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Background. The emergence of drug-resistant malaria highlights the need for new agents. A desired characteristic of candidate
antimalarials is rapid killing of parasites. This is typically measured by the rate of exponential clearance of parasitemia following
treatment. However, this clearance rate excludes the highly variable lag phase, when the parasitemia level may increase, remain cons-
tant, or decrease. Understanding factors determining this lag phase is important for drug development.

Methods. We assessed the kinetics of parasitemia in 112 volunteers infected with blood-stage Plasmodium falciparum and treat-
ed with 8 different antimalarials. The parasitemia level was measured by quantitative polymerase chain reaction. We analyzed the
relationship between the timing of treatment in the parasite growth cycle, and whether the parasitemia level rose or fell in the first 12
or 24 hours after treatment.

The timing of treatment in the parasite life cycle predicted whether subjects experienced rises or falls in parasitemia level
after treatment. Antimalarials were unable to prevent rises in the parasitemia level in the first 12 hours. However, in the first 24 hours
after treatment, fast-acting but not slow-acting drugs reduced the parasitemia level independent of when treatment was administered.

Results.
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Most deaths due to severe malaria occur within the first 24
hours after admission [1-3]. Thus, controlling parasite numbers
at the earliest stage after treatment is a priority for reducing
mortality. The in vivo effectiveness of drugs is often measured
by the rate of clearance of parasites from the blood during the
exponential phase of parasite clearance [4]. However, there is
significant variation in parasite levels during the first 24 hours
after treatment [5, 6]. This is often referred to as the lag phase
and describes a situation when the parasitemia level may in-
crease, remain relatively constant, or drop rapidly [4, 7, 8].
A consequence of this is that assessment of drug efficacy in
the very early phase after treatment is difficult. Accordingly, cur-
rent measures of drug efficacy have focused on accurately esti-
mating the exponential rate of decline after the lag phase [4,6,9]
and have censored the early lag phase. Given that the first
24 hours of therapy are crucial for clinical outcome [10], under-
standing the mechanisms of the highly variable parasite
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dynamics immediately following treatment and relating this
to drug action is important for the rational design of therapies
aimed to save the lives of patients with severe malaria.

A variety of explanations for the variability in parasite kinet-
ics immediately after treatment have been proposed. These in-
clude the parasite life cycle stages present in the patient at the
time treatment commences [6, 11] and the differential activity of
drugs on various life cycle stages [12-15]. In this work, we use
data from a tightly controlled model of experimental blood-
stage infection of naive volunteers with P. falciparum to explore
the dynamics of parasitemia during the early lag phase after
treatment. Experimental challenge with synchronized blood-
stage infection and subsequent regular monitoring of parasite-
mia by quantitative polymerase chain reaction (QPCR) [16] and
the distinctive cyclical nature of the P. falciparum growth en-
abled us to infer the stage of parasite growth at the time of treat-
ment. We examine the relationship between the stage in the
parasite growth cycle at which treatment was initiated and its
subsequent pharmacodynamic effect. Using this understanding
of parasite kinetics after treatment, we compared the effective-
ness of 8 antimalarial drugs at reducing parasite numbers in the
first 24 hours after treatment. Our findings suggest that studies
using induced blood-stage infection systems to assess the effec-
tiveness of antimalarials should account for the parasite stage
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present in a host at the time of treatment. This will provide
more-informative data on drug efficacy. In addition, this work
provides further support for the prioritization of development
of drugs that act independently of the parasite’s life cycle
stage so as to minimize morbidity and mortality in the patients
presenting with severe malaria.

MATERIALS AND METHODS

Human Challenge Studies

A series of open label, single-center, controlled studies was un-
dertaken in accordance with methods previously described [17]
(Supplementary 1). In brief, subjects were infected by intrave-
nous injection of approximately 1800 viable P. falciparum-
infected human erythrocytes. Parasitemia was monitored by
qPCR (as described previously [16]) before and after treatment
with a variety of antimalarial drugs (Table 1), all of which were
administered orally.

Comparison of Fast-Acting and Slow-Acting Antimalarials

Given that most deaths among those hospitalized for malaria
occur in the first day after admission [1-4], we sought to com-
pare the effectiveness of drugs in reducing parasite growth
in this early phase after treatment commences. To compare
antimalarial efficacy, we grouped drugs as “slow-acting” or
“fast-acting,” based on their pharmacological properties,
results of in vitro studies, and results of clinical studies of the
drugs (Table 1). When analyzing the growth or decline in para-
sitemia level after treatment, we excluded cohorts that were
given noncurative drug doses (mefloquine cohort 1 and OZ439
cohort 1).

Ethical Considerations

The protocol and associated documents were reviewed and
approved by the QIMR Berghofer Human Research Ethics
Committee. All volunteers provided written informed con-
sent before participating in these trials. The trials were regis-
tered at ANZCTR.org.au (ACTRN12612000323820, ACTRN
12612000814875, ACTRN12613000565741, ACTRN126130010
40752, ACTRN12613000527763, and ACTRN12611001203943)
or ClinicalTrials.gov (NCT01055002).

Table 1. Drugs Used in This Experiment and Their Proposed Speed of
Action

Drug(s) Speed of Action Referencel(s)
Mefloquine Slow [18]
Atovaquone/proguanil Slow (atovaguone component) [18]
Sulfadoxine/pyrimethamine  Fast [19, 20]
Artemether/lumefantrine Fast [18]
Piperaquine Fast [18]
Ferroquine Slow [21, 22]
07439 Fast [23]
DSM265 Slow [24]

Estimating Growth and Decay Rates
All growth and decay rates were estimated for an individual, at a
particular time ¢, using a simple 2-point formula:

_ log(P;) — log(Pr1.w)
B w

(1)

e

where P, is the parasite concentration (calculated as the number
of parasites/milliliter) in the blood at time ¢ days, w is the inter-
val over which the parasite growth is calculated (either 12 or 24
hours in our analyses, converted to units of days), and Py,,, is
the parasite concentration (calculated as the number of para-
sites/milliliter) in the blood at time ¢+ w days.

Modeling and Analysis

Calculations of growth and decay rates, as well as all statistical
analyses, were performed using MATLAB R2014b (Math-
Works, Massachusetts). Comparisons of means of each group
were conducted using the Student ¢ test. All correlations are
Pearson correlations. All confidence intervals (CIs) are 95%
CIs. Deming regression, assuming equivalent uncertainty in
the x and y variables, is used for all linear regression analyses.
Deming regressions were performed using the linear Deming
regression package [25] from MATLAB Central File Exchange,
and the inbuilt optimization procedure fmincon.m, with an ob-
jective function defined as the sum of squared orthogonal resid-
uals. The standard errors and Cls of estimated coefficients were
calculated using the jackknife bootstrap procedure [25]. Nested
model comparisons were performed using the F test. We also
modeled the cyclical nature of P. falciparum parasite growth dy-
namics as a distribution of parasites of different stages maturing
together through time. A full description of this model is given
in Supplementary 2.

RESULTS

Periodic Growth Curve of P. falciparum

Data from 112 volunteers infected with blood-stage P. falcipa-
rum parasites (3D7 strain) were available, comprising 17 co-
horts of 4-9 subjects each (Supplementary Table 1), treated
with 8 different drugs (Table 1). We observed periodic parasite
growth patterns, typical of synchronous P. falciparum infection
(Figure 1), with a period of approximately 40 hours (Supple-
mentary 3), consistent with the observation of others regarding
the P. falciparum 3D7 strain [26, 27]. The periodic nature of the
parasite growth cycle was related to the synchronous develop-
ment of parasites, a consequence of the fact that the blood-
stage inoculum contained ring-stage parasites only (Figure 2).

Timing of Treatment Affects Parasite Kinetics in the Lag Phase After
Therapy

We next explored how the point in this periodic growth cycle at
which treatment commenced affected the outcome of treatment
(Figure 2). To do this, we compared the growth rate of parasites
in the first 12 hours after treatment in volunteers treated in the
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Figure 1. Parasitemia data for subjects before and after treatment. Time courses of parasitemia for each subject, determined by polymerase chain reaction. Concentrations

before treatment are indicated by circles, and concentrations after treatment are indicated by x's. The solid line represents a fitted model of periodic parasite growth (only fitted
to data before treatment), with synchronization of parasites given by a truncated normal distribution with standard deviation, o, of 0.32 days.

morning on either an odd day (generally, day 7) and an even  they were treated in the afternoon; also, cohorts that received
day (generally, day 8). Two subjects were excluded because noncurative doses were excluded, leaving 96 of 112 subjects
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Figure 2. lllustration of the periodic growth cycle of parasitemia. A, A schematic
of parasite growth in an individual with synchronous infection with Plasmodium fal-
ciparum. Parasites progress through their life stages synchronously, with a rapid in-
crease every 40 hours following schizont rupture (green regions). Troughs occur every
40 hours as mature parasites sequester (blue regions). B, The expected age profile of
parasite at each point in the life cycle, with gray shading indicating parasites in cir-
culation and red shading indicates sequestered parasites. The green dashed line il-
lustrates the hypothesis that individuals treated at a trough in parasite concentration
(green arrow) tend to have an increase in parasite concentration immediately after
treatment. Alternatively, individuals treated near a peak in parasite concentration
(blue arrow) will tend to experience a decline in parasite concentration immediately
after treatment. This figure is available in black and white in print and in color online.

available for analysis. In this inoculation schedule, peaks in par-
asitemia level tended to occur on odd days, and troughs tended
to occur on even days (Figure 1). Of the 96 subjects, 90 had a
12-hour (posttreatment) sample available for analysis. Group-
ing all cohorts together, we found that volunteers treated on
an even day (trough) exhibited parasite growth (2.1/day; 95%
CI, 1.4-2.8) over the first 12 hours after treatment. Volunteers
treated on an odd day (peak) showed a decline (—3.7/day;
95% CI, —4.3 to —3.1) in parasite numbers (Figure 3A). These
dynamics occurred regardless of whether a fast-acting or slow-
acting antimalarial was used (Figure 3B). By contrast, over the
first 24 hours, subjects treated on an even day (trough) with fast-
acting (but not slow-acting) drugs all showed a decline in para-
sitemia level (Figure 3C and 3D). The only subjects at risk of a
rise in parasitemia level at 24 hours were those treated on an
even day (trough) with slow-acting drugs (Figure 3D).

Before Treatment, Current Parasite Growth Is Predicted by Parasite
Growth 36 Hours Ago

In addition to using the day of treatment as a proxy for the stage
in the parasite growth cycle at which treatment commenced, we
also considered the parasite kinetics before treatment. We hy-
pothesized that this would provide a more specific predictor
of parasite life cycle stage. Since the parasite growth curve was

periodic, we expected that the parasite growth pattern observed
at a specific time should approximate the growth pattern ob-
served 1 cycle earlier (Figure 2 [green, red, and blue regions 1
cycle apart should be equivalent]). We examined this relation-
ship by using data for 2 intervals before treatment was admin-
istered (Figure 4A [black points and dashed line]). Since
measurement of parasitemia level was undertaken every 12
hours, we were unable to compare growth rates over a full par-
asite life cycle (40 hours); hence, we compared the growth rate
of parasites at intervals separated by 36 hours (Figure 4A [black
points]). We observed a significant correlation between the par-
asite growth rates 12 hours before treatment (growth rate from
—12 hours to 0 hour) and 36 hours earlier (from —48 hours to
—36 hours) in our volunteers before treatment (r =0.68;
P <.0001). Fitting these data, we estimated a slope of 0.86
(95% CI, .59-1.1) (Figure 4A [black dashed line]), similar to
the expected 1:1 relationship. This suggests that, in the absence
of treatment, the parasite growth now was predicted by the par-
asite growth observed 36 hours earlier.

Parasite Kinetics Inmediately After Treatment Are Predicted by What
Was Expected With No Treatment

By using the principle that the growth rate 36 hours ago predicts
the growth at the time of observation, we could obtain a more spe-
cific description of a drug’s effect by comparing the observed par-
asite growth after drug was given to the expected parasite growth
(that is, the growth expected based on the growth rate 36 hours be-
fore treatment; Figure 2). By plotting the growth (or decline) in
parasitemia level 36 hours before treatment against the growth
(or decline) in parasitemia level immediately after treatment, we
estimated how much the treatment interrupts parasite growth
(Figure 5). We used Deming regression to estimate the slope and
intercept of this relationship. We interpreted these 2 estimates as
follows. The slope of our regression measured how much the par-
asite kinetics after treatment depend on what was expected to occur
without treatment. The intercept provided an estimate of the rate at
which parasitemia level was expected to decline if treatment were
administered at a point in the cycle when no parasite growth is ex-
pected—we called this the natural killing rate. There were a number
of possibilities in this analysis. If the drug has no impact on parasite
growth, then we would expect an approximately 1:1 correlation of
the growth rates before and after treatment (Figure 5A), as was
observed in the pretreatment data (Figure 4A). Alternatively, if a
treatment has an effect but parasite growth after treatment is still
dependent on parasite growth before treatment, then we would
expected the line to have a positive slope but an intercept of <0
(Figure 5B). Finally, if the drug acts independently of the stage of
the parasite growth cycle at which it was applied, then we would
expect no significant positive slope between growth rates before
and after treatment but a reduced intercept (Figure 5C).

Looking at the growth or decline in parasitemia level in the
first 12 hours immediately after treatment and comparing this
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Figure 3. Treatment at a peak or trough in parasitemia level. Changes in parasitemia level immediately following treatment among volunteers treated at different times after
infection. Data are the aggregate of all available volunteers who were treated in the morning and for which necessary data were available. ***P<.0001, by a ttest. A, Parasite
numbers tended to increase in the first 12 hours after treatment in volunteers treated on an even day (n = 49; mean growth rate, 2.1/day). By contrast parasite numbers tended to
decline in volunteers treated on an odd day (n = 41; mean growth rate, —3.7/day). B, This was true for subjects regardless of whether they received a fast-acting or slow-acting
antimalarial. C, Parasite numbers were more likely to decline in the first 24 hours after treatment for those treated on an even day (n="53; mean, —0.19/day), but the decline
was still greater for those treated on an odd day (n=37; mean, —3.17/day). D, Only those subjects treated on an even day with a slow-acting antimalarial experienced a rise in

parasitemia level after treatment on average.

to the growth observed 1 cycle earlier (Figure 4A), we found a
strong correlation (r=0.73; P <.0001). This suggests that the
growth in the first 12 hours after treatment was well predicted
by the growth that was observed 1 cycle earlier in the same indi-
vidual. Fitting this relationship with a linear model by using De-
ming regression revealed that the slope was significantly <1 (0.74;
95% CI, .55-.92) but not significantly different from the slope for
the pretreatment data (0.86; 95% CI, .59-1.1; P =.32). However,
when we kept the slopes equal for the 2 groups, the intercept of
the line fitted to the treatment data (—1.1/day; 95% CI, —1.7 to
—.57) was significantly lower than the intercept of the line fitted
to pretreatment data (—0.078/day; 95% CI, —.60-.45; P = .0052).
This suggests that, although the kinetics of the parasitemia level
after treatment (whether the level rises or falls in the first 12
hours after treatment) was largely predicted by the growth that
was observed 1 cycle earlier, the growth after treatment was re-
duced (albeit only marginally), compared with what was ob-
served in the previous cycle (this corresponds to Figure 5B).

Fast-Acting Drugs Show Higher Effectiveness Early After Treatment
Commences

We compared the action of fast-acting and slow-acting antima-
larials by looking for different degrees of activity early after

treatment, as illustrated in Figure 5. We observed a significant
positive correlation between the growth rate 36 hours before
treatment and the growth rate in the first 12 hours after treatment
for both fast-acting and slow-acting drugs (r = 0.69 and r = 0.75;
P <.0001 and P <.0001, respectively; Figure 4A). We found no
significant difference between the regression lines for fast-acting
drugs and slow-acting drugs (slopes, 0.80 [95% CI, .48-1.1] and
0.63 [95% CI, .40-.86], respectively [P =.54]; intercepts, —1.2/
day [95% CI, —2.1 to —.34] and —0.64/day [95% CI, —1.2 to
—.071], respectively). However, both slow-acting and fast-acting
drugs showed significantly lower intercepts, compared with the
pretreatment data (P =.035 and P = .25, respectively). This sug-
gests that, although treatment appears to reduce growth in the
first 12 hours after treatment, we saw no evidence of a difference
in action between slow-acting drugs and fast-acting drugs.

To consider what happens slightly later but still within the
first day after treatment, we next compared the expected growth
over the 24 hours immediately following treatment to the ob-
served growth 36 hours earlier (Figure 4B). We once again
found a significant positive correlation between expected and
observed growth in volunteers treated with slow-acting drugs
(r=0.52; P <.002; Figure 4B), indicating that parasite growth
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Figure 4. Predicted versus observed growth rates. The action of slow-acting and fast-acting drugs in the first 12 hours (A) and 24 hours (B) after treatment. The expected
growth rate (growth rate 36 hours before treatment) is shown on the x-axis, and the observed growth rate (growth rate at the time of treatment) is shown on the y-axis. Red
points indicate subjects who received a fast-acting drug, and blue points indicate subjects who received a slow-acting drug (subjects from mefloquine cohort 1 and 07439
cohort 1 were excluded from this analysis because they received noncurative doses). Growth rates were calculated over a 12-hour window (4) and a 24-hour window (B), using a
2-point method, as illustrated schematically above each panel. Pretreatment growth rates are shown (black dots) for all patients for whom parasite growth rates were available
12 hours before treatment (from —12 hours to 0 hour) and 1 cycle earlier (—48 hours to —36 hours; A) and 24 hours before treatment (—24 hours to 0 hour) and 1 cycle earlier
(—60 hours to —36 hours; B). A linear regression mode! of the relationship between expected growth and observed growth for pretreatment data (black dashed line), fast-acting
drugs (red dashed line), and slow-acting drugs (blue dashed line) are shown (using Deming regression). The solid red line in panel B indicates the mean growth rate after
treatment, since the slope of the regression for this group was not significant. This figure is available in black and white in print and in color online.

in the first day after treatment with slow-acting drugs was still significantly different from the estimated slope in the pretreat-
ment data (0.93; 95% CI, .47-1.4; P =.78; Figure 4B [blue vs

black dashed lines]). However, when we kept the slope equal
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Figure 5. lllustration of the possible drug effects. A, Volunteers who are not treated or are treated with an ineffective drug would be expected to have the same parasite
growth after treatment as was seen 40 hours prior to treatment. Band C, Volunteers treated with a drug that has an effect on parasite growth should show retarded parasite
growth after treatment. The observed effect of an active drug may depend on when, in the parasite life cycle, it is administered (B), or it may be independent of the timing of
administration (C). A very effective drug that interrupts parasite replication and causes the rapid removal of parasites produces a reduction in parasite numbers independent of
what parasite growth was expected (C).
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for the 2 groups, the estimated intercept of the linear fit of the
slow-acting drugs was significantly less than the intercept esti-
mated for the pretreatment data (—2.0/day [95% CI, —3.0 to
—1.1] and 0.18/day [95% CI, —.52-.87], respectively;
P <.0001), indicating that slow-acting drugs were boosting the
natural killing rate. In contrast, when considering volunteers
treated with fast-acting drugs, we found no significant correla-
tion between expected and observed growth in parasitemia level
(r=-0.025; P = .88; Figure 4B), showing that, over the first 24
hours, fast-acting drugs acted independently of the stage of the
parasite growth cycle at which they were administered. The
mean growth rate over the first 24 hours after treatment with
a fast-acting drug was —2.7/day (95% CI, —3.3 to —2.2).

Together these results suggest that both slow-acting drugs
and fast-acting drugs reduce parasite growth in the first 24
hours after treatment. However, the fast-acting drugs reduce
parasite growth in a manner independent of the time that treat-
ment is administered in the periodic growth cycle (Figure 5C),
whereas slow-acting drugs reduce parasite growth in a manner
dependent on the timing in the first 24 hours after treatment
(Figure 5B). When little parasite growth was expected in a vol-
unteer after treatment, there was little difference in the effect of
slow-acting drugs and fast-acting drugs (Figure 4B [left side of
plot]), but when rapid parasite growth was expected in volun-
teers after treatment, fast-acting drugs caused much greater re-
ductions in parasitemia levels, compared with slow-acting drugs
(Figure 4B [right side of plot]).

DISCUSSION

Current approaches to estimating antimalarial efficacy involve
analyzing the exponential rate of decline in parasitemia level.
This is clearly important when the aim of treatment is parasite
eradication and the prevention of recrudescence. Thus, this may
be the ideal measure when selecting drugs for use in mass-
administered drug therapy or intermittent preventive therapy
or when monitoring drug resistance [28]. However, measuring
the exponential decay rate may be less useful for prioritizing
drugs for use in severe malaria, where rapid early action is con-
sidered essential. The ideal drugs for treatment of severe ma-
laria are likely those that rapidly reduce parasite loads in the
first 24 hours after treatment commences. This window is
often included in the lag phase before exponential declines
in parasitemia level begin and so is disregarded in standard ef-
ficacy assays.

In this study we used measurements of parasitemia level prior
to treatment and the cyclical nature of parasite growth to suc-
cessfully predict rises and falls in parasitemia level in the lag
phase (Figure 4). We have demonstrated that rises in parasite-
mia level after treatment are the result of therapy commencing
too late in the parasite maturation cycle to prevent parasites
completing another round of multiplication (ie, when there
are many late-stage parasites). The antimalarials examined

did not have a major effect on parasite kinetics in the first 12
hours after treatment (Figure 4A). However, an effect on the
parasite growth was seen for both slow-acting drugs and fast-
acting drugs in the first 24 hours after treatment (Figure 4B).
In particular, we observed that the fast-acting drugs reduced
parasite numbers in the first 24 hours after treatment, regardless
of where, in the parasite growth cycle, they were administered;
this was not true of slow-acting antimalarials (Figure 4B). This
is consistent with the suggestion that fast-acting drugs (such as
the artemisinins) have a greater capacity to prevent schizogony
[15], particularly when administered at a point where rapid par-
asite growth was expected (Figure 4B). Hence, it seems that both
the speed of action of a drug, as well as its efficacy against late-
stage parasites, may be crucial factors [12, 13,29] in preventing
further parasite growth in the first 24 hours after treatment.
This highlights that some antimalarials may be superior to oth-
ers in controlling early rises in parasitemia level after treatment
and provides a means and strong justification for assessing an-
timalarials for their capacity for preventing these rises in para-
sitemia level.

Previous studies have shown that patients admitted to the
hospital with many late-stage parasites are at highest risk of
death due to malaria [30, 31]. It has been proposed that this
is due to 2 main factors. First, since most mature parasites
are sequestered, for a given level of parasitemia the total
parasite burden is likely underestimated in mature-stage infec-
tions as compared to ring-stage infections. Second, with ma-
ture-stage parasites, there is a much shorter window of drug
action to prevent rupture and subsequent increased parasite
numbers. Here we provide a mechanistic link between treating
patients at a trough in parasitemia level (with mainly mature-
stage parasites) and an increased likelihood that parasite num-
bers will rise after treatment. Together these findings suggest
that the presence of late-stage parasites at the time of treat-
ment places patients at risk of fatal outcome because higher
parasite loads are expected in these patients even after treat-
ment commences.

We note that our study analyzed data from synchronous in-
fection from blood-stage challenge, and the degree of synchrony
may vary in natural infection. In the case of asynchronous in-
fection, this means that there is always a cohort of parasites
about to undergo schizogony. Thus, the proportion of the
(asynchronous) population that undergoes schizogony will
still be affected by the speed of onset of drug action.

In clinical studies of therapy in severe malaria, historical
measurements of parasite growth in a patient prior to treatment
are usually not available. Hence, the methods presented here,
using a prospectively collected data set, that compare the ex-
pected and observed growth rates after treatment have a limited
application to clinical trials where parasite growth data prior to
treatment are not available. However, our work has indicated
that the early variation in parasite dynamics after treatment is
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the result of the natural variation in the parasite life stages pre-
sent in patients at the time of their treatment. Hence, by taking
this natural variation in parasite life stages into account when
assessing antimalarials, it will be possible to improve the
power of clinical trials to identify differences between drugs
and their ability to prevent further rises in parasitemia level.
This could be achieved using alternate methods to estimate
the stage in the periodic parasite growth cycle at which patients
were treated. For example, quantifying the life stages present in
a host at the time of treatment by microscopy or PCR may pro-
vide some indication of the stage in the parasite growth cycle at
which treatment commenced [32, 33]. Alternatively, the propor-
tion of people who experience a rise in parasitemia level after
treatment should be reduced with faster-acting antimalarials
[14], and it has been shown that the proportion of patients
with early rises in parasitemia level is a useful indicator of
drug failure [34].

The World Health Organizations guidelines for treatment of
complicated and uncomplicated malaria differ, suggesting that,
for complicated malaria, initial intravenous therapy with artesu-
nate should be administered, followed by a slower-acting drug
to prevent recrudescence [35]. Here we propose that 2 measures
of drug efficacy might be considered separately. The first is the
ability of a drug to eradicate the parasite and reduce the poten-
tial for recrudescence and further transmission (which is likely
well measured by the exponential phase of parasite clearance
under therapy, and is important for parasite eradication). The
second is the effectiveness of a drug to rapidly reduce parasite
loads immediately after treatment, which may be a better pre-
dictor of its efficacy at reducing morbidity and mortality in
cases of severe malaria.
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