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We performed nanopore-based metagenomic screen-
ing on 885 ticks collected from 6 locations in Mongolia
and divided the results into 68 samples: 23 individual
samples and 45 pools of 2—-12 tick samples each. We
detected bacterial and parasitic pathogens Anaplasma
ovis, Babesia microti, Coxiella burnetii, Borrelia miyamo-
toi, Francisella tularensis subsp. holarctica and novici-
da, Spiroplasma ixodetis, Theileria equi, and Rickettsia
spp., including R. raoultii, R. slovaca, and R. canaden-
sis. We identified the viral pathogens Crimean-Congo
hemorrhagic fever virus (2.9%), recently described

diverse spectrum of microbial agents, includ-

ing viruses, bacteria, and protozoans, some with
substantial health consequences or economic burden,
can be transmitted to humans and animals by ticks
(1). Surveillance plays a critical role in timely identifi-
cation of tickborne pathogens and subsequent assess-
ment of potential public health threats. Tickborne dis-
eases constitute a major public and veterinary health
threat in Mongolia, where a substantial portion of
the population follows a pastoral lifestyle, including
practices that involve frequent interactions with live-
stock animals and exposure to ticks (2). In this study,
we used a combined pathogen screening strategy in-
corporating generic amplification and metagenomic
sequencing in ticks collected from Mongolia. Re-
search was conducted under an Institutional Animal

Alongshan virus (ALSV) (2.9%), and Beiji nairovirus
(5.8%). We assembled ALSV genomes, and maximum-
likelihood analyses revealed clustering with viruses re-
ported in humans and ticks from China. For ALSV, we
identified surface glycoprotein markers associated with
isolates from Asia viruses hosted by Ixodes persulcatus
ticks. We also detected 20 virus species of unknown
public health impact, including a near-complete Yang-
gou tick virus genome. Our findings demonstrate that
nanopore sequencing can aid in detecting endemic and
emerging tickborne pathogens.

Care and Use Committee-approved animal use pro-
tocol (protocol no. 21-01) in an American Association
for Accreditation of Laboratory Animal Care Interna-
tional-accredited facility with a Public Health Servic-
es Animal Welfare Assurance and in compliance with
the Animal Welfare Act and other federal statutes
and regulations relating to laboratory animals.

Methods

We collected adult ticks by environmental dragging
or removed ticks from sheep (Ovis aries) at 6 locations
from the Bayan-Khongor, Selenge, and Umnugovi
provinces in Mongolia during April 2021-May 2022.
We morphologically identified, e-vouchered, and
processed the tick samples as described elsewhere (3).
We used nucleic acids from individual ticks for DNA
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barcoding and generic virus screening (3-5), then
used the results to randomly assign each to a single or
pooled sample (pool), in which we combined 5 pL of
individual tick nucleic acids according to species and
locality into 2-12 ticks per pool (Appendix 1 Figure
1, https://wwwnc.cdc.gov/EID/article/30/14/24-
0128-Appl.pdf).

We performed nanopore-based metagenomic se-
quencing as described elsewhere (3). We performed
similarity searches, de novo assembly, and read map-
ping on reads of >200 bp in Geneious Prime version
2022.2.1 (https:/ /www.geneious.com). For mapping
and pairwise comparisons, we used Rickettsia refer-
ence genomes (Appendix 2 Table 1, https:/ /wwwnc.
cdc.gov/EID/article/30/14/24-0128-App2.xIsx).

Results

Study Cohort and Pathogen Detection

We included 885 adult ticks in the study (Appendix
2 Table 1). We obtained uploaded DNA barcode se-
quences, specimen images, and collection data from
information publicly available in the Barcode of
Life Database (BOLD Systems, https://www.bold-
systems.org) under project MONTK: Ticks of Mon-
golia (associated records MONTKO001-23 through
MONTK1128-23), where data are freely accessible.
We separated 377 (42.6%) screened ticks into single-
tick samples and 508 (57.4%) into multitick pools.
We evaluated 68 samples, including 23 (33.8%)
single-tick samples and 45 (66.2%) tick pools using
nanopore-based metagenomic sequencing (Table 1;
Appendix 1 Figure 1). We recovered no pathogens

from Hyalomma asiaticum ticks from 2 (8.6%) single-
tick samples or 6 (13.3%) pools.

Bacteria and Protozoa

Spotted fever group (SFG) Rickettsin and rickettsial
endosymbionts were the most prevalent tickborne
bacteria (Table 1). We identified the infecting species
as R. canadensis in 5 single-tick samples (5/14, 35.7%)
and 2 pools (2/32, 6.2%), R. raoultii in 8 pools (8/33,
24.2%), and R. slovaca in 1 single-tick sample (1/14,
7.1%). We detected R. canadensis and R. slovaca in Ixo-
des persulcatus ticks and R. raoultii in pools of Derma-
centor nuttalli ticks and from 1 single-tick Hy. asiati-
cum sample (Appendix 2 Tables 2, 3).

Assembly and maximume-likelihood analysis
of the R. canadensis contig (GenBank accession no.
PP158215) encompassing the rplO, rpmD, and secY
regions from an I. persulcatus tick sample showed
a differential grouping of the Mongolia sequence
within the R. canadensis clade, distinct from the SFG
(Appendix 1 Figure 2). Analysis of mutS and uvrD
contigs from a D. nuttalli tick pool revealed similar
clustering of those sequences with R. raoultii strains
(Appendix 1 Figure 3). In the remaining samples,
we could not identify specific species, presumably
because multiple SFGs were present. In individual
ticks, we documented coinfections with SFG and
endosymbionts in 1 Hy. asiaticum and 8 I. persul-
catus ticks. We assembled complete plasmid se-
quences of R. raoultii from 5 D. nuttalli tick pools,
which revealed 94.3%-97.6% identity with R. raoul-
tii strain Khabarovsk plasmid pRra3 (GenBank ac-
cession no. CP010972).

Table 1. Prevalence of microbial pathogens in b52 in a metagenomic nanopore sequencing study of tickborne pathogens, Mongolia*

Dermacentor Hyalomma Ixodes
nuttalli ticks asiaticum ticks persulcatus ticks
Single, Pooled, Single, Pooled, Single, Pooled,
Pathogens n=2 n=15 n=11 n=15 n=10 n=15 Total no. (%)
Bacteria
Anaplasma ovis 0 1 0 0 0 0 1(1.4)
Coxiella burnetii 2 0 6 6 7 0 21 (30.0)
Coxiella spp. endosymbiont 0 7 0 0 0 0 7(10.2)
Borrelia miyamatoi 0 0 0 1 0 0 1(1.4)
B. turcica 0 0 0 0 0 1 1(1.4)
Francisella tularensis subsp. holarctica 0 0 1 0 0 0 1(1.4)
F. tularensis subsp. novicida 0 0 0 1 0 0 1(1.4)
F. persica and F. opportunistica 0 0 10 12 0 0 22 (32.3)
Rickettsia spp. spotted fever group 1 15 3 2 10 15 46 (67.6)
Rickettsia spp. endosymbiont 0 7 1 0 8 15 31 (45.5)
Spiroplasma ixodetis 0 0 0 0 0 5 5(7.3)
Viruses
Alongshan virus 0 0 0 0 0 2 2(2.9)
Beiji nairovirus 0 0 0 0 0 4 4 (5.8)
Crimean-Congo hemorrhagic fever virus 0 0 2 0 0 0 2(2.9)
Parasites
Babesia microti 0 0 2 0 1 1 4 (5.8)
Theileria equi 0 3 0 0 0 0 3 4.4

*Tick-associated opportunistic or endosymbiotic bacteria closely related to pathogenic species are provided for comparison.
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We observed pathogenic and opportunistic Fran-
cisella species exclusively in Hy. asiaticum ticks. We
detected F. tularensis subsp. holarctica in 1 single-tick
sample and subsp. novicida in 1 tick pool, with an over-
all combined prevalence of 2.9% (2/68). Opportunistic
species, including F. persica and F. opportunistica, were
more common, identified in 32.3% of all samples, in-
cluding those with pathogenic Francisella species.

We detected Coxiella burnetii in all 3 tick species
examined, with an overall prevalence of 30.8%. Un-
like other endosymbionts, Coxiella-like bacteria were
less commonly detected (10.2%) and only in D. nutalli
ticks. We detected Borrelia miyamotoi, an agent of tick-
borne relapsing fever, in Hy. asiaticum ticks (1 pool);
Borrelia turcica was detected only in I. persulcatus ticks.
Other tickborne bacteria identified included Spiro-
plasma ixodetis, detected in 5 (7.3%) 1. persulcatus tick
pools, and Anaplasma ovis, detected in 1 (1.4%) pool of
D. nutalli ticks. Among tickborne protozoan parasites,
we detected Babesia microti, causative agent of human
piroplasmosis, in 5.8% and Theileria equi, causative
agent of equine piroplasmosis, in 4.4% of samples.
We identified B. microti piroplasm, which also causes
human babesiosis, in single-tick and pooled Hy. asi-
aticum and L. persulcatus tick samples; we detected T.
equi only in D. nutalli tick pools (Table 1).

Viruses

We detected 3 tickborne viruses of human health
concern: Crimean-Congo hemorrhagic fever virus
(CCHEFV) (family Nairoviridae, Orthonairovirus hemor-
rhagiae), Beiji nairovirus (BJNV) (family Nairoviridae,

Sequencing of Tickborne Pathogens, Mongolia

Norwavirus beijiense), and Alongshan virus (ALSV)
(unclassified species of family Flaviviridae) (Table 1)
(6). After preliminary reactivity in generic virus screen-
ing, we detected CCHFV in only 2 (2.9%) individual
Hy. asiaticum ticks. Available sequence information
revealed reads of CCHFV small and medium genome
segments and displayed high identities to CCHFV ge-
nomes from the Inner Mongolia Autonomous Region
of China (Appendix 2 Table 2). Reads and contigs of
BJNV large and small segments in 4 (5.8%) I. persulca-
tus tick pools showed high pairwise identities with iso-
lates previously characterized elsewhere (Appendix 2
Table 3). Finally, we detected ALSV in 2 (2.9%) pools of
I. persulcatus ticks. We were able to generate sequences
of all ALSV genome segments from both pools (Ap-
pendix 2 Table 3), and assemble the coding regions in
pool b52, tentatively designated ALSV-Mongolia-b52
(GenBank accession nos. PP125347-50). Phylogenic
construction revealed clustering of individual seg-
ments with ALSV documented from the Inner Mongo-
lia Autonomous Region and Heilongjiang Province in
China (Appendix 1 Figures 4-7). Pairwise comparisons
based on complete glycoprotein sequences encoded on
segment 2 located the ALSV-Mongolia-b52 strain with-
in the Asia subgroup of the I. persulcatus tick isolates
(Table 2) (7).

We identified sequences of 20 additional virus
species belonging to 6 virus families, none of which
are currently known to cause symptomatic disease
in humans or animals (Appendix 1 Table 2). We re-
covered complete or near-complete coding sequences
of Yanggou tick virus (unclassified species of family

Table 2. Amino acid substitutions in the Alongshan virus VP1a, VP 1b, and nuORF proteins compared with ALSV-Mongolia-b52 in a
metagenomic nanopore sequencing study of tickborne pathogens, Mongolia®

Virus protein Amino acid position  Ixodes ricinus tick group

Ixodes persulcatus tick group

Europe subgroup Asia subgroup ALSV-Mongolia-b52

VP1a 8 Ala Ala Thr Thr
72 Val Ala Ala Ala
115 Ala Val Val Val
135 Val Lys Lys Lys
138 Pro Ser Ser Ser
153 Lys Arg Arg Arg
210 Gly Gly Ser Ser
216 Thr Ala Ala Ala
321 Val Val Thr Thr
460 Thr Met Thr Thr
472 Arg His His His
476 Arg Arg GIn Gly
VP1b 58 Met Met Leu Leu
112 lle lle Val Val
127 Lys Lys Arg Arg
135 Ser Ser Gly Gly
216 Val lle lle lle
nuORF 4 Lys Lys Gly Gly
15 Asp Asp Asn Asn
132 Thr Ala Thr Thr

*ALSV, Alongshan virus; nuORF, novel upstream open reading frame; VP, virus capsid protein.
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Flaviviridae) from 1 D. nuttalli tick pool (YGTV-Mon-
golia-b77; GenBank accession nos. PP125351-54),
distinctly clustered with related viruses in the max-
imum-likelihood analysis (Appendix 1 Figures 4-7).

Discussion

In this study, we used a metagenomic sequencing-based
approach to detect and characterize tickborne patho-
gens agnostically in comparable numbers of single-tick
and pooled tick samples, representing 3 tick species
endemic to Mongolia. We detected pathogenic bacte-
ria, viruses, or parasites in 86.7% of samples with a pre-
dominance of bacterial pathogens (Table 1). The most
frequently observed bacteria were SFG Rickettsia (67.6%)
and related endosymbionts (45.5%). Bacteria of the ge-
nus Rickettsia, gram-negative obligate intracellular bac-
teria, account for most bacterial infections transmitted
by ticks (8). SFG includes >30 distinct Rickettsia species
associated mainly with symptoms of spotted fever. Pre-
vious reports using various detection approaches have
documented several Rickettsia species associated with
spotted fever in Mongolia and the neighboring Inner
Mongolia Autonomous Region of China (2). We identi-
fied R. raoultii, R. slovaca, and R. canadensis in single-tick
and pooled tick samples from Mongolia. Initially report-
ed in Haemaphysalis leporispalustris ticks from Canada, R.
canadensis was also detected in Haemaphysalis japonica
ticks from far eastern Russia, Haemaphysalis flava ticks
from South Korea, and Haemaphysalis longicornis and 1.
persulcatus ticks from China. Monophyletic clustering
based on ompB and gltA genes, observed in this study
and elsewhere, suggests that R. canadensis constitutes
an independent group (9). Although its pathogenicity is
unclear, serologic evidence of R. canadensis exposure in
humans has been documented (10), making the patho-
gen a potential agent of tickborne infections in endemic
regions, including Mongolia.

Other bacterial pathogens detected in ticks, in-
cluding A. ovis, C. burnetii, and B. miyamotoi, have
been documented previously in various regions in
Mongolia (2). We further detected F. tularensis subsp.
holarctica, a subspecies that causes human tularemia,
and F. tularensis subsp. novicida in Hy. asiaticum ticks
collected from different locations. In contrast to tula-
remia agents, F. tularensis subsp. novicida rarely causes
human disease and, even then, mostly involving per-
sons with coexisting medical conditions or immu-
nosuppression (11). Cases of human tularemia have
been reported in Mongolia; therefore, our findings
documenting the presence of Francisella species bac-
teria associated with human infections helps define
the epidemiology of this pathogen. Finally, we iden-
tified the intracellular mollicute S. ixodetis in pooled
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I. persulcatus tick samples in Mongolia. Although
members of the genus Spiroplasma are vertically trans-
mitted endosymbionts of Ixodid ticks, cases of acute
febrile illness caused by S. ixodetis have been docu-
mented in both immunocompromised and immuno-
competent adults with frequent tick exposure (12). In
addition to those bacteria, we identified the Piroplas-
morida apicomplexans parasites B. microti and T. equi,
previously reported to circulate in various locations
in Mongolia (2). Despite the presence of those and
other potentially pathogenic species, no information
on human infections is currently available.

Tickborne viral pathogens detected in the study
include CCHFV, BJNV, and ALSV in 11.7% (8/68) of
samples. We identified sequences of CCHFV in low
abundance in individual Hy. asiaticum tick samples
(Appendix 2 Table 2). Previous screenings carried out
in various regions have described a low frequency
of CCHFV in Hy. asiaticum ticks (6). Of note, rela-
tively high CCHFV seroprevalence in humans has
been documented, as well as detectable antibodies
in various mammals that might serve as reservoirs,
although no human cases have been documented to
date (6). BNV has recently been included as a species
in Norwavirus genus (family Nairoviridae), members
of which lack the medium genome segment encoding
for the structural glycoproteins in other nairoviruses,
such as CCHFV (6). BNV was described in tick-as-
sociated human febrile disease of unknown etiology
from the Inner Mongolia Autonomous Region of Chi-
na, further displaying pathogenicity in cell lines and
experimental infections (13). Virus-specific antibod-
ies were detected with a prevalence of up to 54.6% in
human convalescent serum, as well as in sheep and
cattle from the region. Detection of virus nucleic acids
were reported from several tick species in China (13).
BJNV was the most prevalent tickborne virus in our
study at a 5.8% detection rate; we found the virus ex-
clusively in I. persulcatus tick pools (Table 1).

ALSV is another recently described virus with
human health effects. It was originally described in in
patients in the Inner Mongolia Autonomous Region
and Heilongjiang Province of China with febrile dis-
eases and a history of tick bites, followed by serocon-
version (14). ALSV particles are enveloped, possess-
ing positive-sense single-stranded RNA genomes in 4
segments and classified in the Jingmenvirus group of
Flaviviridae because of nonstructural protein homolo-
gies. ALSV has been reported in various tick species
collected in several countries in Eurasia and showed
evidence of viral replication and exposure in sheep,
cattle, and deer (7,15). We detected ALSV in 2 I. per-
sulcatus tick pools and assembled the prototype virus
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genome (ALSV-Mongolia-b52). Maximum-likelihood
analyses revealed grouping of ALSV-Mongolia-b52
with viruses reported from humans and ticks from
China. Further analysis of the putative virus VPla
and VP1b surface glycoprotein sequences revealed
amino acid markers associated with ASLV isolates
from Asia hosted by 1. persulcatus ticks (Table 2) (7).
Those findings confirm the presence of ASLV in Mon-
golia and indicate I. persulcatus ticks are a probable
vector. As with BJNV and many other tickborne in-
fections, human ALSV infections are reported as tick
bite-associated, nonspecific febrile illnesses. Diag-
nostic assays are imperative to determine the public
health burden of those emergent human pathogens.

Among limitations, the study cohort was com-
posed of 3 tick species that represent frequently
documented tickborne pathogen vectors, including
those species mostly observed in the northern part
of Mongolia that is covered by boreal forest (I. per-
sulcatus ticks), in the northern and central steppes (D.
nuttalli ticks), and in the southern aimag areas (Hy.
asiaticum ticks) (2). Nevertheless, we have described
several other tick species within the genera Dermacen-
tor, Haemaphysalis, Hyalomma, Ixodes, and Rhipicepha-
Ius, although some have been observed only rarely
and include scarce information on public health ef-
fects (2). Our screening strategy included molecular
barcoding and generic virus screening for individual
ticks, whereas we pooled randomly selected samples
of identical tick species and collection site. We per-
formed microbial characterization of prescreened sin-
gle-tick and pooled tick samples using metagenomic
sequencing. Despite random assignment of ticks for
individual or pooled screening, target genome quan-
tity and infection rates of particular microorganisms
might further hamper detection and might not corre-
late with actual prevalence. Therefore, we presented
only pathogen detection rates and did not calculate
the maximum-likelihood estimates or minimum in-
fection rates, which are frequently generated based
on data from target-specific assays. Nevertheless, in-
corporating morphology and barcoding for accurate
species identification and generic testing as needed,
combined with metagenomic sequencing for accu-
rate pathogen characterization is an efficient strategy.
Because of limited sample availability, we could not
perform a systematic comparison of single-tick ver-
sus pooled tick testing or pathogen detection rates
between collection sites. However, our findings dem-
onstrate the utility of a metagenomic sequencing ap-
proach for detecting and characterizing both endemic
and emerging pathogens, especially for locations
with limited pathogen information.
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In conclusion, we documented several bacte-
rial and viral pathogens, some of which were ini-
tially described in ticks from Mongolia. Although
the public health impact of those pathogens remains
unclear, our findings demonstrate that nanopore se-
quencing can aid in detecting endemic and emerging
tickborne pathogens.

This manuscript was prepared while K.E. and B.P.B. held
a National Research Council Research Associateship
Awards at the Walter Reed Biosystematics Unit, through
the Walter Reed Army Institute of Research, Silver Spring,
Maryland, USA. N.C. is a fellow of the Army Educational
Outreach Program.

The study was financially supported by Armed Forces
Health Surveillance Division-Global Emerging Infections
Surveillance awards P0057_22_WR and P0044_23_WR to
the Walter Reed Army Institute of Research One Health
Branch and award P0133_19_AF_N2 to the Naval Medical
Research Unit INDO PACIFIC.

Disclaimer

The Walter Reed Army Institute of Research has reviewed
this material and there is no objection to its publication.
The contents, views, or opinions expressed in this
publication are those of the authors and do not
necessarily reflect official policy or position of the Walter
Reed Army Institute of Research, Naval Medical Research
Unit INDO PACIFIC, Department of Defense, or
Departments of the Army, Navy, or Air Force. Mention

of trade names, commercial products, or organizations
does not imply endorsement by the US government. US
DoD personnel (CAPT Andrew G. Letizia, MC, USN)
contributed to this study as part of his official duties.

Title 17 U.S.C. 105 provides that copyright protection
under this title is not available for any work of the United
States government. Title 17 U.S.C. 101 defines a US
government work as work prepared by a military service
member or employee of the US government as part of that
person’s official duties.

About the Author

Dr. Ergunay is a National Research Council research
associate at the Walter Reed Biosystematics Unit -WRAIR
One Health Branch and the Smithsonian Institution,
Suitland, Maryland, USA. His research is mainly

focused on vectorborne infections and novel viruses.

Dr. Bazartseren is a lecturer in the Department of
Infectious Diseases and Microbiology, School of
Veterinary Medicine, at the Mongolian University of

Life Sciences, Mongolia. His research focuses on
infectious and zoonotic diseases.

S$109


http://www.cdc.gov/eid

REPORTS FROM US DoD-GEIS PROGRAM

References

1.

S110

Rochlin I, Toledo A. Emerging tick-borne pathogens of
public health importance: a mini-review. ] Med Microbiol.
2020;69:781-91. https:/ / doi.org/10.1099/jmm.0.001206
Cern}’f J, Buyannemekh B, Needham T, Gankhuyag G,
Oyuntsetseg D. Hard ticks and tick-borne pathogens in
Mongolia —a review. Ticks Tick Borne Dis. 2019;10:101268.
https:/ /doi.org/10.1016/j.ttbdis.2019.101268

Ergunay K, Bourke BP, Reinbold-Wasson DD, Nikolich MP,
Nelson SP, Caicedo-Quiroga L, et al. The expanding range of
emerging tick-borne viruses in Eastern Europe and the Black
Sea region. Sci Rep. 2023;13:19824. https:/ /doi.org/10.1038/
$41598-023-46879-2

Honig JE, Osborne JC, Nichol ST. The high genetic

variation of viruses of the genus Nairovirus reflects the
diversity of their predominant tick hosts. Virology.
2004;318:10-6. https:/ / doi.org/10.1016/j.virol.2003.09.021
Vézquez A, Sanchez-Seco MP, Palacios G, Molero F,

Reyes N, Ruiz S, et al. Novel flaviviruses detected in different
species of mosquitoes in Spain. Vector Borne Zoonotic Dis.
2012;12:223-9. https:/ / doi.org/10.1089/vbz.2011.0687

Kuhn JH, Abe ], Adkins S, Alkhovsky SV, AVéié-Zupanc T,
Ayllon MA, et al. Annual (2023) taxonomic update of
RNA-directed RNA polymerase-encoding negative-sense
RNA viruses (realm Riboviria: kingdom Orthornavirae:
phylum Negarnaviricota). ] Gen Virol. 2023;104:001864.
https:/ /doi.org/10.1099/jgv.0.001864

Kholodilov IS, Belova OA, Morozkin ES, Litov AG,
Ivannikova AY, Makenov MT, et al. Geographical and
tick-dependent distribution of flavi-like Alongshan and
Yanggou tick viruses in Russia. Viruses. 2021;13:458.

https:/ /doi.org/10.3390/v13030458

Parola P, Raoult D. Ticks and tickborne bacterial diseases

in humans: an emerging infectious threat. Clin Infect Dis.
2001;32:897-928. https:/ /doi.org/10.1086/319347

10.

11.

12.

13.

14.

15.

Xue ], Chen SS, Jian R, Chen GQ, Xie G, Du L, et al.
Molecular evidence of Rickettsia canadensis in ticks, Hebei,
China. Infect Genet Evol. 2023;115:105506. https:/ /doi.org/
10.1016/j.meegid.2023.105506

Bozeman FM, Elisberg BL, Humphries JW, Runcik K,
Palmer DB Jr. Serologic evidence of Rickettsia canada
infection of man. ] Infect Dis. 1970;121:367-71. https:/ / doi.org/
10.1093/infdis/121.4.367

Kingry LC, Petersen JM. Comparative review of Francisella
tularensis and Francisella novicida. Front Cell Infect
Microbiol. 2014;4:35. PubMed https:/ /doi.org/10.3389/
fcimb.2014.00035

Eimer J, Fernstrém L, Rohlén L, Grankvist A, Loo K,
Nyman E, et al. Spiroplasma ixodetis infections in
immunocompetent and immunosuppressed patients after
tick exposure, Sweden. Emerg Infect Dis. 2022;28:1681-5.
https://doi.org/10.3201/eid2808.212524

Wang YC, Wei Z, Lv X, Han S, Wang Z, Fan C, et al.

A new nairo-like virus associated with human febrile
illness in China. Emerg Microbes Infect. 2021;10:1200-8.
https:/ /doi.org/10.1080/22221751.2021.1936197

Wang ZD, Wang B, Wei F, Han SZ, Zhang L, Yang ZT,

et al. A new segmented virus associated with human
febrile illness in China. N Engl ] Med. 2019;380:2116-25.
https:/ /doi.org/10.1056/ NE]JMoa1805068

Colmant AMG, Charrel RN, Coutard B. Jingmenviruses:
ubiquitous, understudied, segmented flavi-like viruses.
Front Microbiol. 2022;13:997058. https:/ / doi.org/10.3389/
fmicb.2022.997058

Address for correspondence: Koray Ergunay, Walter Reed

Biosystematics Unit, Museum Support Center MRC-534, Smithsonian
Institution, 4210 Silver Hill Rd, Suitland, MD 20746-2863, USA; email:
ergunayk@si.edu

Emerging Infectious Diseases « www.cdc.gov/eid * Vol. 30, No. 14, Supplement to November 2024


http://www.cdc.gov/eid
https://doi.org/10.1099/jmm.0.001206
https://doi.org/10.1016/j.ttbdis.2019.101268
https://doi.org/10.1038/s41598-023-46879-2
https://doi.org/10.1038/s41598-023-46879-2
https://doi.org/10.1016/j.virol.2003.09.021
https://doi.org/10.1089/vbz.2011.0687
https://doi.org/10.1099/jgv.0.001864
https://doi.org/10.3390/v13030458
https://doi.org/10.1086/319347
https://doi.org/10.1016/j.meegid.2023.105506
https://doi.org/10.1016/j.meegid.2023.105506
https://doi.org/10.1093/infdis/121.4.367
https://doi.org/10.1093/infdis/121.4.367
file:///C:\Users\Koray%20Ergunay\Desktop\GelisSonrasi\WRBUworks\ShakingtheTree\Mongolia\EIDmanuscript\Submission\Proofs\PubMed
https://doi.org/10.3389/fcimb.2014.00035
https://doi.org/10.3389/fcimb.2014.00035
https://doi.org/10.3201/eid2808.212524
https://doi.org/10.1080/22221751.2021.1936197
https://doi.org/10.1056/NEJMoa1805068
https://doi.org/10.3389/fmicb.2022.997058
https://doi.org/10.3389/fmicb.2022.997058
mailto:ergunayk@si.edu

