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Two models were developed to estimate Lyme borreliosis (LB) cases. One was based on the
seroprevalence of Borrelia infections in human samples. This model used corrections for
false negative and false positive results from published test sensitivity and specificity
measures. A second model based on Borrelia infections in sentinel dogs was used to
quantify the prevalence of Lyme disease Borrelia infections in humans; the reference
baseline for this model was human and canine infections in Germany. A comparison of the
two models is shown and differences discussed. The relationships between incidence,
prevalence and total infection burden for LB were derived from published data and these
were used in both models to calculate annual incidence, prevalence and total LB infections.
The modelling was conservative and based on medical insurance records coded for ery-
thema migrans. Linear model growth rates were used in place of the commonly adopted
exponential growth. The mean of the two models was used to create estimates for various
countries and continents. Examples from the analyses for LB estimated for 2018 include:
incidence e USA 473,000/year, Germany 471,000/year, France 434,000/year and UK
132,000/year; prevalence e USA 2.4 million, Germany 2.4 million, France 2.2 million and
UK 667,000; total infections e USA 10.1 million, Germany 10.0 million, France 9.3 million
and UK 2.8 million. Estimates for the world for 2018 are: incidence 12.3 million/year;
prevalence 62.1 million; and total infection burden 262.0 million. These figures are far
higher than officially published data and reflect not only the underestimation of diagnosed
cases, which is acknowledged by health agencies, but also undiagnosed and misdiagnosed
cases.

© 2020 The Authors. Production and hosting by Elsevier B.V. on behalf of KeAi
Communications Co., Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

There are few published data on the incidence and prevalence of Lyme disease, and although there are official reports from
some countries the responsible medical authorities recognise that the true number of cases are higher. For example at a press
conference the Centers for Disease Control and Prevention (CDC) in America said that two studies indicated the incidence of
Lyme disease was 10 times higher than official reports of about 30,000 cases (Hinckley et al., 2014)(Nelson et al., 2015).
ffe Dorset, BH23 5BN, UK.

unications Co., Ltd.

ting by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is an open access article under the
icenses/by-nc-nd/4.0/).

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:mcook98@msn.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.idm.2020.10.004&domain=pdf
www.sciencedirect.com/science/journal/24680427
www.keaipublishing.com/idm
https://doi.org/10.1016/j.idm.2020.10.004
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.idm.2020.10.004
https://doi.org/10.1016/j.idm.2020.10.004


M.J. Cook, B.K. Puri Infectious Disease Modelling 5 (2020) 871e888
Lindgren et al. stated that about 85,000 cases were reported annually in Europe though the number largely underestimated
cases as reporting was highly inconsistent with many Lyme disease cases undiagnosed (Lindgren & Jaenson, 2006)(Centers
for Disease Control and Prevention, 2013). And Vanderkerckhove et al. commented that the LD incidence in Western Europe
was assumed to be increasing, yet remained to be confirmed (Vandekerckhove, De Buck, & Van Wijngaerden, 2019).

In order to quantify the true burden of Lyme borreliosis (LB) infections two models have been developed to estimate the
incidence and prevalence of LB. Model (A) is based on the seroprevalence in general human populations such as blood donors,
andModel (B) on published data for the infection rates in companion animals. The data sources were identified by searches of
PubMed. For the model using seroprevalence in companion animals, only data for dogs were included to limit the influence of
confounding variables.

Studies of seroprevalence of Borrelia infections in humans were normally carried out to determine infection rates for those
at risk owing to employment, and frequently included forestry workers, farmers, military personnel, etc. Typically, these
studies included a control group selected as a reference, generally from blood donors or member of general populations, or
thought to be at low, or no risk of LB. Only data from the control groups have been included in this study, and used as
indicative of infection rates in the general public. A total of 38 studies from 19 countries were identified where there were
clearly defined controls with seropositivity data. These are shown in Table A1 and listed in the bibliography. Additionally 8
studies were identified in which the relationship between total infection rates (seropositivity) and LB prevalence and LB
incidence were defined, These are shown in Table 1 and included in the bibliography. The resulting ratios relating these three
parameters have been usedwith bothmodels to derive LB incidence and LB prevalence from total infection rates. Bothmodels
use annual growth rates determined from linear regression of data from all studies. Themodels were then used to calculate LB
infection estimates for the year 2018. The models are considered to be conservative in using linear growth rather than
exponential growth. The model using sentinel animal data is normalised to the incidence of LB in Germany where there are
published data based on insurance company records for human infection rates and also data for seroprevalence in dogs. The
human data were from insurance company records recorded using the World Health Organisation (WHO) code ICD10: A69.2
Erythema chronicummigrans (EM rash). This again gives a conservative estimate since an EM rash is frequently not present or
not recognised in cases of LB.Table 1.

A comparison between the two models is made and the means of the studies used to calculate disease parameters for
other countries, continents and a world total. In the case of the USA, for which there exist extensive databases for seropre-
valence of Borrelia infections in companion animals, Model (B) was used to estimate LB for all of the contiguous states. Various
tables and charts are included with these estimates and additional tables and charts are included in supplementary infor-
mation files.
2. Methods

2.1. Definition of Lyme borreliosis

Many health authorities limit the definition of LB. For example, until 2018 the CDC limited cases to those caused by Borrelia
burgdorferi carried by Ixodes scapularis ticks. This was widened to include Borrelia mayonii. There are more than 50 named
species of Borrelia with 21 included in the Lyme disease group. Furthermore, in Europe, Borrelia burgdorferi is rare and the
infecting species include: B.afzelii, B. bavariensis, B. bissettiae, B.garinii, B.spielmanii and others. Some test kits are manufac-
tured fromwhole cell antigens which will represent the local Borrelia species. Others use a synthetic peptide. In all cases these
will detect non-target species to some degree. There is little published on this; for the purpose of this study LB is defined as
those cases that test positive with commercial Lyme disease test kits used in each study. In the case of non-human animal
data, it is assumed that the test kits are detecting Borrelia infection in companion animals and that these will be the same
species as present in humans in that region.
Table 1
LB incidence and prevalence ratios compared with total seropositive cases.

Study Seropositive prevalence (SP) LB prevalence (P) Ratio LB Prev/SP LB incidence (I) Ratio LB Ins/SP

Arteaga (2007) 14.6% 3.6% 24.7% nd nd
Fahrer (1998) 26.0% nd nd 0.80% 3.1%
Faulde (2014) 9.1% nd nd 0.70% 7.7%
Guy (1989) 25.0% 5.0% 20.0% nd nd
Kuiper (1991) 19.7% 6.0% 30.5% nd nd
Kuiper (1993) 28.0% 5.5% 19.7% nd nd
Müller (2012) 9.1% nd nd 0.26% 2.9%
Willhelmsson (2016) 39.0% nd nd 2.00% 5.1%
Mean 23.7% 4.69%
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2.2. Regression models

Two models were developed to estimate the prevalence of LB. One based on the seroprevalence of borrelial infections in
general populations and the second on seroprevalence in companion animals. Regression analysis was used to compute the
outcome variables. We used linear regression methodology for both models based on observation of the graphical data and
also to generate conservative estimates, rather than using exponential time sequence regression. The seropositive rate versus
year of study is shown in Appendix Fig. A1. A trend line using linear regression has an R2 Pearson coefficient of 0.0096
indicating a good fit to the data.

2.3. Model (A) seroprevalence of Borrelia infections in general populations

This model takes published data for the seropositive prevalence of Borrelia infections in groups of people selected to be
controls in studies of Lyme disease associated with ‘at risk’ occupations. For example, blood donors or indoor workers are
frequently selected and seroprevalence in these groups reported. These are then used to calculated LB infection rates and
produce forecasts for 2018.

2.3.1. False negatives and false positives
The seropositive data published in the source data do not accurately reflect the true seroprevalence. Not only are the

serology tests not 100% sensitive producing false negative results, the tests also are not 100% specific and give false positive
results owing to cross reactivity with other antigens. Corrections are made in the model for false negatives from the sensi-
tivity of testing derived from a meta-analysis of 19 independent studies of commercial test kits used for LB diagnosis (Cook &
Puri, 2016).

A correction is also applied for false positives based on the test specificity. Specificity of commercial test kits was identified
in the cited Cook & Puri, 2016 study (unpublished data). These are used with an equation relating false positive rates to the
specificity of the test and seroprevalence of infection which was developed and shown in a prior paper by the authors and
shown in Table A5 (Cook & Puri, 2017).

2.3.2. Input parameters
Study seropositive ¼ SP.
Test sensitivity ¼ Se.
Test specificity ¼ Sp.
Seropositive corrected for sensitivity ¼ SPc ¼ SP/Se.
False positives ¼ (1 - Sp)(1 - SPc); equation derived and used in (Cook & Puri, 2017).
True seropositive TP ¼ SPc e false positives ¼ SP/Se e (1 - Sp)(1 - SPc).
The results are then extended using linear growth to generate estimates for 2018.
True seropositive in 2018 ¼ TP2018 ¼ TP þ g(2018 - year of study), where g is the annual growth rate (linear trend).
The published studies and input data are shown in Appendix A Table A1. The growth rate of infections over time are shown

in Appendix A Fig. A1.
Analysis of published data quantifies the frequency of ‘asymptomatic’ LB infections in comparison to the prevalence and

incidence of LB. These statistics have been identified in 8 studies and are shown in Table 1. (Arteaga, Perez, Barral, Anda,
PedroGarcia-Monco, & Golightly, 2007; Fahrer, Sauvain, Zhioua, Van Hoecke, & Gern, 1998; Faulde & Freise, 2014; Guy,
Bateman, Martyn, Heckels, & Lawton, 1989; Kuiper et al., 1993, 1991; Wilhelmsson et al., 2016). The ratio of LB prevalence
to seropositive prevalence gives the percentage of people testing positive comparedwith those subjects who have a diagnosis
of Lyme disease i.e. who are symptomatic. The average of the four studies shown in Table 1 where these data are available
indicates that 23.7% of people who are seropositive are symptomatic i.e. have clinical LB. This indicates that for every person
with clinical LB approximately 3 people are infected but asymptomatic. The ratio of LB incidence to seroprevalence gives the
percentage of people diagnosed annually compared with the seropositive prevalence in the population. The average of three
studies in Table 1 indicates that 4.7% of seropositive patients are diagnosed each year with LB. These two ratios are used in
both models to calculate incidence and prevalence from seropositive data for 2018.

Total infections 2018 ¼ SP2018 � population2018 � Ratio LB incidence/seroprevalence.
LB incidence 2018 ¼ SP2018 � population2018 � Ratio LB incidence/seroprevalence.
LB prevalence2018 ¼ SP2018 � population2018 � Ratio LB prevalence/seroprevalence.

2.4. Model (B) based on Borrelia seroprevalence in companion animals

The observation of sentinel animals is not new and the use of canaries to detect poisonous carbon monoxide in mines was
an old technique to identify risk to human life (Burrell & Seibert, 1914). The use of animals to detect the risk of arthropod-
borne infectious viral disease was discussed by Shope et al., in 1961 (Shope, Causey, & Causey, 1961). Zeman and Januska
studied the human incidence of LB and tick-borne encephalitis (TBE) and various small mammals and game animals, finding
that the data correlatedwith the lowhuman risk of TBE compared the ubiquitous presence of LB (Zeman& Janu�ska,1999). The
use of dogs as sentinels to help identify the risk of Borrelia infections in humans has been demonstrated by a number of
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workers (Beugnet & Mari�e, 2009; Duncan, Correa, Levine, & Breitschwerdt, 2005; Falco et al., 1993; Mir�o, Montoya, Roura,
G�alvez, & Sainz, 2013; Stone, Lacombe, & Rand, 2005). Lindenmayer et al. reported a highly significant correlation
(P < 0.001) between Borrelia infection prevalence in dogs and the incidence in humans, with a log-linear relationship
(Lindenmayer, Marshall,&Onderdonk,1991). Mead et al. analysed data for 46 US states and for over 900,000 dogs. Comparing
the data collected between 2001 and 2006 to human infections also demonstrated a strong correlation (P < 0.03) (Mead, Goel,
& Kugeler, 2011).

There have been studies claiming no correlation between animal ownership and human infections and these are described
by Smith et al. (Smith, Ballantyne, Morgan, & Wall, 2012). The evidence included a study in which the risk of infection was
higher in dogs than in humans (Eng,Wilson, Spielman,& Lastavica,1988). However, this did not prove lack of correlation, only
that the infection rate in dogs was higher than in humans. The Goossens reference (Goossens, 2001) stated that there was no
positive correlation observed between the seropositivity of hunters and hunters’ dogs. However, the study results compared
seroprevalence in hunters with dogs, and hunters without dogs. This does not address the issue of correlation, only that
hunters with or without dogs had similar and high risk of Borrelia infections. In this case the risk factor was the sport of
hunting compared with not hunting, rather than dog ownership.

For the present study, PubMed searches were used to identify papers published between 1983 and 2017 (inclusive) in
which Borrelia infection rates in dogs were quantified. A total of forty four studies carried out in twenty one countries were
identified and are listed with references in Appendix A Table A2.

The benchmark for computing human infections was the ratio of seropositive dogs to the human prevalence of LB. These
were taken from studies carried out in Germany, and selected because of the existence of comprehensive LB disease data.
Infection rates were derived from published data of medical insurance companies where cases were recorded using theWHO
code ICD10: A69.2 Lyme disease erythema chronicummigrans through Borrelia burgdorferi (Müller et al., 2012) (Seifert, 2010).
The actual data are shown in Table 2. The ratio of these parameters was then used to calculate LB incidence for each country
for which animal datawere available. The datawere not corrected for test sensitivity and specificity. This was considered valid
for two reasons: animal testing was frequently carried out using the same test kit for which sensitivity and specificity were
the same for many of the studies; and the model used ratios of the parameters and not the absolute value of seropositivity.

2.4.1. Methodology for model (B) seroprevalence in dogs
The method used the seroprevalence in dogs as the input parameter for seroprevalence in humans which is used to

calculate the LB incidence. The result was then compared with the actual LB incidence in the benchmark country (Germany).
The correction factor needed to adjust the canine seropositive rate to generate the actual LB infectionwas then used to adjust
all other canine seropositive data.

Seroprevalence in country (C) dogs ¼ SPC
Seroprevalence in dogs in Germany ¼ SPG
Population of Germany ¼ PG
LB infection rate in Germany ¼ IG
Initial estimate for LB seroprevalence ¼ SPGPG ¼ TG
Ratio of LB incidence to seroprevalence ¼ R1.
Initial estimate for LB incidence ¼ SPGPGR1
Actual LB incidence ¼ Seifert/Muller (mean of studies) ¼ IG See Table 2.
Initial LB incidence 2018 ¼ IG þ g(2018e2009), where g ¼ annual growth rate of positive serology in dogs.
Ratio to adjust to initial LB incidence estimate to actual LB incidence ¼ b ¼ (IG/TG)R1.
Model (B) is also used to calculate LB data for the United States. The infection rate in dogs is based on data for the

contiguous states published for the years 2012e2018. (Companion Animal Parasite Council, 2019). The mean seroprevalence
in dogs for the period is 6.3% with an annual growth rate of �0.13%, which is a small decline rather than growth. These are
shown in Appendix A Table A3. The cause of decline is not known and may not be statistically significant.

Analysis of data from all countries shows a large variation in sample sizes used in the various studies. For example, the data
for Canada where the seroprevalence is 0.2% with a sample of 86,251 dogs. This causes extreme bias if combined with studies
where sample sizes were typically tens to hundreds and the weighted mean seroprevalence is 0.6% compared to 8.1% for an
Table 2
Borrelia seroprevalence in dogs and Lyme disease incidence in Germany.

Data for Germany (estimates for 2018)

Seroprevalence in dogs 10.9% SPG
Population of Germany (millions) 82.29 PG
Human infections using animal seroprevalence 8,949,123 SPG*PG ¼ TG
LB incidence/seroprevalence 4.7% R1
Initial estimated incidence 419,723 TGR1
Seifert/M}uller incidence (mean of studies) 485,751 IG
Seifert/M}uller incidence for 2018 485,751 IG þ g(2018e2009)
Ratio to adjust human incidence (b) 1.16 (IG/TG)R1
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average. See Appendix Table A4. Hence simple averages are used and considered valid since intra-analytical test sensitivity,
specificity and other experimental variables will be consistent.

The input data for seropositive dogs in Germany is shown in Table 3 and the incidence of LB in the German population is
shown in Table 4. Examples for 6 countries is shown in Appendix Table A6.

Results

3.1. Model A output

The output for Model A seroprevalence in humans with the 2018 estimates for the incidence, prevalence and total in-
fections are shown in Table 5. Where there were multiple studies for a given country the weighted mean data is computed.
The data do not encompass uncertainties related to laboratory variables which have not been estimated. The data for LB
incidence, prevalence and total infections are shown in Figs. 1e3 with mean and estimated error bars.

The true seropositive rate corrected for false negative and false positives and with linear regression to 2018 varies from
2.7% for England to 9.3% for Poland. The LB incidence varies from 5806 cases for Lithuania to 456,187 for Germany. The highest
rate for prevalence was for Germany with 2,306,000 cases.

3.2. Model B output

Table 6. Human Borrelia computed from canine infection rates shows the results of the model calculations based on data
from Tables 3 and 4. The mean seroprevalence from the dog studies was 8.1% and the model calculations give the seropre-
valence in humans of 8.7%. The human infection rates vary considerably from 0.1% in Portugal and 1.0% in Italy, to 19.3% in the
Netherlands and 29.3% in Serbia. The estimated seroprevalence rate for England is 6.4% and 7.3% for the United States. The
mean seroprevalence for all countries is 8.7%.

3.3. Comparison of the two models

Data were extracted from the two models where both sets of estimates were available for specific countries. A chart of
these is shown in Fig. 4.

There is a difference in means between the twomodels of 8%. The largest differences between the twomodels are for Italy,
England and the Netherlands. Analysis of the studies indicates the following:

a) In the case of England there is a difference of 68% between models. The study providing input data for Model (A) (sero-
prevalence in humans) was carried out using a test based on the B31 strain of Borreliawith an ELISA test cut-off threshold
selected of an ‘arbitrary 30 units’. Sera over that threshold were considered by the authors to be ‘strongly positive’
(Morgan-Capner et al., 1989). This indicates that the test did not specifically target the Borrelia species in England, and by
using a cut-off to detect ‘strongly positive’ results had low intrinsic sensitivity. This will underestimate the true sero-
prevalence. The actual sensitivity was not given by the authors; however, a sensitivity of 70% compared to model
sensitivity for ELISA tests, a not unrealistic estimate, would match the model to the sentinel animal model.

b) The Netherlands data gave a mismatch between models of 53%. Analysis of the sentinel animal study indicated that all
dogs were from rural areas. The probability of tick bites and tick-borne disease will be higher in rural animals compared
with dogs living in urban environments. This results in a higher calculated estimate for human infections than if urban
dogs were also included.

c) The largest difference between the models is for Italy. The estimate based on Model (B) seroprevalence in dogs is very low
at only 10% of the estimate fromhuman seroprevalence. The data are from three studies. TheMannelli study found no dogs
seropositive on an estate near Pisa (Mannelli et al., 1999). Not only did the study find all dogs seronegative, but also all deer
and human estate workers. This is somewhat anomalous since of the 15 studies carried out in Italy to identify Borrelial
infections in ‘at risk’workers and the general public, this study was the only one that found all test subjects negative. The
other 14 human infections studies found Borrelia infection rates between 0.6% and 27% for the general public and ‘at risk’
workers. The Piantadosi study of hunting dogs in southern Italy also found a low seroprevalence of 0.3% (Piantedosi et al.,
Table 3
Canine seroprevalence data for Germany.

Animal data Year Ref: Sample size Positive Seropositive animals (SP) Seropositive 2018 CI 95%

T€opfer 2015 T€opfer (2005) 207 11 5.3% 5.3% (2%e8%)
“ 2015 207 15 7.2% 7.2% (4%e11%)
“ 2015 207 46 22.2% 22.2% (16%e28%)
Barth 2007 Barth et al. (2014) 200 21 10.5% 10.3% (6%e15%)
K€asbohrer 1990 K€asbohrer and Sch€onberg (1990) 189 19 10.1% 9.5% (8%e11%)
Mean 1010 112 11.1% 10.9% (7%e15%)
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Table 4
Lyme disease incidence from two German studies.

Human Data Year (Note.1) Ref: LB incidence Population study date LB incidence growth to 2018 LB incidence with population growth

Seifert 2009 Seifert (2010) 743,000 82,000,000 743,001 745,629
Müller 2008 Müller et al. (2012) 228,501 82,000,000 228,502 229,310
Mean 485,751 485,752 487,470

Note 1: Müller date is that of the investigation not date of publication.

Table 5
Model A seroprevalence in humans: Estimates of LB incidence, prevalence and total infections for 2018. Mean seroprevalence for multiple studies in one
country.

Country Number of
Studies

Region/Area Sero-positives
(SP)

True positives (Linear growth to
2018)

LB
Incidence

LB
Prevalence

Borrelia
Infections

Austria 1 Tyrol/Rural 7.2% 9.1% 37,430 189,185 798,059
Belgium 2 National/

Urban þ Rural
3.7% 2.9% 15,691 79,311 334,566

England 1 Northwest/Rural 2.7% 2.1% 54,005 272,964 1,151,474
Finland 1 Southwest/Urban 4.0% 4.1% 10,648 53,821 227,038
France 2 See Table A1 9.6% 13.9% 438,962 2,218,688 9,359,322
Germany 5 See Table A1 6.4% 11.8% 456,187 2,305,752 9,726,595
Ireland 2 See Table A1 6.6% 8.6% 19,384 97,975 413,296
Italy 1 Tuscany/

Urban þ Rural
4.9% 5.3% 146,497 740,454 3,123,537

Lithuania 1 National/Urban 4.0% 4.3% 5806 29,344 123,787
Netherlands 3 See Table A1 6.8% 9.0% 72,454 366,213 1,544,836
Poland 2 See Table A1 9.6% 13.3% 106,225 536,901 2,264,865
Scotland 1 National/

Urban þ Rural
4.2% 3.8% 9463 47,832 201,774

Sweden 9 See Table A1 8.7% 12.3% 57,556 290,911 1,227,178
Switzerland 1 Alpine/Urban þ Rural 6.0% 7.9% 31,310 158,251 667,567
Turkey 2 See Table A1 5.1% 5.1% 197,050 995,969 4,201,401
Mean 5.5% 6.7%

Fig. 1. Estimated ‘incidence’ of Lyme borreliosis for 2018

M.J. Cook, B.K. Puri Infectious Disease Modelling 5 (2020) 871e888

876



Fig. 2. Estimated ‘prevalence’ of Lyme borreliosis for 2018

Fig. 3. Estimated ‘total infections’ in 2018

M.J. Cook, B.K. Puri Infectious Disease Modelling 5 (2020) 871e888
2017). This study was carried out in the Ambito Territoriale Caccia hunting district of Avellino, and a hunting district of
Salerno. It is possible that the results for hunting dogs are not representative of Borrelia infections in dogs for the whole
country.

Based on the mean data shown in Fig. 4 the prevalence and total infection rates were computed for the countries where
input data was available for both models. The results are shown in Table 7. Two separate means are calculated for estimation
of infection levels for other countries, one for England and the second for all other countries. These are shown in Table 8. The
877



Table 6
Human Borrelia infections computed from canine infection rates.

Animal Borrelia infection data (dogs) Human Lyme Borrelia infections

Country Sero-prevalence of Borrelia
infections in animals AP

Year of study
(Note 1)

Sero-
prevalence
2018

Adjusted for human
seropositive rate (b)

Pop.
2018
(Mils)

Incidence
2018

LB prevalence
(Total LB cases)

Total
infections

Brazil 4.9% 2001 4.5% 5.2% 210.9 518,570 2,621,060 11,056,692
Bulgaria 10.6% 2015 10.5% 12.2% 7.0 39,971 202,030 852,245
Czech

republic
6.5% 2006 6.3% 7.2% 10.6 36,119 182,562 770,119

England 6.2% 1988 5.6% 6.4% 55.6 169,064 854,518 3,604,703
Finland 6.3% 2014 6.2% 7.2% 5.5 18,629 94,157 397,193
France 12.2% 1999 11.8% 13.6% 67.2 429,591 2,171,325 9,159,526
Germany 11.1% 2008 10.9% 12.6% 82.3 485,814 2,455,496 10,358,277
Hungary 0.4% 2006 0.2% 0.2% 9.7 842 4253 17,943
Italy 1.0% 2010 0.8% 1.0% 59.3 27,275 137,859 581,545
Japan 10.2% 2016 10.2% 11.7% 127.2 700,862 3,542,433 14,943,417
Korea 1.1% 2017 1.1% 1.2% 51.2 30,014 151,704 639,947
Mexico 7.7% 2008 7.5% 8.7% 130.8 530,927 2,683,517 11,320,163
Netherlands 17.0% 2000 16.6% 19.3% 17.1 154,267 779,728 3,289,210
Poland 12.5% 2016 12.5% 14.4% 38.1 257,677 1,302,402 5,494,061
Portugal 0.2% 2012 0.1% 0.1% 10.3 447 2258 9527
Romania 6.5% 2011 6.4% 7.4% 19.6 67,875 343,067 1,447,195
Serbia 25.5% 2010 25.3% 29.3% 8.7 119,663 604,823 2,551,387
Spain 8.1% 2008 7.9% 9.2% 46.4 199,292 1,007,301 4,249,203
Sweden 7.5% 2009 7.3% 8.5% 10.0 39,732 200,823 847,152
USA 6.3% 2017 6.3% 7.3% 327.2 1,114,439 5,632,816 23,761,497
Mean 8.1% 7.5% 8.7%

Fig. 4. Estimated incidence of Lyme borreliosis. A comparison of the two models

M.J. Cook, B.K. Puri Infectious Disease Modelling 5 (2020) 871e888
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Table 7
Mean infections in countries with data for both models.

Country Incidence Prevalence Total infections

Finland 14,600 73,700 311,000
Sweden 48,700 246,100 1,038,000
Italy 94,300 476,700 2,011,000
England 112,000 566,100 2,388,000
Netherlands 113,000 571,100 2,409,000
France 434,000 2,194,000 9,254,000
Germany 471,000 2,380,000 10,040,000

M.J. Cook, B.K. Puri Infectious Disease Modelling 5 (2020) 871e888
data for England are used for estimates of infections in the UK and Ireland, as shown in Table 9. The mean seroprevalence for
all countries is used to estimate infections for continents and the world with the results shown in Table 10. Estimates for a
group of countries are shown in Table 11.

As mentioned above, there is a large difference between the models for England owing to the use of a ‘low’ sensitivity test.
With the Model (A) seropositive rate of 2.07% compared to 6.48% for Model (B) (sentinel animals). This suggests that the
estimates will be significantly under-estimated, again giving a conservative estimate for infection and disease rates. A closer
estimate for UK and Ireland to compensate for this bias would be approximately 50% higher than the table data.

The majority of data is for European countries which predominantly fall into the category of temperate and with ecologies
dominated by forests and significant rainfall. These would not be representative of the other continents. In order to avoid bias
the estimates for continental and worldwide infections do not use the total populations which are replaced by an estimate of
‘at risk’ populations. The United States was selected as more representative of other continental masses with a mixture of
climates and ecologies. With the north-east characterised by large forested areas and significant rainfall, in contrast south-
central areas such as Arizona and New Mexico classed as ‘desert’ at low elevations with low levels of rainfall. Using the
database for seroprevalence in dogs, each of the contiguous states was assign to low, medium or high risk of infection, risk
factor were based on the seroprevalence and ‘at risk’ human population calculated This generates an estimate of the US ‘at
risk’ population of 38% of the total population (unpublished data). With the large variety of geography, climate and ecology
present in the United States an assumption is made that the model can be used as a proxy for risks in other continents and the
world at large. Although themethodology is not rigorous by reducing total populations regional and continental it contributes
to making the model outputs conservative.

4. Discussion

4.1. General comments regarding the two models

1) Data from the two studies in Germany for the incidence of Lyme disease were based on reports from medical insurance
companies and coded in their records as ICD10: A69.2 Lyme disease erythema chronicum migrans through Borrelia
burgdorferi. In studies in which an EM rash was not an inclusion condition for entry into a study between 25% and 60% of
patients had such a rash (Steere et al., 1977)(Muhlemann & Wright, 1987). This will result in the models significantly
underestimating LB infections. The occurrence of EM rash in cases of LB as derived from analysis of 12 studies carried out
by MJC was 40.4% (unpublished data), which suggests the models underestimate LB infections by a factor of 2.5. This
suggests that the models are conservative.

2) Some of the animal and human studies were based on national data collection and others in specific locations within each
country, hence in some cases the infection rates may not be representative of the entire country. In the case of Model (A)
(seroprevalence of Borrelia infections in humans) Table A1 shows details of each study including the region and whether
rural or urban or mixed area. The De Keukeleire study demonstrated a rural seropositivity of 4.3% and an urban level of
3.1%. The use of common test methods for both sample each of near 200 individuals suggests that the difference is valid.
However, differences in test kits, methodologies and cut-off values make other comparisons less relevant. Some studies
included multiple locations including urban areas and the mean of multiple sampling sites has been used. Sample sizes
ranged between 50 for Finland and Switzerland to 23,628 for Germany. These have been taken into account when
calculating the upper and lower bounds shown in Figs. 1e4.

3) The mean incidence for the two models differs by 8%. Considering that the two models use independent inputs, and some
studies have small sample sizes, the correlation is good. Also, in general the results are within the error boundaries apart
from the cases were there were reasons associated with study methodologies.

4) The change of human infection rates over time demonstrated in the graph of historical trends (Fig. A1) was very low at
0.04% per year. Also there is wide dispersion of the data with infection rates as high as 16% in 1990. Additionally, the
possibility of changes of test sensitivity has not influenced the data since a meta-analysis of commercial test kit accuracy
shows that there has been no significant change in test sensitivity over the last 20 years (Cook & Puri, 2016). This suggests
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Table 8
Mean seroprevalence of the two models.

Seropositive rate Model A Model B Mean of Models

England 2.07% 6.48% 4.28%
Mean all countries 6.7% 8.7% 7.7%

Table 9
Borrelia infection rates for the UK and Ireland.

Country Population (millions) LB Incidence LB Prevalence Total Infections

England 55.6 112,000 564,000 2,378,000
Ireland 4.8 10,000 49,000 205,000
Northern Ireland 1.9 4000 19,000 80,000
Scotland 5.3 11,000 54,000 227,000
Wales 3.0 6000 30,000 128,000
UK 65.8 132,000 667,000 2,813,000

Table 10
Borrelia infection rates for the continents and world total.

Continent At risk population (millions) LB Incidence LB Prevalence Total Infections

Africa 488.5 1,770,000 8,930,000 37,650,000
Asia 1781.9 6,440,000 32,560,000 137,360,000
Europe 739.0 2,670,000 13,510,000 56,970,000
North America 204.8 740,000 3,740,000 15,790,000
Oceania 15.2 50,000 280,000 1,170,000
South America 169.9 610,000 3,110,000 13,100,000
World 3399.3 12,290,000 62,110,000 262,000,000

Table 11
Additional examples of LB rates for various countries.

Estimates for some Countries Population (millions) 2018 At risk population LB Incidence LB Prevalence Total Infections

Australia 25.1 10.0 36,000 183,000 770,000
Brazil 210.9 84.4 305,000 1,541,000 6,500,000
Bulgaria 7.0 7.0 25,000 128,000 540,000
Canada 37.0 14.8 53,000 270,000 1,140,000
Cuba 11.1 4.4 16,000 81,000 340,000
Czech rep 10.6 10.6 38,000 194,000 820,000
Denmark 5.8 5.8 21,000 107,000 450,000
Finland 5.5 2.2 8000 40,000 170,000
Hungary 9.7 3.9 14,000 71,000 300,000
Japan 127.2 50.9 184,000 929,000 3,920,000
Korea 51.2 20.5 74,000 375,000 1,580,000
Mexico 130.8 52.3 189,000 955,000 4,030,000
New Zealand 4.9 2.0 7000 36,000 150,000
Portugal 10.2 4.1 15,000 73,000 310,000
Romania 19.6 19.6 71,000 358,000 1,510,000
Serbia 8.7 8.7 31,000 159,000 670,000
South Africa 57.7 23.1 83,000 422,000 1,780,000
Spain 46.4 18.6 67,000 339,000 1,430,000
Switzerland 8.5 8.5 31,000 156,000 660,000
USA 327.2 130.9 473,000 2,392,000 10,090,000

The estimates are based on the mean of the two models where data are available as input. At risk population based on US model (see text).
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that the underlying infections rates have been relatively stable over time and that LB has been established for a long period
throughout the world. This does not correlate with official published data for LB diagnosed cases. Data from the CDC show
significant growth over the period from 1993 to the present, although the counting methods have changed at different
times. The UK data from Public Health England also show significant growth, again despite counting methodology
changes. The growth of official data can be explained by:
a. Increased recognition by the general public.
b. Increase recognition and diagnosis by clinicians.
c. Diagnosis of cases from the large body of infected and symptomatic patients that either have been misdiagnosed or

undiagnosed in the past.
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5) In the studies of the general public and/or blood donors it is implied by the study authors or stated explicitly that all
subjects are asymptomatic i.e. ‘healthy’. However, the symptoms of LB vary from mild to life threatening. In fact people
with perfect health are in the minority with one study of the global burden of disease indicating that less than 5% of the
world population had no health problems. (Vos, Bell, & Bertozzi-Villa, 2015) The study reported that there were over two
billion people with more than five health problems. The leading causes of disability included lower back pain, neck pain,
major depression, headaches, hearing loss and Alzheimer’s disease. With 95% of the world population suffering from at
least one health issue and with approximately 30% with more than five problems, the assumption that all blood donors
and other groups selected are healthy controls must be false. It also suggests that many of the groups of people defined in
these models as infected but asymptomatic will in fact be people with low level health issues and clinical LB. No attempt
has been made to quantify these cases; however, they would increase the extrapolated values for the incidence and
prevalence of LB.

6) The output of Model A (seroprevalence in the general population) shown in Table 5 is based on specific regional data. In
countries with a single study the data are extrapolated to the total national population. This may over- or underestimated
the actual seroprevalence where the study data were from rural or urban areas. In counties where the studies are carried
out in rural areas the model will over-estimate the results for the nation at large. Where the study was based on urban
samples the model will underestimate the results. No attempt has been made to compensate for the bias.

7) In Model (B) seroprevalence in dogs, consideration was given to the issue of companion animal behaviour, climatic dif-
ferences and local ecology. Searches for information on this issue did not identify useful quantitative data for the different
countries. It is probable that dogs in rural areas and hence the owners would be more likely to be at risk than in urban
areas. In this model no parameter representing these variables was used.
4.2. Are there supporting data to validate the results of these models?

The CDC at a press conference associated with the 2013 National Conference on Lyme Borreliosis and Other Tick-Borne
Diseases, provided useful data (Centers for Disease Control and Prevention, 2013). The release referred to two studies
which indicated that the data published by the CDC for prior years of approximately 30,000 cases per year was under-
estimating the number. The Hinckley et al. study using laboratory test data indicated between 240,000 and 440,000 cases in
2008 (Hinckley et al., 2014). The second study, by Nelson et al. of medical insurance claims from2005 to 2010 gave an estimate
of 329,000 cases per year on average for that time period (Nelson et al., 2015). These studies indicated that diagnosed cases
were over 10 times higher than the cases reported to the CDC and comparable to the estimated incidence in this study or
430,000 cases.

There is additional support provided from a 2019 paper in which Delong et al. used three different models to estimate
post-treatment Lyme disease (PTLD) in the US (Delong, Hsu, & Kotsoris, 2019). In one scenario they used a treatment failure
rate of 20% and linear growth of disease from 329,000 cases in 2005. This generated an estimated prevalence of PTLD of just
over 1,500,000 cases. This is similar the model presented here with a prevalence of 2,171,000 cases.

In the case of LB in the UK, the official figures for 2012 as an examplewere 1040 cases for England andWales and 207 cases
for Scotland, making a total of 1247 cases. Cairns et al. published a study based on analysis of cases recorded in the Clinical
Practice Research Datalink, a primary care database for the years 2001 until 2012 (Cairns & Godwin, 2005). They found an
incidence for 2012 of 12.1 cases per 100,000 population for the UK, for a total of 7738 cases, which is six times greater than the
official reported data. Taking a linear growth based on the Cairns data to the year 2018 gives an incidence of 19.8 cases per
100,000 per year, equivalent to 12,900 cases. This is still significantly lower than the model, however the authors state that
cases diagnosed by specialists may not be included and the study did not include misdiagnosed and undiagnosed cases.
4.3. Is there evidence of misdiagnosis?

Literature searches for evidence of Borrelia infections related to Alzheimer’s disease identified 11 studies. One study
(Galbussera 2008) was carried out in Italy, which has a very low incidence of Lyme disease (0.001 cases per 100,000) and so a
low probability of detecting Borrelia in the sample of 50 Alzheimer’s cases (Sykes & Makiello, 2016). Of the remaining 10
studies (Bu et al., 2015; Gutacker et al., 1998; MacDonald, 1986, 2006; Marquard, Kurz, Bremer, & Dose, 2011; Marques, Weir,
Fahle,& Fisher, 2000;McLaughlin, Ng Ying Kin, Chen, Nair,& Chan,1999;Miklossy,1994; Pappolla et al., 1989; Riviere, Riviere,
& Smith, 2002) four found no association between Alzheimer’s disease and Borrelia infections. All of these have been included
in the weighted average of 19% of Alzheimer’s disease patients with Borrelia infections.

Also estimates have beenmade formultiple sclerosis (MS) andmyalgic encephalitis/chronic fatigue syndrome (ME/CFS). In
the cases of MS a misdiagnosis rate of 19%, the same as Alzheimer’s, is used and for ME/CFS a rate of 30% is used based on data
from a survey carried out in the UK (Bloor, 2014), and undiagnosed cases by national medical authorities where 30% of
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Table 12
Misdiagnosed cases. Estimates for the USA.

Disease % LD Year Prevalence Comment Reference

MS 2010 727,344 Wallin et al. (2019)
Lyme cases 19% Note 1 140,377 Low CI 95% used Chmielewska-Badora, Cisak, and Dutkiewicz (2000)

Alzheimer’s disease 2010 4,700,000 Hebert, Weuve, Scherr, and Evans (2013)
Lyme cases 19% 906,824 Mean of 10 studies See text Section 6

ME/CFS 2,736,000 Valdez et al. (2019)
Lyme cases 10% Note 2 273,600 Bloor survey 48% CFS Bloor (2014)

Total Misdiagnosed 1,320,801

Undiagnosed 30% 396,240 Bloor survey Bloor (2014)

Total un/misdiagnosed 1,717,041

Note 1. For MS related Lyme cases rather than using the Chmielewska-Badora mean data a highly conservative lower 95% confidence value is used.
Note 2. For ME/CFS (myalgic encephalomyelitis/chronic fatigue syndrome) cases a conservative estimate of 10% is used rather than the 48% of Lyme patients
given a CFS diagnosis.
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patients reported that independent/private clinicians had diagnosed the cases. These data were used to estimate the mis-
diagnosed and undiagnosed cases for the US of 1.7 million for 2018. These are shown in Table 12.

The estimated total of undiagnosed andmisdiagnosed cases of LB in the US is 1.7 million. This is 35% higher than themodel
estimate. It also only includes three diseases. Sometimes LB is called the ‘great imitator’ owing to the wide variety of
symptoms that can extend to every organ of the body. A recently published book identifies over 300 medical conditions that
present with the same symptoms as LB (Çetin, 2018) and with LB mimicking a large number of diseases not included in the
estimate it suggests that the model is conservative and underestimates the actual incidence and prevalence of the disease.
5. Conclusions

The two independent methodologies agree on average to within 10%. Where there are large differences between the two
models for specific countries (England, The Netherlands and Italy), analysis of the original studies identified reasons to ac-
count for the differences in most cases. The estimated incidence for LB in Europe for 2018 is 2,520,000 cases, for North
America 790,000 cases and the estimate for theworld of over 11million cases per year. The prevalence of LB for Europe is 12.7
million cases and for North America 4.0 million and for the world 59.0 million cases. The world-wide infection burden is
estimated to be almost 250 million. The majority of these are either asymptomatic or sufficiently minor so that people do not
consider it necessary to visit a doctor. These figures are much higher than corresponding officially published ones. They are
considered to be conservative and under-estimate actual infection rates since themodels are based on recorded cases that are
diagnosed based on an EM rash.
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Appendix. Input data tables and charts

Table A1
Input data: Seroprevalence in general human populations 34 studies. The references for Tables A1 and A2 are available from the corresponding author
Country
 Year
 Year of study
 Sero-prevalence
 Sample size
 Sample type
883
Region/Area
 Climate
Austria
 2015
 2009
 7.2%
 1010
 Blood donors (BD)
 Tyrol/Rural
 Alpine

Belgium
 2016
 2011
 4.3%
 209
 BD
 South/Rural
 Temperate

Belgium
 2016
 2011
 3.1%
 193
 BDs
 South/Urban
 Temperate

England
 1989
 1989
 2.7%
 75
 Controls
 Northwest/Rural
 Temperate

Finland
 1995
 1993
 4.0%
 50
 Healthy people
 Southwest/Urban
 Humid Continental

France
 1997
 1997
 3.2%
 31
 BD
 Ile de Paris/Mixed
 Temperate Continental

France
 1993
 1990
 16.0%
 100
 General population
 Urban Central
 Temperate Continental

Germany
 1996
 1992
 4.0%
 200
 BD
 Brandenburg/ymixed
 Temperate Continental

Germany
 2012
 2010
 9.4%
 6954
 Adults
 National/Mixed
 Temperate Continental

Germany
 1998
 1992
 8.0%
 133
 BD
 Bavaria/Mixed
 Temperate Continental

Germany
 1993
 1993
 8.0%
 3736
 BD
 Berlin/Mixed
 Temperate Continental

Germany
 1989
 1988
 6.0%
 334
 Healthy people
 North Bavaria/Mixed
 Temperate Continental

Germany
 2012
 2012
 4.8%
 12614
 Children and adolescents
 National/Mixed
 Temperate Continental

Germany
 1996
 1996
 14.8%
 4896
 General population
 South Bavaria/Mixed
 Temperate Continental

Ireland
 1998
 1998
 3.4%
 1224
 Gen pop/hi med low prev
 National/Mixed
 Temperate Island

Ireland
 1991
 1991
 9.8%
 400
 Gen pop/hi med low prev
 National/Mixed
 Temperate Island

Italy
 2005
 2005
 4.9%
 365
 BD
 Tuscany/Mixed
 Temperate Continental

Lithuania
 1994
 1990
 4.0%
 163
 Urban
 National/Urban
 Temperate Continental

Netherlands
 1993
 1990
 5.0%
 151
 Office workers
 National/Urban
 Temperate

Netherlands
 1991
 1989
 9.0%
 1052
 BD
 National/Rural þ Urban
 Temperate

Netherlands
 1991
 1989
 6.3%
 127
 controls matched age/residence
 National/Rural?
 Temperate

Poland
 1998
 1998
 6.0%
 100
 BD
 Lublin/Urban
 Temperate Continental

Poland
 2019
 2018
 13.1%
 199
 BD
 National/urban
 Temperate Continental

Scotland
 2015
 2011
 4.2%
 1440
 BD
 National/Rural þ Urban
 Temperate Island

Slovenia
 2000
 2000
 12.6%
 143
 Children young adults
 National/Rural þ Urban
 Temperate Continental

Sweden
 2001
 2000
 4.2%
 408
 BD
 Southeast/Rural þ Urban
 Temperate continental

Sweden
 1997
 1997
 13.5%
 185
 Island residents
 Koster Islands
 Temperate continental

Sweden
 1993
 1989
 2.0%
 50
 BD’s non endemic/City/hospital
 North/Urban
 Temperate continental

Sweden
 1993
 1989
 8.7%
 150
 BD
 Stockholm/Urban
 Temperate continental

Sweden
 2014
 2004
 11.0%
 90
 BD
 Not stated
 Temperate continental

Sweden
 2001
 2000
 5.3%
 249
 Clerks
 Southwest/Urban
 Temperate continental

Sweden
 2007
 2003
 8.0%
 200
 ND
 Regional/Rural þ Urban]
 Temperate continental

Sweden
 2007
 2003
 14.0%
 200
 BD
 Regional/Rural þ Urban]
 Temperate continental

Sweden
 2007
 2003
 12.0%
 200
 BD
 Regional/Rural þ Urban]
 Temperate continental

Switzerland
 1991
 1986
 6.0%
 50
 General population
 Alpine Rural þ Urban
 Alpine temperate

Turkey
 2018
 2014
 4.1%
 368
 General population
 Erzincan/Mixed
 Dry

Turkey
 2019
 2018
 6.0%
 193
 BD
 Düzce/Rural
 Dry
Table A2
Input data: Full list of studies and data for seroprevalence in dogs.
Country/State
 Sero-prevalence animals AP
 Sample n
 Positive n
 Publication Year
 Year of study or publication
Brazil
 9.7%
 237
 23
 2001
 2001
Brazil
 0.04%
 2553
 1
 2003
 2003
Brazil
 4.9%
 1395
 9
 2008
 2008

Bulgaria
 22.6%
 106
 24
 2003
 2003

Bulgaria
 6.7%
 46
 3
 2006
 2006

Bulgaria
 2.4%
 25
 1
 2015
 2015
Bulgaria
 10.6%
 59
 9
 2008
 2008

Germany/Munich
 10.5%
 200
 21
 2014
 2007

Germany
 5.3%
 207
 11
 2005
 2001

Germany
 7.2%
 207
 15
 2005
 2001

Germany
 22.2%
 207
 46
 2005
 2001

Berlin
 10.1%
 189
 19
 1990
 1990
Germany
 11.1%
 202
 22
 2004
 2000

Czech Republic
 7%
 399
 2006
 2006
(continued on next page)
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Table A2 (continued )
Country/State
 Sero-prevalence animals AP
88
Sample n
4

Positive n
 Publication Year
 Year of study or publication
Brazil
 9.7%
 237
 23
 2001
 2001
Brazil
 0.04%
 2553
 1
 2003
 2003
England/Hampshire
 2.6%
 115
 3
 1988
 1988

England/Hereford
 9.8%
 41
 4
 1988
 1988
England
 6.2%
 78
 4
 1988
 1988

Finland east
 0.0%
 24
 0
 2014
 2011

Finland west
 3.3%
 92
 3
 2014
 2011

Finland south
 1.8%
 163
 3
 2014
 2011

Aland
 20.0%
 20
 4
 2014
 2011
Finland
 6.3%
 75
 3
 2014
 2011

France
 25.0%
 88
 22
 1988
 1986

France
 10.4%
 183
 19
 1998
 1992

France
 1.1%
 919
 10
 2009
 2009
France
 12.2%
 304
 15
 2000
 1998

Hungary
 0.4%
 1305
 5
 2014
 2014
Italy
 0.0%
 23
 0
 1999
 1999

Italy
 0.3%
 1335
 4
 2017
 2017

Italy Central
 1.5%
 1965
 29
 2014
 2014
Italy
 1.0%
 1108
 11

Japan
 10.2%
 314
 32
 2016
 2016

Korea
 1.1%
 532
 6
 201
 2017
Mexico
 6.8%
 384
 26
 2008
 2008

Mexico
 0.2%
 1706
 4
 2016

Mexico
 16.0%
 850
 136
 1999
 1999
Mexico
 7.7%
 980
 55
 2008
 2004

Netherlands
 17.0%
 75
 2000
 2000
Poland
 19.7%
 243
 48
 2016
 2016

Poland
 5.3%
 157
 8
 2016
 2013
Poland
 12.5%
 200
 28
 2016
 2015

Portugal
 0.2%
 557
 1
 2012
 2012

Romania
 6.5%
 276
 18
 2011
 2011

Serbia
 25.5%
 486
 124
 2010
 2010
Spain tarragona malloca
 0.7%
 460
 3
 2006
 2006

Spain
 21.0%
 308
 37
 1995
 1995

Spain
 6.3%
 649
 41
 2008
 2008

Spain
 11.6%
 146
 17
 2000
 2000

Spain
 1.1%
 95
 1
 1997
 1997
Spain
 8.1%
 297
 20
 2002
 2002

Sweden
 10.3%
 54
 6
 2009
 2009

Sweden
 4.7%
 611
 29
 2000
 1993
Sweden
 7.5%
 333
 17
 2005
 2001

Turkey
 23.2%
 400
 93
 2008
 2008

USA
 0.00%
 0
 0
 2019
 2018
7.8%
Table A3
Input data: Seroprevalence in US dogs mean for years 2012e18
Year
 Seroprevalence
 Sample size
2012
 6.85%
 2,367,261

2013
 6.26%
 2,756,275

2014
 6.43%
 3,323,397

2015
 6.19%
 3,975,831

2016
 6.43%
 4,172,861

2017
 6.27%
 4,833,554

2018
 5.64%
 5,646,390

Mean
 6.30%
 3,867,938

Annual Growth (decline)
 �0.13%
Source: Companion Animal Parasite Council. Parasite Prevalence Maps: Tick Borne disease agents: Lyme disease: Dogs. https://www.capcvet.org/maps/
#2014/all/lyme-disease/dog/united-states/. Published 2019. Accessed April 23, 2019.

https://www.capcvet.org/maps/#2014/all/lyme-disease/dog/united-states/
https://www.capcvet.org/maps/#2014/all/lyme-disease/dog/united-states/
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Table A4
Effect of Canadian sample size on the mean of dog seroprevalence
Sample size Seroprevalence
885
With Canada
 Without Canada and US
Seroprevalence
 Positive
 Sample size
 Seroprevalence
 Sample size
0.02%
 17
 86251

4.90%
 68
 1395
 4.90%
 1395

10.60%
 6
 59
 10.60%
 59

6.50%
 26
 399
 6.50%
 399

6.20%
 5
 78
 6.20%
 78

6.30%
 5
 75
 6.30%
 75

12.20%
 37
 304
 12.20%
 304

11.10%
 22
 202
 11.10%
 202

0.40%
 5
 1305
 0.40%
 1305

1.00%
 11
 1108
 1.00%
 1108

10.20%
 32
 314
 10.20%
 314

1.10%
 6
 532
 1.10%
 532

7.70%
 75
 980
 7.70%
 980

17.00%
 13
 75
 17.00%
 75

12.50%
 30
 243
 12.50%
 243

0.20%
 0
 157
 0.20%
 157

6.50%
 36
 557
 6.50%
 557

25.50%
 124
 486
 25.50%
 486

8.10%
 24
 297
 8.10%
 297

7.50%
 25
 333
 7.50%
 333
95150
 8899

0.60%
 Mean
 8.18%
Table A5
Serology test sensitivities and specificities
Test method
 Sensitivity
 Specificity
ELISA
 62.30%
 95.0%

C6
 53.90%
 97.9%

Western Blot
 62.40%
 95.7%

Overall
 59.5%
 96.2%
Source: Cook MJ, Puri BK. Commercial test kits for the detection of Lyme borreliosis: a meta-analysis of test accuracy. Int J Gen Med. 2016; 9:427e440.
doi:https://doi.org/10.2147/IJGM.S122313
Table A6
Country
 Canine seropositive
 Human seropositive
England
 6.5%
 2.1%

Finland
 6.3%
 4.1%

France
 12.2%
 13.9%

Germany
 11.1%
 11.8%

Italy
 1.0%
 5.3%

Netherlands
 17.0%
 9.0%

Sweden
 7.5%
 12.3%

https://doi.org/10.2147/IJGM.S122313
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Fig. A1. Chart of seroprevalence in humans versus year of study (xlsx).

Fig. A2. Chart of seroprevalence in dogs versus year of study (xlsx).
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