on the use of PCR based molecular
diagnostic tests to characterize mutations in Pfdhps and
Pfdhfrgenes of P. falciparumisolates collected from the
blood samples of patient’s with falciparum monoinfection
on SP treatment from Kolkata.

Pyrimethamine inhibits the dihydrofolate reductase enzyme
of P. falciparumwhich is involved in folate biosynthesis
pathway. We studied point mutations at codon position 16,
51, 59, 108 and 164 of Pfdhfrgene.

This study found that majority of the isolates (93.33%) had
mutation at position 108 were Serine was replaced by
Asparagine (S108N).

All previous studies done in relation to Pfdhfr gene from
India and around the world has shown a similar high
prevalence of mutation in malaria endemic areas with SP in
use (60,100). Infact, the highly endemic areas of world like
African countries, Thailand, Malaysia and some parts of
India (N-E India and Nicobar islands) have almost 100%
mutation at this particular position (59, 61). It has also been
hypothesized that S108N is the first step in the drug
resistance selection process and that it causes upto 100 fold
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decrease in sensitivity of parasite to Pyrimethamine.

The prevalence of mutation at position 59 where Cysetine is
replaced by Arginine (C59R) closely follows S108N being
8.89% of the total isolates.

These two mutations are the key mutations in Pfdhfr
sequence. Any other mutation which would lead to
resistance, must be associated with them [6. 171,

In this study, we did not get even a single isolate with
Al16V and S108T mutations. This correlates with other
studies done from Indian subcontinent which have similar
findings from other regions. The above two mutations are
assumed to provide resistance against Cycloguanil more
than SP. So the absence of these two mutations corborates
with the fact that Cycloguanil is not being used in india as a
first line of treatment and so no associated drug selection
pressure [181,

In this study we found another two point mutations inPfdhfr
gene at positions 51 where asparagine (R) replaces
isoleucine (1)(6.67%) and 164 where isoleucine (1) is
replaced by leucine (L) (8.89%).

The mutation at position 51 is a newly developing mutation.
In fact studies done in multiple states have shown its
presence only in regions with high transmission rate like
Arunchal Pradesh, Assam, Orissa and Nicobar islands. As
location of West Bengal puts it in close vicinity of these
places, our finding relates to it [,

From previous studies, seven different haplotypes for Pfdhfr
gene were found. This study found five of these haplotypes.
All these haplotypes have been reported previously from
India and around the world. We found only 6.67% isolates
with wild type haplotype ANCSI. While there was one
single mutant variant ANCNI (4.44%) which has been
reported from almost all states of India including West
Bengal in previous studies. However, the most common
haplotype of Pfdhfr was ANRNI in our study, which forms
the majority (73.33%). This predominance was also seen in
earlier studies done by Ahmed et al 2004 %1 and Sharma et
al. 2015 2%, Not only this the temporal studies from various
regions have shown a dramatic rise in this double mutant
variant because of constant use of SP for last two decades in
India. A study done by Gatton et al 2004 2! predicts that
the long half-life of SP provides strong, selective pressure
against parasites carrying wild type Pfdhfr gene, potentially
resulting in the rapid decline of the wild type Pfdhfr
genotype in high transmission areas. So, predominance of
this double mutant haplotype shows continuous emergence
of SP resistance at the study site.

In this study, we got two triple mutant haplotypes of Pfdhfr
gene ANRNL (8.89%) and AIRNI (6.67%). Both these
haplotypes have been reported from other states like Orissa,
North eastern part of the country and from studies done in
West Bengal in various frequencies [ 2 21, Studies done in
other endemic countries like Malaysia, Vietnam have also
shown these mutations [*% 241,

The sequence analysis of the isolates of known drug
susceptibility profile have revealed that a single or double
Pfdhfr mutation alone will not cause SP treatment failure
but triple or quadruple mutations will certainly provide a
higher level of drug resistance. Furthermore some studies
have shown that association of 1164L mutation give rise to a
higher level of resistance. So a parasite with triple mutant
ANRNL will be more resistant than the parasite with AIRNI
mutation 25 281 Although a single or double mutant variant
of Pfdhfr will not cause resistance in itself, presence of a
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triple or quadruple mutant is believed to provide various
degrees of resistance independent of Pfdhps haplotype.

The present study also found that the triple mutant variant of
Pfdhfr ANRNL when associated with either a single or
double mutant variant of Pfdhps showed LCF. However,
when ANRNL was combined to wild variant of Pfdhps
(SAKAA), result was ACPR.

However my study did not show any quadruple or quintuple
mutations of Pfdhfr gene. Other studies have shown there
increasing presence in known resistant zones of country like
north eastern states as well as Nicobar Islands 2> 231, The
quadruple mutations are also seen in high frequencies from
countries like Thailand, Vietnam, Tanzania etc where SP
has been withdrawn as first line management due to high
drug failure rate [*5 271,

Previous studies done have shown SP treatment failure rate
below the accepted 10% so our finding corroborates with
others for the study site as there is absence of these resistant
haplotypes present.

My study showed six different haplotypes of Pfdhps gene.
The most common of which is the wild haplotype SAKAA
(35.56%) at positions 436,437,540, 581 and 613
respectively. This predominance is seen in all regions of
India except the Car-Nicobar islands [1% 22 23 281 - Although
there are comparative studies done over a period of time
which have shown that the total percentage of this particular
haplotype is falling. These results also points to the fact that
in two locus mutation of Pfdhfr/Pfdhps gene, mutation first
settled in Pfdhfr followed by Pfdhps gene.

Among the mutated codons, most common is the mutation
is at position 437 where alanine (A) is replaced by glycine
(G). According to Wernsdorfer and Noedl, 2003 % this is
the key point mutation in Pfdhpsgene and additional
mutations appears to increase the degree of resistance. We
found that 60% of our isolates had this point mutation.
Other studies have also got similar results. The next
common point mutation in Pfdhps gene is at position 540
where Lysine (K) is replaced by glutamine (E) (31.11%)
and then at codon 436 where alanine (A) replaces serine (S)
(17.78%). In 13.33% cases alanine (A) is replaced by
glycine (G) at codon 581 but none of these isolates showed
mutation at position 613. This is similar to other findings
done in recent past from this region [2% 2223

After the wild haplotype SAKAA the most common
haplotype in our study for Pfdhpsgene was SGKAA
(20%).There was another single mutated haplotype SAEAA
(4.44 %/) in our study. The presence of this mutation
essentially points to the fact that, though mutation at codon
437 is key mutation, though other mutations can occur in
Pfdhps gene independent of it %, There two double mutated
type of variant SGKGA and SGEAA (13.33% and 8.89%
respectively). Both these haplotypes have been reported in
earlier study done by Kumar et al. 2015 comprising several
states of our country [30]. This haplotype is also common
among isolates from Thailand [16] while the triple mutated
haplotype AGEAA was seen in 17.78% cases. This type of
mutation was previously reported from Orissa, Assam,
Jharkhand as well in some parts of West Bengal. In fact this
was the second most common mutated haplotype of Pfdhps
gene after SGKAA. A recent Kolkata based study also came
to a similar conclusion Y. This study found that when
AGEAA is present with ANRNI variant of Pfdhps resistant
may be present. This was seen in two out of eight such
combination. One of this was LCF while other was LPF.
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As SP is a combination drug, the resistance associated with
it is measured by studying mutations for both the gene locus
(Pfdhfr and Pfdhps) simultaneously. A working hypothesis
has been proposed by many studies done in different
countries to correlate certain mutation at two locus genotype
and its association with in vivo SP resistance. Higher the
number of combined point mutations higher is the
susceptibility of resistance.

In this study, we got fifteen different two locus
combinations for Pfdhfr and Pfdhpsgenes. Only a single
isolate showed wild type haplotype for both the genes. The
commonest mutated form was a double mutant Pfdhfrand
wildPfdhps (ANRNI/SAKAA). This is in fact the most
common finding from all the endemic countries of world
were SP is in use. But this double mutant variant in itself is
not capable of providing resistance. So the previous field
studies done by Ahmed et al 2004 1 had put this combined
haplotype as the S/RI type and predicted them to be on
verge of losing sensitivity to SP. Its high prevalence shows
that the study area may develop resistant strains in future.
The past studies have given a hypothesis that, the initial
resistance to SP does not arise equally from a mutation in
either gene associated with the folate metabolism of P.
falciparum. It is proposed by by various workers that, first
mutations in Pfdhfr gene occurs, and then mutations in
Pfdhps takes place when most parasites in the population
also carry at least a double and usually a triple mutant allele
of Pfdhfr. These triple mutated alleles with or without
mutated Pfdhpsalleles are associated with Rl and RII
resistance of SP. While those with quintuple mutations
(triple Pfdhfr and double Pfdhps or vice-versa) were
categorized as RII/RIII. Parasites with total six mutations
(triple mutations in each gene) were placed in category RIII
(associated with treatment failure) i.e. these parasites will
not be cleared by SP treatment 1531,

In this study we got four different combination of triple
mutation in two locus combination. All the triple mutated
AIRNI haplotype of Pfdhfr were associated with wild type
of Pfdhps haplotype SAKAA in this study. So according to
previous field studies, although level RII/111 category (based
on above mentioned criteria) is assigned to it, this may not
actually result in treatment failure. Similarly ANRNL is also
combined to SAKAA so again, though parasite clearance
would be affected but the outcome is supposed to be ACPR.
Rest two triple mutant haplotypes have same double mutant
Pfdhfr variant (ANRNI) with a single Pfdhpsmutation were
proposed to be in RI category.

Next we got four types of quadruple mutants (22.22%). Two
of these had double mutation in each of the genes
(ANRNI/SGKGA and ANRNI/SGEAA). The first one of
this forms the majority of quadruple mutant (5 out of 10).
While the other two types contained a triple mutant Pfdhfr
gene (ANRNL) and a single mutated Pfdhps haplotypes.
Each of these had a single isolate. Again from the previous
study these mutations were categorized into RIl. Both of
these mutated form were associated with LCF in present
study emphasizing the importance of this triple mutated
variant of Pfdhps gene in evolution of resistance to SP.
Finally, we had nine isolates (20%) with quintuple mutation.
One of them had a triple mutation of Pfdhfr gene and double
mutation of Pfdhpsgene (ANRNL/SGEAA) which was
found to be associated with LCF. While the other eight had
a double mutation of Pfdhfrgene and triple mutation of
Pfdhpsgene (ANRNI/AGEAA). One of them showed LCF
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and one was found to be associated with LPF. Kublin et al.
1998. 32, Had found that such quintuple mutation would
lead to SP treatment failure, but the same was not found to
be true for Indian subcontinent (Ahmed et al. 2004) [,
Other studies from our country have shown that presence of
triple mutation in each of the two genes or more may show
treatment failure. But the incidence of such mutation is
negligible in our country except north eastern states and
Nicobar Islands, where SP treatment as monotherapy as well
as in combination with artemisinin derivatives has already
been inhibited ['® 22 23 281 None of the isolates in our study
showed any such mutation. This correlates with the fact that
parasites from the study sites were not totally resistant to SP
during the period of blood collection. In fact studies done
even after this period from this region have not reported
treatment failure from this region.

So, our study shows, that though there is high prevalence of
mutated alleles in study area, it seems to have not reached a
treatment failure level. Further this high mutation
prevalence may be explained from the fact that SP was
being used for almost twenty years as monotherapy to
combat falciparum malaria. Also the geographic location of
West Bengal places it near high transmission areas like
Orissa and Assam which have shown quintuple and more
mutations in past which are related with higher degrees of
resistance and in vivo will cause treatment failure.

Conclusion

Through this study, we have tried to characterize the
prevalence of mutations in Pfdhfr and Pfdhps genes
associated with SP resistance, from isolates collected in
2010 from Kolkata, before the implementation of ACT. We
found a high prevalence of mutated allele for both the gene
locus (Pfdhfr more than Pfdhps). The absence of quadruple
mutation in either gene or absence of sextuple mutation or
more in combined haplotypes assures that resistance was not
at an alarming level to cause SP treatment failure and so
majority of the cases were found to show ACPR. However,
this high prevalence also points that if the drug pressure
continues to increase ( as SP is being used with ACT), it
will lead to further increase in mutations and will finally
cause treatment failure as has been seen in North Eastern
states of India and many countries of world. Hence an
ongoing monitoring is required to know the prevalence of
these mutations in different regions, so that timely
intervention in drug policy can be done.
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