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Background. Because antimalarial drug resistance is spreading, there is an urgent need for new combination
treatments for malaria, which kills >1 million people every year. Azithromycin is a macrolide antibiotic that is
particularly attractive as an antimalarial because of its safety in children and the extensive experience with its use
during pregnancy.

Methods. We undertook a randomized, controlled, 28-day inpatient trial involving patients with acute, uncomplicated
Plasmodium falciparum malaria. We compared the safety and efficacy of 2 azithromycin-artesunate combinations and
2 azithromycin-quinine regimens in adults with malaria. Treatments were as follows: cohort 1 received 3 days of
azithromycin (750 mg twice daily) plus artesunate (100 mg twice daily), cohort 2 received 3 days of azithromycin (1000
mg once daily) plus artesunate (200 mg once daily), cohort 3 received 3 days of azithromycin (750 mg twice daily) plus
quinine (10 mg/kg twice daily), and cohort 4 received 3 days of azithromycin (500 mg 3 times daily) plus quinine (10
mg/kg 3 times daily). The enrollment target was 25 evaluable subjects per group.

Results. The 28-day cure rates were similarly high in the artesunate and the standard-dose quinine cohorts:
92.0% (95% confidence interval [CI], 74.0%-99.0%), 88.9% (95% CI, 70.8%-97.6%), and 92.0% (95% CI, 74.0%—
99.0%), for cohorts 1, 2, and 4, respectively. Late R1 treatment failures were seen in each of the artesunate and
the standard-dose quinine cohorts. The cure rate for cohort 3 was 73.3% (95% CI, 44.9%-92.2%). In this cohort,
3 early treatment failures led to the termination of enrollment after 16 subjects had been enrolled. With mean
parasite and fever clearance times (*SD) of 34 + 13 h and 20 = 20 h, the artesunate combinations were found
to have led to a significantly (P<.001) faster clinical and parasitological improvement than occurred in the quinine
cohorts (74 + 32 h and 43 * 37 h, respectively). Treatment-related adverse events were significantly more common
in the quinine cohorts (P<.001). No deaths or drug-related serious adverse events were observed. In vitro results
suggest that the treatment failures—particularly in the low-dose quinine cohort—were associated with decreased
susceptibility to quinine, as well as with mefloquine cross-resistance.

Conclusions. These data suggest that azithromycin-artesunate, even when given only once daily for 3 days,
and azithromycin-quinine, given 3 times daily, are safe and efficacious combination treatments for uncomplicated
falciparum malaria, and they deserve additional study in special patient populations.

The spread of multidrug resistance to malaria and the absence of new antimalarial compounds led us to in-
vestigate currently available agents with a novel mode

of action to evaluate their potential use in combination
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generation macrolide antibiotic with a favorable toxicological
profile, has shown intrinsic activity against P. falciparum both
in vitro [1, 2] and for treatment and prophylaxis [3-5]. In
combination studies with quinine, azithromycin has demon-
strated high efficacy in curing uncomplicated falciparum ma-
laria, and recent prophylaxis trials suggest that azithromycin
also has a high efficacy for preventing Plasmodium vivax malaria
(6, 7].

Azithromycin generally shows a slow parasitological onset of
action in treatment of falciparum malaria, and this suggests
that its combination with fast-acting substances, such as ar-
tesunate, would be beneficial. Combination therapy is widely
accepted as the best approach to the management of P. falci-
parum malaria because it produces excellent clinical response
and slows the development of antimalarial drug resistance.

Recent data suggest that, in previous studies, treatment fail-
ures associated with azithromycin combination therapy were
primarily associated with inadequate dosage, because increasing
the dosage of azithromycin in combination with quinine leads
to high cure rates [6]. Compared with other antibiotics used
for malaria treatment (e.g., tetracyclines), azithromycin offers
unique advantages because of its safety in children and the
extensive experience with its use in pregnant women [8]—the
populations most affected by malaria. With an average terminal
half-life of almost 3 days (~68 h), azithromycin also has fa-
vorable pharmacokinetic properties, which result in practical
dosing regimens as short as 3 days. We present results from a
randomized clinical trial of artesunate-azithromycin and qui-
nine-azithromycin combinations in Thailand, with the aim of
determining the most practical and highly efficacious azith-
romycin combination therapy for uncomplicated, multidrug-
resistant falciparum malaria.

PATIENTS AND METHODS

Study site and participants.
evaluable patients (those who completed primary study end

The enrollment target was 100

points). Study participants were adult men and nonpregnant
women aged 20-65 years who were recruited at the Hospital
for Tropical Diseases (Mahidol University, Bangkok, Thailand),
who presented with acute uncomplicated falciparum malaria,
who were otherwise healthy, and who had parasite densities of
100-100,000 asexual P. falciparum parasites/uL. Patients were
not admitted to the study if any of the following criteria were
present: if they were pregnant or nursing; if they had signs and
symptoms of severe malaria; if they had mixed malaria infection
at the time of admission to the hospital; if they had received
malaria drug therapy or blood transfusions in the preceding
30 days; if there was laboratory evidence or history of significant
cardiovascular, liver, or renal functional abnormality; if the pa-
tient reported severe vomiting or reported alcohol or drug
abuse; if there was any clinically significant illness; or if there

was a likelihood that the patient would require treatment with
drugs not permitted by the protocol.

Study design. The study was designed as a single-center,
phase II, open-label, randomized study of acute, uncomplicated
P. falciparum malaria in an inpatient setting. Study participants,
who mostly originated from the western border regions of Thai-
land, were hospitalized for 28 days at the Hospital of Tropical
Diseases outside of areas where malaria is endemic, to avoid
re-infection with malaria and to ensure prompt treatment of
any recrudescent infections or adverse events. The study was
approved by the ethics review boards of the Thai Ministry of
Public Health (Nonthaburi), the Hospital for Tropical Diseases
(Bangkok), and the Human Subjects Research Review Board
of the US Army. Written, informed consent was obtained from
all study participants.

Sample size. A sample size of 100 subjects in 4 cohorts (a
minimum of 25 patients per cohort) was calculated as to pro-
vide 95% confidence that a regimen with which all patients are
cured is at least 89% efficacious.

Randomization. Patients were randomly assigned to 1 of
4 treatment groups according to a statistical series based on
random sampling numbers that had been drawn up for each
patient by the study staff. The details of the series were un-
known to any of the investigators or to the coordinator and
were contained in a set of sealed envelopes.

Study drugs. All subjects received azithromycin in com-
bination with either artesunate or quinine for the treatment of
their P. falciparum infection. Azithromycin (250-mg tablets;
Zithromax; lot ED-O-408-X01) was provided by Pfizer, and
quinine (lot 71606C03) was provided by the Walter Reed Army
Medical Center (Washington, D.C.). Artesunate (50-mg tablets;
Plasmotrim-50 Lactab; Mepha; lot 0351164) was purchased lo-
cally. The subjects were randomized to 1 of the following 4
treatment groups: cohort 1 received 3 days of azithromycin
(750 mg twice daily) plus artesunate (100 mg twice daily), for
a total dose of 4.5 g of azithromycin plus 600 mg of artesunate;
cohort 2 received 3 days of azithromycin (1000 mg once daily)
plus artesunate (200 mg once daily), for a total dose of 3 g of
azithromycin plus 600 mg of artesunate; cohort 3 received 3
days of azithromycin (750 mg twice daily) plus quinine (10
mg/kg twice daily), for a total dose of 4.5 g of azithromycin
plus 60 mg/kg quinine; and cohort 4 received 3 days of azith-
romycin (500 mg 3 times daily) plus quinine (10 mg/kg 3 times
daily), for a total dose of 4.5 g of azithromycin plus 90 mg/kg
quinine.

All antimalarial medications were administered under su-
pervision with meals or a snack. Acetaminophen and dimen-
hydrinate were provided, as needed, for symptoms of fever,
headache, myalgias, nausea, and/or dizziness, respectively.
Other medications or intravenous fluids were provided only as
prescribed and were considered to be concomitant medications.
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Evaluations. After enrollment, the results of the physical
examination, vital signs, adverse events, clinical signs and symp-
toms, and medication history were recorded daily until day 7,
as well as on days 14, 21, and 28 or whenever signs and symp-
toms consistent with malaria or any other disease or adverse
event reappeared. Urine pregnancy testing was performed on
the day of enrollment. Complete blood cell counts and blood
chemistry analyses were performed on days 0, 3, 7, and 14 and
on days 21 and 28 if the previous findings were abnormal.
Electrocardiography was performed on days 0, 1, and 3. Uri-
nalysis was done on days 0 and 3 and on day 28 if previous
findings were abnormal.

Microscopic evaluation. Blood smear specimens were ob-
tained twice daily until the patient was aparasitemic on at least
2 successive smears, then on days 7, 14, 21, and 28 or whenever
signs and symptoms consistent with malaria reappeared. One
slide was stored for reference, and another was examined by a
microscopist at the Hospital for Tropical Diseases laboratory.
All slides were transported to the reference laboratory at the
Armed Forces Research Institute of Medical Sciences (Bangkok)
and were reexamined by an expert microscopist, who was
blinded to the findings of the first reader. If the findings of the
2 microscopists were discordant with regard to either the species
or the result’s positivity, the slides were reexamined by a third
reference microscopist, whose reading was accepted as final.
Every thick film was screened for 200 oil-immersion fields be-
fore declaring a film result to be negative. Asexual parasites
and gametocytes were separately counted against 200 WBCs;
if the amount was too numerous to count on the thick film,
we counted the number of parasites per 1000 RBCs on the thin
film.

Efficacy measurements. The primary end points were 28-
day cure and safety. Treatment failure was further divided into
RI (defined as clearance of asexual parasites within 7 days after
the initiation of treatment, followed by early [before day 15]/
late [days 15-28] recrudescence until day 28), RII (defined as
a decrease in the parasite count to <25% of the baseline value
within 48 h but failure to clear parasites by day 7), and RIII
(defined as a failure of the parasite count to decrease to <25%
of the baseline value within 48 h), in accordance with World
Health Organization criteria [9]. Secondary efficacy variables
were parasite clearance time (PCT; defined as the time from
initiation of treatment until the first time that blood films were
negative for asexual parasites of P. falciparum and remained
negative for the next 48 h), fever clearance time (FCT; defined
as the time from initiation of treatment until the oral temper-
ature decreased to <37.5°C and remained at less than this tem-
perature for the next 48 h), and gametocyte clearance time.

In vitro studies. The fresh parasite samples obtained at
admission and recrudescence were tested in a histidine-rich
protein 2 (HRP2) drug susceptibility assay for susceptibility to

azithromycin, dihydroartemisinin, mefloquine, quinine, and
chloroquine, without freezing or preculturing. Cultures and
drug susceptibility assays were performed as previously de-
scribed [10, 11].
Data analysis. Data were entered into electronic case rec-
ord forms (I*Net; Pfizer). Ninety-five percent Cls for propor-
tions were calculated using the method of Clopper and Pearson
[12]. The Mann-Whitney U test or the Kruskal-Wallis test was
used to compare continuous variables. The x* test was used to
compare proportions. Nonlinear regression analysis was used
to calculate inhibitory concentrations. QTc intervals were also
compared after Bazett and after Fridericia adjustments for heart
rate. All tests were 2-sided, with a significance level of .05.

RESULTS

Clinical efficacy. One hundred seventeen subjects were
screened, and 97 were randomized to 1 of the 4 treatment
groups (figure 1). Five patients were lost to follow-up after
returning to their homes or were withdrawn from the study (1
patient was withdrawn because of a serious adverse event [food
poisoning] not related to the study drug). Twenty-five patients
were evaluable for primary end point in cohorts 1 and 4,
twenty-seven were evaluable in cohort 2, and 15 were evaluable
in cohort 3. In cohort 3, three early treatment failures (RIII)
led to the termination of enrollment after enrollment of 16

Assessed for eligibility
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Figure 1. Flow diagram of the progress through the phases of the trial

from enrollment until data analysis for the 4 cohorts. AS, artesunate; AZ,
azithromycin; BID, twice per day; QD, once per day; QN, quinine; TID, 3
times per day.
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subjects. All but 1 subject in group 4 (who was withdrawn
because of a serious adverse event) received all medication. The
4 cohorts were well balanced with respect to age, sex, weight,
medical history, and severity of disease, the last of which being
an entry criterion for this protocol (table 1).

The 28-day cure rates in per protocol analysis were similarly
high in the artesunate and the high-dose quinine cohorts
(92.0% [95% CI, 74.0%-99.0%], 88.9% [95% CI, 70.8%—
97.6%], and 92.0% [95% CI, 74.0%-99.0%]), for cohorts 1, 2,
and 4, respectively) (table 2). The cure rate for cohort 3 (low-
dose quinine plus azithromycin) was 73.3% (95% CI, 44.9%—
92.2%). The corresponding values for the intention-to-treat
population in cohorts 1-4 were 92.6%, 88.9%, 75.0%, and
92.6%, respectively, for best-case scenario and 85.2%, 88.9%,
68.7%, and 85.2%, respectively, for worst-case scenario.

Of the 4 treatment failures that occurred in cohort 3, three
were considered to be RIII (i.e., treatment was unable to reduce
the parasite density to <25% of the baseline value within 48
h). All treatment failures in cohorts 1, 2, and 4 were classified
as RI with late recrudescence (i.e., recrudescence after day 14).
The total number of failures (RI, RII, and RIII) at the end of
treatment was 2 (8.0%), 3 (11.1%), 4 (26.7%), and 2 (8.0%)
in cohorts 1-4, respectively.

With a mean PCT and FCT (#+SD) of 3449 + 12.95 h and
19.90 £ 19.55 h, respectively, the artesunate combinations led
to significantly faster clinical and parasitological improvement
than occurred in the quinine cohorts (74.23 + 31.71 h and
43.09 + 36.51 h, respectively; P =.000 for PCT and P =
0.001 for FCT) (figure 2). There was no significant difference
for either PCT or FCT between the 2 artesunate cohorts. In
the quinine cohorts, the higher dose of quinine led to a sig-
nificantly faster parasite clearance than did the lower dose

(P = .005). There were no significant differences in the mean
gametocyte clearance times for cohorts 1-4.

All randomized subjects were analyzed for drug safety. Drug-
related adverse events were significantly more common in the
quinine cohorts (P<.001), mostly related to cinchonism, and
electrocardiogram changes (QT intervals) were significantly
more pronounced in the quinine groups. One, 3, 8, and 19
drug-related adverse events were seen in groups 1—4, respec-
tively. All but 1 subject in cohort 1 reported at least 1 adverse
event. There were 113, 154, 102, and 169 adverse events re-
ported in cohorts 1-4, respectively. Most adverse events were
mild or moderate in severity and in the “body-as-a-whole”
digestive, hemic, lymphatic, special senses, and urogenital body
systems. No drug-related serious adverse events or discontin-
uations of the study were seen.

Patients receiving quinine had consistent, demonstrable, and
statistically significant prolongation of the QT interval. The first
dose of quinine significantly prolonged the QT interval, com-
pared with the first dose of artesunate (P = .000). The pro-
longation persisted and may have increased additionally by day
3 (P = .000). By day 3, the thrice-daily quinine dosing regimen
prolonged QT intervals more than did the twice-daily regimen,
but this reached clinical significance only with the Bazett cor-
rection (P = .030) (table 3).

Plots of vital signs did not reveal discernible, consistent dif-
ferences across the 4 study cohorts. Plots of the liver size (mea-
sured in centimeters below the rib cage) showed that the mag-
nitude of hepatomegaly uniformly decreased across all cohorts
in the trial.

In vitro findings.
day of study enrollment were successfully tested for their in

A total of 73 samples obtained on the

vitro drug susceptibility to azithromycin, dihydroartemisinin,

Table 1. Demographic and baseline characteristics of study subjects.
Cohort

Characteristic 12 2° 3¢ 4¢
Sex, no. of patients

Male 23 23 15 25

Female 4 4 1 2
Age, mean years = SD 28 = 7.1 28.8 = 6.9 264 = 6.0 277 £ 7.6
Weight, mean kg = SD 52.7 = 6.1 52.3 = 5.1 548 + 7.4 529 + 5.9
Height, mean cmm + SD 162.2 + 69 1628 + 6.3 1650+ 6.2 1619 = 45
Enrollment parasite density, GM/ul 2120 6761 7018 5431

NOTE. GM, geometric mean.

@ Three days of azithromycin (750 mg twice daily) plus artesunate (100 mg twice daily), for a total dose of 4.5

g of azithromycin plus 600 mg of artesunate.

® Three days of azithromycin (1000 mg once daily) plus artesunate (200 mg once daily), for a total dose of 3 g

of azithromycin plus 600 mg of artesunate.

¢ Three days of azithromycin (750 mg twice daily) plus quinine (10 mg/kg twice daily), for a total dose of 4.5 g

of azithromycin plus 60 mg/kg quinine.

4 Three days of azithromycin (500 mg 3 times daily) plus quinine (10 mg/kg 3 times daily), for a total dose of

4.5 g of azithromycin plus 90 mg/kg quinine.
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Table 2. Primary (cure rates) and secondary (parasite and fever

treatment groups (efficacy evaluable population).

clearance) efficacy measures for all 4

Cohort
Characteristic 1° 2° 3¢ 4¢
No. of patients evaluable on day 28 25 27 15 25
Cure
No. of patients 23 24 11 23
Percentage of patients (95% Cl) 92.0 (74.0-99.0) 88.9(70.8-97.6) 73.3(44.9-92.2) 92.0 (74.0-99.0)
Treatment failure, no. of patients
RI 2 3 1 2
RII 0 0 0 0
il 0 0 8 0
PCT, h
Mean + SD 33.14 + 15.27 35.74 + 10.49 93.06 + 32.0 62.94 + 26.11
Range 8.8-79.1 18.2-55.6 37.0-149.1 14.5-115.5
FCT, h
Mean + SD 23.35 + 22.49 16.71 + 16.16 51.37 + 32.81 38.13 + 38.34
Range 0.0-76.2 0.0-61.3 0.0-114.0 0.0-140.0

NOTE. FCT, fever clearance time; PCT, parasite clearance time; Rl, clearance of asexual parasites within 7 days after the initiation

of treatment, followed by early [before day 15]/late [days 15-28] recrudescence until day 28; Rll, decrease in the parasite count to
<25% of the baseline value within 48 h but failure to clear parasites by day 7; RIll, failure of the parasite count to decrease to
<25% of the baseline value within 48 h.

@ Three days of azithromycin (750 mg twice daily) plus artesunate (100 mg twice daily), for a total dose of 4.5 g of azithromycin
plus 600 mg of artesunate.

® Three days of azithromycin (1000 mg once daily) plus artesunate (200 mg once daily), for a total dose of 3 g of azithromycin
plus 600 mg of artesunate.

¢ Three days of azithromycin (750 mg twice daily) plus quinine (10 mg/kg twice daily), for a total dose of 4.5 g of azithromycin
plus 60 mg/kg quinine.

4 Three days of azithromycin (600 mg 3 times daily) plus quinine (10 mg/kg 3 times daily), for a total dose of 4.5 g of azithromycin

plus 90 mg/kg quinine.

mefloquine, quinine, and chloroquine. Samples from patients
with the 3 RIII treatment failures in the twice-daily quinine
cohort had quinine IC ;s (116.4, 103.3, and 93.2 ng/mL) that
were considerably greater than the geometric mean (64.4 ng/
mL; 95% CI, 55.9-74.09 ng/mL), and 2 of them were classified
as highly resistant to mefloquine (i.e., they had an IC,, of >30
ng/mL), a drug that is widely used in Thailand and that is
known for its cross-resistance with quinine. Quinine IC,s were
almost twice as high (114.8 ng/mL) for patients who later ex-
perienced treatment failures (RI and RIII) than in the overall
mean.

DISCUSSION

Recent data suggest that there are high failure rates for even
the most advanced combination therapies in Southeast Asia
[13]. Drugs with novel modes of action are, therefore, urgently
needed to be able to treat these infections in the future. Azith-
romycin is a drug registered worldwide and approved for use
in children. Data on safety of use during pregnancy exist from
a study demonstrating improved birth outcomes when mothers
were treated for presumptive sexually transmitted diseases dur-
ing pregnancy [8]. When azithromycin is used in combination
with either artesunate or quinine, it has demonstrated efficacy

for treatment of uncomplicated falciparum malaria, with cure
rates of ~90%. However, the study region has intermittent and
unstable transmission patterns, which are a true test of drug
efficacy when compared with the results of studies involving
older children and adults in constant-transmission regions [14].
Artesunate used as 7-day monotherapy had efficacy rates of
95% and 85% at 28 and 42 days, respectively; thus, the com-
bination regimen allowed for a 3-day treatment course with
similar efficacy [15].

When used in combination, artesunate or quinine have the
role of quickly reducing the initial parasite biomass, whereas
azithromycin, with its longer half-life, has to reliably eliminate
the remaining parasites. Artesunate and quinine are relatively
fast-acting drugs that are rapidly eliminated from circulation.
With its longer half-life and slow onset of action, azithromycin
is a complimentary combination partner for these drugs, be-
cause it allows for covering ~3 parasite life cycles with only a
3-day drug administration. Azithromycin’s intracellular loca-
tion may allow for slower development of resistance for re-
spiratory pathogens, and careful studies in the developing world
have not documented widespread resistance of pneumococci
[16, 17]. Potential limitations to azithromycin efficacy may be
the dependence on inflammation [18] to deliver the drug to a
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Figure 2. Parasite reduction curves with 50% and 90% parasite re-
duction times. Mean 50% parasite reduction times (=+SD) were
156 78,176 = 11.0, 34.8 + 24.1, and 25.6 + 16.4 h for cohorts 1—
4, respectively. The corresponding mean 90% parasite reduction times
(+=SD) were 20.2 = 9.0, 224 = 98, 61.0 = 294, and 34.8 + 17.8 h.
AS, artesunate; AZ, azithromycin; BID, twice per day; QD, once per day;
QN, quinine; TID, 3 times per day.

site of infection and less accumulation in RBCs than in WBCs
[19]; thus, there is a need to maximize pharmacodynamic pa-
rameters when treating patients with malaria.

The azithromycin combinations were generally well toler-
ated. Relatively poor efficacy in the treatment of falciparum
malaria with standard doses of azithromycin (1500 mg total
over 3 days) [20] and recent good results with higher doses
used in combination with quinine [6] led us to investigate 3—
4.5-g total doses of azithromycin. Even with these high doses
of azithromycin (750-1000 mg per dose), and even though

there were acutely ill patients throughout the entire study, only
3 doses had to be readministered after patients vomited, and
no patient discontinued therapy as a result of treatment-related
adverse events. Patients in all cohorts were seriously ill with
falciparum malaria and could be expected to have varying de-
grees of laboratory abnormalities and other adverse events. The
rate of all-cause adverse events was comparable among cohorts,
except for symptoms consistent with cinchonism, a symptom
complex typically associated with the use of therapeutic doses
of quinine. Quinine also prolonged the QT interval in a dose-
related fashion, as described elsewhere [21].

The combination of azithromycin with artesunate, even
when given only once daily for 3 days, has been shown to be
a safe and efficacious drug combination for the treatment of
falciparum malaria, even in areas with a high prevalence of
multidrug resistance [22]. The obvious advantages of this reg-
imen lie in the possibility of administering only a single dose
per day, as well as the short duration of treatment thereby
raising hopes of better compliance with treatment and faster
clinical and parasitological improvement. This faster improve-
ment is largely attributable to the fast action of artemisinin
compounds, which reduce the parasite burden by the factor
10,000 in each cycle [23].

For the combination of azithromycin with quinine, the in
vivo and in vitro data reflect the fact that the combination
partner has to take the full burden of quickly reducing the
initial parasitemia. In areas of compromised quinine and me-
floquine susceptibility, such as Thailand, the lower dosage of
quinine used in the twice-daily cohort will, therefore, not always
provide enough initial impact to adequately reduce the parasite

Table 3. Uncorrected and corrected QT interval data with Fridericia’s and

Bazett's adjustments.

Change from baseline QT interval,
mean milliseconds + SE

Comparison Cohort 17 Cohort 2°  Cohort 3°  Cohort 4° p®
Day 1 vs. baseline
Unadjusted 4+52 19+x61 27 *+64 32 + 65 .002
Fridericia adjusted —3 = 3.5 746 21 44 25 + 42 .000
Bazett adjusted -7 =+ 36 0+39 17 +44 20 + 3.6 .000
Day 3 vs. baseline
Unadjusted 22 + 66 3366 49+ 117 61 76 .000
Fridericia adjusted 4 +46 1444 28 +59 43 + 5.6  .000
Bazett adjusted -6 + 4.7 3+38 17 45 33 +49 .000

@ Three days of azithromycin (750 mg twice daily) plus artesunate (100 mg twice daily), for
a total dose of 4.5 g of azithromycin plus 600 mg of artesunate.

® Three days of azithromycin (1000 mg once daily) plus artesunate (200 mg once daily), for
a total dose of 3 g of azithromycin plus 600 mg of artesunate.

° Three days of azithromycin (750 mg twice daily) plus quinine (10 mg/kg twice daily), for
a total dose of 4.5 g of azithromycin plus 60 mg/kg quinine.

9 Three days of azithromycin (500 mg 3 times daily) plus quinine (10 mg/kg 3 times daily),
for a total dose of 4.5 g of azithromycin plus 90 mg/kg quinine.

¢ For comparison of cohorts 1 and 2 vs. cohorts 3 and 4.
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burden. At least 2 of the 3 RIII treatment failures in this cohort
appear to have been the result of reduced quinine susceptibility
and cross-resistance with mefloquine.

In view of similarly high cure rates obtained with these com-
binations, the obvious advantage of artesunate as a combination
partner is that it leads to a significantly faster clinical and par-
asitological improvement. It also allows for very convenient
dosing regimens and is particularly well tolerated. The advan-
tages of quinine, on the other hand, are its safety record during
pregnancy and the fact that quinine is licensed in many western
countries; also, it is the only currently available rapid-acting
antimalarial available for treatment of patients who experience
artemisinin treatment failure if resistance to artemisinin should
emerge. The 3-day regimen evaluated is also a marked im-
provement over the standard 7-10-day regimens currently in
use for quinine monotherapy.

Future studies of azithromycin with artesunate would be
appropriate with a 30 mg/kg daily dose for children. This reg-
imen may prove to be an alternative to empirical treatment of
children with fever in geographic areas where diagnosis is dif-
ficult, as well as for patients with typhoid, pneumococcal sepsis,
and malaria cases presenting with fever [24, 25].

In conclusion, these data suggest that azithromycin-artesun-
ate, even when given only once daily for 3 days, and azithro-
mycin-quinine, given 3 times daily, are safe and efficacious
combination treatments for uncomplicated falciparum malaria.

They warrant additional testing in larger studies.

Acknowledgments

We thank all participants, as well as the staff of the Bangkok Hospital
for Tropical Diseases, for their assistance. We thank Josh Berman for his
help in developing the protocol.

Financial support. Global Pharmaceuticals Pfizer and National Insti-
tutes of Allergy and Infectious Diseases, National Institutes of Health (UC
1 A149500-01).

Potential conflicts of interest. J.R., H.B., and C.K. are employees of
Pfizer and have an equity interest in the company. C.O. has received ex-
tramural and travel funding from Pfizer. All other authors: no conflicts.

References

1. Noedl H, Wernsdorfer WH, Krudsood S, et al. Antimalarial activity of
azithromycin, artemisinin and dihydroartemisinin in fresh isolates of
Plasmodium falciparum in Thailand. Acta Trop 2001; 80:39—44.

2. Ohrt C, Willingmyre GD, Lee P, Knirsch C, Milhous W. Assessment
of azithromycin in combination with other antimalarial drugs against
Plasmodium  falciparum in vitro. Antimicrob Agents Chemother
2002;46:2518-24.

3. Andersen SL, Oloo AJ, Gordon DM, et al. Successful double-blinded,
randomized, placebo-controlled field trial of azithromycin and doxy-
cycline as prophylaxis for malaria in western Kenya. Clin Infect Dis
1998;26:146-50.

4. Taylor W, Richie T, Fryauff D, et al. Malaria prophylaxis using azith-
romycin: a double-blind, placebo-controlled trial in Irian Jaya, Indo-
nesia. Clin Infect Dis 1999;28:74-81.

5. Dunne MW, Singh N, Shukla M, et al. A multicenter study of azith-
romycin, alone and in combination with chloroquine, for the treatment

10.

11.

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

of acute uncomplicated Plasmodium falciparum malaria in India. J
Infect Dis 2005;191:1582-8.

. Miller RS, Wongsrichanalai C, Buathong N, et al. Effective treatment

of uncomplicated Plasmodium falciparum malaria with azithromycin-
quinine combinations: a randomized, dose-ranging study. Am J Trop
Med Hyg 2006; 74:401-6.

. Heppner DG Jr, Walsh DS, Uthaimongkol N, et al. Randomized, con-

trolled double-blind trial of daily oral azithromycin in adults for the
prophylaxis of Plasmodium vivax malaria in western Thailand. Am ]
Trop Med Hyg 2005; 73:842-9.

. Gray RH, Wabwire-Mangen F, Kigozi G, et al. Randomized trial of

presumptive sexually transmitted disease therapy during pregnancy in
Rakai, Uganda. Am ] Obstet Gynecol 2001;185:1209-17.

. World Health Organization. Chemotherapy of malaria and resistance

to antimalarials: report of a WHO scientific group. WHO Technical
Report Series, no. 529. Geneva, Switzerland: WHO, 1973.

Noedl H, Attlmayr B, Wernsdorfer WH, Kollaritsch H, Miller RS. A
histidine-rich protein 2-based malaria drug sensitivity assay for field
use. Am J Trop Med Hyg 2004;71:711-4.

Noedl H, Bronnert J, Yingyuen K, Attlmayr B, Kollaritsch H, Fukuda
M. Simple histidine-rich protein 2 double-site sandwich enzyme-linked
immunosorbent assay for use in malaria drug sensitivity testing. An-
timicrob Agents Chemother 2005;49:3575-7.

Clopper CJ, Pearson ES. The use of confidence of fiducial limits il-
lustrated in the case of the binomal. Biometrika 1934;26:404-13.
Vijaykadga S, Rojanawatsirivej C, Cholpol S, Phoungmanee D, Nakavej
A, Wongsrichanalai C. In vivo sensitivity monitoring of mefloquine
monotherapy and artesunate-mefloquine combinations for the treat-
ment of uncomplicated falciparum malaria in Thailand in 2003. Trop
Med Int Health 2006; 11:211-9.

Francis D, Nsobya SL, Talisuna A, et al. Geographic differences in
antimalarial drug efficacy in Uganda are explained by differences in
endemicity and not by known molecular markers of drug resistance.
] Infect Dis 2006; 193:978-86.

Menard D, Matsika-Claquin MD, Djalle D, et al. Association of failures
of seven-day courses of artesunate in a non-immune population in
Bangui, Central African Republic with decreased sensitivity of Plas-
modium falciparum. Am ] Trop Med Hyg 2005;73:616-21.

Batt SL, Charalambous BM, Solomon AW, et al. Impact of azithromycin
administration for trachoma control on the carriage of antibiotic-re-
sistant  Streptococcus pneumoniae. Antimicrob Agents Chemother
2003;47:2765-9.

Gaynor BD, Holbrook KA, Whitcher JP, et al. Community treatment
with azithromycin for trachoma is not associated with antibiotic re-
sistance in Streptococcus pneumoniae at 1 year. Br J Ophthalmol
2003;87:147-8.

. Gladue RP, Snider ME. Intracellular accumulation of azithromycin by

cultured human fibroblasts. Antimicrob Agents Chemother 1990; 34:
1056-60 (erratum: Antimicrob Agents Chemother 1990;34:2041).
Gladue RP, Bright GM, Isaacson RE, Newborg MF. In vitro and in vivo
uptake of azithromycin (CP-62,993) by phagocytic cells: possible mech-
anism of delivery and release at sites of infection. Antimicrob Agents
Chemother 1989;33:277-82.

Krudsood S, Buchachart K, Chalermrut K, et al. A comparative clinical
trial of combinations of dihydroartemisinin plus azithromycin and
dihydroartemisinin plus mefloquine for treatment of multidrug resis-
tant falciparum malaria. Southeast Asian ] Trop Med Public Health
2002;33:525-31.

Karbwang J, Davis TM, Looareesuwan S, Molunto P, Bunnag D, White
NJ. A comparison of the pharmacokinetic and pharmacodynamic prop-
erties of quinine and quinidine in healthy Thai males. Br J Clin Phar-
macol 1993;35:265-71.

Brockman A, Price R, van Vugt M, et al. Plasmodium falciparum an-
timalarial drug susceptibility on the north-western border of Thailand
during five years of extensive use of artesunate-mefloquine. Trans R
Soc Trop Med Hyg 2000; 94:537-44.

1270 « CID 2006:43 (15 November) * Noedl et al.



23. White NJ, Nosten F, Looareesuwan S, et al. Averting a malaria disaster. 25. Frenck RW Jr, Mansour A, Nakhla I, et al. Short-course azithromycin
Lancet 1999;353:1965—7. for the treatment of uncomplicated typhoid fever in children and ad-
24. Reyburn H, Mbatia R, Drakeley C, et al. Overdiagnosis of malaria in olescents. Clin Infect Dis 2004;38:951-7.
patients with severe febrile illness in Tanzania: a prospective study. BM]
2004;329:1212.

Azithromycin Combination Therapy ¢ CID 2006:43 (15 November) * 1271



