
1434 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 30, No. 7, July 2024

DISPATCHES

The novel tickborne virus Alongshan virus 
(ALSV) belongs to the Jingmenvirus group of 

the Flaviviridae family and is associated with hu-
man febrile illness (1). Initially identified in tick-
bitten patients and Ixodes persulcatus ticks in the 
Greater Khingan Mountains of northeastern China 
(1), ALSV has since been identified in I. persulcatus 
and I. ricinus ticks in various locations, including 
Russia (2), Finland (3), Switzerland (4), and Ger-
many (5). ALSV-specific antibodies have been de-
tected in game animals, such as roe deer and red 
deer, as well as in domestic animals such as cattle, 
sheep, goats, and horses (5,6).

Semidomesticated reindeer, primarily raised by 
the Ewenki people in the northern Greater Khingan 
Mountains of China, are the predominant animals in 
this region (7). The reindeer serve as blood meals for 
ticks and could potentially act as reservoir hosts for 
tickborne pathogens. However, the extent of ALSV 

infection in reindeer remains largely unexplored. In 
this study, we investigated the RNA viromes of rein-
deer and their parasitic ticks, offering molecular and 
serologic evidence for ALSV infection in tick-exposed 
reindeer. The research protocol for this study was 
approved by the Animal Administration and Ethics 
Committee of the First Hospital of Jilin University 
(Changchun, China).

The Study
In July 2022, we collected a total of 21 reindeer serum 
samples from Genhe in the Greater Khingan Moun-
tains in northeastern China (Figure 1, panel A). In 
addition, we collected 93 bloodsucking ticks from the 
reindeer, morphologically identified them as I. per-
sulcatus ticks, and grouped them into 13 pools on the 
basis of tick sex and size (Figure 1, panel B) (8). We 
pooled the reindeer serum samples and tick lysate su-
pernatants separately, treated them with micrococcal 
nuclease (New England Biolabs, https://www.neb.
com), and extracted viral RNA using the TIANamp 
Virus RNA kit (TIANGEN, https://en.tiangen.com). 
We sent the samples to Tanpu Biologic Technology in 
Shanghai, China, for metatranscriptomic analysis as 
previously described (8).

The sequencing process resulted in 5.2 GB of 
clean data and 38.5 million non-rRNA reads for the 
reindeer serum library, as well as 6.0 GB of clean data 
and 45.0 million non-rRNA reads for the tick library. 
From the reindeer serum library, we identified only 1 
contig sequence related to ALSV. In contrast, the tick 
library revealed a total of 64 tickborne viral contigs. 
Those viral contigs were further annotated, reveal-
ing their association with 7 distinct viruses across 
5 viral families. The identified viruses consisted of 
ALSV and tickborne encephalitis virus (TBEV) from 
the Flaviviridae family, Beiji nairovirus (BJNV) from 
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We investigated Alongshan virus infection in reindeer in 
northeastern China. We found that 4.8% of the animals 
were viral RNA–positive, 33.3% tested positive for IgG, 
and 19.1% displayed neutralizing antibodies. These find-
ings suggest reindeer could serve as sentinel animal 
species for the epidemiologic surveillance of Alongshan 
virus infection.
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the Nairoviridae family, Sara tick phlebovirus (STPV) 
and Onega tick phlebovirus (OTPV) from the Phenui-
viridae family, and Nuomin virus (NUMV) from Chu-
viridae, and Jilin luteo-like virus 2 (JLLV2) from the 
Solemoviridae family (Table 1).

Among the tickborne viruses identified in the 
tick library, ALSV showed the highest mean depth 
at 80.8×, followed by JLLV2 with a mean depth of 
12.7×, BJNV at 10.3×, and TBEV at 7.1×. In contrast, 
NUMV, OTPV, and STPV displayed the lowest mean 
depths, measuring 4.9× (NUMV), 1.8× (OTPV), and 
1.9× (STPV). Of note, ALSV in the reindeer serum li-
brary had a low mean depth of 1.8× (Figure 2, panel B; 
Appendix Figure 1, https://wwwnc.cdc.gov/EID/
article/30/7/23-1219-App1.pdf).

We subsequently confirmed all tickborne vi-
ruses identified in this study through seminested 
reverse transcription PCR (Appendix Table 1). 
Among the 21 serum samples analyzed, only 1 test-
ed positive for ALSV (4.8%). For the 13 tick pools, 
each pool exhibited the presence of 3–6 viral species 
(Figure 2, panel A). Specifically, we consistently de-
tected NUMV, OTPV, and STPV in all tick pools, 
whereas BJNV was found in 12 pools and ALSV in 
9 pools; prevalence rates were 29.5% for BJNV and 

16.3% for ALSV. In contrast, JLLV2 and TBEV were 
only identified in 3 and 2 tick pools, accounting for 
a prevalence of 3.5% for JLLV2 and 2.2% for TBEV 
(Appendix Table 2).

Phylogenetic analysis on the basis of the RNA-
dependent RNA polymerase gene revealed that all 
ALSV strains in the Greater Khingan Mountains re-
gion clustered together; nucleotide identities ranged 
from 95.4% to 99.8% (Appendix Figures 2, 3). For the 
detection of ALSV antibodies, we subjected reindeer 
serum samples to an indirect ELISA (2). Among the 
21 samples tested, 7 (33.3%) were positive for ALSV 
IgG. Of note, 4 of these samples achieved endpoint 
titers of 320 (Table 2). To further assess neutralizing 
antibodies against ALSV, we conducted a plaque-re-
duction neutralization test (6) and identified 4 serum 
samples as ALSV-positive, representing a prevalence 
of 19.1%; the highest endpoint titer was recorded at 
40 (Table 2).

Conclusions
The Greater Khingan Mountains, located in northeast 
China and sharing borders with Russia and Mon-
golia, boast abundant forest resources, covering as 
much as 74% of the region (9). Over time, the area 

Figure 1. Sample collection process in study of Alongshan virus infection in Rangifer tarandus reindeer, northeastern China. A) 
Collection site of reindeer serum samples and their parasitic ticks. B) Sampled reindeer group and the presence of ticks on a reindeer. 

 
Table 1. Tickborne viruses identified in study of Alongshan virus infection in Rangifer tarandus reindeer, northeastern China 
Classification Virus species Closest relative strain (% nt identity) 
Flaviviridae   
 Jingmenvirus Alongshan virus NE-TH4 (96.9–98.7) 
 Orthoflavivirus Tick-borne encephalitis virus HLB-T74 (96.6–98.4) 
Nairoviridae   
 Norwavirus Beiji nairovirus NE-SL3 (99.6) 
Phenuiviridae   
 Ixovirus Sara tick phlebovirus NE-SL3 (99.3) 

Onega tick phlebovirus NE-SL3 (99.1) 
Chuviridae   
 Mivirus Nuomin virus SL4 (99.6) 
Solemoviridae   
 Sobemo-like Jilin luteo–like virus 2 DH3 (98.5) 
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has gradually transformed into a popular tourist 
destination during the summer months. Reindeer,  
serving as a unique and captivating attraction for 
tourists, increasingly come into close contact with 
humans. This study detected 3 tickborne viral species 
(TBEV, ALSV, and BJNV) in ticks that are pathogenic 
to humans, highlighting the spillover risk for tick-
borne viruses to humans (1,10,11).

Large wild cervids, such as roe deer, red deer, 
and reindeer, play a crucial role in the epidemiol-
ogy of TBEV. In Europe, those cervids are regarded 
as sentinel species for TBEV because they contrib-
ute substantially to tick breeding and activity (12). 
ALSV, an emerging segmented flavivirus, shares 
several key characteristics with TBEV, including the 

tick vectors (I. persulcatus and I. ricinus) and natural 
foci in China and Europe (1–4,6,13).

In this study, ALSV viremia was detected in only 
1 reindeer. Conversely, high prevalences of ALSV 
IgG (33.3%) and neutralizing antibodies (19.1%) were 
seen (Table 2). This serologic pattern is consistent with 
observations in animals infected with TBEV, in which 
seroconversion occurs after a brief viremia after TBEV 
infection and specific antibodies are rapidly induced 
and persist for an extended period (14). Of note, the 
study revealed no TBEV viremia in the reindeer, yet 
a high prevalence of TBEV antibodies (67.7%) was 
detected (Table 2). Although ALSV and TBEV were 
not found co-infected in tick pools, neutralizing an-
tibodies to both viruses were detected in 1 reindeer  

Figure 2. Identified tickborne viruses in study of Alongshan virus infection in Rangifer tarandus reindeer, northeastern China. A) 
Composition of tickborne viruses in tick pools. B) Mean sequencing depth of identified tickborne viruses in libraries. ALSV, Alongshan 
virus; BJNV, Beiji nairovirus; JLLV2, Jilin luteo-like virus 2; NUMV, Nuomin virus; OTPV, Onega tick phlebovirus; STPV, Sara tick 
phlebovirus; TBEV, tick-borne encephalitis virus.

 
Table 2. Serologic detection of Alongshan virus and tickborne encephalitis virus in reindeer, northeastern China* 

Sample ID Reindeer age, y Reindeer sex 
Alongshan virus  Tickborne encephalitis virus 

ELISA† PRNT ELISA† PRNT 
1 >3 M <20 <20  <20 <20 
2 1 M <20 <20  <20 <20 
3 1 M 160 <20  <20 <20 
4 2 F <20 <20  320 80 
5 0.5 F 320 20  <20 <20 
6 ≥3 M 320 20  <20 <20 
7 1 M <20 <20  320 80 
8 2 M <20 <20  320 <20 
9 2 F <20 <20  <20 <20 
10 ≥3 M <20 <20  <20 <20 
11 ≥3 F 20 <20  160 40 
12 0.5 F <20 <20  320 40 
13 1 F <20 <20  320 80 
14 2 M 320 20  320 160 
15 2 M 80 <20  320 40 
16 0.5 M <20 <20  320 40 
17 ≥3 M <20 <20  160 <20 
18 2 F <20 <20  20 <20 
19 2 F <20 <20  80 <20 
20 1 M <20 <20  40 <20 
21 1 F 320 40  20 <20 
*Antibody titer >20 was considered ELISA- or PRNT-positive. PRNT, plaque-reduction neutralization test. 
†The ELISA used in our study was specifically targeted against the Alongshan virus VP2 protein. 
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(no. 14) (Table 2; Figure 2, panel A). This finding sug-
gests potential cross-reactivity or exposure to both vi-
ruses in this particular reindeer.

Our findings underscore the need to use serologic 
testing alongside molecular detection in epidemio-
logic studies concerning ALSV and TBEV in reindeer 
populations. Moreover, given the substantial rein-
deer population in the Greater Khingan Mountains 
and the established practice of monitoring TBEV in 
reindeer in Europe, this study advocates designating 
reindeers as wildlife sentinel species for ALSV and 
TBEV in the Greater Khingan Mountains of north-
eastern China. Their unique role in tickborne virus 
epidemiology and close interaction with humans 
make them invaluable subjects for ongoing surveil-
lance and research efforts in this region.

In conclusion, our study unveiled a diverse ar-
ray of tickborne viruses in ticks collected from rein-
deer, substantiating ALSV infection in those animals 
through both molecular and serologic methods. 
These findings contribute to our understanding of 
the tickborne viral ecosystem in northeastern China, 
highlighting the potential role of reindeer as sentinel 
animals for the epidemiologic monitoring of ALSV 
and other emerging tickborne viruses in this region.
All sequence reads have been deposited in the National 
Center for Biotechnology Information Short Read Archive 
under BioProjects PRJNA1083014 (reindeer) and  
PRJNA1082896 (tick). The viral genomes have been  
submitted to GenBank (Appendix Table 4).
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