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Effect of the Aedes fluviatilis Saliva on the Development of
Plasmodium gallinaceum Infection in Gallus (gallus) domesticus
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Effect of Aedesfluviatilissaliva on the development of Plasmodium gallinaceum experimental infectionin Gallus
(gallus) domesticus was studied in distinct aspects. Chickens subcutaneously infected with sporozoites in the pres-
ence of the mosquito salivary gland homogenates (SGH) showed higher levels of parasitaemia when compared to
those ones that received only the sporozoites. However, the parasitaemia levels were lower among chickens previ-
ously immunized by SGH or non-infected mosguito bites compared to the controls, which did not receive saliva. High
levels of anti-saliva antibodies were observed in those immunized chickens. Moreover, 53 and 102 kDa saliva
proteinswer e recognized by sera fromimmunized chickens. After the sporozoite challenge, the chickens also showed
significant levels of anti-sporozoite antibodies. However, the ability to generate anti-sporozoites antibodies was
not correlated to the salivaimmunization. Our results suggest that mosquito saliva components enhance P. gallinaceum
parasite development in naive chickens. However, the prior exposure of chickens to salivary components controls
the parasitemia levels in infected individuals.
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Saliva components from haematophagous arthropods
may modul ate the host immune system and would repre-
sent an adaptation to evolution related with the blood
feeding behavior (Ribeiro et a. 1984, Ribeiro 1987, 1989,
James & Rossignol 1991). Several substances in saliva
from different vectors such as ticks, phlebotomine, and
mosquitoes prevent host homeostasis at the bite site dur-
ing the blood ingestion. Such components may show dif-
ferent activities such as anti-homeostatic, vasodilator,
anti-inflammatory, immune-suppressor, and many others
(review in Kamhawi et a. 2000).

The effect of saliva substances on the pathogen in-
fectivity to vertebrates wasfirstly demonstrated by Titus
and Ribeiro (1988) in phlebotominefollowed by Junesand
collaborators (1993) in ticks. Nowadays, the importance
of saliva for blood feeding and pathogen infections has
been extensively analyzed in several arthropod vectors
(review in Gillespie et al. 2000). Therefore, there are few
studies about the effect of mosquito saliva on infectivity
of Plasmodium parasites. Early studies showed some pro-
tection against infection by P. berghei sporozoites when
mice were previously immunized with mosquito salivary
gland homogenate (Alger et al. 1972, Alger & Harant 1976).
In addition, Vaughan et al. (1999) suggested that saliva
was one of the factors that could contribute to a more
efficient rodent infection when the parasiteswereinjected
by mosquito vector bites.
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In the current study, we evaluate the role of Aedes
fluviatilis salivain the experimental infections of chicken
Gallus(gallus) domesticus with P. gallinaceum, the caus-
ative agent of avian malaria and its immunogenic poten-
tial to control parasitemia.

MATERIALSAND METHODS

Mosquitoes - Ae. fluviatilis were obtained from a
colony established and kept inthe Laboratory of Medical
Entomology, Centro de Pesquisas René Rachou-Fiocruz
inthe state of Minas Gerais. The mosquitoeswerekept in
an acclimated insectary with average temperature between
26-28°C and relativeair humidity around 70-80%, inacycle
of 12hinthedark and 12 hinthelight (Consoli & Williams
1978). The mosguitoes were provided with 10% glucose
solution and water until the time of the experiments.

Mosquito infection - Groups of 4 to 6 day-old female
mosquitoes were allowed to feed on the skin of P.
gallinaceuminfected chickens (parasitaemialevelsrang-
ing from 3.5t0 10%). Theinfection evaluation was carried
out 7 to 9 days after theinfective blood meal by the pres-
ence of ookinetesin dissected midguts, which were dis-
sected in PBS (phosphate buffer solution) and stained
with 2% mercury chrome in order to visualize the para-
sites. The percentage of infected mosquitoes and the
number of ookinetes per midgut were recorded through
optical microscopic examination. All mosquitoes used to
infect chickenswere a so previously examined for the pres-
ence of sporozoites 14 days after the infection (Ozaki et
al.1984).

Chickens - Newborn G (gallus) domesticus were ac-
quired from a small commercial farm and maintained in
cages. In order to avoid contact of the chickens with any
arthropod before and during the experiments, the cages
werewrapped with atransparent cotton fabric all thetime.
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Salivary gland homogenate (SGH) - Salivary glands
from 4 to 6 day-old femal e mosquitoes (non-infected mos-
quitoes) were dissected and transferred to microcentrifuge
tubes containing 50 pl cold sterile PBS. Dissected glands
were stored at —70°C until use when they were submitted
to a successive freezing and unfreezing processes in or-
der to obtain protein material. Total soluble protein con-
centration in the SGH was determined by Lowry method
(Lowry et a. 1951). Onesdlivary gland (apaired structure)
dissected from one mosquito was estimated to contain
1.4 pgof proteins.

Isolation of sporozoites - The P. gallinaceum sporo-
zoites were obtained according to Ozaki et al. (1984).
Briefly, 15 thoraces were dissected from 12-day infected
mosquitoesand transferred to 0.5 ml microcentrifuge-tube,
containing fiberglass and with perforated bottom, and then
placed into another 1.5 ml microcentrifuge-tube. A vol-
ume of 50-100 pl of RPMI 1640 culturemedium (Sigma, St.
Louis, MD, US) supplemented with 10% chicken serum
(for experimental infection) or PBS (for antigen prepara-
tion) was added to the thoraces. The microcentrifuge-
tubeswere centrifuged (twice, for 10 min, at 1000 g). The
sediment was homogenized and parasites counted into
Neubauer’s chamber using a phase contrast microscope.
Thewhole processwas performed iniceto keep the sporo-
zoiteviahility.

Infection of chickenswith P. gallinaceum - One week-
old chickens were used to evaluate the infection by P.
gallinaceum sporozoites. Groups of fiveindividualswere
infected according to the following approaches: (i) natu-
rally infected chickens infected by, bites of 10 infected
mosquitoes; (ii) chickens infected by subcutaneous in-
oculation of 103 sporozoites; (iii) infected chickens by
subcutaneous inoculation of 103 sporozoites added with
SGH (corresponding to 10 mosquito glands); and (iv) non-
infected chickens which were subcutaneous inoculated
with RPM1 1640 culture medium. The subcutaneous via
was chosen dueto the early development of avian malaria
into the phagocyte cells in the host skin at the infective
bite site (Paraense 1941, 1943, Huff & Coulston 1944,
Coulston & Huff 1947). Groups (i) and (iv) were consid-
ered as positive and negative controls of the infection.

Pre-patent periods (PPP), parasitaemia averages
through blood smears stained with Giemsa solution and
mortality rates were analyzed and the values compared
throughout infection period in the studied groups of chick-
ens. PPP is the period of time between the beginning of
the infection and the time that the pathogen is detectable
inthe peripheral blood.

Saliva immunization - The effect of previous expo-
sure to saliva components on the development of infec-
tion was analyzed in chickens which received bites from
non-infected mosquitoes or which were inoculated by
SGH. Groupsof 5 or 10 chickens were used according to
the following experimental approaches: (i) chickensim-
munized by bitesof 10 non-infected adult mosquitoes; (ii)
chickensimmunized by subcutaneousinoculations of SGH
(corresponding to 10 mosquito glands); and (iii) chickens
which received PBS by subcutaneous inoculation. All
chickens were one-week old in the beginning of the ex-
periments and they were incubated once aweek during a
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period of 4 or 7 weeks. Sera samples from the chickens
were weekly obtained and stored at —20°C until use. One
week after the last incubated step, all the chickens re-
ceived were infected by bites of 10 infected mosqguitoes.

Detection of anti-sporozoite and anti-SGH 1gG - In-
direct immunofluorescence assay (IFA) were used to de-
tect anti-sporozoite antibodies and Enzyme linked absor-
bance (ELISA) were used to detect anti-sporozoite and
anti-salivaantibodiesin infected or immunized chickens.
Briefly, sporozoiteswere suspended in aconcentration of
1x106 parasitess/ml and 5 pl were deposited per well on
slide. For screening, each well wasincubated with 10 pl of
seradilutions (1:20to 1:5120) in PBS, and then incubated
for 20 min with rabbit anti-chicken I gG fluorescein-conju-
gated (Funed) diluted 1:400 with PBS. The slides were
examined by fluorescence microscopy. The ELISA were
performed using high binding 96-well microplates (Nunc
Maxisorp, Dynatech Denmark) covered with sporozoites
homogenate or SGH (20 pg/ml) during 18 h 4°C. Chicken
seraweretestedintriplicateat 1:80 dilutionin PBS-Tween
(0.05%) for 2 hat 37°C. Therabbit anti- chicken IgG per-
oxidase conjugated (Funed) was added at a 1:1000 dilu-
tionfor 60 min at 37°C followed by addition of peroxidase
substrate (OPD-O-phenylenediamine and hydrogen per-
oxide). Absorbance valueswere measured at 490 nm. SGH
and sporozoite homogenates were also fractionated by
electrophoresisSDS-PAGE 12.5% (Laemmli 1970) and then
transferred to a nitrocellulose membrane (Amershan
Pharmacia Hybond™ - C pure). The transference was
performed using a 25V constant voltage for 2 h. Part of
the nitrocellulose membrane containing the molecular
markerswas stained with Ponceau Sfor the visualization
of the transferred proteins. The membrane with SGH or
sporozoite proteins was incubated for 12 h with chicken
seradiluted at 1:40. Afterwards, rabbit anti-chicken IgG
peroxidase-conjugated (Funed) was added at a dilution
of 1:1000. The antibody reaction was revealed by adding
0.05% 3.3-diaminobenzidin solution containing 0.025%,
4-clhoride 1-naphtol and 0.03% H, 0, (30% v/v). There-
action was interrupted with distillated water after visual-
izing bands.

Satistical analysis - Average parasitemia ands aver-
age absorbance were compared using Student’ s t-test as-
suming equal variances. Differencesin mortality between
groups were tested with Chi-square test with Yates' cor-
rection. Difference was considered significant when P-
value was less than 0.05.

RESULTS

Effect of the SGH on avian infection - Two distinct
experiments were conducted to analyze the effect of the
saliva components in the infection of chickens with P.
gallinaceum sporozoites (Fig. 1).

The parasitemia average among chickens that were
infected by sporozoiteinoculation in the presence of SGH
was higher than those that did not receive SGH (Fig. 1).
However, such tendency was not statistically different
due to the significant deaths caused by malaria among
chickensthat were inoculated with parasites plus SGH.

The mortality rate of the chickens naturally infected
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by the mosquito bites was 100% up to the 13 day after
infection. Therefore, the mortality rate of chickensinfected
with sporozoites in the presence of SGH was observed
after the 12 day after infection and those infected ones
without SGH, only after the 15 day. It isimportant to point
out that approximately 60% of chickens of the group in-
fected by sporozoitesinocul ation (without SGH) and 40%
of chickens of the group infected by sporozoites with
SGH, controlled their parasitemialevelsat the 18 day after
infection (data not shown).

The\PPP among chickens naturally infected by mos-
quito biteswas 5 days. Therefore, the PPPs for chickens
infected by subcutaneous sporozoite inoculations with
or without SGH were around 10 days (data not shown)
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showing no difference between the two groups.
Chicken infection after saliva immunization - Chick-
ens that were immunized 7-fold with saliva by bites or
inoculation of SGH showed similar PPP average values
after a natural infection by mosquito bites. The average
of the parasitaemialevels analyzed at the 9 day after in-
fection of those immunized chicken groups showed to be
lower than non-immunized chickens. Statistically signifi-
cant differences of parasitaemia averages were observed
at the 11 day after infection among the groups of immu-
nized chickens and the control group (non-immunized
chickens) (Table). The chickensthat wereimmunized four
times, either by the mosquito bites or by inoculation of
SGH, showed to be more susceptibleto theinfection than
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Fig. 1: the role of Aedes fluviatilis salivary gland homogenates (SGH) in individual parasitemias of Plasmodium gallinaceum infected
chickens. Each group was inoculated with 103 sporozoites in the presence (B and D) or in absence (A and C) of SGH.

TABLE

Therole of immunization of the chicken with Aedes fluviatilis salivain the parasitaemia and
pre-patent period of Plasmodium gallinaceum infection

Parasitemia (X + d.p.) P

Groups 2 7 day 8 day 9 day 10 day 11 day PPP €
4-fold immunizations by 254 +2.19 402+211 11.66 + 6.22 4.66 + 5.04 213+ 214 5.00 + 0.55
mosquito bites (n = 5)

4-fold immunizations by 3.04 + 2.60 5.00 + 3.08 8.06 + 2.53 358+225 4.87+1.94 6.00 £ 0.55
SGH (n=5)

4-fold inoculations with 212+1.94 500+527 1260+10.85 10.80+1266 6.6+ 10.87 6.00 + 0.89
PBS (control) (n=5)

7-fold immunizations by 0.04 £ 0.04 0.80+0.74 298 +3.32 428+ 2.76 *2.94+3.72 6.50+0.71
mosquito bites (n = 10)

7-fold immunizations by 0.04 = 0.007 126 +1.45 6.80+7.15 4.76 + 5.53 *3.61 + 4.43 7.00+0.83
SGH (n=10)

7-fold inoculations with 002 £+ 0.04 067 £ 0.85 559+ 594 10.21+£838  11.43+8,66 7.00 £ 0.42

PBS (control) (n=10)

P < 0,05; a: chickensfrom each group were challenged by infected mosquito bites; b: percentage of infected red blood cells after the
challenge; c: interval between the time of the challenge and the parasite appearance in the peripheral blood; SHG: salivary gland

homogenates
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those chickens 7-fold immunized (data not shown).
Inafollow up of theinfection rates during one month,
the chickens naturally immunized by mosquito bites pre-
sented an average of the mortality rates of 10.5%. Chick-
ensfrom the SGH-immunized and non-immunized groups
showed mortality rates of 12% and 13%, respectively. All
the chickens that remained alive in these studied groups
appeared to have controlled parasitaemia revealed by
negative microscopy examination of blood smears.
Anti-sporozoite antibodiesin P. gallinaceum infected
chickens - Anti-sporozoite antibodiesin chicken serabe-
fore and after infectionswere al so eval uated. Anti-sporo-
zoite antibodies were not detected by IFA in sera from
one-week chickens infected with P. gallinaceum. Fig. 2
shows the individual and the average of sera absorbance
valuesby ELISA verified in arepresentative experiment.
A raisein average val ues can be observed comparing sera
from chickens before and 10 days after infection, inde-
pendent on the infection via. However, absorbance val-
ues average among the experimental groups showed to
berelatively low (lower than 0.4). Only two serafrom chick-
ensinfected by sporozoites with SGH had individual ab-
sorbance values higher than 0.6 (Fig. 2).
Anti-sporozoite antibodies in saliva-immunized
chickens infected with P. gallinaceum - Presence of anti-
sporozoite antibodies was not detected among non-in-
fected saliva-immunized chickens. On the other hand, af -
ter infection by mosquito bites, all groups of chicken
showed anti-sporozoite antibodiesincluding the non-im-
munized control group. Anti-sporozoite 1gG antibodies
titlesdetected by IFA, ranged from 1:40to 1:1280in chick-
ens4-fold immunized reaching ahigh value (1: 2560) in 7-
fold immunized ones. No statistical difference was ob-
served for antibody titles detected by IFA. However, anti-
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Fig. 2: ELISA reactivity for Plasmodium gallinaceum sporozoite
antigens to sera from 1-week old chicken before (O) and 10 days
after infection (@) using different via of parasite inoculation (A:
mosquito bites; B: inoculation of sporozoites; C: inoculation of
sporozoites plus SGE). Bars: average of the absorbance values.
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sporozoite antibody frequencies and proportions detected
by ELISA showed a statistically significant raise in the
average of the absorbance values, which were mainly
observed 10 days after infection (Fig. 3).
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Fig. 3: ELISA reactivity for Plasmodium gallinaceum sporozoite
antigens to sera from chickens which were saliva-immunized by
mosquito bites (A) or salivary gland homogenates inoculation (B)
or non-immunized control (C). The experiments were done before
(O) and 10 days after infection (@) by mosquito bites. Bars: aver-
age of the absorbance values.

Anti-saliva antibodies in P. gallinaceum infected
chickens - Individual values of anti-antibody saliva ab-
sorbancies from chickens infected by the mosguito bites
or by sporozoiteinoculation with or without SGH, showed
to below (lower than 0.4) with no statistically differences
among groups (not shown). However, 10 days after infec-
tion was observed significant increase in anti-salivaanti-
body levelsamong immunized chickensindependently of
the inoculation via. Such antibody raise were aso veri-
fied for the control group (Fig. 4). In spite of the number
of previousimmunizations no statistically significant dif-
ference among groups was observed.

Recognition of antigenic proteins of P. gallinaceum
sporozoite and salivary gland by Western blotting - Sera
from chickens infected by P. gallinaceum bites, either
from the group of previous saliva-immunized chickens
(SGH or mosquito bites) or control group (non-immunized
chickens), recognized sporozoite proteinswith molecul ar
weights of approximately 64 and 76 kDa (Fig. 5). Which
correspond to the P. gallinaceum CS protein.

All those serafrom chickens of the same groups rec-
ognized aprotein with amolecular weight of approximately
102 kDa that is presented in SGH (Fig. 6). In addition,
proteins of 53 and 59 kDa present in SGH were recognized
by the serafrom immunized or non-immunized adult chick-
ens infected by the mosquito bites.

DISCUSSION

The avian malaria infection with P. gallinaceum has
been considered a good model for developing studies
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Fig. 4: ELISA reactivity against Aedes aegypti saliva antigens present
in sera from chickens, which were saliva-immunized by mosguito
bites (A) or salivary gland homogenates inoculation (B) or non-
immunized, control (C). The experiments were done before the
infection, 4-fold or 7-fold after immunizations and 10 days after
infection by mosquito bites. The control group received only PBS.
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Fig. 5: Western-blotting showing reactivity against Plasmodium
gallinaceum sporozoites antigens using sera from different groups
of chickens. A: one-week old chickens infected with inoculation of
108 sporozoites (1), 10% sporozoites plus salivary gland homogenates
(SGH) (2) and mosquito bites (3); B: 4-week old chickens immu-
nized with saliva by SGH inoculations (4); mosquito bites; (5) con-
trol (inoculated with PBS) (6); C: 4-fold saliva-immunized chickens
followed by infection with mosquito bites, which were immunized
by salivary gland homogenates inoculations (7) or mosquito bites
(8) and control (inoculated with PBS) (9).
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Fig. 6: Western-blotting showing reactivity against Aedes fluviatilis
sdliva antigens using sera from different groups of chickens. A: one-
week old chickens infected with inoculation of 103 sporozoites (1),
103 sporozoites plus salivary gland homogenates (SGH) (2), mos-
quito bites (3), and PBS (control non-infection), (4); B: 4-week old
chickens immunized four times with SGH inoculations (5), mos-
quito bites (6), and control (inoculations with PBS) (7); C: 7-fold
salivary gland homogenates immunized chickens; (8) or mosquito
bites (9) which were respectively infected by mosquito bites (10 and
11) and control, non-immunized chickens but infected by mosquito
bites (12).

related with the parasite-host interaction processes. In
mental subcutaneous sporozoiteinoculation as previously
observed (Vaughan et al. 1999). In addition, it isimportant
to consider that sporozoitesisolated from salivary glands
are considered an heterogeneous population. Moreover,
sporozoites need to pass through several biological pro-
cesses inside the salivary glands in order to reach the
salivary duct (Pimentaet a. 1994). Although there are few
thousands of sporozoites stocked up inthe salivary gland,
only asmall number is ready to be injected by the mos-
quito bites (Simonetti 1996). Certainly, not all sporozoites
obtained from the salivary gland by the isolation proce-
dure are able to stay alive and develop infection in the
skin host.

Considering that age-dependent resistance has been
demonstrated for pathogens (Kogut et al. 1998, 2002), we
evaluated the susceptibility to infection in chickens with
different ages. Our results indicate some effect of host
ageon P. gallinaceuminfection: adult chickens showed a
prepatent period higher than that observed for young
chickens. The young chickens developed theinfectionin
avery quick way with agreat number of parasitesin the
peripheral blood being fatal for several individuas. In
opposite, adult chickens appear to be less susceptible to
the avian malarial parasite controlling the infection with
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the absence of deaths. These facts were only observed in
infections caused by mosquito bites and not by subcuta-
neous inocul ation of sporozoites, once again, confirming
the efficacy of the natural via of infection.

Itisinteresting to note that the presence salivary com-
ponentsin the sporozoite inoculum affect the parasitaemia
levelsand the mortality rates. An increase in parasitemia
levelsand in mortality rates was observed when chickens
received sporozoites in association with SGH. However,
prepatent period, was not affect by the salivacomponents
present in the subcutaneous inoculum. Our results ob-
tained for P. gallinaceuminfection, corroborate literature
data concerning other pathogens, which evidence the ef-
fects of arthropod saliva in parasite-vector interactions
(Ribeiroet al. 1985, Titus& Ribeiro 1988, Belkaid et al.
1998, Kamhawi et al. 2000).

In our experiments, anti-sporozoite antibodies were
detected in chickens infected with P. gallinaceum by
mosquito or subcutaneous inoculation. Lower levels of
these antibodies were detected in young individuals com-
paring with the adults. The chickens showed to produce
anti-sporozoite antibodies with the same molecular (64
kDa and 76 kDa) weights of the well-known circums-
porozoite protein family, which covers the surface of the
Plasmodium sporozoite (CS protein). The P. gallinaceum
CSproteinisinvolved in parasite interaction with verte-
brate and invertebrate cell hosts and €licits a strong hu-
moral response in chicks (Daher & Krettli 1987). In the
present study, we demonstrated that adult chickens in-
fected by the mosquito bites produced anti-SGH antibod-
ies. During the blood meal, female mosquitoes deposit
salivainto the host skin. Adult chickens sera recognized
some SGH proteins including one that correspond to the
molecular weight of apirase (64 kDa). Apirases are en-
zymes that have been demonstrated in the saliva of sev-
eral insect vectorsand arerecognized asplaying arolein
the insect feeding process avoiding the blood platelet
aggregation (Ribeiro 1987). Previouswork already showed
that anti-apirase antibodies in saliva-immunized mice by
successive hites of the mosquito Anhopheles stephensi
were able to inhibit apirase activity impairing the blood
meal screening (Mathewset al. 1996).

The parasitaemialevel s showed to be lower inimmu-
nized groups of chickensthan inthe control group. Alger
and Harant (1976) al so reported that immunized micewith
mosquito salivary glands were protected against the P.
berghei sporozoites challenge. Prior exposure of miceto
bites of non-infected sand flies protects against Leishma-
nia major (Kamhawi et a. 2000). However, the sand fly
saliva components enhance the cutaneous lesion caused
by the parasite. It appears that similar phenomena also
occur in saliva-immunized chicken challenged with P.
gallinaceum.

In conclusion, our results suggest that mosquito sa-
liva components play an important role in the P.
gallinaceuminfection in chickens. Moreover, salivaalso
affects the course of P. gallinaceum infection in previ-
ously immunized chickens controlling the parasitemialev-
els. Thus, therole of salivaand its possible use for vacci-
nation agai nst pathogens could be considered. Salivaalso
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can enhance transmission of parasites/pathogens by
arthropods. As a result, vaccines that target the arthro-
pod (e.g. salivary immunomodul ators) should be consid-
ered as one component of multi-subunit vaccines against
arthropod-borne pathogens.
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