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A B S T R A C T

The aims of this study were to analyze the systemic IgG responses against third-instar

salivary gland (L3SG) antigens by ELISA in Oestrus ovis experimentally infected kids (EIK)

and in naturally exposed adult goats (NEG). Firstly, kids (n = 4 per group) were assigned to

receive intranasally 0, 12, 24, 36, and 48 first-instars in experimental infections. Blood

samples were taken from EIK at Days 0, 14, 42 and 67 post-infection. At necropsy (Day 67),

larval number and developmental instars were recorded. In an epidemiological study,

blood serum samples were collected from 448 grazing NEG (n = 20 flocks) in Baja

California Sur, Mexico. Results showed that larval establishment rate was similar in EIK

groups. Systemic IgG response reached the threshold after Day 42, but humoral response

was not statistically different among EIK groups receiving experimental infections. In NEG,

all surveyed flocks (100%) showed specific systemic IgG antibodies to L3SG antigens and

the overall goat oestrosis prevalence was 59.2%. In conclusion, larval L3SG antigens were

effective in detection of specific systemic IgG antibodies against O. ovis infected kids and

goats by ELISA.

� 2009 Elsevier B.V. All rights reserved.
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1. Introduction

Oestrus ovis L. (Diptera: Oestridae) is an important
myiasis-producing agent of sheep and goats in diverse
production environments. O. ovis infection elicits local/
systemic cellular and humoral antibody responses which
have been investigated so far (Tabouret et al., 2003).
Particularly, systemic IgG antibody production against O.

ovis larval antigens has been used for disease diagnosis by
ELISA (Suárez et al., 2005; Alcaide et al., 2005a). It has been
reported that O. ovis salivary gland antigens provoke a
strong humoral antibody response in experimentally
infected sheep (Tabouret et al., 2001). However, to date
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only a few reports on goat immune responses to O. ovis

infection have been published (Sánchez-Andrade et al.,
2005; Alcaide et al., 2005b; Papadopoulos et al., 2006). Yet,
there is no available information on goat antibody
response to O. ovis larval salivary glands antigens so
research about this subject is necessary for serodiagnosis
development. The aims of this study were therefore to
analyze the systemic IgG responses against salivary gland
antigens by ELISA in experimentally infected kids (EIK),
and to evaluate the efficacy of the developed ELISA in
an epidemiological study of oestrosis in goats naturally
exposed (NEG) to O. ovis.

2. Materials and methods

O. ovis gravid female flies (n = 4) were captured in the
vicinity of goat flocks in Baja California Sur, Mexico. First
instars (L1) were collected (n = 515) by softly squeezing
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Table 1

Number and development of O. ovis larvae found at necropsy in goat kids

experimentally infected with increasing numbers of L1 larvae, after a 67 d

period.

Groupa Oestrus ovis larvae

Applied Recovered LERb (%)

L1 L1 L2 L3 Total

T0

Mean 0 0 0 0 0a 0a

S.D. 0 0 0 0

Range 0 0 0 0

T1

Mean 12 1.8 1.8 0.8 4.2b 35b

S.D. 0.5 1.3 1.0 0.5

Range 1–2 0–3 0–2 4–5

T2

Mean 24 6.5 2.3 1.0 9.8c 40b

S.D. 3.0 1.5 0.8 3.0

Range 3–9 1–4 0–2 6–13

T3

Mean 36 7.0 3.8 1.5 12.3c 34b

S.D. 0.8 2.5 2.4 3.9

Range 6–8 0–5 0–5 7–16

T4

Mean 48 8.3 4.8 0.8 13.8c 29b

S.D. 2.2 1.5 1.0 3.8

Range 6–11 3–6 0–2 9–18

(abc) Different lowercase letters indicate statistical differences among kid

groups (P < 0.05).
a n = 4 kids per group, mean � standard deviation.
b LER = larval establishment rate.
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the flies’ abdomens. O. ovis third-instars (L3) (n = 25) were
collected from the heads of slaughtered goats (n = 9). L3
larvae were dissected for salivary gland collection and they
were put in vials with PBS-antibiotics, then centrifuged
(10,000 g � 20 min at 4 8C) to extract the contents (L3SG)
which were used as coating antigens in ELISA (Angulo-
Valadez et al., 2007). Protein concentration of L3SG was
determined using a bicinchroninic acid assay kit and
bovine serum albumin was used as reference in a standard
curve (BCA, Pierce, Rockford, IL). L3SG protein concentra-
tion was adjusted to 1, 2.5, 5, and 10 mg of protein/ml in
carbonate buffer (pH 9.6).

Twenty 3-month-old Nubian � Creole crossbred kids
(never exposed to O. ovis) were reared isolated from flying
insects to avoid incidental infections. Experimental kid
groups (n = 4 per group) were T0, T1, T2, T3, and T4,
according to the number of larvae applied (0, 12, 24, 36,
and 48 L1’s, respectively). For this purpose, live L1 larvae
were pooled in physiologic saline solution (PSS) and
deposited in the left nostril using a plastic transference
pipette. Kids of T0 group received PSS only. All kids were
fed alfalfa hay ad libitum, concentrates, mineral blocks, and
fresh water. Blood samples were taken from all kids of
Groups T0, T1, and T4 at 0, 14, 42 and 67 days post-
infection. The sera were obtained by centrifugation
(1500 g � 5 min) and stored (�20 8C) until use. At necropsy
(Day 67 post-infection), O. ovis larval burden was recorded
and developmental instars were identified (Zumpt, 1965).
Throughout the study, experimental animals were housed
and slaughtered according to local sanitary and humani-
tarian regulations.

In order to analyze the systemic IgG antibody responses
in NEG, the sera of 448 goats from 20 flocks of Baja California
Sur, Mexico, were analyzed. Additionally, body weight, age,
and sex from each sampled goat were recorded.

A standardized protocol was developed by testing:
antigen concentration (1, 2.5, 5, and 10 mg/ml), serum
dilution (1:50, 1:100, and 1:200), anti-goat IgG peroxidase
labeled dilution (1:500, 1:1000, and 1:2000), substrate
concentration (0.2, 0.4, 0.6 mg/ml OPD), time (30 and
60 min) and temperature (25 and 37 8C) of incubation in
the ELISA. Briefly, L3SG antigens were diluted at 2.5 mg/ml
in carbonate buffer (pH 9.6), and distributed (100 ml) into
96 well plates (Nunclon surface, Nunc, Denmark). A 10%
skimmed milk solution (200 ml) was added before blotting
dry. Then, triplicate serum samples (100 ml) diluted 1:50
in PBST were incubated. The wells were added (100 ml)
with a horseradish peroxidase-conjugated anti-goat IgG
whole molecule produced in rabbit (Sigma, A5420, St.
Louis, MO) diluted (1:2000) in carbonate buffer. All steps
were incubated for 30 min at 25 8C and followed by three
washings with PBS-T (0.01 M phosphate, 0.15 M sodium
chloride, pH 7.4 and 0.1% Tween 20), except for blotting dry
of the skimmed milk step. Finally, 100 ml per well of the
chromogen (0.4 mg/ml o-phenylenediamine, Sigma,
P5412, St. Louis, MO, USA) were added. Optical densities
(OD) were determined at 454 nm by light spectrophoto-
metry (BioRad, Microplate reader 3350-UV). The OD
average value of each sample was used in final calcula-
tions. Pools of negative (n = 8 uninfected kids) and positive
(n = 5 naturally O. ovis infected goats) sera were used as
controls. Results were expressed as a percentage of
positive control (cutoff value of 20% of positive control)
as follows:

Antibodiesð%Þ ¼ OD serumsample�OD negative control

OD positive control�OD negative control

�100

Linear correlation coefficients and descriptive statistics
were calculated for larval and host variables in EIK and
NEG. In EIK, larval establishment was compared by the
Student’s ‘‘t’’ test for samples having a common variance
and same sample size. Likewise, one-way ANOVA was used
to compare the antibody responses. All statistical proce-
dures were performed using the software Statistica
(StatSoft, 1998).

3. Results

3.1. Experimental infected kids (EIK)

Kids in the control group resulted with no larvae present
at necropsy. Mean recovered O. ovis larvae in infected groups
was 10� 4.2 larvae/head from which 5.9 � 2.8 (58.8%) were
L1, 3.1 � 1.4 (31.3%) L2, and 1.0 � 0.4 (10.0%) L3 larvae
(Table 1). The number of L1 larvae applied was found
correlated with total number of larvae at necropsy (r = 0.88,
P < 0.05), as well as with number of L1 (r = 0.87, P < 0.05), L2
(r = 0.76, P < 0.05) and L2 + L3 (r = 0.70, P < 0.05). Statistical
differences (P < 0.05) in number of larvae recovered were
found among T1 group and T2, T3 and T4 groups. In contrast,



Fig. 1. Kinetics of specific systemic IgG antibody titers (mean � S.D.) in

Oestrus ovis experimentally infected kids, detected by ELISA using salivary

gland contents of O. ovis third-instar larvae as coating antigens.
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larval establishment rate was similar (P < 0.05) among
infected groups (Table 1).

Fig. 1 shows the kinetics of systemic IgG antibodies
against L3SG antigens in EIK. The concentration of systemic
IgG increased to reach the threshold (20% of positive
control) between days 42 (T4 group) and 67 (T1 group).
However, antibody responses were not different (P < 0.05)
between infected groups.

3.2. Natural exposed goats (NEG)

All goat flocks surveyed (100%) showed specific
systemic IgG antibodies against O. ovis L3SG antigens.
The overall seroprevalence was 59.2%. Specific IgG
antibody level was correlated to oestrosis prevalence
(r = 0.58, P < 0.05). In goats considered as positive,
average relative antibody concentration was 109.4%
(range 21.2—277.2%) of the positive control. Systemic
IgG antibody response against L3SG antigens was not
associated with live body weight, age or sex in the
sampled goats. Live body weight of adult goats was found
low but significantly correlated with oestrosis prevalence
(r = 0.23, P < 0.05).
4. Discussion

To our knowledge, this is the first report in which an
experimental infection using L1 larvae from the uterus of
gravid flies was carried out in goats. Likewise, for the first
time the IgG antibody response against salivary gland
antigens was evaluated. Goddard et al. (1999) mentioned
that when ELISA is used for oestrosis diagnosis, previous
exposure to parasites and larval development rates should
be considered. In infected (i.e. positive at necropsy
examination) and seronegative animals several weeks
were required to detect an antibody response, as occurred
in the present study. As a result of the first exposition to O.

ovis infection, kids developed a systemic IgG antibody
response to reach the threshold level after Days 42 (T4
group) and 67 (T1 group) post-infection. This humoral
response may be linked to L2 and L3 larval development in
kids and to support this hypothesis the following remarks
are worth considering: (1) a positive correlation between
the number of larvae applied and the number of L2 and
L2 + L3 larvae recovered indicated that an increase in
hosted larval number induced higher larval maturation
rates; (2) developing L2 and L3 larvae increased the rate of
secretion-excretion of enzymes and antigens onto the
nasal mucosa thus enhancing the host’s immune system
stimulation (Tabouret et al., 2003; Angulo-Valadez et al.,
2007); and (3) the humoral IgG response level against O.

ovis excretory–secretory antigens were found increased
according to larval development in situ (Alcaide et al.,
2005a; Tabouret et al., 2001).

In our field survey, systemic IgG response was highly
correlated with prevalence of infection. In addition, 100%
of sampled goat flocks (59.2% of NEG) had specific systemic
IgG antibodies against O. ovis. These findings suggest the
usefulness of L3SG antigens for oestrosis diagnosis.
Moreover, because in infected sheep and goats, antibodies
are chiefly directed against a 28 kDa protein complex in the
larval salivary glands of O. ovis (Tabouret et al., 2001;
Angulo-Valadez et al., 2007), the next research efforts
should be directed to purification and evaluation of similar
specific antigens in ELISA. In conclusion, larval L3SG
antigens were effective in detection of specific systemic
IgG antibodies against O. ovis infected kids and goats by
ELISA.
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