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Ticks and tick-borne diseases are responsible for enormous losses in animal and
human life, which do not seem to become better as new data show surprising connections.
For instance, tick bites (from Ixodes ricinus) were linked to new red meat allergies in
patients ([1] such patients with IgE against galactose-α-1,3-galactose (known as α-Gal)
showed severe allergic reactions after consumption of red meat).

It is also not completely clear how pathogens from different infection sources work
together but a recent paper on patients with high hospitalization rates showed that such
patients also had a high prevalence of antibodies against Borrelia, a possible coincidence
of disabling or confusing the patient’s immune system to allow other pathogens to pro-
liferate more easily [2], or unclear synergies between infectious agents? This could be a
similar scenario between some HIV patients showing the highest prevalence of tick-borne
pathogens [3]. These multiple, unrelated and complex infections are putting pressure
on medical practitioners and veterinarians to successfully treat them, while co-infections
between tick-borne pathogens, possibly transmitted by the same tick species, are creating a
public-health problem to tackle [4–6].

Furthermore, ticks on their own are developing resistance, making it more difficult to
prevent their proliferation or treat their infestations. Tick resistance to traditional treatments
is not uncommon [7,8], creating a conundrum for practitioners but also opening new
opportunities using plant-derived products [9].

Tick-borne pathogens are found in many different host species, from wildlife ani-
mals [10] to animals in zoos [11], some carrying zoonotic pathogens, putting at risk the
workers looking after such animals.

It is important to identify the key risk factors and practices that can prevent or influence
tick development. First, we need to find a consensus on taxonomy keys, where there has not
always been full agreement between national taxonomic books [12]. Second, understanding
the risk factors and practices (Knowledge, Attitude and Practice) from animal owners
would ensure clarity in risk factors to be dealt with as a priority [13–15].

With such a development and ticks colonizing new areas, it is clear than new tick-
surveillance systems are needed to raise the alarm as soon as they colonize a new bio-
ecosystem. Surveillance of ticks and tick-borne diseases has been well documented [16,17]
and modelling can help in such an empiric approach [18].

Climate change, a buzzword used perhaps too often and not appropriately all the time,
seems to impact tick adaptation [19–21].

Not all is lost, as further genome sequencing allows us to better understand how to
develop new drugs or new tick vaccines, including a lot of research now on the tick gut
microbiome to also evaluate the potential of indirectly knocking down ticks through their
own microbiome.

The tick vaccine did not start well but a lot was learnt from the first Boophilus-microplus
(now known as Rhipicephalus (Boophilus) microplus)-related vaccines and new possibilities
are emerging, meaning a tick vaccine could be available in the next few years [22,23] and
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an understanding of the tick immune system and tick immunobiology [24] is allowing us
to prepare counter attacks.

The host–pathogen relationship could also provide new treatments if we also add the
tick saliva microbiome [25] and tick gut microbiome to the equation [26,27].

A One-Health approach has to be kept in mind to avoid developing new treatment,
which could work against ticks but be detrimental to animals, humans and their environ-
ment [28,29], while other parameters, such as biotic factors, should also be considered in
the complex fight against ticks and the pathogens they can carry and transmit [30–32].

In conclusion, and hopefully as a way forward, we need to develop consensus diag-
nostics and methodologies [33], sharing data, not only molecular diagnostics, standardiza-
tion [34], informative reviews [35] and international collaborations [36].

More challenges and successes are on the way, which we, as a united scientific com-
munity, must be ready for.

Conflicts of Interest: The author declares no conflict of interest.
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29. Charles, R.A.; Bermúdez, S.; Banović, P.; Alvarez, D.O.; Díaz-Sánchez, A.A.; Corona-González, B.; Etter, E.M.C.; Rodríguez

González, I.; Ghafar, A.; Jabbar, A.; et al. Ticks and Tick-Borne Diseases in Central America and the Caribbean: A One Health
Perspective. Pathogens 2021, 10, 1273. [CrossRef]

30. Chandra, S.; Šlapeta, J. Biotic Factors Influence Microbiota of Nymph Ticks from Vegetation in Sydney, Australia. Pathogens 2020,
9, 566. [CrossRef]

31. Gillingham, E.L.; Medlock, J.M.; Macintyre, H.; Phalkey, R. Modelling the current and future temperature suitability of the UK for
the vector Hyalomma marginatum (Acari: Ixodidae). Ticks Tick-Borne Dis. 2022, 14, 102112. [CrossRef]

32. Estrada-Peña, A.; Cabezas-Cruz, A.; Obregón, D. Resistance of Tick Gut Microbiome to Anti-Tick Vaccines, Pathogen Infection
and Antimicrobial Peptides. Pathogens 2020, 9, 309. [CrossRef] [PubMed]

33. Estrada-Peña, A.; Cevidanes, A.; Sprong, H.; Millán, J. Pitfalls in Tick and Tick-Borne Pathogens Research, Some Recommendations
and a Call for Data Sharing. Pathogens 2021, 10, 712. [CrossRef] [PubMed]

34. Sparagano, O.; Foldvari, G.; Derdakova, M.; Kazimirova, M. New challenges posed by ticks and tick-borne diseases. Biologia 2022,
77, 1497–1501. [CrossRef]

35. Ghafar, A.; Abbas, T.; Rehman, A.; Sandhu, Z.-U.-D.; Cabezas-Cruz, A.; Jabbar, A. Systematic Review of Ticks and Tick-Borne
Pathogens of Small Ruminants in Pakistan. Pathogens 2020, 9, 937. [CrossRef]

36. Esteve-Gasent, M.D.; Rodríguez-Vivas, R.I.; Medina, R.F.; Ellis, D.; Schwartz, A.; Cortés Garcia, B.; Hunt, C.; Tietjen, M.; Bonilla,
D.; Thomas, D.; et al. Research on Integrated Management for Cattle Fever Ticks and Bovine Babesiosis in the United States and
Mexico: Current Status and Opportunities for Binational Coordination. Pathogens 2020, 9, 871. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.3390/pathogens11050531
http://doi.org/10.1016/j.ttbdis.2022.102072
http://doi.org/10.3390/pathogens10070893
http://doi.org/10.3390/pathogens10121593
http://doi.org/10.3390/pathogens10020095
http://doi.org/10.3390/pathogens10111430
http://www.ncbi.nlm.nih.gov/pubmed/34832586
http://doi.org/10.1016/j.vaccine.2022.10.001
http://www.ncbi.nlm.nih.gov/pubmed/36244881
http://doi.org/10.1016/j.vaccine.2009.04.014
http://www.ncbi.nlm.nih.gov/pubmed/19501789
http://doi.org/10.3390/pathogens10111511
http://doi.org/10.3390/pathogens11050530
http://www.ncbi.nlm.nih.gov/pubmed/35631051
http://doi.org/10.3389/fmicb.2022.854803
http://www.ncbi.nlm.nih.gov/pubmed/35369485
http://doi.org/10.3390/pathogens9080664
http://doi.org/10.1016/j.pt.2012.07.003
http://doi.org/10.3390/pathogens10101273
http://doi.org/10.3390/pathogens9070566
http://doi.org/10.1016/j.ttbdis.2022.102112
http://doi.org/10.3390/pathogens9040309
http://www.ncbi.nlm.nih.gov/pubmed/32331444
http://doi.org/10.3390/pathogens10060712
http://www.ncbi.nlm.nih.gov/pubmed/34200175
http://doi.org/10.1007/s11756-022-01097-5
http://doi.org/10.3390/pathogens9110937
http://doi.org/10.3390/pathogens9110871

	References

