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Research Status of VBNC Bacteria in Drinking Water Treatment Process
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Abstract Viable but non-culturable (VBNC) is a special dormant state for some bacteria to resist the adverse environment. It can be
resuscitated and recover its pathogenicity when the conditions are suitable. Therefore, the waterborne pathogens in VBNC state may
cause a potential threat to the drinking water safety and human health. This paper briefly summarizes the research status of VBNC
bacteria in drinking water treatment, and analyzes the influencing conditions and mechanism on the formation and recovery of VBNC
state. It discusses the possible influence of conventional drinking water treatment technology on VBNC bacteria. This paper can provide
certain reference for effectively controlling VBNC bacteria in drinking water and ensuring drinking water safety.
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Tab. 1

TRHZK RS EARE AT A VBNC RS 0 T P 2

Some Pathogenic Bacteria in Drinking Water

Reportedly Entering into VBNC State

P T %4 HhCiEA FRIEI/ 9 Gr/Go
Acetobacter acetit® FEALEEFFE BT o= G-
A
Burkholderia cepacia'™ HAMTIER T B-
7 PG ST T 2N
Aeromonas hydrophila'®] KSR AR v-
ST TR 2N
Aeromonas salmonicida'®  FREETHHULH
Edwardsiella taeda' — BRZEIEAEIE
Enterobacter aerogenes'’? PR AE
Escherichia colit] KIGHF=
Klebsiella aerogenes™] PR R
Legionella Il)neumophilaLSJ IR i 2 A
Pasteurella piscisida'® RO CIFTEFTH
Pseudomonas aeruginosa'>  HERILHL LT
Pseudomonas ﬂztorescerls[6: PSR-
Pseudomonas putida"® SR
Pseudomonas syringae[ﬂ TR
Salmonella typhi"™ BiZE TR
Shigella dysenteriaeu' IR B R P
Shigella sonneil”] T AR A
Vibrio cholerae"’ AL
Vibrio fischeri'®! 9% FCH R
Vibrio harveyi'] W 4 EC T
Vibrio parahaemolyticus'™ Al I 3R
Vibrio vulnificus"™ IR
Helicobacter pylori"’ H T RFT I
P AEL
Cytophaga allerginae'SJ S B LT A R
Enterococcus faecalis'? IR JEEEEEIT Gt
Listeria monocytogenes'>' %G LR R
Staphylococcus aureus'™ S AR A
Streptococcus faecalist®? FERERR T
Micrococcus luteus'™ Jig ORI TR

Mycobacterium tuberculosis (s

SR RTE

PCR(RT-PCR) FAKG I A B, #EA VBNC IRZS 1l
VML PESIRE T AR I BRI 1dh2'™ s SR T 4 [C

SIERT A4 2 7 35 DR 3 AR G T 25 2L B 7%, VBNC SR 25 41
I AR ARG T 1) 0 o 2R R R 1 R 3k (R A 5 A AT
AE T ECBE S A M BE T, U B 5 00 5 12 A TR 1Y) 3500 1
WhEZ E

2 VBNC REHE RN F &

EEHEA VBNC RS SR T RE 371, #
SRR IR T AT R I S 3 A
AYECRE B R R K R 2 4, 7 A r Pl vE AR Y
VBNC 4 A I 72

I I A 4 B 424 VBNC RS 2 A X
O, — O % R T A R I TR
AR SR RS T o AR, Y T B R A A N T
T TR, BIAT A R A3 0 A T VBNC IR ZS A 4
B, FLICHR: T 3 ed  TR ROR AT 7 R A 22 (A
RBIP VBNC RS = 16 - mT B 97 4, T Bs 9%
R ER P SRR T AR A5, b ] D DG A X 1
B HERA I E .

R ET X 6 B 50 R I 32 248 T B Kogure
AU 15 ) R FH RO TR T O B RO ( direct viable
counting, DVC) , T #4324 % G FH 4= BT X6 25 W i 75 1)
Ptk & REONERCERAL . Nt — 254 m AR 45
PIHERGIE , LIVE/DEAD 3280751 &5 46 I 32 | 9t =2 40 e 42
R | S 2 A A T B ki 8245 3 & R RN
ITAFSR | SERF 982 1 PCR 7% ((quantitative real-time
PCR) & A VR AL TN 45 Bk A SC B 28 % € & PCR ¥
(PMA-qPCR) BXPREEET 45 53 F 15 W) 2 ko - B
YT VBNC AR BRI FR LA VBNC R
AYNFEAR I )5 vk %t e 2 21 R, i T e—
R Ty 2 W 45 S LA R B, 8 S B o e R v ok
L3t i AP R LA _E A5 24 SR 7 RO B R R
TPRE R
3 VBNC KEHERFEFE AL
3.1 VBNC REHMEHIFSEE

I ELIE 5% 22 B0 B 5% 38 T DU 5 4l 1 A
VBNC IRAS  GFE L SR pH FhBE AR 5
SNBSS LN R, DL R P R e N
F, KPR R (F AR R ) FNE SR
Bz (WUBIRAS ) W 40 1 VBNC RS iy &
3.1.1 JREE

MREEXTAI T VBNC RSB S 5N E M A
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R 2 VBNC RSN ANy 7k L
Tab.2 Comparison of Determination Methods for Bacteria in VBNC State

GrRIIWIRES G J B s BT
DVC 7% T P20 X 0 A W i A A 5, S PR VIR 32 TR X 5 G R R 7 A
HE VR R EE RO
LIVE/DEAD {77 & 7 T 200 M e e A PRAETT A B BRI Z ek X o AR, A 7
pisaN Y RRE Rl A A BEIOUE S RGN ILBIC R B AER Mk s
ek VUSSR IR S MRS I P, R R PR PN EE YL Bt i P N
ST AN (PMA-qPCR) 5 T 290 M e R A e EsR A BRAT, R BUE = Mo e B, A R

K, F B DO AE T 4H B 0T e e/ AP i SRR . 3 )
TE 10~30 C 1 4~6 C AT 1577 2 FLINE A2
AT B, K ALK AE 4~ 6 C oA S kA
VBNC ARZS 1125 Wi i FF B AE 30 °C 45448 F 10155
RO LE ) MR R W, K 22 BOK IR 200 B
XGRS BURR BB AEARTL AR IF R #EA VBNC ARAS
TEPR K AL B 45 2 v /K I 52 T B W A 21 k7
b, UHUR AR ME R, fERRI T 40 7] fE 2
PRI A= AR 7635 BT VBNC RS 2Z [H) A B
1k,
3.1.2 Bz

EFEZ R A IEA VBNC RS EZE N
22—, VBNC IR 2 v] 348 58 41 1 % 55 8 FE IR B 0 Bt
P, T JC R 2RI K B R A A 0, Rk 0 AT TR AE L
AR T HEA VBNC AR, FF1F Bl A7 40 36 B5E 1% 454 473
FIBR RS MR IS BL 2

—> (p)ppGpp
IRiR /
b1 6 WGP (ROS)
Lhhk It %w&%&m
THBEAL

3.1.3 HAHE

TR A B3 7 ) 58 4 BE SR RN B ) A AL
PAESE AT LS 8 2 b 4B E A VBNC ARZE
B N 1 mg/L G A3 K AT 5 ~
60 min J&, & IO FE AN M 1x10° CFU/mL Ff 2
0, T B AR 25 A8 K, I 2 8375 3 A VBNC IR
A MBI, Eh N3 H6 7K 5 20 7 2
AR5
3.2 #HE VBNC RS HH

H AT, 20 1& VBNC PR I8 B A B A, 2H
FRoE & Iz R LA 2 M Rihs b AR £
FHOCHE DN, =2 FE ™ R S |26 1 X P a5 2= i
fi# A5 2% - DL B K (toxin-antitoxin, TA) ¥ e
FIEPE ZHEAE R . BeAh, AR 38— 28 56
R T VBNC RS BIE it B A L L,
FEIE MALHI WA 2 Frs

[ VBNCAHR A

AhpC., GST. KatA, |

KatE, KatG, SodA%§

B2 VBNC R
Fig.2  Formation Mechanism of VBNC State

3.2.1

EX
FE S R i o O 2 T A S B R N

LMK T 0 — P VR AL, 20 e 32 2R S

JE B RO T X BT R 2R A AR AT TA

T S HERR B S  TUBERR [ (p) ppGpp | X4
o3 245 SRR SR A B R A TR R AR S SR B
Z IR BEROE AZ AR S 1 Rel A R E A
SpoT RBEfEE W (p) ppGpp 15 573, (p) ppGpp i
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1F A B0 5 W R B (PPX) X £ R B R
( polyphosphates, PolyP ) IR fift I il 22 B W R £ 3%
fifi (PPK1,PPK2) [y G L S BLAN B K N PolyP 1Y%
Wi 2R, Lon/Clp & i # FL R 11 PolyP 3416 I I
LRFEME TA REEMBIRE R, (755 &K (toxin) MPLHE
& (antitoxin ) Fb il T &, 7 25 55 28 1 90 ) 240 B
DNA & il F1 mRNA B3 55 1o 72 400 1) 4t i 53 24 Fn A
K BEMEE VBNC ARSI >,
3.2.2 RAAbR R

ROS FE AL N R A& VBNC ARS8 il 1 8
THE, ™ £, YA LE AhpC | 2 BEH K
S-#A5 M GST i %L A KatA/KatG B A L P1;
L SodA %55 ROS FHCINEE 1 Fi¥Z 5 VBNC 4
WIIE R, AR SRR T, o 40Tk U T 14 A2 2130
il 200 B ] B R M R, A 3 KR S80S TR RE S 32E A
VBNC RS, X T2 SR e AT 23 40 B0 45 1 B 1T
[ UN =[BT o =R C AR e S & B S LD
FE kAR HE VBNC RS A A% L
3.2.3  SCEEREEHET

RNA A& sigma [HF (RNA polymerase sigma
factor, RpoS ) Flf% 1845 A+ OxyR XF VBNC AR AY
T HEAT — R E R . RpoS & 1 ABHE i 12
NP Sk BRI OK R S L R BRI (p)
ppGpp /KFHY3E 2 T2 RpoS 5 FHFR &, #1117
T VBNC R7; OxyR BFEFBL] 3222 506 1 4 Kbt
AL A 5E 38 iR AhpC Rl GST 453 [R] 1)
RSN VBNC RZS 1y 42
3.3 VBNC RKEHBEHE HHLH

X AN ] ) 40 T 2 RS 5 451, VBNC R &
BRI A 5 07 1R R RE It R ASHI R, H A AT AT 1Y)
VBNC REE 7 ik FLEAPIM. — 2 LRiES
¥, BVREARAM PR BE 1038 5 — 2 T8I -5 5 95 A G A
AR ST, ME ST | AT T4,
3.3.1 EBRIFESRHET

IR BRI MR IS AR R BT S
A E A VBNC IR A, AR R b, 3 0 42 80 15 77
JE SIS LEE SR TR0 A H I R AR (N TR
BN SR A R BRI S I AT LLSE B VBNC
RSN E IR, ERFRR RIS R R
B3R, R IR SE B SR 4 T30 VBNC RS/
VML 20 T RERE 7 48 h INE IR M B3R, B
SO JE R IR B SO R CR S A R S

ML

SR BA WFFE 45 R LW, A D &9l Sk A
VBNC AR ZS 0 20 T BE 8 75 52 56 28 2540 T L &2 95
H A RT DL 2 R AN SR fa] A 0 e i AR BRI AR
PRI e — 4R
3.3.2 WhfE5aT

(1) Z et A1

1995 4F , Mukamolova 25 1 Yk 75 JB o ik 7
ORI T & 9 3E - Rpf ( resuscitation-promoting
factor) . Rpf J&—FE BEORSF YR T, ) VZAFTE
T G+C 1Y G BEA S HIZ R AR, U T
LRER T TN R AE R A 95

HRTEEXF Rpf fE3F VBNC AR 2540 52 70 HLH Y
WFE BN J5 T 2% J& : ORpf VR 4H A 5, g
% 5 VBNC ARSI T L W0 32 148 A 245 5 1L A
KAF 5 R AR A KR 5 (0 BRI A & AR
K2R LA R b R i g 2 @Rpf AE A —
ol e R v e g, AR AL 55 V5 R R R, o 7K A
VBNC RS 4 T 4 A BE v i) Jik SR 0%, 150 75 41 i B &5
SIS PEIE AN 4y 24N A 0 R A AT 3 1 IR R
WP T BESE 25 < 55 AR, BipR] A Y 5w B
%, ALF S5 VBNCIREH M AE K MR Rl 2

WA FEER S G- (WP TTIREE IR 8 &) Tl
KT 2T Rpf ME LK T, 40 YeaZ  Gep
SEUIR SRR o UL TR AR 1, LA AR
2% 5 A0 3 %M DNA AR DA OC . 48T G EE
FIZS R 2%, B RTAHDCHT S8 AR FHAIL S i R TE
E

(2) AT

His S 7 (AL-2) J& i B K BV ( quorum
sensing, QS) 73 B — M5 5 70 F, BERE SC L VBNC
RSN I, BFFE R84l pR Y A B A
32 3 Z Fh i F R L F R 4 A0 LuxR 28 HREAS A
T A Y RE PR DR R 8 R AE MRS 1L, RpoS & 11 0]
REAE AT AN AEAS REREE T I NIERIE . 7RI 2 5%
PR BRI NG 500 T AL-2 RERASHE I luxR F1 rpoS
SEAH OC ik ALY & 3k, SE B VBNC AR 25 40 e 1Y
=10/
4 RAKSETEIMAE VBNC KEM
=41

HHICHRGE s, 78 TR A B R A 3 o 5
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52 3 ZFP AN R R 52 3o K IR B0
FTRES A S e A VBNCOIRZE D BENS B R
B EF R BORE 1, R, i — PR
IKAL B FEXF T 40 B VBNG R AT i 2 95 10 5%
M), XoF - PRBR AR K 2 4 HoAT B0

TR K FAL 3R T AL FE VR BE - T 0E -1 U8 —1H
B, N TAMEBRA TR T AU 25 KoK
Ji, #8453 K )35 T A0 0,-BAC 5 A P25 R Ak 3
Bt Hdr ¥ K 3] VBNC RS0 28k i E & T
CALFRIREE UUE Gk 0,-BAC T A M ERALHE,
4.1 BEMELERIZET

TRBE UTTE 1 U8RI A A B o F B AR 1
AR BT H: T2 K SRR 1 B IR, (K
Hh R A T SR A A TR, R A S el D 2 B K
AN TR UL, e AL AR — B 4 1 VBNC RS
TR, EEX A RS R KA 38T 350 B VBNC R
ARG, S 0, AR T oK TRK I 7, i B B
() VBNC RS R BCR A Bt/ b, SR H i i A UL
A OCIREE VITE I8 T 208 S AN kA VBNC R4S
4E
4.2 0,-BACITE

0, A AL RN R IR A B 1) 40 it IS 45 44y | 7 8 7™ o
A 25 FECEBIET, X K ik P B —  rFE il
YER . R REiE = Al i [ 3 S Sk
PP AAR DI R ZR 3K AR (38 43 R Bk o8 4 G 1Y
ANTEHEA VBNC ARA

BAC L EERKEMMAEY, B E& WML
BEPERIFIEESS 4, BEAS I AN B F2 (LT 2 AR 25407, R
RSB VBNC RS AR F AL T 2 AT e
M, HHIEHFIE R, BAC Tk A BURME Y K £
SRUETFARPEIK 1T K 22 BOEUH A K JRK F 2B 24
F VBNC ARZSY 3543 B0 U E W 16 BAC 1ij B Ak
PR A VBNC IRAS , X 26 VBNC R ZE
ERENS B4 5 47 BAC [, Kk, BAC EW i |
AR SO TR 4 2 1 B R VBNC IR ZS 40 B TR S 1A
He Iz AT I R R B AS R IR BE 25 AR BE S 175 T
SPEURBA Y UEA VBNC RZS . VBNC RS 40 1# 76
HEUAS R B 1) 4 A A O 8] 322 L T 0,-BAC Xt
VBNC REMFEFIEH ., REMEHR TRINRZET
O, JEET, S it i 200 0 S5 1) 1 3K 5 77 12 )22 40 TR i 16
FRSeibReE YR 0,, B SEE AN IS

O B A R, B IR = M o0, #RE Al
VBNC R i) 82 R 22, & 1) 3R] 7 G 40
P VBNC RS AR W52, T BT — 2 R %
W%,

4.3 EHBIZHRERT

LR K I R AL H ) vk (R RN )
KIS UEA VBNC ARZS, Hidr, &AM ab B
B AR A I A P B 7520k |, 5| RS e W AL P9 3 1
AT, AR HE A VBNC R AP A SN FF
D) = K R AN B RSE B 80, B ) AR R R ok
S

1 P b RIS T DR 38 S i 3 A B
APk N VBNC ARSI IRRE ST . FITERAN 30l
V5 KT R4 28 BB R T 32 A VBNC IR, &
PR AT 0 0 & I BE 1 FE AR SRR B i s T &
S/ FE MBS B KT R S T HEA VBNC RES (2
A S AL B VBNC RN BEMSFE 37 C 1Y LB
o 1= ki N
4.4 K #=H VBNC REMEWH X BT ERIT

A FHAB K KA T 25, 0,-BAC T 2% F
VBNC AR A Wy vy 5 i 5 QB AE . —
#3830, F AT LIATROKE K E Y, B
B S R B KT A Ak T VBNC IR, IF
£ BAC FLITH (& 4R ; U0 — 7 1H , BAC FociHbid
TR A WA BAC 0RE 4 1 A FL R PN K B4R
P BEFE DA ) R JEE S R BN i R 5 SR
W B R RAE KA B i E Y i A
VBNC RZS . 7E— oK) W, 0,-BAC 20 #
WE T A T2 R o, 2 B3 i e 2 oK
VBNC 4R RIS &, B, 0,-BAC T. 25X T
/KT VBNC 4t a4 il B A7 20 2 ), BLR RT3 i
LT @ T Lt il .

1) 8T O, EALKIE UL Ycie 575 A Y
AbTF VBNC ARZRAY i %00 " &R BT K BT 4%
s R E AL O, Bl ;

2) W BAC B cH VNBC k9 s 5 DL s
S WA VBNC IR ZS B HIL I e G 4 4%
F, & PR BAC i 17580, FLikk sl pdl 55 BAC ik
ISR VBNC RS B 75 3000

3) Ak 0,-BAC T2 HiKH VBNC RS Y
(¥ 8T BAC BT E5 R B PR AR 1 1T, etk IS 6
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DR 2 (R 2 R B JE 3 | S A T 398 BT 2B A 1 4 7
EEHIRLRE, LB BT, AT A S R G R U8 A A
i ki T 05 Ty SOk O/ VBNC RS
AT
5 it

K Ab 3L R R AR B A R b2 A IR
B0 R R e S ORI UEA VBNC IR,
IR M AAF R I, BORE AP XK K 4
FIDNCL N (Ed5 3 AR 0 17 S S | i e 7 7 A K
FHZK 4 Ab B AR P A0 B VBNC AR AOTE AN & L
il AR VBNC RS 40w 45 T F B2 R B
Mo, EERBAE VL T ILAJrm.: (1) B
VBNC RS 20 B8 75 TR 7K A B 4 5 7 o 1) 40 A 1
B, AHT VBNC ARZS 40 B % s WA 5 (2) BFSR IR
TKAB IR A% VBNC IR 25 40 B8 B 8 SR, TR AR
T VBNC ARZSHIIE IS S IR AL 5 (3) d s e of
RS VBNC DR 25 40 B AGI J5 i2 , 3BE S 800 1 10~ U
PRI e 4

[ 1] XUHS, ROBERTS N, SINGLETON F L, et al. Survival and
viability of nonculturable Escherichia coli and Vibrio cholerae in
the estuarine and marine environment [ J]. Microbial Ecology,
1982, 8(4): 313-323.

[ 2] COLWELL R R, BRAYTON P R, GRIMES D J, et al. Viable
but non-culturable Vibrio cholerae and related pathogens in the
environment; Implications for release of genetically engineered
microorganisms| J |. Bio/Technology, 1985, 3(9) . 817-820.

[3] ffkte, XET. HT Web of Science 4l B i BAETT 1 FAR
ASUPFUCIRATT AL S BT [ ], i Bk, 2023, 44(5) .
248-256.

BAO Q H, LIU Q Y. Visual analysis of research literature on
viable but non-culturable state in bacteria based on Web of
Science[ J]. Food Science, 2023, 44(5) . 248-256.

[ 4] dkBedE, PP, BRvE. TG 09k il 55 3Rk S 0 53 30k e
[J]. RS2 4R ( HARBHER) , 2020, 50(9) : 153-
160.

ZHANG X H, ZHONG H H, CHEN J X. Research progress on
viable but nonculturable state bnacteria[ J]. Periodical of Ocean
University of China, 2020, 50(9): 153-160.

[ 5] OLIVER J D. Recent findings on the viable but nonculturable
state in pathogenic bacteria[ J]. Fems Microbiology Reviews,
2010, 34(4) . 415-425.

[ 6] PINTO D, SANTOS M A, CHAMBEL L. Thirty years of viable
but nonculturable state research: Unsolved molecular mechanisms

[J]. Critical Reviews in Microbiology, 2015, 41(1) : 61-76.

[7]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

SALIVE A F V, PRUDENCIO C V, BAGLINIERE F, et al.
Comparison of stress conditions to induce viable but non-
cultivable state in Salmonella [ J ]. Brazilian Journal of
Microbiology, 2020, 51(3): 1269-1277.

SIGNORETTO C, DEL MAR LLEO M, TAFI M C, et al. Cell
wall chemical composition of Enterococcus faecalis in the viable
but nonculturable state [ J ]. Applied and Environmental
Microbiology, 2000, 66(5) : 1953-1959.

CHEN S, LI X, WANG Y, et al. Induction of Escherichia coli
into a VBNC state through chlorination/chloramination and
differences in characteristics of the bacterium between states[ J].
Water Research, 2018, 142: 279 - 288. DOI. 10.1016/j.
watres. 2018. 05. 055.

LIAO X Y, LIU D H, DING T. Nonthermal plasma induces the
viable-but-nonculturable state in Staphylococcus aureus via
metabolic suppression and the oxidative stress response [ J].
Applied and Environmental Microbiology, 2020, 86 (5):
€02216-19. DOI. 10. 1128/AEM. 02216-19.

WONG H C, WANG P. Induction of viable but nonculturable
state in  Vibrio parahaemolyticus and its susceptibility to
environmental stresses [ J ]. Journal of Applied Microbiology,
2004, 96(2) : 359-366.

LIN H, YE C, CHEN S, et al. Viable but non-culturable
E. coli induced by low level chlorination have higher persistence
LJ].
Environmental Pollution, 2017, 230. 242-249. DOI. 10. 1016/
j. envpol. 2017. 06. 047.

XUETE, VAT, ARFI, 45, 16 ik T 5 Fo0R 25 B i 1 K
B SIS 30 S PCR AN 7 i i 2 7 S ORC R e (7]
=l PA AR, 2013, 25(4) : 309-315.

LIUJ Y, LING L, DENG Y H, et al

to antibiotics than their culturable counterparts

Determination and
analysis of potential virulence of viable but nonculturable Vibrio
parahaemolyticus[ J]. Chinese Journal of Food Hygiene, 2013,
25(4): 309-315.

SUN F, CHEN J, ZHONG L, et al. Characterization and
virulence retention of viable but nonculturable Vibrio harveyi[ J].
Fems Microbiology Ecology, 2008, 64(1) . 37-44.

KOGURE K, SIMIDU U, TAGA N. A tentative direct
microscopic method for counting living marine bacteria [ J .

Canadian Journal of Microbiology, 1979, 25(3) . 415-420.

XERAE  GURKAE, BRXEDY. ANE VBNC 2546 I 4 A (6 iF 52 ot
JELT]. kg, 2016, 36(4) : 96-101.

ZHAO L L, BAO Q H, ZHAO G F. Advances in test techniques
of viable but non-culturable state of bacteria [ J]. Journal of
Microbiology , 2016, 36(4) : 96-101.

BALER, BN, TRE, AR CTRIAERT G IR IR BOR 40
WP LT]. BfS AT, 2016, 42(2): 270~
274.

GU L H, ZHONG Q P, FANG X, et al. Research progress on



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 43 ,No. 4,2024
April 25th, 2024

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

the viable but non-culturable state of food-borne pathogenic
bacteria[ J]. Food and Fermentation Industries, 2016, 42(2) :
270-274.

SCHRAMMEL B, CERVERO-ARAGO S, DIETERSDORFER
E, et al. Differential development of Legionella sub-populations
during short — and long-term starvation [ J ]. Water Research,
2018, 141, 417-427. DOI. 10. 1016/]. watres. 2018. 04. 027.

IMAMURA D, MIZUNO T, MIYOSHI S I, et al. Stepwise
changes in viable but nonculturable Vibrio cholerae cells | J].
Microbiology and Immunology, 2015, 59(5) : 305-310.

ORTA D VMT, YANEZ N I, CASASOLA R B, et al. Effects
of ozone and chlorine disinfection on VBNC Helicobacter pylori by
molecular techniques and FESEM images [ J ]. Environmental
Technology, 2017, 38(6) . 744-753.

TREE, T, HARE TP IIRERIS AR AT B IR ARSI K
FATFHUHRIBFTEIERE[T]. BRI AR5, 2021, 40(4): 1243~
1253.

ZHANG R R, GUAN X Y. Research progress on the formation
and resuscitation mechanism of viable but non-culturable state of
functional bacteria in natural environment [ J ]. Environmental
Chemistry, 2021, 40(4) ; 1243-1253.

AYRAPETYAN M, WILLIAMS T, OLIVER J D. Relationship
between the viable but nonculturable state and antibiotic persister
cells[ J]. Journal of Bacteriology, 2018, 200 (20): 00249 -
18. DOI.10. 1128/]JB. 00249~-18.

bR, B, P, T TE I EA AT R SRS K
HAURAFE R (1], SR A, 2020, 47(3): 880-
891.

KAN Y M, JIANG N, BAI K H, et al. Research progress on
viable but non-culturable state of bacteria [ J ].
China, 2020, 47(3) : 880-891.

2, PRl 22080 VBNC 415 B9 P A E i 52 AL &
BIPIRTEERE )], EAMEEG (HiE R M), 2022, 43(1):
1-9.

LIJ W, YANG Y D, LI T T. Research progress on antibiotic

Microbiology

tolerance mechanism and treatment of bacteria in VBNC state
[J]. World Notes on Antibiotics, 2022, 43(1) . 1-9.

T, B2, PyEin T b 4TE s 3R AT i RS A K
BRFEHIE [ 1] 0% 4 0 B W5 i, 2022, 13(15)
4949-4956.

WANG G X, LIAO H M. Research progress on viable but non-
culturable state of bacteria in physical field processing [ J].
Journal of Food Safety and Quality, 2022, 13 (15): 4949 -
4956.

FEBT, BRAEFRE, PhERE, SF. MRIESEE IR T RIA MK
TE IR AR T B TR S R IR oT [T, KA AR,
2008, 32 (2): 178-183.

DU M, CHEN J X, SUN F R, et al. Studies of viable but

nonculturable Vibrio parahaemolyticus at low temperature under

[30]

[31]

[33]

[34]

[35]

[36]

[37]

poor nutrition conditions and its resuscitation [ J ]. Acta
Hydrobiologica Sinica, 2008, 32(2) . 178-183.
MUKAMOLOVA G V, KAPRELYANTS A S, KELL D B.
Secretion of an antibacterial factor during resuscitation of dormant
cells in Micrococcus luteus cultures held in an extended stationary
phase[ J]. Antonie van Leeuwenhoek, 1995, 67(3) : 289-295.
MURUGAN K, VASUDEVAN N. Intracellular toxicity exerted by
PCBs and role of VBNC bacterial strains in biodegradation[ J .
Ecotoxicology and Environmental Safety, 2018, 157: 40— 60.
DOI: 10. 1016/j. ecoenv. 2018. 03. 014.

RAMAMURTHY T, GHOSH A, PAZHANI G P, et al. Current
perspectives on viable but non-culturable ( VBNC) pathogenic
bacteria[ J]. Frontiers in Public Health, 2014, 2. 103. DOI;
10. 3389/fpubh. 2014. 00103.

ZHAO X, ZHONG J, WEI C, et al. Current perspectives on
viable but non-culturable state in foodborne pathogens [ J ].
Frontiers in Microbiology, 2017, 8. 580. DOI: 10. 3389/fmich.
2017. 00580.

PISCHS. VARG YeaZ FLAEHR 1 5 [N o B 30 05 K M T
WFELD]. 220 22 BT R, 2018.

RUI W H. Expression and characterization of YeaZ interaction
related protein genes of Vibrio harveyi[ D]. Lanzhou: Lanzhou
University of Technology, 2018.

R, DIV, BRASHE. R 0 ol — Fiow 2 g (208
P PR ) LER AT B v ) 3Rk BT [ 0], v [ o
SR CASRBIERR) , 2012, 42(3) : 57-63.

ZHAO M J, JIAJ T, CHEN J X. Expression and characterization
of a resuscitation-promoting factor like glycoprotease gene from
Vibrio parahaemolyticus [ ] ]. Periodical of Ocean University of
China, 2012, 42(3): 57-63.

SCHUSTER M, HAKINS A C, HARWOOD C S, et al. The
Pseudomonas aeruginosa RpoS regulon and its relationship to
quorum sensing [ J]. Molecular Microbiology, 2004, 51 (4) .
973-985.

LINY W, LI D, GU A Z, et al. Bacterial regrowth in water
reclamation and distribution systems revealed by viable bacterial
detection assays [ J]. Chemosphere, 2016, 144 2165-2174.
DOI; 10. 1016/j. chemosphere. 2015. 10. 071.

GUO L, WAN K, ZHU J, et al. Detection and distribution of
VBNC/viable pathogenic bacteria in full-scale drinking water
treatment plants [ J . Journal of Hazardous Materials, 2021,
406 124335. DOI. 10. 1016/j. jhazmat. 2020. 124335.
BOON N, PYCKE B F G, MARZORATI M, et al. Nutrient
gradients in a granular activated carbon biofilter drives bacterial
community organization and dynamics [ J]. Water Research,
2011, 45(19) : 6355-6361.

ZHANG S, YE C, LIN H, et al. UV disinfection induces a VBNC

state in Escherichia coli and Pseudomonas aeruginosa [ ] ].

Environmental Science & Technology, 2015, 49(3) : 1721-1728.



