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Abstract 12 

Background 13 

Anaplasma phagocytophilum is the etiological agent of canine granulocytic anaplasmosis 14 

(CGA) in dogs and causes human granulocytic anaplasmosis (HGA). Tick-borne anaplasmosis 15 

has been recognised as an emerging zoonotic health concern worldwide. The aim of the 16 

present study was to determine the prevalence of A. phagocytophilum in ticks collected 17 

from dogs in the UK and map its distribution.  Routine surveillance of tick-borne disease is 18 

essential as part of a “One Health” approach to infectious disease management. 19 

Methods 20 

Tick DNA samples collected in 2015 as part of a large-scale tick surveillance programme 21 

were analysed using a previously validated diagnostic quantitative PCR for Anaplasma 22 

phagocytophilum.  23 
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Results  24 

PCR analysis indicated that 138 out of 2,994 tick DNA samples analysed were positive for A. 25 

phagocytophilum; a prevalence of 4.6% (95% CI: 3.89-5.42). Among these 138 tick DNA 26 

samples, 131 were from Ixodes ricinus, six were from Ixodes hexagonus and one was from 27 

Ixodes canisuga. Three of the I. ricinus tick DNA samples positive for A. phagocytophilum 28 

DNA were also positive for Borrelia spp. DNA and one was positive for Babesia spp. DNA, 29 

indicating co-infection. The ticks positive for the pathogen DNA were found widely 30 

distributed throughout the UK. 31 

Conclusions  32 

These data provide important information on the prevalence and wide distribution of A. 33 

phagocytophilum in ticks infesting dogs within the UK.  34 

 35 
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 39 

Introduction  40 

Increasing awareness of tick-borne disease as a major cause of morbidity and mortality in 41 

dogs and humans is an important issue (1-3). Understanding the current prevalence and 42 

distribution of tick-borne pathogens is a prerequisite for any measurement of future 43 

change.  Recent studies have provided detailed estimates for the  prevalence of several tick-44 

borne pathogens of both dogs and cats within the United Kingdom (4, 5) but, although 45 

Anaplasma phagocytophilum is considered an emerging pathogen of zoonotic importance 46 

(6-8), it has not been a focus of study and there are few estimates of its prevalence either in 47 

its vectors or hosts in the UK.  48 

Anaplasma phagocytophilum is an obligate gram-negative intracellular bacterium capable of 49 

causing granulocytic anaplasmosis in a variety of species. It is a non-contagious bacterium, 50 
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requiring a nymph or adult female Ixodes spp. tick for its transmission (9, 10).  It is 51 

considered endemic in areas of vector presence, and has been reported in America, Asia 52 

(11) and Northern Europe, including the UK (12). Within Europe Ixodes ricinus is recognised 53 

as the main vector (13) and, although it has been detected in other Ixodid tick species 54 

prevalent within the continent, their roles as vectors is debated (14, 15). Different genetic 55 

forms of A. phagocytophilum occur within different geographical locations, at different 56 

prevalences (13, 16). Trans-ovarian transmission of A. phagocytophilum within ticks has not 57 

been reported, therefore reservoir hosts are essential to maintain the life cycle of this 58 

pathogen. A multitude of different reservoir species have been recognised e.g. sheep, deer, 59 

and small mammals (14, 17-19), with a possible role of migratory birds in its dispersal (20). 60 

Dogs and humans  are considered accidental hosts due to the short duration of bacteraemia 61 

(<28 days), meaning their role in transmission to other host species may be limited (9). 62 

However, the possibility of persistent/chronic disease in dogs, and thus their potential role 63 

as a reservoir for A. phagocytophilum, is now being questioned (9, 21) because the same 64 

genetic variants of A. phagocytophilum have been found in dogs and humans in one study in 65 

Switzerland (22). Due to the close proximity of dogs and humans, dogs might act as 66 

reservoirs for strains infecting humans (23). As such, dogs can be considered as sentinels for 67 

the risk of human exposure to A. phagocytophilum infection (24-26).  68 

The clinical disease, granulocytic anaplasmosis, can occur in dogs, cats (27, 28), ruminants 69 

(29), horses (30) and humans (13, 31). There are several case reports of A. phagocytophilum 70 

infection in dogs in the UK (32, 33). Clinical signs include a combination of pyrexia, lethargy 71 

and anorexia, lymphadenopathy and other non-specific signs (9, 34). Canine anaplasmosis 72 

can also trigger several other immune-mediated diseases such as immune-mediated 73 

haemolytic anaemia, thrombocytopenia (35, 36) and polyarthritis (37, 38). Common 74 

biochemical abnormalities include thrombocytopenia, increased hepatic enzyme activity 75 

and hyperbilirubinemia, anaemia, hypoalbuminaemia and lymphocytosis (34, 39). Human 76 

granulocytic anaplasmosis (HGA) has been a notifiable disease in the U.S.A. since 1999, but 77 

not in Europe. Infected humans usually present with non-specific signs of pyrexia, headache, 78 

myalgia and arthralgia usually 1-2 weeks following a bite by an infected tick (40). The 79 

disease has a potential to cause significant human morbidity with data from the Centres for 80 

Disease Control and prevention in 2010 reporting that 36% of HGA cases required 81 

hospitalisation and 7% of these were admitted to intensive care units (41). Apart from this, 82 
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in most canine and human cases, the disease is usually mild and self-limiting, making it a 83 

challenging diagnosis with a low reporting rate of symptomatic disease. Seroprevalence of 84 

this disease in humans in Europe varies between 2-28%, and reports are increasing, 85 

especially in people exposed to ticks (13, 42).  86 

It has been suggested that the incidence of anaplasmosis appears to be increasing and that 87 

this is most likely to be associated with climate change, increases in tick numbers, habitat 88 

modification, spread of the vectors and reservoirs and/or better diagnostics and reporting 89 

(2, 14, 43). A recent study on I. ricinus ticks collected from dogs and cats within Hungary, 90 

France, Italy, Belgium (dogs only) and Germany (cats only) showed that almost 17% of the 91 

ticks carried A. phagocytophilium (16). So far, few such prevalence studies have been 92 

conducted in the UK, despite it being considered an endemic disease. In 2005, a UK-based 93 

study that undertook PCR analysis of blood samples from 120 acutely ill dogs suspected to 94 

have tick-borne illness found that 0.8% of these dogs were positive for A. phagocytophilum 95 

(27). The only direct study of A. phagocytophilum infection in ticks collected from dogs in 96 

the UK used PCR to show that 0.74% of 675 ticks collected in 2009 from randomly selected 97 

dogs were positive (15). A similar recent study found that 0.9% of ticks collected from cats 98 

carried A. phagocytophilum DNA (5). These are the only studies of A. phagocytophilum 99 

infection in ticks in the UK. Further analysis would help increase our current understanding 100 

of the potential pet and public health risk posed by A. phagocytophilum and provide the 101 

information required to increase public awareness of tick-borne disease. The aim of this 102 

study, therefore, was to determine the prevalence of A. phagocytophilum in ticks collected 103 

from dogs in a large-scale national surveillance study (4, 44).  104 

 105 

Materials and methods 106 

Tick samples 107 

The tick DNA samples analysed here were prepared from ticks collected from dogs by 108 

veterinary surgeons throughout the UK as part of a national surveillance study, details of 109 

which have been published previously (44). In brief, for DNA extraction, each tick DNA 110 

sample comprised either a single tick collected from a dog or one randomly selected tick 111 

when more than one tick was collected from a dog.  Each tick was cut longitudinally and 112 

transversely before DNA extraction and elution into 100 µl of elution buffer and storage at -113 
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20 °C prior to further analysis (44).  In the current study only DNA from fully or partially-114 

engorged adult ticks was used. From the pool of tick DNA samples available, 32 plates (96 115 

well, each containing 94 tick DNA samples) were randomly selected using Microsoft Excel 116 

random number generator (version 15.32), giving 3,008 tick DNA samples for PCR analysis. A 117 

canine glyceraldehyde-3-phosphate dehydrogenase (GAPDH) qPCR was used to detect 118 

canine DNA isolated from dog blood in each tick sample as a control for DNA extraction, 119 

qPCR setup and assay inhibition; all fully or partially- engorged ticks had amplifiable canine 120 

DNA demonstrating that the extraction and the PCRs were working appropriately (4). Ethical 121 

approval for this study was given by the University of Bristol’s Animal Welfare and Ethical 122 

Review Body (University Investigation Number UIN: UB/15/008). 123 

 124 

Anaplasma phagocytophilum real-time qPCR 125 

Anaplasma phagocytophilum DNA was detected using a validated qPCR for the msp2 gene 126 

used in previous studies (5, 45) and modified as follows: each qPCR consisted of GoTaq Hot 127 

Start Mastermix (Promega, Southampton, UK), MgCl2 to a final concentration of 4.5 mM, 128 

forward (5`-ATGGAAGGTAGTGTTGGTTATGGTATT-3`) and reverse (5`-129 

TTGGTCTTGAAGCGCTCGTA-3`) primers and TaqMan probe (FAM-130 

TGGTGCCAGGGTTGAGCTTGAGATTG-BHQ1) at a final concentration of 100 nM each, 2 μl of 131 

template DNA, and water to a final volume of 10 μl. Assays were setup using an automated 132 

liquid handling system (Eppendorf 5073, Eppendorf, UK) that aliquoted mastermix in the 96 133 

well PCR plates and transferred the template DNA. Thermal cycling conditions comprised 95 134 

°C for 2 min, followed by 45 cycles of 95 °C for 15 s, and 60 °C for 30 s (Agilent MX3005P 135 

qPCR, Agilent, Stockport, UK). Fluorescence data were collected at 516 nm at the end of 136 

each annealing/extension step. A positive control sample of A. phagocytophilum (of known 137 

copy number) and negative control (water) were included on each plate. 138 

 139 

Statistical analysis 140 

Data was entered into Microsoft Excel (version 15.32) and both descriptive and inferential 141 

statistics obtained as appropriate. Coordinates were generated by converting dog owners’ 142 

postcodes. The WGS84 (World Geodetic System) was used to map the location of each 143 

sample in QGIS (version 2.18.2). Inclusion criteria included the ability to identify the unique 144 

identification number of the tick DNA sample within the available master database, 145 
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described elsewhere and used for the national surveillance study (44). If the unique 146 

identification number of the tick DNA sample number could not be cross-referenced it was 147 

excluded from the analysis.  148 

 149 

Results 150 

A total of 3,008 tick DNA samples were subjected to A. phagocytophilum qPCR analysis. 151 

Fourteen of these samples were excluded from further data analysis due to failure of ability 152 

to cross-reference the sample within the master database, leaving 2,994 samples (Fig. 1). 153 

Among the 2,994 tick DNA samples, 2,682 were from I. ricinus, 292 were from Ixodes 154 

hexagonus, 19 were from Ixodes canisuga and one was from Dermacentor reticulatus. On 155 

analysis of the A. phagocytophilum qPCR results, 138 of the tick DNA samples were positive 156 

for A. phagocytophilum DNA, giving an estimated A. phagocytophilum prevalence of 4.6% 157 

(95% Confidence Interval: 3.89-5.42). All negative and positive PCR controls gave 158 

appropriate results.  159 

For the tick samples from dogs that tested positive for A. phagocytophilum, the median 160 

cycle threshold (CT) value was 34.91 (range 14.33-39.46); this is consistent with a moderate 161 

load of A. phagocytophilum DNA within the samples. All positive DNA samples were from 162 

Ixodes species: 131 were from I. ricinus, six from I. hexagonus and one was from I. canisuga 163 

(Table 1).  None of the dogs from which the positive tick samples were collected had 164 

travelled abroad within 2 weeks prior to collection of the tick(s).  165 

Results from the same tick DNA samples used in an earlier study of Borrelia and Babesia (4) 166 

showed that three of the ticks that tested positive for A. phagocytophilum in this study were 167 

also positive for Borrelia spp. DNA; two were positive for Borrelia afzelii and one for Borrelia 168 

garinii. In addition, one of the A. phagocytophilum positive samples was also positive for 169 

Babesia spp. DNA.  Ticks positive for A. phagocytophilum were widely distributed 170 

throughout the UK (Fig. 2), with a distribution broadly mirroring that of the origin of the 171 

ticks analysed in this study. 172 

 173 

Discussion 174 

Dogs are common hosts for Ixodid ticks and canine granulocytic anaplasmosis (CGA) has the 175 

potential to cause life-threatening disease in pet dogs and compromise their quality of life. 176 
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Although there are relatively few reports of clinical A. phagocytophilum infection in dogs, a 177 

contributory factor could be lack of clinical awareness among veterinary practitioners 178 

leading to a failure to associate the non-specific signs of the disease with infection (34, 46, 179 

47). To get a more complete picture of the prevalence and distribution of this pathogen it is 180 

important, therefore, to acquire more data on both the host and vector populations. 181 

The present study, involving analysis of DNA samples from a large cohort of ticks collected 182 

from dogs from all regions of the UK, indicated a prevalence of A. phagocytophilum of 4.6% 183 

(95% CI: 3.89-5.42). No clustering of ticks positive for A. phagocytophilum was observed and 184 

the distribution of positive ticks was widespread throughout the UK closely mirroring the 185 

distribution of the main tick vector species I. ricinus (40, 44). This study did not involve 186 

detection of infection in dogs, as no blood samples were collected from the dogs. Ideally, 187 

simultaneous collection of blood samples from the infested dogs and PCR analysis of these 188 

samples would have helped determine the origin of the positive results in the ticks analysed 189 

in this study, but this was not possible under the remit of the current study since it used a 190 

randomised sample of healthy dogs rather than animals with known underlying disease. In 191 

addition, the study involved pet dogs, which were presented to veterinary practices for 192 

various reasons and although the practices were asked to follow a random sampling 193 

protocol, as described in another study (44), the ticks analysed in this study cannot be 194 

considered a true random sample of domestic dog ticks. 195 

 196 

The prevalence of A. phagocytophilum recorded here (4.6%) is much higher than the 197 

prevalence of 0.74% reported in an earlier survey conducted in 2009 (15). This may be 198 

associated with methodological differences or the difference in the sample size used in the 199 

two studies, 675 compared to the 2,994 tested here. Sample size might be particularly 200 

important given the uneven distribution of both ticks and their canine hosts in the UK.  201 

However, the difference might also represent an increase in A. phagocytophilum infection in 202 

ticks over the 10 years that separates the studies, possibly associated with climate change 203 

and/or increases in host populations, improving the survival of the ticks and transmission of 204 

A. phagocytophilum (48-50).  205 

 206 

Studies on ticks in other countries in Europe have reported that A. phagocytophilum 207 

prevalence ranges from zero to over 30% (51-53). In Norway and Lithuania prevalences of 208 
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4.5% and 3% were reported respectively (54). Similarly in Bavaria, Germany a prevalence of 209 

2.9% in Ixodes ricinus ticks was reported (55), with prevalences ranging from 1 to 4.5% in 210 

different parts of the country in other studies (56, 57). A study from central Italy found that 211 

10.4% of tick samples collected from urban domestic dogs were positive for A. 212 

phagocytophilum (58) and another study in North-eastern Italy conducted between 2011 213 

and 2016 indicated that 3.29% of the ticks collected during this period were positive for A. 214 

phagocytophilum (59). Prevalences clearly vary greatly geographically (13), indicating a need 215 

for country specific surveillance and large sample sizes with a broad geographic focus.  216 

 217 

Anaplasma phagocytophilum DNA was detected in three Ixodid tick species in this study, 218 

mostly I. ricinus (131/138), and also from I. hexagonus (6/138) and I. canisuga (1/138).  219 

Anaplasma phagocytophilum has been previously detected in I. canisuga collected from 220 

dogs (15) and in I. hexagonus found on European hedgehogs (60). A similar study (5) found 221 

that 0.9% of ticks collected from cats in the UK were positive for A. phagocytophilum, with 222 

these ticks being I. ricinus and I. hexagonus. The difference in the prevalence figures 223 

between the two studies could be due to the different host species from which the ticks 224 

were collected. Dogs are considered to be asymptomatic carriers and potential reservoirs of 225 

A. phagocytophilum (61), which may reduce detection rates. Also, through self-grooming 226 

cats actively remove ectoparasites and are reported to carry lower tick burdens, which 227 

might reduce the risk for infection (62, 63). In Germany, the seroprevalence of A. 228 

phagocytophilum in cats was three-fold lower than in dogs, and the prevalence of A. 229 

phagocytophilum DNA detected through PCR was twenty-fold lower in cats than dogs (64). 230 

This could be because of low susceptibility to A. phagocytophilum or a self-limiting infection 231 

in cats (65, 66).   232 

 233 

If there has been an increased prevalence of A. phagocytophilum infection in ticks infecting 234 

dogs over the past 10 years, this could have resulted from either a higher prevalence of A. 235 

phagocytophilum infection or an increased risk of dogs getting infected by the infected ticks 236 

feeding on them. Both scenarios are of concern, as even though most dogs infected with A. 237 

phagocytophilum probably remain healthy, acute infection in certain cases can cause 238 

significant illness including central nervous system dysfunction and lameness (67). 239 

Moreover, dogs are often considered to serve as effective sentinel animals to assess the risk 240 
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of humans to tick-borne infections (68-71). Thus, understanding the prevalence of A. 241 

phagocytophilum in ticks infesting pet dogs, as demonstrated in this study, helps not only to 242 

assess the risk to our pets but to humans as well. These findings could drive owner-targeted 243 

discussions on tick prevention and exposure reduction strategies for themselves and their 244 

pets and also increase disease awareness and initiate more prompt diagnosis in all species.  245 

Four A. phagocytophilum positive tick samples analysed in this study were found to be co-246 

infected with Borrelia and Babesia spp. DNA. Co-detection of tick-borne pathogens in Ixodes 247 

spp. ticks has been reported in earlier studies; A. phagocytophilum with Rickettsia helvetica 248 

and B. afzelii in Belgium (72), and multiple infections with combinations of Rickettsia spp., 249 

Babesia spp., “Candidatus Neoehrlichia mikurensis” and A. phagocytophilum in ticks 250 

collected from cats and dogs in Poland (73). There are chances that these ticks may have 251 

become infected with these three pathogens during feeding on infected dogs, however, 252 

these ticks could also have become infected while feeding on rodents or other reservoir 253 

hosts during larval or nymphal stages (74). Furthermore, coinfection in ticks and 254 

transmission to the host can lead to more severe symptoms and a longer duration of illness 255 

in the patients (75).  256 

 257 

Conclusions  258 

This study has found the prevalence of A. phagocytophilum DNA in ticks collected from dogs 259 

in the UK to be 4.6%, which is higher than previous studies in the UK and may indicate an 260 

increasing incidence. Infected ticks were widely distributed throughout the UK. Co-infection 261 

with Borrelia spp. and Babesia spp. was shown to occur and this may influence disease 262 

severity. This study provides updated evidence to help inform and increase awareness of A. 263 

phagocytophilum among veterinary practices and pet owners.  264 
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Table 1. Numbers of ticks analysed in the study, the Ixodes spp. and numbers positive for 464 

Anaplasma phagocytophilum and percentage prevalence with exact binomial 95% 465 

confidence intervals (CI). 466 

 467 

Tick species Number of Tick 

samples analysed 

Number postive for A. 

phagocytophilum DNA 

Prevalence (%) Lower 95 % CI  Upper 95 % CI  

I. ricinus 2682 131 4.88 4.11 5.77 

I. hexagonus 292 6 2.05 0.76 4.42 

I. canisuga 19 1 5.26 0.13 26.03 

Dermacentor 1 - - - - 

Total Number 

of Tick samples  

2994 138 4.61 3.89 5.42 
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