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Ticks in Europe

1. Ixodes arboricola
2. Ixodes caledonicus
3. Ixodes frontalis
4. Ixodes lividus
5. Ixodes rothschildi
6. Ixodes unicavatus
7. Ixodes uriae
8. Ixodes acuminatus
9. Ixodes apronophorus
10. Ixodes canisuga
11. Ixodes ventalloi
12. Ixodes trianguliceps
13. Ixodes vespertilionis
14. Ixodes hexagonus
15. Ixodes ricinus 
16. Dermacentor reticulatus
17. Rhipicephalus sanguineus
18. Hyalomma marginatum
19. Haemaphysalis punctata
20. Argas reflexus
21. Argas vespertilionis
22. Ornithodoros maritimus

Tree hole tick
Northern bird tick
Passerine tick
Sand martin tick
Puffin tick
Cormorant tick
Seabird tick
Southern rodent tick
Marsh tick
Fox tick
Rabbit tick
Shrew tick
Long-legged bat tick
Hedgehog tick
Sheep tick
Ornate cow tick
Brown dog tick
Two-host tick
Coastal red tick
Pigeon tick
Blyborough tick
Marine argasid



Approx. distribution of Ixodes ricinus 



Pathogens transmitted by Ixodid ticks :

Viruses:
Tick-Borne Encephalitis Virus complex, including

Louping ill virus 
Protozoa:
Babesia spp cause babesiosis, red-water fever 

Bacteria:
Rickettsiae causing spotted fever rickettsiosis, 
tick typhus 
Coxiella burnetii causes Q-fever
Anaplasma and Ehrlichia sp
e.g. Anaplasma phagocytophilum causes Human 
Granulocytotropic Anaplasmosis (HGA) and 
Tick-Borne Fever in sheep & cattle.
Neoehrlichia mikurensis
Bartonella - cat scratch fever
Francisella tularensis causing tularaemia 
Borrelia burgdorferi s.l. complex - Lyme 

borreliosis 



James et al. (2011) Ibis 153 Millins et al. (2015) 
Appl Env Micriobiol 81

Current evidence suggests that birds and rodents are the 
most important Borrelia transmission hosts in the UK

?
Sheep and hedgehogs can also transmit



There are several strains of the Borrelia bacteria
each carried by different hosts and causing different symptoms

Borrelia afzelii
46 - 48%

Borrelia garinii
29 - 36%

Borrelia burgdorferi
sensu stricto

7 – 9 %

Dermatological 

Neurological 

Arthritis

Borrelia valaisiana
8%



Deer do not transmit Borrelia ! 

But deer are the most important host for adult ticks
i.e. deer produce the next generation of immature ticks 



Life cycle of I. ricinus and Borrelia

Most cases of tick-
borne disease in 
humans are from 
Nymphs. 

Development time,  
questing activity & 
survival depend on 
humidity and 
temperature

Tick abundance 
and pathogen 
prevalence depend 
on abundance of 
different types of 
hosts. 

Therefore anything 
influencing these 
factors will impact 
on disease risk



Lyme risk needs tick “reproduction” hosts 
+ Borrelia transmission hosts

My recent work estimates that a red deer in mainland Scotland feeds, on average, 
1700 adult female ticks over the course of a year.

+

High Lyme disease hazard should be associated with: 
(i) enough deer to produce large juvenile tick populations + 

(ii) enough transmission hosts (e.g. rodents or birds) to produce 
populations of infected nymphs



Knowledge of tick ecology helps us predict where & when people 
are most at risk



Half of Borrelia infections were picked up in woodlands 
even though < 20% land cover of Scotland is woodland

Gilbert, James, Forbes, Bowman in prep

Human cases of Lyme disease often associated with woodland



The distribution of human cases of Lyme disease is similar to the distribution of 
woodlands at the national scale

Gilbert, James, Forbes, Bowman in prep



5x higher Density of Infected Nymphs 
(Lyme disease hazard) 

in woodlands vs open habitats 

Due to:
More ticks 

(micro-climate + deer)
+

Higher Borrelia prevalence 
(more transmission hosts)

Gilbert (2016) Ecology & Control of Vector-Borne Diseases 4: 161-171

Surveys of 26 sites in Aberdeenshire 



Moorland - deer farm
Small plots

V high deer density  (40km-2)

Moorland – estate
Small plots

fairly low deer density

18 Commercial Forests
Landscape scale

Various deer densities

Deer management (e.g. fencing or culling) can reduce ticks by > 90%

But woodlands are great for biodiversity, recreation, climate change 
mitigation.  So how can risk be managed ecologically? 

Gilbert et al. (2012) Ecological Applications 22: 658–667



But deer do not transmit Borrelia, so do more deer = more Borrelia? 

Ratio of incompetent : competent transmission hosts
Few deer many deer
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Empirical surveys vary: 
• some find more deer = more Borrelia (James et al. 2013 Parasitology 140)
• Some support the dilution effect  ie more deer = less Borrelia
• Some find no effect (Millins et al. Parasites & Vectors 9, 595)

Our current research  = targeted surveys covering full range of deer densities, with 
contrasting transmission host densities



2007-2008 2012

Millins, Gilbert, Johnson, James, Kilbride, Birtles, 
Biek (2016) Parasites and Vectors 9, 595. 

James, Gilbert, Bowman, Forbes (2014) Frontiers 
in Public Health 2: 129

Enormous heterogeneity in Borrelia strain and prevalence between 
woodlands, years and studies. 

Still much research needed to understand how risk changes over 
time and space



Only 1/2  of patients were bitten within 10km of their home.
1/3rd of patients were bitten more than 50km from where they live.

Linking ecological data with patient data could be useful to assess the 
relevance of ecological studies with actual risk and incidence. 

However, more detailed spatial information needed. 
Patient post code may have too much error : 

Data from Marianne James PhD thesis
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