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Objective To describe India’s National Antimalarial Drug Resistance Monitoring System, measure the efficacy of first-line malaria treatments,
and determine risk factors for treatment failure.

Methods In 2009-2010, prospective studies with 28 days of follow-up were conducted at 25 sentinel sites. Patients infected with Plasmodium
falciparum were given artesunate plus sulfadoxine-pyrimethamine (AS+SP); those infected with P vivax were given chloroguine. Polymerase
chain reaction was used to distinguish post-treatment reinfection from treatment failure. Isolates of P falciparum were checked for dhfr
and dhps mutations.

Findings Overall, 1664 patients were enrolled. Kaplan—-Meier survival analysis showed an efficacy of 98.8% for AS+SP. Most patients with
P falciparum parasitaemia cleared their parasitaemias within 24 hours of treatment initiation, but six, including four with treatment failure,
remained parasitaemic after 72 hours. Double mutants in dhfr were found in 68.4% of the genotyped isolates. Triple or quadruple mutants
in dhfr and mutations in dhps were rare. A daily dose of artesunate of <3 mg per kg of body weight, age of less than 5 years, and fever at
enrolment were associated with an increased risk of treatment failure. Chloroquine remained 100% efficacious and generally cleared P vivax
parasitaemias within 48 hours. Vomiting (seen in 47 patients) was the most common adverse event.

Conclusion India’s National Antimalarial Drug Resistance Monitoring System provides wide coverage. The first-line antimalarials used in
the country remain safe and efficacious. The treatment of malaria in young children and the relative benefits of age- and weight-based
dosing need further exploration.

Abstracts in S5 H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

Resistance to antimalarial drugs in the parasites that cause
malaria is hampering the effective global control of the
disease in humans. Plasmodium falciparum rapidly develops
resistance to new therapies, and the presence in south-eastern
Asia of strains of this parasite that are resistant to many drugs,
including artemisinin, is alarming.'P. vivax can develop
resistance to chloroquine and is innately less susceptible to
antifolate compounds than P. falciparum, and the sensitivity
of the parasite to primaquine during its dormant stages is
difficult to assess.” The long-term public health response to
the problem of antimalarial drug resistance must include a
reduction in drug pressure through a rational approach to
treatment and the creation of a pipeline for the identification
and production of alternative drugs. The routine management
of parasite resistance is based on the monitoring of the
efficacies of current therapies and the subsequent selection
of appropriate treatments based on the data collected. Several
monitoring techniques are used to inform policy-makers,
including in vitro tests of drug sensitivity, pharmacokinetic
studies, investigation of the molecular markers of drug
resistance, and, as the “gold standard”, in vivo trials of
therapeutic efficacy.’

In India the national government has monitored
antimalarial drug resistance over many decades. Although
chloroquine-resistant P. falciparum was first reported near
the India—-Myanmar border in 1973," chloroquine-resistant
P. vivax was unknown in India until 1995, when two cases of
infection with resistant P. vivax were detected in Mumbai.’
In 1978, the National Malaria Eradication Programme (now
the National Vector Borne Disease Control Programme, or
NVBDCP) created six regional monitoring teams.® For many
years, the Malaria Research Centre (now the National Institute
of Malaria Research, or NIMR) and other organizations
supported a wide range of monitoring efforts in addition
to the routine work of these regional teams.” Between 1978
and 2007, at least 380 in vivo trials of chloroquine and/or
sulfadoxine-pyrimethamine for the treatment of P. falciparum
malaria were conducted in India, with involvement of almost
19000 patients.® Worryingly, the median percentage of
cases failing to show an adequate response to sulfadoxine-
pyrimethamine within 28 days of treatment increased
from 7.7% in 1984-1996 to 25.9% in 1997-2007.° Indian
isolates of P. falciparum were also frequently found to carry
mutations in the genes that code for the targets of sulfadoxine
and pyrimethamine: dihydropteroate synthase (dhps)
and dihydrofolate reductase (dhfr), respectively.” In 2005,
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the combination of artesunate with
sulfadoxine-pyrimethamine (AS+SP)
replaced sulfadoxine-pyrimethamine as
the nationally recommended first-line
treatment for P. falciparum malaria in
India.'” While the efficacy of AS+SP,
again measured after 28 days of follow-
up, was found to be high (96-100%) in
nine studies conducted in India between
2005 and 2007, the numbers of cases
investigated were quite small given
the large size of the country.” A major
concern is that, since the efficacy and
lifespan of artemisinin combination
therapies depend largely on the partner
drug, any pre-existing resistance to
sulfadoxine-pyrimethamine could
endanger the new combination.

To address the continued problem
of antimalarial drug resistance in India,
a joint NVBDCP-NIMR surveillance
system - the National Antimalarial
Drug Resistance Monitoring System
- was set up in 2008. This system has
several innovations: (i) only about
50% of the sites are monitored each
year (so that each site is monitored
every 2 years, there is widespread
coverage and information on long-term
trends can be collected); (ii) P. vivax
trials are routinely conducted to
track the emergence of chloroquine
resistance in this species; (iii) blood
smear examinations and data analysis
undergo central quality control;
(iv) routine genotyping is performed
to separate post-treatment reinfections
from any recrudescent infections
resulting from treatment failures;
(v) molecular markers of drug resistance
are genotyped simultaneously; and
(vi) in-vivo trials of drug efficacy
are integrated with supplementary
studies, such as the evaluation of
plasma drug concentrations and other
pharmacokinetic parameters. The
focus of the present study was on the
data collected, nationwide, during the
first 2 years of the new surveillance
system’s operation. These data were
used to evaluate the efficacies of AS+SP
against P. falciparum and of chloroquine
against P. vivax , to determine the
prevalences of several molecular
markers of sulfadoxine-pyrimethamine
resistance in P. falciparum (and so
assess, independently, the probable
efficacy of the “partner drug” in the
artemisinin combination therapy) and
to determine the clinical, demographic
and/or parasite-related risk factors for
treatment failure.
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Methods
Study sites and subjects

Through its extensive surveillance system,
which screens more than 100 million
people in India for malaria each year,
the NVBDCP identified 1.6 million
malaria cases in 2009 and 2010."
In 2008, during an annual review of
data on antimalarial drug resistance,
the NIMR and NVBDCP selected 25
sentinel sites for the routine monitoring
of such resistance: 24 districts (each
with a population of 1 to 4 million)
and one city (Appendix A, available at:
http://mrcindia.org/appendix_a.pdf).
These sites were purposively selected to
provide a representative “cross-section”
of transmission intensities, malaria
ecotypes and geographical regions.
Open-label, single-arm prospective
studies have since been conducted in
each of the sites in accordance with the
World Health Organization (WHO)
2009 protocol for a therapeutic efficacy
trial with a target sample size of at least
50 patients per site.’” Patients with
P. falciparum monoinfection (500-
100000 asexual parasites per pl of blood)
or P. vivax monoinfection (> 250 asexual
parasites per ul) and either current fever
(i.e. an axillary temperature of >37.5 °C)
or a history of fever over the preceding
24 hours were enrolled in these studies.
Pregnant or lactating women, children
weighing <5 kg, patients with signs of
severe malaria, adults who declined to
give informed consent and children with
legal guardians who declined to give
consent were all excluded.

Data collection, treatment and
follow-up

At enrolment (i.e. on “day 07), a
complete medical history (i.e. presenting
symptoms, current medications and
previous antimalarial drug use) was
recorded for each patient. Female
patients of child-bearing age were tested
for pregnancy. A pre-treatment blood
sample was collected from each eligible
patient and used to make thick and thin
smears and dried blood spots on filter
paper. Patients were then given doses of
an antimalarial drug according to their
age, as recommended in the national
drug policy."” Patients infected with
P. falciparum were given AS+SP (the
recommended dose is 4 mg artesunate
per kg of body weight, given daily for
3 days, plus a single dose of sulfadoxine-
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pyrimethamine that is equivalent to
25 mg sulfadoxine per kg and 1.25 mg
pyrimethamine per kg). Patients infected
with P, vivax received chloroquine for
3 days (the total recommended dose
is 25 mg mg per kg, given over 3 days)
and then, after completing the 28 days
of follow-up, primaquine for 14 days
(the recommended daily dose is 0.25 mg
per kg). The drug doses administered,
which were based on age rather than
body weight, may not have matched the
recommended doses. The drug tablets
used were quality-assured and obtained
via the relevant state government. The
intake of each treatment dose was
observed, and patients who vomited
within 30 minutes of a dose were
retreated with the same drug and dose.
Patients who did not complete treatment
were withdrawn from the study. Patients
were followed up on days 1, 2, 3, 7, 14,
21 and 28 in the clinics where they
were treated, their residences or places
of work. Patients were recommended
to return to a clinic at any time if they
experienced fever or other symptoms.
At each follow-up visit, each patient was
given a physical examination and a fresh
sample of blood was collected and used
to make both dried blood spots on filter
paper and smears on a microscope slide.

Laboratory procedures

Each blood sample was used to make a
thick and a thin smear on a single slide.
The smears were Giemsa-stained. The
level of parasitaemia (i.e. the number
of asexual parasites per pl of blood) was
determined from the thick smears by
counting the asexual parasites against
200 leukocytes and assuming that each
patient had 8000 leukocytes per pl of
blood. Slides were declared negative if
no parasites were detected in 100 high-
power fields. Technicians with more
than 10 years” experience rechecked the
smears from all patients with treatment
failure, plus a 10% random sample of
all other smears from each sentinel
site, at the NIMR’s central quality
control unit in New Delhi. Whenever
parasitaemia was detected in a patient
who had previously been found to be
aparasitaemic, the malaria parasites in
that patient’s dried blood samples from
day 0 and from the day of apparent
recrudescence were genotyped by
polymerase chain reaction (PCR) to
enable post-treatment reinfection to be
distinguished from treatment failure."”
The dried day-0 blood samples from
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Fig. 1. Flowchart for patient recruitment and follow-up in the efficacy trials within
India’s National Antimalarial Drug Resistance Monitoring System, 2009-2010

1733 patients recruited

33 patients did not satisfy all inclusion criteria

(six were infected with a different Plasmodium
species, two had mixed infections, two lacked asexual
parasitaemia, 22 had parasitaemias that were too low
or too high, and one was pregnant)

\/

1664 eligible patients enrolled
(1454 infected only with P, falciparum and 210
infected only with P vivax)

\

30 patients excluded because of laboratory errors
(23 found aparasitaemic during QC, seven lacking
day-0 smears)

Six patients withdrew from study

40 more patients withdrew from study
(four because of other illness and three to seek

1579 patients completed follow-up
(1394 treated for P falciparum
and 185 for P vivax)

"7 | treatment elsewhere)

45 other patients lost to follow-up

;

27 possible treatment failures
(three classified as ETF,
17 as LPF and seven as LCF)

v

17 confirmed treatment failures
(plus two post-treatment re-infections, seven
post-treatment infections with P vivax,
and one genotyping failure)

'

1552 patients successfully treated
(1367 for P falciparum
and 185 for P vivax)

ETF, early treatment failure; LCF, late clinical failure; LPF, late parasitological failure; QC, quality control.

patients who failed treatment and from
25% of other patients selected at random
were also checked for mutations in dhfr
(atcodons 51,59, 108 and 164) and dhps
(at codons 436, 437 and 540), using the
primers described earlier."

Trial end-points

Primary study end-points were classified
according to the standard criteria defined
in WHO’s current guidelines.'” Parasite
clearance intervals (categorized as < 24,
>24 to 48, >48 to 72 or >72 hours)
were used as a secondary end-point,
with an interval of >72 hours used as
the indicator of risk in the analysis of
risk factors.

Data analysis

Patient and demographic factors that
could be associated with treatment
failure were investigated. Using the
body weights recorded on day 0, the
doses of artesunate given to patients
with P. falciparum were categorized
as being >87.5%, <87.5% to 75% and
<75% of the recommended dose per kg.
Kaplan-Meier survival analyses of
treatment failure and parasite clearance
were conducted with and without
including the results of the PCR-based
identification of the parasitaemias
that resulted from post-treatment
reinfection. Log-risk models were
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used to evaluate the univariate and
multivariate associations observed
between risk factors and end-points.
Multivariate analysis was based on full
models that included age, geographical
area, sex, fever at enrolment, level of
parasitaemia at enrolment, infection
with a parasite that harboured any of
the investigated mutations in dhfr or
dhps, and artesunate dose, as well as the
interactions between age and artesunate
dose, age and level of parasitaemia on
enrolment, and between presence of
mutations and level of parasitaemia
on enrolment. A strategy of backward
elimination was followed in which
P-values of <0.10 and <0.15 were used,
respectively, as the cut-offs in eliminating
individual factors and interaction terms
as statistically significant risk factors
for treatment failure. To account for
the clustering of data by study site,
clustered robust standard errors were
used in the multivariate models. All data
analysis was performed using version
7.2 of a software package developed by
WHO’s Global Malaria Programme for
evaluating therapeutic efficacy (WHO,
Geneva, Switzerland) or Stata version 10
(StataCorp. LP, College Station, United
States of America).

Ethics

Informed, written consent was obtained
from each adult enrolled and from a
legal guardian of each child enrolled.
The study protocol was approved by the
Government of India’s Ministry of Health
and Family Welfare and by the Ethics
Committee of the National Institute of
Malaria Research in New Delhi.

Results

Patient enrolment and
characteristics

Overall, 1733 patients were enrolled:
895 patients were from 13 sentinel
sites between June 2009 and January
2010; 838 were from the 12 other sites,
between June 2010 and December
2010 (Fig. 1). Some of these patients
subsequently withdrew their consent or
were found not to satisfy the inclusion
criteria. This left 1664 eligible patients,
1579 (94.8%) of whom completed the
28 days of follow-up (Fig. 1). Most of
the patients investigated were men who
were febrile at the time of enrolment
(Table 1). A history of fever was nearly
universal but the intake of antimalarial
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Table 1. Characteristics of malaria patients enrolled in studies conducted under India’s
National Antimalarial Drug Resistance Monitoring System, 2009-2010

Characteristic

No. (%) of patients infected

Plasmodium Plasmodium
falciparum vivax
Area
Central 829 (57.0) 0
Western 391 (26.9) 55(26.2)
North-eastern 234 (16.1) 0
Southern 0 155 (73.8)
Season
Monsoon 415 (28.5) 115 (54.8)
Post-monsoon 645 (44.4) 95 (45.2)
Winter 394 (27.1)
Sex
Male 835 (57.4) 172 (81.9)
Female 619 (42.6) 38(18.1)
Age (years)
<1 2(0.1) 0
1-4 120 (8.3) 2(1.0)
5-9 290 (19.9) 14 (6.7)
10-14 252 (17.3) 18 (8.6)
15-49 689 (47.4) 154 (73.3)
>50 101 (7.0) 22 (10.4)
Parasitaemia (asexual parasites/pl)*
<1000 14 (1.0) 10 (4.8)
1000-4999 548 (37.7) 69 (32.9)
5000-9999 251(17.3) 42 (20.0)
10000-49999 526 (36.2) 83(39.5)
>50000 115(7.8) 6(2.8)
Febrile (=37.5 °C)
No 451(31.0) 63 (30.1)
Yes 1003 (69.0) 146 (69.9)
History of fever
No 31 (2.1) 4(19)
Yes 1423 (97.9) 206 (98.1)
Previous antimalarial drug intake®
No 1428 (98.2) 207 (98.6)
Yes 9(0.6) 0(0.0)
Unknown 17 (1.2) 3(1.4)

2 At enrolment, before treatment.

®No data were available for 25 patients enrolled at one sentinel site.

drugs in the previous week was rare.
The geometric mean of the level of
asexual parasitaemia on day 0 was 7975
parasites per pl (range: 560-99707) for
P, falciparum and 7133 parasites per pl
(range: 378-123317) for P. vivax .

Plasmodium falciparum
Primary and secondary end-points

Of the 1394 patients infected with
P, falciparum who completed follow-up
(Table 2), 27 were initially categorized
as treatment failures. However, when
parasites in paired dried blood spots
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from these 27 patients were genotyped
by PCR, only 17 (63%) of the patients
were confirmed as treatment failures.
Of the other 10 patients, 7 were found
to have developed P. vivax parasitaemia
during follow-up, 2 were found to
have P. falciparum reinfection on
day 28, and one had an untypeable
P. falciparum parasitaemia on day 28.
The 17 patients who were confirmed
to have failed AS+SP treatment came
from 10 different sentinel sites. Two
early treatment failures occurred in
Betul district (Madhya Pradesh); both
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patients had parasitaemia and fever
on day 3. Another occurred in Angul
(Odisha) in a patient whose level of
parasitaemia on day 3 was more than
25% higher than on day 0. In Gadchiroli
district (Maharashtra), five patients
failed treatment on day 7. The crude and
PCR-corrected Kaplan—-Meier survival
estimates were 98.6% (95% confidence
interval, CI: 97.8-99.1) and 98.8% (95%
CI: 98.1-99.3), respectively (Fig. 2).
Among the 25 sentinel sites, the PCR-
corrected survival estimates varied from
93.8% to 100% (Appendix A). In general,
the P. falciparum patients treated with
AS+SP cleared their parasitaemias
rapidly; 62% were aparasitaemic within
24 hours of the first dose (Table 3).
Overall, 0.7% (6 0f 873), 1.3% (5 of 384)
and 1.3% (2 of 154) of the patients who
showed parasite clearance intervals of
<24 hours, >24 to 48 hours and >48 to
72 hours, respectively, were identified as
treatment failures. Six patients infected
with P. falciparum (including four from
Betul) did not clear their parasitaemias
within 72 hours. Four (67%) of them
were identified as treatment failures
(including three early treatment
failures), whereas the other two achieved
cure. In general, the AS+SP treatment
was well tolerated. The most common
adverse events reported during follow-
up were vomiting, fever and jaundice,
which were seen in 46 patients, three
patients and one patient, respectively

Molecular markers of drug resistance

Allbut 31 of the 373 P. falciparum isolates
genotyped for dhfr were successfully
amplified. Single (n=65) and double
mutations (n=234) in this gene were
common. The most frequent haplotype
was the double mutant 108/59, followed
by single mutant 108 (Appendix A). In
terms of the dhfr codons investigated,
only 10 isolates were identified as triple
mutants and only one was found to be
a quadruple mutant. The typing of dhps
proved more difficult and was only
successful for 261 of the 373 isolates
investigated. Mutations in dhps were
only detected in six (2.3%) of the isolates
that were successfully investigated; five
isolates carried single mutations and
one carried a double mutation, with a
predominance of mutations in codon
437. When the day-0 samples from the
17 confirmed treatment failures were
investigated, one sample did not amplify,
12 samples were found to be dhfr double
mutants, four were found to be dhfr
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Table 2. Treatment outcomes among eligible malaria patients in studies conducted
under India’s National Antimalarial Drug Resistance Monitoring System,

2009-2010
Outcome after 28 days No. (%) of patients infected
Plasmodium Plasmodium
falciparum vivax
Primary classification
Adequate clinical and parasitological response? 1367 (94.0) 185 (88.1)
Early treatment failure® 3(0.2) 0(0.0)
Late clinical failure® 7(0.5) 0(0.0)
Late parasitological failure? 17(1.2) 0(0.0)
Lost to follow-up 33(23) 12 (5.7)
Withdrawal after day O 27 (1.8) 13 (6.2)
PCR-corrected results
Recrudescence 17 (63.0) -
Reinfection 2(7.4) -
Infection with other species 7 (25.9) -
Unknown 1(3.7) -
Parasite clearance interval (h)
<24 873 (61.6) 20 (10.5)
> 241048 384 (27.1) 88 (45.8)
>48t072 154 (10.9) 78 (40.6)
>72 6 (04) 6(.1)

PCR, polymerase chain reaction.

¢ Absence of parasitaemia on day 28 without previous criteria for failure.

® Marked by the following, alone or in combination: danger signs for severe malaria on days 1, 2 or 3 in the
presence of parasitaemia; parasitaemia level on day 2 higher than on day 0; parasitaemia level on day 3
more than 25% higher than on day 0; parasitaemia on day 3 plus fever.

¢ Danger signs for severe malaria and/or fever plus parasitaemia from day 4 to day 28.

9 Parasitaemia from day 7 to day 28 even if patient afebrile.

single mutants and 16 were found to be

wild-type for dhps.

Predictors of treatment failure and parasite
clearance interval

In both the univariate (Appendix A) and
multivariate analyses (Table 3), an age of
<5 years (relative to an age of > 15 years)
and a daily dose of artesunate of either
<3 or 3 to <3.5 mg per kg (relative to
higher doses) were each significantly
associated with treatment failure. In the
multivariate analysis, fever at enrolment
was also positively and significantly
associated with treatment failure
(Table 3). The risk of failure increased
as the dose of artesunate decreased.
A day-0 level of parasitaemia >5000
asexual parasites per pl was associated
with a reduced risk of treatment failure.
No association was detected between
infection with parasites harbouring
three or more mutations in the genes
investigated (i.e. dhfr and dhps) and
failure of AS+SP treatment. There were
insufficient observations to determine
the risk factors for a parasite clearance
interval of >72 hours.

Plasmodium vivax

In three trials involving a total of
185 patients infected with P. vivax ,
chloroquine had 100% efficacy, although,
compared with the patients infected
with P, falciparum, larger percentages
of the patients infected with P. vivax
withdrew from the study or were lost to
follow-up (Table 1). Most (56.2%) of the
patients infected with P. vivax cleared
their parasitaemias within 48 hours of
the first dose of chloroquine (Fig. 3). The
parasitaemias in six patients persisted
for >72 hours, without any concurrent
symptoms, but cleared by day 7 of
follow-up. Chloroquine treatment was
well tolerated, with just one case each of
gastritis, stomatitis and vomiting.

Discussion

India’s National Antimalarial Drug
Resistance Monitoring System recruited
1733 patients and completed therapeutic
efficacy trials in 25 sites across India
during its first 2 years. The results
indicate that the first-line therapies
for P. falciparum malaria and P. vivax
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malaria recommended by the national
antimalarial drug policy (i.e. AS+SP
and chloroquine, respectively) remain
efficacious. The 28-day efficacy of
AS+SP for the treatment of P. falciparum
infection, for example, was found to
be >98%. Although AS+SP treatment
failures and parasitaemias showing
prolonged clearance intervals after
AS+SP treatment were rare, those
identified were clustered in just a few
sentinel sites. This clustering validates
the design of the new monitoring
system, which uses wide geographical
coverage to increase the chances of
detecting hotspots for resistance (as well
aslongitudinal studies to track emerging
trends). No evidence of resistance to
AS+SP was collected in the sentinel sites
in north-eastern India, even though
this is the region of the country where
the highest frequencies of sulfadoxine-
pyrimethamine treatment failure have
been reported.”” The observation that
four of the six patients who showed
parasite clearance intervals of > 72 hours
were confirmed to be treatment failures
indicates the potential usefulness of
measuring clearance intervals as a
predictor of AS+SP treatment failure.
Post-treatment reinfection with
P. falciparum was rarely detected in
the present study. While the frequency
of reinfection recorded is likely to
be correlated with the length of the
follow-up period, it also depends on
the intensity of transmission in the
study sites. The intensity of malarial
transmission in India is generally lower
than in many other parts of the world.'¢

Most (87.1%) of the isolates of
P. falciparum that were successfully
typed showed genotypic evidence of
partial resistance to pyrimethamine,
with either single (S108N) or double
mutations (SI08N/C59R) in the relevant
dhfr codons. Such mutations have been
found to increase the median inhibitory
concentration (IC,)) of pyrimethamine
10-fold."* While seven isolates possessed
the 1164L mutation that has been
associated with high-level resistance,”
the prevalence of triple or quadruple
mutants among the genotyped isolates
was low (3.2%). As seen in a previous
study based on the same methodos,’
the typing of dhps appeared to be
relatively difficult; it was unsuccessful
for 27.6% of the isolates for which
typing was attempted. The prevalence
of single or double dhps mutations
among the isolates that were successfully
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Fig. 2. Crude and corrected Kaplan—Meier survival curves, India, 2009-2010

1.000
—— (rude
Corrected
0.995
I
g
=
S 0990
0.985
0.980 T T T T
0 7 14 21 28

Days of follow-up

Note: The data used to create these curves came from patients with Plasmodium falciparum infection
who had been treated with a combination of artesunate and sulfadoxine-pyrimethamine. The corrected
data reflect the results of using a polymerase chain reaction to separate recrudescences resulting from
treatment failure from post-treatment reinfections with P falciparum.

Table 3. Predictors of treatment failure among patients in studies conducted under
India’s National Antimalarial Drug Resistance Monitoring System, India,
2009-2010

Predictor RR®(95% Cl)

Artesunate dose (mg/kg)°

>35 =
30to<35 245 (0.58-10.3)
<30 6.10 (1.04-35.8)
Age (years)

<5 446 (1.35-14.7)
>5 =
Parasitaemia (asexual parasites/pl)

>5000 0.47 (0.22-1.00)
<5000 =

Fever at enrolment (>37.5 °C)

Yes 3.94 (1.40-11.1)
No =

RR, relative risk; Cl, confidence interval.

2 Relative risk for the failure of treatment of Plasmodium falciparum infection with a combination of
artesunate and sulfadoxine-pyrimethamine, as estimated in a multivariate analysis.

®The dose given per day.
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genotyped was low (2.3%), although
the possibility that dhps mutations
caused non-amplification cannot be
excluded. By monitoring trends in
the prevalences of resistance-related
mutations in dhfr and dhps, the threat to
treatment with the AS+SP combination
posed by resistance to sulfadoxine-
pyrimethamine in P. falciparum could
be evaluated, independent of any
observations of the clinical response.
Treatment failure reflects a
combination of drug resistance, host
immunity and pharmacokinetics.'
In the present study, younger age,
fever at enrolment and a low level
of parasitaemia at enrolment - all
potential markers of relatively low
immunity to parasite antigens — were
associated with recrudescence following
AS+SP treatment. Another association
observed, the negative correlation
between the dose of artesunate (in mg
per kg body weight) and the probability
of treatment failure, was not surprising.
Although the recommended daily dose
of artesunate is 4 mg per kg, 8.8% of
the subjects of the present study who
were given AS+SP received 3.0 to
< 3.5 mg of artesunate per kg, and 1.9%
received < 3.0 mg per kg. The routine
use of age, rather than body weight,
as a guide for determining the dose of
antimalarial drug needed by a patient
is probably a cause of suboptimal
dosing worldwide. The relationship
between the administered dose and
pharmacodynamic response is complex,
however, and therapeutic levels may still
be achieved when the dose is lower than
recommended in standard guidelines.”
In spite of sporadic case reports
of chloroquine-resistant P. vivax in
India,” all of the P. vivax -infected
patients investigated in the present study
appeared to be cured by chloroquine
treatment. Although many of the
patients in sentinel sites in southern
and western India who were given
chloroquine in the present study were
migrant workers from elsewhere in
India, more trials to investigate the
therapeutic efficacy of chloroquine
against P. vivax infections are needed
in the north and east of India.
Primaquine treatment to prevent
relapses forms a critical component
in the effective treatment of P. vivax
infections. Unfortunately, no standard
protocols for evaluating the therapeutic
efficacy of primaquine, alone or in
combination with chloroquine, exist.”
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Fig. 3. Kaplan—Meier survival curves for Plasmodium falciparum and P. vivax

parasitaemias, India, 2009-2010
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Note: The data used to create these curves came either from patients with Plasmodium falciparum
infection who had been treated with a combination of artesunate with sulfadoxine-pyrimethamine or
from patients with P vivax infection who had been treated with chloroquine.

Another remaining challenge is the
treatment of mixed infections. In the
present study, no data on the efficacy
of AS+SP against P. vivax malaria
were collected, although, according
to India’s national drug policy, AS+SP
is the recommended treatment for a
patient found to be co-infected with
P. falciparum and P. vivax . Recent
reports across south-eastern Asia have
described a high incidence of P. vivax
malaria following the treatment of
P. falciparum infection, presumably
the result of the reactivation of the
liver stages of P. vivax .”! In the present
study, P. vivax infections were detected
during the follow-up of seven cases of
P. falciparum malaria who had been
treated with AS+SP. Six of these seven
cases were observed at Angul and
Dhenkenal (both in the state of Odisha)
and represented about one in every 20
patients treated with AS+SP at these two
sentinel sites.

India’s National Antimalarial Drug
Resistance Monitoring System was

designed to give high data quality,
national representation of different
malaria ecotypes, coordinated use of
resources and pooled data analysis.
While the number of sentinel sites in the
current system exceeds the minimum
recommended by WHO, more may be
required in a country as large as India.
The alternation of sentinel sites will
help to provide information on long-
term trends. Those employed to design
and implement the national system
faced several challenges. While overall
coordination in the joint NVBDCP-
NIMR system was satisfactory, a few
administrative issues delayed the
recruitment of patients at some sentinel
sites. Other difficulties encountered
involved the central procurement of
reagents, sample transport to New
Delhi (for quality control and molecular
studies) and the local recording of data in
adigital format. Each of the problems was
reviewed and addressed. Furthermore,
NIMR investigators are currently using
data and biological samples collected
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through the system to investigate the
blood levels of residual antimalarial
drugs at enrolment and their association
with treatment outcome, the role of
the pharmacokinetics of sulfadoxine-
pyrimethamine in treatment failure, and
pharmacovigilance for the antimalarial
drugs in use.

The present study had several
limitations. First, follow-up was confined
to 28 days (the minimum period
recommended by WHO). If drug efficacy
is high, treatment failures are likely to
occur relatively late, especially if the
drugs used have long half-lives (as is the
case with sulfadoxine-pyrimethamine).
Follow-up in more recent studies within
the drug resistance monitoring system
has therefore been extended to 42 days.
Second, the rarity of treatment failure
limited our ability to identify the risk
factors for, or predictors of, such failure.
Also, once-a-day monitoring of the
level of parasitaemia is not enough to
accurately estimate mean clearance
times or stage-specific clearance.”
However, by determining the proportion
of aparasitaemic patients once each
day, useful data on trends can still be
collected. Third, the resources and time
needed to check P. falciparum isolates
for the molecular markers of resistance
limited the number of isolates that
could be typed in this manner. Finally,
no attempt was made to determine the
costs or cost-effectiveness of the national
system. This would be a major challenge
as the system uses resources from two
different institutions and is supported by
funding at both state and central levels.

Based on the data collected in the
first two years of the existence of the
National Antimalarial Drug Resistance
Monitoring System, we recommend that:
(i) the sentinel-site-based monitoring of
antimalarial drug efficacy is maintained;
(ii) the use of a parasite clearance interval
of >72 hours as a predictor of subsequent
treatment failure be explored further,
particularly in Betul; (iii) the nested PCR
currently used for genotyping be replaced
by a newer technology, such as real-time
PCR, to enable the genotyping of more
isolates; (iv) supplementary studies be
undertaken on young children (because
of their relatively high risk of AS+SP
treatment failure); and (v) the relative
benefits and disadvantages of age- and
weight-based dosing be assessed. As
part of the latter assessment, an increase
in the doses of AS+SP in blister packs,
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to compensate for higher-than-average
body weights, should be considered.

Conclusion

InIndia, AS+SP remains safe and effective
for the treatment of uncomplicated
P. falciparum malaria and chloroquine
remains safe and effective for the
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Résumé

Surveillance de la résistance aux antipaludiques en Inde par l'intermédiaire de sites sentinelles: résultats et facteurs de risque

de l'échec du traitement, 2009-2010

Objectif Décrire le systéme national indien de surveillance de la
résistance aux médicaments antipaludiques, mesurer l'efficacité des
traitements antipaludiques de premiere ligne et déterminer les facteurs
de risque de I'échec du traitement.

902

Méthodes En 2009-2010, des études prospectives, avec 28 jours de
suivi, ont été menées dans 25 sites sentinelles. On a administré aux
patients infectés par le Plasmodium falciparum de l'artésunate et de la
sulfadoxine-pyriméthamine (AS+SP). Ceux qui étaient infectés par le
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P vivaxontrecu de la chloroquine. La réaction en chaine par polymérase
a été utilisée pour distinguer la réinfection apreés traitement de l'échec
du traitement. Des isolats de P falciparum ont été vérifiés pour déceler
les mutations de dhfr et de dhps.

Résultats Un total de 1664 patients ont participé al'étude. 'analyse de
survie de Kaplan-Meier a montré une efficacité de 98,8% de I'AS+SP. La
plupart des patients infectés par le P falciparum ont vu disparaitre leurs
parasitémies dans les 24 heures suivant le début du traitement, mais
6, dont 4 avec échec du traitement, sont restés parasitémiques apres
72 heures. Des doubles mutations de dhfr ont été trouvées dans 68,4%
des isolats génotypés. Les triples ou quadruples mutations de dhfr et
les mutations de dhps étaient rares. Une dose quotidienne d'artésunate
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inférieure a 3 mg par kg de poids corporel, un age inférieur a 5 ans, et
de lafievre au moment de I'enregistrement ont été associés a un risque
accru déchec thérapeutique. La chloroquine restait efficace a 100% et
faisait généralement disparaitre les parasitémies de P vivax dans les
48 heures. Les vomissements (observés chez 47 patients) étaient l'effet
indésirable le plus fréquent.

Conclusion En Inde, le systeme national de surveillance de la résistance
aux médicaments antipaludiques offre une large couverture. Les
antipaludéens de premiére ligne utilisés dans le pays restent sdrs et
efficaces. Le traitement du paludisme chez les jeunes enfants et les
avantages relatifs de la posologie en fonction de I'dge et du poids
nécessitent une étude plus poussée.

Peslome

MOHUTOPUHT IeKapCTBEHHOI YCTONYMBOCTM K MPOTUBOManApUinHbIM npenapartam B IHAMM Ha nocTtax
anuAaHag3o0pa: pe3ynbratbl U GaKTOpbl prcka AnsA HeyaayHoro neyeHus, 2009-2010 rr.

LUenb OnvcaHnme HauMOHaNbHOW CUCTEMbBl MOHUTOPUHTA
YCTOMYMBOCTU K MPOTUBOMANAPWINHbBIM Npenapatam B VAWM, OLEeHKa
2GGEKTVBHOCTV MEPBOV NIMHUM NEUeHUA Manapuy, onpeaeneHme
$aKTOpOB priCKa HEIGGEKTUBHOCTY NeUeH.

Metogpl B 2009-2010 rogax Ha 25 ydacTkax dnuaHaa3opa Obiniu
npoBefeHbl NepCneKkTUBHbIE MCCNeO0BaHNA, BKIOYaOWme
NPUHATVE NoCnemylowmnx mep B TedyeHre 28 aHen. MauneHTtam,
nHOMUMpPOBaHHLIM Plasmodiumfalciparum, HazHauyanca apTesyHat
B coyeTaHuu C cynbdafoKkCUHOM-NMpumMeTammnHom (AS+SP);
naureHTam, MHPULMPOBaHHbLIM P vivax , HazHauanca xnopoxmH. [na
PA3MYEHNA MEXLY NOBTOPHbIM 3apaXkeHVeM NOC/ e NPOBEAEHHOTO
neyeHna N HeaPGeKTUBHLIM NedeHrem Obln MCNOoNb30BaH MeTof
nonMMepasHoit LenHom peakumu. Vizonatsl Bupyca P falciparum
6ol NpoBepeHbl Ha MyTaumnn dhfr v dhps.

Pesynbratbl Bcero B 06cneoBaHvie Obino BKoUeHO 1664 NalyeHToB.
AHanun3 Bbk1MBaeMoCTV KannaHa-Merepa Anda neveHvs npenaparamm
AS+SP nokazan agpdekTrBHOCTb 98,8%. Y OOMbLIMHCTBA NALMEHTOB
napasutemna Tvna P, falciparum Gbina ycTpaHeHa B TeueHwme 24 4acos
nocse Hayana neyeHnd, a 6 NaumeHToB, B TOM Unce 4 C HeyaauHbIM

neyeHrem, OCTaluChb 3apakeHHbIMK Nocse 72 YyacoB. [ABONMHbIe
MyTaumnm B dhfr Obinn obHapyxeHbl B 68.4% reHOTUMMPOBAHHbIX
1301ATOB. TpOWHbIE ¥ YeTBepTHble MyTauun B dhfr n myTaummn B
dhps BcTpevanuch penko. CyToyHasa Ao3a apTe3yHaTa <3 Mr Ha
Kr MaccCbl Tena, Bo3pacT MeHee 5 neT 1 nvxopajKka npu Havane
neyeHns BbINV CBA3AHDBI C MOBLILUEHHBIM PUCKOM Heydauw feyeHus.
XNOPOXMH NPOofo/Kan NoKasbieaTb 3ddeKTBHOCTb 100% 1 06bIUHO
NO3BOMAN YCTPAHUTL NapasnTammio P vivax B TeueHre 48 yacos. PsoTa
(Habntopanace y 47 nauveHToB) Gbina caMbiM YacTbIM MOOOUHBIM
abdekToM.

BbiBop, HalMoHanbHaa c1cTeMa MOHMTOPUWHIA NEKaPCTBEHHOM
YCTOMYMBOCTM K NPOTMBOMANAPUIHBIM NpenapaTam B MHaum
obecrneuvBaeT WWPOKNUIA OXBaT. [poTBOMANApUiHbIE NpenapaTs
NepBoW NMHUK, UCTONb3yeMble B CTpaHe, NoKasanu cebs Kak
6e30mnacHble 1 3bdeKTVBHbIE. MeTombl NeyeHys Manapun y aetei
PaHHEero BO3pacTa M OTHOCWTENbHbIE MPeVMYLIECTBa JO3MPOBOK,
OCHOBAaHHbBIX Ha BO3pacTe 1 Bece, HYXAaloTCA B AaNbHelllem
MCCNeaoBaHNUN.

Resumen

El seguimiento de la resistencia a los farmacos contra el paludismo en India por medio de sitios centinela: resultados y factores

deriesgo en el fracaso del tratamiento, 2009-2010

Objetivo Describir el sistema nacional de seguimiento de la resistencia
a los farmacos contra el paludismo en India, medir la eficacia de los
tratamientos de primera linea contra el paludismo y determinar los
factores de riesgo en el fracaso del tratamiento.

Métodos En los afos 2009-2010, se llevaron a cabo estudios
prospectivos con un seguimiento de 28 dias en 25 sitios centinela. Se
proporciond artesunato con sulfadoxina-pirimetamina (AS+SP) a los
pacientes infectados con Plasmodium falciparum, y cloroquina a los
pacientes infectados con P vivax . Se empled la reaccion en cadena de
la polimerasa para distinguir la reinfeccién postratamiento del fracaso
del tratamiento y se examinaron aislados de P falciparum en busca de
mutaciones de DHFR y DHPS.

Resultados Se inscribieron un total de 1664 pacientes. Los andlisis de
supervivencia Kaplan-Meier mostraron una eficacia del 98,8% para el
AS+SP.En lamayorfa de pacientes con parasitemia por R falciparum, ésta
desparecié en las 24 horas posteriores al inicio del tratamiento. Solo seis,
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incluidos los cuatro en los que el tratamiento fracasé, siguieron teniendo
parasitemia pasadas 72 horas. Se encontraron mutantes dobles en DHFR
en el 68,4% de los aislados genotipados. No fue frecuente encontrar
mutantes en DHPS ni mutantes triples o cuadruples en DHFR. Una dosis
diaria de artesunato de < 3 mg por kg de peso corporal, una edad inferior
a 5 aflos y fiebre en el momento de la inscripcién se asociaron con un
riesgo superior de fracaso del tratamiento. La cloroquina fue eficazen el
100% de los casos y eliminé, por lo general, las parasitemias por P vivax
en un plazo de 48 horas. El acontecimiento adverso mas frecuente fueron
los vémitos (presentes en 47 pacientes).

Conclusidn El sistema nacional de seguimiento de la resistencia a
los farmacos contra el paludismo en India proporciona una cobertura
amplia. Los fdrmacos antipalidicos empleados en primera linea en el
pafs contintian siendo seguros y eficaces. Se debe seguir examinando el
tratamiento del paludismo en los nifios pequerios y las ventajas relativas
de la edad y las dosis basadas en el peso corporal.
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