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Abstract.

Recent reports from animal models and from cross-sectional studies have suggested that host responses to

anti-Lutzomyia longipalpis saliva antibodies may be related to delayed-type hypersensitivity to Leishmania antigen. In a
prospective cohort study, we evaluated 1,080 children from two endemic areas for visceral leishmaniasis (VL) by means
of Kaplan-Meier analysis. The incidence rate of delayed-type hypersensitivity to Leishmania antigen, measured at the
24th follow-up month, was higher among those reactive to Lu. longipalpis saliva antibodies at the beginning of the study
(0.0217 cases per person-month) than among those previously negative (0.0131 cases per person-month) (P value for the
log-rank test = 0.0006). It seems that mounting an anti-saliva immune response helps the development of a cell-mediated

anti-Leishmania response.

Visceral leishmaniasis (VL) is a serious public health prob-
lem in many regions of the world. Apart from its high incidence,
VL is spreading across new places and showing worrying signs
of urbanization. Furthermore, severe cases of VL resulting in
death have been described.!?

The main strategies for controlling VL include the early
diagnosis and treatment of human cases and measures directed
at the vector and the canine reservoir and health education
activities. However, these measures are insufficient for proper
control of the epidemic. In Brazil, the epidemic is still spread-
ing: there were a total of 24,977 new cases from 1999 to 2005.2
Therefore, the search for new measures to curb the epidemic
is extremely important.>?

Mounting evidence suggests that the sand fly saliva may
influence the course of VL infection. Studies performed in
murine models have shown that salivary components of sand
flies may exacerbate infection when injected together with
Leishmania.*® Conversely, pre-exposure to sand fly saliva
may even protect against Leishmania infection, leading to the
development and testing of new vaccines on the basis of inoc-
ulation with sand flies’ salivary proteins.®!%-12

On exposure to uninfected Lutzomyia longipalpis bites, nor-
mal human volunteers develop anti-sand fly saliva antibodies
and cell-mediated immune response.'* Host responses to anti-
Lu. longipalpis saliva antibodies may be related to the develop-
ment of delayed-type hypersensitivity to Leishmania antigen.
In a cross-sectional study, development of anti-Lu. longipalpis
saliva antibodies was associated with increased delayed-type
hypersensitivity to Leishmania antigen among children from
a VL endemic area." This observation is in accordance with
experimental reports that have observed that immunity to
specific vector salivary protein helps or accelerates the devel-
opment of cell mediated immunity to a Leishmania antigen."
Herein, we report on a prospective cohort study aimed at eval-
uating the presence of anti-Lu. longipalpis saliva antibodies
and their relationship with the development of an anti-leish-
manial response measured by delayed type hypersensitiv-
ity (DTH) positivity. Children residing in two VL endemic
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areas (Vila Nova and Bom Viver) in Raposa County, Sao Luis
Island (2°32’'S and 44" and 43'W) State of Maranhéo, Brazil
were enrolled. The villages of Vila Nova and Bom Viver have
an approximate population of 2,600 and 4,307, respectively.
The study was approved by the Research Ethics Committee of
Maranhdo Federal University Hospital. Parents or guardians
of all participants signed an informed consent.

Children were enrolled according to the following inclusion
criteria: age < 10 years; resident of Vila Nova or Bom Viver
(in Raposa County, MA); no history of or current infection
with VL. Initial population census identified 1,297 children
< 10 years of age who were invited for an interview by health
care attendants. Of the 1,297 who were invited in the first phase
of the study, 49 were excluded because of a previous or current
VL infection and 168 did not present for an interview, result-
ing in 1,080 children (83.3% of total eligible population).

A complete physical examination and determination of
Lu. longipalpis immunoglobulin G (IgG) antibodies was per-
formed at 12-month intervals from January 2003 to July 2005.
The DTH test was done with 0.1 mL of 25 ug/mL of Leishmania
antigen applied intradermally to the anterior side of the right
forearm as previously described.'® A response was consid-
ered positive when the largest diameter of indurated area
was > 5 mm. Enzyme-linked immunosorbent assay for anti-
Phlebotomine saliva was performed as previously described.!”
A reading above 0.05 (cutoff determined by the mean plus two
standard deviations of 20 healthy individuals) was considered
positive. Salivary glands from female Lu. longipalpis and the
determination of anti-Phlebotomine saliva antibodies were
obtained, prepared, and evaluated as previously described.!”
On follow-up, children with positive DTH were excluded.

Of the 1,080 children examined, 343 were DTH positive.
Thus, for the first follow-up, performed 12 months after the
baseline examination, only 737 DTH-negative children were
eligible for reexamination. At the 12th month of follow-up
there were 103 losses (4 refusals and 99 moved out of the
area). A total of 156 out of 634 evaluated children were DTH
positive. At the 24th follow-up month 478 DTH-negative chil-
dren were eligible for inclusion; 61 losses were registered
(6 refusals and 55 moved out of the area). Therefore, 417 children
were evaluated. Of these, 30 were DTH positive (Figure 1).

Data were entered and analyzed using Epi Info version 3.3
(CDC, Atlanta-EUA) and Stata statistic software version 8.0



826

AQUINO AND OTHERS

Study phase and Eligible population ]

Baseline

n= 1,297

Previous or
actual VL (49)
Refusals (168)

12 mo follow-up

n =737

Refusals (4)
Moved out (%9)

24 mo follow-up

n=478

Refusals (6)
Moved out (55)

Evaluated 1,080 Evaluated 634 Evaluated 417
¥ v
R SR
DTH positive 343 DTH positive 156 DTH positive 30
(31.8%) (24.6%) (7.2%)
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Ficure 1. Study flow chart. The study was divided into three phases, baseline, 12-month follow-up, and 24-month follow-up with one cohort
from the endemic area of visceral leishmaniasis (VL) in Maranhao State, Brazil to address anti-Leishmania delayed-type hypersensitivity (DTH)
and antibody responsiveness to Lutzomyia longipalpis salivary proteins. At the end of the first phase there were 737 DTH-negative children who
constituted the eligible population for the phase 2 (12-month follow-up). The 478 children who were DTH at phase 2 included the eligible popula-

tion of phase 3 (24-month follow-up). The study design details are described in the text.

(2003, Stata Corporation, College Station, TX). To evaluate if
the presence of anti-Lu. longipalpis saliva antibodies was asso-
ciated with subsequent mounting of delayed-type hypersensi-
tivity to Leishmania antigen, Kaplan-Meier and the log-rank
test were used. Significance level was set at 0.05.

Prevalence proportion of DTH positivity at time zero was
31.8%. At 12 months, the DTH incidence proportion was
24.6% and at 24 months, it was 7.2% (Figure 1). The preva-
lence proportion of anti-saliva IgG antibodies was 16.1% at
time zero of the study. Incidence proportions of anti-saliva
IgG antibodies at the 12th and 24th months of observation
were 3.8% and 2.7%, respectively (data not shown).

The total observation time of children with negative anti-
saliva antibodies summed to 10,176 months, whereas for those
with positive antibodies it totaled 2,448 months. Incidence
rate of delayed-type hypersensitivity to Leishmania antigen,
measured at to the 24th follow-up month, was 0.0131 cases per

person-month for those negative for sandflies’ anti-saliva anti-
bodies at the beginning of the study (time zero) and 0.0217
cases per person-month for those with positive anti-saliva
antibodies (Table 1).

We have previously shown that positive antibody response
to sand fly saliva correlates to delayed-type hypersensitiv-
ity against Leishmania antigen'” and that the development
of both types of immunity is time-coincident." Furthermore,
DTH responses to sand fly bites in humans, increases blood
flow at the site of the bite.”® It is possible that such changes
in previously saliva-sensitized individuals help them to mount
a cell-mediated immune response against Leishmania after
exposure to infected sand flies. In this report, the positive
association between anti-sand fly saliva antibodies and anti-
Leishmania DTH was confirmed in a longitudinal prospective
design. These findings add strong support to this association as
they come from a large cohort study.

TABLE 1

Association between presence of anti-Lutzomyia longipalpis saliva antibodies at the beginning of the study and the development of delayed-type
hypersensitivity to Leishmania antigen up to the 24th follow-up month among children residing in two visceral leishmaniasis (VL) endemic areas,

in Raposa County, Sdo Luis, State of Maranhao, Brazil*

Events (DTH-positive to Leishmania)

Anti-Lu. longipalpis saliva antibodies at the

Sum of time under observation Incidence rate

beginning of the study 12 months 24 months Total (months) (cases per person-month)
Negative 116 17 133 10.176 0.0131
Positive 40 13 53 2.448 0.0217
Total 156 30 186 12.624 0.0147

* P value of the log-rank test < 0.0006.
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Considering that measurable anti-sand fly antibodies
develop in only a fraction of exposed children and that a posi-
tive anti-Leishmania DTH is associated with resistance, it is
tempting to speculate that mounting an anti-saliva immune
response helps in the development of a protective anti-
Leishmania response. However, increased anti-Leishmania
DTH response in persons reactive to Lu. longipalpis saliva
antibodies at the beginning of the study could quite well reflect
increased parasite challenge in individuals who have been bit-
ten more intensively by the sand flay vector. Thus, caution is
necessary in extending laboratory results to field situations.
Further testing of this hypothesis will probably rely on the
use of recombinant salivary proteins to overcome the limita-
tions of using crude sand fly salivary gland sonicates. We have
recently showed the feasibility of using recombinant proteins
from Lu. longipalpis saliva for large epidemiological studies,'’
which opens up the possibility of performing larger studies
in endemic areas with a high incidence of VL to address the
question of the relationship between anti-saliva response and
protection against VL.
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