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¥  The British tick fauna

England

Ixodes ricinus Dermacentor reticulatus

22 species recorded

19 Hard ticks (Ixodid)

15 Ixodes species
Dermacentor reticulatus
Haemaphysalis punctata
Hyalomma marginatum i (imported by migrant birds)
Rhipicephalus sanguineus (imported by pets, not native)

3 Soft ticks (Argasid)
« 2 Argas/Carios
e 1 Ornithodoros i rarely imported on seabirds

Carios vespertilionis



o e Hard ticks (Ixodid ticks)

England

e Live outdoors, some are nidiculous (i.e. nest-dwelling);
arduous lifestyle, require a chance meeting with animals.

* Once attached, they engorge slowly, dispersed by their
hosts - long distances on migratory birds

e Spend most afiesthghefort bmeod % &
attached to their hosts - high mortality rates due to host
grooming, predation and environmental factors

« Hard sclerotised plate (scutum), forward-projecting
capitulum.,

« Exceptin male, all stages have a small scutum to allow

them to engorge @* %

* Inthe male the scutum completely covers its body. It does
not engorge. It has armoured plates, to retain moisture
levels.



ﬁfﬁc - IXxodes — specialist parasites of wildlife

England
7/ species are principally bird ticks:

Ixodes caledonicus Ixodes lividus

Ixodes arboricola Cliff nesting birds Ixodes frontalis  sand martins
Tree-hole nesting birds 7R Passerine birds

Ixodes rothschildi Ixodes unicavatus Cliff colony birds
Burrow nesting birds Coastal birds T IR

o

Humans are rarely bitten, only as accidental hosts



g Ixodes — specialist parasites of wildlife
EUbI"C (I;Iealth
nglan

6 species are principally mammal ticks:

Ixodes acuminatus Ixodes apronophorus |
Wetland mammals Ixodes canisuga
Small mammals | | iy

Ixodes ventalloi Ixodes trianguliceps Ixodes vespertilionis
Rabbit tick Burrowing small mammals Horseshoe bats

Humans are rarely bitten, only as accidental hosts



g Ixodes — parasites of humans
Public Health

E - ' '
"dend 2 species are mammal ticks but do bite humans:

Ixodes ricinus
Deer/Sheep/Pasture/Caster bean tick

Ixodes hexagonus
Hedgehog tick

Humans are occasional hosts



http://bp1.blogger.com/_fxyBJ6CSWE8/RjTbgOfrbLI/AAAAAAAAADc/wUzCGBCTrm8/s1600-h/IMG_0018b.jpg

Hedgehog tick, Ixodes hexagonus



Population shifts Morfa Harlech
Dermacentor reticulatus

Unusual & Imported ticks

Unusual & Imported ticks




Population shifts Morfa Harlech
Dermacentor reticulatus

Unusual & Imported ticks
ks & EU policy

ot g
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Rhipicephalus ;
sanguineus ;-

FIG 1: Imported female Rhipicephalus sanguineus tick with an egg/
larval cluster

FIG 2: Rhipicephalus sanguineous larvae hatching from an egg
cluster

9 Unusual & Imported ticks



Population shifts Morfa Harlech
Demvacentr reticulatusto,

sa Y

Importatlon of non-natlve ticks & EU policy
x4 M

Rhipic
sangt

Hyalomma
marginatum

Monitoring for ticks on migratory birds

970 birds sampled, 7% infested, 21% Hyalomma marginatum
Wheatear, whitethroat, Sedge warbler, Redstart

Unusual & Imported ticks



23 Ixodes ricinus (Deer/sheep tick)

Public Health
England

Larva Nymph

1.4 mm male AdUlt female
3.3mm long

Larva — 3 pairs of legs

Male — scutum covers entire body

Nymph and Female are similar — female much larger
with genital aperture and porose area

11 Ixodes ricinus T ——— i

1600x 212 LJ62401




®  Nationwide tick surveillance

England
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12  Tick distribution in the UK tick@phe.gov.uk



®  Nationwide tick surveillance

England

~8000 ticks since 2005 from TRS
Public, GPs, Vets, Wildlife charities
Further 10,000 ticks from field studies

Advice to public on tick bites
Advice on managing ticks in gardens
| Tick awareness material
Tick identification to public, GPs and Vets

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

13 Tick distribution in the UK tick@phe.gov.uk



®  Nationwide tick surveillance

England
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| Tick awareness material
Tick identification to public, GPs and Vets

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

14  Tick distribution in the UK tick@phe.gov.uk



M4 Ixodes ricinus distribution

Public Health
England
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_—— Kilometers

15 BRC Tick surveillance
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Ixodes ricinus distribution

Public Healt"

England
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FIG.6. (a) Distribution of . ricinus records mapped at 10km resolution. @ Since 2005; @1990-2004; ) 1970-1990; () 1950-
1969; +pre-1950. (b) Comparison of TRS and historical L. ricinus mapped at 10km resolution. @ HPA; () historical; (J) both.

BRC Tick surveillance
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Ixodes ricinus
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Contains Ordnance Survey data € Crown copyright and database rights 2013
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.0 Using survelllance data for

Engiand predictive mapping

Vector risk mapping



» Mapping Ixodes ricinus at a landscape
public Heath  SCale, e.g. national park / AONB
England '8 o]

- Bl > Surveying publicly
I R, oo o =) "B accessible sites
5 Mapping ticks in an il e
7 3 AONB/National Park ‘ . =R T T

7o PN, S SR

Predictor variables (landscape)
- W, SW, SE and E aspects
- Calcareous & neutral grassland,;
heathland
B ini [ - Impermeable soils
- Impermeable bedrock &
Clered superficial geologies
Gower peninsula, q % : - Presence of cattle & sheep

south Wales T .

grazing

B - Reduced slope

""" - High soil moisture

- Lower midday temperatures

Identifying risk factors

Mapping ticks at a regional scale Medlock et al. 2008



Mapping Ixodes ricinus at a habitat scale

Eubllic gealth - iImplications for woodland management
nglan

Deciduous serub margin preferable

Zore 3: cut piecemeal every 8-70 years

™
Zone 2: cut piecemesl S ¥
avery 2-4 years {(@’ a
N s
S f P

Zone |
mow
3

mow 1-3
timesiyear Y

timesiyear
g LA\ A
T P
LSt >
Approx. width (m)

System |: simple two-zone system 20-30

Approx. width (m)
. Zone 3: cut piecameal every 8-20 years
N i

P
4

System 3: forest roads (three-zone system)

— 2%
Approx. widih (1)

J Systom 2: three-zone sysiem Approx. width (m)
- System 4: scalloped edges (three-zone system)

Figure 2: Schematic depiction of ride management strategies (after Warren & Fuller, 1993)

1. Managementthat promotes sunny south-facing rides promote nymph activity
2. Additional ride managementis recommended inthese locations
3. Regularmowing (and raking) of 1m path-side strip in spring should:
a. Keepnymph activity down
b. Reduce publicexposure
c. Benefitrare herb growth and bare-soil invertebrates
4. Mat/mulch management— raking/stacking of leaflitter
a. Limits survival of ticks
b. Promotes biodiversity — reptiles, herbs, invertebrates
5. Scalloped edgesinbramble areas

6. Spottreatment with bracken herbicide in hot-spots .
<[4 University of
BRISTOL

|
B

Managing ticks at a habitat scale Medlock et al. 2012




- Building In urban green space

Public Health
England

Making Space for Nature:
A review of England’s Wildlife Sites and Ecological
Network

Chaired by Professor Sir John Lawton CBE FRS
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- Building In urban green space

Public Health

England _ L
Salisbury City tick abundance

Making Space for Natt
A review of England’s ®
Network
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" Building In urban green space

Public Health
England

Salisbury City tick abundance

Making Space for Natt
A review of England’s ®
Network

40 -

Chaired by Professor Sir John

7% prevalence of
B. burgdorferi

Potential conflicts between infectious disease health
risk and biodiversity goals: ;
UNeed to include “vect of
Environmental Impact Assessments :

+r T oo T[T
| BN S S S EE B N N Y SN B R R S D N B R N R RN B S R — —
C X = T =X 0 0 9 g X £ 0T @ X X2=¢cT >0 X 0
g [ T T 2 2 5 8 © © = © S 0 = = c
8822l 2552588333828 53¢c8¢
Db-ELLQO57)5LLD-IE§%D'T—5."’Q(I‘>580-E
v B - € c - £ 3
EEL 8 EZ2eEEeEB8B o c2c @D E5Sc s 3506
S E 8008 & 88 al XX Q=0 2 8= 9 £ c
S © =5 9 < ESEEtCEhU§9“3>SUE
" o3 SEECEEE5 5258 S35 2§5<acE
@ 2 s o E £ = Q9 3 O > ©
T © c © ®© T mes-cmg I7) [
I cTT 80);;.1,8_ = ;E
(S £ 2 mn c — S
I G):g B
@ o2 @
Q
IS
Q

Locations



> /‘ - TN - -
A ’//\ LAl
AN i
AN

= .'“'f‘f.‘fﬂ\

.~ -
T o
M ey -

3 _ Example of peri-urban tick & Borrelia area

= I - N . - s - - - - - ) -
R , R ST IR T AR
- . ; . -4 red . > p
" g ' | N JIRHT A : e X, 5
) : ve -~ W i ; ~oy - -
@ - .
. »
G,
. » ‘l

-5 e
: -~

\ \ \,_“1."{-".\~
" f / .k’ :ﬂ;

1,72 B\ S
w %/x ’ P g
' ] - “I
- y |
x / . w7 VSN
f A r b o
v A 1%
4 ’
s
St \ 2 l',..\-\','y \" .
»s “7
T e \ ) X + v.




NHS

& LIVERPOOL Tick activity for seasonal forecasting National Institute for
Health Research
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Health Protection Research Unit — PHE with Liverpool University and Liverpool School of Tropical Medicine
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Health Protection Research Unit — PHE with Liverpool University and Liverpool School of Tropical Medicine
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LIVERPOOL Tick activity for seasonal forecasting "’at"°,fl’:; I’t';,sg‘;‘;‘;z :2’;
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—@— Ticks/10m

Seasonal activity of questing ticks:
Weekly/fortnightly transects
20-40 across England
Linked to synoptic weather stations and Met Office data

hhhhh

Health Protection Research Unit — PHE with Liverpool University and Liverpool School of Tropical Medicine
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265 Mapping Borrelia infection rates in ticks

Public Heatth  2CrOSS a landscape — South Wiltshire
nglan

- Heterogeneity of infection rates
- Impact of habitats and hosts L.
- Differences in genospecies rates A

Understanding ecological drivers of Borrelia burgdorferi i heterogeneity of prevalence at a regional scale




265 Mapping Borrelia infection rates in ticks
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208 Ticks abundance (per sg metre)

Public Health

England by location across a landscape
(black spring 2013, grey spring 2014)
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Tick density study




2% Tick abundance (per sg metre)

Public Health

England by location across a landscape
(black autumn 2013, grey autumn 2014)
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Tick density study




23 Tick abundance by habitat

Public Health

fdend - gouth Wiltshire landscape study

5 045

SPRING AUTUMN

04 4

0.35 -

03 4

mspring 2013 025 4
mspring 2014

Bautumn 2013

Bautumn 2014

02 |

Omean Omean

0.15 -

e 0.05

ol

T T T T 1 T T T
HBwoodland ~ Woodland edge LB woodland Chalkscrub ~ Chalk grassland HBwoodland  Woodland edge LB woodland Chalk scrub  Chalk grassland

Ticks being tested for Borrelia

Heterogeneity of Borrelia prevalence across a landscape



g Impact of habitat corridors on Ixodes ricinus

ergand - the role of field margins as habitats for ticks

Impact of adjacent habitat on abundance of Ixodes ricinusin
field margins

(=]

(%]

i

1Y

Mean abundance perdrag
(%]

-

o

Wood Hedge Arable
Adjacent habitat

(dstl)

oCrop @Margin mEcotone

Understanding impact of habitat connectivity on ticks across landscapes




" Prevalence rates of Borrelia in ticks

Hlocation ~ [Habitat ______ [Nymphs tested
Coed y Brenin, Gwynedd Mixed woodland 40 0

Dalby, Yorkshire Mixed woodland 237 8.02 ]

Conifer/grassland 55 0
Conifer/grassland 253 0.79
Graig-fechan, Clwyd Moorland 212 0.94
Conifer/grassland 167 0
Conifer/grassland 185 0.54
Conifer/grassland 8 !
Decid woodland 232 8.19 ]
Mell Fell, Cumbria Decid woodland 28 3.57
moorland 249 0
I

4 woodlands, Wiltshire Woodland 215 1.4
Exmoor. Somerset \Woodland 120 99 ]

4 woodlands, New Forest, Hants Woodland 120 0.8
Richmond Park, London Parkland 83 0

Swinley, Surrey Pine woodland 94 2.12
Salisbury, Wiltshire Jrban fringe T1T 6.3
3 sites, Dartmoor, Devon Woodland/moorland 107 3.41

Cirencester. Glos Woaodland/ edge 252 5.62 ]

South Downs, Suffolk Woodland/ edge 252 1.93
Thetford, Norfolk Woodland/ edge 253 2.08
Wytham, Oxon Woodland/edge 9 0

Bettridge et al. 2013; Hansford et al. 2014, Layzell et al.
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408
England

Bettridge et al. 2013
71 ticks sequenced
- 58% B. valaisiana
- 33% B. garinii
- 3% B. afzelii
Hansford et al. 2014
24 ticks sequenced
- 50% B. garinii
- 29% B. afzelii

- 20% B. valaisiana

rnic Heatn GENOSPECIES prevalence

Layzell et al. (unpublished)
Glos
~5.5% Bbsl
~3.2% B. garinii
~2.3% B. valaisiana
South Downs
~2% all B. garinii or B. valaisiana
Norfolk
~2.2% Bbsl
~1.5% B. afzelii

Huge variation in genospecies dominance geographically
-> [mplications for clinical presentation

Genospecies prevalence




408 Ongoing work — National Parks / AONBs

Public Health  pxsmrsrryps ]
England 2014, 2015

Grizedale forest, Lake District 2014, 2015
Forest of Bowland (Lancashire) 2014, 2015
Dalby Forest, North Yorkshire Moors 2014

Central & Eastern England

Cotswolds (Gloucestershire) 2014
Thetford Forest (Norfolk) 2015
South Downs (Sussex) 2014, 2015
Richmond Park (London) 2014, 2015
Cannock Chase AONB 2015

Southern and South-west England

Swinley Forest (Surrey heaths) 2014, 2015
New Forest (Hampshire) 2014, 2015
Wiltshire (CCWWD AONB) 2014, 2015
Quantocks (Somerset) 2014, 2015
Dartmoor (Devon) 2014, 2015
Exmoor (Somerset/|Devon) 2014, 2015
Forest of Dean (Gloucestershire) 2014

2015

WEIES

Snowdonia (Gwynedd) 2015
Brecon Beacons (Powys) 2015
Pembrokeshire coast 2014 2015
Gower (Glamorgan) 2014, 2015

\Ahra vallav (IMoanmannthehire) 114 0

38 England & Wales National Park / Area of Outstanding Natural Beauty tick study
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Public Health
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Ticks being
tested for
Borrelia



- Lyme borreliosis
Large mammals: [FuEN i e .
-Deer species | & BT EE Transmission cycle
- Sheep Wi e

Not generally mvolved in transmlssmn < ADULT FEMALE
cycles; localised transmission through cof £ 'y
feeding in sheep reported; both importan
tick hosts

Source of infection,
More conspicuous
Low no. lower risk

Trans-stadial
transmission

ded & infect

Woodland birds:

- T.merula 4 moult Source of infectio
- E.rubecula Acquirelinfectid Less conspicuous

- P.colchicus ) Ay N NYM PHS High no., High risk > HUMAN

Medium-sized mammals: Feed & infect 1

- Sc.carolinensis / Trans-stadial
- Le.europaeus ; transmission Low probability

of infection

Small mammals:
- Ap.sylvestris o _
- Ap.flavicollis Acquire infection - Seasonal activity of

- My. glareolus Feed Questing tick stages

- S.araneus - Tick prevalence rates

- M. agrestis - Seasonal behaviour

of humans, hence exposure

- Host seasonal dynamics

- Seasonal changes in tick infestation rates
- Seasonal changes in tick infection rates

- Differences in Borrelia genospecies cycles

Trans-ovarial transmission very low: <2%
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Lyme borreliosis
Transmission cycle

Large mammals:

-Deer species & -

- Sheep L W I
Not generally involved in transmission < ADULT FEMALE
cycles; localised transmission through cof £ < Source of infection

feeding in sheep reported; both importan > g )
tiCk hOStS e More conspicuous
Low no. lower risk

/I | Trans-stadial

Could understanding the ecology of
Borrelia burgdorferi be employed in HUMAN
understanding:

1. Rates of exposure robability

bction

2. Determinants for high risk areas

3. Targeted management/grazing regimes ®
to minimise ticks and Borrelia gee

BEPT | N CE _rates
o - Seasonal behaviour
of humans, hence exposure

- M. agrestis

- Host seasonal dynamics

- Seasonal changes in tick infestation rates
- Seasonal changes in tick infection rates

- Differences in Borrelia genospecies cycles

Trans-ovarial transmission very low: <2%
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0 Role of small mammals at |. ricinus hosts
EUbI"C (I;Iealth
nglan

- Wood mouse (Apodemus sylvaticus) most important rodent host of larvae in UK (Dorset)

- Peak infestation in August
- Support 120/larvae/hectare/day
- Higher than Bank vole (Dorset: 30/larvae/ha/day)

- Similar reports across Europe ‘
- Bank vole (Myodes glareolus) develops resistance to tick bites

- Reduced rates of engorgement

- Reduced moulting rates

- Wood mice support higher tick fecundity S
- Yellow-necked mouse (Ap. flavicollis) T No UK studies, but similar data in Europe to WM

- Black striped mouse (Ap. agrarius) most important rodent host in continental Europe: UK absent

Larval infestation rates 2-3 x other small mammals

Nymphal infestation rates 5x

Infection rates 58% higher

In Germany contributes 5 times more spirochetal infection

Absence in UK is therefore important

Small mammals and Ixodes ricinus
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€03 Small mammals and Borrelia afzelii
Eubllic (I;Iealth
nglan

Small mammals are important amplifying hosts of B. burgdorferi, particularly
B. afzelii

Infected by infective nymphs or transovarially infected larvae
Life long infection (7-40 months)

Bank voles develop lower immunity to spirochaetes -> develop higher
infection rates: possibly more important in transmission cycles,
however engorged ticks develop less well

Strong association between small mammal rodents with B. afzelii
Studies in Slovakia on infection rates
- Engorged nymphs from small mammals: 47% infected

- Questing nymphs: 7% infected

Small mammals and Borrelia




0% Role of other small/medium sized mammals
Public Health
England

- Shrews (Sorex araneus, S. minutus)

- Efficient tick predators

- European studies: 80% infestation rates; mean 40-60 larvae/shrew; 18% infect
- Dormice
- Hazel dormouse (Muscardinus avellanarius) i arboreal, winter hibernation
- Fat dormouse (Glis glis) — Germany: L infest 2-3x, N infest 20x
- 9yrs, synanthropic, 70% infected, 95% derived N
- Grey squirrel (Sciurus carolinensis)

- Norfolk studies: mean L 8-19 compared to mouse L 1-4: upto 100 larvae
- More important in spring/early summer — more arboreal in autumn
- Red squirrel (Sciurus vulgaris)
- Switzerland study: 370L (64%), 380N (69%), 1 F on 1 animal cf. QL 3%, Qn 34%
- 70% infection rates (Bbss, Ba) — Important for Scotland?
- Siberian chipmunk (in France)

- potential new host and reservoir
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o Role of other animals
Public Health

England
-  Hedgehoq (Erinaceous europaeus)

- Highly infested with ticks: Ireland study - >400L, 60N on 1 adult
- Also infested with I. hexagonus:

- In Switzerland — means 50L, 11N, 2.5 F I. ricinus
- Co-infested in woodlands, mono-infested (IH) in urban areas: IH 24%
- Silent cycle of transmission
- Lizards
- Important dilution hosts in North America
- Intensity of LD transmission negatively associated with Sand lizard dist in Ger.
- Migratory birds (Swedish study)
- 23000 migrant birds surveyed, 2% infest, mean 2ticks/bird, 98% IR
- 30% of ticks in spring infected

- >6.8m ticks enter Sweden each spring, 4.7m leave in autumn; 1.3m
infected

- Redwing — migratory restlessness reactivating latent infections
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03 Role of woodland birds
Public Health
England

- Ground feeding passerines are very important in Bb transmission

- Most important species (83% infested) are (Czech studies):
- Robin (Erithacus rubecula) /ﬁ
- Blackbird (Turdus merula) e

- Song thrush (Turdus philomelos) i

- Robin fed 51% of all larvae feeding on birds

- Blackbird fed 54% of all nymphs (highest infestations 50 L and 20N/bird)

- Infection rates: 6-16% in larvae; 12-22% in nymphs

- Turdus sp. and E. rubecula very important amplifiers for B. garinii and
B. valaisiana
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g Role of pheasant
Public Health
England

~20 million pheasant (Phasianus colchicus) released in UK each year
Densities in Dorset/Wiltshire studies: 500-1200 birds/km?
Feed large numbers of nymphs:

- 43n/bird in April; 23n/bird in June

- Most important host nymphal host

Male birds 4x infestation rates — testosterone and immunosuppression
Infection rates in ticks from pheasant (Dorset):
- 22% infected, cf. 0% questing population

- Mostly B. garinii (neuroborreliosis) and B. valaisiana — important
amplifiers — no evidence of B, afzelii : possibly eliminated

Feed large numbers of questing nymphs -> exposure; infected adult ticks

Reduction in B. afzelii — zooprophylactic role

Pheasant



o Role of deer

Public Health
England

- Very important host for all stages

- Irish studies on Fallow deer:

_____[L/50m [N/30s | A/30s |InfgN_linfgA

Deer 22-118 33-34 5-6.6 1.7% 3.1%
Nodeer 1.5-55 1.6-125 0.1-1.2 124% 17.9%

- Dilution hosts for Bb
- Swedish studies
- Compared moulted ticks from deer (0%) to questing N (7-11%)
- 20% n infection rates: need 300,000 nymphs for infection
- Typical infestation <100 nymphs
- 100 ticks/kg vole v 3.7 ticks/kg deer -> immunity, low infection rates
- Role of deer: increase tick numbers; dilute infection rates -> sustain tick pop




408 Role of livestock

Public Health
England

- Sheep R
- Upland sheep — feed 80% of all larvae, >95% all N and A

- No systemic infection in sheep
- Studies in Scotland confirm co-feeding transmission
- N:A 9cmes; transmission during max. peaks of infestation

- Cattle

- Zooprophylactic role on transmission

- French studies: infection rates in questing ticks
Inside/outside cattle enclosures

- 4x lower infection rates in Nymphs inside enclosures

- 6x lower in Adults

- Could we use cattle to dilute infection rates, and mop up ticks?

Livestock



.0 Pathogen detection In

Publlc Health National Institute

England Vectors . S
Ticks:

- First detections of potentially pathogenic TB rickettsiae (Tijsse-Klasen et al
2011, 2013):

- Rickettsia helvetica in Ixodes ricinus
- Rickettsia raoultii in Dermacentor reticulatus
- Rickettsia massiliae in Haemaphysalis punctata
- First detection of Borrelia miyamotoi — cause of Tick-borne relapsing fever
(Hansford et al. in prep)
- 3/951 ticks — low prevalence, however potential novel disease assoc with UK

Epidemiol. Infect.. Page | of 6. © Cambridge University Press 2010 ) . .
doi:10.1017/S09502688 10002608 Epidemiol. Infect., Page 1 of 9. © Cambridge University Press 2014
doi:10.1017/80950268814001691

First detection of spotted fever group rickettsiae in

.. . . . Borrelia miyamotoi in host-seeking Ixodes ricinus ticks
Ixodes ricinus and Dermacentor reticulatus ticks in the UK &4 8

in England
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Liz McGinley

50 Thanks for listening. Any questions?



