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A B S T R A C T   

At present, many infectious pathogens, especially emerging/re-emerging pathogens, exist in the blood of 
voluntary blood donors and may be transmitted through blood transfusions. However, most of Chinese blood 
centers only routinely screen for HBV, HCV, HIV, and syphilis. We employed metagenomic next-generation 
sequencing (mNGS) to investigate the microbiome in healthy voluntary blood donors to help assess blood 
safety in China by identifying infectious pathogens presented in donations that could lead to transfusion-acquired 
infections. We collected 10,720 plasma samples from voluntary blood donors from seven blood centers in 
different cities during 2012–2018 in China. A total of 562 GB of clean data was obtained. By analyzing the 
sequencing data, it was found that the most commonly identified bacteria found in the healthy blood were 
Serratia spp. (5.0176%), Pseudomonas spp. (0.6637%), and Burkholderia spp. (0.5544%). The principal eukaryote 
were Leishmania spp (1.3723%), Toxoplasma gondii (0.6352%), and Candida dubliniensis (0.1848%). Among vi-
ruses, Human Parvovirus B19 (B19V) accounts for the highest proportion (0.1490%), followed by Torque teno 
midi virus (0.0032%) and Torque teno virus (0.0015%). Since that B19V is a non-negligible threat to blood 
safety, we evaluated the positive samples for B19V tested by mNGS using quantitative polymerase chain reaction, 
Sanger sequencing, and phylogenetic analysis to achieve a better understanding of B19V in Chinese blood do-
nors. Subsequently, 9 (0.07%) donations were positive for B19V DNA. The quantitative DNA levels ranged from 
5.58 × 102 to 7.24 × 104 IU/ml. The phylogenic analyses showed that prevalent genotypes belonged to the B19- 
1A subtype, which disclosed previously unknown regional variability in the B19V positivity rate. The investi-
gation revealed that many microbes dwell in the blood of healthy donors, including some pathogens that may be 
dormant in the blood and only cause disease under specific conditions. Thus, investigating the range and nature 
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of potential pathogens in the qualified donations provided a framework for targeted interventions to help prevent 
emerging and re-emerging infectious diseases.   

1. Introduction 

Emerging and re-emerging infectious pathogens have gradually 
become publicly visible and been one of the important factors threat-
ening the public health. Since the 1980s, a series of novel diseases (such 
as toxic shock syndrome, Legionnaire's disease) emerged, which even-
tually led to the spread of human immunodeficiency virus (HIV) around 
the world, emerging/re-emerging pathogens have received greater 
attention [1,2]. Because of the characteristics of high infectivity, wide 
dissemination and various modes of transmission, emerging/re- 
emerging pathogens cannot be prevented and treated effectively, such 
as severe acute respiratory syndrome coronavirus (SARS-CoV) and 
SARS-CoV-2, which re-shaped our world, caused high mortality and 
created a heavy blow to the public health system [3–6]. Furthermore, 
emerging/re-emerging pathogens are present in healthy voluntary blood 
donors, and can be transmitted through blood transfusions, such as West 
Nile virus (WNV), Dengue virus (DENV), Leishmania spp, Babesia spp, etc. 
[7–10]. Currently, the blood screening strategy for voluntary blood 
donations in China generally contains four pathogens, including HIV-1/ 
2, hepatitis B virus (HBV), hepatitis C virus (HCV), and syphilis [11], 
respectively. Emerging/re-emerging pathogens are normally not 
included in routine screening, which might pose an increasingly un-
certain potential threats to the blood safety [7]. Besides, unfortunately, 
Chinese blood centers as well as the related blood utilization hospitals 
lacks basic research on emerging/re-emerging pathogens. Based on the 
above situation, there is an urgent need for new methods to investigate 
the microbiome in healthy voluntary blood donors to help assess blood 
safety in China by identifying infectious pathogens presented in dona-
tions that could lead to transfusion-acquired infections. 

Traditional blood detection methods typically identify pathogens 
one by one, which is time-consuming and costly [12,13]. Specifically, 
culture methods rely on the growth of live microorganisms in the culture 
for identification, taking at least 48 h for common pathogens and longer 
for more picky ones. The low detection rate makes it difficult for most 
patients to achieve accurate detection. Other traditional technologies, 
such as serological testing and nucleic acid testing (NAT), can only 
detect a small number of known pathogens. [14]. Although syndromic 
multiplex polymerase chain reaction (mPCR), 16S ribosomal DNA (16S 
rDNA) sequencing, matrix-assisted laser desorption ionization time-of- 
flight mass spectrometry (MALDI-TOF MS) and other new technolo-
gies have shortened the detection time, the etiology of up to 60% of 
infectious diseases in clinical is still unknown [15–17]. Therefore, the 
above detection methods are not suitable for emerging/re-emerging 
pathogens. 

Metagenomic next-generation sequencing (mNGS) can efficiently 
detect various pathogens in one clinical sample without prior separa-
tion, culturing, and purifying of microorganisms. Therefore, it has 
become an ideal tool to identify unrevealed pathogens [14,18] in 
qualified blood donations. For example, some researchers reported that 
Aneloviridae, Human papillomavirus, and Herpesoviridae were found in 
red blood cells and plasma of healthy individuals [19,20]. Another study 
found thirteen bacteria, two parasites, and six nonpathogenic viruses in 
healthy human plasma [21]. In this study, by using mNGS, we examined 
the microbiome of donation samples from voluntary blood donors in 
seven regions of China, evaluated transfusion-transmitted risks of po-
tential pathogens and investigated the prevalence of some important 
pathogens which potentially threatened the blood safety in the specific 
area, supplementing the data of emerging/re-emerging pathogens on 
blood safety in China. 

2. Materials and methods 

2.1. Sample collection and nucleic acid preparation 

From January 1, 2012, to December 31, 2018, a total of 10,720 blood 
samples of 10 ml each were randomly selected from voluntary blood 
donors in 7 regions (the distribution of sampling location and a corre-
sponding number of samples are shown in the Fig. 1). The blood samples 
taken from various places were mixed in units of 160 (each 100 μl) for 
ultracentrifugation (32,000 rpm, 120 min, maximum centrifugal radius 
of 91.9 mm). Afterward, we rinsed and resuspended the precipitate with 
500 μl PBS. 

The pooled suspensions were subjected to extraction of total DNA 
using QIAamp® DNA Blood mini Kit (QIAGEN Cat. NO.160019269, 
Frankfurt, Germany), DNA concentration was measured by Equalbit® 1 
× dsDNA HS Assay Kit (Vazyme Cat. NO. 7E302K9, Nanjing, China). 

2.2. Library construction and metagenome sequencing 

The metagenomic library was constructed using KAPA HyperPlus Kit 
(KAPA Cat. NO. 0000097583, Boston, USA) with dual-indexed Adapters 
(KAPA Cat. NO. 0000093370, Boston, USA), the DNA was fragmented to 
250 bp approximately by the enzyme at 37 ◦C for 20 min, after end 
repair and A-tailing, adapter ligation, post-ligation cleanup, library 
amplification, and post-amplification cleanup, the library was 
constructed. 

Agilent 2100 Bioanalyzer (Agilent Technologies, Beijing, China) was 
used for library quality control, and qualified DNA library was sent to 
the Novogene company to sequence in HiSeq 4500 (Illumina, Beijing, 
China), and all raw data were trimmed by Trimmomatic (version 0.39) 
[22] to remove adapter sequence, low-quality reads, and duplicate 
reads. 

2.3. Metagenomic sequencing data analysis 

After removing the human potential sequences by KneadData 
(version0.10.0, https://github.com/biobakery/biobakery/wiki/knea 
ddata) using the reference genome of humans (assembly GRCh38. 
p13), the taxonomic labels of metagenomic sequences were assigned 
using kraken2 (version 2.0.7) [23] and the microbe reads were surfaced. 
The criteria for positive mNGS results for bacteria, viruses, and fungi are 
reads >20, 1, and 1, respectively. Based on the Krona algorithm, ho-
mology comparison is performed with reference sequences of bacteria, 
fungi, parasites, and viruses. The unclassified reads were aligned to the 
NCBI database using BLASTn. The best alignment hits were used to 
classify the reads. Subsequently, heatmaps were generated for non- 
scaled, non-normalized titer data using a Pearson distance function 
with average linkage clustering using the program Heml (version 1.0). 

2.4. B19V DNA extraction and nucleic acid amplification 

Aliquots of plasma (20μl) from 10 blood donations were pooled, then 
nucleic acid extraction was conducted by Magnetic Viral DNA/RNA Kit 
(Tiangen, Beijing, China). Screening of samples for B19V DNA was 
performed by 2 × SG Fast qPCR Master Mix (Sangon Biotech, Shanghai, 
China) on fluorescence ration PCR instrument (CFX96, BIO-RAD, Cali-
fornia, USA), and corresponding primers are located in conserved re-
gions. The sequence forward primer is 5’-TGCAGATGCCCTCCACCCA-3′ 
and the sequence of reverse primer is 5’-GCTGCTTTCACTGAGTTCTTC- 
3′. Additionally, 3 μl of extracted DNA from pooled plasma was added to 
17 μl qPCR mixture (10 μl 2 × SG Fast qPCR Master Mix, 0.4 μl of each 
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diluted primer, 2 μl DNF Buffer) for amplification of B19V DNA, with the 
following reaction variables: pre-denaturation at 95 ◦C for 3 min, fol-
lowed by 40 cycles of 3 s of denaturation (95 ◦C), 20 s of annealing 
(60 ◦C), and 30 s of extension (72 ◦C), with a detection of melting curves 
at 95 ◦C for 10 s, 60 ◦C for 15 s, and 95 ◦C for 30 min. This study used the 
National Standard for Human Parvovirus B19 Nucleic Acids Detection 
Kit (National institutes for food and drug control, Cat. NO. 
370023–201,601, Beijing, China) as quantitation standards. Six quan-
titative standards (1 × 108, 1 × 107, 1 × 106, 1 × 105, 1 × 104, 1 × 103 

IU/ml) were included in each PCR procedure. To avoid the fluorescence 
of primer dimer under high cycle number in samples with few or no 
target sequence, it is necessary to optimize the Tm value. The inter-
pretation results follow the following principles: if the Ct value of the 
lowest concentration standard is >40, the experiment should be 
repeated. If the Ct value of the lowest concentration standard is <40, the 
standard curve R2 is within the range of 0.99–1, and the absolute de-
viation does not exceed 0.5 logarithmic orders of magnitude, then the 
experimental results are valid. Under normal negative control condi-
tions, if the Ct value of the mixed sample is <40 and the Tm value of the 
fusion curve is between 80 and 84 ◦C, the mixed sample is considered 
positive and needs to be split and a single sample is taken for 

verification. Mixed samples with a Ct value >40 or a Tm value on the 
melting curve that is not between 80 and 84 ◦C are judged negative. 

2.5. Confirmation test and phylogenetic analysis 

B19V DNA positive samples were confirmed by nested PCR, using 
primers located in the NS1 gene: First round of primers (Forward: 5’- 
CACTATGAAAACTGGGCAATAAAC-3′, Reverse: 5’-AATGATTCTCCT-
GAACTGGTCC-3′), the second round of primers (Forward: 5’-ATAAAC-
TACACTTTTGATTTCCCTG-3′, Reverse: 5’-TCTCCTGAACTGGTCCCG- 
3′), and then Golden Star T6 Super PCR Mix (QINGKE, Beijing, China) 
was used for nested PCR. Refer to the article for the reaction conditions 
[24]. The PCR products were sent to the Sangon Biotech (Shanghai, 
China) for sequencing. Mega-X (version 10.0.5) was used to construct 
the phylogenetic evolution tree. The Genbank accession numbers of the 
reference sequence are shown in the S1 Table, and No. of bootstrap 
replications is set to 1000, and the model/method is set to Kimura 2- 
parameter. 

Fig. 1. Sampling map of voluntary blood donors in seven regions of China and the distribution of potential pathogens of top three abundances in pooled plasma 
of blood. 
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2.6. Statistical analysis 

The software IBM SPSS Statistics 23.0 was used for statistical anal-
ysis. The chi-square test was applied to calculate the correlation between 
the demographic characteristics, and the P value <0.05 was used as the 
cutoff level for significance. 

3. Result 

3.1. Results of high through put sequencing 

A total of 562 GB of clean data was obtained. The datasets presented 
in this study can be found in online repositories. The names of the re-
pository/repositories and accession number(s) can be found below: http 
s://bigd.big.ac.cn/gsa/browse/CRA006191 and the assigned accession 
of the submission is: CRA006191. The output of the total sequencing 
data is shown in S2 Table. Q20 is >95%, and Q30 is >89%. The amount 
of microbial genome sequence data is shown in S1 Figure. 

3.2. Analysis of the composition of microbiome in pooled plasma in 
various regions 

After classifying the final reads, the microorganisms were profiled to 
investigate the species composition of the microbiome from voluntary 
donors, as shown in Table 1. It shows that reads of bacteria are found to 
be the highest, followed by eukaryote, and finally viruses. 

3.3. Main microorganisms in donations in various regions 

As shown in S2–4 Figure, the heat map showed that the main bac-
teria were Serratia spp., Burkholderia spp., Streptococcus spp., and Pseu-
domonas spp.; and principal eukaryote were Aspergillus oryzae, 
Leishmania spp, and Toxoplasma gondii (T. gondii). In addition, B19V 
accounts for a larger proportion among viruses. 

3.4. Analysis of potentially harmful microbes in blood samples in various 
regions 

The results of bioinformatics analysis revealed some pathogens that 
may have potential threats to blood safety (Table 2), which requires 
attention. Finally, Fig. 1 shows the geographic distribution of each re-
gion in this study and reveals the top three potential pathogens in the 
corresponding abundance of each region. 

3.5. Molecular Epidemiology of B19V 

After metagenomic investigation and subsequent analysis of the 
plasma samples of voluntary blood donors collected, it was found that 
19 pooled plasma (3040 blood samples of voluntary blood donors) 
contained fragments of B19V genes, these plasma samples were drawn 
from six Chinese blood centers of Liuzhou (800), Mangshi (640), 
Mudanjiang (640), Mianyang (480), Nanjing (320) and Urumqi (160). 

Initial screening was conducted by qPCR assay in pooled samples, 
and then positive samples were tested again and quantitated by the 

single-virus qPCR assay. Finally, nested PCR was used to confirm posi-
tive samples. 

The standard plasmid containing the entire genome of B19V was 
used as a template and conducted for amplification at a range of 1 ×
103–1 × 108 IU/ml, and a linear standard curve was generated (S5 
Figure). As few as 1 × 102 IU could be distinguished from background 
levels (S6 Figure). The melting curve (S7 Figure) showed that this in- 
house qPCR amplified a single principal product with a Tm range of 
82–84 ◦C. 

qPCR was used to detect B19V DNA in voluntary blood donors, and 
58 specimens were originally found to be positive for B19V, and twelve 
specimens were excluded as false positives for the incorrect melting 
curve. After confirmation by nested PCR, agarose gel electrophoresis (S8 
Figure), and sequencing in the NS1 gene, only 9 (0.07%) cases were 
identified as the infected person of B19V, the quantitative DNA levels 
ranged from 5.58 × 102 to 7.24 × 104 IU/ml. The demographics of B19V 
positive donors and statistics on the prevalence of B19V DNA are shown 
in Table 3. According to donation information, a demographic analysis 
was performed (S9 Figure), and it was found that there was no signifi-
cant difference (P < 0.05) among demographic characteristics. 

The 218 bp fragment amplified by nested PCR in the NS1 gene was 
sent to the company for sequencing, and then the sequences were 
aligned and used to construct a Neighbor-Joining tree. According to the 
Phylogenetic tree, all B19V detected in this study belong to the B19-1A 
subtype (S10 Figure). 

4. Discussion 

Emerging/re-emerging pathogens could pose a great threat to the 
safety of blood transfusions, so some European and American countries 
have carried out blood tests for some of them in high-risk areas and 
epidemic seasons [25]. mNGS has distinctive advantages in microbial 
research, which can be used for the identification of all pathogens and 
investigation of their genomic characterization [14]. Therefore, there 
have been many studies that used mNGS to investigate transfusion 
related emerging/re-emerging pathogens, which revealed some 
emerging/re-emerging pathogens existed in healthy voluntary blood 
donors, such as Coxiella burnetii, S.suis, Orientia tsutsutsugamushi, Her-
pesviruses [20,21,26], Torque teno virus, T. gondii, Staphylococcus.spp 
and Pseudomonas.spp [27–29]. 

By applying mNGS to this study, we found that there were oppor-
tunistic pathogenic bacteria in the plasma of healthy voluntary blood 
donors, including S. marcescens, B. cepacia, S. aureus, and S. dysgalactiae, 
etc., which could affect the health of individuals with low immunity. 
S. marcescens can cause sepsis when human immune function is reduced 
[30]. M. morganii and P. aeruginosa can induce bacteremia in patients 
with low immunity under certain conditions [31,32]. Our research also 
found the principal eukaryote were Candida dubliniensis, Leishmania spp, 
and T. gondii, causing transfusion transmitted diseases occasionally. 
There have been cases of infection with Leishmania.spp through blood 
transfusions in developed countries in Europe and America [33], and 
T. gondii have been found in blood products throughout the world 
[34,35], both of which can cause asymptomatic infections among 
healthy blood donors in epidemic areas [36], fatal for individuals with 

Table 1 
Analysis of the microbial composition of blood samples from blood donors in seven regions of China.  

Blood Centers Reads(%) 

Chongqing Mianyang Mudanjiang Mangshi Nanjing Liuzhou Urumqi 

Bacteria 2,268,586 (93.07) 
1,560,567 
(86.35) 

234,067 
(51.29) 253,733 (77.03) 

584,243 
(72.95) 3,381,517 (92.77) 1,081,568 (84.26) 

Fungi and parasites 158,288 (6.50) 
212,193 
(11.74) 215,003 (47.12) 

67,157 
(20.39) 211,083 (26.36) 236,580(6.49) 194,484 (15.15) 

Virus 10,593(0.43) 34,500 (1.91) 7257 (1.59) 
8492 
(2.58) 

5565 
(0.69) 

27,011 (0.74) 
7528 
(0.59)  
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weakened immune function. As for transfusion transmitted viruses, 
some literature suggested that Anelloviruses, Human pegivirus-1 (HPgV- 
1), and Human pegivirus-2 (HPgV-2) were commensal viruses in the 
human blood [37], but the herpesviruses, B19V and other viruses found 
in this study still posed a threat to blood transfusion safety [20,27,28]. In 
addition, some of the pathogens that we detected are also zoonotic 
pathogens, such as Leishmania spp., T. gondii, and E. coli [38]. Zoonosis is 
still a major threat to global health, and zoonotic pathogens that can be 
transmitted through blood, such as hepatitis E virus [39], Brucella spp. 
[40], and S. suis [26], also threaten the blood safety. Monitoring zoo-
notic pathogens transmitted through blood may help to better track the 
origin of pathogens, improve the understanding of the disease and its 
related risks, and thus effectively respond to health threats at the 
human-animal-ecosystem interface [41]. Our results suggest that paying 
attention to potential threat of emerging/re-emerging pathogens in the 
blood, avoiding blood transfusions for immunodeficient patients and 
analyzing the origin of pathogens based on zoonosis may further ensure 
the safety of blood transfusions. 

Besides, we found that the abundance of B19V was higher than 
others by the investigation of the microbiome. The infection of B19V can 
occur all over the world [24]. It is worth noting that B19V can be 
transmitted through transfusions of blood and blood products. 
Currently, B19V has been detected in various blood products, especially 
human coagulation factor VII, human coagulation factor IX, and pro-
thrombin complex [42]. It was reported that the load of B19V detected 
in some blood products produced by Chinese manufacturers was higher 

than the threshold proposed by European and American countries 
[43,44]. In order to ensure the transfusion safety, Germany and Japan 
have included the detection of B19V in their routine blood screening 
programs [45], while China has not yet done so. Although some studies 
have found that the prevalence of B19V in Chinese voluntary blood 
donors is lower than that of the general population, and the viral load of 
infected people is generally not high [24], recipients with immune 
impairment still have a risk of infection. The qPCR detection method 
used in this study can amplify three genotypes of B19V using conserved 
primers, with high specificity and sensitivity. There were 9 B19V nucleic 
acid positive samples found to belong to B19-1A subtype through nested 
PCR amplification and sequencing, indicating that the most prevalent of 
B19V in China was genotype 1A. In addition, the overall prevalence of 
B19V was relatively low (0.07%) and varied among different regions, 
with the highest prevalence rate of 0.5% in Dehong Prefecture, requiring 
meaningful follow-up and investigation research. In short, in order to 
ensure blood safety and recipient safety, it is recommended to screen for 
B19V in voluntary blood donors. 

In conclusion, our study found that emerging/re-emerging patho-
gens were widely present in plasma samples from healthy voluntary 
blood donors in seven regions of China. Some pathogens might pose 
potential risks to blood safety, such as Serratia spp., Pseudomonas spp., 
Burkholderia spp., Leishmania spp, T. gondii and B19V. What is more, it 
was found that the abundance of certain pathogens had significant 
regional differences, such as B19V, the proportion of which in Dehong 
Prefecture was much higher than in other regions. Leishmania spp. 

Table 2 
Microbes with potential hazards and their proportions in the microbiome in mixed blood samples of voluntary blood donors in some areas of China.  

Classification Total microbe reads   

The percentage in microbiome  

Mudanjiang Nanjing Liuzhou Chongqing Mangshi Mianyang Urumqi 

Bacteria 
Serratia marcescens 70,135 0.02 0.01 1.36 0.45 0.03 0.02 0.42 
Burkholderia cepacia complex 65,845 <0.01 0.01 1.27 0.45 <0.01 0.01 0.41 
Staphylococcus aureus 44,096 2.06 1.05 0.08 0.18 0.70 0.31 0.57 
Streptococcus dysgalactiae 27,987 <0.01 <0.01 <0.01 <0.01 <0.01 1.18 <0.01 
Stenotrophomonas maltophilia 33,331 0.01 0.19 0.04 1.06 0.12 0.14 0.02 
Pseudomonas aeruginos 17,659 0.04 0.17 0.22 0.11 0.30 0.11 0.07 
Morganella morganii 1738 <0.01 <0.01 0.01 0.03 <0.01 <0.01 0.03  

Fungi and parasites 
Candida dubliniensis 21,833 0.70 0.40 0.12 0.11 0.33 0.14 0.22 
Candida albicans 10,904 0.32 0.18 0.06 0.05 0.15 0.08 0.13 
Leishmania spp 180,364 6.38 3.53 0.78 0.85 2.67 1.22 1.86 
Toxoplasma gondii 75,044 3.12 1.59 0.27 0.30 1.18 0.50 0.88 
Trypanosoma brucei 26,332 1.36 0.63 0.06 0.07 0.46 0.19 0.29  

Viruses 
Human parvovirus B19 17,607 0.69 0.02 0.11 <0.01 1.22 0.17 <0.01 
Torque teno midi virus 675 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Torque teno virus 207 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01  

Table 3 
Demographics and nucleic acid-positive prevalence information of human parvovirus B19-positive blood donors among voluntary blood donors in 7 regions.  

Blood 
Centers 

B19V DNA 
prevalence(%) 

Donor Sex Age Nationality Education level Profession Donation 
frequency 

Marital 
status 

Viral load 
(IU/ml) 

Mianyang 0.06 1 Female 50 Han Junior high school Farmer First Married <103 

Mangshi 0.50 1 Male 24 Dai Primary school Other First Unknown <103 

Mangshi 2 Female 33 Han Junior high school Farmer Repeat Unknown 2.48 × 103 

Mangshi 3 Male 49 Dai Junior high school Other Repeat Unknown 7.24 × 104 

Mangshi  4 Male 19 Han Technical secondary 
school 

Factory 
worker 

First Unknown 3.83 × 104 

Nanjing 0.21 1 Female 23 Han University office worker First Single 3.32 × 104 

Nanjing 2 Female 20 Han University Student Repeat Single 1.55 × 104 

Nanjing 3 Male 21 Han University Student First Single 4.85 × 104 

Nanjing 4 Female 19 Han University Student Repeat Single 6.06 × 104  
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accounted for a high proportion of the microbes in Mudanjiang. The 
proportion of S. dysgalactiae in Mianyang was relatively high, while the 
one in other regions was <0.01%. The reasons for regional differences in 
pathogen abundance in China may be natural endemism or statistical 
endemism. The natural endemism refers to the distribution of some 
diseases being limited to certain regions due to natural conditions and 
statistical endemism means that the incidence rate of some diseases in 
some regions is significantly higher than that in other regions for a long 
time due to different social factors such as lifestyle, sanitary conditions 
or religious beliefs. According to our results, it is suggested that we 
should pay attention to emerging/re-emerging pathogens in different 
regions and certain emerging/re-emerging pathogens should be 
included in the blood screening protocols in corresponding regions. 

However, there are some limitations in this study. Firstly, due to the 
ease of RNA degradation, this study only extracted DNA from blood 
samples, resulting in the exclusion of transfusion related RNA viruses 
such as DENV and WNV. Secondly, the pathogenicity of the pathogens 
found in this study has not been verified, and further follow-up inves-
tigation is needed. In subsequent investigations, it is great important to 
conduct more comprehensive national blood metagenomic testing to 
identify emerging/re-emerging pathogens and assess their risks in 
different regions. In addition, we will expand our research scope to 
identify zoonotic pathogens in the blood of donors' pets, so as to 
determine the origin of some microbes discovered in voluntary blood 
donors. 

In summary, this study can provide a reference for the monitoring of 
certain specific pathogens and data support for establishing a compre-
hensive B19V detection system. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.onehlt.2023.100602. 

Funding 

This work was supported by the CAMS Initiative for Innovative 
Medicine (CAMS-2021-I2M-1-060), the Key Research and Development 
Projects of Science and Technology Department of Sichuan Province 
(Grant No.2019YFS0319), and National Key Research and Development 
Program of China (Grant No. 2018YFE0107500). 

Author statement 

Zhao Mengyi: Writing-original draft and Investigation. 
LI Yuhui: Investigation and Data curation. 
GAO Zhan: Data curation and Methodology. 
LIU Anqing:Writing-review & editing. 
LI Yujia: Validation. 
LI Shilin: Resources. 
Gao Lei: Investigation. 
Yue Lan: Software and Formal analysis. 
HUANG Mei: Resources. 
WAN Jianhua: Resources. 
HE Weilan: Resources. 
MAO Wei: Resources. 
CAI Jie: Resources. 
ZHOU Jingyu: Resources. 
YIN Yijing: Resources. 
GUO Yanli: Resources. 
ZHONG Qiulei: Investigation. 
HUANG Yang: Data curation. 
CHEN Limin: Writing-review & editing. 
FAN Zhenxin: Conceptualization and Writing-review & editing. 
HE Miao: Conceptualization, Writing-review & editing, Funding 

acquisition and Project administration. 

Declaration of Competing Interest 

The authors report there are no competing interests to declare. 

Data availability 

The datasets presented in this study can be found in online re-
positories. The names of the repository/repositories and accession 
number(s) can be found below: https://bigd.big.ac. 
cn/gsa/browse/CRA006191 and the assigned accession of the submis-
sion is: CRA006191. 

References 

[1] D.B. McArthur, Emerging infectious diseases, Nurs. Clin. N. Am. 54 (2) (2019) 
297–311, https://doi.org/10.1016/j.cnur.2019.02.006. 

[2] A.A. Cunningham, P. Daszak, J.L.N. Wood, One health, emerging infectious 
diseases and wildlife: two decades of progress? Philos. Trans. R. Soc. Lond. Ser. B 
Biol. Sci. 372 (1725) (2017) https://doi.org/10.1098/rstb.2016.0167. 

[3] H. Yu, H. Jing, Z. Chen, H. Zheng, X. Zhu, H. Wang, et al., Human Streptococcus 
suis outbreak, Sichuan, China, Emerg. Infect. Dis. 12 (6) (2006) 914–920, https:// 
doi.org/10.3201/eid1206.051194. 

[4] Y.S. Malik, S. Sircar, S. Bhat, K. Sharun, K. Dhama, M. Dadar, et al., Emerging novel 
coronavirus (2019-nCoV)-current scenario, evolutionary perspective based on 
genome analysis and recent developments, Vet. Q. 40 (1) (2020) 68–76, https:// 
doi.org/10.1080/01652176.2020.1727993. 

[5] C.W. Yip, C.C. Hon, M. Shi, T.T. Lam, K.Y. Chow, F. Zeng, et al., Phylogenetic 
perspectives on the epidemiology and origins of SARS and SARS-like coronaviruses, 
Infect. Genet. Evol. 9 (6) (2009) 1185–1196, https://doi.org/10.1016/j. 
meegid.2009.09.015. 

[6] D.S. Hui, E IA, T.A. Madani, F. Ntoumi, R. Kock, O. Dar, et al., The continuing 
2019-nCoV epidemic threat of novel coronaviruses to global health - The latest 
2019 novel coronavirus outbreak in Wuhan, China, Int. J. Infect. Dis. (91) (2020) 
264–266, https://doi.org/10.1016/j.ijid.2020.01.009. 

[7] M. He, J. Wang, L. Chen, J. Liu, P. Zeng, The impact of emerging infectious diseases 
on Chinese blood safety, Transfus. Med. Rev. 31 (2) (2017) 94–101, https://doi. 
org/10.1016/j.tmrv.2016.10.002. 

[8] C. Chancey, A. Grinev, E. Volkova, M. Rios, The global ecology and epidemiology 
of West Nile virus, Biomed. Res. Int. 2015 (2015), 376230, https://doi.org/ 
10.1155/2015/376230. 

[9] S. David, A.M. Abraham, Epidemiological and clinical aspects on West Nile virus, a 
globally emerging pathogen, Infect. Dis. (Lond.) 48 (8) (2016) 571–586, https:// 
doi.org/10.3109/23744235.2016.1164890. 

[10] H.J. Alter, S.L. Stramer, R.Y. Dodd, Emerging infectious diseases that threaten the 
blood supply, Semin. Hematol. 44 (1) (2007) 32–41, https://doi.org/10.1053/j. 
seminhematol.2006.09.016. 

[11] H. Shan, J.X. Wang, F.R. Ren, Y.Z. Zhang, H.Y. Zhao, G.J. Gao, et al., Blood 
banking in China, Lancet. 360 (9347) (2002) 1770–1775, https://doi.org/ 
10.1016/S0140-6736(02)11669-2. 

[12] K.M. Pendleton, J.R. Erb-Downward, Y. Bao, W.R. Branton, N.R. Falkowski, D. 
W. Newton, et al., Rapid pathogen identification in bacterial pneumonia using real- 
time metagenomics, Am. J. Respir. Crit. Care Med. 196 (12) (2017) 1610–1612, 
https://doi.org/10.1164/rccm.201703-0537LE. 

[13] Q. Miao, Y. Ma, Q. Wang, J. Pan, Y. Zhang, W. Jin, et al., Microbiological 
diagnostic performance of metagenomic next-generation sequencing when applied 
to clinical Practice, Clin. Infect. Dis. 67 (suppl_2) (2018), https://doi.org/10.1093/ 
cid/ciy693. S231-S40. 

[14] P.J. Simner, S. Miller, K.C. Carroll, Understanding the promises and hurdles of 
metagenomic next-generation sequencing as a diagnostic tool for infectious 
diseases, Clin. Infect. Dis. 66 (5) (2018) 778–788, https://doi.org/10.1093/cid/ 
cix881. 

[15] R. Schlaberg, C.Y. Chiu, S. Miller, G.W. Procop, G. Weinstock, C. Professional 
Practice, et al., Validation of metagenomic next-generation sequencing tests for 
universal pathogen detection, Arch. Pathol. Lab. Med. 141 (6) (2017) 776–786, 
https://doi.org/10.5858/arpa.2016-0539-RA. 

[16] K.E. Tan, B.C. Ellis, R. Lee, P.D. Stamper, S.X. Zhang, K.C. Carroll, Prospective 
evaluation of a matrix-assisted laser desorption ionization-time of flight mass 
spectrometry system in a hospital clinical microbiology laboratory for 
identification of bacteria and yeasts: a bench-by-bench study for assessing the 
impact on time to identification and cost-effectiveness, J. Clin. Microbiol. 50 (10) 
(2012) 3301–3308, https://doi.org/10.1128/JCM.01405-12. 

[17] C.A. Glaser, S. Honarmand, L.J. Anderson, D.P. Schnurr, B. Forghani, C.K. Cossen, 
et al., Beyond viruses: clinical profiles and etiologies associated with encephalitis, 
Clin. Infect. Dis. 43 (12) (2006) 1565–1577, https://doi.org/10.1086/509330. 

[18] K.M. Wylie, G.M. Weinstock, G.A. Storch, Virome genomics: a tool for defining the 
human virome, Curr. Opin. Microbiol. 16 (4) (2013) 479–484, https://doi.org/ 
10.1016/j.mib.2013.04.006. 

[19] P. Lau, S. Cordey, F. Brito, D. Tirefort, T.J. Petty, L. Turin, et al., Metagenomics 
analysis of red blood cell and fresh-frozen plasma units, Transfusion. 57 (7) (2017) 
1787–1800, https://doi.org/10.1111/trf.14148. 

[20] R.A. Furuta, H. Sakamoto, A. Kuroishi, K. Yasiui, H. Matsukura, F. Hirayama, 
Metagenomic profiling of the viromes of plasma collected from blood donors with 

Z. Mengyi et al.                                                                                                                                                                                                                                 

https://doi.org/10.1016/j.onehlt.2023.100602
https://doi.org/10.1016/j.onehlt.2023.100602
https://bigd.big.ac.cn/gsa/browse/CRA006191
https://bigd.big.ac.cn/gsa/browse/CRA006191
https://doi.org/10.1016/j.cnur.2019.02.006
https://doi.org/10.1098/rstb.2016.0167
https://doi.org/10.3201/eid1206.051194
https://doi.org/10.3201/eid1206.051194
https://doi.org/10.1080/01652176.2020.1727993
https://doi.org/10.1080/01652176.2020.1727993
https://doi.org/10.1016/j.meegid.2009.09.015
https://doi.org/10.1016/j.meegid.2009.09.015
https://doi.org/10.1016/j.ijid.2020.01.009
https://doi.org/10.1016/j.tmrv.2016.10.002
https://doi.org/10.1016/j.tmrv.2016.10.002
https://doi.org/10.1155/2015/376230
https://doi.org/10.1155/2015/376230
https://doi.org/10.3109/23744235.2016.1164890
https://doi.org/10.3109/23744235.2016.1164890
https://doi.org/10.1053/j.seminhematol.2006.09.016
https://doi.org/10.1053/j.seminhematol.2006.09.016
https://doi.org/10.1016/S0140-6736(02)11669-2
https://doi.org/10.1016/S0140-6736(02)11669-2
https://doi.org/10.1164/rccm.201703-0537LE
https://doi.org/10.1093/cid/ciy693
https://doi.org/10.1093/cid/ciy693
https://doi.org/10.1093/cid/cix881
https://doi.org/10.1093/cid/cix881
https://doi.org/10.5858/arpa.2016-0539-RA
https://doi.org/10.1128/JCM.01405-12
https://doi.org/10.1086/509330
https://doi.org/10.1016/j.mib.2013.04.006
https://doi.org/10.1016/j.mib.2013.04.006
https://doi.org/10.1111/trf.14148


One Health 17 (2023) 100602

7

elevated serum alanine aminotransferase levels, Transfusion. 55 (8) (2015) 
1889–1899, https://doi.org/10.1111/trf.13057. 

[21] M. Xu, Y. Yang, Y. Zhou, Z. Liu, Y. Liu, M. He, Metagenomics in pooled plasma, 
with identification of potential emerging infectious pathogens, Transfusion. 58 (3) 
(2018) 633–637, https://doi.org/10.1111/trf.14455. 

[22] A.M. Bolger, M. Lohse, B. Usadel, Trimmomatic: a flexible trimmer for Illumina 
sequence data, Bioinformatics. 30 (15) (2014) 2114–2120, https://doi.org/ 
10.1093/bioinformatics/btu170. 

[23] D.E. Wood, S.L. Salzberg, Kraken: ultrafast metagenomic sequence classification 
using exact alignments, Genome Biol. 15 (3) (2014) R46, https://doi.org/10.1186/ 
gb-2014-15-3-r46. 

[24] L. Ke, M. He, C. Li, Y. Liu, L. Gao, F. Yao, et al., The prevalence of human 
parvovirus B19 DNA and antibodies in blood donors from four Chinese blood 
centers, Transfusion. 51 (9) (2011) 1909–1918, https://doi.org/10.1111/j.1537- 
2995.2011.03067.x. 

[25] B.M. Hogema, E. Slot, M. Molier, P.M. Schneeberger, M.H. Hermans, E.J. van 
Hannen, et al., Coxiella burnetii infection among blood donors during the 2009 Q- 
fever outbreak in the Netherlands, Transfusion. 52 (1) (2012) 144–150, https:// 
doi.org/10.1111/j.1537-2995.2011.03250.x. 

[26] L. Gao, X. Rong, M. He, L. Zhang, T. Li, W. Wang, et al., Metagenomic analysis of 
potential pathogens from blood donors in Guangzhou, China, Transfus. Med. 30 (1) 
(2020) 61–69, https://doi.org/10.1111/tme.12657. 

[27] S. Paisse, C. Valle, F. Servant, M. Courtney, R. Burcelin, J. Amar, et al., 
Comprehensive description of blood microbiome from healthy donors assessed by 
16S targeted metagenomic sequencing, Transfusion. 56 (5) (2016) 1138–1147, 
https://doi.org/10.1111/trf.13477. 

[28] F. Brito, S. Cordey, E. Delwart, X. Deng, D. Tirefort, C. Lemoine-Chaduc, et al., 
Metagenomics analysis of the virome of 300 concentrates from a Swiss platelet 
bank, Vox Sang. (2018), https://doi.org/10.1111/vox.12695. 

[29] R.J. Benjamin, B. Dy, J. Perez, A.F. Eder, S.J. Wagner, Bacterial culture of apheresis 
platelets: a mathematical model of the residual rate of contamination based on 
unconfirmed positive results, Vox Sang. 106 (1) (2014) 23–30, https://doi.org/ 
10.1111/vox.12065. 

[30] M.L. Cristina, M. Sartini, A.M. Spagnolo, Serratia marcescens infections in neonatal 
intensive care units (NICUs), Int. J. Environ. Res. Public Health 16 (4) (2019), 
https://doi.org/10.3390/ijerph16040610. 

[31] C. Suarez, C. Pena, F. Tubau, L. Gavalda, A. Manzur, M.A. Dominguez, et al., 
Clinical impact of imipenem-resistant Pseudomonas aeruginosa bloodstream 
infections, J. Inf. Secur. 58 (4) (2009) 285–290, https://doi.org/10.1016/j. 
jinf.2009.02.010. 

[32] K.B. Laupland, D.L. Paterson, F. Edwards, A.G. Stewart, P.N.A. Harris, Morganella 
morganii, an emerging cause of bloodstream infections, Microbiol. Spectr. 10 (3) 
(2022), e0056922, https://doi.org/10.1128/spectrum.00569-22. 

[33] M. Akhoundi, T. Downing, J. Votypka, K. Kuhls, J. Lukes, A. Cannet, et al., 
Leishmania infections: molecular targets and diagnosis, Mol. Asp. Med. 57 (2017) 
1–29, https://doi.org/10.1016/j.mam.2016.11.012. 

[34] S.K. Matta, N. Rinkenberger, I.R. Dunay, L.D. Sibley, Toxoplasma gondii infection 
and its implications within the central nervous system, Nat. Rev. Microbiol. 19 (7) 
(2021) 467–480, https://doi.org/10.1038/s41579-021-00518-7. 

[35] L. Wang, H. Chen, D. Liu, X. Huo, J. Gao, X. Song, et al., Genotypes and mouse 
virulence of toxoplasma gondii isolates from animals and humans in China, PLoS 
One 8 (1) (2013), e53483, https://doi.org/10.1371/journal.pone.0053483. 

[36] C. Riera, R. Fisa, M. Udina, M. Gallego, M. Portus, Detection of Leishmania 
infantum cryptic infection in asymptomatic blood donors living in an endemic area 
(Eivissa, Balearic Islands, Spain) by different diagnostic methods, Trans. R. Soc. 
Trop. Med. Hyg. 98 (2) (2004) 102–110, https://doi.org/10.1016/s0035-9203(03) 
00015-4. 

[37] E.V. Koonin, V.V. Dolja, M. Krupovic, The healthy human virome: from virus-host 
symbiosis to disease, Curr. Opin. Virol. 47 (2021) 86–94, https://doi.org/10.1016/ 
j.coviro.2021.02.002. 

[38] H. Li, Y. Chen, C.C. Machalaba, H. Tang, A.A. Chmura, M.D. Fielder, et al., Wild 
animal and zoonotic disease risk management and regulation in China: examining 
gaps and one health opportunities in scope, mandates, and monitoring systems, 
One Health 13 (2021), 100301, https://doi.org/10.1016/j.onehlt.2021.100301. 

[39] A.T. Aslan, H.Y. Balaban, Hepatitis E virus: epidemiology, diagnosis, clinical 
manifestations, and treatment, World J. Gastroenterol. 26 (37) (2020) 5543–5560, 
https://doi.org/10.3748/wjg.v26.i37.5543. 

[40] T. Jamil, A.U. Khan, M. Saqib, M.H. Hussain, F. Melzer, A. Rehman, et al., Animal 
and human brucellosis in Pakistan, Front. Public Health 9 (2021), 660508, https:// 
doi.org/10.3389/fpubh.2021.660508. 

[41] D. Bansal, S. Jaffrey, N.A. Al-Emadi, M. Hassan, M.M. Islam, W.A.A. Al-Baker, et 
al., A new one health framework in Qatar for future emerging and re-emerging 
zoonotic diseases preparedness and response, One Health 16 (2023), 100487, 
https://doi.org/10.1016/j.onehlt.2023.100487. 

[42] I. Schmidt, J. Blumel, H. Seitz, H. Willkommen, J. Lower, Parvovirus B19 DNA in 
plasma pools and plasma derivatives, Vox Sang. 81 (4) (2001) 228–235, https:// 
doi.org/10.1046/j.1423-0410.2001.00120.x. 

[43] W. Zhang, L. Ke, L. Changqing, Y. Zhang, W. Li, Parvovirus B19V DNA 
contamination in Chinese plasma and plasma derivatives, J. Transl. Med. 10 (2012) 
194, https://doi.org/10.1186/1479-5876-10-194. 

[44] P. Norja, R. Lassila, M. Makris, Parvovirus transmission by blood products - a cause 
for concern? Br. J. Haematol. 159 (4) (2012) 385–393, https://doi.org/10.1111/ 
bjh.12060. 

[45] J. Jordan, B. Tiangco, J. Kiss, W. Koch, Human parvovirus B19: prevalence of viral 
DNA in volunteer blood donors and clinical outcomes of transfusion recipients, Vox 
Sang. 75 (2) (1998) 97–102. 

Z. Mengyi et al.                                                                                                                                                                                                                                 

https://doi.org/10.1111/trf.13057
https://doi.org/10.1111/trf.14455
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1186/gb-2014-15-3-r46
https://doi.org/10.1186/gb-2014-15-3-r46
https://doi.org/10.1111/j.1537-2995.2011.03067.x
https://doi.org/10.1111/j.1537-2995.2011.03067.x
https://doi.org/10.1111/j.1537-2995.2011.03250.x
https://doi.org/10.1111/j.1537-2995.2011.03250.x
https://doi.org/10.1111/tme.12657
https://doi.org/10.1111/trf.13477
https://doi.org/10.1111/vox.12695
https://doi.org/10.1111/vox.12065
https://doi.org/10.1111/vox.12065
https://doi.org/10.3390/ijerph16040610
https://doi.org/10.1016/j.jinf.2009.02.010
https://doi.org/10.1016/j.jinf.2009.02.010
https://doi.org/10.1128/spectrum.00569-22
https://doi.org/10.1016/j.mam.2016.11.012
https://doi.org/10.1038/s41579-021-00518-7
https://doi.org/10.1371/journal.pone.0053483
https://doi.org/10.1016/s0035-9203(03)00015-4
https://doi.org/10.1016/s0035-9203(03)00015-4
https://doi.org/10.1016/j.coviro.2021.02.002
https://doi.org/10.1016/j.coviro.2021.02.002
https://doi.org/10.1016/j.onehlt.2021.100301
https://doi.org/10.3748/wjg.v26.i37.5543
https://doi.org/10.3389/fpubh.2021.660508
https://doi.org/10.3389/fpubh.2021.660508
https://doi.org/10.1016/j.onehlt.2023.100487
https://doi.org/10.1046/j.1423-0410.2001.00120.x
https://doi.org/10.1046/j.1423-0410.2001.00120.x
https://doi.org/10.1186/1479-5876-10-194
https://doi.org/10.1111/bjh.12060
https://doi.org/10.1111/bjh.12060
http://refhub.elsevier.com/S2352-7714(23)00122-2/rf0225
http://refhub.elsevier.com/S2352-7714(23)00122-2/rf0225
http://refhub.elsevier.com/S2352-7714(23)00122-2/rf0225

	Plasma metagenomics reveals regional variations of emerging and re-emerging pathogens in Chinese blood donors with an empha ...
	1 Introduction
	2 Materials and methods
	2.1 Sample collection and nucleic acid preparation
	2.2 Library construction and metagenome sequencing
	2.3 Metagenomic sequencing data analysis
	2.4 B19V DNA extraction and nucleic acid amplification
	2.5 Confirmation test and phylogenetic analysis
	2.6 Statistical analysis

	3 Result
	3.1 Results of high through put sequencing
	3.2 Analysis of the composition of microbiome in pooled plasma in various regions
	3.3 Main microorganisms in donations in various regions
	3.4 Analysis of potentially harmful microbes in blood samples in various regions
	3.5 Molecular Epidemiology of B19V

	4 Discussion
	Funding
	Author statement
	Declaration of Competing Interest
	Data availability
	References


