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A bs tr ac t

Background

There is a need for a simple and efficacious treatment for cutaneous leish ma ni a sis 
with an acceptable side-effect profile.

Methods

We conducted a randomized, vehicle-controlled phase 3 trial of topical treatments 
containing 15% par o mo my cin, with and without 0.5% gentamicin, for cutaneous 
leish ma ni a sis caused by Leishmania major in Tunisia. We randomly assigned 375 pa-
tients with one to five ulcerative lesions from cutaneous leish ma ni a sis to receive a 
cream containing 15% par o mo my cin–0.5% gentamicin (called WR 279,396), 15% 
par o mo my cin alone, or vehicle control (with the same base as the other two creams 
but containing neither paromomycin nor gentamicin). Each lesion was treated once 
daily for 20 days. The primary end point was the cure of the index lesion. Cure was 
defined as at least 50% reduction in the size of the index lesion by 42 days, complete 
reepithelialization by 98 days, and absence of relapse by the end of the trial (168 
days). Any withdrawal from the trial was considered a treatment failure.

Results

The rate of cure of the index lesion was 81% (95% confidence interval [CI], 73 to 87) 
for par o mo my cin–gentamicin, 82% (95% CI, 74 to 87) for par o mo my cin alone, and 
58% (95% CI, 50 to 67) for vehicle control (P<0.001 for each treatment group vs. the 
vehicle-control group). Cure of the index lesion was accompanied by cure of all other 
lesions except in five patients, one in each of the par o mo my cin groups and three in 
the vehicle-control group. Mild-to-moderate application-site reactions were more 
frequent in the par o mo my cin groups than in the vehicle-control group.

Conclusions

This trial provides evidence of the efficacy of par o mo my cin–gentamicin and par o mo-
my cin alone for ulcerative L. major disease. (Funded by the Department of the Army; 
ClinicalTrials.gov number, NCT00606580.)
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Leishmania, a genus of trypanosoma-

tid protozoa, is endemic in 98 countries or 
territories worldwide, with infection trans-

mitted by the bite of a female sand fly. The esti-
mated yearly incidence of leishmania infection is 
1.5 million cases of cutaneous leish ma ni a sis and 
500,000 cases of visceral leish ma ni a sis.1 Cutane-
ous leish ma ni a sis results from the parasitization 
of skin macrophages and generally is manifested 
as a papule that enlarges to a nodule that often 
ulcerates during a period of 1 to 3 months. Di-
verse leishmania species cause cutaneous leish-
ma ni a sis. There are at least five species, includ-
ing Leishmania major, on the Eurasian and African 
continents and seven species in the Americas.1 
Cutaneous leish ma ni a sis resolves without treat-
ment in a few months to several years, with the 
period depending on the infecting species. For  
L. major, there was resolution of single lesions by 
45 days of follow-up in approximately 20 to 45% 
of untreated patients in Tunisia or Iran, and ap-
proximately 70% had resolution of single lesions 
by 105 days.2,3 Despite these findings, cutaneous 
leish ma ni a sis can cause substantial morbidity 
owing to the continued presence of a skin ulcer 
and the psychological effect of disfigurement.4 
The World Health Organization (WHO) disability 
weight for cutaneous leish ma ni a sis is 0.023 (on a 
scale of 0 to 1, with increasing values reflecting 
more severe disease). This weight is greater than 
that for malaria-induced anemia (0.012) and 
similar to that for hookworm-induced anemia 
(0.024).5

A variety of therapies for cutaneous leish ma ni-
a sis exist and have been reviewed6-9 (19 in a 
systematic review by González and colleagues 
alone6). Clearly, there remains a need for a treat-
ment that is simple and efficacious with an ac-
ceptable side-effect profile.10,11

One nonsystemic treatment is the topical ap-
plication of par o mo my cin-containing creams. Par-
o mo my cin is an antibacterial aminoglycoside that 
for unknown reasons also has efficacy against 
leishmania. The dose that is required to produce a 
50% reduction in parasite load in in vitro samples 
is generally between 1 and 40 µg per millili-
ter.12,13 The maximum serum concentration is 
23 µg per milliliter after intramuscular adminis-
tration.14 Intramuscular par o mo my cin cured vis-
ceral leish ma ni a sis in 95% of patients in India15 

but was less successful in those with cutaneous 
leish ma ni a sis.16-18 To increase the amount of 
par o mo my cin that is delivered to the skin and 
parasites in these often-necrotic cutaneous le-
sions,19 El-On and colleagues20 created a formu-
lation containing 15% par o mo my cin in white 
soft paraffin that also contained 12% methyl-
benzethonium chloride. This formulation was 
more effective than no treatment for L. major 
infection in Israel21 and more effective than vehi-
cle-control treatment for infection with L. mexi-

cana and L. braziliensis in Guatemala.22 However, 
cost and “severe irritancy and intolerance” as-
sociated with the use of 12% methylbenzetho-
nium chloride, as seen in up to 75% of pa-
tients,20 has resulted in the infrequent use of 
this formulation.23-25 A cream containing 15% 
par o mo my cin in white soft paraffin plus 10% 
urea was sponsored by the WHO but was no 
more effective than vehicle control against L. major 
infection in Iran3 and Tunisia.2

We developed a cream containing 15% par o-
mo my cin sulfate plus 0.5% gentamicin sulfate in 
a complex base (called WR 279,396) to aid drug 
penetration. Gentamicin was included in the 
formulation on the basis of efficacy studies in 
mice showing that gentamicin augmented the 
rate of cure and decreased the rate of relapse, as 
compared with par o mo my cin alone, particularly 
for species causing cutaneous leish ma ni a sis in 
the Americas.26 Although gentamicin is not di-
rectly cytocidal to leishmania parasites, it may 
attenuate them, facilitating immunologic mech-
anisms of eradication through helper T-cell im-
munity.27,28 In addition, combination products 
may impart broad-range antibacterial activity 
against secondary bacterial infections that could 
otherwise delay wound healing, and such prod-
ucts may avert the development of resistance. In 
a previous phase 2 study, WR 279,396 was more 
effective than vehicle control against L. major 
infection29 at the same site in Tunisia at which 
the WHO formulation was ineffective.2 Here, we 
report the results of our phase 3 randomized, 
double-blind, vehicle-controlled, parallel-group 
study in which we compared WR 279,396 (15% 
par o mo my cin–0.5% gentamicin cream) with par-
o mo my cin alone (15% par o mo my cin cream) and 
with vehicle-control cream against cutaneous 
leish ma ni a sis caused by L. major in Tunisia.
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Me thods

Study Design and Conduct

From January 2008 through July 2011, we con-
ducted the study at medical clinics in or near the 
area of Sidi Bouzid, Tunisia, in which the species 
is endemic. The protocol was approved by the 
ethics committee of the Institut Pasteur de Tunis 
and by the Human Research Protections Office, 
U.S. Army Medical Research and Materiel Com-
mand, and is available with the full text of this 
article at NEJM.org. The study was sponsored by 
the Office of the Surgeon General, Department 
of the Army, and is considered a phase 3 study by 
the Food and Drug Administration under Investi-
gational New Drug application 50098. All patients 
or their legal representatives provided written in-
formed consent, and children under the age of 
18 years also provided assent. The study was con-
ducted in accordance with the protocol, and all 
the authors vouch for the completeness and ac-
curacy of the data and analyses. Study drugs were 
purchased by the sponsor. A patent for the topi-
cal formulation of WR 279,396 is owned by the 
U.S. Army. (For details about contributions of the 
authors, see the Supplementary Appendix, avail-
able at NEJM.org.)

Study Treatments

The three types of cream (par o mo my cin–genta-
micin, par o mo my cin alone, and vehicle control) 
were manufactured by Teva Pharmaceuticals in 
accordance with Good Manufacturing Practices. 
For each patient, all lesions (i.e., the index lesion 
plus nonindex lesions) were treated topically once 
daily for 20 days by a member of the study staff 
who documented the study treatment. (For de-
tails of the application procedures, see the Sup-
plementary Appendix.)

Study Patients

Inclusion criteria included an age of 5 to 65 years; 
overall good health besides cutaneous leish ma-
ni a sis; if female, absence of pregnancy and lacta-
tion; and the presence of five or fewer lesions, 
with an index lesion that was ulcerative, mea-
sured 1 to 5 cm in diameter, and was confirmed 
to contain leishmania by means of culture or mi-
croscopical examination of lesion material. Exclu-
sion criteria included clinically significant lymph-

adenopathy or mucosal involvement, against which 
a topical agent would not be expected to be effec-
tive. (See the Supplementary Appendix and the 
protocol for all eligibility criteria.)

End Points

Efficacy

We assessed efficacy by measuring the area of 
the cutaneous leish ma ni a sis lesion at baseline and 
at 20 days (completion of treatment), 28 days, 
42 days, 49 days, 98 days, and 168 days (end of 
the study). For each lesion, protocol-specified 
measures of response were as follows: initial 
clinical improvement (reduction in the area of 
the index lesion by 50 to 99% at 42 days, as 
compared with baseline), initial clinical cure 
(complete reepithelialization [no ulcer present] at 
42 days, or initial clinical improvement followed 
by 100% reepithelialization by 98 days), relapse 
(initial clinical improvement or cure followed by an 
increase in lesion size or reulceration by 168 days), 
and final clinical cure (initial clinical cure with-
out relapse). The protocol-specified primary effi-
cacy end point was the final clinical cure of an 
index lesion.

The protocol-specified definition of treatment 
failure was an absence of initial clinical im-
provement or cure or an absence of final clinical 
cure. In addition, withdrawal of the patient be-
fore the end of the study because either the pa-
tient or the investigator thought the lesion was 
unlikely to have a response constituted treat-
ment failure, as did loss to follow-up.

Safety

The safety end points were adverse events and 
application-site reactions (i.e., patients’ assess-
ment of pain and irritation or clinicians’ assess-
ment of erythema, edema, and vesicles). Safety 
end points were assessed daily during therapy. 
Renal toxic effects and ototoxic effects from ami-
noglycoside exposure were ascertained by means 
of serum creatinine measurements at the end of 
therapy (at 20 days) and patients’ daily reports of 
tinnitus and vertigo.

Statistical Analysis

The sample size of 375 patients was based on 
estimated rates of final clinical cure of 94% in 
the par o mo my cin–gentamicin group and 71% in 
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the vehicle-control group, as shown in a previous 
study.29 On the basis of these rates, a sample size 
of 125 patients in each of these two groups pro-
vided a statistical power of 99% to detect a sig-
nificant difference in the rates of final clinical cure 
rates (94% vs. 71%). For powering the study, it was 
postulated that the cure rate in the par o mo my cin 
group would be between the rates in the par o mo-
my cin–gentamicin group and the vehicle-control 
group.

The modified intention-to-treat population con-
sisted of patients who received at least one dose 
of study treatment. We tested two hypotheses 
using a fixed testing-sequence procedure with an 
overall two-sided alpha level of 0.05 or less. The 

first null hypothesis was that there was no dif-
ference in the final clinical cure rate between 
par o mo my cin–gentamicin and vehicle control 
and there was no significant difference in the 
rate of a final clinical cure between the par o mo-
my cin group and the vehicle-control group. The 
second null hypothesis was that there was no sig-
nificant difference in the rate of a final clinical 
cure between the par o mo my cin–gentamicin group 
and the par o mo my cin group. A two-sided uncor-
rected chi-square analysis was used to test these 
hypotheses. Thus, the study was designed to de-
termine whether par o mo my cin–gentamicin or par-
o mo my cin alone was superior to vehicle control 
and whether the combination product (par o mo my-

383 Underwent randomization

1432 Patients were assessed for eligibility

1049 Were excluded
423 Had healing lesion 
92 Had >5 lesions
87 Had undergone previous treatment
85 Had difficult followup
81 Had lesion too small
57 Had medical condition
54 Were <5 yr of age
41 Had nonulcerous lesion
38 Had difficulttotreat lesion on face 
91 Had other reasons

129 Were assigned to paromomycin–
gentamicin

125 Received assigned intervention

4 Were lost to
followup

48 Had clinical
failure

1 Was lost to
followup

22 Had clinical
failure

1 Was lost to
followup

23 Had clinical
failure

125 Were included in analysis 125 Were included in analysis

128 Were assigned to paromomycin
125 Received assigned intervention

126 Were assigned to vehicle control
125 Received assigned intervention

125 Were included in analysis

Figure 1. Screening, Enrollment, and Follow-up of the Study Patients.

Of the 1432 patients who were screened, 383 were randomly assigned to receive a study intervention. Owing to the 

logistics of moving study treatments to the field before the final eligibility determination was made, 8 patients under-

went randomization but did not receive treatment because they were determined to be ineligible when they were 

scheduled to start treatment. The remaining 375 patients (125 in each of the three groups) received at least one  

application of a study treatment and were included in the modified intention-to-treat and safety analyses.
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cin–gentamicin) was superior to par o mo my cin 
alone (analytic details are provided in the Supple-
mentary Appendix).

R esult s

Patients

Of the 1432 screened patients, 383 were random-
ly assigned to receive a study treatment. A total 
of 375 received an investigational product and 
constituted the modified intention-to-treat 
 population (Fig. 1). Patient characteristics are 
shown in Table 1 and in the Supplementary Ap-
pendix. Approximately half the patients were 
male and adult. Patients had 1 to 5 lesions, and 
58% had more than one lesion. The lesion size 
was significantly larger in the par o mo my cin–
gentamicin group than in the other two groups. 
A total of 797 lesions were treated. Essentially all 
lesions were ulcerative. The majority of lesions 
were on the lower limbs, followed by the upper 
limbs, head, and torso. We determined the para-
site species of 78% of the index lesions; all were 
L. major.

Treatment Compliance

Of the 375 patients, 371 (99%) completed all 20 
days of treatment. One patient receiving par o mo-
my cin alone and 3 receiving vehicle control with-
drew consent before completing all 20 days of 
study cream administration.

Efficacy

The rate of final clinical cure of the index lesion, 
the primary efficacy end point, was 81% (95% 
confidence interval [CI], 73 to 87) with par o mo-
my cin–gentamicin, 82% (95% CI, 74 to 87) with 

par o mo my cin alone, and 58% (95% CI, 50 to 67) 
with vehicle control (P<0.001 for each active-drug 
group vs. the vehicle-control group) (Table 2). 
Par o mo my cin–gentamicin and par o mo my cin alone 
performed equally well in this study.

The primary reason for failure was an ab-
sence of initial improvement by 42 days, which 
occurred with the vehicle control approximately 
twice as often as in each active-drug group (Ta-
ble 2). The next most common reason for failure 
was relapse, which generally consisted of enlarge-
ment by 49 days after initial improvement at  
42 days. More patients had a relapse in each 
active-drug group than in the vehicle-control 
group (Table 2). There were eight withdrawals 
before a protocol-specified evaluation time point 
because the investigator or patient perceived an 
absence of response. Seven other patients with-
drew for other reasons, did not complete ther-
apy, or were lost to follow-up (Fig. 1 and Table 2).

Although the protocol-specified primary end 
point was cure of the index lesion, the absence 
of a response in any lesion constitutes treatment 
failure for the patient. Therefore, the rate of cure 
of all lesions is of clinical interest. One patient 
in each of the active-drug groups and three pa-
tients in the vehicle group had a nonindex lesion 
that was not cured (Table 2). Therefore, 80% of 
patients receiving par o mo my cin–gentamicin and 
81% of those receiving par o mo my cin alone had 
all lesions cured, as compared with 56% of pa-
tients receiving vehicle control (P<0.001 for both 
comparisons).

Although the protocol-specified criteria for cure 
(improvement at an early time point of 42 days, 
cure at an intermediate time point of 98 days, 
and no relapse by 168 days) are in accord with 

Table 1. Baseline Characteristics of the Patients.*

Characteristic
Par o mo my cin–Gentamicin  

(N = 125)
Par o mo my cin Alone

(N = 125)
Vehicle Control 

(N = 125)
All Patients  

(N = 375)

Male sex — no. (%) 56 (45) 68 (54) 69 (55) 193 (51)

Age — yr 23±16 25±16 23±15 24±16

Age >17 yr — no. (%) 63 (50) 66 (53) 61 (49) 190 (51)

Total no. of lesions in group 243 272 282 797

Area of all lesion ulcers per 
patient — mm2

126±121 90±75 98±112 105±105

* Plus–minus values are means ±SD. There were no significant differences among groups.
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clinical practice, some clinicians may expect a 
treatment to provide a cure at an early time point. 
The percentage of all lesions that were 100% 
healed at 42 days were 79%, 83%, and 57% in 
the par o mo my cin–gentamicin, par o mo my cin, and 
vehicle-control groups, respectively (P<0.001 for 
each active-drug treatment group vs. the vehicle-
control group) (Table 2). The typical response of 
a lesion to treatment is shown in Figure 2.

The mean area of ulceration of the index lesion 
increased between 1 day and 20 days (the end of 
therapy) in the par o mo my cin–gentamicin group 
and in the par o mo my cin group but not in the 
vehicle-control group, with no withdrawals or 
treatment interruptions because of this reaction. 
By 28 days, however, the size of the mean lesion 
in the active-drug groups had decreased to ap-
proximately baseline levels.

Safety

All adverse events that were deemed by the investi-
gators as at least possibly related to a study treat-
ment were reactions of mild or moderate severity 
at the application site. Adverse events that oc-
curred in at least 1% of patients in any group are 
shown in Table 3. Erythema and skin irritation 
were present in all groups; the latter was attribut-
ed to the dressing. Minute vesicles were significant-
ly more frequent in the active-drug groups than 
in the vehicle-control group. Superinfection (clini-
cal signs of secondary bacterial infection of cutane-
ous leish ma ni a sis lesions) was significantly more 
common in the vehicle-control group than the ac-
tive groups. One serious adverse event — acute 
poststreptococcal glomerulonephritis — occurred 
in the par o mo my cin–gentamicin group and was 
considered to be unrelated to the study treatment.

Table 2. Efficacy Outcomes in the Modified Intention-to-Treat Population.

Outcome

Par o mo my cin– 
Gentamicin  

(N = 125)

Par o mo my cin  
Alone  

(N = 125)

Vehicle  
Control  

(N = 125)

Final clinical cure of index lesion (primary end point) — no. (%)* 101 (81) 102 (82) 73 (58)

Final clinical cure of index lesion but not all nonindex lesions — no.† 1 1 3

Lack of final clinical cure of index lesion — no. 24 23 52

Index lesion not cured — no. 23 22 48

No improvement at 42 days — no. 19 16 39

Relapse — no. 4 4 2

Improvement at 42 days but enlargement at 49 days — no. 3 3 2

Reepithelialization at 42 days but enlargement at 49 days — no. 1 1 0

Withdrawal by investigator or patient owing to disease progression — no.‡ 0 1 7

Withdrawal by patient for other reason — no. 0 1 0

Incomplete treatment or lost to follow-up — no. 1 1 4

Total reepithelialization of ulcerated lesions at 42 days — no./total no. of ulcerated 
lesions at baseline (%)§

190/240 (79) 218/262 (83) 160/279 (57)

* The absolute difference in the rates of the primary end point was 23 percentage points (95% confidence interval [CI], 11 to 34; P<0.001) be-
tween par o mo my cin–gentamicin and vehicle control, 24 percentage points (95% CI, 12 to 34; P<0.001) between par o mo my cin alone and 
vehicle control, and –1 percentage point (95% CI, –10 to 9; P = 0.87 by a two-sided uncorrected chi-square test) between par o mo my cin– 
gentamicin and par o mo my cin alone.

† In cases in which a final clinical cure occurred in the index lesion but not all nonindex lesions, all nonulcerated lesions were cured, including 
the one nodular lesion.

‡ Of the eight patients who were withdrawn owing to disease progression, the patient in the par o mo my cin group was withdrawn by the inves-
tigator because of lymphangitis (suspected disease dissemination). The remaining seven patients were in the vehicle-control group: three 
were withdrawn by the investigator because the index lesion had increased in size by 28 days; one had index-lesion enlargement by a factor 
of 1.6 by 20 days, accompanied by development of three new lesions; two had index-lesion inflammation by 49 days; and one withdrew con-
sent at 28 days because the index lesion had not changed in size. The effect of the lack of definitive end-point determination with respect to 
patients lost to follow-up was explored (see the Supplementary Appendix).

§ Complete reepithelialization occurred in significantly more lesions in either active group than in the vehicle-control group (P<0.001 for each 
comparison, by a two-sided uncorrected chi-square test).
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There were no cases of clinically significant 
tinnitus or vertigo or changes in serum creati-
nine levels between screening and the evaluation 
at 20 days, and no patient was removed from the 
study owing to an adverse event. There were no 
deaths.

Discussion

This trial showed that either of two creams con-
taining 15% par o mo my cin, one with and one 
without 0.5% gentamicin, was superior in effi-
cacy to a vehicle-control cream for treating ulcer-
ative cutaneous leish ma ni a sis caused by L. major

in Tunisia. There was no advantage in the addi-
tion of gentamicin observed in this study. The 
index lesion was cured in 101 of 125 patients 
(81%) receiving par o mo my cin–gentamicin, in 102 
of 125 patients (82%) receiving par o mo my cin 
alone, and in 73 of 125 patients (58%) receiving 
vehicle control (P<0.001 for each par o mo my cin 
group vs. the vehicle-control group).

Our phase 3 study was conducted on the ba-
sis of successful results of a previous phase 2 
study conducted in both Tunisia and Paris.29 A 
comparison of the results of these two studies is 
provided in the Supplementary Appendix.

Par o mo my cin–gentamicin and par o mo my cin 
alone, when administered to leishmania-induced 
ulcers for 20 days, resulted in systemic par o mo-
my cin exposure that was less than 10% of the 
exposure from a standard regimen of intramus-
cular par o mo my cin. Thus, as expected, there were 
no instances of clinically meaningful renal toxic 
effects or ototoxic effects in this trial. The for-
mation of minute vesicles was more frequent in 
the active-drug groups than in the vehicle-con-
trol group. Clinicians and patients should an-
ticipate that when either active cream is used, a 
transient inflammatory reaction involving lesion 
enlargement and vesicle formation may occur 
during treatment. However, no patient requested 
to withdraw or had treatment suspended be-
cause of this inflammatory reaction; there were 

A B

DC

Figure 2. Response of a Typical Lesion to Treatment with Par o mo my cin–Gentamicin.

On the first day of the study, the ulceronodular facial lesion was 24.0 mm by 19.7 mm in area (Panel A). By 20 days, 

at the end of therapy, the lesion had visibly flattened (Panel B) and measured 2.1 mm by 1.1 mm in area. There was 

complete reepithelialization of the lesion by 42 days (Panel C), and the lesion had not relapsed by 157 days (Panel D).
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no problems with compliance. We postulate that 
the inflammatory reaction aids ulcer resolution. 
Superinfection was more common with vehicle 
control than with par o mo my cin, which we at-
tributed to an absence of local antibacterial ef-
fect of the aminoglycosides. All superinfections 
were treated with oral antibiotics and resolved.

This trial provides evidence that either par o-
mo my cin formulation in the present hydrophilic 
vehicle control is an effective treatment for ul-
cerative L. major disease in Tunisia. Early treat-
ment of L. major cutaneous leish ma ni a sis with a 
cream is simpler than the current treatment op-
tions for cutaneous leish ma ni a sis and follows 
the recent WHO recommendations for the treat-
ment of L. major cutaneous leish ma ni a sis.1

The similarity in the natural cure rate for  
L. major infection in such geographically separate 
areas as Tunisia2 and Iran3 suggests that either 
cream would be effective treatment for ulcerative 
L. major in general, although studies are needed 
to address this expectation. The efficacy of these 
creams against nonulcerative disease or disease 
caused by other species of leishmania remains to 
be fully investigated. In this regard, we note that 
in animals, par o mo my cin–gentamicin and par o-
mo my cin alone were equally effective against  
L. major, a result that predicted the findings of 

our study, but par o mo my cin–gentamicin was 
more effective than par o mo my cin alone against 
American species such as L. panamensis and L. ama-

zonensis.26 For all cases of cutaneous leish ma ni a-
sis, the therapeutic index for the two par o mo-
my cin creams is enhanced by their acceptable 
side-effect profile, as compared with alternative 
interventions.
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Table 3. Adverse Events Occurring in More Than 1% of Patients in Any Study Group.

Adverse Event
Par o mo my cin–Gentamicin 

(N = 125)
Par o mo my cin Alone 

(N = 125)
Vehicle Control  

(N = 125)

Mild Moderate Mild Moderate Mild Moderate

number (percent)

Application site

Erythema 6 (5) 0 7 (6) 0 3 (2) 1 (1)

Infection 0 0 0 2 (2) 0

Inflammation 0 0 0 2 (2) 0

Vesicles 26 (21) 5 (4) 27 (22) 5 (4) 9 (7) 0

Edema 2 (2) 0 2 (2) 1 (1) 4 (3) 1 (1)

Pain 2 (2) 0 2 (2) 0 1 (1) 0

Bronchitis 5 (4) 0 2 (2) 1 (1) 0 5 (4)

Paronychia 2 (2) 0 0 0 0 0

Superinfection 3 (2) 0 0 0 11 (9) 1 (1)

Upper respiratory tract 
infection

0 0 2 (2) 0 1 (1) 1 (1)

Oropharyngeal pain 4 (3) 0 3 (2) 0 3 (2) 0

Skin irritation 3 (2) 2 (2) 9 (7) 0 3 (2) 3 (2)



n engl j med 368;6 nejm.org february 7, 2013532

Topical Paromomycin for Cutaneous Leishmaniasis

References

1. Control of the leishmaniases: WHO 
technical report series no. 949. Geneva: 
World Health Organization, 2010.
2. Ben Salah A, Zakraoui H, Zaatour A, 
et al. A randomized, placebo-controlled 
trial in Tunisia treating cutaneous leish-
ma ni a sis with par o mo my cin ointment. 
Am J Trop Med Hyg 1995;53:162-6.
3. Asilian A, Jalayer T, Whitworth JA, 
Ghasemi RL, Nilforooshzadeh M, Olliaro 
P. A randomized, placebo-controlled trial 
of a two-week regimen of aminosidine 
(par o mo my cin) ointment for treatment of 
cutaneous leish ma ni a sis in Iran. Am J 
Trop Med Hyg 1995;53:648-51.
4. Bern C, Maguire JH, Alvar J. Complex-
ities of assessing the disease burden at-
tributable to leish ma ni a sis. PLoS Negl 
Trop Dis 2008;2(10):e313.
5. Global burden of disease 2004 update: 
disability weights for diseases and condi-
tions. Geneva: World Health Organization, 
2004 (http://www.who.int/healthinfo/
global_burden_disease/GBD2004_ 
DisabilityWeights.pdf).
6. González U, Pinart M, Rengifo-Pardo 
M, Macaya A, Alvar J, Tweed JA. Interven-
tions for American cutaneous and muco-
cutaneous leish ma ni a sis. Cochrane Data-
base Syst Rev 2009;2:CD004834.
7. Kim DH, Chung HJ, Bleys J, Ghohes-
tani RF. Is par o mo my cin an effective and 
safe treatment against cutaneous leish-
ma ni a sis? A meta-analysis of 14 random-
ized controlled trials. PLoS Negl Trop Dis 
2009;3(2):e381.
8. González U, Pinart M, Reveiz L, Alvar 
J. Interventions for Old World cutaneous 
leish ma ni a sis. Cochrane Database Syst 
Rev 2008;4:CD005067.
9. González U, Pinart M, Reveiz L, et al. 
Designing and reporting clinical trials on 
treatments for cutaneous leish ma ni a sis. 
Clin Infect Dis 2010;51:409-19.
10. Buffet PA, Rosenthal É, Gangneux JP, 
et al. Therapy of leish ma ni a sis in France: 
consensus on proposed guidelines. Presse 
Med 2011;40:173-84. (In French.)
11. Modabber F, Buffet PA, Torreele E, 
Milon G, Croft SL. Consultative meeting 

to develop a strategy for treatment of cu-
taneous leish ma ni a sis: Institute Pasteur, 
Paris, 13-15 June, 2006. Kinetoplastid 
Biol Dis 2007;6:3.
12. Neal RA, Allen S, McCoy N, Olliaro P, 
Croft SL. The sensitivity of Leishmania 
species to aminosidine. J Antimicrob 
Chemother 1995;35:577-84.
13. Seifert K, Croft SL. In vitro and in vivo 
interactions between miltefosine and 
other antileishmanial drugs. Antimicrob 
Agents Chemother 2006;50:73-9.
14. Kanyok TP, Killian AD, Rodvold KA, 
Danziger LH. Pharmacokinetics of intra-
muscularly administered aminosidine in 
healthy subjects. Antimicrob Agents Che-
mother 1997;41:982-6.
15. Sundar S, Jha TK, Thakur CP, Sinha 
PK, Bhattacharya SK. Injectable par o mo-
my cin for visceral leish ma ni a sis in India. 
N Engl J Med 2007;356:2571-81.
16. Hepburn NC, Tidman MJ, Hunter JA. 
Aminosidine (par o mo my cin) versus sodi-
um stibogluconate for the treatment of 
American cutaneous leish ma ni a sis. Trans 
R Soc Trop Med Hyg 1994;88:700-3.
17. Soto J, Grogl M, Berman J, Olliaro P. 
Limited efficacy of injectable aminosidine 
as single-agent therapy for Colombian cu-
taneous leish ma ni a sis. Trans R Soc Trop 
Med Hyg 1994;88:695-8.
18. Llanos-Cuentas A, Echevarria J, Seas 
C, et al. Parenteral aminosidine is not ef-
fective for Peruvian mucocutaneous leish-
ma ni a sis. Am J Trop Med Hyg 2007;76: 
1128-31.
19. Garnier T, Croft SL. Topical treatment 
for cutaneous leish ma ni a sis. Curr Opin 
Investig Drugs 2002;3:538-44.
20. El-On J, Jacobs GP, Witztum E, Green-
blatt CL. Development of topical treat-
ment for cutaneous leish ma ni a sis caused 
by Leishmania major in experimental ani-
mals. Antimicrob Agents Chemother 
1984;26:745-51.
21. El-On J, Livshin R, Even-Paz Z, Ham-
burger D, Weinrauch L. Topical treatment 
of cutaneous leish ma ni a sis. J Invest Der-
matol 1986;87:284-8.
22. Arana BA, Mendoza CE, Rizzo NR, 

Kroeger A. Randomized, controlled, dou-
ble-blind trial of topical treatment of cu-
taneous leish ma ni a sis with par o mo my cin 
plus methylbenzethonium chloride oint-
ment in Guatemala. Am J Trop Med Hyg 
2001;65:466-70.
23. el-Safi SH, Murphy AG, Bryceson AD, 
Neal RA. A double-blind clinical trial of 
the treatment of cutaneous leish ma ni a sis 
with par o mo my cin ointment. Trans R Soc 
Trop Med Hyg 1990;84:690-1.
24. Bryceson AD, Murphy A, Moody AH. 
Treatment of ‘Old World’ cutaneous leish-
ma ni a sis with aminosidine ointment: re-
sults of an open study in London. Trans R 
Soc Trop Med Hyg 1994;88:226-8.
25. Bryceson ADM. Therapy in man. In: 
Peters W, Killick-Kendrick R, eds. The 
leish maniases in biology and medicine. 
Vol. 2. London: Academic Press, 1987: 
847-907.
26. Grogl M, Schuster BG, Ellis WY, Ber-
man JD. Successful topical treatment of 
murine cutaneous leish ma ni a sis with a 
combination of par o mo my cin (aminosi-
dine) and gentamicin. J Parasitol 1999; 
85:354-9.
27. Daneshvar H, Coombs GH, Hagan P, 
Phillips RS. Leishmania mexicana and 
Leishmania major: attenuation of wild-
type parasites and vaccination with at-
tenuated lines. J Infect Dis 2003;187: 
1662-8.
28. Daneshvar H, Burchmore R, Hagan P, 
Phillips RS. Leishmania major H-line at-
tenuated under pressure of gentamicin, 
induces a Th1 response which protects 
susceptible BALB/c mice against infection 
with virulent L. major. Parasitology 2009;
136:1243-50.
29. Ben Salah A, Buffet PA, Morizot G, et 
al. WR 279,396, a third generation amino-
glycoside ointment for the treatment of 
Leishmania major cutaneous leish ma ni a-
sis: a phase 2, randomized, double blind, 
placebo controlled study. PLoS Negl Trop 
Dis 2009;3(5):e432.
Copyright © 2013 Massachusetts Medical Society.

POSTING PRESENTATIONS FROM MEDICAL MEETINGS ONLINE

Online posting of an audio or video recording of an oral presentation at  
a medical meeting, with selected slides from the presentation, is not considered 

prior publication. Authors should feel free to call or send e-mail to the  
Journal’s Editorial Offices if there are any questions about this policy.


