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ABSTRACT 

A field trial was canied outon60 volunteers selected in Yazd province, central 
Iran, with a vaccine containing killed promastigotes of L. major prepared by the Razi 
Institute, Hessarak. During these phase I studies which lasted for more than two 
years, we examined acceptable doses of the vaccine alone or mixed with BCG. The 
results so far indicate that 50 to 1000 Ilg of the vaccine alone can be well tolerated 
without major side-effects. The mixtureofBCG with 400 Ilg of the vaccine produced 
pain and itching in five out of six volunteers, a self-limiting lymphadenopathy in one 
out of six, and fever in three out of six. Further trials are planned with reduced doses 
of BCG. The leishmania skin test became positive in a high proportion of the treated 
individuals after vaccination. Circulating antibodies were detected from two weeks 
to one month after vaccination. 
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INTRODUCTION 

The pioneering work of Mayrink ,md colleagues in 
Brazil brought killed L braziliellsis vaccine to existence.'" 
These studies showed thm there are no apparent side-effects 
even over a long period (6-8 years) following immunizmion. 
111is is in contrast to some experimentaJ animal studies in 
which injection of leishmanial antigens was shown to 
e>acerbate tlle subsequent challenge injection.)" TIle results 
obtained by Mayrink's group were very encouraging and 
related skin test conversion to some degree of protection.' 
Their vaccine was a mixture of four strains of leishmania 
isolated from cutaneous lesions in BraziLl A similar 

preparation from a well-characterized L. major strain was 
used in Iran with and without BCG adjuvant with tllC 
following objectives: 

211 

a) Detennination of the safety and proper dosage of 
killed L. major vaccine (KLm V) ±BCG. 

b) Determination of immunogenicity of KLm V as 

measured by the leishmania skin test. 

MATERIALS AND METHODS 

L.majorpromastigotes (originally isolated by A. Nadim 
et al.)' were cultured at the Razi Institute under good 
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Vaccine for Cutaneous Leishmaniasis 

TABLE I. The vaccination schedule 

Group no. Dose(j.lg) PPD BCG Booster 

I 50 + 
2 200 + + 
3 400 + 
4 50 + 
5 200 + 

6 400 + 
7 400(Rcpcated) + 
8 600 + 
9 800 + 

int!.!rval or \!<\ch group wa." at ICil<;t 2 weeks 

manufacturing practice (GMP) condilions 10 stationruy 
phase in culture media conlllining 20% fetal calf serum, 
washed extensively, killed wilh tymersol l % (Menhiolate) 
and then freeze-thawed five times and stored fTOzen until 
use./) 

In order to test the safety and immunogenicity of lhis 
KLmV, we first injecled different doses of KLmV±BCG to 
susceplible animals al the Razi Inslitule. Side effecls 
following vaccination were negligible in those animals. 

TIlen 30 volunteers were chosen from Ule TaftfYazd 
province, central Iran where no endogenous cases of 
cutaneous leishmaniasis exist. The volunteers consisted of 
m,�e mId female village health workers, ,und natives of the 
area, aged between 15 to 33 years. They were di vided into 
ten groups before vaccination. Montenegro and PPD lests 
were performed for each individ",�. All were negative for 
Montenegro lesl(O-lmm induration at ule site of injection), 
and 12 of ulem were PPD positive, which were selected for 
the group 10 receive vaccine without BCG. 

Routine hemalological (CBC, HCT), biochemical (sugar, 
triglycerides, uric acid, urea, bilirubin, and cholesterol) and 
enzymatic (SGOT, SGm tesls were performed before the 
initiation of the trial and two weeks after vaccination. 

TIle dose of the vaccine expressed as tOlal nitrogen was 
different for each group, ranging from 5010 1000llg. The 
vaccination schedule is shown in Table I. TIle vaccines were 
inoculated intradermally at one or two sites of the deltoid 
muscle in each individual. The sites of inoculation were 
inspected during four weeks' time in those who received 
vaccine alone and in three months' time in those who 
recei ved vaccine with BCG, for erythema, induration, local 
necrosis, lymphadenopathy. pain and ilching. 

The immunogenicity of the vaccine was assessed by 
recording change in response to the Montenegro test before 
;uld at le..'tS1 one month afler vaccination. 

IFA T measurement of humoral responses 
Sera were diluted to I :2, I :4, I :8. I: 16. 1:32, 1:64, 

1:12R. 1:256. and 1:512. IFAT and ELISA were per
l"ormt.:tJ as dcscrihed by Hommel cl al.K 

RESULTS 

Hematological and biochemical blood tests were all 
nonnal before and afler vaccination excepl for a very small 
increase in SGOT which can be expected in any inoculation 
dmnaging some cells (Tables II, Ill). Side effects after 
vaccination were negligible in groups receiving vaccine 
without BCG. 

The volunteers receiving vaccine containing 1000�g/ 
total nitrogen (Group 10), developed erythema with a 
diameter of 35-45mm stnning 5 minutes after vaccination 
which was reduced to 6-7mm in 72 hours after vaccination. 
In group 4 (SO�g + BCG). erylhema and induralion of more 
tluun 5mm was observed after 48 hours of vaccination al the 
site of inoculation which gradually disappeared in aboutone 
month. In the fifth group (200�g + BCG), erythema and 
induration of more than 5mm was observed 48 hours after 
vaccination which gradually changed to lesions and healed, 
Ie.wing a scar of approximately 5mm after one month. In 

TABLE U. Biochemical blooo tests before and two weeks after vaccination 

Before vaccination Two weeks after vaccination 

Dose Sugar Trigly. Cboles- Urea Uric Sugar Trigly- Cboles- Urea Uric 
cerides terol Acid cerides terol Acid 

5Ol'g 89.6 77.6 147.6 27 4.6 84.6 88.6 111.6 18.6 3.83 
200 I'g 86.3 129.3 175.3 14.6 5.56 70 90 162.3 16.6 4.83 
400 I'g 94.3 99.6 147.6 19.6 5.46 84 115.3 140.6 15 5 
50)!g+BCG 97.6 146 155 16.6 6.2 97.6 116 153.3 22 4.56 
20!lfC!g+BCG 89 122.66 138.6 18.6 4.8 89.3 122.6 136.6 19 4.46 
40!lfC!g+BCG 93.5 136.8 170 26 5.28 93.5 137.3 160.3 26 10.06 
60!lfC!g 91 152.6 160.3 20.6 5.33 91 152.66 160.3 20.6 5.33 
800 j.lg 91.6 139 158.6 23.6 5.33 91.6 139 158.6 23.6 5.33 
lOOOflg 90 140 180 25 5.60 92 130 185 23 5.52 
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those six individuals in groups 6 and 7 (400flg + BCG), 
erythema and relatively severe induration was noted after48 
hours of vaccination and even in one case an induration of 
about 40-45mm was seen in one of the arms (site of 
inoculation), which disappeared after 48 hours. Finally, 
three months later. only a 6x4mm scar was observed. 

Two individuals were tested with BCG as a control 
group in whom erythema ( 8-lDmm). induration (5-7mm). 
pain and itching were noted after 48 hours. 

Immunogenicity 
Before inoculation of KLmV±BCG. the Montenegro 

test was negative (O-Imm) in all volunteers. Table IV shows 
the results of Montenegro testing 30 days or more after 
vaccination. 

The results of serological tests are summarized in Tables 
V and VI. 

Booster Injection 
The 3 groups (I to 3) receiving KLmV alone at doses of 

50.200 and 400flg were given a booster injection of the same 
dose as they had received originally on days 162. 147 and 
132 after the fIrst injection. Side effects following booster 
injection were negligible. 

DISCUSSION 

In the process of developing a new vaccine. the fIrst 
clinical step (Phase I) aims at defIning the doses of vaccine 
which are s.-Ife and accep��ble. For whole killed leishmania 
vaccine. although much work has been done over the past 
decade on tl,esafety and immunogenicity in Latin America, I.' 

nothing was done in a systematic way to defIne the optimal 
dose and schedule of injection. In the old world. live 

TABLE III. Hematology and serum Iransaminases before and 2 weeks after vaccinalion 

Defore vaccination Two weeks after vaccination 

WBC% WBC% 
Dose HCT SGOT SGPT HCT SGOT SGPT 

N E B L M Total N E B L M Total 

50 flg 44 67 31 I 8850 12 4 43.3 58 3 38 7500 32 13 
200j.lg 46.6 58 40 2 9300 21.3 20 47 57 I 41 9000 37 17.6 
400j.lg 50.3 79 20 6500 17.3 3.66 47.3 69 2 29 6000 36 13.6 
50�g+BCG 47.3 66 32 6400 19.3 12.33 48 54 4 42 7800 32 13 
200�g+BCG47 52 2 49 7000 33.3 13 45.6 50 2 48 6300 38 16.5 
400�g+BCG46 56 43 7150 19.13 9.96 46 61 38 7000 20.83 15 
600j.lg 47 61 38 7600 23.63 20.63 46.6 60 45 7900 25.3 19.5 
800j.lg 48 62 37 6900 21.16 15.43 48 60 2 38 6800 28.7 23 
loooflg 49 67 2 35 7500 22 17 47 65 39 7100 29 18 

TABLE IV. Tbe results of Montenegro test � 22 days after vaccination. 

MeaD skin test No. of Skin Test Day of 
Mean 

Doseij1g) before vaccination individuals positive negative skin test 
(mm) 

50(1) 0 3 3 92 X=3mm 
200(1) 0 3 1 2 78 X=4.8mm 
400(1) 0 3 3 64 X=5.5mm 
50+BCG(I) 0 3 3 50 X=2.3mm 
200+BCG(l ) 0 3 2 36 X=5mm 
400+BCG(I) 0 6 5 22 X=4.9mm 
600(1) 1 3 2 45 X=5.2mm 
800(1) 0 3 2 45 X=4.7mm 
1000(2) 0 3 3 45 X=6.7mm 

(1). Single injection, (2). Injection at 2 sites (0.1 mI each) 
*Posilivc= :2:5mm 
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Vaccine for Cutaneous Leishmaniasis 

TABLE V. ELISA leishmanial antibody level before and two weeks after 
vaccination in 30 volunteers 

Dose Vaccination 

(flg) before after 2 weeks 2 weeks after 
booster 

50 0 b 1:251-
200 0 0 1:245-
400 0 0 1:251-
50+BCG 0 0 
200+BGC 0 0 
400+BCG 0 1:39-
600 0 1:199-
800 0 1:251-
1000 0 1:251-

*Geometric mean of antibody litre 

TABLE VI. [FAT leishmania I antibody level before and two weeks after 
vaccinution in 30 volunteers 

Concentration 
(flg) berare 

50 
200 
400 
600 
800 
1000 
50+BCG 
200+BCG 
400+BCG 

*Geomelric mean of antibody titre 

0 
0 
0 
0 
0 
0 
0 
0 
0 

leishmania (Ieishmanization) or irradiated L. major has 
been used as the vaccine. The fonner is not acceptable 
unless in extreme conditions and the laner has never been 
shown to produce a protective immune response. 

We used whole kiJledL. major prepared similarly to that 
used by Mayrink et aI. in a systematic way to detennine its 
toxicity and acceptability given as an intradennal injection. 

In addition, low doses of vaccine were mixed with live 
BCG as an adjuvant in order to enhance the cell-mediated 
immune response against leishmania antigens. 

To be safe, we started with a dose of 501!g. This is only 
10 times more than the amount of antigen (leishmania) used 
in skin tests. Data from Mayrink's group indicate that 3 
intramuscular injections of 360l!g each, one week apart, 
were tolerated and not associated with measurable toxicity 
of shonor long tenn. Convit et aI. injected a dose well over 
2 mg mixed with BCG 2-3 times with intervals of I month 
for immunotherapy. In retrospect, the 50l!g dose seems too 
low; however, the results of this and two later injections of 
the same dose as the primary injection, were encouraging in 
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Inoculation 

after 2 weeks 2 weeks after booster 

0 1:10-
0 1:16-
0 1:10-
1:19-
1:31-
1:32-
0 
0 
1:17-

that a serological secondary response was observed. 
Higher doses of the vaccine, up to lOOOl!g (injected at 2 

different sites) by itself produced no unaccep�1ble side 
effects. 

TIle major toxicity and side effects were related to tlle 
use ofBCG. Depending on the sourceofBCG, different side 
effects such as lymphadenopathy, pain, ulceration and fever 
may be observed. We used BCG provided by the State 
Serum Institute, Copenhagen, Denmark which is known not 
to be free of side-effects. It was es�1blished tllat addition of 
400!!g KLm V to a nonnal dose of BCG produces reactions 
which would not be acceptable. 

Comparison of different groups concerning 
immunogenicity was not possible, because the intervals 
between vaccination and skin testing were not uniConn. The 
reason for this was logistic. We were about 350 km away 

from the site and the volunteers were students-primary 
health workers who spent a few months at the school but 
were then distributed in different villages dispersed 
throughout an area more than 10km distant from the school. 
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In addition, the injections were made sequentially with 
intervals of 6 weeks for KLm Y alone or 3 months for 
KLmY+BCG. going to progressively higher doses of the 
vaccine. 

In spite of the difficulties and the limiultion of having as 
few as 3 volunteers per group (which was imposed by ethical 
considerations) these studies have shown that the KLm V 
can be injected up to 800 Ilg intraderlllally at one site or 
500llg intradennally at two sites WiOI accepUlbleside effeclS. 
Furthennorc. it is not recommended to use a full dose of 
BCG mixed with 400llg KLIllY under the conditions 
described. 

TIlese works have paved the way for fUlure uials using 
higher amounL, of KLIllY combined with lower doses of 
BCG, if needed. 
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