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Cystic Echinococcosis (CE) is a zoonotic disease caused by Echinococcus granulosus sensu lato, forming
cysts in ruminants and humans with major health and economic impacts. The immune response to

CE cysts is complex, with fertility linked to the host’s inflammatory reaction. This study examines

y& T cell distribution and role within the adventitial layer of non-fertile CE cysts in cattle, including
cases co-infected with the trematode Fasciola hepatica (FH), a known immune response modulator.
Using immunohistochemistry and double immunofluorescence, we observed y8 T cells dispersed

in the adventitial layer, enriched in inflammatory zones. Co-infected cases (CE + FH+) showed a
reduced y8 T cell proportion among CD3+ T cells compared to non-coinfected cases, suggesting an
immunoregulatory effect of FH. Our findings align with prior studies showing y& T cell recruitment

in granulomatous diseases in ruminants but reveal that co-infection alters this response. This study
provides the first detailed characterization of y8 T cells in cattle CE cysts, emphasizing their potential
role in granulomatous immune responses. It highlights the need for further research into mechanisms
influencing CE cyst fertility and immune modulation in helminth co-infections, advancing our
understanding of host-pathogen interactions and informing disease management strategies.
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Cystic Echinococcosis (CE) is a zoonotic parasitical infection caused by the metacestode of Echinococcus
granulosus sensu lato (s.I). Recognized by the World Health Organization as a Neglected Tropical Disease
(NTD), CE is widespread globally'. Echinococcus granulosus sensu lato is a species cluster in which Echinococcus
granulosus sensu stricto (s.s) accounts for most of human and animal CE cases*™. This cestode has an indirect
life cycle, with herbivores, such as sheep and cattle, as intermediate hosts and canids as definitive hosts. Humans
are considered dead-end hosts. The intermediate and dead-end hosts ingest the oncospheres from canid feces,
which then migrate mainly to the host’s lungs and liver, where they establish a CE cyst, also known as a hydatid
cyst’. CE cysts are fluid-filled vesicles with a wall composed of three layers. The germinal layer (GL) and
laminated layer (LL) of parasite origin, and the adventitial layer generated by the host immune response. The
inner cellular GL produces parasite components such as brood capsules and protoscoleces (PSC), the LL, and
hydatic cyst fluid®. Viable PSCs are infective for the definitive hosts. Some CE cysts do not have PSC, a thus are
considered non-fertile, as they are not able to continue with the parasite’s life cycle*. Regarding the host immune
response, T helper 1 (Th1l) mediated immune response, which is characterized by inflammatory cytokines like
gamma interferon (IFN-y), is found detrimental to the parasite but a later Th2 immune response is beneficial
for the chronic establishment and survival of the parasite; in consequence, maintenance of local inflammation
is associated with low parasite viability whereas fibrotic resolution in associated with prosperous metacestodes’.
The degree of inflammation or development of the adventitial layer is repeatedly found associated with fertility®°.
In cattle, non-fertile cysts have thin laminated layers, epithelioid macrophages beneath the laminated layer,
lymphoid follicles and multinucleated gigantic cells thought the adventitial layer, with little presence of collagen
fibers or fibroblasts®. The features found in non-fertile CE cysts are hallmarks of a granulomatous immune
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response!?. Studies of the composition of the cells participating in this granulomatous response, specifically
lymphocytes, are necessary to fully understand the molecular mechanisms involved in CE cyst fertility.

Lymphocytes are an important cellular component in the immunologic response to the Echinococcus
granulosus metacestode!!. The most frequent type of lymphocyte infiltrating the adventitial layer of human'?,
sheep!?, and cattle CE cysts are CD3+ T cells'*!>.

T cells are distinguished based on the presence of an alpha beta (aff) or a gamma delta (y§) TCR into af or yd
T cells. In contrast to traditional ap T cells, the majority of yd TCRs do not recognize MHC molecules, which is
in line with a lack of CD4 and CD8 expression by most y8 T cells'®. Another particular characteristic of y8 T cells
is that they also recognize non-peptide antigens, pathogen-associated molecular patterns (PAMPs) or danger-
associated molecular patterns (DAMPs), and have both innate and adaptive immune functions!”.

Information available for subtypes of CD3+ lymphocytes in the adventitial layer of cattle CE cysts is
restricted to CD4+ and CD8+ cells'®. In ruminants, y§ T cells constitute a major lymphocyte population in
peripheral blood, epithelial tissues, and sites of inflammation. The high frequency of yd T cells in the peripheral
blood (constituting 15-60% of peripheral blood mononuclear cells), particularly in young animals, suggests an
important role in host defense!®°,

Studies on infectious diseases focus on one host and pathogen systems, whereas hosts are typically infected by
multiple parasites species?®!. In this subject, immunoregulation of helminths to other pathogens is a recognized
phenomenon???. One example is Fasciola hepatica, a hepatic parasitic trematode that, like Echinococcus
granulosus, establishes long lasting chronic infections in its hosts?*. Previous results show close to 50% of cattle
are chronically infected by F. hepatica®>. Extensive data shows that this longevity within the host is due to the
ability of F. hepatica to modulate the host immune response to benefit its survival and one of these mechanisms
is the suppression of Th1/Th17 responses and promotion of a strong Th2/Treg response?"?®2’. This shift not only
affects the immune response to the parasite itself but also alters the response to co-infecting pathogens®. Studies
of y8 T cells in Fasciola hepatica infected hosts are few and confounding. One study in primary chronically
infected sheep found that y§ T cells were a prominent feature in the fibrotic strands*. Sheep experimentally
infected with F. hepatica found that y T cells subpopulations increased in late-stage infections®’. No studies are
available in the literature that characterize in cattle, the y8 T cell population interaction with E hepatica.

Considering the critical role of yd T cells in cattle immune responses, as well as the specific characteristics
of the local immune response in non-fertile CE cysts, our objective is to characterize the presence of these
cells in this context. Furthermore, because Fasciola hepatica is highly prevalent in cattle and has the capacity to
modulate immune responses to other pathogens, we sought to determine whether co-infection affects the y8§ T
cell population of the local immune response in non-fertile CE-cysts.

Results

Parasite sample genotypes and morphological features

All parasite samples belonged to E. granulosus sensu stricto. Sanger sequencing revealed 3 identical samples that
belong to the “founder” haplotype Eg01 (Acc. No. JQ250806), other samples belonged to known haplotypes Eg39
(Acc. No. AB688616), EgCLO1 (Acc. No. KX227116), EgCL03 (Acc. No. KX227118) and EgMGL5 (Acc. No.
AB893246). No new sequences were generated regarding E. granulosus sensu stricto haplotypes. All non-fertile
CE cysts samples in this study were unilocular, with white or yellow inner chamber and clear translucent hydatid
fluid (Fig. 1A), which are the most common presentation of the metacestode®!. Histologically, all samples
included in the study had the presence of the germinal layer, laminated layer and adventitial layer (Fig. 1B). For
examination purposes, we separated the adventitial layer into two areas: the inflammatory infiltrate (Inf), that is
located next to the laminated layer, and the surrounding fibrosis (Fib) (Fig. 1B, C).

Localization and distribution assessment of y& T cells

In the adventitial layer of CE cysts, irrespective of FH co-infection, y§ T cells are consistently distributed
throughout the tissue in all examined samples (Supplementary Fig. 1). y§ T cells exhibited a dispersed
distribution, with smaller and less frequent clusters. An apparent enrichment of y§ T cells was observed in the
region of inflammatory infiltration (Inf) between the laminated layer and the fibrosis (Fib), in comparison to
the fibrosis itself. Occasional small clusters of y§ T cells were found situated between the liver parenchyma and
the adventitial layer fibrosis (Fig. 2A) and at the opposite edge towards the inflammatory infiltrate (Fig. 2B).
All analyzed CE cysts samples, had a disperse infiltration of y§ T cells within the fibrosis (Fig. 2C). In the
inflammatory infiltrate area of the adventitial layer, they are found encircling and infiltrating lymphoid cell
aggregates (Fig. 2D and E) and integrated within diffuse lymphocytes (Fig. 2F). An image of an adventitial layer
lymphoid cell aggregate, can be found in Supplementary Fig. 2.

To quantify y8 T cells in the adventitial layer of CE cysts and in tissue controls, double immunofluorescence
was employed, targeting CD3 and TCRyS, analyzed with confocal imaging (Figs. 3 and 4), numerical data is
shown in Table 1. In the inflammatory infiltrate and fibrosis of the adventitial layer in the CE + FH- study group
(Fig. 3), the average T cell densities were 2,323 + 727 CD3+ cells/mm? in the AL-Inf area and 1,088 + 428 CD3+
cells/mm? in the AL-Fib area. The mean density of y§ T cells in the inflammatory infiltrate and fibrosis was
620 + 298 and 315 + 215 TCRyS + cells/mm?, respectively. In both areas, y8 T cells constituted a comparable
percentage of the CD3+ cells, amounting to 26.1 + 7.4% in the AL-Inf and 27.4 + 9.3% in the AL-Fib. The
inflammatory infiltrate in the AL exhibited a significant 2.1-fold increase in the total T cell count compared to
the AL fibrosis. Interestingly, y8 T cell count and the proportion of TCRyS + cells within the CD3+ population,
was not statistically significant.

In the adventitial layer of the CE + FH + group (Fig. 3), the inflammatory infiltrate and fibrosis exhibited
average T cell densities of 2,154 + 631 CD3+ cells/mm? and 646 + 284 CD3+ cells/mm?, respectively. The mean
density of y8 T cells in these regions was 314 + 95 TCRyS + cells/mm? in the inflammatory infiltrate and 135 +
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Fig. 1. Gross and histological features of Echinocccus granulosus sensu stricto cattle liver CE cysts. (A) Gross
pictures of an Echinocccus granulosus sensu stricto liver metacestode, intact (up) and opened (down). (B)
Bright-field image of 5 um-thick paraffin-embedded sections of the adventitial layer (AL) of non-fertile CE-
cysts with hematoxilin eosin staining. (C) Bright-field image of 5 um-thick paraffin-embedded sections of the
adventitial layer (AL) of non-fertile CE-cysts with Masson trichrome staining. LI: surrounding liver tissue; Fib:
Adventitial layer fibrosis; Inf: Adventitial layer inflammatory infiltrate; GL: Germinal Layer; LL: Laminated
Layer. Scale bar = 100 um.

113 TCRyS + cells/mm? in the fibrosis. In both areas, y8 T cells represented a similar proportion of the CD3+
cell population, accounting for 15.4 + 5.8% in the AL-Inf and 18.7 + 7% in the AL-Fib. In the adventitial layer of
CE + FH + cases, the inflammatory infiltrate showed a significant 3.3-fold increase in total T cell count compared
to the AL fibrosis. Like the CE + FH- group, the difference in yd T cell counts or y§ T/total T cell proportion
between the two areas was not statistically significant.

In CTRL and FH + liver tissue controls, the presence of y§ T cells was scarce and uniformly distributed
throughout the parenchyma (Par), irrespective of FH infection. A notably higher density of these cells was
observed in the portal areas (PA), particularly in FH + cases (Supplementary Fig. 2).

In the parenchyma and portal areas (Fig. 4) of CTRL livers, the average T cell density was 340 + 188 (n = 5)
and 800 + 258 (n = 5) CD3+ cells/mm?, respectively. The mean density of y8 T cells in these areas was 12 + 8
TCRYS + cells/mm? (CTRL LI-Par) and 51 + 18 TCRyS + cells/mm? (CTRL LI-PA). y§ T cells accounted for 3.7
+ 2.7% of CE + cells in the parenchyma and 6.6 + 2.1% of CD3+ cells in the portal areas. As anticipated, portal
areas exhibited a significantly higher number of both y8 T cells and the total T cell population compared to the
parenchyma, showing an increase of 2.3 and 4.25-fold, respectively. However, the proportion of TCRy$ + cells
within the CD3+ population was found to be similar in both areas.

In the parenchyma and portal areas of FH + livers (Fig. 4), the mean T cell densities were 187 + 72 (n =
5) and 663 + 345 (n = 5) CD3+ cells/mm?, respectively. The mean densities of y§ T cells in these areas were
11 + 7 TCRyS + cells/mm? for FH + LI-Par and 79 + 67 TCRYS + cells/mm? for FH + LI-PA. Consistent with
expectations, portal areas had a significantly higher total T cell population compared to the parenchyma, with
a 7.3-fold increase. Although the mean count of y§ T cells was 3.5-fold higher in portal areas compared to
the parenchyma, this was not found to be statistically significant (p = 0.0513). Interestingly, the proportion of
TCRYS + cells within the CD3+ population was 1.9 times higher in portal areas at 11.4%, compared to 6% in
the parenchyma.

In our analysis of y§ T cells as a proportion of the total T cell population, no significant differences were
noted between the different analyzed areas across most groups. Therefore, we calculated the overall proportion
of y8 T cells within the total T cell population, regardless of area. We observed that tissue controls had the
lowest proportions, with y8 T cells comprising 5 + 1.1% in CTRL and 10 + 3.4% in FH + groups; no significant
differences were found between these two groups. The CE + FH- group exhibited the highest proportion, with
v8 T cells constituting 26.8 + 6.8% of total T cells, significantly higher than the tissue controls (4.8/2.6-fold
higher than CTRL/FH). In cases of CE with FH co-infection (CE + FH+), the proportion of yd T/total T cells
was 1.6-fold lower than in CE + FH-, a statistically significant difference. Interestingly, CE + FH + group had no
significant differences compared to the FH + control. Nevertheless, the proportion of y§ T cells in the CE + FH
+ group (16.5 + 6.3%) was significantly higher than in the CTRL group by 2.9-fold (Fig. 5).

Discussion

It has been repeatedly suggested that the local immune response to CE cysts is associated with parasite
viability’=. In recent years, advancements have been made in characterizing the local immune response in
different intermediate hosts, where CD3+ lymphocytes have been consistently identified as a major component
of the local immune response®-3>. We previously described that the amount of T cells (CD3+) in the adventitial
layer was associated with fertility in cattle CE cysts'*.
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Fig. 2. yd T distribution pattern in the adventitial layer of non-fertile CE cysts. Bright-field images of
immunohistochemical detection of TCRyS in 10 pm-thick frozen liver sections of the adventitial layer (AL)

of non-fertile CE-cysts. (A) y§ T cells infiltrating AL fibrosis and surrounding liver tissue. (B) y8 T cells
surrounding and within the AL fibrosis. (C) Disperse infiltration within AL fibrosis. (D) y8 T cells encircling
lymphoid cell aggregates in the inflammatory infiltrate of the AL. (E) y8 T cells in clusters infiltrating lymphoid
cell aggregates. (F) y8 T cells constituting part of diffuse lymphocytes of the inflammatory infiltrate in the AL.
TCRyS + y8 T cells are shown in brown, counterstained with hematoxylin. LI: surrounding liver tissue; Fib:
Adventitial layer fibrosis; Inf: Adventitial layer inflammatory infiltrate; AL: Adventitial layer; LL: Laminated
layer; GL: Germinal layer Scale bar = 100 pum.

Various approaches have been used to characterize the population of CD3+ cells in the local immune
response to CE cysts, involving the expression of CD4 or CD8%***, but none have included the role of y8 T
cells. In cattle, y§ T cells are an important subset of T lymphocytes involved in the immune response to various
diseases affecting this species®. To the best of our knowledge, this is the first description of the y8 T cell local
immune response in non-fertile CE cysts in cattle.

In this study, through immunohistochemistry, we found that CD3+ lymphocytes are aggregated in the
adventitial layer of non-fertile CE cysts, consistent with descriptions in humans*2. Through immunofluorescence,
we found that they are present in higher numbers than in non-infected liver controls, as has been observed in
sheep with non-fertile CE cysts®.

In cattle, the adventitial layer of non-fertile CE cysts is a granulomatous reaction®, composed of inflammatory
infiltrate surrounded by a fibrous capsule®’. In this work, we found that CD3+ lymphocytes are in higher
numbers in the inflammatory infiltrate than within the fibrous layer, showing a differential distribution within
the adventitial layer in this species. In non-infected liver tissue controls, CD3+ cells also had a differential
distribution, with higher numbers in portal areas compared to those infiltrating the liver parenchyma, as
previously described in humans?.

Our previous work showed that co-infection with Fasciola hepatica, a common trematode in cattle, was
associated with changes in anatomopathological characteristics and immune response components in cattle with
CE?>313940_Tn this study, we analyzed co-infection with FH as a variable to see if associations were found in the
characterization of y§ T cells in the adventitial layer of non-fertile CE cysts.

Immunohistochemistry (IHC) results show that, regardless of FH co-infection, y§ T cells are present
throughout the adventitial layer, within the inflammatory infiltrate and surrounding fibrosis. Unlike total T
cells, y§ T cells exhibited a more dispersed distribution in the adventitial layer, with smaller and less frequent
clusters. Through double immunofluorescence, we quantified in situ y8 T cells and estimated the proportion of
yS T cells from total T cells (CD3+). y§ T cell counts showed no statistically significant difference between the
inflammatory infiltrate and the fibrosis of non-fertile CE cysts in both animals with FH + and those without co-
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Fig. 3. y0 T and Total T cells in fibrotic and inflammatory areas of the adventitial layer in non-fertile
CE-Cysts, with or without Fasciola hepatica co-infection. Confocal immunofluorescence images of 10 um-
thick frozen liver tissue sections of the Inflammatory infiltrate (AL-Inf) and fibrosis (AL-Fib) in AL of a
representative non-fertile CE cyst with and without Fasciola hepatica co-infection. CD3+ total T cells are
marked in red, TCRy9 + cells in green, CD3+ TCRYS + y§ T cells in yellow/orange. Scale bar = 20 pm.

infection. However, when clustered together as just CE+, y8 T cell counts showed a statistical difference between
the two areas. It is plausible that this discordance in the results is due to the smaller number of samples in the
analysis when co-infection was included as a variable.

To compare our y§ T cell distribution results, we looked at commonly studied granulomatous diseases in
ruminants, such as mycobacterial disease models, where y8 T cells seem to play an important role*. However,
in this subject, most publications describe the y§ T population by the expression of workshop cluster 1 (WC1
in cattle, T19 in small ruminants), which is only expressed in a subtype of y8 T cells, and not the global y§ T
population as assessed by TCR yd presence like in this work. One study described, in a Mycobacterium avium
subspecies paratuberculosis (Map) disease model, the presence of TCR y§ + cells in different stages and their
association with granuloma organization. They found that y§ T cells are recruited to the granuloma from the initial
stages of the lesion and are present in the late stages in highly organized granulomas. However, no description
of the distribution of y§ T cells or comparable numerical data was provided. It is noteworthy that non-fertile
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Fig. 4. y0 T and Total T Cells in the parenchyma and portal areas of clinically non-infected liver tissues and
Fasciola hepatica infected liver tissues. Confocal immunofluorescence images of 10 pm-thick frozen liver tissue
sections of CTRL or FH + animals, focusing on the liver parenchyma (Par) or portal areas (PA); CD3+ total T
cells marked in red, TCRyS + cells in green, CD3+ TCRyS + y3 T cells in yellow/orange. Scale bar = 20 um.

bovine CE cysts are histologically similar to what is described for the late stages of this type of granuloma®2.
In an experimental infection of Mycobacterium bovis, y§ T cells were estimated in a semiquantitative manner
through a score of immunohistochemistry, representing a small count in the granuloma that decreased with the
consolidation of the granuloma®.

As demonstrated in this work, the percentage of y§ T cells among CD3+ cells were similar across the
studied areas in non-fertile CE cysts. For comparative analysis, the percentage of y§ T cells was estimated using
consolidated data from both areas. We found that the y§ T cell population, in proportion to total T cells, is
enriched in the adventitial layer of non-fertile CE cysts, both with and without FH co-infection, compared to
non-infected controls. This suggests that y§ T cells are recruited to CE cysts similarly to the aforementioned
granulomatous diseases.

Interestingly, in most FH + liver samples, we observed denser immunolabeling of yd T cells in portal areas
compared to the parenchyma and tissue controls. Although no statistically significant increase was found in raw
v8 T cell counts, there was an enrichment in the proportion of y§ T cells among CD3+ cells in portal areas, and
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CD3+ cells/mm? TCRyS + cells/mm? | TCRy8+/CD3+
count count percentage (%)
Study group | n | Area | Mean + SD | P-value | Mean + SD | P-value | Mean + SD | P-value
AL-Inf | 2,323 +727 620 + 298 26.1+74
CE + FH- 4 0.0264* 0.1478 0.8278
AL-Fib | 1,088 + 428 315+21 274+93
AL-Inf | 2,154 + 631 314+ 95 15.4 £ 5.8%
CE + FH+ 4 0.0048* 0.052 0.5047
AL-Fib | 646 + 284 135+ 113 18.7 £ 7%
AL-Inf | 340 + 188 12+8 3.7+2.7%
CTRL 5 0.0168* 0.0019* 0.1032
AL-Fib | 800 + 258 51+18 6.6+2.1%
AL-Inf | 187 +72 11+7 6+32
FH+ 5 0.0165 0.0513 0.0479*
AL-Fib | 663 * 345 79 £67 114+4.1

Table 1. CD3+ and TCRyS + cell counts in CE cysts and tissue controls with/without Fasciola hepatica co-
infection. Data represents mean * Standard deviation (SD) of cell counts per mm? or percentage of TCRyS +
in CD3+ population. Percentages and counts derived from the count of positive cells from 6 ROIs per sample,
each with an area of 37,539 pm?. Statistical significance assessed with student t-test (p-value < 0.05); *p < 0.05.
CE+. CE + FH-: non-fertile CE cysts non-co-infected with Fasciola hepatica; CE + FH+: non-fertile CE cysts
co-infected with Fasciola hepatica, AL: Adventitial Layer, Inf: Inflammatory infiltrate, Fib: fibrosis, CTRL:
control tissue for non-infected animal, FH+: Fasciola hepatica tissue control, LI: Liver, Par: Parenchyma, PA:
Portal area.

an increase in y§ T cell counts in portal areas compared to the same region in non-infected controls. Consistent
with these results, one study showed that in vitro PBMC proliferate in response to E hepatica antigens®. Given
that E hepatica adult parasites reside in bile ducts, it is expected that portal areas, which contain small bile
ducts, are exposed to FH antigens. The increase in y8 T cell proportion in the portal areas of FH + samples did
not affect the overall proportions of Y8 T cells in the tissue, as comparison to non-infected controls showed no
significant difference.

In situ analyses have been performed in small ruminants like sheep and goats. However, due to their smaller
size, hepatic lesions caused by E hepatica and the clinical outcomes tend to be more severe in these species
compared to cattle, where the infection is commonly asymptomatic***>. A study in goats infected with FH found
that y§ T cells were occasionally seen in the inflammatory infiltrate associated with chronic hepatic lesions
and in the gallbladder®®. Another study in sheep found that in primary chronic fascioliasis, y8 T cells were a
prominent feature in the fibrotic strands of perilobular liver fibrosis*’, which supports our finding of y8 T cells
in the fibrous layer of non-fertile CE cysts.

It has been suggested that y§ T cells downregulate alpha beta (af) T cell proliferation in response to F
hepatica antigens®, and that inhibition of ap T cells would not be beneficial for parasite survival, as ap T cells
respond in a non-effective Th2/Treg manner?. In the present work, although no correlation analysis was made
between the y§ T cell proportion and total CD3 counts, the presence of FH in liver tissues with or without CE did
not change CD3+ cell counts. Further in vivo work is needed to determine whether fluke burdens of E hepatica
infection or the degree of organ damage affects the dynamics within the global T cell population and y§ T cell
proportion in the parenchyma and portal areas.

Although in this study total T cell count were not affected by coinfection as we had previously reported'?,
we found that co-infected animals had fewer yd T cells in proportion to CD3+ cells compared to those without
co-infection, and when comparing co-infected animals with FH only (FH+), no difference was found. This
would suggest and immunoregulatory effect of FH co-infection in the y8 T cell population. This is consistent
with previous results, were we compared adventitial layer features associated with granulomatous response and
found that co-infection was associated with an absence of both lymphoid follicles and palisading macrophages
in the adventitial layer of liver CE cysts’!. It is plausible, that as in other granulomatous diseases in cattle, y8 T
cells could be involved in the organization of the granuloma in non-fertile CE cysts, however further studies are
needed to establish an association between these features and yd T proportion.

Materials and methods

Sample collection

Parasite samples were obtained at abattoirs; during routine cattle slaughtering, individual identification of animals
was conducted. Visceral organs, mainly the lungs and liver, were inspected by visual examination, palpation,
and incisions by the abattoirs’ official veterinary inspectors, for the presence of CE cysts and FH, as previously
described®. Liver tissue samples and suspected CE cysts were removed, placed in separate hermetically sealed
polythene bags, and transported in an isothermal container within 3 h to be further processed in the laboratory.
All sampling protocols were approved by the Bioethics Committee of Universidad Andres Bello (resolution N°
034/2020).

Sample processing
For CE cyst confirmation and processing, cystic structures were first aspirated with a sterile 10 ml syringe with
a 21 g hypodermic needle to reduce intracystic fluid pressure and to visually examine the fluid (color, texture,
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Fig. 5. Proportion comparison of yd T cells in CE cysts and tissue controls with/without Fasciola hepatica co-
infection. y8 T cells (CD3+, TCRy8+) proportion within total T cells (CD3+) of non-infected tissue controls
(CTRL), Fasciola hepatica tissue control (FH+), adventitial layer of non-fertile CE cysts non-co-infected with
Fasciola hepatica (CE + FH-and co-infected (CE + FH+). Data represents mean + SD of cell counts per mm?.
Percentages and counts derived from the count of positive cells from 12 ROIs per sample, each with an area
of 37,539 pum?. Analysis via confocal double-targeted immunofluorescence (CD3 and TCRyS) in 10 pm-thick
sections. Statistical significance assessed with ANOVA with Bonferroni multiple comparison analysis (p-value

<0.05); *p < 0.05, ***p < 0.001, ***p < 0.0001.

and viscosity). The cysts were then opened along their longest longitudinal axis using a sterile disposable scalpel
blade, and fertility was assessed as previously described®. The inner wall (germinal layer) of one half of the cyst
was carefully swabbed using the tip of a microbiological transport swab embedded with hydatid fluid, and the
swab tip was placed in a 1.5 ml tube for DNA extraction. A section of the other half of the cyst was placed in
aluminum molds, covered in OCT compound, and frozen by direct immersion in liquid nitrogen-chilled solid
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isopentane. The remaining tissue was used to perform routine Haematoxylin-eosin stainings, as well as Masson
Trichrome histochemistry assay.

Parasite genotyping

Double-stranded DNA (dsDNA) from the germinal layer was extracted using the Relia-Prep gDNA Tissue
Miniprep System (Promega). The full mitochondrial cox1 gene (1609 bp) was amplified via PCR, following
a previously described protocol!’. Positive samples were subsequently purified, and Sanger sequenced at an
external service. Sequencing analysis was conducted using Geneious Prime’ v2025.0.3, with the Echinococcus
granulosus sensu stricto genotype determined using the E. granulosus s.s. haplotype “Eg01” as the reference
sequence (Accession No. JQ250806), manually checking peak data when discrepancies arose. Only samples that
belonged to the E. granulosus s.s. genotype were included in this study.

Study groups and selection criteria

Animals identified as CE + in this study had one or more non-fertile CE cysts. Non-fertile CE cyst samples were
selected based on both macroscopic and microscopic criteria, conforming to the classic non-fertile bovine CE
cyst characteristics as previously described?!.

Study groups were defined as follows: Non-fertile CE cysts of cattle without Fasciola hepatica co-infection
(CE + FH-) and with E hepatica co-infection (CE + FH+). Liver sections from cattle without CE (CTRL)
and with E hepatica infection (FH+) were used as controls. Control animals were selected based on passing
both antemortem and postmortem inspections. Antemortem inspection ensured animals were free of visible
alterations, and postmortem inspection confirmed the absence of macroscopically identifiable diseases or
associated tissue parasitosis in their carcasses, except for F hepatica in the FH + controls.

A total of 18 samples passed all the mentioned criteria and were included in the study: 4 CE + FH-, 4 CE +
FH+, 5 CTRL, and 5 FH+.

Immunohistochemistry and double Immunofluorescence

For in situ y§ T cell characterization, single immunohistochemistry (IHC), and double indirect
immunofluorescence (IF) targeting both CD3 and yd TCR were performed on frozen tissues. Frozen tissue
samples were sectioned at a thickness of 10 um in a cryostat and mounted individually on positively charged
slides. All samples were checked for structural tissue integrity using hematoxylin-eosin dye.

For THC and IF, frozen sections were washed with PBS (Phosphate Buffered Saline, pH 7.4) for 5 min. For
slides destined for IF, an autofluorescence blocking step was added: slides were incubated for 30 min in 0.5%
Sudan black solution in 70% ethanol at RT, protected from light in a humidity chamber, and then washed for
10 min with deionized water®. All slides had nonspecific binding sites blocked with Pro-Block (ScyTek) for
30 min in a humidity chamber at RT. Samples for IHC or IF were incubated overnight at 4 °C with Pro-Block
diluted primary antibodies: Rabbit IgG anti-Human CD3 (1:500 for IHC and 1:400 for IF) (Dako ref. A0452)
and/or Mouse IgG2b anti-Bovine y§ TCR (1:250 for IHC 1:200 for IF) (Clone GB21A, Kingfisher Biotech, ref.
WSC0578B-100) or only Pro-Block for technical negative controls.

After primary antibody incubation, all slides were washed three times with 0.05% Tween 20" in PBS (PBS-T).
For THC procedures, endogenous peroxidase blocking was performed with 3% hydrogen peroxide for 30 min
and washed with PBS-T.

For antibody detection, all slides (including negative controls) were incubated for 2 h at RT, protected from
light in a humidity chamber, with matching secondary antibodies (From Jackson ImmunoResearch) at a 1:200
dilution in Pro-Block. For IHC, Horseradish Peroxidase conjugated Goat anti-Mouse IgG (H + L) (115-035-062)
or Goat anti-Rabbit IgG (H + L) (111-035-144) was used. For IF a combination of Alexa Fluor 647 conjugated
Goat anti-Rabbit IgG (H + L) (111-605-003) and Alexa Fluor 488 Alpaca anti-Mouse IgG (H + L) (615-545-
214) were used. After incubation, samples were washed four times with PBS-T. Slides for IF were mounted
with Fluoromount-G™ (Invitrogen), while slides for IHC were treated with the DAB substrate kit (Vector
Laboratories), counterstained with hematoxylin, dehydrated, and mounted with Neo-Mount™.

Fluorescently detected samples were examined using a Leica TCS SP8 confocal microscope (Leica
Microsystems) and processed with Leica Application Suite X (Leica Microsystems). Positive cells were
estimated manually in 37,539 um? images by a third-party technician. Using Image ] 1.44p software (National
Institutes of Health, USA), a projection in each color channel was made from 5 images covering a total depth
of 4 pum, by selecting average intensity using z-project tools, to then merge the channels. Positive cells were
manually marked by mouse clicks on merged images and then recorded by the Cell Counter tool in Analyze
plugins. Cell proportions were estimated by dividing y§ TCR + cells within the CD3+ population as described
previously®. Brightfield observable samples were examined and scanned using a Leica DM300 microscope with
a Microvisioneer manual whole slide imaging system. Selected regions of interest were also photographed with
an Olympus FSX100 inverted microscope.

Statistical analysis

Data was analyzed using GraphPad Prism version 8.00. Data distribution was assessed by the Shapiro-Wilk test.
T-tests and ANOVA, followed by post hoc analysis with Tukey or Bonferroni tests, were used as appropriate. P
values below 0.05 were considered statistically significant.

Data availability

The datasets generated and analyzed during the current study are available in GenBank repository, Accession
Numbers JQ250806, AB688616, KX227116, KX227118, and AB893246. No new sequences were generated re-
garding E. granulosus sensu stricto haplotypes.
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