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Abstract — The phenotype of the hepatic inflammatory infiltrate and hepatic lymph nodes (HLN)
was analysed in lambs primarily and challenge infected with Fasciola hepatica. Group 1 was
primarily and challenge infected with two doses of 200 metacercariae (mc) each and was non-
treated. Trickle infection was administered to five groups: group 2 was challenge infected and non-
treated; group 3 was primarily infected and non-treated; group 4 was primarily infected and treated
with triclabendazole (TCBZ) at 12 weeks postinfection (wpi); group 5 was treated at 4 wpi and
challenge infected and group 6 was treated at 12 wpi and challenge infected. An uninfected group
was used as the control. The distribution of T cell subpopulations (CD3, CD4 and CD8), and B cells
(CD790q, IgM, IgG) was analysed. The hepatic inflammatory infiltrate was represented mainly by
CD3 and CD4 T cells, and B cells (CD790., IgG). These infiltrates were more severe (P < 0.05) in
primarily (group 3) or challenge (groups 2, 5 and 6) trickle infected lambs than in the group single
challenge infected (group 1). Cellular changes in HLN consisted in an increase of CD4 over CD8
T cells and an increase of B cells and IgG* plasma cells, and they were more severe in primarily and
challenge trickle infected groups than in the group infected with two larger doses of mc, although
significant differences were not found with respect to all challenge trickle infected groups. The
strong local cellular and humoral immune responses did not protect against subsequent infections,
neither in non-treated lambs (group 2) nor in lambs treated with TCBZ at 4 wpi (group 5) or 12 wpi
(group 6).
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1. INTRODUCTION

Fasciolosis caused by Fasciola hepatica
is an economically important disease of
ruminants worldwide. In recent years much
attention has been focused on the study of
vaccination strategies as an alternative to
chemotherapy for the control of the disease
due to the high cost of repetitive chemical
treatments, drug-resistance and the hazard
of chemical residues in food and the envi-
ronment [8,9,29]. Resistance to reinfection
and hostresponse to F. hepatica vary greatly
between species [12]. Several studies have
investigated immune response to F. hepat-
icainsheep [4, 5, 16]. These studies reported
that sheep do not develop resistance to rein-
fection. However, more recent studies have
demonstrated that some immunisation pro-
tocols induce a significant protective response
against challenge infection in sheep [1, 25]
and cattle [19, 20]. Therefore, there are many
questions concerning the immunological
basis of susceptibility and resistance in sheep
that should be elucidated [1, 8, 9, 18].

Local and systemic immune responses
have been studied in sheep infected and
reinfected with F. hepatica [4, 5, 16]. More
recently, the effects of infection and treat-
ment on subsequent challenge have been
studied in cattle [13]. Our group studies the

effects of small repetitive infections (trickle
infection), which are similar to those that
often occur in natural fasciolosis [7], with
and without treatment upon subsequent chal-
lenges in sheep [24].

The aim of this study was to analyse the
distribution of T cell subsets, B cells and
IgG bearing plasma cells in hepatic lesions
and hepatic lymph nodes of sheep infected
with F. hepatica in order to study the immune
response in the following: (i) challenge sin-
gle-dose and trickle infections; (ii) primary
trickle infection and (iii) primary and chal-
lenge trickle infections in animals treated
with triclabendazole (TCBZ).

2. MATERIALS AND METHODS

2.1. Experimental infection

Forty three-month old lambs were used
for the study (Tab. I). Group 1 was the only
group that was primarily and challenge
infected with two single doses of 200 met-
acercariae (mc). Trickled infections were
used throughout the experiment. Group 2
was challenge infected 18 weeks postpri-
mary infection (wppi); group 3 was prima-
rily infected; group 4 was primarily infected

Table I. Design of experimental infection and number of fluke recovered from the liver (mean + SD).

Group Primary TCBZ Challenge Euthanasia ~ Number of fluke ~ Percentage of

infection treatment?® infection (wppi) recovered infective doseP
(wppi)

Control _ 18, 30, 34,42 0 -

(n=4)

L(n="7) * _ *(18) 30 54+16 13.5

2(n=17) T _ T(18) 30 88.71 £27.8 25.3

3(n="7) T _ _ 18 5529+254 315

4(n=4) T 12 wpi _ 30 0 0

S5(n=17) T 4 wpi 1(22) 34 6443 +11.6 36.8

6(n=4) T 12 wpi £(30) 42 10.75 5.6 8.6

* One single dose of 200 mc; 1 seven daily doses of 25 mc each; i five daily doses of 25 mc each.

4 Treatment with triclabendazole (10 mg/kg).

b Significant difference (P < 0.05) was found only between groups 5 and 6.
wppi: weeks postprimary infection; wpi: weeks postinfection.
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and treated with triclabendazole (TCBZ) at
12 weeks postinfection (wpi); group 5 was
primarily infected and treated at 4 wpi and
challenge infected 18 weeks after treatment;
group 6 was primarily infected, treated at
12 wpi and challenge infected 18 weeks
after treatment. An uninfected group was
used as a control. All lambs used in the
study were free of parasitic and infectious
disease as indicated by faecal analysis and
the absence of clinical signs. F. hepaticamc
of bovine origin obtained in the Department
of Animal Pathology of the Faculty of Vet-
erinary Medicine, Lugo (Spain) was admin-
istered orally in gelatine capsules. TCBZ
treatment in groups 4, 5 and 6 was admin-
istered orally in one single dose of 10 mg/kg
of body weight. The seven groups of lambs
were housed separately. Infected and control
lambs were sacrificed by intravenous injec-
tion of thiobarbital as follows: groups 1 and
2 at 30 wppi, group 3 at 18 wppi, group 4
at 30 wppi, group 5 at 34 wppi and group 6
at42 wppi. All reinfected groups (1,2, 5 and
6) were sacrificed 12 weeks following chal-
lenge infection to allow for the complete
development of adult parasites. A control
lamb was sacrificed synchronously with the
other experimental groups (i.e. 18, 30, 34
and 42 wppi). At necropsy, the liver and the
gallbladder of all lambs were dissected and
flukes were recovered, fixed by standard
methods and measured [28]. The experi-
ment was carried out in accordance with the
Code of Practice for Housing and Care of
Animals used in Scientific Procedures.

2.2. Immunohistochemistry

Infected and control lambs were necrop-
sied and tissue samples from the left and
right hepatic lobes and hepatic lymph nodes
(HLN) were snap frozen in Tissue-Tek®
OCT™ (Sakura Finetek Europe B.V., The
Netherlands) by immersion in iso-pentane
(Merk, Darmstadt, Germany) pre-cooled in
liquid nitrogen. Frozen samples were stored
at —80 °C until they were cut in 7 um thick
serial tissue sections using a cryostat at

Table II. Primary antibodies used and dilution.

Antibody Specificity ~ Dilution Source
pAb Human CD3 1:300  Dako*
GC50A1 Bovine CD4 1:50 VMRDf¥
CACT80C  Bovine CD8 1:500 VMRD
BAQIS5S5A  Bovine IgM 1:200  VMRD
HM57 Human CD79a  1:50 Dako
pAb Human A-IgG 1:2000  Dako

pAb: polyclonal antibody.
* Dako, Glostrup, Denmark; ¥ VMRD Pullman
Inc. (Pullman, USA).

—20 °C. The sections were stored again at
—80 °C until use.

The avidin-biotin-peroxidase (ABC)
method [22] was used. Details about primary
antibodies are summarised in Table II. Tis-
sue sections were defrozen and fixed in ace-
tone for 10 min. Endogenous peroxidase
activity was blocked by incubation with
0.05% phenyl-hydrazine (Sigma, St. Louis,
MO, USA) in tris buffer saline (TBS),
pH 7.2. Tissue sections were incubated with
5% normal goat serum (Vector Laborato-
ries, Burlingame, CA, USA) for 30 min at
room temperature. The primary antibodies
(Tab. II) were then applied for 18 hours at
4 °C. Monoclonal antibodies (mAb) to CD4,
CD8 and B-B4 showed cross-reactivity
with these ovine leukocyte antigens [11].
The anti-CD3 polyclonal antibody (pAb)
was used as a pan-T cell marker, and was
shown to cross-react with ovine T lym-
phocytes [26]. A rabbit anti-human IgG-
lambda light chain (pAb), which cross-reacts
with sheep IgG [24], was used to label IgG.
An anti-human CD790 mAb, which cross-
reacts with B cells of sheep [21], was used
as a pan-B cell marker. A biotinylated goat
anti-mouse immunoglobulin serum (Dako)
diluted 1:50 for mAb and a biotinylated
goat anti-rabbit IgG (Vector) diluted 1:200
for pAb were used as secondary antibodies.
An ABC complex (Vector) diluted 1:50 was
applied as a third reagent. Tissue sections



4 J. Pérez et al.

Table ITL. Number of immunolabelled cells (mean + SD) per area of 0.06 mm? in hepatic lesions. In
parentheses are given those groups that showed significant differences (P < 0.05) with the stated

groups.
Antibody Group
Control 1 2 3 4 5 6
CD3 38+03 323x41 66.1+93 60.1£9.4 347+73 69.0+76 493+79
(@) (2,3,5,6) (1,4,6) (1,4 (2,3,5,6) (1,4, 6) (1,2,4,5)
CD4 1.8+04 20.1+34 477+46 38780 239+£3.6 503+48 350=x47
(*) (2,3,5,6) (1,4, 6) (1,4,5) (2,3,5,6) (1,3,4,6) (1,2,4)
CD8 07+03 9.7+22 150£29 15.7+3.5 80+17 153+£29 113+33
(@) (2,3,5) (1,4) (1,4) (2,3,5) (1,4 (None)
CD79a 1909 122+3.1 47470 287+x39 143+£23 493+75 238=+3.1
(*) (2,3,5,6) (1,3,4,5 (1,2,4,5) (1,2,3,5,6) (1,3,4,6) (1,2,4,5)
1gG 1.3+04 95+29 387+59 273+48 11.0+2.7 38.6+5.7 18+3.9
(*) (2,3,5,6) (1,3,4,5 (1,2,4,5,6) (1,2,5,6) (1,3,4,6) (1,2,3,4,5)

* Significant differences with all infected groups.

were then incubated with 3 3’-diaminoben-
zidine tetrahydrochloride (Sigma) diluted
0.035% in TBS with 0.1% hydrogen perox-
ide for 1 min, rinsed in tap water, lightly
counterstained with Mayer haematoxylin
and mounted with aqueous medium (Shan-
don, Pittsburgh, PA, USA). Tissue sections
in which the specific primary antibodies
were substituted with TBS or non-immune
isotypic sera were used as negative con-
trols. Lymph nodes of the control animals
were used as a positive control for all the
primary antibodies.

2.3. Cell counts and statistical analysis

Immunoreactive cells were counted in
30 fields of 0.06 mm?2 randomly selected in
hepatic lesions. The results were expressed
as the mean + standard deviation. The ratio
CD4/CD8 was calculated using mean val-
ues. B-B4+ cells were not counted in the
hepatic lesions, since they were only located
in lymph node follicles and their number
varied greatly depending on the number of
follicles in portal areas. In the HLN, CD3,
CD4 and CD8 T lymphocytes were counted
in 30 fields of 0.06 mm? in interfollicular

and paracortical areas, whereas B-B4*,
CD79¢t and IgG* plasma cells were counted
in lymph node follicles and medullary cords.
The results are expressed as the percentage
of immunolabelled and non-labelled cells.

2.4. Statistical analysis

Fluke burdens and cell subset counts in
the liver and hepatic lymph nodes were
compared and the differences were statisti-
cally analysed. The Kruskall-Wallis test for
non-parametric distributions was used for
global comparisons between groups. When
significant differences existed, comparisons
between the pairs of groups were made
using the Mann-Whitney U test for non-
parametric distributions. P < 0.05 was con-
sidered significant. All analyses were per-
formed in INSTAT 3.0 (GraphPad Soft-
ware Inc.).

3. RESULTS

The number of immunolabelled cells in
hepatic lesions and the comparison between
pairs of groups are given in Table III. All
cell types tested were occasionally found in
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Figure 1. Group 2, liver, CD3. Severe portal inflammatory infiltrate showing numerous CD3*
T lymphocytes. Arrow: bile duct. ABC reagent, Mayer haematoxylin counterstain. x240.

the portal spaces and in the hepatic sinu-
soids of uninfected control sheep. The ratio
CD4/CD8 was 2.6 in the control group.

3.1. Challenge single-dose and trickle
infections (groups 1 and 2)

3.1.1. Liver

Group 2 (trickled infected) showed a
noticeably higher, although insignificant,
number of flukes (Tab. I) and significantly
higher numbers of all cell subsets (Tab. III)
than group 1 (single-dose infected). CD3*
and CD4* T lymphocytes (Figs. 1 and 2)
were numerous in granulomatous lesions
and portal areas, whereas CD8* T cells were
mainly located in fibrotic areas or portal
tracts with marked hyperplasia of bile ducts
and were less numerous in granulomata
(Fig. 3). Theratio CD4/CD8 was 2.1 and 3.2
for groups 1 and 2, respectively. CD79at B
cells and IgG™* plasma cells (Figs. 4 and 5)
were numerous in portal areas and granulo-
matous lesions, whereas B-B4+ cells (Fig. 6)
were located almost exclusively in the lym-
phoid follicles of portal areas.

3.1.2. Hepatic lymph nodes

The HLN showed very severe (group 1)
or moderate (group 2) hyperplasia of lymph
node follicles and medullary cords. Hyper-
plasia of paracortical areas was moderate in
both groups. Table IV shows the density (in
percentages) of the immunolabelled cells
marked with the different antibodies used.
The density of CD8* T cells decreased, par-
ticularly in group 2, as compared to the con-
trol group, whereas the density of CD4*
T lymphocytes showed no significant dif-
ferences. The density of CD790t and IgG™*
cells increased in both groups compared to
the control group, and in group 2 compared
to group 1.

3.2. Primary trickle infection (group 3)
3.2.1. Liver

Group 3 showed a lower, but not signif-
icant, number of adult parasites in the liver
than group 2 (challenge trickle infection). The
hepatic inflammatory infiltrate in group 3
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Figure 3. Group 2, liver, CD8. Inflammatory infiltration of a granulomatous lesion showing a mod-
erate number of CD8* T cells. ABC reagent, Mayer haematoxylin counterstain. x240.

was severe and exhibited a similar distribu-
tion to that reported in group 2. The ratio
CD4/CDS8 was 2.5. The number of CD3*,
CD4* and CD8* T lymphocytes in group 3
showed no statistical differences as com-
pared to group 2 (Tab. III). However, the

number of CD79at B cells and IgG*
plasma cells was significantly lower than
that found in group 2. On the contrary,
group 3 showed a significantly higher number
of all inflammatory cell subsets analysed
than did group 1 (challenge single infection).
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Figure 4. Group 2, liver, CD79¢.. Inflammatory infiltrate of a granulomatous lesion showing a
necrotic area (N) surrounded by a moderate number of CD790.* cells. ABC reagent, Mayer haema-
toxylin counterstain. x300.
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Figure 5. Group 2, liver, IgG. Hyperplasia of bile ducts among which numerous IgG* plasma cells
are observed. ABC reagent, Mayer haematoxylin counterstain. x200.

The number of flukes recovered in the liver ~ observed. The density of cell subsets showed
was similar in both groups. a significant increase (CD4, CD79¢. and
IgG) or decrease (CD8) when compared to
the control group and group 1, whereas no

Severe hyperplasia of the lymphoid fol-  significant changes were found with respect
licles and medullary cords of the HLN was  to group 2 (Tab. IV).

3.2.2. Hepatic lymph nodes
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Figure 6. Group 2, liver, B-B4. Lymphoid follicle located in a portal area showing numerous
B-B4+ cells. Arrow: bile duct. ABC reagent, Mayer haematoxylin counterstain. x240.

Table IV. Density of immunolabelled cells with the stated antibody in different areas of the hepatic
lymph nodes (mean percentage + standard deviation). In parentheses are given those groups that
showed significant differences (P < 0.05) with the stated groups.

Antibody Group

Control 1 2 3 4 5 6

CD3* 96.7+2.6 933+43 902+52 894x43 958+33 926+6.7 92.6+4.1

CD4* 605+46 623+51 692+57 703x41 59.6+x29 685+6.6 65335
3 3 (C)) G L4 2,3,5) C))

CD8* 36.8+4.1 31.0+46 220+35 204+37 325+37 23.8+4.7 269+4.0
(2,3,5,6) (2,3,5 (C L4 (C L4606 (235 C L4 C.3)

CD79at 654+32 755+48 84.6+51 808+57 70.1%35 872+43 857+x58

1,2,3,5,6) (C,2,5,6) (C, 1,4 (S (3,5,6) G L4  (CL4

B-B4t 723+24 773+5.1 857x49 834x62 753+47 843+64 87.1%3.6
(2,3,5,6) (0) C.4) © (2,5,6) (O} C L4

1gG+ 35+13 11633 306+52 224%55 8.6£2.7 344+53 238+53

#  (€2,3,50(C1,3,4)(C1,2,4,5) (C,2,3,5,6) (C,1,3,4,6) (C,1,4,5)

* Paracortical areas; T lymph node follicles and medulla; & medulla; C: control group.
(+) Significant differences with all infected groups.
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3.3. Primary and challenge trickle
infections in the treated animals
(groups 4, 5 and 6)

3.3.1. Liver

All lambs in group 4 showed an absence
of parasites and eggs in the hepatic paren-
chyma and gallbladder, as well as the lowest
hepatic inflammatory infiltrate compared
with the remaining infected groups. Thus,
group 4 showed a significant decrease in the
number of all cell subsets analysed with
respect to all the infected groups, with the
exception of CD8* T cells, which were
lower in number than in group 6. However,
this difference was not significant (Tab. III).

The lambs in group 5 showed ahigh number
of flukes in the liver (Tab. I) and very severe
hepatic inflammatory infiltrate. Thus, the
number of all cell subsets was slightly or mod-
erately higher than in groups 2 and 3, respec-
tively, but without significant differences
except for CD4t T cells, which increased
significantly as compared to group 3.

Finally, the lambs in group 6 showed a
low number of parasites in the liver (Tab. I).
The numbers of CD3*, CD4% T cells,
CD79a.* B cells and IgG* plasma cells were
significantly reduced with respect to groups 2
and 4, but increased significantly with respect
to groups 1 and 4 (Tab. III). CD8* T lym-
phocytes did not change significantly with
respect to the remaining infected groups.
The ratio CD4/CDS8 was 3.0 (group 4), 3.3
(group 5) and 3.1 (group 6).

3.3.2. Hepatic lymph nodes

Hyperplasia of lymph node follicles and
medullary cords was very severe in groups 4
and 5, and moderate in group 6. Hyperpla-
sia of paracortical areas was moderate in all
the groups treated (4, 5 and 6). When com-
pared to the control group, group 4 showed
no significant differences for all cell sub-
sets, except for IgG. Among T cell subsets,
only the density of CD8* T cells signifi-
cantly decreased in groups 5 and 6 com-

pared to the control group, whereas the
density of CD79a and B-B4 cells and IgG
bearing plasma cells increased in these two
groups (Tab. IV).

4. DISCUSSION

In a previous study, we found that trickle
infections (either primary or challenge)
induced more severe hepatic damage than
infections with two larger doses in sheep
[24]. The present study revealed a higher
hepatic inflammatory infiltrate of T cell
subsets (CD3*, CD4* and CD8%*), CD790+
B cells and IgG bearing plasma cells in
trickle-infected lambs (group 2) than in the
single-dose challenge lambs (group 1). The
increase of CD4* over CD8* T cells, as well
as the increase of B cells and IgG™* plasma
cells in the HLN was proportional and also
more pronounced in trickle-infected lambs.
These results strongly suggest that trickle
infections induce a greater local cellular
and humoral immune response in sheep.
However, this strong local immune response
is unable to provide enough protection to
prevent subsequent infections, as revealed
by the number of hepatic parasites and the
severe hepatic lesions found in group 2.
Similar results have been reported in sheep
which have been challenge infected with
one to three doses of F. hepatica mc [5, 16,
29]. In contrast, similar fluke burdens,
higher hepatic damage and cell-mediated
and humoral responses were found in sin-
gle-dose-infected calves compared to trickle-
infected calves [2, 3], suggesting a different
response of sheep and cattle to single and
trickle F. hepatica infections.

The local cellular immune response in
primary and challenge infections was char-
acterised by a higher proportion of CD4*
over CD8* T cells in the hepatic lesions.
Theratio CD4/CD8 was similar in all infected
groups (ranging from 2.1 in group 1 to 3.3
in group 5). These results are in striking
contrast with those of Meeusen et al. [16],
who reported a lower proportion of CD4*
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over CD8* cells in chronic primary infec-
tion (ratio 1.6) and a higher ratio (5.0) in
chronic challenge infection. Such discrep-
ancies may be due to the different infection
protocols used (trickle infection in the sheep
of the present study) or to the fact that sam-
ples were taken at different stages of the dis-
ease. In the Meeusen study, for example,
the sheep were killed 10 days after the last
infection, whereas in our study the lambs
were killed between 14 and 17 weeks after
the last infection, when flukes had reached
the biliary system. This event would have
induced a proliferation of CD8* T lym-
phocytes in portal tracts displaying hyper-
plasia of bile ducts; quite similar to what has
been reported in chronic stages of primary
infections in sheep [4].

The similar cellular pattern observed in
the HLN of primary (group 3) and challenge
(groups 2, 5 and 6) trickle-infected sheep
suggests that chronic antigenic stimulation
might lead to an intense humoral response
in both conditions. This strong humoral
response has been previously reported in
the HLN of sheep [4, 6, 16] and goats [22,
23] chronically infected with F. hepatica,
and correlates with the high levels of serum
IgG that have also been found in sheep [4,
27] and goats [14, 15].

The results of the primary trickle-infected
and treated lambs (group 4) indicate that
TCBZ therapy administered at 12 wpi is
effective in eliminating parasites and in sig-
nificantly reducing the hepatic inflamma-
tory infiltrate by 30 wpi, as previously
reported [24]. However, in this study the
use of TCBZ during the migratory stage of
the parasites (group 5) did not induce sig-
nificant protection against future infections
in sheep as indicated by the number of
hepatic parasites and the heavy hepatic
infiltrate of all cell subsets found in this
group. These results contrast with those
reported in cattle treated with TCBZ 5 and
6 days after the primary infection, which
showed a significant protective response to
subsequent challenges [13]. This difference
may be due to the fact that treatment was

administered at a different stage of the dis-
ease in both studies, or to a different host
response in cattle and sheep. Further studies
arerequired to evaluate if early therapy with
TCBZ (5 to 7 dpi) induces a protective
response in sheep as occurs in cattle. TCBZ
treatment during the biliary stage (group 6)
induced a reduction of the fluke burden
(Tab. I) and hepatic inflammatory infiltrate
(Tab. II) compared to the other challenge
trickle-infected groups. This could be due
to partial resistance or to the lower number
of mc administered in the challenge infec-
tion of group 6.

In conclusion, the present study revealed
that both single and challenge trickle infec-
tions induced more severe hepatic T cell
subsets, B cells and IgG* plasma cells than
challenge single-dose infection in sheep.
The local immune response was mainly
represented by CD4* T cells, B cells and
IgG™* plasma cells. However, these strong
cellular and humoral immune responses did
not protect against future challenges. Recently,
high levels of protection have been obtained
in sheep with purified cathepsin L proteases
[8, 10, 17, 25] and recombinant antigen
Sm14 [1]. Nonetheless, their specific pro-
tective mechanisms are yet to be elucidated.
More studies are needed to further under-
stand the differences between natural and
induced immune responses and the specif-
icity of effective mechanisms of protection
in sheep fasciolosis.
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