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ABSTRACT
The identification of a novel virus related to the family Tombusviridae, provisionally named human tombus-like virus 
(hTLV), is significant in the context of ongoing surveillance for respiratory pathogens. Meta-transcriptomic 
sequencing was utilized to detect respiratory pathogens in patients with lower respiratory tract infections (LRIs) in 
Jinan, China, from 2022 to 2023. The additional hTLV infections were identified through retrospective analysis of 
meta-transcriptome data collected in Beijing, China, from 2016 to 2019, prior to the COVID-19 outbreak. Phylogenetic 
analyzes indicated that hTLVs were clustered with a Jingmen tombus-like virus 2 but in a distinct clade. The hTLVs 
genomes consist of a single-stranded positive-sense RNA genomes of 4.7–4.8 kb in size, and contained four putative 
open reading frames (ORF1–4). The RNA-dependent RNA polymerase protein of hTLV shared significant sequence 
similarity containing three conserved motifs with 15, 24, and 15 amino acids, respectively. The hTLV genome 
included the canonical Gly376-Asp377-Asp378 (GDD) catalytic residues, which were a unifying feature of viruses in the 
family Tombusviridae. The main clinical manifestations of the 23 patients were fever, cough, expectoration and 
dyspnea, with varying degrees of lung infection or abnormalities in other laboratory indicators. Serological studies 
showed that fourfold rise in IgG titers in sera of a patient between acute and convalescent phase by ELISA. 
Identification of the pathogens for acute respiratory tract infections is essential for timely public health interventions 
and clinical management. The discovery of a novel virus, hTLV, in patients with LRIs highlights the continuous 
emergence of new respiratory pathogens in humans.
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Introduction

Lower respiratory tract infections (LRIs), defined as 
clinician-confirmed or radiologically confirmed pneu
monia or bronchiolitis [1,2], are represent a leading 
infectious cause of morbidity and mortality, imposing 
a significant global disease burden [3]. Various 

bacteria, viruses, and fungi are responsible for LRIs, 
with viruses as major pathogens. Although intensive 
etiological investigations have been conducted, the 
causative agents remain unknown in a considerable 
proportion of LRIs. The global COVID-19 pandemic 
further emphasizes the urgent need for identifying 
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the etiology of acute respiratory tract infections for 
early public health interventions and effective clinical 
management [4]. We have discovered a previously 
unrecognized virus belonging to the family Tombus
viridae of order Tolivirales through meta-transcrip
tomic sequencing of sputum, bronchoalveolar lavage 
fluid (BALF) and oropharyngeal swab samples from 
23 epidemiologically unrelated patients with LRIs 
based on an etiological surveillance project at Jinan, 
Shandong Province and a retrospective study at Beij
ing metropolis, China [5].

The members of the family Tombusviridae have tra
ditionally been known to infect plants. However, the 
recent phylogenetic analyzes based on viral genomes 
obtained from meta-transcriptomic sequencing 
revealed that a diversity of novel viruses in the family 
Tombusviridae was associated with invertebrates and 
mammals such as rabbits and calves [6–8], suggesting 
that the host distribution of Tombusviridae may be 
more diverse than previously recognized. To date, it 
remains unknown whether the members of the family 
Tombusviridae are able to cause infections or diseases 
in humans. Identification of novel viruses in clinical 
samples is challenging due to low viral loads and limit
ations of traditional diagnostic methods, which 
require prior knowledge of viral genomes or antigenic 
properties [9,10]. In contrast to traditional methods, 
meta-transcriptomic sequencing enables unbiased 
detection of both known and unknown RNA viruses. 
It facilitates the discovery and identification of viruses, 
especially in the investigation of unexplained disease 
outbreaks or emerging infectious diseases. This 
approach enables researchers to identify novel viral 
sequences, understand the genome structure of 
viruses, and reconstruct evolutionary relationships 
[11–14]. This approach has uncovered novel viruses, 
such as human bocavirus and human rhinovirus 
group C, expanding our understanding of virus diver
sity. Importantly, many newly identified viruses are 
associated with respiratory diseases that threaten indi
vidual and population-level health security [15,16]. In 
this study, we explored potential novel viruses in 
patients with lower respiratory tract infections through 
meta-transcriptomic sequencing, and reported the dis
covery, phylogenetic classification, genomic structure 
of a new member of the family Tombusviridae that 
we provisionally named human tombus-like virus 
(hTLV), and described the epidemiological and clinical 
characteristics of the patients with hTLV infections.

Methods

Study design and viral genome assembly

In a multicenter surveillance study in Jinan, Shandong 
Province, China, meta-transcriptome sequencing was 
conducted on the patients with acute respiratory 

tract infection after the outbreak of COVID-19 in 
2022 – 2023.

All raw sequencing reads were aligned to the 
human reference genome (GRCh38) using hisat2 (ver
sion 2.2.1) to remove human related-reads [17]. 
According to the results of de novo assembly, we 
search for possible virus sequences by comparing 
against National Center for Biotechnology Infor
mation (NCBI) non-redundant nucleotide database 
through the blastn program (version 2.11.0) and 
against the non-redundant protein database through 
Diamond blastx (version 2.0.9) [18], with an e-value 
threshold of 1e-5 to retain high sensitivity at a low 
false-positive rate. To eliminate mis-assembly and 
false-positive virus, quality-controlled reads were 
mapped to the assembled complete genomes using 
Bowtie2 (version 2.3.5.1) [19]. To mitigate potential 
sequencing-derived contamination, we estimated the 
read ratio between the highest-abundance library 
and other lower-abundance libraries on the same 
sequencing chip. If the ratio was below the index-hop
ping threshold for the sequencing platform, the reads 
from the lower-abundance libraries were considered 
as potential cross-contamination during library prep
aration and were excluded from further analysis [20]. 
To mitigate the risk of index-hopping, we set a 
threshold of 0.1% as the maximum allowable rate 
based on previous studies [21,22].

RT–PCR amplification and verification of viral 
genome

To verify the viral genome sequences detected in 
meta-transcriptome sequencing output, we conducted 
RT–PCR assays for amplifying the viral sequences 
using a serial of overlap primers designed according 
to meta-transcriptome-assembly genome (MAG) 
sequences of hTLVs (Table S1). All available samples 
either positive or negative for hTLVs were amplified 
for the virus sequences and confirmed by Sanger 
sequencing. At the same time, to eliminate potential 
contamination, all buffers, reagents, and plasticware 
used for nucleic acid extraction, and amplification 
were subjected to UV irradiation. Furthermore, a 
blank control, sterile enzyme-free water was per
formed to assess the possibility of cross-contami
nation and potential reagent contamination. The 
Sanger sequencing results were subsequently used 
for mutual validation with the sequences assembled 
from meta-transcriptome sequencing output.

Retrospective screening of meta-transcriptome 
data

To explore whether hTLV is also present in other 
human populations, we conducted retrospective 
screening of meta-transcriptome sequencing data 
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from the study population in Beijing. In a multicenter 
surveillance study of the human seasonal coronavirus 
(HCoV) infections based on the Respiratory Pathogen 
Surveillance System (RPSS) at Beijing Center for Dis
ease Prevention and Control from January 2016 to 
December 2019 at Beijing Metropolis, China [5], 
meta-transcriptome sequencing was conducted on a 
total of 321 respiratory samples (sputum, oropharyn
geal swab, and BALF) positive for HCoV tested by 
multiplex real-time fluorescent reverse transcription 
polymerase chain reaction (RT–PCR) kit (Jiangsu 
Macro & Micro Test, Nantong, China), and 94 
HCoV-negative samples. The quality-controlled 
reads were mapped to the assembled complete gen
omes using Bowtie2 (version 2.3.5.1) [19], and de 
novo assembly were further conducted.

Phylogenetic analysis

All available reference genomes of order Tolivirales as 
of Oct 20, 2022 were downloaded from the NCBI/ 
GenBank database. All assembled viral genomes 
were aligned with global available sequences using 
MAFFT (version 7.487) [23]. We used function tri
mAl (version v1.4.rev15) [24] to remove ambiguously 
aligned regions. Phylogenetic trees were constructed 
using the maximum likelihood (ML) method with 
1,000 bootstrap replicates in IQ-TREE (version 
2.1.4) [25], employing the best-fit model SYM + I +  
R8 for complete genomes and model Q.pfam + F +  
R8 for RdRps according to Bayesian Information Cri
terion (BIC). We also constructed the phylogenetic 
trees using the software MrBayes (version 3.2.7) [26] 
for comparison. The phylogenetic trees were rooted 
at midpoint and visualized using FigTree software 
(version v1.4.4) (http://beast.community/figtree). We 
further constructed the phylogenetic analyzes based 
on RdRp domain using ML method and MrBayes.

Viral genomes annotation and mutation 
analysis

Open reading frames (ORF) of all viral genomes were 
defined, and annotated through a BLAST-like algor
ithm, by alignment with the full length of each anno
tation using Geneious Prime 2024.0.2 (https://www. 
geneious.com). The conserved domains were ident
ified using RSP-blast (v2.6.0) compared with CDD 
database (v3.20) and verified on the HAMMER web 
server (https://www.ebi.ac.uk/Tools/hmmer/). The 
conserved motifs of viral RdRp were searched by 
using CDD Tools (https://www.ncbi.nlm.nih.gov/ 
Structure/cdd/wrpsb.cgi) [27]. The codon gene 
sequences of the RdRp protein were translated and 
extracted in Geneious Prime. Multiple sequence align
ment of these codon gene sequences was accomplished 
using MAFFT (version 7.487).

Enzyme-linked immunosorbent assay

Serum samples were collected at the time of admis
sion as acute serum samples, and serum samples 
taken 14 days after admission or before discharge 
are collected as convalescent serum samples. The 
enzyme-linked immunosorbent assay (ELISA) was 
developed to detect specific immunoglobulins G 
(IgG) and immunoglobulin M (IgM) against hTLV 
in the sera using the recombinant hTLV capsid 
protein (0.1 μg/mL) as a coating antigen. The sera 
of patients with hTLV infection in acute phase and 
convalescent phase were tested for the assessment 
of hTLV seroprevalence. The cut-off value was deter
mined by comparing the mean ± 2 standard devi
ation (SD) of IgG/IgM ELISA by using sera from 
healthy young adults. Any sample identified as posi
tive at the screening 1:80 dilution was tittered out. 
The titer of specific antibodies was the reciprocal 
of the highest doubling dilution in which has a read
ing about the cut-off.

Results

Identification of hTLV in Jinan city, China

In response to COVID-19 outbreak, we conducted an 
etiological surveillance study at two hospital in Jinan 
City, China from January 2022 to June 2023, and 
used New Coronavirus (2019-nCoV) Nucleic Acid 
Detection Kit (Wuhan Easy Diagnosis Biomedicine 
Co.,ltd.) by reverse transcription polymerase chain 
reaction (RT–PCR) to test for severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2). We per
formed meta-transcriptome sequencing on respiratory 
samples including oropharyngeal swab, sputum, and 
BALF, from 107 patients with acute respiratory infec
tions who tested negative for SARS-CoV-2. From the 
meta-transcriptomic sequencing output, two complete 
meta-transcriptome-assembly genome (MAG) 
sequences and contigs of hTLVs were obtained in 
the samples from three patients with LRIs by using 
de novo assembly. We then designed specific primers 
according to assembled virus sequences (Figure S1) 
and performed RT–PCR followed by Sanger sequen
cing to verify accuracy of viral genomes identified 
using transcriptome-assembly (Figure S2). Two com
plete genomes of hTLVs were confirmed, and the 
other one partial sequence was obtained by specific 
RT–PCR and Sanger sequencing. Among the remain
ing 104 samples, five positive samples were detected by 
RT–PCR assay and confirmed by Sanger sequencing. 
Among them, we assembled one complete genome 
sequence. As a result, a total of three hTLV full gen
ome sequences were obtained and deposited to Gen
Bank with the accession number PQ434694 – 
PQ434696.
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Retrospective identification of hTLV in meta- 
transcriptome sequencing data from Beijing, 
China

To further investigate the infection of hTLV in 
patients with LRIs, we conducted a retrospective 
screening of meta-transcriptome sequencing for 321 
respiratory samples (oropharyngeal swab, sputum, 
and BALF) positive for HCoVs using multiple real 
time RT–PCR tests in a multicenter surveillance 
study on HCoVs based on RPSS at Beijing Metropolis, 
China [28]. From the meta-transcriptomic sequencing 
output, ten complete and three nearly complete MAG 
sequences of hTLVs were obtained in the samples 
from patients with LRIs by using de novo assembly 
and verified by performing RT–PCR followed by San
ger sequencing. Among them, two complete genome 
sequences were obtained by specific RT–PCR and San
ger sequencing. As a result, twelve complete and one 
partial (with 969-bp absence at 3`-end) genomes of 
hTLVs were validated from MAG sequences. Further
more, two additional complete hTLV genome 
sequences were identified by RT–PCR amplification 
and Sanger sequencing in sputum samples, one of 
which from HCoV-positive patient and the other 
from one of 94 HCoV-negative patients. The 15 
hTLV genome sequences were deposited to GenBank 
under the accession number OQ147328 – OQ147340 
and OQ077518 – OQ077519 (Table S1). Totally, 23 
patients were confirmed to be infected by hTLV, of 
which 17 nearly complete genomes and one partial 
genome were available for further analyzes 
(Figure S2).

Phylogenetic analysis of hTLV

The 18 hTLV genome sequences shared nucleotide 
(nt) identities of 80.03% – 99.94% with each other 
(Figure S3), and of only 34.45% – 36.24% with the 
most closely related viral genome sequence of an 
invertebrate-associated Jingmen tombus-like virus 2 
(GenBank accession no. NC_033696) [6]. The phylo
genetic analysis based on the whole genome sequences 
revealed that these viral genomes fell in the family 
Tombusviridae of order Tolivirales (Figure 1A). Sub
sequently, we constructed the phylogenetic tree 
based on the amino acid (aa) of the most conserved 
RdRp protein from the 18 hTLVs and all viral RdRp 
in the order Tolivirales. The phylogenetic trees base 
on RdRp protein generated by either maximum likeli
hood or MrBayes analysis showed consistent topology 
with that constructed using completed genomic nt 
sequences (Figure 1B). The phylogenies revealed that 
the viruses identified in this study were distinct from 
all known viruses, and clustered with a Jingmen tom
bus-like virus 2 but in a separate clade, which rep
resented a new member between families 

Tombusviridae and Sinhaliviridae. The newly discov
ered hTLV had the RdRp of aa identity of 91.47% – 
100% with each other (Figure S4), but of only 
26.13% – 26.85% and 19.82% – 20.89% with available 
viral sequences in the closest families Tombusviridae 
and Sinhaliviridae, respectively. At present, there is 
no species or even genus demarcation of the family 
Tombusviridae according to the current scheme of 
virus classification by the International Committee 
on Taxonomy of Viruses (ICTV) [29]. According to 
the commonly accepted species demarcation 
threshold (80% identity of the genome-wide nucleo
tide sequence, and 90% aa identity of RdRp protein) 
[6,30], the virus identified from patients with LRIs in 
this study should be a new member related to the 
family Tombusviridae, considering the so low identity 
of the genome as well as the RdRp protein sequences 
with other related viruses and the distance in the phy
logenetic trees. As mentioned above, we provisionally 
named it human tombus-like viruses (hTLV).

Genome structure of hTLV

Genome sequence analyzes showed that the hTLVs 
had single, positive-strand RNA genomes of 4.7–4.8 
kb in size, which was slightly smaller than that of the 
Lake Sinai Virus TO (GenBank accession no. 
NC_035116) or Towan virus (GenBank accession no. 
KX160090). The hTLV genome contained four puta
tive open reading frames (ORF1–4) deduced directly 
from the nucleotide sequence, flanked by relatively 
short 5’ and 3’ nontranslated RNA (NTR) segments 
of 114 and 747 nucleotides (Figure 2). The coding 
region was about 3953 nt long, with the ORF1–4 com
posed of 410, 540, 306–307, and 111 amino acids, 
respectively. Analysis and comparisons with gene 
expressions of the members in the family Tombusvir
idae suggested that the hypothetical protein 2 CDS 
resulting from ORF2 might be translated from differ
ent ORFs. The larger ORF2 arose from the internal 
initiation codon at end of ORF1 with a 151-nt overlap, 
similar to that of the Jingmen tombus-like virus 2 or 
Lake Sinai Virus. The hTLV might also use – 1 frame
shifting to generate a smaller ORF2 of 491 aa 
(Figure 2). Both different hypothetical protein 2 CDS 
contained the highly conserved motif that encodes 
putative viral RdRp of 213 aa in the family Tombusvir
idae. In addition, the ORF3 encoded a putative coat 
protein shared with aa similarity of only 29.57– 
30.49% to that of the distantly related Towan virus 
(GenBank accession no. AOG30802). We further 
compared the sequences of ORF3 and ORF4 with typi
cal movement proteins (MP) from the family Tombus
viridae [31] and found that both ORF3 and ORF4 of 
hTLV differed from known MP, providing the evi
dence that hTLV should not be a plant-associated 
virus (Figure S5).
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Figure 1. Phylogenetic tree of hTLV using maximum likelihood method. (A) Phylogenetic trees of hTLV based on the complete 
genome. (B) Phylogenetic trees of hTLV based on the RdRP protein. The viral genome sequences newly obtained in this study are 
marked in dark bule. Bootstrap values ≥60% are present on the branch nodes.
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Variation in core conserved domain of rdrp

We used RSP-blast to compare with CDD database, 
and found that hTLV ORF2 encoded a putative 
RdRp of 639 nt distantly related to those of species 
in the family Tombusviridae with aa similarity of 
43.20–44.66%. Sequence comparison of the predicted 
aa sequences of hTLV RdRps indicated that they 
shared significant sequence similarity characterized 
by three conserved motif A, B, and C containing 15, 
24, and 15 aa, respectively (Figure 3). All motifs 
located in the palm subdomains of RdRp, which 
might be important for nucleotide incorporation 
fidelity of RdRp in the Sequence Cluster cd23174 
(https://www.ncbi.nlm.nih.gov/Structure/cdd/). Nota
bly, motif A contained a highly conserved aspartic acid 
residue (Asp641) in the RdRp of all hTLVs. The unify
ing feature of the family Tombusviridae showed that 
each member species possessed a conserved polymer
ase containing the canonical Gly376-Asp377-Asp378 
(GDD) catalytic residues in motif C. The GDD cataly
tic residues has been confirmed to be important for the 
genome replication of the viruses in the family Tom
busviridae via mutational analysis [32].

The patients infected with hTLV

As mentioned above, sixteen of the 23 patients 
infected with hTLV were detected from meta-tran
scriptome sequencing output, and subsequently 
confirmed by RT–PCR amplification followed by San
ger sequencing. The other seven were identified by 
direct RT–PCR amplification and Sanger sequencing 
(Table 1). The hTLV genome sequences were mostly 
obtained from sputum (12), oropharyngeal swab 
(10), and BALF (1) samples. The interval from the 

onset of illness to sample collection ranged from 1 d 
to 29 days with a median of seven days. Out of the 
23 patients, one occurred in 2023, seven in 2022, 
seven in 2019, four in 2018, two in 2017, and two in 
2016. Median age of the 23 patients was 63 years 
(range 52–83 years), and 17 (73.91%) were male 
(Table 1). Through RT–PCR testing for various respir
atory viruses and bacteria in all samples (Table S2), we 
found that six patients (CLCM-1, CLCM-2, CLCM-4, 
and CLCM-6, CLCM-7, and BIME-15) were solely 
infected with hTLV, with no other respiratory patho
gens detected. Additionally, patients CLCM-3 and 
CLCM-5 had co-infections with H1N1 and a patient 
(CLCM-8) was infected with Influenza B virus, 
respectively. Among them, patient CLCM-3 was also 
infected with Streptococcus pneumoniae. Fourteen 
patients (BIME-1 to BIME-14) were co-infected with 
various human coronaviruses, including HCoV- 
229E, HCoV-OC43, and HCoV-NL63.

The main clinical manifestations of the 23 patients 
were fever (temperature >37.0°C; 100%), cough 
(78.26%), expectoration (86.96%) and dyspnea 
(34.78%). The respiratory rates ranged from 16 to 35 
per minute with a media of 20, and seven patients 
had the abnormal respiratory rate faster than 20 per 
minute. Their heart rates ranged from 61 to 135 
with a media of 94 per minute, and six patients had 
faster heart rates (>100 per minute). Eleven and 
eight patients developed lung rales or respiratory fail
ure, ten of whom were transferred to the intensive care 
unit (ICU). Fourteen (60.87%) of 23 patients were 
recorded to have at least one underline chronic ill
nesses, such as malignancy, coronary heart disease, 
diabetes mellitus, chronic obstructive pulmonary dis
ease, stroke, cirrhosis, bronchitis, and tuberculosis. 
Out of 21 patients examined by chest computed 

Figure 2. Structure of hTLV compared with related viruses. The putative read-through stop codon was in the orange box.
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Figure 3. Amino acid mutations in hTLV RNA-dependent RNA polymerase proteins in this study. The RdRp domain was shown in 
light red box, Catalytic residues were shown in the dark red box, and the Conserved polymerase motifs A, B, and C were in pink, 
green, and blue shades, respectively.
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tomography (CT) or X-ray radiography, 17 (80.95%) 
displayed abnormal results. Eight (36.36%) of 22 
patients had abnormally higher white blood cell 
(WBC) counts, indicating possible coinfections with 
bacteria. The red blood cell (RBC) count was lower 
in twelve patients. The hepatic aminotransferase (ala
nine aminotransferase or aspartate aminotransferase) 
values were abnormally elevated in four patients. 
Among the 12 patients who underwent blood gas 
analysis, case BIME-3 treated in ICU had the highest 
alveolar oxygen partial pressure (PaO2), possibly due 
to oxygen therapy. Seven patients had abnormally 
lower PaO2, and four of whom showed an arterial oxy
hemoglobin saturation of below 95%. The pressure of 
carbon dioxide (PaCO2) was in the normal range of 
35–45 mmHg among seven patients. Four patients 
had the PaCO2 below 35 mmHg, and one patient 
(case BIME-8) had a higher PaCO2 of 64 mmHg 
(Table 1). A comparative analysis of clinical symptoms 
between six patients with hTLV monoinfection and 17 
co-infected patients based on the clinical symptoms 
available revealed no statistically differences in symp
toms (all P > 0.05) (Table S3).

Serological results of hTLV infections in the 
patients

To study the prevalence of newly identified hTLV 
virus in the human population, we tested sera from 
PCR-confirm patients by ELISA with recombinant 
hTLV capsid as a coating antigen. From the analysis 
of mean ± 2SD of the 1:80 dilution, cut-off value of 
0.658 was selected.

The paired serum sample was obtained from one 
patient during the acute and convalescent phase of 
infection. Acute serum samples were collected on the 
6th day after the onset of illness, and convalescent 
serum samples were collected on the 42nd day after 
the acute phase samples were collected. The fourfold 
or greater rise in IgG titers between acute and conva
lescent-phase samples was determined in this patient. 
A single acute-phase sample obtained on the 29th day 
after the onset from the patient, tested positive for IgG 
and IgM.

Discussion

Here we report the characterization of hTLV, a new 
member in the family Tombusviridae, identified via 
meta-transcriptome sequencing and confirmed by 
RT–PCR amplification followed by Sanger sequencing 
from 23 patients with LRIs in Shandong Province and 
Beijing, China. All the cases were older than 52 years 
of age with a media of 63 years, and required hospital
ization. Both phylogenetic analysis and genomic struc
ture support the argument that hTLV should be a new 
member of the family Tombusviridae, distinct from all 

known tombusvirus species. The genome sequences of 
hTLVs only have approximately 34.45% – 36.24% 
nucleotide identities to the most closely related Jing
men tombus-like virus 2. In the phylogenetic trees, 
the hTLVs of this study formed a separate clade 
(Figure 1). Typically, tombusviruses possess 3–5 kb 
sized genomes with 3–5 ORFs but lack a large open 
reading frame that spans the entire genome [33]. 
The hTLVs have genomes of 4.7–4.8 kb in size with 
four ORFs. Sequence alignment of the ORF3 and 
ORF4 of hTLV showed no significant similarity to 
the movement protein (MP) in several typical viruses 
of the family Tombusviridae [31]. It is suggested that 
hTLV may represent a novel viral species in animals, 
sharing some genomic structural features with the 
family Tombusviridae members. Tombusviruses also 
usually contain a read-through stop codon that can 
be suppressed or encode a frame-shift mechanism 
for translation of the RdRp. The read-through stop 
codon has not been recognized in the hTLV genome 
organization, and requires further investigations on 
encoded protein size to clarify this phenomenon. 
The conserved domain found in other tombusviruses 
[34] is also identified in hTLVs.

Following the discovery of the novel virus, an 
important question is whether hTLV causes the infec
tions of the patients with LRIs. To answer this ques
tion, we developed an ELISA to test specific 
antibodies against hTLV. Unfortunately, only one 
paired serum from acute and convalescent phase was 
available for a LRI patient from whom hTLV was 
detected, whether hTLV causes LRIs cannot be 
directly concluded. In addition, 14 of 18 hTLV gen
ome sequences were initially detected from the 
meta-transcriptome sequencing output of respiratory 
samples collected from patients with HCoV infections, 
we cannot distinguish whether LRIs are caused by 
hTLV or by HCoV. However, six hTLV-infected 
patients (cases BIME-15, CLCM-1, CLCM-2, CLCM- 
4, CLCM-6, and CLCM-7) with respiratory failure 
were identified from the HCoV-negative group, and 
no other respiratory pathogen was detected, 
suggesting that hTLV should be infective and patho
genic to humans and a causal relationship between 
hTLV and LRI is likely. Our serological survey has 
provided further evidence that hTLV infection can 
cause a fourfold increase in IgG titers in an ILI patient.

Viruses in the family Tombusviridae have been pre
viously known to infect plants with limits on relatively 
narrow natural host range [35]. However, plant patho
gens viruses in the family Tombusviridae have been 
reported to cause human diseases [36]. The plant- 
derived pepper mild mottle virus, the member of 
Tobamovirus, has been reported to be associated 
with specific immune responses, and various clinical 
manifestations in humans [37]. Tobacco mosaic 
virus, another member in the family Tombusviridae, 
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has been identified in saliva of smokers [38], and sub
sequently proved to cause human infection by detec
tion of specific antibodies against the virus [39]. 
Recently, a novel tombus-like virus, Statovirus, was 
found in human, macaque, mouse, and cow gastroin
testinal tract samples [25], and was identified by meta
genomic sequencing of human nasal – throat swabs 
from livestock farm workers experiencing acute res
piratory diseasev [40]. As hTLVs identified in this 
study seem genetically most close to Jingmen tom
bus-like virus 2 from invertebrates and Towan viruses 
from orangutan, we speculate that the human virus 
might have originated from verity of animal hosts, 
which need further investigation.

As advances in metagenomic sequencing and 
analysis, whole-genome sequencing of either known 
or novel pathogens can now be done directly from 
clinical samples, helping to accurately elucidate the 
viral infection and characterization [41]. The discov
ery of hTLV genomes indicate that metagenomic 
sequencing is valuable approach to identifying various 
viruses including novel one from clinical samples, 
which can facilitate ecological and differential diagno
sis of infections with known or unknown pathogens. 
Two more whole genomes of hTLVs were obtained 
by RT–PCR amplifications followed by Sager sequen
cing in two samples, from which whole genomes had 
not been assembled through metagenomics analysis. 
This finding suggests that RT–PCR currently remains 
more sensitive for the validation of the virus. How
ever, this approach needs a priori knowledge of 
known pathogens and an extensive set of primers for 
amplification. The advantage of metagenomic 
approach over RT-PCRs lies in its capacity of identify
ing and assembling all known and novel viral genomes 
simultaneously, because metagenomic approaches do 
not target particular pathogens [42]. This untargeted 
manner makes it a promising application prospect of 
equally detecting expected pathogens as well as novel 
pathogens, such as SARS-CoV-2 [43]. The detection 
of hTLV in both pre-pandemic (Beijing 2016–2019) 
and post-pandemic (Jinan 2022–2023) surveillances, 
across patients with varying clinical presentations 
(Table 1), suggests this virus may have circulated but 
undetected in China.

The clinical manifestations of hTLV infection 
including fever, productive cough, and respiratory 
failure, share significant overlap with conventional 
respiratory viral infections caused by influenza viruses 
or coronaviruses (Table 1). It poses diagnostic chal
lenges and underscores the need for differential 
characterization. Future nationwide surveillance 
incorporating seroepidemiology and metagenomic 
screening across diverse populations is needed to 
fully characterize the distribution and transmission 
dynamics of hTLV. Meanwhile, longitudinal cohort 
studies should establish whether hTLV exhibits 

seasonal co-circulation patterns with established 
pathogens, due to the differentiation is critical for 
developing targeted therapeutic strategies.

The discovery of a novel virus, hTLV, in patients 
with LRIs highlights the continuous emergence of 
new respiratory pathogens in humans, and warrants 
further investigations to characterize its pathogenicity 
and clinical importance. Metagenomic analysis is a 
promising and applicable approach to detection of res
piratory viral pathogens in clinical samples indepen
dent of known viral genome sequence.
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