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Relationship of intestinal histology with the resistance to
Trichostrongylus colubriformis infection in three breeds of sheep!
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ABSTRACT.- Amarante A.ET,, Rocha R.A. & Bricarello P.A. 2006. Relationship of intestinal his-
tology with the resistance to Trichostrongylus colubriformis infection in three breeds of sheep.
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The study was carried out to evaluate the relationship of inflammatory intestinal cells
with the resistance to Trichostrongylus colubriformis infections in three breeds of sheep (Santa
Ines, Suffolk and Ile de France), naturally infected. Mast cells, eosinophils, and globule leucocytes
were enumerated in intestinal mucosa. Histamine concentration was estimated in intestinal
tissue samples and the length of male and female specimens were determined. The three
breeds of sheep showed similar cellular response in the small intestine mucosa (P>0.05).
There was extensive variation among sheep in the parasitological and inflammatory cell
variables, even in lambs of the same breed. In general, animals presenting less inflamma-
tory cells had a larger worm burden, higher fecal egg counts, and larger T. colubriformis
worms. The inflammatory cells possibly impaired the parasite’s establishment, develop-

ment, and survival.

INDEX TERMS: Sheep, Trichostrongylus colubriformis, resistance, mast cells, eosinophils.

RESUMO.- [Associacgao entre a resposta celular no intestino
e aresisténcia a infeccao por Trichostrongylus colubriformis
em trés racas de ovinos.] Avaliaram-se a associa¢ao entre o
nimero de células inflamatorias no intestino delgado e a re-
sisténcia a infeccao por Trichostrongylus colubriformis em ovi-
nos de trés racas (Santa Inés, Suffolk e Ile de France), natural-
mente infectados. Mastocitos, eosinofilos e leucocitos
globulares foram quantificados na mucosa intestinal. A con-
centracao de histamina foi estimada em amostras teciduais
do intestino, bem como foi determinado o comprimento de
machos e fémeas de T colubriformis. A resposta celular foi
similar na mucosa intestinal das trés racas ovinas (P>0,05).
Houve grande variacao entre os ovinos em relagao aos resul-
tados parasitologicos e celulares, mesmo nos animais de
mesma raga. Em geral, os animais que apresentaram niimero
menor de células inflamatorias tiveram cargas parasitarias
maiores, contagens de ovos por grama de fezes mais altas e
exemplares de T. colubriformis maiores. Os resultados indica-
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ram que mastocitos, eosinofilos e leucdcitos globulares pre-
judicaram o estabelecimento, o desenvolvimento e a sobrevi-
véncia dos parasitas.

TERMOS DE INDEXACAO: Ovinos, Trichostrongylus colubriformis, re-
sisténcia, mastocitos, eosinofilos.

INTRODUCTION

The ability of sheep to acquire immunity and express
resistance to gastrointestinal nematode infection varies subs-
tantially among and within breeds, and is under genetic
control (Stear & Murray 1994). The elucidation of the mechan-
ism that controls such genetic variations in resistance to
nematode parasites is critical to design an effective parasite
vaccine, and to develop methods to identify genetically-
resistant breeding livestock (Gill et al. 2000).

Harrison et al. (1999) showed that sheep that are immune
to Trichostrongylus colubriformis had higher antibody and
histamine levels as well as greater numbers of mucosal mast
cells and globule leucocytes after challenge, compared to naive
sheep. These results are evidence for an immediate hyper-
sensitivity reaction in the intestine of immune sheep, from
where challenge larvae may be expelled within 2 h (Harrison et
al. 1999). Similarly, Romney sheep immunized against
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Trichostrongylus colubriformis and then allowed to graze on
infected pasture had significantly more globule leucocytes, mast
cells and eosinophils in gastrointestinal tissue and significantly
higher levels of mucous antiparasitic activity than unimmunized
sheep (Douch 1989). Winter et al. (1997) reported an increase
in mucosal eosinophil and mast cell numbers in Suffolk lambs
during the period of the rejection of adult Nematodirus battus,
as compared to uninfected control animals.

Dexamethasone treatment abrogated resistance to a
trickle challenge infection with T. colubriformis and reduced
mucosal globule leucocyte and mast cell numbers. After drug
treatment cessation, the re-establishment of resistance and
adult worm elimination were associated with mucosa
repopulation with large numbers of globule leucocytes and
high antiparasitic activities in the mucus. Resistance recovery
occurred about 4 weeks after dexamethasone treatment
withdrawal (Douch et al. 1986).

This study was carried out to evaluate the relationship
between intestinal inflammatory cells and resistance to natu-
ral T. colubriformis infections in three breeds of sheep raised
in the State of Sao Paulo, Brazil.

MATERIALS AND METHODS

Details of the experimental design were described by Amarante et
al. (2004). Briefly, 16 Santa Ines, 12 Suffolk, and 12 lle de France
lambs were purchased from different farms. Four lambs were ac-
quired in each farm to ensure minimum genetic variability in each
breed. As some animals died during the experiment, this paper pre-
sents the results for 16 Santa Ines, 11 Suffolk, and for 9 lle de France
sheep.

All lambs were born in July 2000, except for eight Ile de France
and four Suffolk lambs born in June, and four Ile de France born in
August. The lambs, weaned at 2 months of age, were moved to the
University'’s facilities in September or early October, where they were
housed until the beginning of the trial in late October 2000.

On October 24, 2000, lambs were placed in a paddock (0.6 ha)
with Coast-cross grass (Cynodon dactylon) and left there for continual
grazing until the youngest sheep had completed 12 months of age,
in August of the following year.

To expose the animals to uniform nematode infections before
the end of the study, all sheep were treated with levamisole phos-
phate (10mg/kg) plus albendazole (10mg/kg) on July 3, 2001. On
August 14, 2001, the animals were slaughtered for worm identifica-
tion and counting.

Parasitological techniques. Fecal samples were taken from the
rectum of the slaughtered animals. Fecal egg counts (FEC) were de-
termined using a modified McMaster technique, in which each nema-
tode egg counted represented 100 eggs per gram (EPG) of feces. A
culture was made separately for each animal to produce infective
gastrointestinal nematode larvae. The obtained larvae were killed,
stained with Lugol’s iodine, and identified according to descriptions
of Keith (1953). Based on larval differentiation and FEC, each genus’
EPG was calculated for each animal.

The small intestine was removed at necropsy, opened and the
contents collected in a container. A 5% aliquot of the contents was
preserved in 5% formalin. Then, the small intestines were soaked in
saline solution at 39°C for 6 hours. A 10% aliquot of the digested
material was processed similarly to the contents. All nematodes in
the preserved material were counted and identified (Ueno &
Gongalves 1988).
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Length of Trichostrongylus colubriformis. Ten male and ten fe-
male T. colubriformis specimens obtained from each animal were
mounted on a slide and measured using the Qwin Lite 2.5 (Leica
Microsystems) image processing and analysis software. It was not
possible to determine the length of male and female specimens from
one and two Ile de France animals, respectively.

Histology. Tissue samples taken from the duodenum and je-
junum, 10cm and 110cm from pylorus, respectively, were fixed in
Bouin. The samples were then dehydrated with alcohol and embed-
ded in paraffin wax. Sections, 3um thick, were stained with tolui-
dine blue 1% or haematoxylin and eosin (HE).

Mast cells were counted in sections stained with toluidine blue,
while eosinophils and globule leucocytes in sections stained with
HE. Cells were counted under a 10x eye piece containing a calibrated
graticule and 100x objective lens viewing a 0.01mm? area. Counts
were made systematically from the muscularis to the mucosal sur-
face on 30 graticule fields. The counts were expressed as the num-
ber of cells per mm? of mucosa.

Histamine concentration. To estimate histamine concentrations,
tissue samples were collected from the same location where histo-
logical samples were taken in the duodenum (10cm from pylorum)
and in the jejunum (110cm from pylorum). Samples of 0.5g from
each intestinal site were washed gently in saline solution, sliced,
mixed, and placed in a tube with 5ml 0of 0.4 N perchloric acid. Samples
were kept at 4°C until be processed. The histamine concentration
was determined automatically by the fluorometric method (Shore
et al. 1959).

Female nematode egg output. Female T. colubriformis egg out-
put per day was calculated for each animal according to the follow-
ing formula:

T. colubriformis EPG x fecal output / Number of T. colubriformis females

Five days before slaughter, the total amount of feces each ani-
mal eliminated in a 24-h period was collected and weighed. On aver-
age, Santa Ines, Suffolk, and Ile de France sheep fecal output corre-
sponded, respectively, to 5.30, 4.54 and 4.73% of their body weight.
These percentages were used to estimate, for each breed, each
animal’s daily fecal output relative to its body weight.

Statistical analysis. The data were analyzed using Minitab Re-
lease 11, by using a one-way analysis of variance. Significant group
mean differences were determined by Fisher’s Least Significant
Difference (Ott 1992). The data relative to FEC, worm burden,
and cell counts in the intestinal mucosa were transformed to log,,
(x + 1). The mean length of the T. colubriformis specimens was
determined per animal. Statistical significance was considered
as P<0.05. The association among the untransformed data was
determined using Spearman’s rank correlation coefficient (Minitab
Release 11).

To facilitate interpretation, result figures are expressed as arith-
metic means (% standard deviation) of the untransformed values.

RESULTS

Lamb worm burden results were published previously
(Amarante et al. 2004). Briefly, Trichostrongylus colubriformis
was the major species found in the sheep’s small intestines.
Numbers of T. colubriformis were over dispersed in the three
breeds, with no statistical difference among group means
(P>0.05). Five Santa Ines lambs had from 290 to 900
specimens; eight from 1310 to 5420; while the other three
had 9360, 10440, and 31300 worms. This last animal was also
infected with Moniezia spp. Four Suffolk lambs had 200 to
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1580 T. colubriformis specimens; four 4320 to 7400; and the
other three had 12460, 24050, and 39580 specimens. Three
Ile de France sheep had 20 to 250 T. colubriformis specimens;
four 7720 to 9330; while the other two had 22730 and 58320
specimens. Trichostrongylus FEC means ranged from 538 EPG
in the Santa Ines, to 618 EPG in the Ile de France sheep
(P>0.05).

The highest mast cell count mean in duodenal mucosa
(318.2£142.2 cells/mm?) was recorded in the Suffolk sheep,
while the highest in the jejunal mucosa was found in the San-
ta Ines sheep (302.5+90.5 cellssmm?) (Fig.1). Globule leucocyte
means were lower than mast cell means (Fig.1). The highest
globule leucocyte mean occurred in Ile de France sheep
duodenum (97.6+65.8 cellssmm?). The highest eosinophil
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Fig.1. Mean numbers of mast cells, globule leucocytes and eosinophils
per mm? of the duodenal and jejunal mucosa of the Santa Ines,
Suffolk and lle de France sheep, naturally infected with
gastrointestinal nematodes.

mean (Fig.1) was found in Santa Ines sheep jejunum (116.4
+80.4 cells/mm?). Similar histamine concentrations were
found in the three breeds’ small intestines (Fig.2). There were
no statistical differences among breed means regarding
small intestine cell counts and histamine concentrations
(P>0.05).

Similar numbers of mast cells, globule leucocytes, and
eosinophils were recorded in the duodenum compared to the
jejunum (P>0.05). The exception was in Suffolk sheep, which
had significantly higher mean globule leucocytes in the
duodenum than in jejunum (P<0.05).

The minimum and maximum female length means were,
respectively, 5.59+0.74 mm (Ille de France group) and
5.75+0.82mm (Santa Ines group), while the minimum and
maximum male length means were, respectively, 4.70+
0.70mm (lle de France group) and 4.78+0.49mm (Suffolk
group) (Fig.3). The minimum daily egg output mean per
female was 311.9 eggs (Santa Ines), while the maximum was
390.8 eggs (lle de France). There were no statistical differences
among breed means (P>0.05).

Small intestine histamine concentration correlated
significantly with mast cell numbers in the duodenum and
jejunum (P<0.01). Most of the overall correlation coefficients
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Fig.2. Mean concentration of histamine (mg/g of tissue) in the small
intestine of the Santa Ines, Suffolk and lle de France sheep
naturally infected with gastrointestinal nematodes.
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Fig.3. Mean lengths (mm) of males and females of Trichostrongylus
colubriformis specimens recovered from Santa Ines, Suffolk and
lle de France sheep naturally infected.
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Table 1. Overall relationship? between histamine concentration and cell counts in the duodenum and
jejunum of the Santa Ines, Suffolk and Ile de France sheep

Histamine in Mast cells in  Eosinophils Globule Mast cells  Eosinophils
small intestine duodenum in duodenum Leucocytes in jejunum in jejunum
in duodenum
Mast cells in duodenum 0.528*
Eosinophils in duodenum 0.114 0.455™
Globule leucocytes in duodenum 0.224 0.292 -0.010
Mast cells in jejunum 0.542** 0.666™* 0.414 0.187
Eosinophils in jejunum -0.032 0.069 0.488* -0.400* -0.005
Globule leucocytes in jejunum 0.342* 0.556™ 0.409* 0.541" 0.626™ -0.147

4 Spearman’s rank correlation coefficients, *P<0.05, ** P<0.01.

Table 2. Overall relationship? between parasitological variables
of Trichostrongylus colubriformis

Total Number of Male Female FEC®
burden®  females length  length
Number of females
Male length
Female length 0.805™
FEC 0.685™ 0.652** 0.655* 0.608™*
Eggs/femaled -0.068 -0.083 0.303 0.334 0.195

4 Spearman’s rank correlation coefficients, b Total T colubriformis burden,

Table 3. Overall relationship? between cellular responses in the
intestinal mucosa of the Santa Ines, Suffolk and Ile de France
sheep and the parasitological variables of Trichostrongylus

colubriformis
Worm FEC®  Length of Lengthof Eggs/female¢
burden males females
Histamine 0.164 -0300 -0.177 -0.047 0.209
Mast cells in -0.502*  -0.653 -0.598"  -0.494™* -0.057
duodenum
Mast cells in 0.636™ -0.519" -0.448" -0.420* 0.119
jejunum
Globule leucocytes  -0.301 -0.325 -0.280 -0.347* 0.031
in duodenum
Globule leucocytes -0.711"*  -0.542* -0.509"  -0.535"* -0.049
in jejunum
Eosinophils in -0.384  -0.342¢  -0.205 -0.209 -0.011
duodenum
Eosinophils in 0.038 -0.094 -0.079 -0.029 -0.100
jejunum

a Spearman’s rank correlation coefficients, P Fecal egg counts, ¢ Daily
production of eggs per female, * P<0.05, ™ P<0.01.

among mast cell, globule leucocyte, and eosinophil numbers
in the duodenum and jejunum correlated positively (Table 1).

The correlation coefficients among the T. colubriformis
worm burden, FEC, and male and female lengths were positive
and statistically significant (Table 2).

Correlation coeficients between cell counts and T. colubriformis
variables are shown in Table 3. Significant negative correlation
coeflicients were found between mast cells and Trichostrongylus
worm burden, FEC and worm length. Similarly, all correlation
coefficients between globule leucocyte counts versus Trichos-
trongylus variables were negative, but not all of them were
statistically significant (Table 3).
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Regarding eosinophils, significant negative correlation
coefficients occurred between these cells in the duodenum
and worm burden and FEC (Table 3).

DISCUSSION AND CONCLUSIONS

Previous work on these animals (Amarante et al. 2004) has
shown that the Santa Ines sheep were more resistant to natu-
ral Haemonchus contortus, Cooperia curticei, and Oesophagos-
tomum columbianum infections than Suffolk and Ile de France
lambs, but no difference was found in resistance to Trichos-
trongylus colubriformis.

The three sheep breeds showed similar cellular responses
in the small intestine mucosa. Santa Ines and lle de France
lambs infected artificially with H. contortus had more inflam-
matory cells in the abomasal mucosa than uninfected control
sheep (Bricarello et al. 2005). However, as in the present
experiment, Bricarello et al. (2005) did not detect significant
differences among the breeds.

There was extensive variation among sheep in the parasi-
tological and inflammatory cell variables, even among lambs
of the same breed. In general, animals with less inflammatory
cells had a larger worm burden, higher FEC, and larger T.
colubriformis specimens. In Romney sheep breeding lines
selected for low or high FEC, Bisset et al. (1996) found
significantly higher numbers of globule leucocytes/mucosal
mast cells in the intestinal mucosa in resistant than in
susceptible lambs that were naturally infected with gastro-
intestinal nematodes. The overall Spearman rank correlation
coefficient between globule leucocytes/mucosal mast cells
versus T. colubriformis worm burden was -0.60, while between
eosinophils versus T. colubriformis it was -0.38 (Bisset et al.
1996), values similar to those found in the present study.

In the present experiment, the females produced an
average number of less than 400 eggs/day. Dobson et al. (1990)
reported that T. colubriformis fecundity in sheep remained high
(about 600 eggs/day) for five weeks at the low infection rate,
but only maintained this level for three weeks and one week
at the medium and high rates, respectively. They suggested
that fecundity, like establishment, was similarly affected at
immunological recognition threshold levels. According to
Dobson et al. (1990) density-dependent effects (parasite
competition/crowding) could cause a decline in fecundity
when worm population surpassed 3000, which was the case
for several animals in the present study, which had more than
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3000 T. colubriformis worms. However, there was no association
between total burden x eggs/female (r = -0.068).

The most susceptible animals, with bigger worm burdens,
had longer male and female T. colubriformis adult worms. In
agreement with this, Gruner et al. (2003) found that H. contortus
female worms were shorter and had fewer eggs in utero in the
F1 (more resistant) than in the INRA 401 lambs (more susceptible
animals). Similarly, Stear et al. (1995) and Strain & Stear (2001)
showed that resistant sheep presented smaller-sized Ostertagia
circumcincta and H. contortus worms, which were less fecund
than worms found in susceptible sheep.

Rejection of incoming T. colubriformis larvae by immune
sheep is accompanied by an intestinal inflammatory response
involving secretion of biogenic amines into the duodenum
and a concurrent plasma loss (Steel et al. 1990). However, in
the present study, histamine concentration, measured in in-
testinal tissue samples, was not significantly associated with
the parasitological variables. Similarly, in a herd of young
grazing sheep, blood histamine levels and intestinal content
fluid were similar in sheep with high and low egg counts and
higher during maximum challenge by larval nematodes of
several species (Douch et al. 1984). According to Jones et al.
(1990), duodenal tissue histamine concentrations in lambs
bred selectively for high responsiveness or low responsiveness
to vaccination with irradiated T. colubriforimis were lower at 3
days than at 28 days post challenge. At 3 days post challenge,
histamine concentration was higher in high responder lambs
than in low responder lambs. Jones et al. (1990) found a
significant negative correlation coefficient (r = -0.46; P<0.05)
between tissue histamine concentration and FEC at 28 days
post challenge, while coefficients between histamine levels
and EPG 21 days post challenge and worm counts (-0.35 and -
0.28, respectively) did not reach significant levels. In the
present study, these coefficients between histamine x worm
burden (r = -0.164) and histamine x FEC (r = -0.300) were
also negative and not significant.

Histamine concentration in the small intestines was
significantly correlated with mast cell numbers in the
duodenum and jejunum (P<0.01). Most of the overall
correlation coefficients among mast cell, globule leucocyte,
and eosinophil counts in the duodenum and jejunum were
also positively correlated. These results indicate that animals
with a high number of a certain cell type tend to also show a
high number of the other cells. As mast cells produce
histamine and give origin to globule leucocytes (Huntley et
al. 1984, Balic et al. 2000), the association among these three
variables was expected. In a group of 28-week-old pasture
reared Merino sheep, Rothwell et al. (1993) also found that
eosinophil counts in the intestine were positively correlated
with mast cell counts (r = 0.534).

Excepting the Suffolk sheep, which had a significantly
higher globule leucocyte mean in the duodenum than in the
jejunum, similar numbers of mast cells, globule leucocytes
and eosinophils were recorded at both sites. Samples were
taken from the initial 1.1m of the small intestine (in the
duodenum at 10cm from pylorum, and in the jejunum 110cm
from pylorum). According to Wagland et al. (1996) immunity

to T. colubriformis is generated principally in the anterior 3m
of the small intestine, the site of predilection for parasite
establishment. Bendixsen et al. (1995) reported similar results:
mucosal mast cells isolated from the duodenum and mid-small
intestines of immune sheep released 2-3 times more mast
cell protease than cells recovered from the terminal ileum.
Mast cell numbers were similar in the 3 regions, but the
amount of globule leucocytes was 2.5 times higher in the
duodenum (Bendixsen et al. 1995).

The inverse relationship between cell counts and worm
burden, FEC and worm lengths proved that the most resistant
animals of the three breeds of sheep had more inflammatory
cells (mast cells, globule leucocytes, and eosinophils) in the
intestinal mucosa. These cells possibly impaired parasite
establishment, development, and survival.
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