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ABSTRACT

A field trial was carried outon60 volunteers selected in Yazd province, central
Iran, witha vaccine containingkilled promastigotes of L. major prepared by the Razi
Institute, Hessarak. During these phase [ 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 jtg of the vaccine alone can be well tolerated
without major side-effects. The mixtureof BCG with 400 |ig 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 triais 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.
MJIIRI, Vol. 8, No.4,211-215, 1995.

INTRODUCTION

The pioneering work of Mayrink and colleagues in
Brazil brought killed L. braziliensis vaccine to existence. !
These studies showed that there are no apparent side-effects
evenoveralong period (6-8 years) following immunization.
This is in contrast to some experimental animal studies in
which injection of leishmanial antigens was shown to
exacerbate the subsequent challenge injection.** The results
obtained by Mayrink's group were very encouraging and
related shin test conversion to some degree of protection.?

Their vaccine was a mixture of four strains of leishmania
isolated from cutancous lesions in Brazil.! A similar

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

a) Determination of the safety and proper dosage of
killed L. major vaccine (KLmV) £BCG.

b) Determination of immunogenicity of KLmV as
measured by the leishmania skin test.

MATERIALS AND METHODS

L. major promastigotes (originally isolated by A. Nadim
et al.)* were cultured at the Razi Institute under good
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TABLE I. The vaccination schedule
Dose(pg) PPD BCG

Group no. Booster

50 - -
200
400 -

50 -
200 -
400 -
400(Repeated) -
600 it - -
800 + 5

+
+ 4+ 4+ +
' + + +

OO0 N Wb WK —

Intervad of each group was at least 2 weeks

manufacturing practice (GMP) conditions to stationary
phase in culture media containing 20% fetal calf serum,
washed extensively, killed with tymersol | % (Merthiolate)
and then freeze-thawed five times and stored frozen until
use.t

In order (o test the safety and immunogenicity of this
KLmV, we first injected different doses of KLmV+BCG to
susceptible animals at the Razi Institute. Side effects
following vaccination were negligible in those animals.

Then 30 volunteers were chosen from the Taft/Yazd
province, central Iran where no endogenous cases of
cutaneous leishmaniasis exist. The volunteers consisted of
male and female village health workers, and natives of the
area, aged between 15 to 33 years. They were divided into
ten groups before vaccination. Montenegro and PPD tests
were performed for each individual. All were negative for
Montenegro test(0-Imm induration at the site of injection),
and 12 of them were PPD positive, which were selected for
the group to receive vaccine without BCG.

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

The dose of the vaccine expressed as total nitrogen was
different for each group, ranging from 50 to 1000ug. The
vaccination schedule is shownin Table 1. The 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
received vaccine with BCG, for erythema, induration, local
necrosis, lymphadenopathy, pain and itching.

The immunogenicity of the vaccine was assessed by
recording change in response to the Montenegro test before
and at least one month after vaccination.

IFAT measurement of humoral responses

Sera were diluted to 1:2, 1:4, 1:8. 1:16. 1:32, 1:64,
1:128. 1:256. and 1:512. IFAT and ELISA were per-
forined as described by Hommel et al.®

RESULTS

Hematological and biochemical blood tests were all
normal before and after vaccination except for a very small
increase in SGOT which can be expected in any inoculation
damaging some cells (Tables I, 1IT). Side effects after
vaccination were negligible in groups receiving vaccine
without BCG.

The volunteers receiving vaccine containing 1000pg/
total nitrogen (Group 10), developed erythema with a
diameter of 35-45mm starting 5 minutes after vaccination
which was reduced to 6-7mm in 72 hours after vaccination.
In group 4 (50pg + BCG), erythema and induration of more
than Smm was observed after 48 hours of vaccination at the
siteofinoculation which gradually disappeared in aboutone
month. In the fifth group (200png + BCG), erythema and
induration of more than Smm was observed 48 hours after
vaccination which gradually changed to lesions and healed,
leaving a scar of approximately Smm after one month. In

TABLE I1. Biochemical blood tests before and two weeks after vaccination

Before vaccination

Two weeks after vaccination

Dose Sugar Trigly- Choles- Urea  Uric Sugar  Trigly- Choles- Urea  Uric
cerides terol Acid cerides terol Acid
50 g 89.6 77.6 147.6 27 4.6 84.6 88.6 111.6  18.6 3.83

200pg 863 1293 1753 146 556 70 90 1623 166 483
400pg 943 99.6 1476 196 546 84 1153 1406 15 5
50ug+BCG 97.6 146 155 166 62 976 116 1533 22 4.56
200ug+BCG 89  122.66 1386 186 438 893 1226 1366 19 4.46
400pg+BCG 93.5 1368 170 26 5.28 935 1373 1603 26 10.06
600ug 91 1526 1603 206 533 91 15266 1603 206 533
800pg 916 139 158.6 236 533 916 139 1586 236 533
1000pg 90 140 180 25 5.60 92 130 185 23 5.52
212
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those six individuals in groups 6 and 7 (400ug + BCG),
erythemaand retatively 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 (8-10mm), induration (5-7mm),
pain and itching were noted after 48 hours.

Immunogenicity

Before inoculation of KLmV+BCG, the Montenegro
test was negative (O-1mm) in all volunteers. Table [V shows
the results of Montenegro testing 30 days or more after
vaccination.

Theresultsof serological tests are summarized in Tables
Vand VI

Booster Injection

The 3 groups (1 to 3) receiving KLmV alone at doses of
50,200 and 400g were given a boosterinjection 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 safe and acceptable. For whole killed leishmania
vaccine, although much work has been done over the past
decade on thesafety andimmunogenicity inLatin America,'?
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 transaminases before and 2 weeks after vaccination

Before 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
50pug 44 67 1 = 81 T 8850 12 4 433 58 3 - 38 1 7500 32 13
200z 466 58 - - 40 2 9300 213 20 47 57 1 - 41 1 9000 37 17.6
400pg 503 79 1 20 - 6500 173 3.66 473 69 2 - 29 - 6000 36 13.6
SOug+BCG473 66 - 32 1 6400 193 1233 48 54 4 < 42 = TROD 32 13
200pg+BCG47 52 2 - 49 - 7000 333 13 456 50 2 - 48 - 6300 38 16.5
400pg+BCGA6 56 - 43 1 7150 19.13 996 46 61 - - 38 1 7000 2083 15
600ug 47 61 - 33 1 7600 2363 20.63 466 60 - - 45 1 7900 253 195
g00ug 48 62 - 37 1 6900  21.16 1543 48 60 2 - 38 - 6800 287 23
1000pg 49 67 2 - 35 1 7500 22 17 47 65 - - 39 - 7100 29 18
TABLEIV. The results of Monte negro test > 22 days after vaccination.
Mean skin test No. of SKin Test Day of
Mean
Dose(j1g) before vaccination individuals positive negative skin test
(mm)
50(1) 0 3 - 3 92 X=3mm
200(1) 0 3 1 2 78 X=48mm
400(1) 0 3 - 64  X=55mm
50+BCG(1) 0 3 - 3 50  X=23mm
200+BCG(1) 0 3 5 3 8 Xbim
400+BCG(1) 0 6 5 3 22 X=49mm
600(1) 1 3 2 § 45  X=5.2mm
800(1) 0 3 A 45 X=4.7mm
10002 0 3 q - 45  X=6.7mm

(1). Single injection, (2). Injection at 2 sites (0.1 ml each)
*Positive= >5mm
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TABLE V. ELISA leishmanial antibody level before and two weeks after
vaccination in 30 volunteers

Dose Vaccination

(ug) before after 2 weeks 2 weeks after
booster

50 0 0 12551

200 0 0 1:245%

400 0 0 1951%

50+BCG 0 0 -

200+BGC 0 0 5

400+BCG 0 1:39%* =

600 0 1199 -

800 0 1:251* -

1000 0 L:2511% -

*Geometric mean of antibody titre

TABLE VI. IFAT leishmanial antibody level before and two weeks after
vaccination in 30 volunteers

Concentration Inoculation
(ng) before after 2 weeks 2 weeks after booster
50 0 0 () (0}
200 0 0 1:16*
400 0 0 1:10%
600 0 1:19* ,
800 0 131% .
1000 0 132 -
50+BCG 0 0 3
200+BCG 0 0 =
400+BCG 0 1:17* -

*Geometric mean of antibody titre

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

We used wholekilled L. major prepared similarly to that
used by Mayrink et al. in a systematic way to deternine its
toxicity and acceptability given as an intradermal 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 50pg. This is only
10times more than the amount of antigen (Ieishmania) used
in skin tests. Data from Mayrink’s group indicate that 3
intramuscular injections of 360jtg each, one week apart,
were tolerated and not associated with measurable toxicity
of short or long terin. Convit et al. injected a dose well over
2 mg mixed with BCG 2-3 times with intervals of 1 month
for immunotherapy. In retrospect, the S0j1g dose seems too
low; however, the results of this and two later injections of
the samedoseas the primary injection, wereencouraging in
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that a serological secondary response was observed.

Higher doses of the vaccine, up to 1000p.g (injected at 2
different sites) by itself produced no unacceptable side
effects.

The major toxicity and side effects were related to the
use of BCG. Depending on the sourceof BCG, different side
effectssuch as lymphadenopathy, pain, ulceration and fever
may be observed. We used BCG provided by the State
Serum Institute, Copenhagen, Denmark which isknown not
to be free of side-effects. It was established that addition of
400p.g KLmV to a normal 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 uniforin. 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 KLmV alone or 3 months for
KLmV+BCG. going to progressively higher doses of the
vaccine,

In spite of the difficulties and the limitation of having as
few as 3 volunteers per group {which wasimposed by ethical
considerations) these studies have shown that the KLmV
can be injected up to 8X) g intradermally at one site or
5@0ugintradennally attwossites with acceptableside effects.
Furthermore, it is not recommended to use a full dose of
BCG mixed with 400pg KLmV under the conditions
described.

These works have paved the way for future wrials using
higher amounts of KLmV combined with lower doses of
BCG, if needed.
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