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ABSTRACT

Background: Trichostrongylus colubriformis is one of the most prevalent gastrointestinal nematodes of sheep in warm
climates. In this nematode species, anthelmintic resistance (AR) has been reported, which has motivated the search for
alternative methods to control it. One practice is to increase the immune response level through the selection of animals
with natural resistance, such as Blackbelly sheep. The aim of this study was to investigate the response of IgA and IgG
in serum and saliva and the level of cells involved in the acquired resistance in Blackbelly lambs after single artificial re-
infection with a resistant strain of Trichostrongylus colubriformis.

Materials, Methods & Results: Sixteen weaned lambs grazed for one month in nematode-contaminated grasslands. All
the lambs were treated with Albendazole and Levamisole; later, they were stabled for two months. After that, eight lambs
were re-infected with 6000 larvae of T. colubriformis and other eight lambs remained naturally infected. In addition, eight
nematode-free lambs raised in cages, served as negative control. Blood samples were taken fortnightly to determine packed
cell volume (PCV, %), plasmatic protein (g dL"), as well as absolute and differential leukocytes. The eggs per gram of
feces (EPG) were recorded. An indirect ELISA against T. colubriformis Ag was performed to determine the IgG and IgA
levels. All data were analyzed by repeated measures. The EPG in the re-infected group increased after 34 days (625 + 287),
while in the naturally infected group it remained close to 200 + 158 throughout the study. The control lambs did not show
any infection. The PCV (29.4 + 3.4 %), basophils (44 + 74), lymphocytes (8443 + 2845) and monocytes (77 + 91) counts
were not affected by infection. The IgA OD against 7. colubriformis increased significantly after 15 days post-infection
(dpi) in the re-infected lambs (1.69 = 0.5, 80% with regards to standard). With IgG was not possible to distinguish the
effect of infection.

Discussion: Highly persistent infection of T. colubriformis was observed for at least four months in the naturally infected
group despite having been treated with anthelmintics. It is a significant problem because this species has a high prevalence
in the region of study and shows anthelmintic resistance. For such reason, is important to evaluate the ability of the animal
to develop an immune response. In other study, a natural reduction in the fecal egg count (FEC) was indicated at 100 dpi
in the same species, but in the present work, the FEC could not be reduced until around 120 days when the naturally in-
fected lambs were evaluated. The larger number of neutrophils and leukocytes in both the naturally infected and re-infected
groups implies a sustained response for a long time. While the higher counts of eosinophils only in the re-infected group
were produced as an immediate response to infection with 7. colubriformis. Similarly, with a single infection of T. colubri-
formis, in Santa Ines sheep the infected lambs showed significantly higher levels of serum IgA than the control group. In
this case, differences in IgA activity were observed between the re-infected lambs and the other groups at fifteen dpi, but
the basal levels of IgA in the naturally pre-infected lambs were maintained at least five weeks after infection. In conclu-
sion, an increase in the peripheral immune response in lambs re-infected with 7. colubriformis resulted from the increase
in IgA levels in serum and saliva, and increase in the number of peripheral eosinophils, total leukocytes and neutrophils.
Re-infected lambs had a higher level of IgA than naturally infected lambs and control lambs, making possible to promote
the immune response with a single re-infection with Trichostrongylus colubriformis.
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INTRODUCTION

Trichostrongylus colubriformis is one of the
most prevalent gastrointestinal nematodes of sheep
in warm climates [7,15]. In this nematode species,
anthelmintic resistance (AR) has been reported [21].
The increase of AR in the Trichostrongylus genus
and other species in many parts of the world [1,25]
has motivated the search for alternative methods and
control practices in order to achieve a sustainable use
of anthelmintics [18,26]. One option is to increase the
immune response level through the selection of animals
with natural resistance [12]. In resistant breeds, such
as Blackbelly [24] the lambs need to develop acquired
immunity and avoid the major effects of parasitism that
cause economic losses including mortality in lambs [5].
However, the successful selection of animals depends
on the accurate assessment of the infection burden,
immune response and production status. Considering
those reasons, studies with antibody-mediated respons-
es need to be undertaken [11] and for such reason is
necessary to know the levels of some immunological
indicators in sheep (eosinophils, IgA, IgG, IgE and
IgM) which go along with the assessment of fecal
nematode egg counts (FEC) to use the information in
breeding programs [2,8]. One important measure is the
IgA level in mucus [10]; but it is not easily measured
in live animals [19] and detecting IgA in other fluids
would be a potentially valuable tool in diagnosis. The
aim of the study was to investigate the response of [gA
and IgG in serum and saliva and the level of leukocyte
cells involved in the acquired resistance in Blackbelly
lambs after single artificial re-infection with a resistant
strain of Trichostrongylus colubriformis.

MATERIALS AND METHODS

Location

The study was carried out in one sheep farm
located in Salto de Agua, Chiapas, Mexico (17°34'
N and 92°29" W) at 85 meters above sea level. The
climate of the region is a tropical rainforest [13]. It is
classified as hot and humid with rainfall throughout
the year. The average annual temperature is 26.6°C
and the rainfall is 3289 mm.

Animal management
Sixteen weaned lambs, of 15.7 + 3.0 kg, in-

fected with gastrointestinal nematodes were selected
from one flock grazing in Brachiaria humidicola pad-

docks during one month. The lambs were sampled to
analyze the studied variables in their first infection.
Then, all the lambs were treated with Albendazole!
(Valbazen 10% Co, 10 mg kg! body weight, BW)
and Levamisole' (Ripercol L-12%, 7.5 mg kg' BW)
and stabled during two months. After that, two groups
were formed because in eight lambs, fecal reduc-
tion of nematode eggs was not obtained and anthel-
mintic resistance was observed in T. colubriformis
by the identification of larvae in fecal cultures post
treatment. These lambs remained naturally infected
despite being treated (naturally infected with a resis-
tant strain). Only the lambs with counts equal to zero
EPG were re-infected with 6000 infective larvae of
T. colubriformis (re-infected group). Another group of
eight lambs born in elevated cages without infection
served as negative control.

Sample processing

Jugular blood samples were taken into 5-mL
vacutainers®. The blood plasma was stored at -20°C for
later antibody analysis. The percentage of the packed
cell volume (%, PCV) was determined by the micro-
hematocrit method®. The plasmatic protein concentra-
tion was measured by refractometry* and was expressed
in g dL!. The absolute leukocytes were counted in a
haemocytometer® and reported in L of blood. Thin
blood smears were prepared and stained with coloring
kit (Fast blood coloring).

Fecal samples were collected early in the morn-
ing, directly from the lamb rectum. The number of eggs
per gram of feces was determined by the McMaster
technique [6] with sensitivity of 50 eggs per gram.

In order to detect the total IgG and IgA antibodies
in serum and saliva, an indirect ELISA” was carried out
with crude-extract antigen (Ag) from 7. colubriformis
adult worms [3]. The IgA salivary determination was
performed according to the methodology described
by Shaw er al. [23], except the Ag was not filtrated in
Sephadex, and for such reason it was called hot water
extract larval Ag (HWEL).

Statistical analyses

All the data were analyzed with one model of
repeated measures in time by using the SAS statistical
package [20] where the three treatments represented the
fixed effects and the random effects were the animals:

— ES
Yijkl =H+T 4 p + TP+ o, + €
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Y= is the EPG, PCV, peripheral cell percent-
ages, IgA and IgG optical density, u = overall mean, t=
the fixed effect of treatment, p,= Effect of the sample
day. r*pij = interaction treatment and day, 3, = random
effect of lamb, € = residual error.

RESULTS

During all the experiment, the FEC remained
unchanged in the group naturally infected from graz-
ing (200 = 158 EPG, P < 0.01). Meanwhile, due to
the effect of T. colubriformis re-infection, the FEC
increased to 625 = 287 EPG at 35 days post-infection
(pi, P <0.01). The control lambs in elevated cages did
not show infection (Figure 1).

The packed cell volume (29.4 + 3.4%), baso-
phil (44 + 74), lymphocyte (8443 + 2845) and mono-
cyte (77 £91) counts (x10° cell/L) were not affected by
infection with 7. colubriformis and no differences were

observed among the three groups (Table 1). Neverthe-
less, neutrophils and total leukocytes were lower in
the control group than in the re-infected and naturally
infected lambs. The eosinophil counts increased in the
re-infected lambs, while the naturally infected group
and the control lambs were similar (P < 0.01).

The IgA determination in saliva with HWEL-
Ag showed differences among the groups in favor of
the lambs infected with T. colubriformis. In addition,
differences were observed in both groups, the naturally
infected and in the control (Table 2).

The IgA levels in serum increased significantly
after 15 days post-infection in the lambs re-infected with
T. colubriformis (OD = 1.69 = 0.5, 80% with regards to
standard). With the IgG it was not possible to distinguish
the effect of infection with 7. colubriformis between the
re-infected and the naturally pre-infected lambs. Only
the control lambs had low IgG activity (Figure 2).

Table 1. Hematologic response in lambs infected with Trichostrongylus colubriformis (reinfected group) compared with naturally infected

and uninfected lambs.

Variable Not infected Re-infected* Naturally infected**
Mean Std Dev Mean Std Dev Mean Std Dev
Number of lambs 6 6 6
PCV (%) 29.6* 3.9 28.5° 2.7 30.6° 33
Plasmatic protein (g/dL) 6.0° 0.3 6.2* 0.3 5.6° 0.4
Leukocytes (x10° cell/L) 13.12° 1.96 15.68* 3.93 13.79% 5.26
Basophils (x10° cell/L) 64* 88 39° 66 298 55
Neutrophils (x10° cell/L) 4.14° 2.12 6.21° 2.57 6.17* 3.29
Eosinophils (x10° cell/L) 0.12° 0.14 0.32¢ 0.34 0.15° 0.24
Monocytes (x10° cell/L) 80° 94 81° 110 68* 95
Lymphocytes (x10° cell/L) 8.72 2.36 9.02* 3.37 7.37* 2.58

Different letters in the same row show statistical differences (P < 0.01). *Infected with 6000 L3 of T. colubrifomis. **Infected in grazing and

next stabled.

Table 2. Level of IgA with regards to standard in saliva in lambs infected with Trichostrongylus colubriformis (re-infected group) com-

pared with naturally infected and uninfected lambs.

Before grazing period d=-58

After re-infection

d= 34 dpi
Group N Mean SD Mean SD
Naturally infected 6 3.2¢ 0.96 7.7° 0.93
Re-infected 6 3.8° 0.42 15.0¢ 1.72
Control lambs 6 2.4 0.52

N: Number of lambs. Different letter in the same column are statistically different (P < 0.01).
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Figure 1. Fecal nematode egg counts in Blackbelly lambs infected with T. colubriformis. Mean

+ standard error.
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Figure 2. Serum IgA and IgG with regards to standard against worm crude Trichostrongylus colubriformis Ag in Blackbelly lambs.

DISCUSSION

Highly persistent infection of Trichostrongylus
colubriformis was observed for at least four months
in the naturally infected group despite having been
treated with anthelmintics (Figure 1). It is a significant
problem because this species has a high prevalence in
the tropics of Mexico and specifically in the region
of the study [14]. The problem increases when the
anthelmintic resistance is the major issue, as in the
case of this recently described flock [9]. For such
reason, it is important to evaluate other alternatives in
addition to chemical anthelmintic drugs, such as the
ability of the animal to develop an immune response
and reject the parasites on its own. The development
of immunological response is therefore essential for
understanding genetic resistance in the host. In another

study, a natural reduction in the FEC was indicated at
100 days post-infection in the same species [22], but
in the present work, the FEC could not be reduced
until after about 120 days when the naturally infected
lambs were evaluated.

The larger number of neutrophils and leuko-
cytes in both the naturally infected and re-infected
groups implies a sustained response for a long time.
Neutrophils are destructive cells that arrive too early,
help the organism to decide when to initiate and
maintain an immune response, so after infection lev-
els of neutrophils remain high [16]. While the higher
counts of eosinophils only in the re-infected group
were produced as an immediate response to infection
with T. colubriformis, which is in agreement with
another study [4]. Similarly, with a single infection of
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T. colubriformis, in Santa Ines sheep in Brazil, the
infected lambs showed significantly higher levels
of serum IgA than the control group [4]. However,
they exhibited differences from the fifth to the 13®
week post-infection because it was the first infection.
Meanwhile in another study [17] the peak of IgA in
blood was reached at 10 days post-infection. This im-
mediate response occurred in re-infected ewes with
Teladorsagia circumcinta. The OD level decreased
after day 10 pi to low levels in which the identification
of the disease would not be possible [17]. In this case,
differences in IgA activity were observed between the
re-infected lambs and the other groups at fifteen days
post-infection, because one sampling was conducted at
this time, but the basal levels of I[gA were higher in the
naturally pre-infected lambs than the control group and
were maintained at least for five weeks after infection.

IgA has been shown to be an important com-
ponent of protective immunity. The increased level of
IgA in serum and saliva with the re-infection with 7.
colubriformis was confirmed, as several studies have
demonstrated, IgA plays a central role in the acquired
immune response in the resistance against gastroin-
testinal nematode infections in sheep [3,4,17]. The
increased production of IgA is an indicator of immune
response to a gastrointestinal nematode infection.

This response has been associated with the activity of
Th2 CD4+ lymphocytes and the increased number of
inflammatory cells in the mucosa such as eosinophils,
mast cells and globular leukocytes. Therefore, the
elevated IgA levels observed may be more indicative
of enhanced immunity in hair sheep [4].

In conclusion, an increase in the peripheral
immune response in lambs with a single re-infection
of T. colubriformis, resulted from the increase in IgA
levels in serum and saliva, and increase in the number
of peripheral eosinophils, total leukocytes and neutro-
phils. The re-infected lambs had a higher level of IgA
than the naturally infected and control lambs, making it
possible to improve the immune response with a single
re-infection with Trichostrongylus colubriformis.
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