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Abstract 38 

Background 39 

Febrile disease caused by infections of Yezo virus (YEZV), a tick-borne 40 

orthonairovirus, was first reported in Japan in 2021 and subsequently identified in China. 41 

While the recent studies suggest a broader endemic area of the emerging YEZV 42 

infections, its clinical and epidemiological characteristics remain poorly elucidated due to 43 

the limited number of reported cases. 44 

Methods 45 

We conducted retrospective and prospective surveillance of patients with 46 

suspected tick-borne febrile illnesses in Hokkaido, Japan, between 2013 and 2024. 47 

Serum samples were analyzed by RT-qPCR, IgM/IgG ELISA, and neutralization assay. 48 

Viral genome of isolates was sequenced and phylogenetically analyzed with publicly 49 

available YEZV genomes. 50 

Results 51 

A total of 22 patients with YEZV infections including 10 newly identified patients 52 

was analyzed. Most infections occurred between May and July, coinciding with the peak 53 

activity of Ixodes ticks in the study area. A case from southern Hokkaido was firstly 54 

identified. Fever, leukocytopenia, thrombocytopenia, elevated levels of liver enzymes, 55 

and ferritin were determined as common features observed in patients with YEZV 56 

infections. Viral RNA was typically detectable in the serum within 7 days after the disease 57 

onset. Serum antibodies became positive later and might persist up to at least 600 days. 58 

Phylogenetic analysis incorporating five new isolates showed the circulations of two 59 

genetic groups of YEZVs in Japan and China, respectively. 60 
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Conclusions 61 

Our results revealed characteristics of YEZV infections in patients and highlighted 62 

the importance of combination of molecular and serological diagnostics. The proposed 63 

case definitions and diagnostic framework may contribute future surveillance. 64 

 65 

Abstract word count: 246 words 66 

  67 
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Background 68 

Emerging and re-emerging tick-borne viral diseases have been becoming a 69 

significant public health concern due to continuous identifications of several tick-borne 70 

viruses causing febrile and/or neurologic illness [1] . Nairoviruses are negative-stranded 71 

RNA viruses generally transmitted by tick vectors and include Crimean–Congo 72 

hemorrhagic fever virus (CCHFV), which causes CCHF, one of the well-known viral 73 

hemorrhagic fever with high case fatality rate. Since 2020, seven emerging and re-74 

emerging tick-borne nairoviruses have been identified in East Asia: Tamdy virus 75 

(Orthonairovirus tomdiense) [2,3] , Tacheng tick virus-1 (Orthonairovirus tachengense) 76 

[4,5] , Beiji nairovirus (Norwavirus beijiense) [6] , Songling virus (Orthonairovirus 77 

songlingense) [7] , Wetland virus (unclassified) [8] , Xue-Cheng virus (unclassified) [9] , 78 

and Yezo virus (YEZV; Orthonairovirus yezoense) [10] . YEZV infections in humans were 79 

first reported in Japan in 2021, where seven patients with a febrile disease with 80 

leukocytopenia and thrombocytopenia were identified in 2014-2020 [10] . Subsequently, 81 

a retrospective YEZV infection case in China was recognized [11] . To date, a total of 12 82 

and 23 YEZV infection cases have been reported in northern Japan [12–16]  and 83 

northeastern China [17,18], respectively.  84 

Geographical distribution of YEZV in ticks has been confirmed by genetic 85 

detections and/or infectious virus isolation mainly from Ixodes persulcatus ticks in Japan 86 

[19] , China [11,17,18,20,21] , and Eastern Siberia, Russia [22] . Moreover, YEZV 87 

genomes have been detected in I. persulcatus ticks on migratory birds captured at 88 

Hokkaido, Japan, which travel across Eastern Asian countries [23] . Since the wide 89 

distributions of I. persulcatus across the northern countries of the Eurasian continent [24] , 90 
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YEZV may be more widely disseminated than recognized, suggesting undiagnosed 91 

human patients with YEZV infections in the outside of the current endemic areas. Thus, 92 

characterization of the clinical manifestations associated with YEZV infections and 93 

establishment of diagnostic criteria are necessary for accurate diagnosis as well as better 94 

understanding of the epidemiology of YEZV infections in order to clarify the geographic 95 

range of YEZV distributions. 96 

Here, we conducted a retrospective and prospective surveillance using serum 97 

samples collected from patients suspected of having tick-borne diseases in Hokkaido 98 

during 2013–2024. This study is a follow-up to our previous investigations, in which two 99 

case and five retrospective patients in 2014–2020 were reported [10] , and also four case 100 

reports [13–16], where the dates of disease onset are available. In the present study, we 101 

identified 10 additional YEZV-infected patients in Hokkaido and genetically analyzed five 102 

YEZV isolates, including one isolate from a tick attaching to one of the patients. We 103 

comprehensively summarized the epidemiological characteristics, patient demographics, 104 

and clinical features including symptoms and laboratory findings, for a total of 22 patients. 105 

Furthermore, to better understand the diagnostic performance of available methods, we 106 

performed genetic, serological, and neutralization tests on YEZV-positive sera, including 107 

some paired samples. The genetic analysis using all the currently available YEZV 108 

genome sequences including five additional present isolates, clarified the up-to-date 109 

genetic relationships among current YEZVs. This study integrates clinical and 110 

phylogenetic data to improve understanding of YEZV infection and to support the 111 

development of future diagnostic and surveillance strategies for YEZV infection cases. 112 

 113 
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Implications of all the available evidence 114 

Our study provides the largest clinical series of YEZV-infected patients to date, 115 

offering critical insights into its clinical presentation, laboratory characteristics, and 116 

optimal diagnostic strategies. The identification of sustained viral circulation since at least 117 

2014, along with evidence of genetic similarity among strains from Japan, China, and 118 

Russia, highlights the importance of international surveillance efforts. The observed 119 

overlap in symptoms and laboratory findings with other tick-borne febrile illnesses 120 

emphasizes the necessity of combined molecular and serological diagnostics. The 121 

proposed case definitions and testing strategy can serve as a practical foundation for 122 

future epidemiological investigations and public health responses to YEZV infections. 123 

 124 

Methods 125 

Study design and biological samples 126 

A total of 388 serum samples were collected between 2013 and 2022 from 127 

patients suspected of having tick-borne diseases for testing the notifiable diseases 128 

(including tick-borne encephalitis [TBE], severe fever with thrombocytopenia syndrome 129 

[SFTS], Lyme disease, and Borrelia miyamotoi disease [BMD]) and used for the 130 

retrospective surveillance (Fig. 1). These samples included those from previously 131 

reported cases of YEZV infections [10,13–16]. For prospective surveillance, a total of 163 132 

serum samples were newly obtained in 2023 and 2024, which were collected from 133 

patients suspected of having tick-borne diseases including YEZV infection. All samples 134 

used in both retrospective and prospective surveillance were obtained from hospitals in 135 

Hokkaido with anonymous information of the patient including suspected date and place 136 
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of tick bite, date of disease onset, symptoms, and laboratory findings. For testing YEZV 137 

infections, YEZV RNA and specific antibodies were detected by quantitative RT-PCR (RT-138 

qPCR) and IgM/IgG ELISA, respectively. Data regarding clinical manifestations, 139 

underlying medical disorders, laboratory test results, treatment, and outcomes were 140 

retrieved from physicians’ reports. In addition to the above 551 serum samples, paired 141 

sera were obtained from 9 YEZV-positive patients whose clinical courses could be 142 

followed. All participants enrolled in the prospective surveillance gave written informed 143 

consent, and ethical approval was obtained from the ethics committee of Hokkaido 144 

Institute of Public Health. 145 

 146 

YEZV genome detection 147 

Total RNA was extracted from patient serum samples using QIAamp Viral RNA 148 

Mini Kit (Qiagen) according to the manufacturers’ protocols. Detections of YEZV S 149 

segment RNA were performed using One Step PrimeScript III RT-qPCR mix (Takara) and 150 

PrimeTime qPCR assays (primer 1: 5ʹ-AGCCCTTGACACTGCATTT-3ʹ, primer 2: 5ʹ-151 

CATACAGGAAGGCCATCTCATT-3ʹ and probe: /56-152 

FAM/ACCTACTAC/ZEN/TGGATGTGGAAGGCAGA/3IABkFQ/) (Integrated DNA 153 

Technologies) on a StepOnePlus Real-Time PCR system (Thermo Fisher Scientific) with 154 

the following conditions; 52 °C for 5 min, 95 °C for 10 s, and 40 cycles of 95 °C for 5 s 155 

and 60 °C for 30 s. A standard curve was generated using a series of diluted plasmids 156 

carrying a fragment of YEZV S segment cDNA. 157 

  158 

YEZV-specific antibody detection 159 
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The detections of IgM and IgG antibodies recognizing YEZV were performed by 160 

ELISA as previously reported [10] . In brief, heat-inactivated serum was serially diluted 161 

and applied to the YEZV nucleoprotein (N) antigen-coated 96-well ELISA plate, followed 162 

by the reaction with the secondary antibodies; goat anti-human IgM mu chain (HRP) 163 

preabsorbed or rabbit anti-human IgG H&L (HRP) (Abcam). 3,3’,5,5’-164 

tetramethylbenzidine (TMB) liquid substrate system for ELISA peroxidase substrate 165 

(Merck) was used to visualize the YEZV N specific antibodies, and samples were defined 166 

as positive when the ratio of absorbances between YEZV N antigen and mock antigen 167 

was >1.3. The reciprocal of the highest serum dilution in which the serum sample was 168 

positive was used as the serum antibody titer. 169 

 170 

Serum neutralization antibody detection 171 

Serum neutralization antibody titers against YEZV were determined by focus 172 

reduction neutralization test (FRNT). Serum samples were 10-time diluted with 173 

Dulbecco's Modified Eagle Medium (DMEM; Nacalai Tesque, Japan) containing 2% fetal 174 

bovine serum (Sigma-Aldrich) and 100 µg/ml penicillin and streptomycin (Wako, Japan) 175 

(2% FBS DMEM) followed by 2-fold serial dilution with 2% FBS DMEM. 100 focus forming 176 

units (FFU) of YEZV strain HH003-2020 [10]  was incubated with the equivalent volume 177 

of a serum dilution at room temperature for 1 h. Vero E6 cells seeded at 1×105 cells/well 178 

in a 24-well plate a day before the inoculation, were inoculated with YEZV–serum 179 

mixtures at 37°C with 5% CO2 for 1 h. Then, the virus inoculum was removed and washed 180 

with D-PBS(-) (Nacalai Tesque) twice and replaced with Minimum Essential Medium 181 

containing 2% FBS, 100 µg/ml of penicillin and streptomycin, and 1% methylcellulose 182 
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(Sigma-Aldrich). Cells were incubated at 37°C with 5% CO2 for 3 days, and fixed with 4% 183 

paraformaldehyde at room temperature for 30 min. Fixed cells were washed with D-184 

PBS(-) twice and incubated with the YEZV-infected mouse serum diluted 1:1,000 in 185 

blocking and permeabilization buffer (0.3% Triton X-100 [Sigma-Aldrich] in PBS 186 

containing 3% bovine serum albumin [Wako]) at room temperature for 1 h. The cells were 187 

then washed with D-PBS(-) for three times. Virus antigen-antibody complexes were 188 

visualized using rabbit anti-human IgG (H + L) conjugated with horseradish peroxidase 189 

(Abcam) and ImmPACT VIP (Vector Laboratories). Visible foci were counted manually, 190 

and serum samples presenting 50% focus reduction than the negative control human 191 

serum were considered as FRNT positive. 192 

 193 

Virus isolation and sequencing 194 

 Type-I and -II interferon-receptor double knockout mice (AG129 mice, Marshall 195 

BioResources, Japan) were inoculated with the YEZV RNA-positive patient sera diluted 196 

at 1:10 by normal saline (Otsuka Pharmaceutical Factory, Japan) and inoculated into at 197 

100 µl/head, intraperitoneally. At two days after inoculation, the blood was collected by 198 

cardiac puncture for obtaining the mouse serum. Another AG129 mice were inoculated 199 

with the serum for passaging when necessary. Ticks removed from YEZV-positive 200 

patients were homogenized in PBS without KCl (pH 7.2) (Nacalai tesque) and used for 201 

virus isolation by inoculating AG129 with the homogenate as above. Using RNA samples 202 

extracted from the sera collected from the AG129 mice, sequencing libraries were 203 

prepared using the KAPA RNA hyper prep kit (for Illumina) and the KAPA dual-indexed 204 

adapter kit (Roche). The prepared libraries were sequenced on an MiSeq and NextSeq 205 
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1000 sequencer using the MiSeq reagent kit v3 and NextSeq 1000/2000 P1 XLEAP-SBS 206 

Reagent Kit (600 Cycles) (Illumina) with 2 × 300-bp paired-end read length, respectively. 207 

Sequencing reads were de novo assembled using the CLC genomics workbench ver. 23 208 

(Qiagen). Identified genome sequences were deposited on GenBank (Appendix Table 209 

S1). 210 

 211 

Phylogenetic analysis 212 

 For phylogenetic analysis, YEZV whole genome sequences were obtained from 213 

GenBank. The nucleotide sequences in coding regions of tripartite YEZV RNA segments 214 

(N, glycoprotein precursor (GPC), and RNA-dependent RNA polymerase (RdRp)) were 215 

aligned according to the translation align with outgroup sequences (N: Sulina virus, 216 

NC_078998, GPC and RdRp: YEZV THQG1707B) by MAFFT v7.490 in Geneious Prime, 217 

respectively, and the start and stop codons were manually excluded to prevent the 218 

selection of an inappropriate nucleotide substitution model. The phylogenetic trees by 219 

maximum likelihood inference for three genes were constructed using IQ-TREE 2.4.0 220 

[25] in each gene tree. The nucleotide sequences were partitioned according to codon 221 

position, and a substitution model for each position was selected by ModelFinder 222 

[26] using the -m MFP option implemented in IQ-TREE. The nodal support values were 223 

calculated using 10000 replicates with the SH-like approximate likelihood ratio test (SH-224 

aLRT) [27]  and ultrafast bootstrap (UFBoot) [28]  methods. The constructed trees were 225 

visualized by TreeViewer v2.2.0 [29] . 226 

 227 

Ethics statement 228 
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 For the retrospective surveillance, patient information was handled using an opt-229 

out method, in which study details were disclosed and patients had the opportunity to 230 

decline participation. For the prospective surveillance, serum samples were collected and 231 

used for virologic analysis after obtaining written informed consent from the patients 232 

themselves. All protocols and procedures were approved by the research and ethics 233 

committees of the Hokkaido Institute of Public Health (approval numbers: E19-05, E20-234 

05, and E23-09) and Hokkaido University (approval number: 023-0159), respectively. 235 

 236 

Results 237 

To investigate the latest epidemiological situation of YEZV infections in Hokkaido 238 

(Fig. 2A), we conducted both retrospective and prospective surveillance. A total of 388 239 

(retrospective) and 163 (prospective) samples were used for the viral RNA and antibody 240 

detection (Fig. 1). We identified 19 seropositive samples (3.4%) and 18 RNA-positive 241 

samples (3.3%) (Table 1). Of these, 15 samples (2.7%) were positive for both viral RNA 242 

and antibodies, and thus, 22 individuals who tested positive for YEZV RNA and/or 243 

antibodies were identified as YEZV-infected cases. The number of YEZV cases were 244 

shown by reported regions and year (Fig. 2B), and month (Fig. 2C) of disease onset for 245 

available 20 YEZV-positive cases. A case of YEZV infection was identified for the first 246 

time in southern Hokkaido in 2024. The disease onset of all the cases were from May to 247 

July. 248 

Two cases with only IgG positive during the acute phase (#19 and 22 in 249 

Supplemental Table S2) have been removed from the following analyses since the 250 

disease onsets of YEZV infections could not be verified. Among the 20 confirmed YEZV 251 
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infection cases, 15 (75.0%) were male and 5 (25.0%) were female (Table 2). The median 252 

age was 59.5 years (interquartile range [IQR]: 40.3-71.5 years) ranging from 22 to 80 253 

years of age. Underlying conditions included hypertension and dyslipidemia, each 254 

observed in three patients (15.0%). Hyperuricemia, diabetes mellitus, polymyalgia 255 

rheumatica, behavioral disorder, and Hirschsprung’s disease were also observed in one 256 

patient each. A total of nine patients (45.0%) was administered antibiotics due to 257 

suspected infections with Borrelia spp. Six out of nine patients were reported to test 258 

positive for Borrelia spp. antibodies. A total of 18 patients (90.0%) had a history of tick 259 

bite within two weeks prior to fever onset. The median estimated incubation period from 260 

tick bite to fever onset was 7 days (IQR: 6–9) (Fig. 2D). 261 

Among patients whose clinical data were available, 19 patients (95.0%) 262 

presented with fever, and 10 out of 14 patients with actual body temperature reports 263 

(71.4%) presented with high fever of >38.0°C (Table 3). The most common symptom was 264 

headache (60.0%). Fatigue and myalgia/arthralgia were also common symptoms with 265 

onset rates of 50.0%. A total of 10 patients (50.0%) presented with at least one 266 

gastrointestinal manifestation, including nausea, abdominal pain, diarrhea, and anorexia. 267 

One patient (5.0%) presented with lymphadenopathy. Notable respiratory and 268 

hemorrhagic symptoms were not reported. All patients (100%) presented with 269 

thrombocytopenia. Leukocytopenia (95.0%) and elevation of hepatic enzymes (85.0%) 270 

were also commonly presented. The elevation levels of aspartate aminotransferase 271 

(100%), alanine aminotransferase (85.7%), and ferritin (100%) were often found. In 272 

addition, a part of patients presented with the elevation levels of lactate dehydrogenase 273 

(72.7%), creatine kinase (33.3%), and C-reactive protein (18.2%).  274 
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To assess the temporal viral testing window of YEZV infection, we presented the 275 

YEZV RNA and antibody detection outcomes of each diagnostic method used in our 276 

surveillance according to days post fever onset (Fig. 3, appendix Table S2). Serum 277 

samples were collected up to 40 days after fever onset from 17 YEZV-positive patients, 278 

whose onset dates (Day 0) were recorded. Twenty-five samples were collected from their 279 

acute phase of disease course, and 28 convalescent-phase sera were obtained from 10 280 

patients who visited the same hospitals for the follow-up examination. YEZV RNA was 281 

detectable from Day 2 to Day 19 (median: 6.5 days), with 94.1% (16/17) of patients testing 282 

RT-qPCR positive with their initial samples. IgM antibodies, as measured by ELISA, were 283 

detectable from 5 days after the onset, while only one sample at Day 5 (25.0%; 1/4) was 284 

positive. IgG antibodies were detected in samples collected after Day 8, although 285 

negative samples included those collected before Day 16. To demonstrate the YEZV 286 

specific antibodies in serum, neutralizing antibodies were also measured by FRNT (Fig. 287 

3A). The detection window of neutralization antibodies was almost identical to that of the 288 

IgG ELISA. For further analyzing the serum neutralizing antibody responses in YEZV-289 

infected patients, we obtained available serum samples during the recovery phase of 290 

patients. With eight patients those who tested positive for RT-qPCR, seroconversion was 291 

identified by FRNT (Fig. 3B). With a patient whose serum samples could be obtained after 292 

the recovery until Day 613, FRNT was performed to examine the duration of antibody 293 

seropositivity (Fig. 3C). Neutralizing antibodies were detected from Day 10 through Day 294 

613, with fluctuations in titer levels, suggesting that YEZV infection may induce a humoral 295 

immune response that persists for over two years. 296 

We finally performed virus isolation from patient sera and ticks infesting to 297 
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patients. Four isolates were obtained from sera and one from a tick. Unfortunately, we 298 

could not obtain YEZV isolates from a combination of a patient and a tick biting to the 299 

patient. The tripartite RNA segments of the isolates were sequenced, and phylogenetic 300 

analysis was conducted alongside 38 reference YEZV sequences retrieved from the 301 

public database (Fig. 4). We defined grouping of the phylogenetic clusters following the 302 

previous research based on the L-segment tree [17]; clade I-C, I-J, II-C, and II-J. The 303 

clade I-C and II-J, corresponding to the previous clade I and II, respectively, included 304 

almost all isolates from the Eurasian continent, i.e. China and Russia. The present 305 

Japanese YEZV isolates from the patients and the patient-associated tick were classified 306 

into the clade I-J and II-J together with those reported in the previous studies in Japan 307 

[10,23] . No genetic reassortment has been identified in the present isolates. 308 

 309 

Discussion 310 

 We have conducted a surveillance study of patients with suspected tick-borne 311 

febrile illnesses in Hokkaido, Japan, between 2013 and 2024, and newly identified 10 312 

cases of YEZV infections since our previous study [10] . The total number of patients of 313 

YEZV infections in Hokkaido, Japan is 22 as of May 2025, representing the largest clinical 314 

series of YEZV-infected patients reported to date. The epidemiological characteristics of 315 

patients in Japan are similar to those reported in China with slightly older median of age, 316 

and our surveillance found the youngest case of 21 years of age. The present summary 317 

of clinical features, patient backgrounds, and diagnostic sensitivities using the Japanese 318 

patients’ information are expected to contribute to future establishment of clinical case 319 

definitions and diagnostic strategies for YEZV infection surveillance.  320 
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 In this study, YEZV infection was characterized as an acute febrile illness 321 

developing after an approximately a week incubation period following tick bites, 322 

presenting commonly with headache, fatigue, gastrointestinal symptoms, leukocytopenia 323 

and thrombocytopenia in total blood cell counts, and elevated hepatic transaminases, 324 

which are largely consistent with the previous reports [17] . A notable difference in the 325 

clinical characteristics between our study and the previous study reported from China was 326 

that there were no reports of patients with hemorrhagic symptoms (e.g. skin lesions such 327 

as maculopapular erythema or hemorrhagic symptoms such as petechiae) in our study. 328 

Furthermore, gastrointestinal hemorrhagic symptoms, such as bloody diarrhea and 329 

gingival bleeding, which are commonly observed in SFTS cases [30] , were not reported 330 

in the present study. Interestingly, all patients tested in the present study demonstrated 331 

elevated ferritin levels, which has also been reported in tick-borne disease cases 332 

complicated by hemophagocytic lymphohistiocytosis [31] and SFTS [32] . Taken together, 333 

the present study confirmed that YEZV infection presented with non-specific febrile 334 

symptoms, and laboratory findings of YEZV patients were similar to those observed in 335 

other tick-borne acute viral febrile diseases, especially SFTS, which underscore the 336 

importance of combining virological test for reliable diagnosis. 337 

Because of the non-specific febrile symptoms and laboratory scores of YEZV 338 

infections, differential diagnosis with other tick-borne diseases endemic in the same 339 

region should be essential. For developing a definitive diagnostic testing strategy, we 340 

evaluated the duration in which each virological test was positive. Most samples collected 341 

within a week after fever onset tested positive for YEZV RNA by RT-qPCR. While YEZV 342 

RNA was detected up to 18 days after symptom onset in some cases, RT-qPCR shall not 343 
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be recommended to use after 10 days post disease onset, in consistent with our previous 344 

observations in two patients [10] . Thus, serological assays to detect IgM antibody 345 

responses at the acute phase and also to confirm seroconversion, should be combined 346 

with viral RNA detection at the acute phase to ensure reliable molecular testing of YEZV 347 

infections. Since neutralization antibody may persist in YEZV patients more than a year, 348 

serological assays will also be useful to retrospectively confirm past YEZV infections. 349 

YEZV is currently identified from patients and ticks (both host-questing and 350 

attaching to humans and birds) in the Far Eastern Asia. The present study reported five 351 

new isolates and their complete genome sequences, and then constructed the latest 352 

phylogenetic trees of YEZV three segment RNAs. Since no previous studies addressed 353 

the evolutional relationships among YEZV isolates using complete sets of viral genome 354 

sequences, we applied the most accurate models to build the phylogenetic trees based 355 

on the latest published YEZV sequences including Japanese, Chinese, and Russian 356 

isolates. All the isolates identified in the present study were grouped together with the 357 

previously identified Japanese isolates. Our analysis revealed that the genetic diversity 358 

among S segment RNAs of the clade II-C isolates, which might be detected as a 359 

reassortment of the isolate T-HL02 by the previous study [23]. Furthermore, we could 360 

identify the multiple overseas transmissions of YEZVs between Hokkaido, Japan and 361 

Northern China or Russia, which could be observed as the emergences of the Japanese 362 

clades and also as a reassortant isolate YBQG1712 reported from China with M and L 363 

segments RNAs classified into the Japanese clade II-J. In addition to the possible 364 

overseas transmissions, multiple genetic reassortment events between the clades I-C 365 

and II-C or the clades I-J and II-J, highlight the active circulations of YEZVs in nature. 366 
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The present study revealed that YEZV infection is an endemic tick-borne disease 367 

throughout Hokkaido, Japan and emphasized the need for further epidemiological 368 

investigations as well as environmental research for understanding the intra- and inter-369 

regional circulations of YEZVs. Since Ixodes ticks, especially I. persulcatus ticks, are 370 

likely to be a primary vector of the disease, YEZV infection can be more widespread 371 

across northern Eurasia than observed. By providing clinical and laboratory diagnostic 372 

evidence, our study contributes to further identifications of YEZV infections, for which 373 

differentiating diagnosis to the other endemic tick-borne diseases such as SFTS and 374 

Lyme disease and the other emerging and reemerging tick-borne orthonairovirus 375 

diseases. 376 
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Figure Legends 481 

Figure 1. Flow chart of surveillance for Yezo virus infections 482 

Retrospective (n = 388, 2013–2022) and prospective (n = 163, 2023–2024) surveillance 483 

for Yezo virus infections were conducted using serum samples collected from patients 484 

suspected to tick-bore febrile illness. Following the specific antibody detections (IgM and 485 

IgG ELISA), RNA was extracted and subjected to the genetic detection (RT-qPCR). 486 

 487 

Figure 2. Geographic and temporal distributions of Yezo virus-positive cases 488 

identified in Hokkaido, Japan 489 

A) The location of Hokkaido is shown in the map of Far Eastern Asia. Orange-colored 490 

area surrounded by a dashed line indicates the current potential endemic area of Yezo 491 

virus infections. Hokkaido has been divided into four regions based on the local 492 

administration areas. B) Annual and regional distribution of Yezo virus-positive cases 493 

identified through retrospective and prospective surveillance conducted between 2013 494 

and 2024. Each region in Hokkaido is colored identically in the map and graph. C) Monthly 495 

distribution of disease onset dates among patients with confirmed Yezo virus infection. 20 496 

cases for which the onset dates were available, are shown. D) Incubation period of Yezo 497 

virus infections. Each dot represents the incubation period (days) of a patient based on 498 

the duration between the reported date of tick bite and the date when any symptoms were 499 

firstly recognized. 500 

 501 

Figure 3. Temporal profile of viral RNA and antibody detection in Yezo virus-502 

infected patients 503 
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A) Results of viral RNA detection by RT-qPCR, and specific antibody detection by IgM 504 

and IgG ELISA, and neutralizing antibody detection by focus reduction neutralization test. 505 

Each dot represents one serum sample. A total of 42 serum samples from 17 YEZV-506 

infected patients with recorded disease onset dates were used. B) Seroconversion 507 

profiles of eight patients whose paired sera were available. C) Neutralizing antibody titers 508 

in one Yezo virus-infected patient, followed for over 600 days post disease onset. 509 

 510 

Figure 4. Phylogenetic analysis among Yezo viruses 511 

Phylogenetic trees based on A) nucleoprotein gene on S segment, B) glycoprotein 512 

precursor gene on M segment, and C) RNA-dependent RNA polymerase gene on L 513 

segment of Yezo viruses were constructed by using maximum likelihood inference. The 514 

outgroup (Sulina virus) of the S segment tree was removed from each tree for 515 

visualization of the phylogenetic relationships among Yezo virus strains. Strain names are 516 

indicated with the tips and labeled with their origins (countries), genetic clades, and 517 

potential genetic reassortment. 518 



Table1. Summary of YEZV surveillance between 2013 and 2024

Methods Retrospective
(2013–2022, n=388)

Prospective
(2023–2024, n=163) Total

ELISA 11/388 (2.8%) 8/163 (4.9%) 19/551 (3.4%)
RT-qPCR 11/388 (2.8%) 7/163 (4.3%) 18/551 (3.3%)
ELISA+RT-
qPCR 8/388 (2.1%) 7/163 (4.3%) 15/551 (2.7%)

Total 14/388 (3.6%) 8/163 (4.9%) 22/551 (4.0%)



Table 2. Basic characteristics of Yezo virus infections in Japan
n=20

Sex
  Male 15 (75.0%)
  Female 5 (25.0%)
Age
  Median [IQR] 59.5 [40.3-71.5]
    0-19 0 (  0.0%)
  20-29 2 (10.0%)
  30-39 3 (15.0%)
  40-49 3 (15.0%)
  50-59 2 (10.0%)
  60-69 4 (20.0%)
  70-79 4 (20.0%)
  80-89 2 (10.0%)
  90- 0 (  0.0%)
Underlying medical condition (≥2)
  Hypertension 3 (15.0%)
  Dyslipidemia 3 (15.0%)
Tick bite within 2 weeks of onset 18 (90.0%)



Table 3. Clinical characteristics of Yezo virus infections in Japan
Clinical condition positive/total
Febrile illness

Fever 19/20 (95.0%)
Fever >38℃ 10/14 (71.4%)

General symptoms
General fatigue 10/20 (50.0%)
Myalgia/Arthralgia 10/20 (50.0%)
Headache 12/20 (60.0%)

Gastrointestinal tract symptoms
Overall 10/20 (50.0%)
Nausea 2/20 (10.0%)
Vomiting 0/20 (  0.0%)
Abdominal pain 3/20 (15.0%)
Diarrhea 2/20 (10.0%)
Anorexia 7/20 (35.0%)

Respiratory symptoms
Overall 0/20 (  0.0%)
Throat pain 0/20 (  0.0%)
Cough 0/20 (  0.0%)

Others
Lymphadenopathy 1/20 (  5.0%)

Laboratory finding
Leukopenia 19/20 (95.0%)
Thrombocytopenia 20/20 (.100%)
Liver dysfunction 17/20 (85.0%)

Serum chemistry
Total protein level < 6.0 mg/dL (hypoproteinemia) 0/7 (  0.0%)
Albumin level < 3.0 mg/dL (hypoalbuminemia) 0/7 (  0.0%)
Aspartate aminotransferase level >30 IU/L 14/14 (.100%)
Alanine aminotransferase level >30 IU/L 12/14 (85.7%)
Lactate dehydrogenase level >250 IU/L 8/11 (72.7%)
Creatine kinase level >200 IU/L 3/9 (33.3%)
Blood urea nitrogen level >20 mg/dL 0/7 (  0.0%)
Creatinine level >1 mg/dL 3/7 (42.9%)
C-reactive protein level >1 mg/dL 2/11 (18.2%)
Increased ferritin level 7/7 (.100%)
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