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     INTRODUCTION 

 Leishmaniases are a group of diseases caused by an intrac-
ellular protozoan parasite and transmitted by the bite of the 
female sandfly. The principal species causing clinical disease in 
Bahia, Brazil is  Leishmania braziliensis , which is characterized 
by one or more cutaneous ulcers most frequently located on 
the extremities, however 3% of subjects will develop mucosal 
disease. 1  Standard treatment of  L. braziliensis  cutaneous leish-
maniasis (CL) is 20 days of intravenous pentavalent antimony 
(Sb v ) with response rates of 50–90%. 2,  3  

 A T H 1-type immune response is crucial in controlling 
 Leishmania  infection, with release of interferon-gamma 
(IFN-γ) leading to activation of macrophages, and killing of 
the intracellular parasite. However, excessive T H 1 cytokines 
have also been implicated in the pathogenesis of CL 4,  5  and sev-
eral lines of evidence support this information: 1) parasites are 
absent or scarce in CL lesions 6 ; 2) ulceration is preceded by a 
granulomatous vasculitis with lymphocytic infiltration 7 ; 3) use 
of antimony in the early pre-ulcer phase of CL does not pre-
vent lesion formation 7 ; 4) pre-treatment elevations in IFN-γ 
and tumor necrosis factor-α (TNF-α) decrease with treat-
ment 8 ; 5) immune modulatory drugs combined with Sb v  accel-
erate healing in cutaneous and mucosal leishmaniasis. 9,  10  

 Chronic infection with helminths is highly prevalent in rural 
areas in Brazil. Helminths modulate the immune response, 
altering the clinical presentation of immune-related diseases 
including asthma 11  and Crohn’s disease. 12  This may be related 
to the induction of interleukin-10 (IL-10) that shifts the cel-
lular response toward a Th2 profile or expands regulatory 
T-cells. 13,  14  In a recent study, we showed that CL in patients co-
infected with helminths took longer to heal. 15  In light of this 
result, we evaluated the effect of early antihelminthic therapy 
on the outcome of CL co-infected with helminths. 

   MATERIALS AND METHODS 

  Patient selection.   Patients were recruited at the health post 
of Corte de Pedra, a referral center for the diagnosis and 
treatment of leishmaniasis in the state of Bahia, Brazil for over 
30 years. This region has the highest prevalence of CL in the 
state of Bahia, and the clinic sees an average of 1,000 new cases 
per year.  Leishmania braziliensis  has been the unique causal 
agent in this area in the last 15 years. 16  All consecutive patients 
who presented for evaluation and treatment from November 
2006 until March 2007 were screened for study eligibility and 
if eligible, were offered participation in the trial. Cutaneous 
leishmaniasis was diagnosed by a typical ulcer and a positive 
intradermal antigen test. Selection was on the basis of the 
following inclusion criteria: 1) age between 13 and 50 years, 
2) a maximum of three ulcers, 3) lesion diameter between 
5 and 50 mm, and 4) a period of 15 to 60 days from the onset 
of the ulcer. Patients with a prior history of CL or Sb v  use, 
patients who had been treated for helminths within 6 months, 
patients with evidence of mucosal or disseminated disease, 
pregnant or breastfeeding mothers, and patients with diabetes 
mellitus were excluded. After selection, a stool sample was 
examined and only patients with helminthic infection were 
included. A total of 90 patients were enrolled. 

   Intradermal skin test.   The volar surface of the left forearm 
was injected with 25 μg of  Leishmania amazonensis  (strain 
MHOM-BR-86BA-125) antigen in 0.1 mL of distilled water, 
and the largest diameter of induration was measured at 
48–72 hours. 17   The test was considered positive for induration 
greater than 5 mm. 

   Parasitological assays.   The parasitological assay of feces 
included sedimentation, Baermann, and Katz–Kato methods 
for all three samples   . Helminth burden was calculated and 
expressed in eggs/gram stool. On the basis of prior observa-
tional studies, the intestinal and systemic helminthiases endemic 
to the area are listed in  Table 1 . 

        Patient evaluation.   A randomization table was used for group 
assignment and sealed envelopes were used for allocation 
concealment. Study design is shown in  Figure 1 . All patients 
were treated with intravenous Sb v  (Glucantime) at 20 mg/kg/
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day for 20 days. The treatment group received albendazole 
(400 mg), ivermectin (200 μg/kg), and praziquantel (50 mg/kg) 
in an oral formulation at Days 0 and 30 and placebo at Day 60. 
The control group received placebo manufactured by Federal 
University of Bahia Pharmacy that was identical in form, 
color, and number to a treatment group at Days 0 and 30. 
These patients were also treated with the appropriate oral 
antihelminthic based on parasitological assay results on the 
60-day visit; placebo tablets were provided so that the pill form 
and counts were identical to the treatment group. Patients 
were evaluated on initial presentation and at 30, 60, and 90 
days after initiation of Sb v  therapy. In the event that a patient 
did not return for follow-up at the specified time, visits were 
conducted in the patient’s home within 15 days of the missed 
appointment. Patients in both groups provided stool samples 
at 0, 30, and 60 days for parasitological assays. Bidirectional 
measurements were taken of the patients’ lesions at the initial 
visit and classified as either active or healed at the follow-up 
visit. Only lesions with complete re-epithelialization, without 
raised borders or eschars, were considered healed after 
evaluation by three clinicians who were unaware of the group 
assignment. Patients were also questioned about adverse 
events at all visits and events graded according to the National 
Institute of Allergy and Infectious Diseases (NIAID) Division 
of AIDS Toxicity Grading Scale. 18     Written informed consent 
was obtained from all patients. This study was approved by the 
Ethics Committees of the Federal University of Bahia, Brazil 
and Weill Cornell Medical College. 

    Statistical analysis.   Epi Info software (version 6.02, CDC, 
Atlanta, GA) was used for data entry. Statistical analysis 
was performed with the use of STATA (version 9.0, College 
Station, TX) and Statistical Analysis Software (version 9.1, 
SAS Corp., Cary, NC). Continuous variables were compared 
by Student’s  t  test or Wilcoxon rank-sum test as appropriate. 
Categorical variables were compared by χ 2  or Fisher’s exact 
test as appropriate. The Kaplan–Meier method and log-rank 

test were used for the analysis of time to healing. Univariate 
and multivariate survival analysis was carried out with the use 
of Cox proportional hazards regression to evaluate the effect 
of covariates on time to healing. All analyses were based on 
the intention-to-treat principle. A  P  value of 0.05 was used 
to determine statistical significance. The sample size of 90 
provided 80% power to detect a difference of 25% in the rate 
of cure between the groups with α = 0.05. The assumption that 
there would be a clinical difference in cure rate of 25% was 
based on a prior study showing response rates of 70% and 
95% in helminth-positive versus helminth-negative subjects, 
respectively. 15  

   Study endpoints.   The primary endpoint was defined as 
complete re-epithelialization at 90 days. Overall time to cure 
was evaluated as a secondary endpoint. 

    RESULTS 

 Patient characteristics in this study roughly follow known 
demographic patterns for CL in this region. The majority of 
CL patients (73.3%) were male with ages ranging from 13 to 
50 years (mean 25.6 ± 9.8 years). The majority presented with a 
single ulcer (75.6%) with a median duration of 30 days. There 
was no difference between treatment and control groups in 
relation to age, sex, number of lesions, skin test area, and main 
lesion area ( Table 1 ). 

 The majority of patients (70%) harbored multiple helm-
inth species, and hookworm was found in 87.8%. Prevalence 
by species can be found in  Table 1 . There was no difference 
in species or worm burden between the two groups on the 
initial parasitologic analysis (data not shown). The higher 
overall rates of  Trichiura trichuris  and  Ascaris lumbricoides  
( P  = 0.0016 and 0.019) in the control group based on the three 
combined assays is expected because of the increased sensitiv-
ity of multiple parasitologic analyses in detecting these organ-
isms for the control group and the treatment received by the 

 Table 1 
  Clinical characteristics, prevalence of helminths, and outcome of cutaneous leishmaniasis (CL) patients *   

Early treatment group ( N  = 45) Control group ( N  = 45)  P  value

Male (%) 34/45 (75.6%) 32/45 (71.1%) 0.64 † 
Age, mean in years ± SD 25.7 ± 10.0 25.5 ± 9.8 0.93 ‡ 
BMI, median in kg/m 2  (IQR) 21.3 (19.4–24.7) 22.3 (20.7–24.0) 0.67 § 
No. (%) with 1 lesion 34 (75.6%) 34 (75.6%)
No. (%) with 2 lesions 7 (16.7%) 8 (17.8%)
No. (%) with 3 lesions 4 (8.9%) 3 (6.7%)
Lesion size, ¶  median (IQR), mm 2 180 (70–400) 198 (100–400) 0.78 § 
No (%) helminth
Mean egg count/gm stool (range)

Hookworm 43/45 (95.6%) 38/45 (84.4%) 0.079 † 
400 [24–1920] 423 [24–2332]

 Trichiura trichuris 30/45 (66.7%) 15/45 (33.3%) 0.0016 † 
324 [24–840] 361 [24–2424]

 Ascaris lumbricoides 31/45 (68.9%) 25/45 (55.6%) 0.019 † 
9786 [24–42,428] 10,803 [24–48,404]

 Strongyloides stercoralis 2/45 (4.4%) 3/45 (6.7%) 1.00 || 
 Schistosoma mansoni 6/45 (13.3%) 7/45 (15.6%) 0.76 † 

276 [24–768] 124 [24–288]
Time to cure, median (IQR), days 98 (64–138) 88 (56–126) 0.13 ** 

  *   BMI = body mass index; IQR = interquartile range; SD = standard deviation.  
  †   χ 2  test.  
  ‡   Student’s  t  test.  
  §   Wilcoxon rank-sum test.  
  ¶   The lesion with the greatest area at presentation was considered to be the main lesion.  
  ||   Fisher’s exact test.  
  **   Log-rank test.  
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active group. Results from the Day 60 parasitological analysis 
revealed that 41/45 (91%) of the early treatment group were 
negative for any species as compared with 6/45 (13%) of the 
control group. 

 Comparison of values for hemoglobin, hematocrit, serum 
iron, transferring, and ferritin at Days 0 and 90 showed improve-
ment in serum iron in the early treatment group with a median 
increase of 47 versus 21 μg/dL ( P  = 0.016). No significant 
improvements were observed in hemoglobin ( P  = 0.58), hema-
tocrit ( P  = 0.77), transferrin ( P  = 0.55), or ferritin ( P  = 0.55) 
within the 90-day evaluation period (data not shown). 

 Adverse events were reported in 60% of patients in the 
treatment group and 60% of patients in the control group, 
with no statistically significant difference in the type or grade 
of events reported. Only grade 1 and 2 events were observed. 
Muscle pain (26%), headache (16%), leg pain (14%), weak-
ness (14%), fever (13%), joint pain (12%), and dizziness 
(12%) were the most frequently reported symptoms. 

 At the 90-day study endpoint, 51.1% in the control group 
had persistent lesions, compared with 62.2% in the treat-
ment group (mean difference 11.1%, 95% confidence interval 
[CI] = −9.1–30.0%). Overall failure rate in both groups was 
57%. The median time to cure was 88 days in the control 

group versus 98 days in the treatment group ( Table 1 ). 
By Kaplan–Meier analysis ( Figure 2 ), patients who received 
early antihelminthic treatment took longer to heal their lesions 
than their non-treated counterparts, although this result was 
not statistically significant ( P  = 0.13). 

    DISCUSSION 

 Helminth infections are widely prevalent in tropical areas 
and their benefits in attenuating inflammation and auto-
immune diseases have been documented. Co-infection with 
 Schistosoma mansoni  limits the severity of asthma, 11  and the 
ingestion of  Trichuris suis  eggs improved gastrointestinal 
manifestations of Crohn’s disease. 12  However, helminths may 
worsen the course of other infections. For instance, patients 
with  S. mansoni  are more prone to chronic  Salmonella  infec-
tions. 19  In a recent study by our group, we showed that while 
CL patients co-infected with helminths presented with smaller 
initial lesion size, healing time was delayed in these patients, 
providing the rationale for the current study. 15  

 Although no statistically significant difference was observed 
between groups, there was a tendency for delayed healing in 
the early treatment group. There are potential explanations for 

 Figure 1.    Diagramatic representation of the study design.    
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our negative findings. The study was powered to detect a 25% 
difference between treatment groups, therefore there exists 
a possibility that a smaller, but statistically significant effect 
exists. In the interest of protecting patients from delayed anti-
helminthic treatment, the control group received antihelmint-
hics at Day 60, before the primary endpoint, which introduces 
a bias. However, Kaplan–Meier analysis performed with Day 
60 as the primary endpoint did not alter the observed rela-
tionship between treatment assignment and outcome (data 
not shown). It is also possible that any favorable immunologic 
effects of antihelminthic therapy may take longer to manifest 
than 90 days. Given the tendency for delayed healing in the 
early treatment group, an alternative hypothesis is that intro-
duction of antihelminthic treatment shifts the inflammatory 
response in such a way as to deter clearance of  Leishmania  
organisms. 

 A major limitation of the study is the absence of parasito-
logical confirmation of CL in any of the cases. In addition, the 
failure to completely and accurately characterize the helmin-
thic infection of both groups by serial examination of three 
stool samples before initation of antihelminthic therapy was 
a limitation. 

 In addition to the primary outcome, several secondary out-
comes were evaluated such as changes in hematocrit, hemo-
globin, iron, transferring, and ferritin levels from the initial 
presentation to the primary endpoint. Improvements were 
seen in iron levels with early antihelminthic treatment within 
the 90-day time frame. No difference was observed in the 
reported adverse effects between groups, validating the safety 
of combined treatment with antimony and triple antihelmint-
hic therapy. Triple therapy was shown to be effective with only 
9% of treatment group patients having a positive stool sample 
at Day 60. 

 Cutaneous leishmaniasis and co-existing helminth infec-
tion is associated with poor response to therapy. However, 
introduction of early antihelminthic treatment in co-infected 
patients does not lead to improvement in overall cure rates 
or time to cure for CL and was associated with a tendency for 
delayed lesion healing. 

 Received July 27, 2010. Accepted for publication January 4, 2011. 
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