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Abstract

Ticks are parasites that feed on the blood of humans and animals, using it as their sole source of food. Due to their lifestyle, ticks at each
life stage transmit various tick-borne pathogens while feeding on their hosts. Unlike mosquitoes — another important group of pathogen-
transmitting arthropods - ticks can feed on the same host for prolonged periods, which underscores the importance of tick mechanisms
that inhibit or reduce the host’s defence mechanisms and, consequently, allow the transmission of pathogens. This unique tick-host-
pathogen triangle requires the involvement of various tick molecules to mediate interactions with both host and pathogen molecules at
multiple levels. This review highlights the glycan molecules identified in various tick species that can trigger an immune response and
thus primarily affect the interaction with the host.

As the enzymes involved in Golgi-mediated glycan maturation differ between ticks, insects, and their vertebrate hosts, these
differences contribute to the glycan profiles observed in ticks. These differences in glycan structures influence the interactions ticks have
with their hosts and pathogens. On one hand, they may participate in molecular mimicry and mechanisms that lower the host’s immune
reaction, blood clotting, and other defence mechanisms due to their different structures, but on the other hand they may also trigger the
host’s defence mechanisms, such as participating in delayed red meat allergy and facilitating the transmission of pathogens.

Tick glycobiology remains largely unexplored and deserves more attention, especially considering the potential of glycans and
glycoproteins as targets for anti-tick vaccines.
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Highlights:

+ Tick glycans shape key interactions within the tick-host-pathogen triangle.

« Tick-specific glycans can modulate or trigger host immune and defence responses.
+ Some tick glycans contribute to red-meat allergy/a-Gal syndrome.

« Tick glycobiology offers promising targets for next-generation anti-tick vaccines.

Abbreviations:

a-Gal - Galactose-alpha-1,3-galactose epitope; AGS — a-Gal syndrome; CCD - cross-reactive carbohydrate determinant; CMP - cytidine
monophosphate; Fuc - fucose; Gal - galactose; GalNAc — N-acetylgalactosamine; GIcNAc — N-acetylglucosamine; HRP - horseradish
peroxidase; MALDI TOF-TOF — Matrix-Assisted Laser Desorption/Ionization Time-of-Flight/Time-of-Flight; Man — mannose;

Neu5Ac — N-acetylneuraminic acid; Neu5Ge — N-glycolylneuraminic acid; SG - salivary gland; Xyl — xylose

ever, protein-bound glycans in ticks may influence allergic

Introduction

Ticks are blood-sucking ectoparasites that transmit pathogens
harmful to humans and livestock. The complex interactions
between the transmitted pathogens, ticks, and their hosts
require these parasites to produce various immunological-
ly active molecules that influence the dynamics between the
tick and its host, as well as between the tick and its tick-borne
pathogens. Most interactions are mediated by proteins; how-

responses, pathogen transmission, and modulation of the
host immune system. In addition, some glycan moieties can
trigger host immune responses due to shared structural mo-
tifs with other allergens, referred to as cross-reactive carbo-
hydrate determinants (CCDs) (Aalberse et al., 1981). More-
over, tick salivary glycans can trigger host immune responses
(e.g., basophil-dependent pathways) that inhibit subsequent
feeding (Allen, 1973). Certain glycans, beyond classical CCDs,
contribute to acquired tick resistance in some non-natural
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hosts, resulting in reduced engorgement, impaired feeding,
or tick death upon re-exposure (Allen, 1989; summarised in
Wikel, 1996). Overall, immune responses against antigenic
structures in tick tissues, including glycans, can damage these
tissues or interfere with salivary molecules, thereby reducing
tick feeding efficiency. The presence of such molecules and the
resulting immune response targeted against tick structures
during blood feeding could hinder blood feeding.

Despite technological advances, research on tick glycans
has been limited. A Web of Science search with ‘tick + glycan’,
‘tick + glycoprotein’, and ‘tick + saccharide’ found 88 publica-
tions, excluding studies on tick-borne viruses without glyco-
sylation or pathogen interactions. Even recently, only a few
publications have addressed this topic each year. The discovery
of a-Gal syndrome (AGS) has underscored the importance of
glycans as cross-reactive carbohydrate determinants (CCDs)
and their immunological importance for both ticks and hu-
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mans, bringing tick glycan research to the forefront. This re-
view summarises information on known CCDs present in ticks
and their effects on human health.

Cross-reactive carbohydrate determinants and their
immunological relevance

During feeding, ticks introduce a complex mixture of salivary
molecules into their host, including glycoproteins rich in car-
bohydrate motifs. Several of these motifs can act as cross reac-
tive carbohydrate determinants (CCDs). CCDs are structures
which are not produced by humans; therefore, their structural
foreignness can elicit immune responses mediated by various
antibody classes and subclasses. The known CCD epitopes in-
clude N-glycan al-3 linked core fucose (al-3 core Fuc), galac-
tose al-3 linked to galactose (a-Gal epitope), sialic acid variant
N-glycolylneuraminic acid (NeuGc), and core N-glycan B1-2
linked xylose (Xyl) (Fig. 1) - Platts-Mills et al. (2021).
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Fig. 1. Visualisation of the cross-reactive carbohydrate determinants structures; the specific epitopes are highlighted by frames in the structure
of an N-glycan. Structures are shown both according to the Symbol Nomenclature for Glycans (Neelamegham et al., 2019) and as Reeves
projections. A — paucimannosic N-glycan with linked immunogenic a1-3 linked core fucose (a1-3 core Fuc) and p1-2 linked xylose (Xyl),

B - N-glycan containing a-Gal epitopes, and € - complex N-glycan with N-glycolylneuraminic acids (NeuGc). Symbol description of individual

monosaccharides is shown.

Despite the rise of mass spectrometry analyses of vari-
ous invertebrate glycomes, the knowledge of tick glycomes is,
to date, limited to particular tick species and organs of tick
nymphs and adults. Salivary glands and the gut have been
heavily studied in A. americanum, L. ricinus, and I. scapularis
ticks. High-mannose, paucimannose, complex glycans, and a
small amount of hybrid N-glycans, all with two or three an-
tennae, were detected in ticks (Park et al., 2020; Pedra et al.,
2010; Vancova et al., 2012). In I. scapularis and A. americanum
individuals, N-glycans containing al,3-core Fuc were shown
(Park et al., 2020; Pedra et al., 2010). In I. ricinus and A. ameri-
canum, N-glycans with terminal Neu5Gc and Neu5Ac were
present (Park et al., 2020; Vancova et al., 2012). A unique com-
bination of CCDs in one glycan was observed in A. americanum
salivary glands: N-glycans containing, for example, both a-Gal
and B-Xyl, a-Gal and a1,3-core Fuc, or two a-Gal epitopes (Park
et al., 2020).

Although CCDs are commonly discussed in the context of
IgE, humans also produce glycan-specific IgG (notably IgG1l
and IgG3) and IgM against a broad range of carbohydrate

epitopes (Schneider et al., 2015), with antibody isotypes and
clinical relevance varying by structure.

For a1,3 core fucose, IgE levels are very high, but clinical
relevance is generally low, despite frequent IgM and IgG1 pro-
duction (Bardor et al., 2003) and elevated IgG1 in CCD positive
individuals (Roman-Carrasco et al., 2020); nonetheless, the
biological activity of anti-al,3 core Fuc IgE has been demon-
strated (Plum et al., 2023). Polyclonal IgE that recognise al1,3
core fucose usually also recognise core N-glycan bound xylose
due their presence in the same glycan molecules (Aalberse et
al., 1981).

In contrast, a-Gal-specific IgE is directly responsible for
allergic and anaphylactic reactions, as was shown for cetuxi-
mab (reviewed in Platts-Mills et al., 2021). While anti-a-Gal
IgG and IgM are naturally present in humans due to gut mi-
crobiota, IgE triggered by a-Gal sensitisation is responsible
for the allergic/anaphylactic reaction (Ailsworth et al., 2025;
de la Fuente et al., 2019). Patients with red meat allergy have
higher IgG1 and IgG3 anti-a-Gal antibody titres, while non-
allergic patients have elevated IgG4 (Kollmann et al., 2017).
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In patients with xenotransplants, a-Gal triggers IgG and IgM
responses, but not IgA (Galili et al., 1993). Recently, tick feed-
ing was shown to induce a strong IgG response to the a-Gal
epitope in both mice and humans (Ailsworth et al., 2025; Hils
etal., 2024).

NeuGc is another antigenic epitope, for which IgE antibod-
ies are not detected, and differing titres of IgA, IgG, and IgM
antibodies are naturally present in humans. The combination
of these antibodies - together with the incorporation of NeuGc
into human tissues - is responsible for (chronic) inflammation
and resulting symptoms (Hutton et al., 2025; Padler-Karavani
et al., 2008).

From a clinical perspective, IgE antibodies against CCDs
may yield false-positive allergy test results because they bind
structurally similar glycans attached to various molecules,
particularly in the case of anti-al,3 core Fuc found in plant
allergens. Failure to recognise this phenomenon can result in
an incorrect diagnosis and inadequate treatment (Ebo et al,,
2004; Mari, 2002).

For a long time, anti-glycan antibodies were considered
clinically insignificant, as proteins are considered the main al-
lergenogenic epitopes. However, recent findings of type I aller-
gies, which are caused by glycan structures, changed the view
of this problem (Commins et al., 2009). Detailed insights into
red meat allergy driven by IgE antibodies targeting the a-Gal
have revealed that carbohydrate-mediated reactions may cause
life-threatening systemic anaphylaxis.

Sensitisation to a-Gal after a repetitive tick bite can trigger
anaphylaxis or other allergic symptoms upon the administra-
tion of a-Gal-containing drugs (as described for the chimeric
human-mouse monoclonal antibody cetuximab) (Chung et al.,
2008). These new understandings challenge previous beliefs
and confirm the significant clinical importance of specific car-
bohydrate allergens.

«1,3-core fucose («1,3-core Fuc)

Of the many possible types of glycan fucosylation, only one
belongs to CCDs. Besides O-glycans, N-glycans can be fuco-
sylated either at the core as al,6-core Fuc, a characteristic fea-
ture of mammals, and al,3-core Fuc found mainly in plants
and insects — and additionally as a terminal modification of
N-acetylgalactosamine (GalNAc) in the N-acetyllactosamine
(LacdiNAc, GalNAcP1-4GlcNAc) structure, incorporating an
al,3 fucose or the Lewis X epitope found also in mammals.
al,3-core Fuc in N-glycans is the sole fucose-containing CCD
and is well-documented in invertebrates. It has been identi-
fied, in combination with the al,6-core Fuc attached to N-gly-
cans, for example, in mosquitoes and honeybees (Hykollari et
al., 2019; Kubelka et al., 1993, 1995; Kurz et al., 2016). Based
on previous research, the main honeybee venom allergens with
al,3-core Fuc were identified as phospholipase A2 (Api m 1),
hyaluronidase (Api m 2), and icarapin (Api m 10) (summarised
in Burzynska and Piasecka-Kwiatkowska, 2021). Other identi-
fied molecules, for example, basic peptide melittin (Api m 4),
dipeptidylpeptidase IV (Api m 5) (Blank et al., 2010), Api m 6
(Michel et al., 2012), and vitellogenin (Api m 12) (Blank et al.,
2013), seem to be protein-based allergens (Kéhler et al., 2014).
Phospholipase A2 from Apis mellifera displays core-difucosylat-
ed N-glycans (thus containing the immunogenic al,3-core Fuc)
along with terminal fucosylation (Kubelka et al., 1993; Stau-
dacher et al., 1992). Glycans with multiple antennae, which
have unusually attached fucose, were also described (Hykollari
et al,, 2019). The study of Seismann et al. (2010) explored al-
lergenic cross-reactivity of hyaluronidases (Api m 2 and Ves v
2a/b). Screening venom-sensitive sera revealed that Api m 2

has allergenic significance beyond carbohydrate epitopes. In
contrast, Ves v 2b primarily exhibits carbohydrate-based reac-
tivity, raising questions about its role in allergic reactions.

Tick glycans containing al,3-core Fuc were shown to be
involved in the tick-pathogen relationships. The significance
of al,3-core Fuc was highlighted by Pedra et al. (2010), who
demonstrated that al,3-core fucosylated glycans are crucial
for the survival of Anaplasma marginale, the bacteria responsi-
ble for anaplasmosis, in ticks. They also found that this bacte-
rium modifies the expression of three al,3-fucosyltransferas-
es. Furthermore, silencing fucosyltransferases significantly
decreases the colonisation of tick cells by Anaplasma (Pedra
et al., 2010). MALDI TOF-TOF analysis of SG (salivary gland)
from fed nymphs revealed N-glycans with m/z values corre-
sponding to al,3-core Fuc. Protein extracts from SGs and
midguts also showed a strong signal after western blot with
anti-HRP (horseradish peroxidase) antibodies that recognise
the al,3-core Fuc (Pedra et al., 2010). Hebert et al. (2017) as-
sume that AmOmpA, A. marginale outer membrane protein A,
targets fucosylated residues on tick ISE6 cells. The hypothesis
was supported by Vimonish et al. (2022) in the D. andersoni
primary midgut cell culture system. The authors showed that
expression of tick a-1,3-fucosyltransferases Al and A2 is reg-
ulated by A. marginale infection of midgut cells. Moreover, the
amount of a-1,3 core Fuc, along with the sensitivity of unin-
fected D. andersoni gut cells, was lowered after the silencing of
a-1,3 fucosyltransferase A2.

Detailed analysis of al,3-fucose and al,6-fucose attached
to the core of N-glycans was done in partially fed Ixodes ricinus
females (Vancova and Nebesarova, 2015). A unique combina-
tion of fluorescence and scanning electron microscopy co-lo-
calised a1,3- and al,6-core Fuc on the basement membranes
of acini types II and III, as well as in the small secretory gran-
ules within the cytoplasm of “F” cells. Nevertheless, only al,6-
core Fuc was detected in secretory granules of acini type II, the
place from which the active molecules are released to the host
during the feeding.

The N-glycome of Amblyomma americanum salivary glands
and carcasses was shown to display a high proportion of fuco-
sylated glycans, with both core al,3- and core al,6-linked Fuc
observed, occasionally appearing in difucosylated forms (Park
et al., 2020).

Proteins bearing al,3-core fucosylated N-glycans thus
seem to be evolutionarily conserved. They present similarly to
other arthropods and may potentially be excreted to the host.
At the same time, it was shown that tick-borne pathogens co-
evolved utilising this epitope present in the vector but not in
the hosts.

Galactose-alpha-1,3-galactose («-Gal)

Generally, the Galactose-alpha-1,3-galactose is a saccharide
that is attached terminally to N-glycans by the al-3 galacto-
syltransferase that attaches Gal to the N-acetyllactosaminyl
group (GalB1-4GlcNAc-R) (Galili et al., 1988). a-Gal is an ol-
igosaccharide widely present in glycoproteins/glycolipids of
non-primate mammals, certain bacteria, and parasites, includ-
ing ticks (summarised in Wilson et al., 2024), but it is absent
in humans, apes, and Old-World monkeys because of the in-
activated al-3 galactosyltransferase. For that reason, a-Gal
appears foreign to the immune systems of humans, apes, and
Old-World monkeys.

In ticks, the a-Gal epitope was described in species all over
the world from the genera Amblyomma (Araujo et al., 2016;
Crispell et al., 2019; Murangi et al., 2022; Park et al., 2020),
Haemaphysalis (Chinuki et al., 2016), Hyalomma (Mateos-Her-
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nandez et al., 2017; Valcarcel et al., 2024), Ixodes (Hamsten et
al., 2013), and Rhipicephalus (Mateos-Hernandez et al., 2017,
Murangi et al., 2022). Its presence in ticks could cause a-Gal
syndrome in humans upon tick feeding. AGS is triggered by
tick bites, which introduce a-Gal into the body and sensitise
the immune system. After this, eating red meat or exposure
to products containing a-Gal can cause IgE-mediated allergic
reactions (Van Nunen et al., 2009). A key study that fills a ma-
jor gap in understanding how tick bites lead to delayed allergic
reactions to mammalian meat demonstrates that Ixodes sca-
pularis ticks endogenously synthesise a-Gal. The heterologous
expression of identified galactosyltransferase genes b4galt?,
adgalt-1, and a4galt-2 induced a-Gal synthesis, and gene
knockdown experiments in ticks demonstrated that these
genes are essential for endogenous a-Gal production (Cabez-
as-Cruz et al., 2018).

Given the typical course of anaphylactic reactions, AGS is
delayed by 1 to 6 months after tick exposure; moreover, re-
search indicates that IgE levels specific to a-Gal rise with in-
creasing numbers of tick bites (Hashizume et al., 2018). An
allergic reaction to a-Gal can also be caused by ticks that do
not specialise on humans as hosts, such as pigeon ticks (Argas
spp.) (Rolla et al., 2018).

The range of clinical symptoms of AGS in humans is wide,
spanning from the asymptomatic course, through mild symp-
toms, to severe anaphylactic shock. Many sensitised individ-
uals remain asymptomatic or exhibit isolated gastrointesti-
nal problems; others report urticaria, skin pruritus, and/or
shortness of breath/coughing/wheezing (Binder et al., 2023;
summarised in Commins, 2020). In certain individuals, the
allergic reaction can lead to life-threatening anaphylaxis
(Commins and Platts-Mills, 2009; Commins et al., 2009), and
a fatal case only four hours after eating beef has already been
described (Platts-Mills et al., 2025). This case also shows the
importance of severe abdominal pain as a sole recognisable
symptom of the severe anaphylactic reaction. AGS is also con-
nected with the non-allergic symptoms. AGS, characterised
by increased IgE levels against a-Gal, appears to be associated
with cardiac diseases. Notably, it is associated with a high-
er risk of developing atherosclerotic plaques (Vernon et al,,
2022; Wilson et al., 2018, 2019). Additionally, patients with
AGS who receive bovine or porcine valves face a greater mor-
tality risk compared to those who receive mechanical valves
(Hawkins et al., 2016). AGS is regarded as the first allergic dis-
ease caused solely by a carbohydrate, triggering IgE-mediated
allergic reactions.

a-Gal epitope was identified in vitellogenins and a-2-mac-
roglobulin protein groups of I ricinus larvae and adults, in-
cluding in saliva (Apostolovic et al., 2020). Antibodies against
a-Gal recognised this epitope in SG of A. americanum and

N-acetylneuraminic acid (Neu5Ac)

CMAH

I. scapularis. Moreover, a-Gal-containing protein extracts ac-
tivated basophils from patients allergic to red meat (Crispell
et al., 2019). An unusual combination of a-Gal and core-Fuc,
a-Gal and Xyl, and di a-Gal structures were identified in SG of
A. americanum (Park et al., 2020). Because SGs contain high
levels of a-Gal, the authors also suggest that a-Gal may mimic
proteins secreted into non-primate hosts, with a-Gal poten-
tially acting as an allergy sensitiser in the atypical human host
(Contreras et al., 2023; Park et al., 2020). Female and male
A. americanum ticks fed on human blood showed significant-
ly higher a-Gal levels in their salivary glands than those fed
on bovine, rabbit, or dog blood (Maldonado-Ruiz et al., 2023).
Moreover, a-Gal levels increase over the course of feeding,
reaching a peak within 3 days. Large tick-to-tick variation and
differences between various field-collected ticks of a-Gal lev-
els were observed. It was reported that host-derived factors
may modulate glycosylation patterns in ticks, which could
help explain the differences in sensitisation observed in a-Gal
syndrome (Maldonado-Ruiz et al., 2023). Cabezas-Cruz et al.
(2018) also demonstrated that silencing of galactosyltrans-
ferases responsible for a-Gal attachment (b4galt7, adgalt-1,
and a4galt-2) impaired tick feeding. Moreover, a-Gal levels
increased during Anaplasma phagocytophilum infection. The
authors conclude that ticks can produce endogenous a-Gal,
and its expression is needed for tick feeding and controlling
bacterial infection.

The presence of host protein (immunoglobulins), adsorbed
in the tick midgut and subsequently secreted into the tick
saliva, supports the idea that some of the a-Gal in tick saliva
comes from a mammalian blood meal (Jasinskas and Barbour,
2005). Endogenous production of a-Gal and incorporation of
a-Gal-containing constituents from a mammalian blood meal
were also concluded in I. ricinus (Fischer et al., 2020). a-Gal
production together with the responsible galactosyltransferas-
es was shown in I. scapularis, together with the confirmation
of their importance for tick physiology (Cabezas-Cruz et al,,
2018).

N-glycolylneuraminic acid (Neu5Gc)

Sialic acids are an abundant terminal modification of glycans
in mammals and higher Eukaryotes; among them, N-acetyl-
neuraminic acid (Neu5Ac) and N-glycolylneuraminic acid are
the major forms (Lewis et al., 2022). The hydroxyl group that
distinguishes Neu5Gc from NeuSAc is located on the glyc-
olyl part of the substituent attached to the nitrogen at posi-
tion C5. The conversion of NeuSAc to Neu5Gc is catalysed by
CMP-N-acetylneuraminic acid hydroxylase (Fig. 2), which is
mutated in humans; therefore, they are unable to synthesise
it (summarised in Angata and Varki, 2002). For that reason,
Neu5Gc is highly immunogenic in several ways.
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N-glycolylneuraminic acid (Neu5Gc)

Fig. 2. The chemical structures of Neu5Ac and Neu5Gc. Schema for the enzymatic conversion of Neu5Gc from NeuSAc via the action of CMP-
N-acetylneuraminic acid hydroxylase, an enzyme which is inactive in humans.
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Firstly, due to the dietary uptake, Neu5Gc is displayed on
human cells. Neu5Gc is present in human tissues in minimal
amounts due to the consumption of red meat, milk products,
etc. Mammalian-derived glycoproteins are absorbed into the
human body via micropinosis (Banda et al., 2012; Bardor et
al., 2005; Malykh et al., 2001), digested, and amino acids, as
well as saccharides, are subsequently metabolically incor-
porated into newly synthesised glycans (Banda et al., 2012;
Bardor et al., 2005; Bergfeld et al., 2012; Samraj et al., 2015;
Tangvoranuntakul et al., 2003). Therefore, human tissues
present a “foreign” but cell-bound antigen. Secondly, humans
naturally develop circulating anti-NeuS5Gc antibodies that
arise due to persistent exposure to dietary Neu5Gc and pos-
sibly through microbial presentation of Neu5Gc-containing
glycans (summarised in Altman and Gagneux, 2019). Thirdly,
when anti-Neu5Gc antibodies bind Neu5Ge, as a foreign an-
tigen, this coexistence seems to worsen diseases mediated by
chronic inflammation, like cancer, cardiovascular diseases, and
autoimmunity (summarised in Alisson-Silva et al., 2016; Dhar
et al., 2019; Okerblom and Varki, 2017; Samraj et al., 2014,
2015; Varki, 2017).

In cancer tissues, Neu5Gc was found at high levels (Malykh
etal.,, 2001; Samraj et al., 2014, 2015) and seems to be a poten-
tial biomarker in oncology (Cao et al., 2022; Teng et al., 2022).
The dietary source, antigen properties of the epitope itself,
and ubiquity/abundance on the cell surface render Neu5Gc a
distinctive antigen, deserving further attention and investiga-
tion.

In ticks, researchers identified traces of N-glycans contain-
ing Neu5Gc and Neu5Ac in the gut of partially fed I. ricinus fe-
males using MALDI TOF/TOF (Vancova et al., 2012). Further
MS/MS analysis showed the presence of the complex glycans
containing two antennae with one or two Sialic acids (Sias) and
three antennae with one Sia. Localisation of NeuGc using im-
munolabelling with gold particles showed its presence in the
basement membranes and cytosolic structures of SG acini,
as well as in digestive cells and the gut lumen of partially fed
ticks. Considering the structure of glycans, their placement
within tick tissues, and the type of tick samples, the authors
hypothesise about the host origin of the identified glycans.
The host-origin theory of most of the sialic acid in ticks was
supported by Sterba et al. (2014), who quantified Sia levels in
tick tissues. Using a commercial Sia quantification kit, the to-
tal Sia concentration was determined in the gut, SG, and OV,
expressed as mmol Sia per gram of protein. Conversely, the en-
zymatic assay indicated that the amount of tick-origin Sia was
approximately 1,000 times lower. By comparing the total Sia
amount with the metabolically produced one, the authors con-
clude that the majority of the Sia in tick tissues is of host ori-
gin (Sterba et al., 2014). Trace amounts of terminal NeuGc at-
tached to the terminal galactose in male SGs were also shown
in A. americanum (Park et al., 2020). The enzymes necessary for
NeuAc production were identified in I. ricinus and I. scapularis,
and the expression and activity of sialyltransferase needed for
Neu5Ac attachment to glycans was confirmed. However, the
presence of CMP-N-acetylneuraminic acid hydroxylase neces-
sary for Neu5Gc production was not confirmed in ticks (Ster-
bova et al., 2026). Thus, the exact role of sialylated glycopro-
teins in ticks remains to be elucidated.

p1,2-xylose

Generally, xylose is a typical CCD found in plants that does not
occur in human and mammalian glycans (van Ree et al., 2000).
Therefore, it is immunologically foreign to those organisms
and, in sensitised patients, can cause an increased IgE anti-

body titre. Structurally, xylose is attached in N-glycans in the
position f1,2- to the core Man, and it could accompany core
al,3-fucose or a-Gal epitope.

In invertebrates, Xyl, together with core al,3- and al,6-fu-
cose, has been reported in Schistosoma (Khoo et al., 2001;
Smit et al., 2015) and in snails (Lommerse et al., 1997). Xylo-
syltransferases responsible for the attachment of Xyl residue
were identified in C. elegans (Hwang et al., 2003) and in D. me-
lanogaster (Lee et al., 2013; Wilson, 2002a, b).

The presence of P1,2-xylose in ticks was reported by
Crispell et al. (2019), who did MS profiling of glycans in sa-
liva and salivary glands of various North American tick spe-
cies. The structures containing core-mannose pentasaccharide
modified by Xyl were found in I. scapularis, A. americanum and
A. maculatum in unfed and partially fed females and also in the
saliva of these species. A deep MS analysis of A. americanum
N-glycome revealed the presence of complex glycans, with Xyl
attached to the core-mannose in 8% of the total N-glycan pro-
file in unfed females, 5% in females fed for five days, and 16%
in males. A unique combination of Xyl and a-Gal was also de-
tected (Park et al., 2020).

Conclusion

Recent research has highlighted the significant immunolog-
ical functions of glycan epitopes in ticks. These unique car-
bohydrates, absent in humans, can trigger immune respons-
es, occasionally leading to allergic reactions or false-positive
allergy-test results. Moreover, they play critical roles in the
complex triad of tick-host-pathogen interactions, potentially
affecting pathogen transmission, tick survival, and host sen-
sitisation to allergens. Evidence of endogenous synthesis and
host-derived glycan incorporation demonstrates the dynamic
nature of tick glycomes. Although previously considered clini-
cally insignificant, these glycan structures are now recognised
as crucial elements in allergy and immunology, with promising
potential as future vaccine or diagnostic targets.

An important aspect of CCD epitopes’ presence in tick tis-
sues and saliva is their immunogenicity, which is in contradic-
tion to the need of the tick to lower the defence responses of
the host during blood feeding. We hypothesise that the pres-
ence of various inhibitory signals, like the presence of sialylat-
ed glycoproteins of tick or host origin (summarised by Vechto-
vaetal., 2018; Wickramasekara et al., 2008), may be one of the
reasons why ticks transport undigested host proteins during
blood feeding from the gut to the salivary glands and saliva as
a form of molecular mimicry.

To better understand glycan-based relationships with-
in the tick-host-pathogen triangle, further studies spanning
multiple levels are needed. The molecular biology-based lev-
el could focus on the identification and characterisation of
glycan-modifying enzymes, as well as the description of cor-
responding glycosylation pathways, as in the work of Cabe-
zas-Cruz et al. (2018). Mass spectrometry analyses character-
ising glycomes from various tick species, their developmental
stages, and organs, could extend knowledge at the glycom-
ics-based level - as in the work of Park et al. (2020). Finally,
exploring the ecological and physiological factors underlying
host- and tick-dependent expression of CCDs could shed light
on differences in CCD expression, as illustrated by the case of
a-Gal reported by Maldonado-Ruiz et al. (2023). Furthermore,
detailed characterisation of tick cell lines, including their gly-
comic profiles, would enhance their use as models for tick re-
search (Bell-Sakyi et al., 2018).
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Ongoing research is crucial for deepening our understand-
ing of tick-derived glycan biology, developing effective strate-
gies to prevent tick-borne diseases and manage allergies, and
advancing novel, animal-free medications for patients with
AGS (Altomari et al., 2025). The importance of such research
is evidenced by the alarming increase in the number of cases
of anaphylactic reactions. In the US, hundreds of thousands
of cases are reported (Thompson et al., 2023), while substan-
tial case numbers are also documented in Asia, Australia, or
Europe, including the Czech Republic (Miller et al., 2023),
Austria (Pisazka et al., 2019), Germany (Fischer et al., 2017),
Poland (Brzozowska et al., 2021), or Italy (Villalta et al., 2017).
The reason for this rapid increase is not yet known (van Nu-
nen, 2025). Anti-aGal vaccines were proposed to lower an-
ti-aGal IgE production and basophil activation (summarised
in Propst and Thompson, 2025; Saunders et al., 2024), as well
as to serve as a pan-vector and pan-pathogen vaccine (summa-
rised in Hodzi¢ et al., 2020). Until such a vaccine is developed,
avoidance of tick bites, together with the elimination of red
meat and beef-originating foods, is the only means to prevent
AGS (Commins et al., 2011; summarised in Propst and Thomp-
son, 2025; Young et al., 2021).

Inrecent years, awareness and clinical relevance of cross-re-
active carbohydrate determinants (CCDs) have also increased
within the Czech Republic, and anaphylactic reactions have
been described in Czech patients (Miiller et al., 2023). Sev-
eral clinical laboratories now offer testing for a range of CCD
epitopes, including facilities such as Thomayerova Hospital, St.
Anne’s University Hospital, the General University Hospital in
Prague, and selected EUC Clinics.
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