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Web of Science-based bibliometric analysis of VBNC state
bacteria in environmental sciences

WANG Meicheng, ZHANG Yini, LU Jiahe, LIN Zhihan, WANG Xiaoyu*

School of Environment, Northeast Normal University, Changchun 130017, Jilin, China

Abstract: [Background] Viable but non-culturable (VBNC) bacteria with adaptive responses to
unfavorable environmental conditions have been extensively studied in the medical and food
fields. However, environmental scientists have not paid attention to these bacteria until the last
decade. Furthermore, few bibliometric studies in environmental sciences have been conducted
regarding VBNC state bacteria. [Objective] The study investigated the research status of VBNC
state bacteria in environmental sciences and summarized the research hotspots, trends, and
shortcomings, aiming to provide references for the research in this field. [Methods] CiteSpace,
Bibliometrix (a R package), and VOSviewer were used to statistically and visually analyze
416 available articles on VBNC state bacteria in environmental sciences that were published
from 1994 to 2023 in the Web of Science Core Collection. [Results] In the last 30 years, the
number of articles on VBNC state bacteria in environmental sciences showed linear growth
(R*=0.917). China and the United States led the research in this field. European and American
research institutions embraced close cooperation, while Chinese research institutions mainly
cooperated domestically and worked independently. Oliver DJ and Yu X were the authors with
the highest number of articles in this field. The research hotspots in this field included the
inactivation of VBNC state bacteria in the disinfection of drinking water and the resuscitation of
VBNC state bacteria in the treatment of pollutants. [Conclusion] The available studies about
VBNC state bacteria in environmental sciences have mainly focused on the formation,
inactivation, and resuscitation of VBNC state bacteria, while the inactivation and resuscitation
methods remain to be improved. How to improve the inactivation efficiency of VBNC state
bacteria in drinking water and enhance the resuscitation of VBNC state bacteria during
microbial remediation of pollutants deserves further research.

Keywords: VBNC state bacteria; Web of Science; bibliometrics; visual analysis; environmental
bioremediation
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Figure 1 Number of papers published in the Web of
Science core collection database on the VBNC state
bacteria in environmental sciences.

2.1.2 MESUE VBNC ZSAREN A XER

SRR B AN [R] ] G A BE 403, VBNC A4 7
PIBFFE IR, R SCBR . i ARy B s B
WITEIT (R 1), WOS SCERKEZR & Bt
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JE TR Hdr, 06 F). EE(T745).
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TEAZ AU A 5 oAb 140 S Ay o [ SOk
SIURBCE O RS =, MOCHFI SR &
KIsEm .

R 1 Web of Science 1%\ 34 B IR sy b
VBNC SHEERAXHEMS|I HHES I
Table 1  Statistics on the number of national
publications and citations on the VBNC state
bacteria in environmental sciences of the Web of
Science core collection database

P R ICE R ARG 5l
Country Number of Starting Citation
publications year number
H[E China 106 2004 2480
Z£[# America 74 1994 3250
72: [ France 39 1999 923
FAYEA Spain 28 2002 526
KA Italy 26 2001 879
&K Canada 23 2002 516
45 [F Germany 22 2006 671
H A Japan 20 1999 323
EJE India 14 2000 283
¥ [E England 14 2000 187
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Figure 2 Co-occurrence network of institutions on the VBNC state bacteria in environmental sciences of the
Web of Science core collection database. The nodes represent the research institution, and the size of the nodes
means the number of publications; the colors show the year of publications for each node; the line between the
nodes indicates the connection between the research institution; the node with pink outline suggests they are more
critical.
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Figure 3 Timeline of authors’ posting on the VBNC state bacteria in environmental sciences of the Web of

Science core collection database. The size of nodes means the number of articles; the colors show the number of
total citations, the darker the color, the more cited the node is.
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Figure 4 Co-occurrence network on VBNC state bacteria Keywords in environmental sciences of the Web of
Science core collection database. The nodes represent keywords, and the nodes’ size means the keywords’
frequency; the line between the nodes indicates the connection between the keywords; the colors show the year of
publications for each node; the node with a pink outline suggests they are more critical.
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Figure 5 Keywords with the strongest citation bursts on VBNC state bacteria in environmental sciences of
the Web of Science core collection database. The blue line in the figure represents the time range in which the

keyword appears, and the red area covered by the blue color indicates the time range in which the keyword is
highlighted.
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AP, B, RFAEYBT VBNC 4 TE R
N EBEPEAYEES VBNC SAHMN kRS
TR, HUIASCHTH REROR iR B =, T
R TRAIRS
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Cluster 1 Virulence of VBNC bacteria

Bacteria
Virulence
. &
Pathogens
Y Viability
Resuscitation .
Growth

Cluster 3 Resuscitation of YVBNC bacteria

VBNC bacteria in biofilms Cluster 2

Biofilms
Cells
Disintadtion Biodegradation
Water
Escher."chiq‘j‘coii
Resistance

[nactivation

Research direction of VBNC bacteria Cluster 4

6 Web of Science #Z/LEIBEIME ST F VBNC FSHE R BINRESH  BIPIY mF0m LR, 19

RINFIR R B IR 2 /D 5
BRI, MRIBE R —K

T Z B B LR B Z [ R R s AR B E AR AN A

Figure 6 Clustering analysis of keywords on VBNC state bacteria in environmental sciences of the Web of
Science core collection database. The nodes represent keywords, and the size of nodes means the frequency
of the keywords; The line between the nodes indicates the connection between the keywords; The different
node colors represent different clusters, and the same color is a class.

VBNC 25415 i & 75 (cluster 3) & Z A0 4§
resuscitation, viability Fll growth, HFEEHNEN
VBNC &4 E k. B, AIHESESR
MREFRIEE TR VBNC 4 DA I i 2 i 3 12
R WY, Ban VBNC 251 E. coli ZEUIN T LB
WA FRILIG KA T E R, oh, Bin—eefg
AR Y Al I B VBNC SR E 5,
Fhi AL A . NS . EAERIY 75 SR kg
BRI 18 2 (A1-2) =I5 55 Rpf J YeaZ [
AP0, Horp, M Rpf 24805 WL VBNC 25415
B TF-Bt. Rpf 42 1994 4 Micrococcus luteus

Ty B R — R, HARARR R T ) {2
AR AL, g oy A KT, HAlg2
22 % 38 1 £ 5 Mycobacterium  tuberculosis .

Campylobacter sp. . Pseudomonas sp. . Helicobacter
pylori, Legionella pneumophlia fil Vibrio sp.5¢JL
AR LAPE Rpf Z RN kb, AR
W 99% LA FRIZAHIEAL T VBNC RZSMIJC:
Fig%, VBNC 28401 12 9AR n] BEitE— 20k BT
BT PRI, XA Bl B4 T SRR A
AP . EMARUE, K95 VBNC dHERIBFGER
ZREE AT, T VBNC M3 & IapL
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T B RATT AR

VBNC Z5HWF 58 5 18] (Cluster 4)K 4 51 %
PEHER 43 %) J& E. coli, water, disinfection .
inactivation resistance Fll biodegradation, iX7H}]
E. coli JEIFHE4TI VBNC 2841 B 52 06 T 1 2
J o IR AL R VBNC 40 A 50T
HHARZE 2L, FE, VBNC 540 AATR
SR A2, X ATREIEUE ARG MRS, HEIER
B R KUY, pbAh, 4bF VBNCOIRAS T B3R5
LI RE TR T ik 43 5 15 3% HME DLk #5225 bR e ) oh
Be. A, $25 VBNC BINEER 15 Yt Pk
fifae 12BN e, B, CAMRiRIERH
U0 Rpf H3% VBNC BINRER A I35, T4 s
TAHNG Y Y4 fREE ST . Cai S5 FSE AP,
TEDRAA A Rpf BB Infe st 1T 4ubb g K g4
VIREAR, FEMRRCRIZR T 29 20%.
232 FEMIE VBNC SHRAE S| F STk

T RIS VBNC 240 & #4UF SC
Bk, E T IR AR IR 5 AR N PR TR
VBNC 252018 5 | G HR44 1 10 B9 SCRREST T
(R 3). MBETENA EF, 6 R SCHR(Y 54>
B 1. 20 3. 4. 5 R L0)BSE T AR K AL AN
SR G AT VBNC S MJEBU E 95
IKAEBRAN 3L R G A dh AL . ek 2
LEHNEIE EE T U EUR TS S A VBNC
R FEIEESMT, B35 VBNC B4
SRR R K & 4 p= A= Rg ), AT BB X2 AR At B
FEA ROk, A3 RSk 54
6. 7 F Q)W T E I5E VBNC 41 1
IREME LN, AR R WITETS Qe iE S o
WAFTER G VBNC A , w75 350 20
BRIRERWALT VBNC IR, M- Bh g m kb2
BTSSR AR R, AT s i
VBNC 540 R AL A IR = VBNC 254
TR 52 I 803 8 T ) B T R A A AR BRI AR 4 €

BRI 5, AR OSCER(T 5 9) F 2R
TCVBNCHI“FRAME"X 2 FRIRFEmS , JF H.
$2 1 VBNC 21 il bEA5 A 4 A AL T B R A9 IR BRCAR
WO BRI, T VBNC? B A I 647
— HAEFIL, F A A R WA
MLEAFIRZS o (R, Kim Z0E58 % B VBNC 41
JRLFIAE X A 22 [8] B 5 38, 2T e B A Rl
EPYESAER E 2R K, SRR S Ay
G B U R T A A SR,
3 Wik

AW HT Web of Science HYFRIE S0
VBNC 40 SCHkT b, IR SCECR: | R
MUk SE. B . BFER. BFE a3 2
SEJTTH N T I 30 AR M, VBNC 2540 i
WSS 23 . DRRK I B TS M8 5 KR K AEY)
AFR VBNC A4 B R Y H 0 AT R AL
AR, WIEARARF R Z AL
3.1 RAKEFZFH VBNC SHE

TELK RGO R R B, ngd. R
SN BRI AR A X 26 PR 2R AT DA S 3ROl 25 it o
A VBNC RZ, Rz HAET, CA I 100 Figd
YIgE B #E A VBNC ARAS, GdE 2S5 Yeda/n i
E. coli F1 E. faecalis, LA & Jp5 J5iE U1 P. aeruginosa.,
Salmonella enterica 1 Shigella sp. %%, Guo %!
PEBFSE T R IR A 2 SRR AR FE
JTHAKAE L, KR AEINE] T VBNC 2 E. coli,
E. faecalis, P. aeruginosa, S enterica #l1 Shigella
sp., HAF 100 mL 7K {13k 0-100 N4, ™EH
1 CETEIRAZK BAERRE) (GB 5749—2022),
WAL, TEZK AL R G R AP VBNC 4
FORFSE 4552 T o Fu 210 2 3. [ 5L Ak ik
R, KA R G A ) AAAE VBNC
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3  Web of Science #%/L B IEEFF SIS+ VBNC S HE S 5| A XX#E S it
Table 3  Statistics of highly cited articles on VBNC state bacteria in environmental sciences of the Web of
Science core collection database

Sac A (= Hy A T LIt/ 27 3CHk
Number Author Year Title Published Frequency References
journal
1 Chen S, Li X, 2018 Induction of Escherichia coli into a VBNC state Water 41 [7]
Wang YH, et al through chlorination/chloramination and Research

differences in characteristics of the bacterium

between states

2 Guo LZ, 2019  Population and single cell metabolic activity of ~ Environment 18 [33]
Ye CS, CuiL, UV-induced VBNC bacteria determined by International
et al CTC-FCM and D,0O-labeled Raman spectroscopy
3 Highmore CJ, 2018  Viable-but-nonculturable Listeria monocytogenes mBio 16 [34]
Warner JC, and Salmonella enterica serovar Thompson
Rothwell SD, induced by chlorine stress remain infectious
et al
4 Zhu L, Shuai XY, 2022  Mechanisms underlying the effect of chlorination Journal of 6 [35]
Xu LK, et al and UV disinfection on VBNC state Escherichia Hazardous
coli isolated from hospital wastewater Materials
5 Ye CS, Lin HR, 2020 Characterization and potential mechanisms of Scientific 8 [36]
Zhang ML, et al highly antibiotic tolerant VBNC Escherichia coli Reports
induced by low level chlorination
6 SuXM, Wang YY, 2019 Impact of resuscitation promoting factor (Rpf) Chemical 11 [37]
Xue BB, et al in membrane bioreactor treating high-saline Engineering
phenolic wastewater: performance robustness Journal

and Rpf-responsive bacterial populations

7 Su XM, Zhang S, 2018  Resuscitation of viable but non-culturable Microbial 7 [38]

Mei RW, et al bacteria to enhance the cellulose-degrading Biotechnology
capability of bacterial community in composting

8 Giagnoni L, 2018 Bacterial culturability and the viable but Soil Biology 6 [39]
Arenella M, non-culturable (VBNC) state studied by a and
Galardi E, et al proteomic approach using an artificial soil Biochemistry

9 Ayrapetyan M, 2018 Relationship between the viable but Journal of 16 [40]
Williams T, nonculturable state and antibiotic Bacteriology
Oliver JD persister cells

10 Dietersdorfer E, 2018  Starved viable but non-culturable (VBNC) Water 13 [41]
Kirschner A, Legionella strains can infect and replicate in Research
Schrammel B, et al amoebae and human macrophages

TSGR ARSI T VBNC B4R PMA FALFIA AT 5 16S rRNA R FAIZE S,
BB, NMASCHR I F B Ft— 88, B AR IR B RN PREEA 41 B (715 10, IR,
A, PMA-qPCR 5kl 12 TR A K PMA-qPCR & 4t K 68 4% by 25 K AL BT iy
1 K 2 75 U v K A R R 9 o TR AT LPRH BRSO R 8 5. R
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M FHAME AR NI R A HGE, Ha
— R CHRAR B T 2 F BB A I W T R S b
VBNC A 41 E 7= 5, Qi SRS I 5 1 75 Itk A
AICATHTEXT VBNC SN IR0, & P %
FEAETE S T AT DM RIVE A, R i Fn Sk &
AbFRTT e EBR VBNC 4118 B A SIS AR
3.2 TIEEEREKEVLIESR VBNC
e

BT 4A /K48, VBNC S 40REST, B3
PR K AL B FR R ) VBNC 2540 B HFGE 00 3 56 1
RAFIHAE RSB . — i, T HEEhfE
PR TEREFP 25 e ISR IR P, IR 2l
FLAb A VBNC R, sa iR ILAEAb 35 YLy A
(TGS i A BRACCRAIR A ] A, X VBNC 2%
AT E IR B E B BT, HRAR
ZAHEAT VBNC R, HAES RS A,
I 2 (R85 T R B AT R T e 1 2L PR 4RI
b

HAT, CAEME T2 VBNC 41
WIS, BN I e gk Rpf. PIRERER
FIBEAAEN (quorum sensing, QS), IAUFE A IR
Bl s nad AL SRS kP, BT A
S R A S PR PR b B e 1 0 PR BE A
AR TP RO, BT, FIH Rpf 2 I35
T BE B 2 B A4 K KA s e i —F Bt o
fE 138 PCBs A WE R EHUMFIE b, I 7 ReAp
7 R biphenylivorans TG9" B3/l Rpf J5, PCBs
RERRBCRIRE T 20%%, 7R K b Bl A
IF 58 & 43 S AE T P 35 08 0 A6 9 58 52 10 2 vh s i
T Rpf, kT A LTS Ye ) F R B & =0
Fbk o Su FEPVE B IE S R RN Rpf 2hEE
BT X TR R A BE T B R T 24 22% . SRtk
7 2 I Rpf tA 3 1 12% A4 I U B Ak Bk
KB P) R A RO A R I Rpf X R
B R K A FREE 7 AN 54. 7% E] 100%°7,

R, Rpf & —F B A Fi 5 A VBNC &40 &
IR, AR RO A ) Ak B RE

SRIM, T Rpf {2t HHE5 e A Uis = i
He il AR h eI PCBs ., D& 2 M A i
SR YIEAR L, AL I SCFEYURHE K | HF
AHER VLG Y55 YW VBNC SR D RE TR
IS, BERTE IR R, Ak A AL
PEY5 YLy i o T BB T IR AHRSY . [FIET, Rpf
HLARMVE AP ¥ A B, B ATIAA Rpf fEHF
AN ANARRE, Wi FAR VBNC 41 0 40 iR ik
BB G| % 52 95 v] BE = R BEHLHI Y, phdh,
H A 1 R U, VBNC 2 UBEAN I & 756
A2 0 15 Y A PR T BeUA Rpf —#b,
I, FHRPGEA R VBNC 254075 E T BA)y
SRAEAFIRAME T o

4 ZHERE

RS VBNC 4018 o8 £ b+
TRk 4:4 b, Kk VBNC SEURE & 50
RN ARSI T BOC AR BR VBNC &
IR, BT HATRZH5 EET VBNC 540
TR TR B S LML PR 5, T DG TR B s R
K% VBNC 41 58 AR 7 B TR AR,
ZFBERAHETRRE DR ik,
VBNC 251 e 4 78 b T R BRI AR o k44
HH S A PRI S Y W i D RE L i 7 5 | L 25
FA, FARPFA R VBNC 540 55 FB
{BSRAEAFIR ARG o L, VBNC 2540 B 7 335
AU B LR L (1) IR K
AR, BiSERE VBNC 2407 ke FB, JF
K WA AR 3, AR R B IR B f R
[ (2) AAFEMBE IR IIRENE, 153
i VBNC 254 5 1Y 52 75 S B e HAs Ve A 3500
2, IR E U AL PR AR5 3E A A
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