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      Lyme disease, caused by the bacterium Borrelia burgdorferi and transmitted by tick vectors, is the most commonly reported vector-borne disease in the temperate zone. 1 More than 20 000 cases are recorded annually in the United States. 2 In about 80% of cases, early Lyme disease is characterized by a skin lesion, erythema migrans, which expands to a diameter of more than 5 cm from the site of the tick bite. 3 If left untreated, the disease can progress to early disseminated Lyme disease with neurologic (facial palsy, meningitis and meningoradiculoneuritis, also known as Bannwarth syndrome) and cardiac (usually atrioventricular block, sometimes with myopericarditis) involvement, and then to late disseminated Lyme disease with neurologic manifestations (peripheral neuropathy or encephalomyelitis) and Lyme arthritis. 3,4 

      B. burgdorferi is transmitted by ticks, which feed on wildlife reservoir hosts of the pathogen, particularly rodents and birds. Ixodes scapularis, the blacklegged tick (Figure 1), is the main vector in eastern and central North America. Ixodes pacificus, the western blacklegged tick, is the main vector west of the Rocky Mountains. Both tick species are indiscriminate in their choice of host and will feed on humans; as such, they can transmit pathogens from wildlife to humans.
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            Figure 1: The life stages of the blacklegged tick, Ixodes scapularis, which transmits Lyme disease. Nymphs (left-hand photograph) and adult females (right-hand photograph) are shown in various stages of engorgement from unfed (at the right of each picture) to fully engorged (at the left of each picture). The western blacklegged tick, Ixodes pacificus, is morphologically very similar to I. scapularis. Image courtesy of L. Robbin Lindsay

          



      Recent studies have suggested that the risk of exposure to Lyme disease is emerging in Canada because the range of I. scapularis is expanding, a process that is predicted to accelerate with climate change. Here we review the available and emerging surveillance information and discuss its relevance to the early diagnosis and prevention of Lyme disease. We based this review on a search of the MEDLINE database using the key words “Lyme,” “Ixodes ” and “Canada.”

    

      Diagnosis of Lyme disease

      Within several weeks after the tick bite and manifestation of the erythema migrans lesion, the lesion disappears and the bacterium disseminates hematogenously to other tissues, including additional skin sites (producing secondary erythema migrans lesions in some cases), the nervous system, the heart and the joints. 3 Bacterial culture or use of polymerase chain reaction to amplify target sequences in clinical material (such as blood, skin, synovial fluid or cerebrospinal fluid) are diagnostic methods with low to moderate sensitivity. 2,5 Public health laboratories in Canada, 6,7 the United States 2,8 and some European countries advocate a two-tiered serologic testing process, consisting of enzyme-linked immunosorbent assay followed by Western blot, to assist in diagnosis. Serologic testing is insensitive in very early Lyme disease, but the 2-tiered method is much more sensitive in detecting cases of disseminated Lyme disease. 2,5,7,9 When used alone, enzyme-linked immunosorbent assay has limited specificity, but the specificity is improved by Western blotting, provided that the bands are interpreted according to criteria for positivity set by the US Centers for Disease Control and Prevention. 8 Concerns about test specificity mean that interpretation of the 2-tiered test is informed by whether the patient has had contact with an endemic area, which is defined by ecological criteria. 10 The diagnosis should be guided by the patient’s clinical situation, with the results of laboratory tests providing supportive evidence of infection.

    

      Geographic distribution of risk and endemic areas

      Endemic areas are localities where B. burgdorferi is demonstrably being transmitted by an established population of vector ticks. 6 The number of documented endemic areas in Canada has increased recently. In the early 1990s, only 1 geographically discrete population of I. scapularis was known, at Long Point on the Ontario shore of Lake Erie. 11 Since 1997, detection of human cases by vigilant clinicians and passive surveillance for ticks 12 has led to the identification of populations of I. scapularis in southern Ontario, Nova Scotia, southeastern Manitoba and New Brunswick (Figure 2). 13 In addition, active surveillance driven by risk maps (Box 1) has identified the possibility of additional emerging populations in southern Quebec, in the absence of a clear signal from passive surveillance. 14 Data on human cases from provinces where Lyme disease is reportable suggest a corresponding recent increase in the number of cases acquired by Canadians without any history of travel abroad (Figure 3). 15 Studies indicate that ambient temperature constrains the establishment of I. scapularis in Canada to the warmer regions of southeastern Manitoba, southern Ontario and Quebec and some regions of the Maritimes. As such, projected increases in temperature with climate change are expected to permit and accelerate the expansion of I. scapularis into Canada. 13,16 
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            Figure 2: The distribution of Ixodes scapularis, reflecting information submitted to provincial and federal public health agencies from January 1990 to December 2003 and to the Lyme Disease Association of Ontario for 1993 to 1999 (red circles are centred on the centroid of the census subdivision from which the reports were submitted). Census subdivisions where resident populations of I. scapularis are currently known to occur are indicated by arrows, and the census subdivision containing the only I. scapularis population that was known in 1991 is indicated by the yellow arrow. Reproduced, with permission, from the Entomological Society of America. 12 
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            Figure 3: Annual number of cases of Lyme disease reported voluntarily by the provinces and territories since the late 1980s. Cases of Lyme disease in British Columbia were probably transmitted by Ixodes pacificus, whereas cases from all other provinces with cases that were potentially locally acquired (i.e., Manitoba, Ontario, Quebec, New Brunswick, Nova Scotia and Newfoundland and Labrador) were probably associated with Ixodes scapularis. Cases affecting patients with a history of travel to an endemic area outside Canada during the period when they likely acquired the infection are considered travel-related or nonendemic. Reproduced with permission from the Minister of Public Works and Government Services Canada, 2008. 15 
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            Box 1: Risk maps for the occurrence of the Lyme disease vector Ixodes scapularis

          



      Surveillance by the British Columbia Centre for Disease Control suggests that established populations of I. pacificus and areas where B. burgdorferi is endemic are widely distributed in southern British Columbia. The prevalence of B. burgdorferi infection in host-seeking I. pacificus ticks is usually lower (typically less than 10% 17,18) than that in I. scapularis (typically greater than 25% in the northeastern United States and southeastern Canada 1,19). Therefore, the risk of Lyme disease in endemic areas where I. pacificus is the vector is generally lower than where I. scapularis is the vector.

      Overall, there is a low risk of exposure to Lyme disease from tick vectors in the nonendemic areas of all 10 provinces. This risk is due to ticks dispersed from endemic areas by migratory birds (Figure 2). 12,20,21 About 10% of these bird-transported ticks are infected with B. burgdorferi, 12 and small numbers of cases of human Lyme disease occur outside endemic areas. 22 

    

      Conclusions and recommendations

      The number of known endemic areas of Lyme disease in Canada is increasing because the range of I. scapularis is expanding in the eastern and central provinces. National surveillance must be able to identify this changing pattern. Lyme disease is potentially preventable if people wear appropriate clothing and use N, N-diethyl-meta-toluamide (DEET) repellents. Removal of infected ticks from a person within 24 hours of attachment usually prevents transmission of B. burgdorferi, 23 and early Lyme disease is usually easily treated with antibiotics. 4,24 However, prompt treatment requires recognition of vector ticks and erythema migrans lesions by affected members of the public and prompt diagnosis by clinicians. 24 If Lyme disease is not recognized during the early stages, patients may suffer seriously debilitating disease, which may be more difficult to treat. 4 Therefore, an important function of surveillance is to inform both the public and clinicians about the local risk level and the need for prudent administration of regimens appropriate for prevention and early diagnosis of Lyme disease.

      As of 2009, physicians will be required to report clinically confirmed and suspected cases of Lyme disease to the national surveillance authority. Such reporting will assist in identifying the burden associated with this disease. We also advocate using environmental indicators of the risk of Lyme disease (i.e., the occurrence of ticks or environmental data for risk maps) for surveillance, to both support the diagnosis of the disease and to pre-empt its occurrence in humans. Researchers are now using the gold-standard surveillance method of intensive field study to validate risk maps for Lyme disease vectors 14 as public health tools, so that these maps can be used to identify new endemic areas (Box 1). These studies and the risk maps can then be used to evaluate, select and target surveillance methods, such as passive surveillance for tick vectors (already in use but with effort that varies geographically 12) and surveillance for the presence of Lyme disease vectors on, and evidence of B. burgdorferi infection in, sentinel animals. 25,26 With these methods, it may be possible to predict and then confirm how ticks are spreading in Canada and how endemic areas are expanding, which should in turn allow the targeting of public and physician awareness programs to the areas of greatest risk, for maximum effect.

      We conclude that Lyme disease is emerging in Canada, that effective, enhanced surveillance involving federal and provincial agencies needs to be instigated and that clinician awareness of Lyme disease will be crucial to minimizing its impact.

    

      
        

Key points
	
            Expansion of the geographic range of the tick vector Ixodes scapularis in Canada is leading to increasing numbers of endemic areas for Lyme disease.

          
	
            Because the specificity of serologic tests for Lyme disease may not be high, epidemiologic findings about the likelihood of exposure to ticks that transmit Lyme disease inform the serologic diagnosis, rather than the other way around.

          
	
            Current passive surveillance for tick vectors has identified new endemic areas, but additional methods are needed to precisely identify where Lyme disease is emerging in Canada.

          
	
            Enhanced surveillance tools such as risk maps and risk algorithms help in identifying areas where I. scapularis ticks are becoming established

          
	
            Clinicians’ vigilance for human cases, particularly in non-endemic areas, will greatly assist these surveillance efforts.
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