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ABSTRACT 

 

Lyme borreliosis is a multisystemic tick borne disease (also called Lyme disease in humans) which is 

caused by the Borrelia burgdorferi sensu lato species complex. It is a thin, elongated Gram-negative 

bacterium and exhibiting motility with flagellar projections. Affected animals mainly show cranial or 

peripheral neuropathies and uveitis as the more commonly seen extraneural manifestation. Serological 

evidences confirm its higher occurrence in elderly horses than young ones. Although, incidence of 

equine Lyme borreliosis is low, its diagnosis is a real challenge. As no indisputable test exists for 

detecting antibodies to B. burgdorferi, histopathology remains the gold standard and might reveal 

vascular sclerosis and pleocellular inflammatory infiltrates in neural tissue. Despite antibiotic treatment 

clinical signs might progress or recur. This review converses with the disease etiology, pathobiology in 

brief and its mangment from publich health point of view. 
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1 Introduction 

 

Lyme borreliosis caused by the Borrelia burgdorferi sensu lato 

species complex, is a multisystemic tickborne disease (also 

called Lyme disease in humans). About a century back, 

Afzelius was the first to notice expanding skin lesion in a 

human patient, and named it as erythema migrans, which has 

now become clear to be as the initial skin manifestation of 

Lyme disease. Subsequently, in 1976 Burgdorfer and his 

associates first time reported the etiologic agent of this disease 

and also performed an epidemiological evaluation on a cluster 

of children suffering with arthritis in the city Old Lyme, 

Connecticut, USA. This became the first report on Lyme 

disease (Mast & Burrows 1976; Steere et al., 1977; Burgdorfer 

et al., 1982; Butler et al., 2005; Steere 2006; Staneck et al., 

2012).  

 

Hitherto studies have revealed geographical restiction of this 

bacteria, as in Europian countries, five genospecies of B. 

burgdorferi s.l. have been found to affect humans, namely B. 

afzelii, B. burgdorferi s.s., B. garinii, B. spielmanii and B. 

Bavariensis. Among these, the first three are the predominant 

species. While in North America, B. burgdorferi s.s. is the only 

species that is pathogenic for humans. In Asian region, B. 

garinii is more commonly reported (Staneck et al., 2012). 

 

In the equine species, diagnosis of Lyme borreliosis remains a 

challenge like in other species. As a consequence, the question 

if Lyme borreliosis in horses is overdiagnosed remains valid 

even to date (Bartol, 2013). This review converses with the 

recent information available on Lyme borreliosisin the horse. 

 

2 Etiology 

 

Borrelia sps. are gram-negative, flagellated, thin and elongated 

motile bacteria. This bacterium possess 21 plasmids (nine 

circular and 12 linear), which is the largest number of plasmids 

to be found in any known bacterium. Moreover, it also shows 

genetic complexity with at least 132 functioning genes, 

intracellular localisation, immune evasion, and auto-regulation, 

which makes this spirochaete a formidable infectious pathogen 

(Qiu et al., 2004; Stricker et al., 2005).These bacteria belong to 

the phylum Spirochaetes and are grouped in the B. burgdorferi 

s.l. genospecies complex that contains at least 20 proposed 

genospecies such as  B. afzelii, B. garinii, B. burgdorferi sensu 

stricto, B. andersoni, B. japonica, B. lusitaniae, B. sinica, B. 

tanuki, B. turdii, B. valaisiana, and B. bissettii (Stanek et al., 

2004; Wang et al., 1999; Becker et al., 2016). Phylogenetically 

all these genospecies are classifed into two major clades: one 

that represents Europian and Asian species and another 

consists of species found in North America and Europe. 

Furthermore, the two groups in the “American” cluster (B. 

burgdorferi s.s. and B. Bissettiae) occur in Europe as well as in 

North America. This raises concern over the common ancestor 

of this cluster whether it originated in North America or 

Europe (Becker et al., 2016).  

 

In Austria, B. afzelii is the predominant genospecies in 

clinically normal horses (Muller et al., 2002). Lately, B. 

lusitaniae infection has been noticed in horses in Italy 

(Veronesi et al., 2012). 

 

3 Epidemiology  

 

In Europe, Ixodes ricinus is the main vector of B. burgdorferi 

s.l. in comparison to black-legged ticks (Ixodes scapularis) 

which is more common in the USA. The small rodents also act 

as reservoirs (Gern et al., 1998, Humair et al., 1998). 

Additionally, birds have been found to play a major role in the 

ecology of Lyme borreliosis, where ticks have been transported 

over large distances and across geographical barriers by avian 

hosts (Humair, 2002). To note, particular vector adaptations 

determine the geographic distribution range of genospecies 

(Becker et al., 2016).  

 

It has been noticed that B. burgdorferi s.s. may persist in 

clinically healthy horses (Chang et al., 2000). The 

seroprevalence of Lyme borreliosis in horses varies with 

geographical areas. In some areas of the north-eastern USA it 

is about 33-50% (Funk et al., 2016; Magnarelli et al., 2000), 

9.8-42.8% in Brazil (Basile et al., 2016), 31-48% in France 

(Maurizi et al., 2010), 29% in Denmark (Hansen et al., 2010), 

26% in Poland (Stefanciková et al., 2008), 24% in Italy (Ebani 

et al., 2012), 6% in Turkey (Bhide et al., 2008), and 5.5% in 

Korea (Lee et al., 2016). Older horses are more prone for 

positive test response than younger ones (Ebani et al., 2012; 

Funk et al., 2016). Of note, no significant differences in the 

mean seroprevalence were observed in the respective years in 

Italy (Ebani et al., 2012). It has been indicated that the majority 

of horses that were positive on initial testing did not have a 

different test result 5-17 months later (Funk et al., 2016). 

Recently, Lee et al. (2016) showed statistically significant 

differences according to breed and region where variances 

might be attributed to the ecology of vector ticks and climate 

conditions. 

 

The presence of viable B. burgdorferi spirochetes observed in 

clinically healthy horse’s urine in an endemic region (Manion 

et al., 1998) has raised concern whether non-tick transmission 

of this bacterium may occur by direct urine/mucosal contact 

(Butler et al., 2005). 

 

4 Pathophysiology 

 

The attachment of an outer-coat protein (OspA) displayed on 

the lumenal side of the gut of ticks (like black-legged ticks 

Ixodes scapularis or Ixodes ricinus) to a receptor (TROSPA) 

favours B. burgdorferi to persist in the gut and avoid 

elimination (Pal et al., 2004). The infection may be acquired 

through larvae or nymphs feeding on small to medium sized 

wild animals harbouring the B. burgdorferi as reservoir. Adult 

ticks have been found to only engorge on larger animals (deer, 

sheep, cows and horses). Of the note, B. burgdorferi s.l. DNA 

has been more commonly detected in female ticks, followed by 
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nymphs and larvae, and least in adult male ticks (Wodecka, 

2003). After the attachment of ticks to a host, the spirochetes 

present in the midgut of ticks move through the midgut wall 

and haemocoel, reach the salivary glands and get inoculated 

with the saliva of ticks into the host 2-3 days after attachment 

(Piesman et al., 1987). On few occasions, inoculation may 

occur earlier if spirochetes are already present in the salivary 

glands of the infected tick (Alekseev et al., 1995). Though, for 

proper B. burgdorferi transmission to occur an infected tick 

must attach for at least 24 hours on the animal (Thanassi & 

Schoen 2000), its transmission to the host has been seen to 

occur as early as 18 hours after attachment (Alekseev et al., 

1995). Concurrent infection with other tick-borne pathogens 

like Anaplasma phagocytophilum (Persing 1997) and Theileria 

equi (Basile et al., 2015) can occur. 

 

The predominant migration of B. burgdorferi within 

connective tissues may provide protection to this bacterium 

from humoral antibodies (Divers et al., 2001).  

 

5 Clinical Presentation 

 

Of the 16 equine cases with histologically confirmed Lyme 

borreliosis recently reviewed, 12 were geldings, while the 

remainder was mares. Breeds included 6 Thoroughbreds, 2 

Paints, 2 Ponies, 2 Quarter Horses, and one each of Haflinger, 

Arabian, and Morgan. The breed was not known in one of the 

cases studied. The horses were not vaccinated against Borrelia 

(Johnstone et al., 2016).  

 

Incubation period of this bacterium in the equine species has 

not been established yet. Clinical signs in horses attributed to 

B. burgdorferi include low grade fever and lethargy (Burgess 

& Mattison 1987b; Magnarelli et al., 1988; Johnstone et al., 

2016), weight loss (Johnstone et al., 2016), changes in 

behavior (Johnstone et al., 2016), dysphagia (Johnstone et al., 

2016), lameness (Browning et al., 1993), arthritis (Burgess et 

al., 1986; Hahn et al., 1996; Passamonti et al., 2015; Johnstone 

et al., 2016), neck stiffness (Johnstone et al., 2016), episodic 

respiratory distress (Johnstone et al., 2016), muscle tenderness 

(Divers et al., 2003) and fasciculations (Johnstone et al., 2016), 

anterior uveitis (Burgess et al., 1986; Hahn et al., 1996; 

Johnstone et al., 2016), cranial nerve deficits (Johnstone et al., 

2016), ataxia (Johnstone et al., 2016), meningo-encephalitis 

(Burgess & Mattison 1987b; James et al., 2010; Imai et al., 

2011), abortion (Sorensen et al., 1990), cardiac arrhythmias 

(Johnstone et al., 2016) and foal mortality (Burgess et al., 

1987a). Ataxia was characterized by general proprioceptive 

deficits and was frequently reported in conjunction with limb 

paresis. Signs of generalized lower motor neuron weakness,  

facial nerve deficits with paresis or muscle fasciculations have 

been  observed less frequently. Dysphagia, tongue paresis and 

fasciculations are also clinically evident. The variation 

reported in presenting complaints reflects the multisystemic 

nature of Lyme borreliosis. Uveitis has been reported to be the 

most frequent extraneural manifestation of Borrelia infection 

(Johnstone et al., 2016). 

 

The variation of the clinical presentation in B. burgdorferi 

infected horses might be unapparent due to co-infection with 

pathogens like A. phagocytophylum. Such variation might also 

occur due to infection with different genospecies of B. 

burgdorferi as has been seen in case of human beings (Butler 

et al., 2005). 

 

6 Differential Diagnosis 

 

The differential diagnosis is large not only due to the great 

variety in clinical signs but also associated with different B. 

burgdorferi genospecies and possible co-infection. 

 

7 Diagnosis 

 

The diagnosis of borreliosis in horses as well as in other 

species remains a challenge as persistent B. burgdorferi 

infections without any clinical symptoms have been 

documented in horses too (Chang et al., 2000). Antibodies can 

be detected at 5-6 weeks in Ponies exposed to ticks infected 

with B. burgdorferi, with the highest antibody levels induced 

at 3 months after exposure (Chang et al., 2000). Preference 

might be given to culture of B. burgdorferi from equine skin 

biopsies (Chang et al., 2000) combined with a two-step 

serology protocol (ELISA or IFAT supplemented by protein 

immunoblotting like Western blot or reverse line blot) (Trevejo 

et al., 1999; Magnarelli et al., 2000; Butler et al., 2005).  

 

The development and validation of a new fluorescent bead-

based multiplex assay for the detection of antibodies to outer 

surface protein A (OspA), OspC and OspF antigens of B. 

burgdorferi in horse serum has been reported. This assay has 

improved analytical and diagnostic sensitivities compared to 

Western blot analysis. Multiplex analysis is a valuable 

quantitative tool that simultaneously detects antibodies 

indicative for natural infection with and/or vaccination against 

the Lyme pathogen (Wagner et al., 2011). 

 

Commercial C6 testing identified most infected horses but also 

resulted in false positive and false negative interpretations 

(Johnson et al., 2008; Wagner et al., 2013; Schvartz et al., 

2015b). A recent study indicated that the available serologic 

tests (a point-of-care C6 enzyme-linked immunosorbent assay 

(ELISA), an whole-cell IFAT, an ELISA confirmed with 

Western blot, and the Lyme multiplex assay for antibodies 

against B. burgdorferi) all lacked agreement when used to 

assess the exposure to B. burgdorferi of horses from a low-

prevalence population. Samples found positive by whole-cell 

IFAT and Lyme multiplex assay, detecting antibodies against 

Osp C during early antibody responses, could yield negative 

results by ELISA. The differences between the diagnostic tests 

owes to varying sensitivities for Osp C antibodies detection, 

supported by the low anti-Osp C titers in the Lyme multiplex 

assay. Caution against the use of serologic “screening” in the 

absence of clinical suspicion has been advocated accordingly 

(Schvartz et al., 2015a). 
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Overall, 94% of the suspected horse samples were seropositive 

by luciferase immunoprecipitation systems (LIPS) test, and 

heat map analysis revealed that seropositive samples often 

were immunoreactive with at least two of the three antigens 

(against the synthetic VOVO antigen, comprising repeated 

immunodominant C6 epitopes as well as OspC 

immunodominant epitopes). These results suggest that LIPS 

tests employing multiple recombinant antigens offer a 

promising approach for the evaluation of antibody responses in 

Lyme borreliosis (Burbelo et al., 2011). 

 

Due to limitations of false negative results of serum tests 

during B. burgdorferi associated uveitis and their failure to 

identify an active infection, a combination of cytologic 

assessment, antibody, and/or PCR testing of ocular fluids has 

been suggested to be worthwhile when the clinical suspicion is 

high for Lyme uveitis. 

 

Of note, horses treated with antibiotics revealed a decline in 

ELISA titres as compared to control horses (P ≤ 0.05) while 

the untreated horses showed increased ELISA titres (OR = 0.5; 

95% C.I. = 0.3-0.9). Such decline in ELISA titres was low in 

comparison  to the previously reported results in 

experimentally infected and treated ponies. Horses exposed in 

the field with B. burgdorferi having high ELISA values when 

treated with either oxytetracycline or doxycycline may show 

only a small decline in ELISA values (Divers et al., 2012). 

 

It should be realized that negative serology and normal CSF 

analysis do not exclude the diagnosis of Lyme borreliosis and 

it has been stated that histopathology might represent the most 

definitive test for borreliosis in horses. However, when 

presented with a horse displaying ataxia, cranial nerve deficits, 

and weight loss, with historic or current evidence of uveitis, 

collapse, or dysphagia, one should consider Lyme borreliosis 

regardless of CSF analysis or serological results (Johnstone et 

al., 2016). 

 

8 Pathology 

 

Duration of disease before death has been observed to range 

from 2 to 730 days with a median of 120 days (IQR 33–180 

days) (Johnstone et al., 2016). Spirochetes can be visualized in 

affected tissues of the horses with Lyme borreliosis by Steiner 

silver impregnation and immunohistochemistry, predominantly 

within the dense collagenous tissue of the dura mater and 

leptomeninges (Imai et al., 2011). Leptomeningitis, 

lymphohistiocytic leptomeningeal vasculitis, cranial neuritis, 

and peripheral radiculoneuritis with Wallerian degeneration are 

the lesions observed during histopathology, which are 

consistent with a diagnosis of neuroborreliosis (James et al., 

2010; Johnstone et al., 2016). 

 

In comparison, lesions in B. burgdorferi s.s. infected ponies 

have been reported to be limited to the skin, observed as 

perivascular and perineural lymphohistiocytic aggregates in the 

superficial and deep dermis (Chang et al., 2000). B. 

burgdorferi PCR of nervous tissue obtained positive results in 

5/10 horses with histologically confirmed Lyme borreliosis. Of 

the 5 cases that had a negative PCR, 4 were positive with 

Warthin–Starry stain and one showed an indication of 

intrathecal antibody production (Johnstone et al., 2016). The 

distribution and histologic features including vascular sclerosis 

(indicating chronicity) and pleocellular inflammatory infiltrates 

present in horses with histologically confirmed Lyme 

borreliosis are rather characteristic (Johnstone et al., 2016). 

 

9 Management/Treatment (including prognosis) 

 

In comparison to oral administration of doxycycline or 

parenteral sodium ceftiofur, tetracycline @ 6.6 mg/kg BW IV 

bid for 3 weeks has been found to be superior for treatment of 

B. burgdorferi infected ponies (Divers et al 2003). Besides, 

avoiding tick-infested areas as well as careful grooming of the 

horse for early removal of ticks are the best preventive 

measures. For prevention of tick-infestation, various kind of 

insecticidal sprays can be used but most of these have not been 

approved for horses and also their efficacy is unproven yet 

(Butler et al., 2005). However, the use of canine tick sprays on 

horses till so far has not revealed any adverse effects (Divers et 

al., 2001).  

 

Of interest, a 12-year-old thoroughbred horse with B. 

burgdorferi infection responded well to doxycycline treatment 

(10 mg/kg BW PO q 12 h for 60 days) and returned to normal 

exercise. However, the horse was found to again develop a stiff 

neck and rapidly progressive neurologic deficits along with 

severe ataxia and vestibular deficits after 60 days of treatment. 

The condition of the horse got deteriorated rapidly despite 

administering IV oxytetracycline, and it was euthanatized 

(James et al., 2010).  

 

Eight horses out of sixteen horses with histologically 

confirmed Lyme borreliosis received antibiotic treatment, 

including doxycycline, minocycline, oxytetracycline, or 

ceftiofur. In these cases, clinical signs either continued to 

progress or, despite an initial improvement, plateaued or 

showed recurrence and subsequent progression (Johnstone et 

al., 2016). 

 

Of importance, persistently high serum titres observed after 

treatment of Lyme disease in horses, without the presence of 

clinical signs, may not be a reason to follow more prolonged 

treatment (Divers et al., 2012). 

 

10 Public Health Significance 

 

Lyme borreliosis is regarded as an important tick borne 

zoonosis although the equine species is not considered as a 

main reservoir for human infection. However, the presence of 

viable B. burgdorferi spirochetes has been observed in urine of 

clinically healthy horses (Manion et al., 1998). Lyme 

borreliosis is the most common human tick-transmitted disease 

in the northern hemisphere. A complete presentation of the 

disease is an extremely unusual observation in which a skin 

lesion results from a tick bite and is followed by heart and 
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nervous system involvement, and later on by arthritis. Late 

involvement of eye, nervous system, joints, and skin can also 

occur. The only sign that enables a reliable clinical diagnosis 

of Lyme borreliosis in humans is erythema migrans (Stanek et 

al., 2004). 
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