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A B S T R A C T   

The distribution and population size of the red sheep tick (Haemaphysalis punctata) are increasing in Northern 
Europe, and in the United Kingdom reports of human biting by this species have increased in recent years. To 
assess the risk of tick-borne disease (TBD) transmission to humans and livestock by H. punctata, ticks sampled 
from sites in Southern England were screened using PCR for either Borrelia species or piroplasms over a three 
year period, 2018–2020. A total of 302 H. punctata were collected from eight locations. From these, two Babesia 
species associated with TBD infections in livestock, Babesia major and Babesia motasi, and the human pathogen 
Borrelia miyamotoi were detected, predominantly from a single location in Sussex. Consequently, the range 
expansion of this tick across Southern England may impact public and livestock health.   

1. Introduction 

The red sheep tick (Haemaphysalis punctata), based on historical re-
cords, is found predominantly in countries bordering the Mediterranean 
Sea and central Europe, and in Asia, with further reports from Southern 
England, Wales and Southern Sweden (Estrada-Peña et al., 2013). 
However, for the past three decades there have been populations 
increasingly recorded in temperate areas (Herbert et al., 1981) and in 
more recent years there is increasing evidence that H. punctata is 
expanding its distribution in Northern Europe (Hofmeester et al., 2016). 
In the United Kingdom (UK) for example, although there have been 
reports of this tick for the last century, there has been a rise in reports of 
H. punctata biting humans (Cull et al., 2020), companion animals and 
heavy infestations reported on sheep. In particular, the location of these 
suggest that the tick is expanding its range within the South Downs 
National Park (Medlock et al., 2018). 

Infestation with H. punctata has been associated with transmission of 
ovine babesiosis and theileriosis in Mediterranean countries (Friedhoff, 
1997). A Babesia species was detected in H. punctata ticks collected from 
Gwynedd, North Wales (Lewis and Herbert, 1980), which was identified 
as Babesia motasi based on the merozoite morphology. Subsequent 
transmission studies demonstrated that it caused disease in 

splenectomised lambs but not in intact animals (Herbert et al., 1981). In 
addition, Ba. motasi does not appear to be pathogenic for sheep in 
Europe, but interestingly has been reported to cause disease in 
sub-tropical regions (Friedhoff, 1997). A recent study has detected Ba. 
motasi in H. punctata tick populations in Kent, confirming that this 
pathogen may be present in UK H. punctata populations (Phipps et al., 
2016). A report of fatal babesiosis in a splenectomised 70-year-old man 
in Korea due to infection with a Ba. motasi-like species suggests zoonotic 
potential (Hong et al., 2019). Consequently, understanding the distri-
bution of one of its vectors is essential in attempting to understand its 
possible impact. Bovine babesiosis in the UK is primarily caused by 
infection with Ba. divergens, transmitted by the common sheep/deer tick, 
Ixodes ricinus. A second, less pathogenic, Babesia species, Ba. major, has 
also been documented in the UK (Brocklesby and Sellwood, 1973) but is 
rarely reported. However, past studies suggest that it can be transmitted 
by H. punctata (Morzaria et al., 1974). Other potential zoonotic patho-
gens associated with H. punctata include Borrelia burgdorferi s.l. (Bar-
andika et al., 2008; Nunes et al., 2016), Bo. miyamotoi (Raileanu et al., 
2017) and spotted fever group Rickettsiae (Tijsse-Klasen et al., 2013), 
although the role of this tick species in the transmission of these path-
ogens is uncertain. 

In order to better assess the risk to the public and animal welfare, we 
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have investigated the presence of tick-associated pathogens in collec-
tions of ticks from known H. punctata populations in Sussex over three 
years. 

2. Materials and methods 

Several survey locations were targeted over a three-year period, 
based upon records received by Public Health England’s (PHE) Tick 
Surveillance Scheme (TSS). All ticks for this survey were collected from 
eight sites within The South Downs National Park, a relatively recently 
designated area in the UK that stretches from East Sussex to Hampshire 
covering over 1627 km2. The rural areas of the Park consist of a mixture 
of chalk downland used for livestock pasture and wooded hills. Tick 
samples are listed within Table 1 where either flagging or direct removal 
of ticks from sheep from one farm, were used. 

Ticks were identified to species level using morphological identifi-
cation keys (Hillyard, 1996; Estrada-Pena et al., 2018). For identifica-
tion of piroplasms tick legs were removed from each adult or nymph and 
homogenised in 400 μL phosphate buffered saline. DNA was extracted 
from 200 μL of homogenate using the DNeasyBlood and Tissue Kit 
following the manufacturer’s protocol (Qiagen, Manchester, UK). A 423 
base pair amplicon of the Piroplasm 18S rRNA coding sequence was 
amplified using the primers Piro A 5′-AATACCCAATCCTGAC 
ACAGGG-3′ and Piro B 5′-TTAAATACGAATGCCCCCCAAC-3′ as previ-
ously described (Armstrong et al., 1998; Fernández de Marco et al., 
2017). This primer combination amplifies piroplasm species from the 
genus Babesia and Theileria. Babesia divergens DNA was used as a positive 
control (Johnson et al., 2020). Amplicons were separated on a 1% 
agarose gel impregnated with SYBR safe (Thermo Fisher Scientific-UK) 
and visualised by exposure to ultraviolet illumination. Bands of the 
correct size were sequenced with the original primers using the ABI 
PRISM® BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied Bio-
systems). Sequences were identified by BLAST search of the Nucleotide 
database (NCBI). For phylogenetic analysis, nineteen 18S rRNA Babesia 
sequences were aligned in Mafft v7.475 and the alignment imported into 
BEAST v2.6.3 (Bouckaert et al., 2022) to perform Bayesian analysis 
using 10,000,000 Markov chain Monte Carlo (MCMC) generations with 

a GTR+I + G nucleotide substitution rate, strict molecular clock and 
yule model tree prior parameter. Log files were inspected in Tracer 
v1.7.1 to check effective sample size then the trees were summarised 
into maximum clade credibility in TreeAnnotator v2.6.3 with 10% 
burn-in. Tree visualisation and annotation was carried out in FigTree 
v1.4.4. 

In addition, DNA extracts were tested for presence of Borrelia DNA 
using a modified pan-Borrelia qPCR assay against the Borrelia 16S rRNA 
gene (Parola et al., 2011) using primers 5′-AGC CTT TAA AGC TTC GCT 
TGT AG-3′ (forward), 5′-GCC TCC CGT AGG AGT CTG G-3′ (reverse) and 
probe 5′-CCG GCC TGAG AGG GTG AAC GG-BHQ1–3′. PCR plates were 
prepared on a QIAgility system (QIAgen) using 10 μl TaqManTM Fast 
Universal PCR Master Mix (Applied Biosystems), 1 μl primer/probe mix 
(final concentration 900 nM each primer and 250 nM probe), 4 μl PCR 
grade H2O, and 5 μl sample per well. Water was used as a negative 
control and B. burgdorferi s.s. DNA used as a positive control. The PCR 
was performed on a QuantStudio 7 Flex real-time PCR system (Applied 
Biosystems), using a program consisting of an initial 20 secs at 95 ◦C 
followed by 40 cycles of 3 secs at 95 ◦C and 30 secs at 60 ◦C. Positive 
samples were typed by sequencing of the 5S-23S rRNA intergenic spacer 
(Alekseev et al., 2001) to determine B. burgdorferi genospecies (primers: 
forward 5′- GAG TTC GCG GGA GAG TAG GTT ATT GCC-3′, reverse 5′- 
TCA GGG TAC TTA GAT GGT TCA CTT CC-3′). Reactions were prepared 
in 50 μl volumes, containing 5 μl 10x PCR reaction buffer (MgCl2), 1 μl 
10 mM dNTPs, 1.5 μl 50 mM MgCl2, 2 μl each primer (from 10 μM stock), 
0.2 μl Platinum Taq DNA polymerase (Invitrogen), 33.3 μl PCR grade 
H2O, and 5 μl sample. Reactions were carried out in a Labtech G-Storm 
Thermocycler with the following cycling conditions: 5 mins at 94 ◦C, 
followed by 10 cycles of 94 ◦C for 10 secs, 70 ◦C for 30 secs (lowering by 
1 ◦C each cycle) and 72 ◦C for 30 secs, then 40 cycles of 94 ◦C for 20 secs, 
60 ◦C for 30 secs and 72 ◦C for 30 secs, with a final extension of 72 ◦C for 
7 mins. For real-time PCR positive but 5S-23S ITS negative samples, a 
second set of sequencing primers were used to amplify the rrs-ileT region 
(primers: forward 5′- GTATGTTTAGTGAGGGGGGTG − 3′, reverse 5′- 
GGATCATAGCTCAGGTGGTTAG − 3′), which is present in both Bo. 
burgdorferi s.s. and relapsing fever Borrelia clades, using the same cycling 
conditions as described above (Safdie et al., 2010). PCR products were 

Table 1 
Sampling locations and the results of testing for pirolasms and Borrelia spp. in Haemaphysalis punctata in Southern England. The numbers of male (♂), female (♀) and 
nymphs (N) are included.  

Year Location Map 
coordinates 

Method of collection Samples Pan-piroplasm 
testing 

Babesia species Borrelia 
testing 

Borrelia 
species 

2018 Kingston 50.85 N, 0.03 W Flagging ♂ 2 0 / 7 – 0 / 7 – 
♀ 2 
N 3  

Seven Sisters 50.76 N, 0.15 E Flagging ♂ 3 0 / 16 – 0 / 16 – 
♀ 6 
N 7  

Southease 50.83 N, 0.03 E Flagging ♂ 37 3 / 94 1 ♂ Ba. major 8 / 94 5♀ Bo. 
miyamotoi ♀ 43 1 ♂ Ba. motasi 
3♀ untyped N 14 1 ♀ Ba. motasi  

Wilmington 50.81 N, 0.19 E Flagging ♂ 12 0 / 26 – 0 / 26 – 
♀ 12 
N 2 

2019 Ditchling 
Beacon 

50.90 N, 0.10 W Flagging ♂ 0 0 / 7 – 0/7 – 
♀ 0 
N 7  

High Park Farm 50.86 N, 0.11 W Flagging ♂ 1 0 / 5 – 0 / 5 – 
♀ 1 
N 3  

Jevington 50.79 N, 0.22 E Removed from livestock and 
flagging 

♂ 3 1 / 51 1 flagged nymph Ba. 
motasi 

0 / 51 – 
♀ 27 
N 21 

2020 Wild Park 50.86 N, 0.11W Flagging ♂ 39 0/96 – 0 / 96 – 
♀ 57    

Totals ♂ 97 4 / 302 – 8 / 302 – 
♀ 148 
N 57  
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purified using Agencourt AMPure XP beads (Beckman Coulter) accord-
ing to the manufacturer’s protocol, and then sent to the PHE Genomic 
Services and Development Unit (Colindale, London) for Sanger 
sequencing. Borrelia genospecies was determined by inputting consensus 
sequences into BLAST (NCBI). For analysis of rrs-ileT products, sequence 
data was aligned to a range of Bo. miyamotoi rrs-ileT sequences available 
on GenBank. Aligned regions were analysed using BLAST to determine 
similarity with other Bo. miyamotoi sequences. Sequences upstream and 
downstream of the aligned regions were also analysed using BLAST to 
determine their significance. 

3. Results 

Haemaphysalis punctata ticks were collected from eight locations 
across East Sussex (Fig. 1). Total DNA was extracted from 302 
H. punctata ticks (148 females, 97 males and 57 nymphs) collected 
during 2018, 2019 and 2020 (Table 1). 

Four ticks were found to be positive for piroplasm DNA. A single 
male tick, designated Tick 44, was collected from the Southease location 
by flagging in 2018. Based on 100% sequence identity (GenBank 
sequence GU194290), this was identified as Babesia major. A second 
male tick, designated tick 103, and a single female, also collected from 
the Southease location in 2018 were positive for Ba. motasi based on 
99% identity with published 18S rRNA sequence (GenBank MF361088). 
A single nymph collected at Jevington in 2019 by flagging was also 
positive for Ba. motasi. A phylogeny based on a 320 base pair sequence 
on the 18S rRNA coding sequence demonstrates the relationship be-
tween these sequences and other Babesia species (Fig. 2). 

Eight female ticks tested positive for Borrelia bacteria using a pan- 
Borrelia PCR. All were collected from the Southease location during the 
summer of 2018 using the flagging method. BLAST analysis of 
sequencing results could not identify any Borrelia burgdorferi s.l., but five 
samples matched Bo. miyamotoi based on 97–98% sequence identity 
over a 128 bp fragment with a published sequence (GenBank sequence 
CP017126.1). Sequences upstream and downstream of the aligned rrs- 
ileT regions showed no similarity to any sequences available on GenBank 
and so were discarded from the final consensus sequence. No phyloge-
netic analysis was attempted on these samples due to the short se-
quences obtained and this region being conserved amongst all Bo. 
miyamotoi sequences included in the alignment. 

No pathogens were detected in ticks collected from sites at Kingston, 
Seven Sisters, Wilmington, Ditchling Beacon, High Park Farm or Wild 
Park. 

4. Discussion and conclusions 

Surveys conducted over a number of years at sites across the South 
Downs National Park have detected abundant populations of 
H. punctata, supporting previous observations on the distribution of this 
tick species in Southern England (Medlock et al., 2018; Phipps et al., 
2020). The movement of grazing sheep is hypothesised to contribute to 
the range expansion of H. punctata into new locations, particularly 
westwards into new areas of the South Downs National Park. Conse-
quently, tick control on livestock is increasingly important, as is the 
timing of sheep movements, particularly if animals are infested, or if 
questing tick densities are high when sheep are moved on to graze, as 
this may help limit the spread of tick-borne pathogens. 

A number of pathogenic organisms have been detected from our 
surveys, including Babesia major, Babesia motasi and Borrelia miyamotoi 
from two sites in the east of the South Downs National Park (Table 1; 
Fig. 1). Babesia major had previously been isolated from H. punctata ticks 
from Kent and Essex, and transmitted to splenectomised cattle (Brock-
lesby and Barnet, 1970; Brocklesby and Sellwood, 1973). Infection with 
Babesia spp. can lead to disease in livestock, particularly if animals are 
further stressed as a result of heavy tick infestation, which was reported 
to the research team during the study period. Dual pathogen infections 
are common following infestation with the more widely distributed 
I. ricinus (Moniuszko et al., 2014; Diuk-Wasser et al., 2016), for example 
Ba. divergens and Anaplasma phagocytophilum (Johnson et al., 2020). A 
recent case of tick pyaemia associated with infestation with H. punctata 
detected Staphylococcus aureus within deep tissue abscesses and 
co-infection with either Ba. motasi or Theileria luwenshuni (Macreli et al., 
2020). Consequently, H. punctata may be an overlooked driver of 
tick-borne disease expansion. 

The global epidemiology and ecology of Bo. miyamotoi is in the early 
stages of investigation. The species belongs to the relapsing fever clade 
of the Borrelia genus and is believed to co-circulate with other Borrelia 
genospecies (Cutler et al., 2019). It has been identified in several species 
of hard tick in the Northern hemisphere including I. ricinus and 
H. punctata (Hansford et al., 2015; Raileanu et al., 2017). Borrelia 
miyamotoi has been detected and confirmed by glpQ and p66 gene 
sequencing in previous studies in the UK (Hansford et al., 2015, 2017; 
Layzell et al., 2018). Clinical investigations have indicated associations 
with mild febrile illness in humans, and chronic illness in immuno-
compromised patients (Tobudic et al., 2020). To date, no clinical asso-
ciations have been identified in livestock or companion animals. Borrelia 
miyamotoi has been reported in I. ricinus, which is far more widespread 
in the UK and is responsible for more cases of human biting. So far no 
human cases associated with Bo. miyamotoi have been reported in the 

Fig. 1. Map of tick sampling sites (2018–2020) in Southern England.  

L.P. Phipps et al.                                                                                                                                                                                                                                



Ticks and Tick-borne Diseases 13 (2022) 101902

4

UK, and therefore the risk from H. punctata, which is more geographi-
cally restricted and bites humans less frequently compared to Ix. ricinus 
(Cull et al., 2020), is likely to be even lower. 

Haemaphysalis punctata ticks are also a vector of the zoonotic 
Bunyavirus, Bhanja virus (Calisher and Goodpasture, 1975). This virus 
has been isolated from H. punctata in Italy (Verani et al., 1970), and a 
related virus has been isolated from ticks in Portugal (Filipe et al., 1994). 
However, comparison of known foci of Bhanja virus infections suggests 
that the virus is associated with a sub-Mediterranean climate with dry 
summers and wet mild winters (Hubálek, 2009) and therefore is unlikely 
to be present in the UK. 

Continued efforts to monitor the distribution of H. punctata are 
required, along with continued detection of known and additional 
pathogens, to understand how this tick contributes to disease epidemi-
ology in sheep and cattle. The primary focus now should be on mini-
mising the spread of the tick to other suitable habitats in Sussex and 
surrounding areas, by preventing the movement of infested sheep flocks, 
and controlling the tick where it occurs through targeted acaricidal 
treatment or through site-specific grazing management. Records of new 
foci or human biting can continue to be reported to the PHE Tick Sur-
veillance Scheme, with incidences of tick-associated issues on livestock 
reported to the Animal and Plant Health Agency. 
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