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ABSTRACT

Neoehrlichia mikurensis is an intracellular bacterium transmitted in Europe and Asia by ticks of the Ixodes ricinus complex.
Interest in this bacterium has increased since it was demonstrated to be responsible for febrile syndromes in patients. To
date, most clinical cases have been reported in northern Europe, but case series have also been described in central
Europe and China. Notably, thrombotic events occurred during the course of the disease. We investigated the
presence of N. mikurensis in 10,885 I. ricinus nymphs in two regions of France (Alsace and Brittany) collected between
2013 and 2020 and in 934 patients suspected of human granulocytic anaplasmosis in Alsace, an endemic area for
Lyme borreliosis, using a specific PCR assay. N. mikurensis was detected in 5.42% of the ticks from Alsace, whereas
only one (0.03%) tick was found to be positive in Brittany. Spatiotemporal disparities were also noticed within the
Alsace region over the four collection sites investigated, and a significant increase in the prevalence of nymphs
carrying N. mikurensis was also observed in the last three years of collection. Four out of 934 screened patients were
found to be positive for N. mikurensis. Two had malignancies, and the other two were apparently immunocompetent.
Superficial thrombosis was noticed in one patient, and long-lasting bacteremia was noted in another patient. These
four patients are the first clinical cases of neoehrlichiosis described in France. We suggest including N. mikurensis in
the differential diagnosis of post-tick bite febrile syndromes to treat patients and prevent the occurrence of
thrombotic complications.
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Introduction and central Europe and China [8,9]. Clinically, an

Ixodid ticks are hemophagous arthropods that have a  infectious syndrome with high fever, arthromyalgias,

long-lasting blood meal. During this blood meal, they
are able to transmit several microorganisms that could
lead to diseases in humans [1]. However, although
they can host many microorganisms [2,3], a large pro-
portion of these microorganisms have not been ident-
ified to be pathogenic for humans yet [4].

Among tick-borne bacteria, interest in Neoehrlichia
mikurensis has recently increased. This intracellular
bacterium was discovered on Mikura Island in Japan
in rats and Ixodes ovatus ticks [5] but had already
been detected in I ricinus ticks and proposed as Can-
didatus Ehrlichia walkerii [6]. Its distribution seems to
overlap with that of the two major vectors of Lyme
borreliosis in Europe and Asia: I ricinus and
I persulcatus, respectively [7]. Moreover, several case
reports have recently been reported from northern

and chills has been found in immunocompromised
patients (especially in patients with B-cell malignan-
cies) as well as in patients without apparent immuno-
suppression [7,9]. This disease has been designated
neoehrlichiosis [7] and could clinically mimic human
granulocytic anaplasmosis (HGA). Thromboembolic
events, including deep vein thrombosis, have also
been reported in immunocompromised patients
[10,11], suggesting tropism for endothelial cells. This
tropism has recently been confirmed by the cultivation
of this bacterium on endothelial cell lines [12]. DNA of
N. mikurensis has also been detected in humans with-
out apparent symptoms, suggesting that asymptomatic
infection could occur [13,14].

Alsace is an endemic region for Lyme borreliosis [15]
and I ricinus [16] in eastern France. However, since high
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fever is not observed among patients with Lyme borrelio-
sis in Europe [17], other tick-borne diseases should be
considered in patients displaying high fever after a tick
bite, mainly tick-borne encephalitis and HGA.

We, therefore, investigated the presence of
N. mikurensis in patients suspected of human granulo-
cytic anaplasmosis by PCR. We also evaluated the
prevalence of this bacterium in the I ricinus tick vec-
tor from the same region as well as in two sites from
another region located in western France (Brittany).

Material and methods
Study area and ticks collection sites

Patients enrolled in this study were from the north-
eastern part of France in the Alsace region, bordering
Germany from 2010 to 2019.

Ticks were collected in four sites in the Alsace
region. These sites were previously investigated in
different studies [16,18,19] and were selected because
they display various types of vegetation, environments
and ecosystems (i.e. natural or suburban). Sampling
site (A) (GPS: 47°42°03.0"N, 7°08°31.0"E) in the Dan-
nemarie Canton where Lyme borreliosis incidence is
low, is a lowland forest; sampling site (B) (GPS: 47°
55’08.3"N, 7°12°37.6"E) in Murbach area is a mountai-
nous forest with high human activity where Lyme bor-
reliosis incidence is high; sampling site (C) (GPS: 48°
26’9.503” N, 7°24’42,181"E) near Niedermunster is a
mountainous forest; sampling site (D) (GPS: 48°
31°07.1"N, 7°44’36.0"E) is a peri-urban forest near Ill-
kirch-Graffenstaden in Strasbourg suburbs (Figure 1).

In order to assess the distribution of N. mikurensis
in different ecosystems with oceanic climate, two other
sites located in the west part of France (in Brittany)
were investigated between 2015 and 2020. Sampling
site (E) (GPS: 48°05°29”N, 1°37°25”W) in Bois de
Soeuvres is a lowland forest; sampling site (F) (GPS
48°12’43”N, 1°30’°36”W) in Forét de Rennes is also a
lowland forest.

Ticks

Ticks were monthly collected as soon as the weather con-
ditions allowed it by dragging a white flannel flag (1 x
1 m) over low vegetation as previously reported [18].
To assess the prevalence (also called carriage rate)
(expressed as a proportion and its 95% confidence inter-
val) of N. mikurensis by L ricinus nymphs at the 4 col-
lected sites and over time, ticks were individually
tested. A maximum of 60 ticks by site and month of col-
lection was tested. Over the seven years of collection
campaign in Alsace, ticks from six years were selected
and retrospectively analysed for this study (2013, 2015,
2017, 2018, 2019 and 2020). For the Brittany region,
2015, 2017, 2018, 2019 and 2020 were investigated.

Patients

Between May 2010 and August 2019, EDTA blood
samples from 934 patients were sent to the clinical
microbiology laboratory of the University Hospital of
Strasbourg for HGA diagnosis by PCR. HGA was sus-
pected (i) when patients presented fever or another
symptom presumably related to a tick bite occurring
within a maximum of 4 weeks before the beginning of
symptoms - or (ii) when patients presented fever and
at least one biological abnormality (thrombocytopenia
and/or leucopenia and/or abnormal liver function
tests) — or (iii) when patients presented the same bio-
logical abnormalities without fever, occurring 4 weeks
after a tick bite. At the time of consultation, when the
blood sample was taken, patients were seen by infectious
diseases specialists and an etiological investigation was
conducted to establish a differential diagnosis. The pre-
sent work was approved by the ethic committee of Stras-
bourg University (No CE-2020-175).

DNA extraction

For patients, DNA was automatically extracted from
200 uL of EDTA whole blood using two automated
extraction devices. From 2010 to 2018, the QIAcube
device (Qiagen, Venlo, Netherlands) according to
the manufacturer’s instructions using the Cador
Pathogen QIAcube HT Kit. Afterwards, the MagNA
Pure 96 instrument (Roche Diagnostics, Mannheim,
Germany) was used with the MagNA Pure 96 DNA
and viral NA Small Volume Kit. These two techniques
allowed the extraction of total nucleic acids, in 100 pL
of elution volume.

Ticks” whole DNA was manually extracted immedi-
ately after collection with ammonijum hydroxide and
heat (2 cycles of 15 min heating at 100°C) according
to previously published protocols [20,21].

Both tick and patient DNA extracts were stored at
—80°C until reanalysis.

N. mikurensis detection PCR assay

A real-time PCR assay targeting the groel gene of
N. mikurensis adapted from Jahfari et al. [22] was per-
formed on ticks’ and patients’ DNA. Briefly, PCR
amplifications were carried out on a LightCycler 480.
A 20 pL reaction volume was used with 10 uL of Light-
Cycler 480 Probes Master, 3 uL of sample DNA,
0.2uM of the forward primer and 0.2uM of a
volume-to-volume mixture of the two reverse primers
and 0.1 uM of probe.

The PCR conditions were as follows, an initial
denaturation at 95°C for 10 min, followed by 60 cycles
of amplification (denaturation at 95°C for 5 s, hybrid-
ization/elongation at 60°C for 30 s), followed by a final
extension step of 30 s at 40°C. A diluted plasmid



EMERGING MICROBES & INFECTIONS . 1733

Figure 1. Map of the different collection sites over France, Additional File 1: Analytical performances and characteristics of
N. mikurensis gPCR, Additional File 2 Table 1: Proportion and number (n) of nymphs carrying N. mikurensis and the 95% confidence
interval (95% Cl) among the collected nymphs (N) at the four sites during the six years of collection. NT: not tested.

containing the target gene was included in each exper-
iment as a positive control. A negative control in
which the template DNA was replaced with water
was also included in each experiment. For patients,
PCR products were sequenced using the sanger
method with the primers used for amplification.
Analytical performances and characteristics of
N. mikurensis qQPCR are summarized in Additional
File 1.

Statistical analysis

Ticks’ N. mikurensis carriage rates were calculated and
expressed as percentages with their 95% confidence
interval using the binom.test(x,n)$conf.int function
of the R software, where x is the number of positive
ticks and n the number of tested ticks. Statistical mod-
elling using a generalized linear model was performed
to assess N. mikurensis prevalence in ticks in these four
different locations and over the collection years. Data
were analysed using R Studio R version 3.4.0 (2017-
04-21, https://cran.r-project.org/).

Results and discussion
N. mikurensis in l. ricinus nymphs

During the years of the sampling campaign, 10,885
nymphs were collected. They were all morphologically
identified as I ricinus.

In Alsace, the overall N. mikurensis rate of carriage
by ticks was 5.42% (CI 95% 4.92-5.94%), detailed
results are shown in Additional File 2. Interestingly,
only one nymph was found to carry N. mikurensis
from the western part of France (Brittany region).
Moreover, the generalized linear models (Table 1)
revealed disparities in N. mikurensis prevalence in
ticks in the four collection sites and over the six
years tested. Indeed, the odds ratio of the
N. mikurensis rate of carriage was significantly higher
at site D (OR = 2.81, p <.001) than at reference site
A. At sites B and C, the rate of carriage was signifi-
cantly lower than that at site A (ORg p=0.61 and
ORgjte ¢ = 0.16, p <.001). The same distribution within
the 4 sites was observed during the collection years.

Table 1. Multivariate analysis of N. mikurensis prevalence
among the four collection sites in Alsace (A) and over the
six years of the collection campaign (B). The results are
expressed using the odds ratio and its p-value.

0dd ratio p-Value
Collection site
Site A ref ref
Site B 0.61 .003
Site C 0.16 <.001
Site D 2.81 <.001
Collection year
2013 Ref ref
2015 1.81 .021
2017 1.56 132
2018 4.26 <.001
2019 5.23 <.001
2020 4.04 <.001
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Notably, a higher prevalence of N. mikurensis among
I. ricinus nymphs was found in 2018, 2019 and 2020,
with the highest prevalence in 2019, 9.03% (95% CI
7.61-10.6%).

We chose to investigate only I ricinus nymphs
because nymphs of this tick species represent the
main risk for biting humans [23]. The prevalence of
tick-borne microorganisms observed in nymphs is
usually lower than that in adults, which have an
additional blood meal.

The overall prevalence (5.42%) of N. mikurensis in
I ricinus nymphs described in this study, in Alsace, is
coherent with the rate of carriage of N. mikurensis
observed in other studies conducted in France in the
same region, in surrounding countries and elsewhere
in the Northern Hemisphere [9,24,25]. Moreover,
the measured prevalence in ticks is close to the preva-
lence of N. mikurensis observed in countries where
neoehrlichiosis has been reported [9]. N. mikurensis
does not seem to be established in the western part
of France in Brittany; indeed, only one nymph was
found to carry N. mikurensis. Future studies are
needed to better appreciate the distribution of
N. mikurensis in French territory. Including this
study, N. mikurensis has been searched for in only
three studies in the eastern part of France [24,25], an
area with a high I ricinus density [18]. As this is the
first study that explores other regions of France, lar-
ger-scale studies are needed to assess the
N. mikurensis risk of infection.

Interestingly, the  highest prevalence of
N. mikurensis in ticks was observed at site D reaching
23.5% in 2020 and 25% in 2020. Surprisingly, past epi-
demiological studies carried out on other tick-borne
microorganisms at the same collection sites did not
show the same distribution. Indeed, the highest preva-
lence for B. burgdorferi sl. and B. miyamotoi was
found in site B [19,26]. Since these last two bacteria
seem to share the same reservoir as N. mikurensis
[27], the same distribution for the three microorgan-
isms between the four sites would have been expected.
Indeed, a correlation between reservoir-host abun-
dance and the prevalence of tick-borne pathogens
has been demonstrated, especially for B. burgdorferi
s.l. bacteria [28,29]. It can be hypothesized that
another reservoir host is more abundant at site D
than at the other sites and remains to be identified
in future studies.

This trend to increase over the last three years
needs to be confirmed in longer-term vector epide-
miology studies. Moreover, drivers for this increase
may also be highlighted. Here, again, microorganism
prevalence within a year strongly depends on the
reservoir host abundance in the years prior to this
given year [29]. Indeed, a temporal dynamic can
be observed with variations in the rate of ticks car-
rying a given microorganism with acrophases (i.e.

a period in a cycle during which the prevalence
reaches a peak) and bathyphases (i.e. a period in a
cycle during which the prevalence is low) over sev-
eral years [30].

Finally, even if disparities were evidenced between
the collection sites, this rate of carriage is also in line
with the prevalence of other tick-borne pathogens
causing febrile syndromes in the same region:
A. phagocytophilum (ranging from 0.4% to 1.2%)
[16] and B. miyamotoi (2.18%) [19]. It is also much
higher than the prevalence of the tick-borne encepha-
litis virus found in I. ricinus nymphs in Alsace (0.29%)
[31], which causes clinical cases in this region [32]. It
is therefore natural to question the involvement of
N. mikurensis in post-tick bite febrile syndromes.

Infection with N. mikurensis in febrile patients

Among the 934 patients previously analysed for HGA,
four were found to be PCR positive for N. mikurensis.
Sequencing of the PCR products revealed a homology
of 100% with N. mikurensis groEL sequences on the
GeneBank database (e.g. MNI151367, MH593876.1
and KU535863.1). The clinical characteristics of the
four patients are summarized in Table 2.

Patient A was a 54-year-old male (blood sample
obtained in 2018) without known immunodepression.
He very often hiked in southern Alsace, where he was
bitten by ticks. Approximately one week after the tick
bite, he reported nonspecific infectious syndrome with
fever, headache and asthenia. He consulted two weeks
later. At the time of consultation, he was apyretic but
he still did not feel well. Blood samples for the
A. phagocytophilum search (by serology and PCR)
were taken, which turned out to be negative. Ten
days later, he spontaneously recovered without anti-
biotic treatment. The DNA extract from the EDTA
blood sample was retrospectively analysed and found
to be positive by PCR for N. mikurensis.

Patient B was a 67-year-old woman (blood sample
obtained in 2018) with antecedent chronic lymphocy-
tic leukaemia treated with ibrutinib; notably, she was
splenectomized. After she reported recent tick bites,
she started to present a nonspecific infectious syn-
drome with fever, arthromyalgias and asthenia. She
had fever peaks (40°C of temperature), especially at
night. Two weeks later, she was admitted to an internal
medicine ward at the hospital. At admission, she had
fever, and she was found to have a high C-reactive
protein level (170 mg/L); along with neutrophilia, a
blood sample to search for A. phagocytophilum by
PCR was also taken but was negative. She was empiri-
cally treated with ceftriaxone (1 g/24 h) and doxycy-
cline (200 mg/24h) for seven days. She totally
recovered with this treatment regimen. The DNA
extract from this EDTA blood sample was retrospec-
tively found to be positive for N. mikurensis.
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Table 2. Clinical characteristics of the four patients found to have PCR positive for N. mikurensis. (Ct: cycle threshold).

Patient A B C D
N. mikurensis PCR Ct 30.72 25.34 38.47 24.54
Sex M F M M
Age (years) 54 67 61 66
Immunological status immunocompetent immunocompromised immunocompetent immunocompromised
Comorbidities — chronic lymphoid — follicular lymphoma
leukemia
Splenectomized no yes no no
Tick bite notion yes yes yes no
Time between the tick bite and the onset of 8 — — —
symptoms
Time between the onset of symptoms and 16 15 77 —
the sampling (days)

Fever yes yes (especially at night) yes yes
Headache yes no no no
Asthenia yes yes no no
Arthralgia — yes no no
Duration of symptoms (weeks) 4 — 11 —
Thrombosis no no no yes
Doxycycline administration no yes no no
CRP (mg/L) — 170 37 —
Other — — increase in serum —

aminotransferases

Patient C was a 61-year-old man (blood sample
obtained in 2010) without known immunodepression
who lived in the countryside where he very often prac-
tised outdoor activities. While he was hiking, he was
bitten by a tick that he did not notice until 24 h
later. Two months later, he had fever that lasted for
2 months. At symptom onset, fever was high (40°C)
for 48 h. He consulted 77 days after the beginning of
the disease. At the time of consultation, fever had
already diminished but still had an elevated CRP
level (37 mg/L). Blood samples to search for
A. phagocytophilum by PCR and serology were taken
during the medical consultation, and both of them
were negative for A. phagocytophilum. He recovered
without antibiotics and was in good clinical condition
two months later. This blood sample was retrospec-
tively found to be positive for N. mikurensis.

Patient D was a 72-year-old man (blood sample
obtained in 2014). He had stage 2 follicular lymphoma
and had been in remission for one year. He also had
cerebral venous thrombosis for which he was treated
with a vitamin K antagonist four months before his
admission to the hospital. He was admitted for
superficial femoral venous thrombosis. During his
hospitalization, he presented several febrile peaks
and chills without an identified primary infection.
Because he had fever and because he was exposed to
ticks, a blood sample to search for
A. phagocytophilum by PCR was taken during his hos-
pitalization and was negative. Broad-spectrum anti-
biotic therapy (ceftriaxone and metronidazole) was
initiated because of the fever. No effective antibiotic
therapy against N. mikurensis was administered. He
finally recovered without effective treatment. The
blood sample was retrospectively found to be positive
for N. mikurensis.

These four patients are the first clinical cases of
N. mikurensis infection in France. Although this

bacterium has been observed in the eastern part of
France in ticks [24,25], no studies have been carried
out on patients in France. To date, cases of neoehrli-
chiosis have been reported in northern and central
Europe, especially in Sweden [10,33], Norway [34],
Germany [35], Switzerland [36], and the Czech
Republic [37] and more recently in Austria [38].
Cases have also been reported in China [8].

This cohort of 934 patients represents the largest
cohort of post-tick bite febrile patients screened for
N. mikurensis. Whole EDTA-blood samples were
addressed to our laboratory to search for
A. phagocytophilum. Indeed, these patients presented
a nonspecific infectious syndrome with high fever,
mainly during the summertime, which could be either
human granulocytic anaplasmosis or infection by
N. mikurensis [7], although A. phagocytophilum causes
cytopenia [39]. However, this latter infection seems to
be more frequent than N. mikurensis in human infec-
tion. Indeed, a part of this cohort (155 patients) was
enrolled for a study on anaplasmosis, and 19 out of
155 patients (14 using PCR and 5 using serology
only) were diagnosed with anaplasmosis as it has pre-
viously been published by Hansmann et al. [39],
whereas only one of these patients was found to
have neoehrlichiosis. In addition, only four out of
934 were found to be positive for N. mikurensis, no
patient ~had  both N. mikurensis  and
A. phagocytophilum. This contrasts with the fact that
N. mikurensis is at least as prevalent in ticks or even
more so than A. phagocytophilum [26]. Then, it can
be assumed that N. mikurensis causes more asympto-
matic infection than A. phagocytophilum. This is cor-
roborated by the fact that the DNA of this bacterium
has also been detected in asymptomatic patients in
Poland and in the Netherlands [13,14]. It can also be
hypothesized that N. mikurensis is currently under-
diagnosed since it is not always mentioned by the
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physician in the presence of an unexplained febrile
syndrome in an immunocompromised patient as
well as in immunocompetent patients exposed to
tick bites.

The clinical pictures and underlying conditions
described in our patients perfectly fit with what has
already been reported in the medical literature. This
bacterium appears to be pathogenic in both immuno-
competent and immunocompromised patients [9].
Indeed, two of our patients (patients B and D) had a
history of lymphoid malignancies, and one of them
was splenectomized (patient B). These comorbidities
have repeatedly been reported as risk factors for
acquiring infection by N. mikurensis [10,36,37,40].

Patient D, who was admitted to the hospital for
superficial femoral venous thrombosis and had a his-
tory of cerebral venous thrombosis four months
before his hospitalization. This indicates that this
patient had risk factors for thrombosis, so we can
only hypothesize that the infection exacerbated a
pre-existing condition. We cannot be certain that
neoehrlichiosis was the cause of this thrombosis;
nevertheless, thrombosis should be highly monitored
in patients with neoehrlichiosis. Indeed, several
reports emphasize the fact that thromboembolic
events, including deep vein thrombosis, could occur
during the course of N. mikurensis infection, especially
in immunocompromised patients [10,34].
N. mikurensis tropism for endothelial cells [12] is
probably responsible for the development of thrombo-
sis. To provide adequate monitoring of patients with
fever after tick bites, especially those who are immu-
nocompromised, N. mikurensis should be specifically
searched for, together with A. phagocytophilum.

Another interesting observation is the duration of
bacteremia, notably in patient C, who remained bac-
teremic for more than two months (77 days). This
fact is corroborated by several studies on
N. mikurensis in immunocompromised and immuno-
competent patients [13,33,34]. This long-lasting
bloodstream infection allows the late diagnosis of
neoehrlichiosis using molecular tools such as PCR
because thus far, there is no reliable serological assay
allowing the retrospective diagnosis of N. mikurensis
infection [41]. Moreover, it was reported to be imposs-
ible to differentiate N. mikurensis infection from
A. phagocytophilum infection by serology [41]. Thus,
PCR should be performed even long after the onset
of symptoms, particularly to provide adequate treat-
ment and monitoring, especially for immunocompro-
mised patients.

Conclusion

This study provides the first insight into N. mikurensis
in France. We found this bacterium in the eastern part
of France at a significant level in ticks. Increased

knowledge of the N. mikurensis distribution will help
to better prevent the risk of neoehrlichiosis in humans
in our country. Spaciotemporal disparities have been
highlighted in this study, which should be investigated
with research on animal reservoirs in different regions
of France to better understand the enzootic cycle of
N. mikurensis.

Four patients were found to be bacteremic with
N. mikurensis. The course of their clinical picture
and their comorbidities perfectly matched the cases
described in the literature.

We propose that N. mikurensis should be included
in the differential diagnosis of human granulocytic
anaplasmosis. To provide better monitoring of throm-
botic complications, indications for testing for
N. mikurensis could also be broadened to unexplained
febrile syndromes in immunocompromised patients
in endemic areas for tick-borne diseases.

Acknowledgements

We thank Pierre Kieffer, Martin Martinot, Elisabeth Wurtz,
Régis Dukic, Geneviéve Boess, André Michel, Christophe
Strady, Jean Frangois Sagez, Nicolas Lefebvre, Guillaume
Gregorowicz and Xavier Argemi for their help in providing
clinical data. We also thank the NRC for Borrelia staft for
technical help in collecting ticks and especially Filiz Kavla.
Finally, we warmly thank Marie-Christine Michellet for
the critical reading and English editing of the manuscript.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

The authors thank Santé Publique France which partially
funded this study.

References

[1] Dantas-Torres F, Chomel BB, Otranto D. Ticks and
tick-borne diseases: a one health perspective. Trends
Parasitol. 2012;28:437-446.

[2] Moutailler S, Valiente Moro C, Vaumourin E, et al.
Co-infection of ticks: the rule rather than the excep-
tion. PLOS Negl Trop Dis. 2016;10(3):e0004539.

[3] Nebbak A, Dahmana H, Almeras L, et al. Co-infection
of bacteria and protozoan parasites in Ixodes ricinus
nymphs collected in the Alsace region. France Ticks
Tick-Borne Dis. 2019;10(6):101241. doi:10.1016/j.
ttbdis.2019.06.001

[4] Stanek G, Reiter M. The expanding Lyme Borrelia
complex—clinical significance of genomic species?
Clin Microbiol Infect. 2011;17:487-493.

[5] Kawahara M, Rikihisa Y, Isogai E, et al. Ultrastructure
and  phylogenetic  analysis of  “Candidatus
Neoehrlichia ~ mikurensis” in  the  family
Anaplasmataceae, isolated from wild rats and found
in Ixodes ovatus ticks. Int J Syst Evol Microbiol.
2004;54:1837-1843.


https://doi.org/10.1016/j.ttbdis.2019.06.001
https://doi.org/10.1016/j.ttbdis.2019.06.001

(6]

(7]

(8]

(9]

(10]

[11]

(12]

[13]

[14]

[15]

[16]

(17]

(18]

(19]

(20]

(21]

Raoult D. Uncultured Candidatus neoehrlichia mikur-
ensis. Clin Infect Dis Off Publ Infect Dis Soc Am.
2014;59(7):59-1042.

Wenneras C. Infections with the tick-borne bacterium
Candidatus Neoehrlichia mikurensis. Clin Microbiol
Infect. 2015;21:621-630.

Li H, Jiang J-F, Liu W, et al. Human infection with
Candidatus Neoehrlichia mikurensis, China. Emerg
Infect Dis. 2012;18:1636-1639.

Portillo A, Santibafiez P, Palomar AM, et al
‘Candidatus Neoehrlichia mikurensis’ in Europe.
New Microbes New Infect. 2018;22:30-36.

Grankvist A, Andersson P-O, Mattsson M, et al.
Infections  with  the  tick-borne  bacterium
“Candidatus Neoehrlichia mikurensis” mimic nonin-
fectious conditions in patients With B cell malignan-
cies or autoimmune diseases. Clin Infect Dis.
2014;58:1716-1722.

Hoper L, Skoog E, Stenson M, et al. Vasculitis due to
Candidatus Neoehrlichia mikurensis: a cohort study
of 40 Swedish patients. Clin Infect Dis. 2020;Aug 20:
ciaal217. doi:10.1093/cid/ciaal217

Wass L, Grankvist A, Bell-Sakyi L, et al. Cultivation of
the causative agent of human neoehrlichiosis from
clinical isolates identifies vascular endothelium as a
target of infection. Emerg Microbes Infect.
2019;8:413-425.

Welc-Faleciak R, Sinski E, Kowalec M, et al
Asymptomatic “Candidatus Neoehrlichia mikurensis”
Infections in immunocompetent humans. ] Clin
Microbiol. 2014;52:3072-3074.

Jahfari S, Hothuis A, Fonville M, et al. Molecular
detection of tick-borne pathogens in humans with
tick bites and erythema Migrans, in the Netherlands.
PLoS Negl Trop Dis. 2016;10:e0005042.

Vandenesch A, Turbelin C, Couturier E, et al.
Incidence and hospitalisation rates of Lyme borrelio-
sis, France, 2004 to 2012. Eurosurveillance. 2014;Aug
28;19(34):20883. do0i:10.2807/1560-7917.es2014.19.34.
20883.

Ferquel E, Garnier M, Marie J, et al. Prevalence of
Borrelia burgdorferi sensu lato and Anaplasmataceae
members in Ixodes ricinus ticks in Alsace, a focus of
Lyme Borreliosis endemicity in France. Appl
Environ Microbiol. 2006;72:3074-3078.

Strle F, Stanek G. Clinical manifestations and diagno-
sis of Lyme borreliosis. Curr Probl Dermatol.
2009;37:51-110.

Goldstein V, Boulanger N, Schwartz D, et al. Factors
responsible for Ixodes ricinus nymph abundance: Are
soil features indicators of tick abundance in a French
region where Lyme borreliosis is endemic? Ticks
Tick-Borne Dis. 2018;9:938-944.

Boyer PH, Koetsveld J, Zilliox L, et al. Assessment of
Borrelia miyamotoi in febrile patients and ticks in
alsace, an endemic area for Lyme borreliosis in
France. Parasit Vectors. 2020;Apr 17;13(1):199.
doi:10.1186/513071-020-04071-9.

Guy EC, Stanek G. Detection of Borrelia burgdorferi in
patients with Lyme disease by the polymerase chain
reaction. J Clin Pathol. 1991;44:610-611.

Rijpkema S, Golubi¢ D, Molkenboer M, et al.
Identification of four genomic groups of Borrelia burg-
dorferi sensu lato in Ixodes ricinus ticks collected in a
Lyme borreliosis endemic region of northern Croatia.
Exp Appl Acarol. 1996;20:23-30.

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

EMERGING MICROBES & INFECTIONS . 1737

Jahfari S, Fonville M, Hengeveld P, et al. Prevalence of
Neoehrlichia mikurensis in ticks and rodents from
north-west Europe. Parasit Vectors. 2012;Apr
19;5:74. doi:10.1186/1756-3305-5-74.

Eisen L, Lane RS. Vectors of Borrelia burgdorferi
sensu lato. Lyme Borreliosis Biol Epidemiol Control.
CABIL Oxon, UK; New York: CABI Pub; 2002.
p. 91-116.

Richter D, Matuschka F-R. Candidatus Neoehrlichia
mikurensis,” Anaplasma phagocytophilum, and Lyme
disease spirochetes in questing European vector ticks
and in feeding ticks removed from people. J Clin
Microbiol. 2012;50:943-947.

Michelet L, Delannoy S, Devillers E, et al. High-
throughput screening of tick-borne pathogens in
Europe. Front Cell Infect Microbiol [Internet]. 2014
[cited 2020 Jul 30];4. Available from: https://www.
frontiersin.org/articles/10.3389/fcimb.2014.00103/full.
Boulanger N, Zilliox L, Goldstein V, et al. Surveillance
du vecteur de la borréliose de lyme, Ixodes ricinus, en
Alsace de 2013 a 2016. Bull Epidémiologique Hebd.
2018;19-20:400-405.

Burri C, Schumann O, Schumann C, et al. Are
Apodemus spp. mice and Myodes glareolus reservoirs
for Borrelia miyamotoi, Candidatus Neoehrlichia
mikurensis, Rickettsia helvetica, R. monacensis and
Anaplasma phagocytophilum? Ticks Tick-Borne Dis.
2014;5:245-251.

Kurtenbach K, Hanincova K, Tsao JI, et al
Fundamental processes in the evolutionary ecology of
Lyme borreliosis. Nat Rev Microbiol. 2006;4:660-669.
Ostfeld RS, Canham CD, Oggenfuss K, et al. Climate,
deer, rodents, and acorns as determinants of variation
in lyme-disease risk. PLoS Biol. 2006;4:e145.

Okeyo M, Hepner S, Rollins RE, et al. Longitudinal
study of prevalence and spatio-temporal distribution
of Borrelia burgdorferi sensu lato in ticks from three
defined habitats in Latvia, 1999-2010. Environ
Microbiol. 2020;Dec;22(12):5033-5047.

Bestehorn M, Weigold S, Kern WV, et al
Phylogenetics of tick-borne encephalitis virus in ende-
mic foci in the upper rhine region in France and
Germany. PLOS ONE. 2018;13:e0204790.

Velay A, Solis M, Kack-Kack W, et al. A new hot spot
for tick-borne encephalitis (TBE): a marked increase
of TBE cases in France in 2016. Ticks Tick-Borne
Dis. 2018;9:120-125.

Grankvist A, Sandelin LL, Andersson J, et al.
Infections with Candidatus Neoehrlichia mikurensis
and cytokine responses in 2 persons bitten by ticks,
Sweden. Emerg Infect Dis. 2015;21:1462-1465.
Quarsten H, Salte T, Lorentzen AR, et al. Tick-Borne
pathogens detected in the blood of immunosup-
pressed Norwegian patients living in a tick-endemic
area. Clin Infect Dis Off Publ Infect Dis Soc Am.
2020;Jul 14;5ciaa971. doi:10.1093/cid/ciaa971

von Loewenich FD, Geissdorfer W, Disqué C, et al.
Detection of “Candidatus Neoehrlichia mikurensis”
in two patients with severe febrile illnesses: evidence
for a European sequence variant. J Clin Microbiol.
2010;48:2630-2635.

Maurer FP, Keller PM, Beuret C, et al. Close geo-
graphic association of human neoehrlichiosis and
tick populations carrying “Candidatus Neoehrlichia
mikurensis” in eastern Switzerland. J Clin Microbiol.
2013;51:169-176.


https://doi.org/10.1093/cid/ciaa1217
https://doi.org/10.2807/1560-7917.es2014.19.34.20883
https://doi.org/10.2807/1560-7917.es2014.19.34.20883
https://doi.org/10.1186/s13071-020-04071-9
https://doi.org/10.1186/1756-3305-5-74
https://www.frontiersin.org/articles/10.3389/fcimb.2014.00103/full
https://www.frontiersin.org/articles/10.3389/fcimb.2014.00103/full
https://doi.org/10.1093/cid/ciaa971

1738 P.H.BOYERET AL.

(37]

(38]

[39]

Pekova S, Vydra ], Kabickova H, et al. Candidatus
Neoehrlichia mikurensis infection identified in 2
hematooncologic patients: benefit of molecular tech-
niques for rare pathogen detection. Diagn Microbiol
Infect Dis. 2011;69:266-270.

Markowicz M, Schétta A-M, Hoss D, et al. Infections
with Tickborne pathogens after tick bite, Austria,
2015-2018. Emerg Infect Dis. 2021;Apr;27(4):1048-
1056. doi:10.3201/eid2704.203366

Hansmann Y, Jaulhac B, Kieffer P, et al. Value of PCR,
serology, and blood smears for human granulocytic

(40]

(41]

anaplasmosis diagnosis, France. Emerg Infect Dis.
2019;25:996-998.

Welinder-Olsson C, Kjellin E, Vaht K, et al. First
case of human “Candidatus Neoehrlichia mikuren-
sis” infection in a febrile patient with chronic lym-
phocytic leukemia. J Clin Microbiol. 2010;48:1956-
1959.

Wass L, Grankvist A, Mattsson M, et al. Serological
reactivity to Anaplasma phagocytophilum in neoehrli-
chiosis patients. Eur ] Clin Microbiol Infect Dis.
2018;37:1673-1678.


https://doi.org/10.3201/eid2704.203366

	Abstract
	Introduction
	Material and methods
	Study area and ticks collection sites
	Ticks
	Patients
	DNA extraction
	N. mikurensis detection PCR assay
	Statistical analysis

	Results and discussion
	N. mikurensis in I. ricinus nymphs
	Infection with N. mikurensis in febrile patients

	Conclusion
	Acknowledgements
	Disclosure statement

	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


