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H ard tick–borne relapsing fever caused by 
Borrelia miyamotoi is transmitted by the same 
hard tick species that transmit the pathogens 

causing Lyme disease (Borrelia burgdorferi sensu lato), 
human granulocytic anaplasmosis (Anaplasma phagocyto-
philum), and human babesiosis (Babesia species).1–3 Hard 
tick–borne relapsing fever has been reported in Russia, 
the Netherlands, Germany, Japan and the northeastern 
and upper midwestern United States.4–14 Ixodes ticks 
infected with B. miyamotoi have been described in addi-
tional areas, including Canadian provinces.15–18 To deter-
mine whether human B. miyamotoi infection occurs in 
Canada, we screened for B. miyamotoi antibody in ran-
domly selected archived sera from patients with clinically 
suspected and antibody-confirmed Lyme disease living 
in the province of Manitoba, Canada. Study participants 
were residents of a Lyme disease–endemic region where 
Ornithodoros ticks that transmit soft tick–borne relapsing 
fever are not found.19

Methods

Study population
A total of 250 randomly selected residual sera that were 
initially submitted to Cadham Provincial Laboratory in 
Winnipeg, Manitoba, between 2011 and 2014 for Lyme dis-
ease serology were tested for B. miyamotoi antibody. The sera 
were obtained from patients living in Lyme disease–endemic 
areas in Manitoba with presumed or definite tick exposure (as 
mentioned on the laboratory request form), and signs and 
symptoms suggestive of Lyme disease. Manitoba, especially 
the southern part of the province where these sera were 
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Background: Hard tick–borne relapsing fever caused by Borrelia miyamotoi has been reported in Russia, the Netherlands, Germany, 
Japan and the northeastern and upper midwestern United States. We sought to investigate the presence of B. miyamotoi infection in 
humans in Manitoba, Canada.

Methods: Two hundred fifty sera collected from residents of Manitoba with suspected Lyme disease between 2011 and 2014 were 
tested for Borrelia burgdorferi antibody using a C6 peptide enzyme-linked immunosorbent assay (ELISA) followed by Western blot. 
Residual sera were then anonymized, stored at –80°C and subsequently thawed and tested for B. miyamotoi antibody using a 2-step 
glycerosphosphodiester phosphodiesterase–based ELISA and Western blot assay.

Results: Twenty-four of the 250 (9.6%) sera tested positive for B. miyamotoi immunoglobulin G. Participants who were B. miyamo-
toi seropositive were predominantly male (54%) and younger on average than those who were seronegative (32 and 44 yr of age, 
respectively). Participants who were seropositive for B. burgdorferi were significantly more likely to be B. miyamotoi seropositive 
than those who were B. burgdorferi seronegative (20.3% v. 6.6%, respectively, odds ratio 3.6, 95% confidence interval 1.5–8.5). 

Interpretation: This initial report of human B. miyamotoi infection in Canada should raise awareness of hard tick–borne relapsing 
fever among clinicians and residents of areas in Canada and western North America where Lyme disease is endemic.
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obtained, is a Lyme disease–endemic region with established 
B. burgdorferi–infected Ixodes scapularis tick populations as well 
as confirmed human cases (Figure 1).16 We only tested sera 
collected from May through the end of October. Most (83%) 
were collected between July and August, which is the season 
of peak tick activity in Manitoba. We used all sera available 
from residual serum samples from study participants with pos-
itive C6 antibody results. A previous study has shown that 
patients with B. miyamotoi infection may have cross-reacting 
antibody to B. burgdorferi C6 antigen.8 Thus, evaluation of 
sera from these patients increased our chances of identifying 
participants infected with B. miyamotoi because of cross-
reacting antibody and because people who have had Lyme 
disease would have had exposure to I. scapularis ticks that also 
transmit B. miyamotoi. To select a representative sample size 
for a 5% margin of error and 95% confidence interval (CI) 

with a response distribution of 50%, a sample size of 250 was 
calculated on the basis of the average of 3000 sera screened 
per year for Lyme disease in our laboratory since 2011.

Detection of B. burgdorferi antibody
All sera had initially been screened for B. burgdorferi antibody 
using a C6 peptide enzyme-linked immunosorbent assay 
(ELISA) kit (Immunetics). Any sera that tested positive with 
the C6 peptide assay were sent to the National Microbiology 
Laboratory in Winnipeg, Manitoba, for Lyme disease immu-
noblot testing. Positive test criteria were based on those of the 
US Centers for Disease Control and Prevention.20 The age 
and sex of the patients and the specimen collection dates were 
documented before the specimens were de-identified. Sera 
were then stored at –80°C for B. miyamotoi antibody testing at 
a later date.
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Figure 1: A map of Manitoba, Canada showing Lyme disease risk areas (grey dots) where field surveillance has shown evidence of established 
blacklegged tick populations between 2006 and 2014. Source: Manitoba Health, Seniors, and Active Living. Published with permission.
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Borrelia miyamotoi glycerophosphodiester 
phosphodiesterase antibody ELISA
Borrelia miyamotoi antibody was determined using a 2-tier 
ELISA assay as previously described.8 Serum samples were 
diluted 1:320 and run in triplicate. Two positive and 3 negative 
controls were used on each plate. Positive controls consisted of 
human sera that had been collected from patients with B. miya-
motoi infection that was confirmed by polymerase chain reac-
tion (PCR) and that tested positive for B. miyamotoi antibody 
using both ELISA and Western blot immunoglobulin G 
(IgG). Negative controls consisted of human sera obtained 
from 3 healthy New England residents with no history of tick 
bite or tick-borne disease and who had tested negative for 
B. miyamotoi by ELISA and Western blot IgG, and by PCR.8 A 
sample was considered ELISA positive if the mean optical den-
sity value of the sample run in triplicate was equal to or greater 
than the threshold of 3 standard deviations above the mean of 
the optical density values of the 3 negative control samples.

Glycerophosphodiester phosphodiesterase Western 
blot antibody assay
Sera that tested positive by B. miyamotoi ELISA were then 
tested by glycerophosphodiester phosphodiesterase (GlpQ) 
Western blot.8 For Western blot, purified rGlpQ (about 250 
ng) was electrophoresed on each replicate lane of a precast 
mini sodium dodecyl sulfate electrophoresis gel and trans-
ferred to a nitrocellulose membrane. Replicate strips were 
individually incubated with human serum at a 1:250 dilution in 
phosphate-buffered saline, washed and incubated with infrared 
dye (IRdye 800 CW) goat anti-human IgG (LI-COR Biosci-
ences). Bound antibodies were detected with a LI-COR Odys-
sey gel-imaging scanner. Samples with a 39-kDa band inten-
sity that approximated that of GlpQ on positive control human 
serum samples were considered GlpQ antibody positive. Rep-
resentative Western blots from B. miyamotoi seropositive Mani-
toba residents with 39-kDa GlpQ bands are shown in Figure 2.

Ethics approval
We tested de-identified blood specimens; none of the study 
authors know the names of the patients from whom the blood 
samples were obtained. The Yale University Human Investiga-
tion Committee does not require that approval be obtained for 
such studies. 

Results

We found serologic evidence of B. miyamotoi infection in 
serum samples from 24 of 250 Manitoba residents with sus-
pected or confirmed Lyme disease. More than twice as many 
samples were seropositive for B. burgdorferi (22%) than were 

seropositive for B. miyamotoi (10%). Subjects who were 
B. miyamotoi seropositive were predominantly male (54%) and 
were younger on average than those who were seronegative (32 
and 44 yr of age, respectively). Participants who were seroposi-
tive for B. burgdorferi were significantly more likely to be 
B. miyamotoi seropositive than those who were B. burgdorferi 
seronegative (20.3% v. 6.6%, respectively, Fisher exact analysis, 
odds ratio 3.6, 95% CI 1.5–8.5). 

Interpretation

To determine whether human B. miyamotoi infection occurs in 
western North America, we tested archived sera from 250 par-
ticipants living in Manitoba in a Lyme disease–endemic area 
and were suspected of having Lyme disease or had confirmed 
Lyme disease. Twenty-two percent of these residents were 
seropositive for B. burgdorferi and 10% were seropositive for 
B. miyamotoi. As would be expected when 2 pathogens are 
transmitted by the same I. scapularis tick, the seroprevalence of 
B. miyamotoi among residents who were B. burgdorferi seroposi-
tive was greater (more than 3-fold) than that of residents who 
were B. burgdorferi seronegative. In a group of healthy partici-
pants living in a Lyme disease–endemic area of the northeast-
ern US, 9.4% were B. burgdorferi seropositive and 3.9% were 
B. miyamotoi seropositive.8 The greater B. miyamotoi seropreva-
lence in our sample of Canadian participants may be attributed, 
at least in part, to the fact that they had had recent tick expo-
sure (as evidenced by a suspected or confirmed Lyme disease 
illness) whereas the American participants were healthy.6,8

Tick-borne relapsing fever is the name of a group of diseases 
caused by Borrelia species that are transmitted by ticks and cause 
relapsing fever. Most species of Borrelia that cause relapsing fever 
(such as Borrelia hermsii and Borrelia turicatae) are transmitted by 
soft ticks, whereas 1 medically important species of relapsing 
fever Borrelia is transmitted by hard-bodied ticks (B. miyamotoi). 
The risk of exposure is variable. Seroprevalence studies in New 
England suggest that B. miyamotoi infection may be as common 
as anaplasmosis and babesiosis. Borrelia miyamotoi has been found 
in I. scapularis ticks in all Canadian provinces except Newfound-
land and Labrador, and human cases are likely to be found wher-
ever Lyme disease is endemic.16 Borrelia miyamotoi may cause 
serious complications, including meningoencephalitis, in immu-
nocompromised hosts.5,7,14 A quarter of the cases in 1 large 
B. miyamotoi case series were admitted to hospital.10 Several stud-
ies suggest that B. miyamotoi may be transmitted through blood 
transfusion, consistent with the high levels of spirochetemia that 
occur with Borrelia species that cause relapsing fever.21

The general clinician practising in areas where this infec-
tion is found in ticks should be aware that a febrile illness 
without an erythema migrans rash (and especially a recurrent 
febrile illness) in late spring, summer or early autumn may be 
due to B. miyamotoi. Patients infected with B. miyamotoi may 
test positive with the B. burgdorferi C6 ELISA antibody assay 
and the B. burgdorferi Western blot assay.8 Diagnosis can be 
confirmed by identification of spirochetes on blood smear or 
B. miyamotoi PCR, or a 4-fold rise in B. miyamotoi antibody in 
acute and convalescent sera. Serological testing for B. miyamo-
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Figure 2: Representative Western blots from Borrelia miyamotoi–
seropositive Manitoba residents showing 39-kDa glycerophosphodies-
ter phosphodiesterase (GlpQ) bands.



Research

CMAJ  OPEN

 CMAJ OPEN, 5(3) E693

toi is currently unavailable in Canada. We hope that our 
report will accelerate the availability of such testing. Poly-
merase chain reaction testing for B. miyamotoi is available at 
the National Microbiology Laboratory. This test is especially 
useful when patients are experiencing acute illness and when 
antibiotic treatment has not been started. The PCR assay can 
be performed on both whole blood and cerebrospinal fluid 
specimens. Patients infected with B. miyamotoi should be 
treated in the same manner as patients with Lyme disease.

Limitations
We used B. miyamotoi GlpQ as antigen for our ELISA and 
Western blot antibody assays. Glycerophosphodiester phos-
phodiesterase is not produced by Lyme disease spirochetes and 
therefore B. burgdorferi–specific antibodies will not cross-react 
with B. miyamotoi GlpQ antigen.22 In contrast, all Borrelia spe-
cies that cause relapsing fever produce GlpQ, so it is possible 
that some of the participants living in Manitoba who reacted 
against B. miyamotoi GlpQ antigen might previously have been 
infected by species that cause soft tick–borne relapsing fever 
such as B. hermsii or B. parkeri rather than B. miyamotoi.8,22 
This is unlikely because the nearest areas in Canada where soft 
tick–borne relapsing fever is endemic are in British Columbia, 
which is more than 1500 km from Manitoba, and the inci-
dence of soft tick–borne relapsing fever there is low, although 
travel history was not assessed.19 Furthermore, had these 
patients been infected with soft tick–borne relapsing fever, 
there would not have been a strong correlation between 
B. burgdorferi and B. miyamotoi antibodies, as was observed in 
our study participants. Certain gram-negative bacterial species 
such as Serratia marcescens and Hemophilus influenzae produce 
GlpQ.8,22 The evolutionary distance between these organisms 
and B. miyamotoi is wide, however, and antibodies against these 
bacteria would not be expected to cross-react with B. miyamotoi 
antibody, although this has not been tested. Furthermore, 
cross-reacting antibody against bacteria not transmitted by 
ticks would not explain the association between the B. burgdor-
feri and B. miyamotoi antibodies.

Conclusion
We described initial evidence of human B. miyamotoi infection 
in Canada. Because B. miyamotoi infection may become a sub-
stantial health problem, additional studies of human B. miya-
motoi infection in Canada with larger sample numbers and 
sampling of the general population will help provide a better 
understanding of the health burden of this recently discovered 
tick-borne disease. Such information should raise awareness 
of hard tick–borne relapsing fever among clinicians and resi-
dents of areas in Canada were Lyme disease is endemic.
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