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Abstract — Excretory-secretory products (ESP) of myiasis producing agents are involved in nutrition
and development of larvae and are often immunogens. This study was carried out in order to define
the antigenicity, the immunogenicity Ofstrus ovi€SP and the role of sheep immune response to
ESP. Twenty-four six to eight month old female lambs were randomly allocated into two groups. The
first one was immunised twice, four weeks apart, with excretory-secretory prodQ@astois ovis

third instar larvae (L3ESP) in complete then incomplete Freund adjuvant. The second one served as
a control, and received two injections of PBS plus complete and incomplete Freund adjuvant. Fifteen
and twenty-eight days after the second immunisation, animals of both groups were experimentally chal-
lenged withO. ovisfirst instar larvae. Twelve days after the second experimental challenge, the
twenty-four lambs were necropsied. The total numbé&.afvislarvae, their stages of development,
weights and sizes were recorded per animal and compared between the two groups. Establishment rates
were very similar in both groups: 39% and 35% in control and vaccinated groups respectively but the
percentage of developing stages was higher in the control group (13%) than in the vaccinated group
(6%). It was concluded that the L3ESP immunisation of sheep did not protect against larval estab-
lishment but provided an inhibitory effect on larval growth.

Oestrus ovig excretory-secretory products / sheep / immunisation / experimental challenge
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Résumé — Immunisation d’agneaux avec des produits d’excrétion-sécrétion de larves de
troisieme stade dOestrus ovigt infestations expérimentales d'épreuve.es produits d’excrétion-
sécrétion des larves de Diptéres myiasigénes interviennent dans la nutrition et le développement de
ces larves et sont trés souvent immunogenes. Dans le cas de I'cestrose ovine, leurs propriétés anti-
géniques et immunogéniques n'ont pas encore été étudiées. De plus, le réle exact de la réponse
immune du mouton vis-a-vis des produits d’excrétion-sécrétion n’est pas connu et c’est ce qui a
motivé ce travail. Vingt quatre agnelles agées de six a huit mois ont été réparties de fagon aléatoire
en deux groupes de douze individus. Le premier groupe a regu deux injections a quatre semaines d’inter-
valle d’un mélange de produits d’excrétion-sécrétion de larves de troisiéme’Slageut oviset
d’adjuvant complet puis incomplet de Freund. Le deuxiéme groupe a servi de témoin et a regu seu-
lement deux injections de PBS avec adjuvant complet puis incomplet de Freund. Quinze et trente jours
apres la deuxieme immunisation, les animaux des deux groupes ont été infestés expérimentalement
par des larves de premier stad®eabtrus ovisDouze jours apres la seconde infestation expérimen-

tale, tous les agneaux ont été abattus. Le nombre total de ldDestrds ovisleur stade de déve-
loppement, leur taille ainsi que leur poids ont été comparés entre les deux groupes. Les taux d'ins-
tallation des larves étaient trés comparables dans les deux groupes (39 % chez les témoins et 35 % chez
les immunisés) mais le pourcentage de stades larvaires en développement était significativement
plus important chez les témoins (13 %) que chez les immunisés (6 %). L'immunisation avec des
produits d’excrétion-sécrétion de larves de troisieme stade, bien que n'ayant pas protégé les agneaux
de l'installation des larves, a conduit & une inhibition partielle du développement larvaire.

Oestrus ovig produits d’excrétion-sécrétion / mouton / immunisation / infestation expérimentale

1. INTRODUCTION inflammations: nasal discharges and sneez-
ing are frequent in heavily infested sheep
Oestrus ovidarvae are obligatory para- [14]. In addition to these local effects, the
sites of nasal and sinusal cavities of shegparasites are sometimes responsible for lung
and goat$17]. Female flies seriously annoy abscesses and interstitial pneumdaig .
sheep since they deposit first instar larva@he current methods of oestrosis control is
(L1) on the nostrils leading to a loss of grazehemotherapyl2, 13, 21, 2Bbecause no
ing time and condition of the sheep. Llalternative approach is yet available (no
migrate to the ethmoid and molt to the secbaits, no traps and no vaccines). Neverthe-
ond stage (L2) two to three weeks laterless, epidemiological studies have shown
Intermediate stages, noted L1-L2, are easilihat under field conditions the intensities of
distinguishable on a morphological basisinfestations are less important in ewes than
Then, L2 enter in the sinusal cavities wherén lambs (Dorchies, unpublished results).
they molt to the third stage (L3) one to twoMoreover, the survival 0D. ovislarvae
weeks later. When the third instar larvaeafter artificial infestations was higher in
reach mature larval weight and size, theymmunodepressed animals than in control
come back in the nasal cavities and arer immunostimulated animal[22] sug-
expelled by host sneezing. On the groundjesting that immunological control of larval
they initiate pupatiofi7]. In the Oestridae populations could occur in the field. Inno-
family, adult flies have a reduced and non€enti et al[19] have shown that larval sali-
functional oral apparaty87]. Therefore, vary gland proteins are major immunogens
the weight of L3 at the end of the parasitidn infested sheep, indicating that excretory-
stage is of special importance: all the proteisecretory products (ESP) are likely to be
and energy reserves must be acquired bpvolved in immunological relationships
the larval stages. Fly viability is compro-between the sheep host and the myiasis pro-
mised forOestrus ovisvith mature larval ducing agent. In this study, it is postulated
weights below 0.28 §8]. O. ovisinfesta- that immunisation of sheep with ESP might
tions are associated with nasal and sinus&ad to the development of an immune
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response that interferes with the establishirations were measured by Bicinchoninic
ment and/or growth dDestrus ovisarvae. (BCA) protein assay (Pierce, Rockford, Illi-
Several trials of vaccination with ESP werenois, USA) with bovine serum albumin as
carried out against common sheep parasitése standard.

such adasciola hepatica[30, 34 and
Haemonchus contortd7] or myiasis pro-
ducing species such asicilia cuprinain
sheef]28, 29, 32, 3Bor Hypoderma linea-
tumin cattle [2, 9, 24, 2§ resulting in the
reduced parasite burdens and/or fecundit
or larval growth.

2.2. Proteolytic activity

The proteolytic effect of these ESP was

sted using the degradation of Azo Dye
mpregnated Collagen (Azocoll, SIGMA,
] ) ) USA) as described by Tamashiro e{3al].

The aims of this study were (i) to demon-griefly, 3 mg of non-water soluble Azocoll
strate the antigenicity and the immunoyyere put in contact with either a positive
genicity of excretory-secretory products ofcontro| (collagenase type 1A, 1 mg-mi_
Oestrus ovidarvae and (i) to compare the 5|GMA, Ref. C9891), or a negative control
establishment and the growth of larvae inpgs pH 7, 0.15 M NaCl) or L3ESP
ESP vaccinated and control sheep. (0.5 mg-mL diluted in PBS) in a total vol-
ume of 0.5 mL. After 1 h of incubation, opti-
cal densities were measured at 580 nm and

2. MATERIALS AND METHODS the proteolytic activity (PA) calculated as
follows:
2.1. Larval recovery and production __ AsaL3ESP-Agnegaivecontrol
of Excretory-Secretory Products A g, positive control — A sg, Negative control
(ESP)

Heads of naturally infested sheep were.3 Antigenicity of ESP
collected in the slaughterhouse of Pezenas
(South-East, France) and splitted to collect The antigenicity of L3BESP was checked
larvae from the septum, the turbinates, thby ELISA. Optical density values of five
ethmoid and sinusal cavities. Since thirgoositive sheep sera (exposed under field
stage larvae produce large amounts of E€onditions) and five negative sera (lambs
proteins, they were chosen to prepare ESféur months old, born in the winter and
for sheep immunisation. L3 larvae werenever exposed tOestrus ovignfestations)
washed six times in PBS solution containingvere compared using L3ESP and L2 crude
100 U-mL=1 penicillin and 100ug-mL™1  extracts[35] as antigens. Briefly, L3ESP
streptomycin and then incubated individu-and L2 crude extracts were diluted in car-
ally in 1 mL of incubation solution (PBS bonate buffer (pH 9.6) at j2g-mL~1, dis-
pH 7, 0.15 M NaCl, 100 U-mt penicillin  tributed in 96 well plates (Nunclon, Poly-
and 100ug-mL-1 streptomycin) for 24 h at labo) and incubated for 1 h at 37 °C then
20 °C in the dark. Supernatants namelyvernight at 4 °C. The wells were washed
excretory-secretory products (ESP), wer¢hree times with PBST (0.01 M phosphate,
collected and centrifuged at 10 0§@or 0.15 M sodium chloride, pH 7.2 and 0.1%
20 min, filtered through a 08m prefilter Tween 20). The antigen coated wells were
and a 0.2um filter (Acrodisc, Nalgene, Ann then incubated for 30 min with a 10%
Arbor, Michigan, USA). ESP were concen-skimmed milk solution at 37 °C before blot-
trated 10 times in concentrating tubeging dry. Triplicate serum samples diluted
(Nalge, Polylabo, France) with a 4 kDain PBST (1:200) were incubated 60 min at
molecular weight cut-off. Protein concen-37 °C. The plates were washed three times
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with PBST before addition of horseradishfonic Acid) Diammonium). The reaction
peroxydase-conjugated donkey anti-sheewas stopped after 1 h and the optical densi-
IgG (Sigma A3415) diluted (1:2 000) in car-ties determined with a spectrophotometer by
bonate buffer (60 min of incubation). Threemeasuring the absorbance at 405 nm. An
final washes with PBST were carried outantibody percentage is calculated for each
before addition and incubation at 37 °C ofserum sample by comparison with a posi-
100 L per well of the chromogen (2,2'- tive reference serum (naturally exposed
Azino-bis (2-Ethylbenzthiazoline-6-Sul- sheep) as follows:

OD (serum sample) — OD (negative control)

% of antibodies = — -
° OD (positive control) — OD (negative control)

2.4. Animals reached 20 °C, femal®. ovisflies were
very active and were looking for a suitable

Twenty-four Pelibuey female lambs, sixhost for larviposition. Defensive reactions
to eight months old, maintained indoorsby the goats, the size and the characteristics
from birth to their necropsy in order to avoidof the fly were useful indicators for catchers
naturalOestrus ovisnfestations, were ran- to locate the flies. When the flies landed on
domly allocated into two groups (vaccinatedhe soil, the flanks, the ears or the necks of
and control). A clinical survey and blood the animals, fly catch was possible.

samples were carried out weekly from Day O First stage larvae were obtained by
(first immunisation) to Day 70 (necropsiessqueezing the abdomen of the gravid flies:
of the two groups). the total amount of recovered larvae per fly
varied from 80 to 250. Larval viability was
controlled in physiological buffer under a
2.5. Immunisation of lambs dissecting microscope: living L1 were
pooled before their allocation into the inoc-
In the vaccinated group, each animallated batches. Experimental challenge
received two IM injections in the neck, occurred twice, on D45 (15 larvae per ani-
4 weeks apart (DO - D30), initially in Freund mal) and D58 (25 larvae per animal) after
complete adjuvant and then in Freundprimary immunisation (namely 15 days and
incomplete adjuvant. The total amount of28 days after the second immunisation). L1
L3ESP injected into each sheep was 0.75 mgere deposited in the nostrils of the ani-
of protein (0.5 mg in the first injection and mals with a Pasteur pipette. Their establish-
0.25 mg in the second). The Freund comment was controlled by direct observation
plete and incomplete adjuvants were choef their movements on the nostril mucosa.
sen since they elicit both strong humoral
and cellular responsd4, 14. In the control
group, the lambs received two injections of2.7. Control of immunisation efficiency
PBS with Freund complete and incomplete
adjuvants. The kinetics ofestrus ovisé 3ESP spe-
cific IgG antibodies was monitored weekly
by ELISA (see procedure above) from DO to
2.6. Experimental challenge D70 (date of postmortem examinations).
After splitting of the heads, larvae were col-
GravidOestrus oviflies were caught by lected from the septum, the turbinates, the
hand in a commercial flock of 180 goatsethmoid and the sinusal cavities, were
maintained during the heat of the day in aounted and their stages (L1, molt L1 to L2,
small pen. When the air temperature.2 and L3) were identified. Their weights
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and their sizes were individually recorded78% of the PA of the positive control (col-
using a 0.01 mg precision balance and lagenase type |IA). Moreover, L3ESP
micrometer under a dissecting microscopshowed a high antigenicity compared to the
respectively. reference antigen (L2 crude extract). In
ELISA test using identical protein concen-
trations, the optical densities were similar
in the negative control sera (0.028.008
The results were statistically analysednd 0-0220.013 with L3ESP and L2 crude

using Stat-ltcf and Simstat Softwares. L1EXtract respectively) whereas the optical

weights and lengths were analysed by a orfi€nsities of positive sera were two to three
way analysis of variance (ANOVA, Stat- imes higher with the L3ESP antigen
ltcf) and L2 and L3 weights by the Mann—(0-2_4i 0.12) than with the L2 crude extract
Whitney two sample test (Simstat) due t@ntigen (0.094: 0.04).

the low number of L2 and L3 recovered.

Comparisons of L1 and developing stages

(L1-L2, L2 and L3) frequencies between3.2. Immunisation, experimental

the vaccinated and the control groups were  challenge and postmortem

done with the Chi-square test (Stat-Itcf). examinations

2.8. Statistical analysis

ELISA data (Fig. 1) showed that 1gG

3. RESULTS antibody titers began to increase after the
first immunisation in the vaccinated group

3.1. Proteolytic activity with L3ESP and reached a plateau two

and antigenicity of L3ESP weeks after the second one. One lamb from

the vaccinated group showed a low level of
L3ESP showed a high proteolytic effect.IgG before the first immunisation and was
The proteasic activity (PA) of L3ESP wasremoved from this group. On the contrary,

Specific IgG antibody titers
160
140 Vaccinated
group

B 120
2
H
g 100
@
2 80
=
4
g 60
fron
=]
R 40

20 Control

M group
0g & £z L |

S0 S$1 S2 S3 S4 85 S6 S7 S8 89 S$10

4 T Weeks T T
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Figure 1. Oestrus ovispecific IgG antibody titers in control and vaccinated groups tested by ELISA.
1st Im: first immunisation (500g of L3ESP + FCA); 2nd Im: second immunisation (2&00f
L3ESP + FIA); 1st Inf: first experimental challenge (15 L1); 2nd Inf: second experimental chal-
lenge (25 L1).
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Table I. Postmortem examinations of control and vaccinated sheep: number and stage of recovered
larvae after challenge (15 and 25 larvae per animal, 15 and 28 days after the 2nd immunisation).

Groups Noof NoofLl NoofL1-L2 NoofL2 NooflL3 Total
animals
Control 1 14 0 0 0 14
4 13 0 1 0 14
7 11 1 7 1 20
9 13 0 0 0 13
10 12 1 0 0 13
12 16 0 0 1 17
13 7 0 0 0 7
19 20 0 3 0 23
175 8 0 3 0 11
197 22 0 0 0 22
199 13 0 2 0 15
200 15 2 3 0 20
Total control group 12 13.7#4.1 0.33t0.6 1582 0.16x0.37 15.7%4.6
Vaccinated 2 18 1 2 1 22
3 17 0 0 0 17
5 10 0 0 0 10
6 8 0 0 0 8
8 11 0 0 0 11
11 21 0 2 0 23
14 18 0 2 0 20
15 7 0 0 0 7
16 20 0 1 0 21
18 10 0 0 0 10
20 6 0 0 0 6

Total vaccinated group 11  13.2#5.3 0.1+0.3 0.63t0.9 0.1+0.3 14+6.2

IgG antibody titers remained very low ingroup (2.09+ 0.6 mm and 42@& 569 ug)
the control group and began to increas#han in the vaccinated group (186.5 mm
slightly only after the first experimental and 392+ 417 ug) but the difference was
challenge. Clinical signs of oestrosis (nasabnly significant for the length data
discharge and sneezing) appeared in aff? = 0.055) due to an important individual
equal manner in the two groups fromvariability in weight measures. Weights of
11 days after the first experimental chall1-L2, L2 and L3 were not significantly
lenge until the end of the experiment. different between the two groups.

The establishment rates of larvae (Tab. 1) No correlation between the 1gG antibody
were very similar in the two groups (39%titers and the number of recovered larvae
and 35% in the control and the vaccinatedvas observed in the vaccinated group.
groups respectively). However, the control
group showed a higher frequency of devel-
oping stages (L1-L2, L2 and L3) than the4. DISCUSSION
vaccinated group (13% versus 6% of the
total recovered larvae, Chi-square = 5.43, L3ESP ofOestrus oviexhibited a strong
P =0.019). Length (mm) and weiglptg) of  proteolytic effect when compared to a bac-
recovered L1 were higher in the controlterial collagenase. This evokes hypodermins,
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enzymes secreted Iypoderma lineatum Fasciola hepaticalelivered twice in Fre-
[4] and Chymotrypsin-like enzymes secretedind adjuvant did not significantly reduce
by the gut ofLucilia cuprina[6]. These worm burdens compared with the non-vac-
enzymes are likely involved in the extra-cinated animals; however, there was a 70%
corporeal digestion of protein fluids from reduction in the output of eggs in the vacci-
the host. Moreover, L3ESP have similamated animal§30, 34. A very weak natu-
proteolytic effects on other sheep proteirrally acquired resistance to thacilia cup-
constituents such as albumin and mucineina blowfly strike is developed in sheep
(Tabouret, unpublished results). L3ESP arafter repeated infestations of lanf&g]. A
very antigenic: the optical densities observedtrong humoral response is induced by
with an L3ESP antigen are two to threeexcretory-secretory products of the larvae
times higher than those obtained with an L2specially the salivary glands and midgut
crude extract antigen. These findings suggesixtracts[29] and can significantly inhibit
that specific antibodies could be inducedarval growth in vitro[28]. However, this
and could interfere with the extracorporeainhibitory effect was not observed in in vivo
digestion and consequently with larvaltests, even with purified serine proteases
growth. from ESP[33]. In contrast, two low molec-
Experimental challenges were performed“ar weight excretory-secretory proteins of
with first instar larvae coming directly from @dultHaemonchus contortwgorms induce
the uterine tract of female flies. This is the Significant reduction of both worm bur-
first time that this type of artificial infesta- &N and faecal egg courj&7]. In cattle,
tion has been carried out on such a quanti@e development of a partial resistance to
of experimental lambs (Cobett and Mitchellypoderma lineaturts acquired after suc-
in 1941[10] and Babcock in 195{8] made C€SSive natural mfestqﬂo[%] but attempts
experimental infestations in a few animald® immunise calves with cattle grubs diges-
using the same technique). Previous expeflV® €nzymes, the hypodermins, did not lead
imental infestations performed with L1 t© & protection of these animgf 24.
recovered from slaughtered shg8g], What could be the possible reasons for
resulted in single infestation and repeatethe relative failure oDestrus ovit. 3ESP
infection establishment rates of 25-40% andnmunisation? First of all, for practical rea-
10-15%, respectively. In the present casesons, we used L3ESP for sheep immunisa-
the establishment rates in the control grougion instead of LIESP. Nevertheless, pre-
were high (near 40%) even in a double infediminary results showed that proteolytic
tation situation suggesting that a high proactivity and SDS-PAGE analysis of LIESP
portion of L1 contained in the female fly and L3ESP are very similar (Tabouret,
uterus was able to settle into a suitable hostinpublished results). Excretory-secretory

Two outcomes of this preliminary study products are a mixture of several different
Jproteins and immunisation of host with such

of sheep immunisation could be drawn! _ . X .
(i) the lack of control of larval establish- material elicits a !Ot of d_|ffe_rent immune
esponses. Thus, immunisation with a puri-

ment despite an important IgG respons . . .
and (ii) the slight inhibition or delay of lar- ed proteolytic fraction 0. ovisSESP could
besult in a more targeted and efficient

val development. Since necropsies occurre

quickly after the immunisations and exper/MMune response.

imental challenges, the duration of this effect Since the development Gfestrus ovis
on larval development was unknown. Soméarvae occurs in contact with the nasal and
ESP candidate vaccines have shown simildhe sinusal mucosae, it could be judicious, in
effects (no interference with parasite estabthe near future, to choose intranasal route
lishment but interference with fecundity orof immunisation and a specific adjuvant of
parasite development): cathepsins L-like ofmucosal immunity. Bowles et a[5]
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