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entomological methods. Serum immune reactivity to Glossina (G.) palpalis (p.) gambiensis, G.
tachinoides and G. morsitans (m.) submorsitans whole saliva extracts (WSE) were monitored

K ds: . . . .

eywords. . in cattle from both tsetse free and tsetse infested areas, and in cows experimentally exposed
African animal trypanosomosis . .
Glossina to tsetse flies and other hematophagous arthropods. In the tsetse infested area, cattle IgG
Saliva responses to Glossina WSE were significantly higher during the dry season (p <0.0001) when
Antibody herds are most exposed to tsetse flies and in infected animals (p=0.01) as expected in the
Biomarker of exposure case of a biomarker of exposure. Experimental studies further confirmed this as a quick

rise of specific IgGs was observed in animals exposed to tsetse flies (within weeks), fol-
lowed by a rapid clearance after exposure was stopped. In contrast to the two other tsetse
species, G. m. submorsitans WSE enabled to detect exposure to all tsetse species and were
associated with low level of cross-reactivity to other blood sucking arthropods. Finally, IgG
responses to G. m. submorsitans salivary antigens enabled to distinguish different groups
of cows according to exposure levels, thus indicating that tsetse saliva antibodies are not
only indicators of tsetse exposure but also are correlated to the intensity of tsetse contacts
(p=0.0031). Implementation of this new sero-epidemiological marker of cattle exposure
to tsetse flies in the framework of tsetse elimination campaigns is discussed.
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1. Introduction

Tsetse flies (Diptera: Glossinidae) are found in most of
the sub-Saharan Africa area (Itard et al.,, 2003). Human
welfare is affected by trypanosomes transmitted by tsetse
flies because of the chronic and acute forms of sleeping
sickness (due to Trypanosoma (T.) brucei gambiense and
T. brucei rhodesiense respectively) and of the wasting dis-
eases of livestock, grouped under the name African Animal
Trypanosomiasis (AAT) and essentially caused by T. con-
golense, T. vivax and T. brucei brucei (Desquesnes and Dia,
2003). Tsetse flies are the only known cyclical vectors for
these trypanosome species although they can sometimes
be transmitted mechanically by tsetse flies or other biting
insects such as tabanids and stable flies (Moloo et al., 2000).
In tsetse infested areas, AAT constitutes a major obstacle
to efficient and sustainable livestock production systems
and mixed crop-livestock farming (Shaw, 2004) and has
a major impact on the socio-economic development of
these areas (Kabayo, 2002). Agriculture and livestock pro-
duction annual loss due to AAT has been estimated to
range between 4 and 4.5 billion US$ per year (Budd, 1999).
Glossina species from the palpalis (subgenus Nemorhina)
and morsitans group (subgenus Glossina) are the main vec-
tors of AAT and HAT. Species from the palpalis group are
usually more associated with coastal (including mangrove)
habitats, degraded forests of West Africa and riverine vege-
tation, nonetheless, some can be found in savannah regions
along river systems (Solano et al., 2009). All species of
the morsitans group are restricted to savannah woodlands
where their density is highly dependent on the presence of
wild fauna. Species of this group are major vectors of AAT
in Eastern and Southern Africa whereas they are decreasing
rapidly in West Africa as the result of increased human den-
sity and disappearance of wild animals (Van den Bossche
etal., 2010).

As no vaccine is yet available to prevent infection
by trypanosomes, the control of AAT relies on a vari-
ety of strategies including (i) the prophylactic or curative
treatment of animals with trypanocidal drugs, (ii) the pro-
motion of West African trypanotolerant taurine breeds
able to limit parasitaemia and anemia and remain pro-
ductive in enzootic areas and (iii) the control of tsetse
populations by diverse means such as ground and aerial
spraying of insecticides, live-bait technologies, insecticide-
treated targets/traps and use of the sterile insect technique
(Vreysen et al., 2013). Nevertheless the first strategy is
largely hampered because of few prospects for developing
new drugs and because trypanocidal drugs are often used
indiscriminately and unsupervised resulting in increased
resistance of the parasite (Delespaux et al., 2008). Main-
taining trypanotolerant cattle has given promising results,
nevertheless these animals are not very popular with live-
stock owners regarding both their low productivity and
draught power (Holmes, 1997). In this regard controlling
tsetse fly populations remains theoretically the best way of
controlling AAT. The African Union has recently launched
the Pan African Tsetse and Trypanosomiasis Eradication
Campaign (PATTEC), a continental initiative that focuses
on the progressive elimination of discrete tsetse-infested
areas. Uganda, Ethiopia, Kenya in East Africa and Mali,

Ghana, Burkina Faso in West Africa, have started to imple-
ment area-wide tsetse eradication campaigns (Schofield
and Kabayo, 2008). In order to reduce tsetse densities effi-
ciently, vector control strategies have to lean on accurate
entomological evaluations to define adapted and targeted
vector control measures (Solano et al., 2009). Currently,
Glossina densities are evaluated by the use of tsetse traps
but this reference method presents several limits: (i) the
deployment of traps is labor intensive, expensive, requires
a complex logistic in certain environmental settings and
is thus poorly adapted to large scale interventions; (ii)
traps are becoming poorly efficient when tsetse densities
become low possibly due to density-dependant dispersal
(Bouyer et al., 2010); (iii) trapping represents an indirect
method to assess host exposure to tsetse bites. There is
therefore an urgent need to develop new alternative tools
to better target populations exposed to tsetse bites and
to facilitate the monitoring of entomological interventions
especially for the declaration of a pest free status (Barclay
and Hargrove, 2005).

During the probing and ingestion phase of the feed-
ing process, blood sucking arthropods inoculate a complex
mixture of pharmacologically active components into the
host skin. The main functions of saliva molecules are to
antagonize the vertebrate’s mechanism of blood clotting,
platelet aggregation, vasoconstriction, pain and itching
which are triggered by tissue destruction, and immune
reaction to insect products (Ribeiro et al., 2010). Impor-
tantly, salivary proteins are also recognized as foreign
antigens and elicit the production of specific antibodies
making them potential biomarkers of exposure. Indeed,
antibody responses directed against total arthropod saliva,
specific recombinant proteins or specific peptides, were
shown to correlate with host exposure to several arthro-
pods such as ticks, sand flies, triatomines, Culex, Aedes and
Anopheles species (reviewed in Fontaine et al., 2011). Con-
cerning Glossina genus, recent studies have shown that
high IgG responses directed against whole saliva extracts
(WSE) of G. m. morsitans, G. fuscipes fuscipes and G. pal-
palis (p.) gambiensis were observed in populations from
HAT endemic areas in Uganda (Caljon et al., 2006), Demo-
cratic Republic of Congo (Poinsignon et al., 2007, 2008) and
Guinea (Dama et al., 2013) respectively. These data suggest
that the antibody response to saliva antigens can be used to
evaluate exposure to tsetse flies as for other blood sucking
arthropods. Among possible applications of this new sero-
epidemiological tool is the monitoring of area-wide tsetse
eradication campaigns that are being implemented across
Africa (Schofield and Kabayo, 2008). The IgG response to
tsetse saliva had never been yet evaluated in cattle toward
which most efforts in terms of vector control are made.
Furthermore the use of bovines provides the opportunity
to develop “natural” experimental models of exposure that
are most valuable tools to perform kinetics and specificity
studies.

In order to evaluate the value of the cattle antibody
responses to tsetse saliva as a biomarker of exposure, we
compared IgG responses directed against WSE from G. p.
gambiensis in serum samples collected from cattle living in
tsetse free and infested areas from Burkina Faso. In addition
the kinetics of the anti-saliva response was monitored in
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Fig. 1. Study areas. Agro-climatic map of Burkina Faso indicating the study sampling sites and the northern limit of tsetse flies.

cows experimentally exposed to G. p. gambiensis, G. m. sub-
morsitans and to other blood sucking arthropods feeding on
cattle (Tabanidae spp, Stomoxys spp, Amblyomma (A.) varie-
gatum and Anopheles (An.) gambiae) to assess the specificity
of the response. Results are discussed in the perspective of
developing a biomarker of cattle exposure to tsetse flies.

2. Materials and methods
2.1. Cattle from tsetse free and infested areas

For the purpose of the study, 162 bovine samples
that were collected in the framework of previous stud-
ies and preserved at —80°C in the bovine serum cryobank
at Centre International de Recherche-Développement sur
I'’Elevage en zone Subhumide (CIRDES, Bobo-Dioulasso,
Burkina Faso) were selected. Forty eight samples of them
came from non exposed sedentary zebu (Bos indicus) liv-
ing in Sambonaye located well above the northern limit
of tsetse flies (Courtin et al., 2010) in Burkina Faso (Fig. 1).
The remaining 114 samples came from a cohort of 53 cross-
bred bovine (baoule-zebu peul) from Ouangolodougou in
a tsetse infested agro-pastoral area from South-West Bur-
kina Faso. These animals, belonging to 10 different owners,
were followed up in time in the framework of a previ-
ous study aimed at assessing AAT incidence in this area
(Dayo et al., 2010). Four animals were sampled four times,
14 animals three times, 21 twice and 14 once. In this area
the climate is of Sudano-Guinean type with two main sea-
sons: a dry season (from November to May) and a rainy
season (from June to October). Serum samples collected

from cattle were taken from 2003 to 2005 at various time
of the year (83 during the rainy season and 31 during
the dry season). We had access to the parasitological sta-
tus at the time of sampling, determined by the Buffy-coat
technique (Murray et al., 1977) for all animals. The study
area is covered by woodland savannah mixed with river-
ine forests along the river courses. Main tsetse species are
G. p. gambiensis and G. tachinoides which favorite biotope
is riverine vegetation and G. m. submorsitans exclusively
found in woody savannah and especially in protected areas.
G. medicorum 1is also present but at very low densities
(Pagabeleguem et al., 2012).

2.2. Experimental exposure of cows to Glossina spp. and
other hematophagous arthropods

2.2.1. Animals

All animal experiments were carried out in compliance
with the CIRDES ethical review comity (03-2011/CE-
CIRDES). Two batches of cows were bought and kept in the
CIRDES mosquito net-protected cowshed. The first batch of
animals consisted of six taurine-zebu crossbred cows (2-3
years-old) bought in the surroundings of Bobo-Dioulasso.
All animals were parasitologically and serologically neg-
ative for AAT and had a low level of antibody response
against G. p. gambiensis (see Section 2.4). The second batch
of cows consisted of 10 zebus (2-3 years-old) from a tsetse
free area in Northern Burkina Faso (Dori). Upon arrival
all animals were given multivitamins (stress-vitam), were
treated for ecto-parasites (vadféne), bacterial infections
(Tenaline 20%), helminthes (Ivomec) and trypanosomes
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(diminazene aceturate at 7mg/kg) and were vaccinated
against hemorrhagic septicemia, contagious bovine pleu-
ropneumonia, and blackleg disease; in order to avoid
inter-recurrent infections. All animals were kept for two
months in the cowshed before starting experiments.

2.2.2. Blood sucking arthropods used for experimental
exposure

Tsetse flies: Newly emerged unfed male and female (ratio
1:1) flies from the G. p. gambiensis and G. m. submorsitans
CIRDES colonies were used for experimental exposure.

Ticks: A. variegatum unfed nymphs were obtained from
the CIRDES colony.

Mosquitoes: Three to five days old females An. gam-
biae sensus stricto were kindly provided by the “Institut de
Recherche en Sciences de la Santé” (IRSS, Bobo-Dioulasso,
Burkina Faso). Mosquitoes were starved for 24 h before
experimental exposure.

Tabanids and stomoxes: Female specimens of Taban-
idae species (Tabanus taeniola, Tabanus biguttatus, Chrysops
distinctipennis, Atylotus agrestis, Tabanus par and Tabanus
gratus letrouducus) and male and female specimens of
Stomoxys species (Stomoxys calcitrans and Stomoxys nigra)
were captured in the countryside around Bobo-Dioulasso
using N'ZI and monoconical traps. We were concerned with
keeping the proportion of the different species constant
for experimental exposure although this was not always
possible depending on the captures of the day.

For experimental exposure, blood sucking insects were
placed in mosquito net cages that were attached on a
shaved area of the cow’s flanks for two hours in the dark. For
ticks, nymphs were fixed on the cow’s ear. The ear was then
wrapped in a clothe to prevent them from escaping and to
be collected after feeding. Ticks were left for 6 days before
removal. The next exposure on the second ear occurred
after a one week break. All arthropods were collected and
visually examined to insure that feeding was successful
after exposure. Feeding rates were almost always >70% for
all the species used for experimental exposures.

2.2.3. Exposure experiments

In the first experiment each of the six crossbred cows
were exposed to G. p. gambiensis (20 flies, twice a week),
G. m. submorsitans (20 flies, twice a week), Tabanidae spp
(20 flies, twice a week), Stomoxys spp (20 flies, twice a
week); An. gambiae (50 mosquitoes, twice a week) and A.
variegatum (25 nymphes, every two weeks) respectively.
Experimental exposure to Anopheles bites lasted for 12
weeks while exposure to other blood sucking arthropods
lasted for 23 weeks. For all animals peripheral blood sam-
ples (10 ml) were collected in dry vacutainers taken from
the jugular vein once a week during all the exposure period.
Blood samples were centrifuged at 2000 x g for 15 min at
room temperature after clotting and sera were collected
and stored at —80°C until use. The two cows exposed to
tsetse bites (G. p. gambiensis, G. m. submorsitans) were kept
in the cowshed and monitored during 10 more weeks after
the end of experimental exposure.

In the second experiment, the 10 zebus were kept in
three groups: (i) a high exposure group (n=4) in which
animals were exposed to 50 tsetse flies (G. m. submorsitans)

twice a week during 11 weeks; (ii) a low exposure group
(n=4) in which animals were exposed to 10 tsetse flies (G.
m. submorsitans) once a week during 11 weeks; and (iii) a
control group (n=2) made of unexposed animals. Serum
samples were collected from each animal once a week (as
described above) all through the experimental exposure
period.

2.3. Collection of tsetse saliva

To produce whole saliva extracts, 10-12 days-old male
and female flies from the G. p. gambiensis, G. m. submorsitans
and G. tachinoides colonies at CIRDES were used. The tsetse
saliva was collected as described previously (Poinsignon
etal.,2007) by a salivation technique that does not requires
the dissection of salivary glands to avoid the presence of
non salivary antigens in WSE. Briefly, tsetse flies (4-6 flies)
were enclosed in 50 ml Falcon tubes closed by a mosquito
net and placed above a drop of salivation buffer (10 mM
HEPES, 150 mM NaCl and 5mM EDTA, pH 7.2) on warm
slides (37 °C). The buffer was collected after 10 min of sali-
vation and pooled according to tsetse species. A solution of
protease inhibitor (Mannheim, Germany, Roche diagnos-
tics) was added (1:25) to WSEs and protein concentration
was measured with the BCA (bicinchoninic acid) Protein
Assay Kit (Pierce, Rockford, IL). WSE aliquots were then
frozen at —80°C before use.

2.4. Serological analysis of bovine specific IgG levels

Total IgG levels directed against tsetse saliva antigens
were measured by indirect-ELISA. Briefly, Polysorp 96-
wells plates (Nunc, VWR, France) were coated with 100 vl
of WSE at 2 wg/ml in carbonate/bicarbonate buffer for 2 h
and 30min at 37°C. After washing, and saturation with
casein phosphate-buffered saline (PBS) buffer, serum sam-
ples (100 wl) were incubated at 37°C for two hours at
1/200dilution in PBS-Tween20 (1%). IgG detection was per-
formed by adding a sheep anti-bovine IgG (AbD Serotec,
France) at 1/4000 dilution for two hours at 37 °C followed
by the addition of 2,2’-azino-bis (3-ethylbenzthiazoline 6-
sulfonic acid) diammonium (ABTS, Sigma, St. Louis, MO)
in 50mM citrate buffer (pH 4) containing 0.003% H,0,.
Optical density (OD) was measured at 405 nm after two
hours. Each sample was assessed in duplicate wells (anti-
gen well) and in a blank well containing no antigen. Results
are expressed as the AOD value according to the formula:
AOD =0Dx — ODn, where ODx represents the mean of anti-
gen wells OD values and ODn the OD value of the blank well.
A high responder serum was tested on each plate to allow
the normalization of results from the different plates.

2.5. Statistical analysis

All statistical analyses were performed with the JMP
7.0 software (SAS Institue Inc.). The non parametric
Wilcoxon/Kruskal-Wallis test was used to compare the
level of anti-saliva IgG responses between two inde-
pendent groups. The factors affecting cattle tsetse saliva
antibody responses were also determined by multivariate
mixed linear regression models using specific IgG levels as
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Fig. 2. Tsetse anti-saliva responses in cattle from tsetse free and tsetse
infested areas. IgG levels measured by ELISA (AOD) to Glossina palpalis
gambiensis (Gpg) whole saliva extracts (WSE) are shown for cattle sera col-
lected in a tsetse free area (Northern Burkina Faso) and for sera collected
in a tsetse infested area (South-West Burkina Faso) during the rainy and
dry seasons. The line across each diamond represents the group mean, the
vertical span of each diamond represents the 95% confidence interval (CI)
for each group, overlap marks are drawn (,/2CI)/2 above and below the
group mean. The horizontal span of each diamond is proportional to the
sample size in the group.

the response; the study covariates (season of sampling and
parasitological status for cattle sampled in the field; and
tsetse exposure levels and time of experimental exposure
for cattle experimentally exposed to tsetse flies) as fixed
effects and the animal number as a random effect. P-values
(p)<0.05 were considered significant.

3. Results

3.1. Anti-saliva responses in cattle from different
agro-pastoral zones

In a first attempt to evaluate the value of the cattle
anti-tsetse saliva response as a biomarker of exposure
to tsetse bites, IgG responses directed against tsetse
WSE were measured by indirect-ELISA in two groups
of cows living in well differentiated agro-pastoral zones
(Fig. 2). A large inter-individual heterogeneity of antibody
responses was observed in both groups of animals ranging
from AOD=0.07-0.52 (mean AOD=0.304+0.02) in bovine
from Northern Burkina Faso (tsetse free area) and from
AOD=0.13-0.87 (mean AOD=0.3540.02) in bovine from
South-West Burkina Faso (tsetse infested area). The Anti-
saliva IgG levels were not significantly different between
sera collected during the rainy season in the tsetse infested
area (mean AOD=0.30+0.01) and those collected in the
tsetse free area (p=0.67). However highly significantly
higher specific IgG responses were observed in sera col-
lected during the dry season (mean AOD=0.47+0.03;
p<0.0001).

In order to better characterize parameters that are asso-
ciated with variation of G. p. gambiensis salivary antigen
reactivity, a linear model of specific IgG levels was built
including the season of sampling, the parasitological sta-
tus and the owner as fixed effects, and the animal number

as a random effect (Table 1). Results of this analysis con-
firmed the strong season effect (p <0.0001) and showed a
significant association between high anti-saliva responses
and the risk of infection by trypanosomes (p=0.01).

3.2. IgG responses against Glossina spp. salivary antigens
in cows experimentally exposed to the bite from different
hematophagous arthropods

Immune reactivity to G. p. gambiensis, G. m. submorsitans
and G. tachinoides WSE of animals experimentally exposed
to tsetse flies (G. p. gambiensis and G. m. submorsitans) and
to other blood sucking arthropods (tabanids, stable flies,
mosquitoes and ticks) is shown in Fig. 3A, B, and C, respec-
tively. An important induction of reactivity to WSE from all
tsetse species was observed in the animal exposed to G. p.
gambiensis. In contrast, IgG responses in the cow exposed
to G. m. submorsitans showed less reactivity toward salivary
antigens from the palpalis tsetse group (G. p. gambiensis and
G. tachinoides) as compared to those from G. m. submorsi-
tans. Anti-saliva IgGs started to increase in between the
6th and the 10th week of exposure (between 240 and 400
tsetse bites taking into account that in average 80% of blood
meals were successful) in both cows. Anti-saliva responses
then reached a plateau from week 16 to 21 and started
to decrease steadily 5-6 weeks after the stop of exposure,
returning to pre-exposure levels after 10 weeks.

Experimental exposure of the three other cows to stable
flies, mosquitoes and ticks did not induce any cross reactiv-
ity with none of the three tsetse species salivary antigens
(Fig. 3). Nevertheless, cross reactivity was observed in the
cow exposed to tabanids with WSE from G. p. gambiensis
and G. tachinoides but not G. m. morsitans. In the view of
these preliminary results obtained from a limited number
of animals, we postulated that G. m. submorsitans salivary
antigens were better suited to monitor tsetse contacts as
it provided a good sensitivity to detect exposure to both
G. m. submorsitans and G. p. gambiensis and appeared to be
associated with a lower degree of cross reactions at least to
tabanid species. Noteworthy, tabanids are major pests of
cattle in the northern pastoral areas of Burkina Faso where
they are found in very high densities (Pagabeleguem et al.,
2012). This might have explained part of the intermedi-
ate responses observed initially in some animals from the
tsetse free area (Fig. 2). To test this hypothesis, we selected
serum samples from the tsetse free area (n=20) and the
tsetse infested area (n=20) but having similar intermedi-
ate IgG levels (0.26 < AOD <0.53) to G. p. gambiensis WSE
and repeated the ELISA test with G. m. submorsitans sali-
vary antigens (Fig. 4). Confirming our hypothesis, highly
significant differences were observed when G. m. submor-
sitans WSE were used (p=0.0007), probably because these
antigens provided a better specificity to detect exposure to
tsetse bites.

3.3. Anti-saliva responses and level of exposure to tsetse
bites

In the tsetse infested area, cattle displayed an important
heterogeneity of anti-saliva responses. The fact that IgG
levels are in part explained by the season and are associated
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Table 1
Season, parasitological status and cattle owner effects on G. p. gambiensis saliva specific IgG responses in South-West Burkina Faso.
Covariates Means of AOD least squares (+standard error) p?
Season Rainy 0.29 + 0.03
Dry 0.50 + 0.03 <0.0001
Parasitological status Negative 0.35 +£ 0.03
Positive 0.43 + 0.03 0.01
Cattle owner - 0.20

Mixed linear regression model of G. p. gambiensis saliva specific IgG levels (AOD) with the season of sampling, parasitological status and cattle owner
included as fixed effects and the animal number as a random effect. Model regression residues were normally distributed (Shapiro-Wilk W test, p=0.15);

model R-square=0.63 (p<0.0001).
2 p-Values <0.05 are bolded.

with positive parasitology suggested that the intensity of
the anti-saliva response is related to the level of exposure
to tsetse flies. Nevertheless, individual differences of cattle
immune reactivity to salivary antigens are also undoubt-
edly implicated. Fig. 5 shows the results obtained from our
three zebu groups submitted to different tsetse exposure
levels. Although an important intra group variability of G.
m. submorsitans WSE specific IgG levels was observed in

the two exposed groups (as indicated by standard errors),
IgG response curves enabled to differentiate between the
three groups of animals. Specific antibodies were detected
earlier (between 2 and 4 weeks) in all cows from the two
exposed groups as compared to the first experiments in
taurine-zebu crossbred cows. Whereas the kinetics of the
response appeared to be similar in both groups, the level
at the plateau differed according to the exposure level. In a
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Fig. 3. Monitoring anti-saliva responses in cattle exposed to tsetse and other blood sucking arthropods. Six taurine-zebu crossbred cows were either
exposed to Glossina palpalis gambiensis (Gpg), Glossina morsitans submorsitans (Gms), tabanids, stable flies, mosquitoes or ticks and monitored weekly.
Variations in IgG levels (AOD-AODy) to whole saliva extracts (WSE) from Gpg, G. tachinoides (Gt) and Gms are shown in A, B and C, respectively. The
weekly monitoring of IgG responses in the two cows exposed to tsetse flies are shown on the graphs on the left of the figure. Histograms on the right
represent the mean IgG levels (calculated from week 0-8; 9-17 and 18-23) in the four other animals exposed to Tabanidae species (spp.), Stomoxys spp.,
Anopheles (An.) gambiae and Amblyomma (A.) variegatum. On histograms, vertical bars (above and below) represent the standard deviation of the mean.
The v sign indicates the stop of experimental exposure.
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0.9 _ Table 2
Association between IgG levels directed against G. m. submorsitans WSE
0.8 )
p=0.0980 p = 0.0007 and the level of exposure to tsetse bites.
0.7+ Variables Means of AOD p?
06| least squares
(+standard error)
o o
8 05 oo o8 Exposure group Control  0.02 £+ 0.09
2 04| Po @ Low 0.27 + 0.07
@ High 0.61 + 0.07 0.0031
03] & o Time of exposure (weeks) - <0.0001
0%
0.2 Mixed linear regression model of G. m. submorsitans saliva specific IgG lev-
els (AOD) with the exposure group and time of exposure in weeks as fixed
0.1 o effects and animal as arandom effect. Model regression residues were nor-
. o mally distributed (Shapiro-Wilk W test, p=0.09); model R-square =0.72

Tsetse free area Tsetse infested area  Tsetse free area Tsetse infested area

WSE Gpg WSE Gms

Fig. 4. Antibody responses to G. m. submorsitans and G. p. gambiensis WSE
in cattle from tsetse free and infested areas. IgG responses (AOD) to G.
morsitans submorsitans (Gms) WSE of 20 animals from the tsetse free
area and 20 animals from the tsetse infested area displaying intermediate
response to G. palpalis gambiensis (Gpg) WSE are shown. The line across
each black diamond represents the group mean, the vertical span of each
diamond represents the 95% confidence interval (CI) for each group and
overlap marks are drawn (,/2CI)/2 above and below the group mean. P-
values calculated by the non parametric Wilcoxon/Kruskal-Wallis test are
shown.

mixed linear regression model (Table 2) including the ani-
mal number as a random effect, both the time of exposure
(in weeks) and the exposure group were significantly asso-
ciated with increased anti-saliva responses (p <0.0001 and
p=0.0031 respectively).

4. Discussion

The host antibody response induced by the saliva of
blood sucking arthropods has provided new perspectives
to evaluate host-vector contacts and specific anti-salivary
immunoassays are now more and more widely used in
epidemiological studies to assess the disease risk or the
impact of vector control measures (Fontaine et al., 2011).

0.94 =@~ high exposure
=8- low exposure
g 0.84 =#= unexposed
S}
= 0.7
@
Z 0,64
=3
2 05
<
&£ 044
=]
< 0,34
0,24
" é; X\}\
04 / \_‘

0 1 2 3 4 5 6 7 8 9 10 11
Time of exposure (weeks)

Fig. 5. Monitoring of the tsetse anti-saliva response in cattle exposed to
different tsetse exposure levels. The graph represents the evolution of
IgG responses (AODy; — AODy) to Glossina morsitans submorsitans (Gms)
according to the time of exposure in three groups of cows: high exposure
group (n=4; 50 Gms flies twice a week); low exposure group (n=4; 10
Gms flies once a week); unexposed group (n=2). Vertical bars above and
below the lines are the standard errors of the group mean.

(p<0.0001).
2 p-Values <0.05 are bolded.

An example is given by two recent studies performed to
assess the efficacy of insecticide-treated nets (ITNs) in a
malaria hypo-endemic transmission area (Drame et al.,
2010) and of vector control interventions against Chagas
disease (Schwarz et al., 2011). The aim of this study was to
evaluate if the cattle IgG responses directed against Glossina
whole salivary antigens could serve as a biomarker of expo-
sure to tsetse flies and to study its main characteristics in
terms of kinetics, sensitivity and specificity by both field
based and experimental approaches.

In the tsetse infested area in South-West Burkina Faso
we found that G. p. gambiensis WSE specific IgG levels were
much higher during the dry season compared to samples
collected during the rainy season or in cattle from the tsetse
free area. Such seasonal variation of antibody responses
to blood sucking arthropod’s saliva have been previously
reported for mosquitoes (Elanga Ndille et al.,2012; Remoue
etal.,2006)and sand flies (Hostomska et al., 2008), of which
densities are largely influenced by the climatic conditions.
At first sight, our results could appear surprising because
tsetse flies are abundant and more widely dispersed dur-
ing the rainy season (Cuisance et al., 1985). But, our data
fit well with the herd management system in the study
area which is a typical pastoral extensive breeding sys-
tem of partly sedentary type. In this system cattle spend
the rainy season in the vicinity of villages. During this
period cattle are poorly exposed to tsetse flies as water-
ing of animals is made around rain-created ponds where
tsetse flies are absent. During the dry season animals are
herded in transhumance in search of pastures and water
along the permanent riverine network and are in close con-
tacts with tsetse flies (Dayo et al., 2010; De la Rocque et al.,
1999; Koné et al., 2011). In agreement with the hypoth-
esis that anti-saliva responses are related to the level of
cattle exposure to tsetse bites is the finding that animals
displaying the highest IgG levels had an increased risk of
being infected by trypanosomes (p=0.01). These results are
well in line with those of a previous longitudinal epidemi-
ological survey carried out in the area, showing that the
dry hot season is associated with an important increase
of AAT incidences (Dayo et al., 2010). Such associations
between anti-saliva IgG levels and the risk of infection
have previously been described in malaria (Andrade et al.,
2009; Drame et al., 2010; Remoue et al., 2006), Lyme dis-
ease (Schwartz et al., 1991) and leishmanisasis (Rohousova
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and Volf, 2006). Importantly however, whereas IgG levels
against G. p. gambiensis WSE appeared to provide a good
indicator of cattle-tsetse contacts, a number of animals
in the tsetse free area displayed intermediate responses
(AOD>0.4) suggesting that cross reactions with antibody
directed against the saliva of other arthropods may have
occurred in these animals.

Experimental exposure of animals to different tsetse
species and other blood sucking arthropods has enabled
to confirm the above findings and to investigate the anti-
genic properties of the saliva of the different tsetse colonies
available at CIRDES (G. m. submorsitans, G. p. gambiensis
and G. tachinoides). We were first able to show that the
antibody response against tsetse salivary antigens was a
dynamic process and that specific IgG responses decreased
rapidly (within 10 weeks) to the initial pre-exposure lev-
els once exposure was stopped. These results are well in
line with the strong season effect observed in cattle from
South-West Burkina Faso exposed to varying exposure lev-
els to tsetse flies along the year. In addition, analysis of
IgG responses to G. m. submorsitans enabled to differentiate
between two groups of cows exposed to different intensi-
ties of tsetse exposure as shown in previous experimental
studies led with other blood sucking arthropods such as
sand flies (Vlkovaetal.,2011)or triatomines (Schwarz etal.,
2009). Our results thus indicate that in cattle, IgG responses
to tsetse salivary antigens are at least partly related to the
tsetse exposure level. Nevertheless important differences
were also observed between animals of the same expo-
sure group or breeds (zebu or taurine crossbreed cows)
regarding both IgG levels and kinetics aspects. At the indi-
vidual level, evaluation of tsetse contacts by anti-saliva
antibodies may thus be impaired by other factors such as
the genetic background of the cow or other factors affecting
the responsiveness of B lymphocytes to salivary antigens.
Nevertheless at the herd level IgG responses to tsetse sali-
vary antigens appear to be indicative of the average level
of tsetse exposure. Finally, we recommend the use of G. m.
submorsitans WSE, at least in West Africa, as these antigens
in contrast to those from tsetse species from the palpalis
group, provided both a good sensitivity and specificity to
detect exposure to tsetse bites regardless of the tsetse
species used for exposure. Furthermore our results suggest
that exposure to tabanids, which are important pests for
cattle in many areas, has the potential to induce cross reac-
ting antibodies with G. p. gambiensis salivary antigens. A
fine analysis of the G. m. submorsitans immuno-sialome by
a 2D-electrophoresis approach combined with mass spec-
trometry is now currently underway to identify specific
immunogenic antigen candidates to develop a more stan-
dardized and specific tool to measure cattle exposure to
tsetse bites.

With the PATTEC initiative, area-wide tsetse elimina-
tion campaigns are multiplying in sub-Saharan Africa with
the objective of creating tsetse free area to promote breed-
ing and the socio-economic development of these regions
(Schofield and Kabayo, 2008; Vreysen et al., 2013). The
results presented above indicate that the cattle antibody
response to tsetse salivary antigens can be used as a direct
biomarker of cattle exposure to tsetse flies. It thus consti-
tutes an alternative tool complementary to the evaluation

of tsetse densities by conventional trapping methods. The
fact that cattle breeding is largely of pastoral type, results
in a high mobility of herds in many regions. Therefore
tsetse apparent densities measured by trapping at fixed
sites are in many cases poorly representative of cattle
exposure to tsetse flies. Monitoring specific IgG responses
to tsetse salivary antigens thus appear a more adapted
method to evaluate cattle exposure to tsetse bites. Further-
more the rapid kinetics of apparition and disappearance of
tsetse saliva antibodies are compatible with the monitor-
ing of vector control campaigns (i) to assess their efficacy
to reduce cattle-tsetse contacts and (ii) to detect early re-
invasion phenomena after interventions.
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