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Abstract 

Background. Lyme disease (LD) is the most prevalent vector-borne infection in the Northern 

Hemisphere. Canada and the Nordic countries occupy analogous positions at the northern 

frontier of tick range expansion, yet no study has systematically compared their emergence 

trajectories. These regions present a natural experiment: identical climatic forcing operates 

upon fundamentally different vector-pathogen-host systems and surveillance architectures. 

Material and methods. Data were drawn from companion analyses: a 16-year Canadian 

national surveillance time series and a 7-year Nordic multi-country analysis. Comparative 

metrics included compound annual growth rates (CAGR), normalized growth indices, COVID-

19 impact comparisons, and ecological-surveillance framework mapping. 

Results. Both regions demonstrate unambiguous upward trajectories consistent with climate-

driven expansion. Canada’s CAGR (27.1%) exceeded Norway’s (6.8%) and Denmark’s 

(19.1%). During 2018-2024, Canadian cases increased 252% versus 48.2% (Norway) and 

184.8% (Denmark). Critical divergences include pathogen complexity, co-circulating tick-

borne encephalitis (TBE) in the Nordic countries, different surveillance architectures, and 

emergence phases. 

Conclusions. Convergent emergence across ecologically distinct systems confirms climate 

warming as the overarching driver, while divergent ecologies and surveillance systems produce 

fundamentally different disease profiles, underscoring the need for internationally harmonized 

surveillance standards. 

Keywords: comparative epidemiology, tick-borne encephalitis, Lyme disease, Lyme 

borreliosis, climate change 

 

Introduction 

 

Tick-borne diseases have emerged as the defining vector-borne health challenge in 

temperate and northern regions of the Northern Hemisphere. Lyme disease (LD), caused by 

spirochaetes of the Borrelia burgdorferi sensu lato (s.l.) complex and transmitted by hard-

bodied ticks of the genus Ixodes, is the most commonly reported vector-borne infection in both 

North America and Europe, with an estimated 476,000 annual cases in the United States [1,2] 

and 650,000-850,000 across Europe [3,4]. In European clinical and surveillance practice, the 

condition is more commonly designated Lyme borreliosis (LB), a term that reflects the broader 

spectrum of pathogenic Borrelia genospecies prevalent on that continent; Lyme 
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neuroborreliosis (LNB), the neurological manifestation of the disease, is a particularly 

important clinical subset in the European context [5,6]. Both terminologies are employed 

throughout this comparative analysis to reflect their respective regional conventions. Unlike 

many infectious diseases that have receded with improvements in sanitation and healthcare 

infrastructure, tick-borne diseases are accelerating: incidence has risen across virtually every 

country with systematic surveillance over the past three decades [4,7-9]. This acceleration is 

most pronounced at northern latitudes, where warming is occurring at two to four times the 

global average, expanding the zone of climatic suitability for tick survival, reproduction, and 

host-seeking activity into regions that were historically inhospitable to these vectors [10-12]. 

Canada and the Nordic countries such as Denmark, Norway, Sweden, and Finland 

occupy symmetrical positions at the northern frontier of tick range expansion on their respective 

continents. Both regions are experiencing the progressive establishment of tick populations in 

territories where these vectors were rare or absent a generation ago, producing epidemiological 

trajectories characterized by accelerating case counts, expanding geographic risk zones, and 

growing public health concern [13-17]. Yet these superficially parallel emergence stories are 

underlain by fundamentally different biological realities. In Canada, a relatively streamlined 

vector-pathogen-host system prevails: Ixodes scapularis transmits predominantly Borrelia 

burgdorferi sensu stricto (s.s.), maintained in a cycle dominated by white-footed mice 

(Peromyscus leucopus) as the principal reservoir host and white-tailed deer (Odocoileus 

virginianus) as the primary reproductive host for adult ticks [18-20]. In the Nordic countries, 

the system is substantially more complex: Ixodes ricinus transmits multiple Borrelia 

genospecies, principally B. afzelii, B. garinii, and B. burgdorferi s.s., each with different 

reservoir host associations, tissue tropisms, and clinical manifestations, while simultaneously 

transmitting tick-borne encephalitis virus (TBEV), a flavivirus causing a potentially severe 

neurotropic infection with no equivalent in Canada [6,21-23]. 

This contrast between convergent climatic forcing operating upon divergent vector-

pathogen-host ecologies constitutes a natural experiment of exceptional scientific and public 

health significance. Understanding which features of tick-borne disease emergence are 

universal (driven by climate) versus context-specific (driven by local ecology, surveillance 

design, or pathogen characteristics) is essential for developing transferable predictive 

frameworks and evidence-based policy responses applicable across the dozens of northern-

latitude jurisdictions that will face analogous challenges in the coming decades [24,25]. 
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Rationale for comparative analysis 

 

Despite the evident parallels between Canadian and Nordic tick-borne disease 

emergence, no prior study has systematically compared the epidemiological trajectories of these 

two regions. Existing literature has examined them in isolation: Canadian LD trends have been 

documented through the Public Health Agency of Canada (PHAC) national surveillance 

analyses [13,14,26-28], while Nordic tick-borne disease patterns have been characterized 

through individual country studies and European-level surveillance compilations [7,8,15-17,29-

31]. A landmark review by Marques et al. [23] compared LD between the United States and 

Europe at a broad level, identifying significant differences in Borrelia genospecies distribution 

and clinical manifestations but did not provide a temporally aligned epidemiological 

comparison between specific northern-latitude regions. Similarly, Blanchard et al. [32] 

compared national surveillance systems for LD across 34 European and North American 

countries, documenting persistent heterogeneity in case definitions and reporting mechanisms 

that complicate cross-jurisdictional comparison. Neither study nor any other in the published 

literature has directly compared time-series data between Canada and the Nordic countries to 

characterize convergent versus divergent emergence trajectories within an integrated analytical 

framework. 

The absence of such a comparison represents a critical gap for several reasons. First, 

climate change projections indicate that both I. scapularis and I. ricinus will continue to expand 

northward, with range extensions of 46-48 km/year estimated for the former [33,34] and 

comparable rates documented for the latter [15,25]. Policy-relevant questions such as whether 

regions currently at the frontier of tick establishment can anticipate similar trajectory shapes, 

acceleration phases, or plateau points cannot be answered without comparative data. Second, 

the imminent arrival of the first Lyme vaccine in over two decades (VLA15, Pfizer/Valneva) 

targeting six OspA serotypes of B. burgdorferi s.l. creates unprecedented urgency for cross-

regional baseline data against which a post-introduction vaccine impact can be evaluated [3]. 

Third, the ongoing debate about optimal surveillance strategies for tick-borne diseases, 

particularly the tension between comprehensive case capture and the feasibility of mandatory 

reporting across diverse healthcare systems, demands empirical evidence on how different 

surveillance architectures shape perceived disease trajectories [32,35]. 
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Aim of the work 

 

The specific objectives of this study are: (i) to compare temporal trajectories of reported 

LD/LB cases across the two regions, quantifying convergent upward trends and divergent 

growth dynamics using harmonized metrics including compound annual growth rates, 

normalized growth indices, and phase-specific analyses; (ii) to evaluate how fundamental 

differences in tick ecology (I. scapularis vs. I. ricinus), pathogen diversity (monospecific B. 

burgdorferi s.s. vs. multispecies Borrelia complex), and host community dynamics shape the 

epidemiological character of emergence in each region; (iii) to critically assess how differences 

in surveillance architecture, case definitions, and reporting practices between Canada and the 

Nordic countries influence the comparability and interpretation of observed trends; and (iv) to 

synthesize these comparative findings into a transferable analytical framework that can inform 

evidence-based public health policy for other northern-latitude jurisdictions facing climate-

driven tick-borne disease expansion. 

 

Material and methods 

 

Study design and data sources 

 

This comparative analysis synthesizes data from two companion epidemiological 

studies conducted as part of a systematic research program on tick-borne disease emergence at 

northern latitudes. The Canadian arm (Paper 1) comprises a 16-year descriptive time-series 

analysis of nationally reported LD cases from 2009 through 2024, using publicly available 

aggregate surveillance data from the PHAC national LD monitoring program [26]. The Nordic 

arm (Paper 2) comprises a seven-year analysis of LB and tick-borne encephalitis (TBE) case 

counts from 2018 to 2024, extracted from the European Centre for Disease Prevention and 

Control (ECDC) Surveillance Atlas of Infectious Diseases [36]. For LB, ECDC data were 

available for Denmark and Norway only; Sweden and Finland did not report LB cases to the 

ECDC during the study period. For TBE, data were available for all four Nordic countries. The 

full methodological details for each arm are provided in their respective manuscripts. 
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Comparative analytical framework 

 

The comparative analysis employed the following harmonized metrics, applied across 

both datasets: compound annual growth rate (CAGR), calculated as CAGR = 

(Cases2024/Cases2018)
(1/n) – 1; normalized growth index with all case series indexed to 2018=100; 

year-over-year (YoY) variability analysis; pre- versus post-COVID-19 comparison of mean 

annual case counts for 2018-2019 versus 2022-2024; phase-specific trajectory characterization 

mapping Canada’s three-phase framework (Emergence 2009-2014, Acceleration 2015-2019, 

Entrenchment 2020-2024) against Nordic temporal patterns; and qualitative ecological-

surveillance framework analysis comparing vector biology, pathogen diversity, reservoir host 

ecology, surveillance architecture, and case definitions between the two regions.  

 

Limitations of the comparative approach 

 

Several important caveats govern this comparison. First, the surveillance observation 

windows differ: 16 years for Canada versus 7 years for the Nordic countries. Second, the case 

definitions capture different disease manifestations (all LD stages in Canada; disseminated LB 

only in Norway; LNB only in Denmark). Third, absolute case counts are not directly 

comparable due to differences in population size, surveillance coverage, and case 

ascertainment. Fourth, under-ascertainment ratios likely differ between systems. The 

comparative analysis therefore emphasizes relative trends, growth dynamics, and qualitative 

trajectory shapes rather than absolute burden comparisons. 

 

Results 

 

Temporal trajectory comparison 

 

Figure 1 presents the temporal trajectories of reported LD/LB cases in Canada and the 

Nordic countries in parallel. The Canadian time series (Panel A) demonstrates a dramatic 36-

fold increase over 16 years, from 144 cases (2009) to a preliminary 5,239 (2024), with three 

distinct epidemiological phases clearly identifiable. The Nordic series (Panel B) show more 

modest absolute growth: Norwegian disseminated LB increased from 282 to 418 cases 
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(+48.2%) and Danish LNB from 66 to 188 cases (+184.8%, though with extreme volatility) 

over the seven-year period. 

 

 

Figure 1. Parallel emergence trajectories of LD/LB in Canada (Panel A, 2009-2024) and the Nordic 

countries (Panel B, 2018-2024) 

Notes: Panel A shows the three epidemiological phases identified in Canada (Emergence, Acceleration, 

Entrenchment). Panel B shows Norwegian disseminated LB (orange) and Danish LNB (purple) with 

COVID-19 year shaded. Note the difference in y-axis scales reflecting different surveillance scopes and 

population sizes. 

 

Growth dynamics: CAGR and normalized indices 

 

Table 1 presents comparative growth metrics. Canada’s full-period CAGR of 27.1% 

substantially exceeded all the Nordic comparators. During the overlapping period (2018-2024), 

Canada’s CAGR was 23.4%, compared with 6.8% for Norwegian LB and 19.1% for Danish 

LNB. However, the Danish LNB CAGR requires cautious interpretation given the extreme 

2023 spike (+303.0% YoY) that may reflect surveillance artefacts. 

 

Table 1. Comparative growth metrics for LD/LB and tick-borne encephalitis, Canada and the Nordic 

countries 

Region/disease Period Total Start End Fold Δ CAGR Peak 

Canada – LD (full) 2009-2024 27,463 144 5,239 36.4× 27.1% 2024 

Canada – LD 

(overlap) 
2018-2024 21,834 1,487 5,239 3.5× 23.4% 2024 

Norway – Dissem. LB 2018-2024 2,358 282 418 1.5× 6.8% 2024 
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Denmark – LNB 2018-2024 760 66 188 2.8× 19.1% 2023 

Denmark – TBE 2018-2024 93 4 20 5.0× 30.8% 2023 

Norway – TBE 2018-2024 445 26 76 2.9× 19.6% 2023 

Sweden – TBE 2018-2024 2,959 359 384 1.1× 1.1% 2023 

Finland – TBE 2018-2024 847 79 162 2.1× 12.7% 2023 

Nordic countries – 

TBE 
2018-2024 4,344 468 642 1.4× 5.4% 2023 

Notes: CAGR = compound annual growth rate; LD = Lyme disease; LB = Lyme borreliosis; LNB = 

Lyme neuroborreliosis; TBE = tick-borne encephalitis; Dissem. = disseminated. The “overlap” period 

aligns Canada’s data with the Nordic observation window. 

 

The US-normalized growth index (Figure 2, 2018=100) reveals different trajectory 

shapes. Canada’s index rose to 352 by 2024, demonstrating sustained acceleration. Norway’s 

index reached only 148, consistent with stable endemicity with gradual expansion. Denmark’s 

LNB index showed explosive but erratic growth (peaking at 403 in 2023 before declining to 

285). The combined Nordic TBE index reached 137 by 2024, with a peak of 192 in 2023. 

 

 

Figure 2. US-normalized growth index (2018=100) comparing relative growth trajectories of tick-borne 

diseases in Canada and the Nordic countries, 2018-2024 

Notes: Canada’s LD trajectory (blue circles) shows the steepest sustained growth. Denmark’s LNB 

(purple diamonds) shows the highest volatility. Grey shading marks the COVID-19 pandemic year. 
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Year-over-year variability patterns 

 

Both regions exhibited characteristic sawtooth patterns of year-over-year fluctuation 

superimposed on upward trends, but with different amplitudes and periodicities. In Canada, the 

sawtooth pattern was pronounced: years of major increase (+104.1% in 2017; +89.5% in 2023) 

alternated with significant declines (−26.6% in 2018; −38.6% in 2020). Critically, each 

Canadian trough was followed by a rebound exceeding the previous peak, confirming the 

underlying upward momentum. Norwegian LB displayed substantially lower amplitude 

variability (range: −6.7% to +24.4%), consistent with a more stable endemic system. Danish 

LNB showed extreme volatility, with the +303.0% YoY increase in 2023 representing the single 

largest annual percentage change observed in any series across either region (Figure 3). 

 

 

Figure 3. Compound annual growth rates (CAGR) across all the disease-country combinations 

Notes: Solid bars represent LB; hatched bars represent tick-borne encephalitis. Canada’s LD CAGR 

(27.1%) reflects active emergence from a low baseline. Denmark’s TBE CAGR (30.8%) reflects newly 

established TBEV foci from an extremely low initial count. 

 

COVID-19 pandemic impact 

 

The COVID-19 pandemic produced strikingly different effects on tick-borne disease 

reporting across the two regions (Figure 4). Canada experienced a 38.6% decline in reported 

LD cases in 2020, the largest single-year drop in the 16-year surveillance period, consistent 

with documented pandemic effects on healthcare-seeking behavior and surveillance operations 

[37,38]. Norwegian LB was virtually unaffected (−1.2% in 2020), and Danish LNB showed 
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only a modest decline (−4.0%). For TBE, the pattern was more complex: Sweden experienced 

a 24.8% decline and Denmark a 53.8% decline, while Finland anomalously recorded a 31.9% 

increase attributed to enhanced outdoor recreation during lockdowns [39]. 

Post-pandemic recovery metrics further illuminate the trajectories. Canada’s mean 

annual LD cases increased 103% from the pre-COVID period (2018-2019: 2,061) to the post-

COVID period (2022-2024: 4,183). The corresponding increase for the combined Nordic TBE 

was 57.7% (470 to 741). These figures confirm that the pandemic temporarily suppressed case 

ascertainment without interrupting the underlying drivers of emergence. 

 

 

Figure 4. COVID-19 pandemic impact on tick-borne disease reporting 

Notes: Panel A: Pre-COVID (2018-2019) versus post-COVID (2022-2024) mean annual cases showing 

substantial increases across all disease-region combinations. Panel B: Year-over-year percentage change 

in 2020, demonstrating Canada’s severe reporting decline (−38.6%) contrasted with near-stability in 

Norwegian LB (−1.2%) and Finland’s anomalous TBE increase (+31.9%). 

 

Nordic countries-specific TBE dimension 

 

A fundamental divergence between the two regions is the co-circulation of TBEV with 

Borrelia spp. in the Nordic countries, with no equivalent pathogen co-transmitted by I. 

scapularis in Canada. Figure 5 presents the TBE burden across the four Nordic countries. The 

combined Nordic TBE burden peaked at 898 cases in 2023, with Sweden contributing 68.1% 

of the regional total. Denmark’s TBE CAGR of 30.8% exceeded every other metric in this 

analysis, reflecting the recent establishment of TBEV foci in a country where the disease was 

historically considered rare [40]. The concurrent escalation of both LB and TBE across Nordic 



Health Problems of Civilization 

eISSN: 2354-0265, ISSN: 2353-6942 

 

countries provides powerful evidence that the underlying driver is vector population expansion, 

since both pathogens share I. ricinus as their common vector, rather than disease-specific 

artefacts. 

 

 

Figure 5. Tick-borne encephalitis cases by country across the Nordic countries, 2018-2024 

Notes: Sweden dominates absolute case numbers. Denmark and Norway show the most rapid 

proportional growth. This TBE co-circulation has no epidemiological parallel in Canada. 

 

Ecological and surveillance framework comparison 

 

Table 2 systematically maps the key ecological, pathogenic, and surveillance 

differences between the two regions, providing the interpretive framework for understanding 

the divergences observed in the epidemiological data. 

 

Table 2. Systematic comparison of vector ecology, pathogen biology, host community dynamics, and 

surveillance architecture between Canada and the Nordic countries 

Dimension Canada Nordic countries 

Primary vector 
Ixodes scapularis (east/central); I. 

pacificus (BC) 
Ixodes ricinus (all four countries) 

Dominant Borrelia 

spp. 

B. burgdorferi sensu stricto (>95% 

of infections) 

B. afzelii, B. garinii, B. burgdorferi 

s.s.; ≥11 genospecies in complex 

TBE co-transmission 
Not applicable; no TBEV 

circulation 

TBEV co-transmitted by I. ricinus; 

4,344 cases (2018-2024) 

Principal reservoir 

host 

Peromyscus leucopus (white-footed 

mouse) 

Multiple: Apodemus spp. (B. afzelii); 

passerine birds (B. garinii); lizards in 

southern range 
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Key reproductive 

host 

Odocoileus virginianus (white-tailed 

deer) 

Capreolus capreolus (roe deer); also 

cervids, livestock 

Vector expansion 

rate 

~46-48 km/year northward (I. 

scapularis) 

Documented northward and 

altitudinal shift; −12°C thermal limit 

shifting north over 40 years 

Critical thermal 

threshold 

Cumulative annual degree-days 

>2,800 

Winter minimum temperature 

>−12°C for overwintering survival 

LD surveillance type 
Mandatory; all stages; CNDSS + 

LDES 

Variable: Norway = mandatory 

disseminated LB; Denmark = 

mandatory LNB only; 

Sweden/Finland = no ECDC LB data 

Case definition scope 
Confirmed + probable; all clinical 

stages including EM 

Norway: disseminated only (excl. 

EM); Denmark: LNB only 

Under-ascertainment 

estimate 
3-12× reported cases 

55-722× for LNB-only reporting 

countries 

Surveillance period 

analyzed 
2009-2024 (16 years) 2018-2024 (7 years) 

Cumulative reported 

cases 
27,463 (LD) 

3,118 (LB; DK+NO only) + 4,344 

(TBE; all four) 

Notes: EM – erythema migrans; CNDSS – Canadian Notifiable Disease Surveillance System; LDES – 

Lyme Disease Enhanced Surveillance; LNB – Lyme neuroborreliosis; ECDC – European Centre for 

Disease Prevention and Control; TBEV – tick-borne encephalitis virus. 

 

Synthesis: convergences and divergences 

 

Table 3 distils the key convergent and divergent findings from the comparative analysis, 

providing a structured synthesis of the epidemiological patterns observed. 

 

Table 3. Summary of convergent and divergent epidemiological patterns between Canada and Nordic 

countries 

Convergences Divergences 

Unambiguous upward trajectory in reported 

LD/LB cases across both regions 

Rate of emergence: Canada CAGR 27.1% vs. 

Norway 6.8% over comparable periods 

Climate-driven tick vector range expansion as the 

overarching driver 

Pathogen complexity: monospecific (Canada) vs. 

multispecies Borrelia complex (Nordic countries) 

Sawtooth year-over-year variability 

superimposed on upward trends 

Co-circulating TBE in Nordic countries with no 

Canadian equivalent 

COVID-19 pandemic causing measurable 

disruption to case reporting (2020) 

Magnitude of COVID-19 impact: −38.6% in 

Canada vs −1.2% in Norway 

Post-COVID recovery to levels exceeding pre-

pandemic baselines 

Surveillance scope: all LD stages (Canada) vs. 

disseminated/LNB only (Nordic countries) 
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Record or near-record case counts in 2023-2024 

in both regions 

Phase of emergence: active acceleration 

(Canada) vs. established endemicity with 

extension (Nordic countries) 

Documented northward range expansion of 

primary tick vectors 

Reservoir ecology: mouse-dominated (Canada) 

vs. multi-host including birds (Nordic countries) 

Under-ascertainment acknowledged as 

substantial in both regions 

Under-ascertainment magnitude: 3-12× (Canada) 

vs 55-722× for LNB-only countries 

 

Discussion 

 

Convergence argument: climate as the universal driver 

 

The most striking finding of this comparative analysis is the convergent upward 

trajectory of tick-borne disease across two ecologically distinct northern-latitude regions. 

Despite fundamental differences in vector species, pathogen portfolios, reservoir host 

communities, and surveillance infrastructure, both Canada and the Nordic countries are 

experiencing accelerating tick-borne disease burdens consistent with the well-documented 

effects of climate warming on tick ecology at northern range margins [10-12,16,24]. This 

convergence provides powerful empirical support for the proposition that climate change is the 

overarching driver of tick-borne disease emergence at high latitudes, operating independently 

of the specific biological configuration of local vector-pathogen-host systems. 

The mechanistic pathways through which climate drives emergence are broadly parallel 

in both regions, despite differences in the specific thermal thresholds and ecological interactions 

involved. In Canada, the leading edge of I. scapularis range expansion has been estimated at 

approximately 46-48 km/year northward, driven by rising cumulative degree-days that enable 

accelerated tick life cycles and overwinter survival in a previously marginal habitat [33,34]. In 

the Nordic countries, a recent analysis of 40 years of European climate data (1979-2020) 

demonstrated that the thermal limit for I. ricinus shifted northward by approximately 400 km 

in the Boreal biogeographical region, with the critical winter survival threshold of −12°C 

shifting progressively northward [15,41]. The parallel timing and direction of these range 

expansions occurring simultaneously on two continents under the same global warming signal 

constitute perhaps the most compelling evidence available that tick-borne disease emergence at 

northern latitudes is a predictable consequence of anthropogenic climate change. 
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Divergence argument: ecology shapes the disease profile 

 

While climate drives convergent emergence, the divergent ecologies of the Canadian 

and Nordic systems produce fundamentally different disease profiles from the same climatic 

forcing. Three critical divergences merit detailed discussion. 

 

Pathogen complexity and clinical implications 

 

North American LD system is dominated by a single pathogen species, B. burgdorferi 

s.s., which exhibits strong arthritogenic tropism, producing the high rates of Lyme arthritis 

(approximately 60% of untreated disseminated infections) characteristic of North American LD 

[23]. In contrast, the European system encompasses at least 11 B. burgdorferi s.l. genospecies, 

of which B. afzelii (dermatotropic, associated with acrodermatitis chronica atrophicans), B. 

garinii (neurotropic, the primary cause of LNB), and B. burgdorferi s.s. (arthritogenic) are the 

most clinically significant [6,21-23]. This pathogen diversity produces a broader clinical 

spectrum in Europe, with neuroborreliosis and skin manifestations more prevalent relative to 

arthritis. The practical consequence is that the “same disease” in Canada and the Nordic 

countries is not, in fact, the same disease – it is a convergent set of tick-borne infections driven 

by the same ecological process but producing different clinical profiles that require different 

diagnostic approaches, clinical algorithms, and surveillance case definitions. 

 

TBE dimension 

 

Perhaps the most consequential divergence is the co-circulation of TBEV with Borrelia 

spp. in the Nordic countries. TBE, a potentially fatal neurotropic flavivirus infection, has no 

epidemiological parallel in the Canadian system. The concurrent escalation of both LB and TBE 

across the Nordic countries documented in our finding, showing that 2023 represented peak 

TBE incidence across the region (898 combined cases), provides compelling evidence that the 

underlying driver is vector population expansion rather than disease-specific factors. 

Importantly, the availability of an effective TBE vaccine creates a policy dimension absent in 

Canada: the question of whether to expand TBE vaccination programs is under active 

deliberation in all four Nordic countries, with our data directly supporting the health-economic 
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case for expanded coverage in Norway and Denmark, where TBE is accelerating most rapidly 

(CAGRs of +19.6% and +30.8%, respectively) [42-44]. 

 

Reservoir host ecology and the dilution effect debate 

 

The reservoir host communities underpinning Borrelia transmission differ substantially 

between the two regions, with implications for the spatial heterogeneity of disease risk. In 

Canada, the dominant reservoir, P. leucopus, is an exceptionally competent host for B. 

burgdorferi s.s., producing high nymphal infection prevalences in areas where mouse 

populations are dense and host diversity is low [18-20]. This relationship has fueled the 

“dilution effect” hypothesis, whereby higher vertebrate host diversity is predicted to reduce 

disease risk by diverting tick feeding towards less competent reservoir species [45]. In Europe, 

the broader host range of I. ricinus and the multispecies Borrelia complex create a more 

complex ecological picture: B. afzelii is maintained primarily in rodent cycles (Apodemus spp., 

Myodes spp.), while B. garinii is maintained in avian reservoirs, and the dilution effect remains 

empirically contested in European systems due to this host-pathogen specificity [46,47]. The 

practical implication is that land-use interventions targeting host diversity may have different 

efficacy in the two regions. 

 

Surveillance as a determinant of perceived burden 

 

This comparative analysis provides compelling evidence that surveillance system 

design is not merely a methodological consideration but a fundamental determinant of how tick-

borne disease emergence is perceived, quantified, and responded to. Canada’s surveillance 

system captures all clinical stages of LD, including erythema migrans (EM), the most common 

initial manifestation. This broader scope inherently produces higher reported case counts 

relative to systems that capture only disseminated or late-stage disease. The Nordic countries’ 

fragmented surveillance landscape with Norway reporting only disseminated LB (excluding 

EM), Denmark reporting only LNB, and Sweden and Finland contributing no LB data to the 

ECDC means that the reported Nordic LB burden represents a vastly greater underestimation 

of the true incidence than the Canadian figures. Under-ascertainment multipliers, estimated at 

55-722× for LNB-only reporting countries [3,4] compared with 3-12× for Canada [48], translate 
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this surveillance design difference into potentially orders-of-magnitude discrepancies in 

perceived versus actual disease burden. 

The absence of ECDC-reported LB data for Sweden and Finland, countries with a 

combined population exceeding 16 million and estimated LB incidences among the highest in 

Europe (up to 464 per 100,000 in endemic Swedish regions) [16], exemplifies how surveillance 

gaps can render large disease burdens invisible in regional and international comparison 

frameworks. This gap is not merely a limitation of academic analyses; it directly undermines 

the evidence base for vaccine rollout planning, resource allocation, and cross-border public 

health coordination. 

 

Phase of emergence: where each region stands 

 

The three-phase framework developed in the Canadian analysis (Emergence, 

Acceleration, Entrenchment) provides a useful lens for understanding where each region sits on 

the emergence trajectory. Canada, over its 16-year observation window, has traversed all three 

phases, with Phase III (Entrenchment, 2020-2024) characterized by routinely high case burdens 

exceeding several thousand annually. The Norwegian LB trajectory, with its relatively stable 

CAGR of 6.8% and modest absolute growth, is more consistent with established endemicity 

analogous to a mature Phase III pattern, where vector populations are well-established and 

incidence increments reflect gradual geographic extension rather than exponential emergence. 

Denmark’s explosive growth in LNB and TBE, conversely, suggests elements of an earlier-

phase emergence, with rapid establishment of pathogen transmission in newly colonized areas 

producing volatile, high-growth trajectories analogous to Canada’s Phase II [49]. 

This phase mapping has direct predictive implications. Regions currently at the frontier 

of tick establishment, such as the Nordic countries, northern Canada, the Baltic states, and 

Scotland. can anticipate traversing similar emergence phases, with an initial period of low 

sporadic cases, followed by acceleration as vector populations consolidate, and eventual 

entrenchment as the area transitions from emerging to endemic status. The Canadian trajectory 

provides a 16-year longitudinal template for this process that the shorter Nordic observation 

window cannot yet replicate. 
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Implications for global public health policy 

 

The comparative findings carry several important implications that extend beyond the 

two study regions. Surveillance harmonization is essential: the current fragmentation of tick-

borne disease surveillance across and between Canada, the Nordic countries, and the broader 

international community represents a fundamental barrier to evidence-based policy [36,50]. 

Vaccine evaluation demands baseline data: the imminent regulatory review of VLA15 makes 

the establishment of robust pre-vaccine incidence baselines an urgent priority in both regions 

[3]. Climate adaptation must incorporate tick-borne disease: the empirical evidence presented 

here demands that national climate change adaptation frameworks explicitly incorporate tick-

borne disease surveillance, prevention, and healthcare capacity planning [28]. A One Health 

approach is essential: the interplay of climate, vector ecology, wildlife reservoir dynamics, land 

use, human behavior, and healthcare system capacity documented in this analysis underscores 

that tick-borne disease emergence cannot be addressed by any single sector in isolation [51,52]. 

 

Strengths and limitations 

 

This study is, to our knowledge, the first systematic comparative analysis of LD 

emergence trajectories between Canada and the Nordic countries. Its principal strengths include 

the use of the most temporally comprehensive datasets available for both regions, the 

application of harmonized comparative metrics enabling meaningful cross-regional 

comparison, and the integration of epidemiological data with ecological, pathogenic, and 

surveillance system analysis within a single interpretive framework. 

Several limitations warrant acknowledgement. The asymmetric observation windows 

(16 years for Canada versus 7 years for the Nordic countries) limit the temporal depth of 

comparison. The Nordic LB data cover only two of four countries, and the case definitions 

across all systems capture different disease manifestations, precluding comparison of absolute 

case counts. Under-ascertainment ratios differ substantially between systems, further 

complicating burden comparisons. The analysis is descriptive and does not employ inferential 

statistical modelling, ecological niche modelling, or formal causal analysis. Despite these 

limitations, the comparative framework developed here generates insights that could not be 

obtained from either regional dataset alone. 
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Conclusions 

 

This comparative analysis demonstrates that LD emergence at northern latitudes 

represents a convergent phenomenon driven by anthropogenic climate change, producing 

parallel upward trajectories across ecologically distinct vector-pathogen-host systems in 

Canada and the Nordic countries. At the same time, the divergent ecologies, such as 

monospecific versus multispecies Borrelia complexes, presence versus absence of co-

circulating TBE, different reservoir host communities, and fundamentally different surveillance 

architectures, produce distinct disease profiles from the same climatic forcing, with profound 

implications for clinical management, surveillance design, and public health policy. 

Canada’s 16-year trajectory, characterized by a 36-fold increase and 27.1% CAGR, 

provides a longitudinal template for the emergence process that the shorter Nordic observation 

window is beginning to recapitulate. The three-phase framework (Emergence-Acceleration-

Entrenchment) developed from the Canadian experience offers predictive value for any 

northern-latitude region at an earlier stage of tick colonization. The Nordic countries’ 

concurrent escalation of both LB and TBE confirms that vector population expansion, rather 

than disease-specific factors, underlies the regional trend, and the differential pandemic impacts 

provide natural-experiment insights into the relative robustness of different surveillance 

systems. 

Three urgent priorities emerge from this analysis. First, the international harmonization 

of tick-borne disease surveillance currently fragmented across incompatible case definitions, 

reporting scopes, and ascertainment levels is essential for evidence-based cross-jurisdictional 

comparison and coordinated response. Second, the establishment of robust pre-vaccine baseline 

data in all high-burden regions is a time-critical requirement ahead of the anticipated Lyme 

vaccine introduction. Third, the explicit incorporation of tick-borne disease into climate change 

adaptation frameworks, informed by the empirical emergence data documented here, is 

necessary to ensure that health system preparedness keeps pace with the accelerating ecological 

reality. 

The experience of Canada and the Nordic countries documented here and in the 

companion analyses serves as both a warning and a roadmap for dozens of other northern-

latitude regions that are on the same trajectory. What is happening in these sentinel regions 

today will be a global challenge in the coming decades. The time to prepare is now. 
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