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ABSTRACT
Objective: To test the safety and immunogenicity of two doses of autoclaved L.major (ALM)
vaccine mixed with BCG.
Setting: Kala-azar endemic area of eastern Sudan.
Design: This was a randomised, double blind and BCG controlled phase I/II study.
Subjects: Eighty healthy volunteers (forty children and forty adults) with no past history of
kala-azar, no reactivity to leishmanin antigen and with a reciprocal direct agglutination test
(DAT) titre of <200 were recruited. Informed consents were obtained from volunteers or
their guardians in case of children.
Main outcome measures: Conversion in the leishmanin skin and the DAT tests.
Intervention: Two intra-dermal injections of either ALM+BCG or BCG alone. The injections
were three weeks apart.
Results: Side effects were minimal and confined to the injection site, with no significant
difference between the ALM+BCG and the BCG alone groups. The leishmanin skin
conversion was significantly higher in the ALM+BCG group compared to the BCG alone
group (p<0.0005). Furthermore, the Leishmanin skin test conversion was significantly
higher in children than adults (p<0.0005). One adult volunteer in the ALM+BCG group
converted in both the Leishmanin skin and the DAT tests.
Conclusion: We conclude that two doses of ALM+BCG are safe and immunogenic, especially
in children.
INTRODUCTION
Visceral leishmaniasis (kala-azar) is a major health
problem in Sudan(1-5). The only measure of control in the
country at present is case detection and treatment with
antimonial drugs, which are expensive and not always
available. Vector and reservoir control measures are
difficult to implement due to the elusive nature of the
vector and the diversity of possible reservoir hosts. An
effective vaccine offers a suitable control measure since it
is known that successful treatment of kala-azar leads to the
development of a protective cell-mediated response of the
Th-1 type(6-8). We had previously reported that individuals
that were leishmanin positive as a result of previous
exposure to L.major infection and who migrated to an area
endemic of visceral leishmaniasis appeared to be protected
against kala-azar(9). Recently, Anuradha et al(10) showed
that vaccination of langur monkeys (Presbytis entellus)
with ALM+BCG protected against L. donovani challenge.
A phase I/II trial was previously carried out in healthy
volunteers in a kala-azar non-endemic area using one dose
of the ALM+BCG vaccine. This study concluded that one
dose of the vaccine is safe and immunogenic (unpublished
data).

The objective of this study was to determine the safety
and immunogenicity of two doses of a vaccine containing
autoclaved Leishmania major + BCG in healthy children
and adult Sudanese volunteers in a kala-azar endemic area
in eastern Sudan.
MATERIALS AND METHODS
Volunteers: Two hundred healthy volunteers (100 adults
and 100 children) were recruited for the study from two villages
in the kala-azar endemic area of eastern Sudan. The inclusion
criteria were: age between one and 65 years; absence of past
history of kala-azar, cutaneous leishmaniasis or post kala-azar
dermal leshmanians (PKDL), absence of chronic systemic or
skin diseases, no reactivity to the leishmanin antigen (Razi
Institute, Iran), a DAT titre of <200, body temperature ≤37.5°C.
Pregnant and lactating ladies were excluded. Volunteers or their
guardians were asked to sign informed consent forms written in
Arabic, read and explained to them by one of the investigating
team. Demographic data and clinical history were recorded in
enrolment forms and a physical examination was conducted with
particular emphasis to exclude cases of visceral, cutaneous
leishmaniasis and PDKL.
Leishmanin skin test: The recruited volunteers were injected
intra-dermally with 0.1 ml of leishmanin antigen (Razi Institute,
Iran) on the volar aspect of the left arm. As a control 0.1 ml of the
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diluent was injected at least 10 cm from the antigen site. The test
was read 48 hours later(11). Induration of 5 mm or more and no
reaction at the control site was regarded as positive.
Direct agglutination test (DAT): The DAT was performed
on capillary blood collected on Whatmann #3 filter paper as
described by Harith et al(12).
Study group: Forty children (aged ≤15 years) and forty
adults who fulfilled the above mentioned criteria were enrolled
for the study.
Vaccination and follow up: Volunteers were randomised to
receive either 0.1 ml ALM+BCG or 0.1 ml BCG alone (Pasteur
Institute, Iran). The BCG concentration was 1/10 of the dose
used for routine immunisation. Two intra-dermal injections of
ALM+BCG or BCG alone were given to each volunteer. The
injections were three weeks apart. Only the on-site monitor knew
the group allocation of the volunteers. Volunteers were monitored
daily for local reactions (pain, itchiness, erythaema, vesiculation,
induration, regional lymph node enlargement) as well as systemic
side effects (fever, rash, vomiting) from the vaccination day to
day eight post vaccination. Six weeks after vaccination the
volunteers were examined clinically with particular reference to
evidence of visceral leishmaniasis and were tested by leishmanin
and DAT.

RESULTS

Table 1
Characteristics of the study group

Children
(Age<15)
Adults
(Age>15)

temperature. On day three after the first dose of vaccination,
two volunteers in each of the ALM+BCG and the BCG
group complained of fever. Measurement of axillary
temperature showed a slight rise of 37.8°C in one volunteer
in each group. Clinical examination revealed no
abnormality and thick and thin blood films were negative
for malaria parasites. The fever responded to paracetamol
treatment. On day three after the second dose one patient
from the ALM+BCG group had a temperature of 37.8°C.
Clinical examination revealed no abnormality and a blood
film was negative for malaria parasite. The rise in
temperature responded to a dose of paracetamol treatment.
No other major side effects were noted.
Table 3
Leishmanin skin test conversion in the ALM+BCG and BCG only
group in children and adults
Leishmanin test

Children
Adults

The on-site monitor of the Data and Safety Monitoring
Board of the Institute of Endemic Diseases, University of
Khartoum, broke the code.
Table 1 shows the general characteristics of the study
group. Although equal numbers of adult males and females
were recruited for the study, most male volunteers tested
positive for leishmanin. This is clearly reflected in the low
male: female ratio in the adult group.

No.

M:F ratio

Mean age (years)

Median age
(years)

40

19:21

5.8

5.5

40

9:31

22.0

20.0

Table 2
Total leishmanin skin test conversion in the ALM+BCG and the BCG
groups
Converters

Non-converters

Total

ALM+BCG group

17 (44%)

21 (56%)

38

BCG only group

4 (10%)

36 (90%)

40

P<.0005

Side-effects: The commonest reported side effect was
local sharp pain that was experienced by all volunteers. No
localised or generalised rash was reported. Complaints of
fever were always checked with measurement of axillary
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ALM+BCG groups
Converters/non converters

BCG group
Converters/non-converters

11/9 (55%)
6/12 (33.3%)

2/18 (10%)
2/18 (10%)

P<0.0005

Immunogenicity: Forty two days after the second
dose of vaccination, follow up could be achieved for 78
volunteers (98.7%). Leishmanin skin test conversion was
detected in 17 volunteers (44%) in the ALM+BCG group
compared to only four (10%) in the group that received
BCG only (p<0.0005). When the result was further stratified
by age it was clear that children (<15 years) had a higher
Leishmanin skin conversion of 55% compared to 33.3% in
adults in the ALM+BCG group (p<0.0005). The
Leishmanin conversion in the BCG group was similar in
children and adults (10%), Tables 2 and 3. One adult in the
ALM+BCG group converted in both the leishmanin and
the DAT.
DISCUSSION
Visceral leishmaniasis is a serious health problem in
many areas of eastern and southern Sudan. Treatment is
expensive and not always available. Vector control
measures are expensive and difficult to implement. It is
clear that an effective vaccine is the ideal solution to this
problem in Sudan. Extensive studies on vaccines for
cutaneous leishmaniasis have been carried out(13-19), but
studies on vaccination against human visceral leishmaniasis
are limited and were on experimental animal
models(20,21).
This pilot trial is the first step to test for vaccines
against human visceral leishmaniasis and it was carried
out to test the safety and immunogenicity of ALM+BCG
vaccine in an endemic area of visceral leishmaniasis. It is
clear that the vaccine is safe and acceptably immunogenic.
It is also evident that the rate of leishmanin skin test
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conversion is higher in children than in adults. This will be
an important finding if the vaccine proved to be protective
in Phase III trials, because visceral leishmaniasis is mainly
a disease of children in Sudan.
BCG coverage is very low in the area where the study
was carried out so it was decided to use BCG instead of a
placebo. BCG also leaves a scar that made it difficult for
the investigators to tell who received what and thus
reducing investigator bias. We conclude that ALM+BCG
vaccine is safe and immunogenic when used in healthy
volunteers. A field trial is underway to determine the
efficacy of the vaccine against visceral leishmaniasis in
the Sudan.
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