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0 
ver the last 10 years, 153,283 cases of American 
cutaneous leishmaniasis (ACL) were reported 
in Brazil. ACL incidence has been estimated to 

be around 20,000 new cases per year over the last five 
years,’ characterizing this disease as highly endemic in 
many parts of the country. Prevention of ACL is based 
largely on avoiding contact with the vector, a method 
not always feasible because of the way the disease is 
transmitted. Contrary to what has been observed in vis- 
ceral leishmaniasis, the complex epidemiology com- 
bined with the problems associated with drug treat- 
ment (prolonged treatment time and numerous side 
effects, in addition to drug resistance) make prophy- 
laxis against ACL a serious health problem in countries 
affected by the disease. Due to the peridomiciliary hab- 
its of the only vector of American visceral leishmaniasis 
known to date (Lutzomyin hgipalpis) and the fact that 
the disease is relatively easy to detect in the main res- 
ervoir, the domestic dog, effective prophylactic mea- 
sures such as patient treatment, insecticide spraying, 
elimination of the reservoirs, and epidemiological sur- 
veillance are usually successful in American visceral 
leisl~maniasis.2,‘? Unfortunately, this is not the case in 
ACL. Due to the sylvatic nature of both the vectors 
(many sandfly species have been identified as possible 
vectors) and reservoirs (most of them, still not identi- 
fied),4 effective prophylactic measures are rarely effec- 
tive in this form of leishmaniasis.5 Since most of the 
infections are acquired inside the forest, measures such 
as insecticide spraying and elimination of the reservoirs 
are virtually unfeasible. In addition, the possibility of 
development of insecticide resistance’ in some sandfly 
species has also to be taken into consideration, not to 
mention the severe risks of environmental contamina- 
tion associated with such procedures. ACL is, thus, an 
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occupational disease among individuals who work in 
areas such as the Rio Dote Valley, in the Minas Gerais 
State in Brazil7 and in the periphery of cities such as Rio 
de Janeiro and Belo Horizonte. Vaccination remains, 
then, one of the most acceptable, safe, and practical 
prophylactic measures against ACL.” Many efforts have 
been made over the years, both in the Old and New 
Worlds in order to develop a vaccine against the cuta- 
neous forms of leishmaniasis. 

According to Modabber,’ two approaches are cur- 
rently being taken on this issue: a systematic one and a 
pragmatic one. The first includes studies on the identi- 
fication, purification, and production of protein frac- 
tions from various Leishrnaniu species capable of induc- 
ing protection, as well as adjuvant selection and 
evaluation of immunological responses in animal mod- 
els. The second approach, which includes most of the 
vaccines in clinical trials today, uses crude leishmanial 
extracts or live organisms, which, although standard- 
ized in many ways, are still poorly defined. Both ap- 
proaches have made considerable progress through the 
years and three vaccination procedures have been used: 

1. Leishmanization. This procedure involves the in- 
oculation of live Leishmaniu in a nonexposed area of the 
body, usually the deltoid area of the arm, of people 
living in regions of high incidence of cutaneous leish- 
maniasis in the Old World. The rationale is based on the 
fact that most of the Old World species of Leishmania 
develop self-healing lesions that are associated with a 
state of protection against further infections by the 
parasite. However, reports of many cases where the 
lesion failed to heal have made this procedure inappro- 
priate for general use and, thus, not recommended by 
WHO. 

2. Vaccination with fractions from Lrishmmir~ sp. ex- 
tracts. Although mostly restricted to experimental mod- 
els, this approach has been recently tested in humans. 
Based on the results from a study made on one human 
volunteer,’ Monjour et al.’ carried out a small noncon- 
trolled clinical trial in an endemic area of the Pernam- 
buco state in Brazil. In this trial antigen fractions from a 
local LrishmaniLz braziliensis strain were successfully 
tested, a result that is highly encouraging. 

3. Vaccines based on dead promastigotes. In the 
New World, studies on vaccine develolm~ent have fo- 
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cused on the use of dead promastigotes as an immu- 
nizing antigen against ACL. These studies date back to 
1939 when Salles-Gomes and Pessoa attempted to im- 
munize the local population in Sao Paulo State in Brazil 
with this type of preparation. These studies were, later 
on, followed by a series of trials performed by Mayrink 
and colleagues, which culminated in the development 
of a vaccine for ACL. Production of this vaccine has 
presently been licensed for use in trials under permit 
and supervision of the Brazilian Ministry of Health. 

Early Clinical Trials in Brazil 

The first attempts to vaccinate a human population 
with a dead leishmanial promastigote preparation date 
back to 1939. At this time, Salles-Gomesi’ tested the 
effects of inoculation of a suspension of phenol-killed 
dermotropic Leishmania sp. on cutaneous leishmaniasis 
patients. Two effects drew the author’s attention: (1) the 
general reactions, observed when the suspension was 
inoculated intravenously, decreased in strength as in- 
creasing doses of the suspension were administered; 
and (2) the suspension had an immunotherapeutic ef- 
fect since a decrease in lesion size was observed as treat- 
ment proceeded. Based on these observations, he sug- 
gested that the suspension might be able to induce 
protection, perhaps mediated by antibody production. 
A vaccination trial was then initiated but, unfortu- 
nately, was not concluded. 

In the early 194Os, Pessoa and colleagues reported 
the first vaccination trials against leishmaniasis to be 
conducted in humans.*‘-‘3 The vaccine consisted of a 
suspension of 1.2 x 10’ promastigotes from a pool of 18 
dermotropic Leishmania sp. strains, prepared in saline- 
phenol solution. The vaccine was given to a group of 
527 individuals, who tested negative for the Montene- 
gro skin reaction, by intramuscular injection in three 
doses of 1, 2, and 3 ml each with a ‘/-day interval be- 
tween doses. A control group of 600 nonvaccinated in- 
dividuals was also included in the trial. After an obser- 
vation period of 20 months, it was shown that 18% of 
the control group had been infected by Leishmaniu, as 
compared to 3.2% of infection in the vaccinated group, 
corresponding to a reduction of approximately 80% in 
the incidence of the disease in the vaccinated group. It 
is important to mention that no major side effects were 
observed within the vaccinated group and also that the 
Montenegro skin test remained negative after the vac- 
cination. 

Polyvalent Mayrink’s Vaccine 

The studies of Pessoa and colleagues were followed 
much later by a series of trials conducted by Mayrink 
and colleagues. Some modifications were introduced in 
the vaccination protocol regarding not only the number 
of Leishmuniu strains but also the preparation of the sus- 

pension itself. Thus, only five dermotropic Leishmaniu 
strains were used and sonication of the parasites was 
also introduced. Furthermore, total nitrogen content 
was used as a way of standardizing the preparations. 

The protocol for vaccine preparation was originally 
described by Mayrink et al.” Basically, five strains of 
Leishmaniu, isolated from different areas in Brazil, were 
grown separately in liver infusion tryptose (LIT) culture 
medium. After a ‘/-day culture period, the parasites 
were harvested by centrifugation followed by three 
washes in sterile saline, the last wash being made in 
saline containing thimerosal at 1:lOOO dilution in order 
to kill the parasite. Half the concentrate was sonicated 
to disrupt the parasites while the other half was left 
intact. The nitrogen content of both preparations was 
determined, after which the two preparations were 
mixed and diluted with the appropriate amount of buf- 
fered phosphate solution to achieve a final concentra- 
tion of 120 pg/mL of total nitrogen and l:lO,OOO mer- 
thiolate. 

Mayrink et a1.7 verified that administration of this 
vaccine by intramuscular injection was able to induce a 
positive Montenegro skin test in human volunteers, 
demonstrating for the first time that a dead protozoan 
preparation generated a cellular immune response in 
humans. Furthermore, no major side effects were ob- 
served with this vaccine preparation. 

First Clinical Trial, Caratinga, Minas Gerais 

The first clinical trial to evaluate the ability of the vac- 
cine to induce protection was conducted in the Barracao 
Valley.6J’4 A total of 1588 volunteers, negative for Mon- 
tenegro skin test, were randomly assigned to two 
groups of 614 (vaccinated) and 974 (control). Volunteers 
were injected IM with 120 Fg N/mL according to the 
protocol described by Pessoa.” Three months after vac- 
cination a sample of the volunteers was submitted to a 
new Montenegro skin test. Analysis of the results 
showed that 78.4% of the vaccinated group had con- 
verted their skin test to positive whereas all controls 
were negative. A new evaluation after one year showed 
a 73.2% conversion rate and after two years 54.1% of the 
vaccinated individuals still showed a positive reaction. 
Since the trial no cases of cutaneous leishmaniasis have 
occurred in the area, making it impossible to assess the 
protection induced by vaccination. This trial, however, 
confirmed the observations that the vaccine was safe 
and able to induce in vivo cellular responses as mea- 
sured by its ability to promote the conversion of the 
Montenegro skin test. Fifteen years later, 18 cases of 
cutaneous leishmaniasis occurred in the area. Of these 
patients, 16 had not been vaccinated and the other two 
had received the vaccine but did not convert the Mon- 
tenegro skin test. 
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Second Clinical Trial, Viana, Espirito Santo 

Concomitant with the first trial, an increase in the num- 
ber of cases of ACL in the area of Viana, Espirito Santo 
State’” opened the opportunity for another clinical 
trial.16 Again, after selection for negative Montenegro 
skin test, a total of 483 volunteers were randomly as- 
signed to two groups of 216 vaccinated and 267 con- 
trols. Forty days after the last dose of vaccine, around 
80% of the vaccinated individuals showed a positive 
skin test, while controls remained negative. Both 
groups were continually monitored for a period of two 
years after which, mainly due to migration from the 
area, only 203 individuals from the control group were 
still living in the area. Of these, 18 (8.9%) contracted 
ACL as compared to only 3 (1.7%) of the 179 vaccinated 
individuals that remained in the region, a statistically 
significant difference (p < .Ol). Although these were not 
double-blind controlled trials, some conclusions were 
drawn: (1) vaccine concentration could be raised to 240 
kg nitrogen/ml, thus reducing the inoculation volume; 
(2) an immunization protocol of two injections at an 
interval of 7 days apart was successful, an important 
observation for future trials; and (3) the vaccine could 
be stored at 4°C for a period of 5 years without loss of 
immunogenicity, as evaluated by the skin test re- 
sponses obtained with the same vaccine preparation. 

Third and Fourth Clinical Trials, 
Manaus, Amazonas 

Based on the preliminary studies made with the vaccine 
and stimulated by a report of an epidemic of ACL 
among paratroopers from the Brazilian Army that re- 
mained in the Amazon jungle for a period of 4 days, as 
well as observations of increased occurrence of the dis- 
ease among soldiers during training in that area, two 
double-blind controlled clinical trials were conducted 
during the years 1981 and 1983. These trials’7”8 were 
executed in an area of high endemicity for ACL in the 
Amazon region with volunteers chosen among Brazil- 
ian Army conscripts in training in the area. The trials 
involved a total of 1311 volunteers in 1981 and 1274 in 
1983. Vaccine composition was slightly changed with 
the substitution of stock BH4 for stock Ml176 (Ml176 is 
a Leishmnnin guynnensis stock, isolated from the region). 
The doses contained 240 pg of nitrogen/ml and were 
administered by slow deep intramuscular injections of 
1.5 ml into the arm with a 7 day interval between the 
two doses. Control groups received merthiolated saline 
as placebo. 

Skin-test conversion was 33% in 1981 and 70% in 
1983, giving an overall protection rate of 23% and 60% 
for each trial, respectively. The low skin-test conversion 
rate in 1981 was attributed to a possible immunosupres- 
sive effect of yellow-fever, tetanus, and typhus vaccines 

administered just before the volunteers had received 
the experimental vaccine. 

Based on the four trials, the following conclusions 
were drawn: (a) the vaccine does not induce any un- 
desired side effects; (b) it is able to induce cellular im- 
mune response as measured by the high skin-test con- 
version rates observed after vaccination; (cl) protection 
rate among vaccinated individuals that converted the 
skin test was significantly higher than among those that 
did not convert the test or nonvaccinated controls; and 
(d) adequately stored vaccine preparations do not lose 
immunogenicity, at least for a period of 4 vears, as mea- 
sured by skin-test conversion and immunoprotection. 

Histological samples of the skin-test reaction in vac- 
cinated individuals were analyzed and compared to 
those of patients that suffered from cutaneous leish- 
maniasis and had a positive skin-test.” Results demon- 
strated a great similarity between the two rea.ctions, the 
principal pattern being multiple inflammatory perivas- 
cular and perianexial foci in the superficial and deep 
reticular dermis. The exudate consisted mainly of 
mononuclear cells with scanty interspersed granulo- 
cytes and no giant Langerhans’ cells. These observa- 
tions suggest that vaccination induces, in those indi- 
viduals that converted the skin-test reaction, the same 
cellular immunological alterations observed in those 
that naturally acquired ACL. Although these observa- 
tions do not necessarily imply that a positive skin-test 
reaction after vaccination is an indicator of protection 
against the disease, they do demonstrate that the vac- 
cine induces a cellular immunological condition similar 
to those that have overcome the disease <rnd are, thus, 
protected against it. 

Fifth Clinical Trial, Belo Horizonte, 
Minas Gerais 

Evaluation of the cellular and humoral responses in an- 
other group of army conscripts vaccinated” showed 
that vaccination increases the lymphocyte proliferative 
responses of peripheral blood mononuclear cells when 
compared to those from nonvaccinated controls. No dif- 
ferences, however, were observed between vaccinated 
individuals that received Corynebacteriunr parmrn as an 
adjuvant and those that received the vaccine alone. A 
correlation of 90% was found between positive skin-test 
results and positive lymphoproliferative reactions. Im- 
munoprecipitation assays of ‘2”I-labeled vaccine dem- 
onstrated that sera from vaccinated individuals recog- 
nized antigens with molecular masses of 135,25,63,73, 
85,97, and 160 kDa. IgM was the predominant antibody 
in the sera of vaccinated subjects. 

In another study addressing the immunogenicity of 
the vaccine2’,*’ lymphoproliferative reactions before 
vaccination were compared to those obtained 40 days 
after vaccine administration. Results showed that Iym- 
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phoproliferation after the vaccination was significantly 
higher when cells were stimulated with antigen prepa- 
rations obtained from that of the Leish?nania strains pre- 
sent in the vaccine, as well as one Leiskmania braziliensis 
preparation (not present in the vaccine composition). 
Interestingly, however, no differences in cellular prolif- 
eration before and after vaccination were observed 
when cells were stimulated with an antigen preparation 
from L. ckagasi, the causative agent of visceral leish- 
maniasis, a result that suggests some degree of speci- 
ficity in the response induced by the vaccine. IFN-r has 
been demonstrated, in several situations, to be involved 
in resistance to leishmaniasis.23-25 Analysis of IFN-?/ 
production by cells from five vaccinated individuals 
and stimulated with L. braziliensis showed an increased 
production of this cytokine after vaccination. A positive 
correlation was found between IFN-y levels and cellu- 
lar proliferation but not with the intensity of the skin- 
test reaction. Peripheral blood mononuclear cells ob- 
tained from eight individuals one year after vaccination 
were stimulated in vitro with L. bruziliensis antigens and 
analyzed by flow cytometry.25,26 In all cases a predomi- 
nance of CD8+ T cells was observed, contrasting with a 
predominance of CD4+ T cells observed when cells 
from a control group of cutaneous leishmaniasis patients 
were stimulated with the same antigen preparation. 

New Directions Proposed by the Vaccine 
Advisory Group-WHO 

In spite of the extraordinary results obtained with the 
vaccine preparation mentioned above, several criti- 
cisms were made as to its composition and character- 
ization. One of the main issues is whether or not there 
is a need for a multistrain vaccine, not only because of 
lack of evidence for this but also due to manufacturing 
difficulties, such as differences in growth characteristics 
of each strain. In addition, the presence of taxonomi- 
tally ill-defined strains in the vaccine composition 
could cause problems in standardization of the vaccine 
for general use. Furthermore, identification of the anti- 
gens responsible for the protective effect would be com- 
plicated with such a complex antigenic composition. 

Two scientific meetings were organized to analyze 
this issue, one hosted by the Pan-American Health Or- 
ganization and UNDP/World Bank/WHO Special Pro- 
gramme for Research and Training in Tropical Diseases 
(TDR) in Washington in February 1991 (A Technical 
Consultation on Vaccine Development in Brazil) and 
another hosted in September 1991 in Belo Horizonte, 
Brazil, by TDR and Biobras S.A. (a pharmaceutical com- 
pany interested in the vaccine production). Based on 
the suggestions from these meetings, a single-strain 
vaccine formulation, using a Leiskmaniu amazonensis 
strain, was adopted. Because of insufficient indications 
of differences in immunogenic@ of the different strains, 
technical rather than immunological criteria were 

adopted in choosing the Leiskmania strain to be used. It 
was also decided that Biobras S.A. would produce the 
vaccine under GMP (Good Manufacturing Practices) 
conditions and supply it for the new trials. Phase I trials 
were conducted in Rio de Janeiro.27 According to the 
clinical and laboratory assessments performed, and de- 
spite the high concentration of total protein per inocu- 
lum (1440 kg), it was concluded that the vaccine is in- 
nocuous, whether applied in a single dose or two doses 
with 7-day or 21-day intervals, either autoclaved or not. 
Phase II trials are currently being performed. 

In parallel to the trials just mentioned, a double-blind 
controlled clinical trial was designed in order to com- 
pare the immunogenicity of some of the Leiskmania 
strains present in the original vaccine.28 In this trial 63 
individuals with negative skin test were randomly as- 
signed to four different groups. Group A received a 
vaccine prepared with Leiskmania amazonensis strain 
PH8 alone (IFLA/BR/67/PH8); group B was immu- 
nized with a vaccine made of L. guyanensis strain Ml176 
(MHOM/BR/70/M1176); group C received the original 
vaccine, now prepared by Biobras S.A. (Leishvacin@); 
and group D was injected with merthiolated saline as a 
control. The dose used was 240 kg nitrogen/ml, and 
each individual received two doses of 1.5 mL with a 
21-day interval. Blood samples were collected before 
and 21 days after the last vaccine dose for immunologi- 
cal assays. Skin tests were performed 40 days after the 
second dose using L. amazonensis, I.,. guyanensis, classical 
leishmanin antigen preparation, and merthiolate- 
saline. Two antigens were administered in each forearm 
(40 pg/test) in a double-blinded protocol. No differ- 
ences in the size of the skin reaction (p > .05) were 
observed when comparing the different antigen prepa- 
rations in each vaccine group (data not shown). As 
shown in Table 1, all vaccine preparations induced a 
significative skin-test conversion when compared to the 
control group. No differences were detected among the 
vaccinated groups. Furthermore, the lymphoprolifera- 
tive response of vaccinated individuals was signifi- 
cantly higher than those of placebo-injected controls, 
again with no differences between vaccine preparations 
(Figure 1). The same pattern was observed when IFN-?I 
production was measured in the supernatants of pe- 

Table 2. Delayed Hypersensitivity Skin-Test Responses in 
Individuals Immunized with Different Formulations of Killed 
Promastigotes Vaccine 

Vaccine Number of subjects Positive skin-tests (%J* 

L. amazonensis 15 80% (59.S100%) 
L. guyanensis 14 57% (31-83%) 
Leishvacin 18 83% (65.6100%) 
Placebo 19 5.2% (O-15.2%)+ 

Test was performed 40 days after the second vaccine dose. 
* 95% confidence interval. 
’ Chi-square test showed significant differences between vaccinated patients and 

placebo patients Cx’ = 28.6; p c.05). 
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Figure 1. Lymphoproliferative responses of peripheral blood mononuclear cells from subjects immunized with different Leishmania vaccine 
preparations. Cells were stimulated with Leishmania amazonensis antigen (20 ug protein/ml) for 5 days after which they were pulsed with 
rH]thymidine for 18 h. I9 Proliferation indexes = cpm stimulated cultureslcpm nonstimulated cultures, Symbols represent data froom 
individuals before (AL) and 20 days after the second vaccine dose (0). A proliferation index 2 2.5 (horizontal line) was considered significant. 
All vaccine preparations induced significant proliferation when compared to placebo (covariance analysis, p < .05). 

ripheral blood mononuclear cells stimulated in vitro 
with leishmanial antigen preparations (Figure 2). 

Taken together, these data show that the original 
vaccine and the ones prepared with single strains do 
not differ in their ability to induce cellular and humoral 
immune responses, suggesting that the protection 
against Leishmnia infection induced by these prepara- 
tions would be similar. This conclusion is important in 
view of the current effort of TDR and WHO in stan- 
dardizing the production of leishmaniasis vaccines 
throughout the world. 

Studies with Animal Models 

During the development of the human studies men- 
tioned above, questions regarding vaccine composition, 
immunization protocol, adjuvant usage, evaluation of 
immune responses, etc., had to be addressed using the 
mouse model, not only because of the ethical restric- 
tions imposed by the experiments themselves but also 
because some of the necessary human reagents were 
not available yet. Thus, using the multistrain vaccine 
originally described, a series of experiments were con- 
ducted with the C57SL/lO mouse and infection with L. 

nmazonensis (PH8 strain) as a model. The vaccine, when 
associated with Corynebucterium parvenu as an adjuvant, 
is able to induce a 50% protection in C57BL/lO mice 
against a challenge infection by L. amazonensis.29 This 
protection is associated with the development of a Thl 
type response as measured by increased IFN-r and lack 
of IL-4 production by spleen and lymph node cells from 
vaccinated animals.30 Studies with a single-strain vac- 
cine demonstrated that protection levels induced by 
these preparations were similar to those obtained by the 
multistrain vaccine.3093 Furthermore studies with puri- 
fied antigens20,29,32 demonstrated that an increased pro- 
tection against the challenge infectian can be obtained 
and that the antigens of 46, 63, and 97 kDa purified 
from the vaccine may be involved in the induction of 
protective immunity. 

Immunotherapy for Cutaneous and 
Mucocutaneous Leishmaniasis 

Treatment for cutaneous leishmaniasis is based mainly 
on chemotherapy. Some new drugs have been tested; 
however, pentavalent antimonium salts (Pentostam 
and Glucantime) are still the drugs of choice, although 
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Figure 2. IFN-y production by peripheral blood mononuclear cells from individuals immunized with different Leishmania vaccine prepa- 
rations, Blood samples were collected 20 days after the second vaccine dose and cells stimulated with Leishmania amazonensis antigen (20 
ug protein/ml) for 5 days. IFN-y was assayed in supernatants of stimulated cultures by capture ELISA(Hol-land Biotechnology). Symbols 
represent data from each individual. Cultures with IFN-y levels >20 LI/mL were considered positive. The percentage of individuals with 
positive IFN-y production was significantly higher in all three vaccinated groups when compared to controls (Fisher’s exact test, p < .05). No 
differences were observed between vaccine preparations. 

they produce side effects and occasionally toxicity to 
organs such as the kidney, heart, and liver. Apart from 
these difficulties, the unresponsiveness to pentavalent 
antimonial treatment observed in cases of mucocutane- 
ous leishmaniasis has long been recognized as a serious 
clinical problem.33 

In trying to circumvent the various problems associ- 
ated with chemotherapy, efforts have been made to im- 
prove treatment conditions for those who have already 
contracted cutaneous leishmaniasis. In this way, be- 
sides using the vaccine as a prophylactic tool, several 
trials were conducted in order to evaluate the possibil- 
ity of using the vaccine as a therapeutic agent, alone or 
associated with other adjuvants or even Glucantime@ 
itself. 

Based on observations made at the beginning of the 
century,3436 a first trial was carried out where patients 
suffering from cutaneous leishmaniasis were treated in- 
tramuscularly either with the vaccine or with Glucan- 
time.37 Analysis of the results from this trial demon- 
strated that, although treatment with the vaccine was 
longer than conventional chemotherapy, successful 
healing of the lesions was obtained in 76% of the cases, 
which included patients with single, multiple, or mu- 

cocutaneous lesions. Most of the patients showed sig- 
nificant lesion regression after a minimum of two and a 
maximum of 10 series of treatment. The treatment pro- 
tocol continued after that, and lesions in all patients 
completely healed. All patients treated with conven- 
tional chemotherapy (control group) were cured with 
2-9 treatment series as compared to 2-19 series 
achieved by the immunotherapy protocol. Patients sub- 
mitted to immunotherapy who did not show lesion re- 
gression were switched to conventional chemotherapy 
and successfully healed their lesions. No untreated 
group was included in this and other trials due to the 
lack of reports of spontaneous cure of the disease in the 
area. In addition, no severe side effects were observed. 
These findings are clearly of importance since they pre- 
sent an alternative treatment for patients to whom con- 
ventional chemotherapy cannot be administered, such 
as pregnant women and patients suffering from cardiac 
or renal disorders. 

An alternative protocol for immunotherapy was re- 
cently tested38*39 in which vaccine was given subcuta- 
neously, as opposed to the intramuscular route used in 
the first trial. Vaccine was administered daily in in- 
creasing doses (from 100 to 500 FL in lOO+L incre- 
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merits) during the first 5 days of treatment, after that a 
volume of 500 PL was given until day 10 followed by 10 
days without treatment. New series of 10 days of treat- 
ment were given until complete cure was observed. 
From a group of 122 patients, 60 received the vaccine 
and the remaining were treated with conventional che- 
motherapy. The results from this trial confirmed the 
first one in that 95% of the patients treated with the 
vaccine were cured after a maximum of 20 series (400 
days) with an average of 7.6 + 4.0 series. Patients re- 
ceiving conventional chemotherapy were clinically 
cured with a maximum of nine series and an average of 
4.0 + 1.4 series. Of importance in this trial was the fact 
that some of the patients treated with immunotherapy 
could not receive the conventional treatment due to 
heart disorders (including Chagas’ disease) or liver and 
renal dysfunctions. Again, immunotherapy proved to 
be an effective alternative treatment for cutaneous leish- 
maniasis, specially when conventional chemotherapy is 
not recommended. 

In trying to improve the efficacy of the immuno- 
therapeutic protocol, a third trial was carried out where 
BCG was used as an adjuvant to the vaccine. This time, 
patients were treated with either Leishvacin alone (600 
pg protein/dose), BCG alone (100 Fg/dose), or both. 
All injections were given intradermally once a month 
for five months (30 patients per group). A control group 
was treated with conventional chemotherapy with Glu- 
cantime. At 150 days after treatment, clinical cure was 
observed in 28% of patients with BCG, 22% with Leish- 
vaccin, and 40% with the combination. No differences 
were observed among the different protocols (p > .05X 
Ninety-eight percent of the conventionally treated pa- 
tients were completely cured after eight series of treat- 
ment (150 days). 

Finally, a fourth trial was conducted where immu- 
notherapeutic intervention was combined with drug 
administration in order to reduce the time of healing 
and amount of antimonial given. Thus, a combination 
of subcutaneously injected Leishvacin (using the serial 
sequence described above) and intramuscular adminis- 
tration of Glucantime was compared to conventional 
chemotherapy. One hundred five patients were in- 
volved in this trial; 51 received immunochemotherapy 
and 54 chemotherapy. Patients treated with the combi- 
nation of vaccine and antimonial were completely 
cured after a maximum of seven treatment series (140 
days) with an average of 3.2 + 1.1 series. On the other 
hand, nine series (180 days) were necessary for com- 
plete cure of conventionally treated patients where the 
average was 4.5 5 1.7 treatment series. It should be 
noted that about 65% and 90% of the patients treated 
with immunochemotherapy were completely cured af- 
ter three and four treatment series, respectively. Cure 
rates for the conventionally treated patients were 30% 
and 62% for the same number of series. Figure 3 shows 

a patient treated by this scheme. These findings are of 
great importance since they will permit the establish- 
ment of an alternative treatment protocol with reduced 
time for complete cure and consequently decreased risk 
of toxicity and also reduced cost. This trial is currently 
being repeated under double-blinded randomized con- 
ditions by using the L. amazonensis single strain vaccine. 

Immunotherapy for Diffuse 
Cutaneous Leishmaniasis 

In addition to the cases of cutaneous leishmaniasis men- 
tioned above, immunotherapy (using the vaccine alone) 
was used to treat five patients suffering from diffuse 
cutaneous leishmaniasis @CL).% The vaccine (600 l~,g 
protein) was injected by intradermal route in associa- 
tion with BCG (200 kg) in three spots of the deltoid 
region, and three or four doses were administered at 
30-day intervals. Three of five patients became Mon- 
tenegro skin-test positive 30 days after receiving the 
first dose of vaccine, after which these patients received 
chemotherapy (Glucantime or pentamidine) concur- 
rently with immunotherapy. The following observa- 
tions were made on these three patients: patient 1 
(child, 6 years old, male): considerable improvement in 
the patient’s condition had occurred; this patient re- 
turned only six years later for further examination,4” 
showing complete healing of the lesions. According to 
his mother, the cure occurred two months after the 
treatment; patient 2 (adult, male): considerable im- 
provement was noted, and the lesions almost com- 
pletely healed; this condition was maintained while the 
patient continued to give positive response to Montene- 
gro skin test; three months after the first dose, when this 
test reverted to negative, lesions began to reappear. The 
third patient (adult, male) had an improvement in the 
overall condition, but 98 days after the second dose, he 
became Montenegro skin-test negative, with concurrent 
reversion to the pretreatment status. The two other pa- 
tients did not undergo a change in Montenegro re- 
sponse or any clinical improvement. Although limited 
to a few cases, it might be suggested that, at least in 
some cases, progress towards cure can be obtained by 
proper stimulation of cell-mediated immune mecha- 
nisms through vaccine administration. Further investi- 
gation in this area is still required. 

Immunotherapy for Cutaneous Leishmaniasis 
in HIV or Leprosy Patients 

The occurrence of concomitant leishmaniasis (both cu- 
taneous and visceral) in HIV patients has increased 
over the last five years. To add insult to injury, these 
patients are usually resistant to conventional chemo- 
therapy with bad prognoses in the majority of the cases. 
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Ire 3. (a) Glucantime-resistant American cutaneous leishmaniasis patient. No lesion regression was observed after administration of thyI 
zs of antimonial (20 ampoules per series).(b) The same patient after 4 series of immz~nockemotkerapy (20 ampoules of Glucantime plus 

ml of Leishvacin per series). 

Four HIV-positive patients with Glucantime-resistant 
cutaneous leishmaniasis were treated with combined 
immunochemotherapy.4143 In all cases lesion regres- 
sion was successfully achieved with at least4’ one pa- 
tient showing an increased proliferative response to 
leishmanial antigens, with a predominance of CD8+ T 
cells and IFN-y production by stimulated peripheral 
blood mononuclear cells. One of these patients (unpub- 
lished data) had over 250 lesions spread all over the 
body surface. All of these lesions successfully healed 
after the treatment and have remained inactive for the 
last two years. 

Two other patients with ACL-leprosy association 
(lepromatous and indeterminate forms)40 received the 
vaccine combined with BCG by the intradermal route. 
Three doses of vaccine plus BCG, with a three-month 
interval, were required to induce complete healing of 
the ACL lesions of the lepromatous patient, whereas 
only one dose was needed to induce healing of the ACL 
lesions of the indeterminate leprosy patient. 

ee 
5 

Conclusion 

Although complete protection has not been accom- 
plished yet with the current dead promastigote prepa- 
rations and immunization protocols, it seems that effec- 
tive prophylaxis against ACL can be achieved by 
controlled administration of this vaccine. This assump- 
tion is based not only on the results of protection 
against the disease in the various clinical trials de- 
scribed here but also on the results of the in vivo and in 
vitro immune responses (Montenegro skin-test reac- 
tion, T-cell proliferation, and IFN-r production) ob- 
served in vaccinated individuals. Furthermore, the suc- 
cessful use of this vaccine in treatment of established 
cutaneous leishmaniasis makes this preparation an ex- 
cellent alternative for therapy not only in cases of 
single-lesion cutaneous leishmaniasis where conven- 
tional chemotherapy is not recommended due to para- 
site resistance to the drug or patient’s incompatibility 
with the treatment, but also, and perhaps more impor- 
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tantly, in more severe cases of the disease such as dif- 
fuse cutaneous leishmaniasis, or leprosy/HIV and 
Leishmania coinfections. 
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