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Abstract: Bacteriophages, a group of viruses that infect bacteria, have common features with
eukaryotic viruses in the biological properties, such as morphology, size, and structural
composition. The laboratory operation on bacteriophages is simple and has high safety, which
demonstrates great advantages in culture, counting, stability, and susceptibility. Therefore, the
research and application of bacteriophages as the indicator viruses for simulating or
substituting eukaryotic viruses has attracted wide attention with certain progress achieved. This
paper introduces the advantages of bacteriophages as indicator viruses and summarizes the
feasibility evidence, cases, and difficult problems of bacteriophages application in the virus
removal evaluation, disinfection effect evaluation, research on virus transmission patterns, and
environment and water quality monitoring. In addition, considering the shortcomings, this
paper puts forward suggestions and prospects for the research and application of bacteriophages
as indicator viruses in the future.

Keywords: bacteriophage; indicator virus; disinfection effect evaluation; virus removal
evaluation; research on virus transmission patterns; environment and water quality monitoring
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P58k 55 9 TH BERCR AN B T AU A= A e bk
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Comparison of the assays between eukaryotic viruses and bacteriophages

Items Eukaryotic viruses

Bacteriophages

Biosafety level
specific biosafety level

Assays techniques

needed for the detection of each specific virus

High, tests need to be performed in laboratories at a

Innocuous, have no tropism for
mammalian cells, do not need specific
protections

High degree of specificity, different assay systems are Simple, do not require specialized testing

facilities or specific expertise

Assay period Long, usually several weeks are required to obtain Short, results are generally available in
results 1-2d
Cost Expensive Inexpensive

Cultivatable to high titers Difficult, some viruses are not cultivable in vitro

Sensitivity

Limited, the small sample volumes used in viral

Can be grown to higher titers quickly
High degree of sensitivity

infectivity assays may result in low concentrations of

virus being undetected, yet these low levels of virus

may be able to initiate infection in a susceptible host

Representativeness to the Representative and intuitive
target virus

Conditional
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Table 2 Characteristics of several typical indicator viruses that have been used

Indicator virus Host Size (nm)  Shape Genome Envelope Family

MS2[1] Escherichia coli 27-34 Icosahedral ~ ssRNA No Leviviridae
OX174M Escherichia coli 25-27 Icosahedral ~ ssDNA No Microviridae
o6t Pseudomonas syringae  80-100 Spherical dsRNA Yes Cystoviridae
Influenza A virust'! MDCK cell 80-120 Spherical ssRNA Yes Orthomyxoviridae
Human coronavirus 229E!"1 Vero cell 100-120 Spherical ssRNA Yes Coronaviridae
Enterovirus 711" Vero cell About 30 Icosahedral ~ ssRNA No Picornaviridae
Poliovirus-I, vaccine strain!'®  Vero cell 20-30 Icosahedral ssRNA No Picornaviridae

2 EEAEREN TR EEEA

2.1 REREERBRIFNIETY

TEAE YR AR A, W L I B
PR AR S, R A S 28 o iR b
TS NN ' TSN T BUB U R k=Y 53
ARFB, %502 Bk ml BH T X 28 5 7 78 5 5 1Y
R, XFF AR AMTR R B e m R A
FRUCG 38 1 e TR AR A A o B 3 0 2 BRI A 4 s A=
Y, PR R B BETT AR AL L IR A
X R LA R BRAE R, AR, WA H
WHELR

DL @6 W AU ), i RN
80-100 nm 547, SHFLANYI T SRR BRI R
ANARARL, B TV 45 S8 30 e SR B HE /R A2 9
MR BT A . BRI A RS AR LA
T IR RE T o o A v BT AA ) BRI B
(murine leukemia virus, MULV)Fl @6 I 54k
PElk DVS0 AR, D6 Nk F Al /b 1) %o B {8 s
5T MULV ; Bk 5% R Bt i (polyethersulfone, PES)
omega 300K VR [1JEE I, MULV H1 ©6 157
AU /0 9 X BB A I U Lytle SR T
HIV-1, HSV-1 X ZFP SR AN ©X174, T7., @6
WA B, G5 R AP, ©6 5 HIV-1 19
BRI IR LA AR I AL o X B, {1 @6 1 MULV
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Pt A BN AT, ) SRR/ B e R AR dn
OX174 (HA& 25 nm)K AR Z KiF £
A9 25 I S R R R RCR AT LATS 2 i T E
(A S BRBR KRR,

XEHLEMTE L 28 1z R EbR
b 7HE Ak 2H 21 (International Standard Organization,
ISO) . 3 E M Bl 5155 23 (American Society of
Testing Materials, ASTM)S5XEHEUE & A T
KARHUE, SR ©X174 1 ML a1 G2 4n
HIV, HBV. HCV ZEM$5/R 3, il AR
PR SR B P REEOT TR L E T —
S I TR 1A ©X 174, MS2 4 F TP 5
25 S LA S B 2 B AR MR DS,

H 4w H A B A 58 R B AT A, e
IS TR A 79 B R B RICR PEAN B, N 58 4
TR R, SRR R TS T
UEALAR, BRI . MHIRDE 8 AR SE TR R A 0]
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W ETRL POV-1)JE bR EE s A= 0 T T IH #E ORI
Mg uEdE sy, N MS2 & T4, ©X174
SEXT AR T T T, ST b2
7%t POV-I)5 MS2 K F2 WERAAETE R A5
M, 25 SRAIERT, MS2 St KL HELH RN &K btk
BIRFEA YT P(V-I), A IEI—Fb P(V-DAY
FeoR R . il KU A 5T g T F2
T4, T7 WA A5 P(V-D)X FPPREE A — 50 5 UK
BRI P SCEMPTHE, IR T7 Afehr itk
WAL T o FIE R . ERRR . AHLT
PRI 3 4 DR 2% X e i IS SR S o 45
o, T7T AN R A fERE ) e, X =55
TR A AN S PV-DR BT
M, AR AF AT B 0 bR o AR D LA 1 A
. Magri ZEPUWEIRIGTE . R IO B DL K
HA(MS2., ®X174 F1 28B) & T2 58+, W
X RREEEXS FE TS e pH MUK B, 45
SR I, s 28 FNF R I 25 114 3 B 8] L s P

TR, BEBHFE RIS g B AR XT pH 2K i
PUEHSR . S5 2R MS2 AT LA
W EE R AR EEUE, AT LIMEAS SARS-CoV-2,
JFF 9% 2595 2 0 71 2 FH AR i #0078,
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TR EE TG AR W I AE oY G A AR R, SR
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G35 H5N1 HEA—30, (0 06 X &5 i 32 1%
# T HSNT, o] LIV HSNT 78 1 /K i i e 1R
NG EEE ] . Elving 2V AR T & I BUR
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(L ENRT R N e 7/ ORI K
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MRS B R RRAG I A8 AR B, Hoplok
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T 5 R PR S SR i AR BT AN AT A
IR R EL T T IR Y, SRR T A E
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Table 3 Key points of applications on bacteriophages as indicator virus

Applications as indicator Logic of the indication

virus

Key points of applications

Filter validation studies

Size exclusion when the indicator virus is larger
than the filter pore size of the tested item, the
virus will be intercepted; adsorptive retention of

particulates affected by surface structure of

The virus’s size should simulate or be larger
than the target virus; Regular shape such as
spherical, oval, or icosahedron; Give full
consideration to the surface structure of the

indicators
Disinfection effect

validation

Virus transmission
patterns
with the target virus

Environmental and

Resistance to the disinfection factors is greater
than or equal to simulate the target virus

The pathway of distribution and viability of the
virus in transmission are similar or consistent

According to the monitoring purpose and

phage and environmental resistance to
simulate the virus adsorption situation

A good understanding of the resistance
characteristics of the indicator virus and the
target virus, reasonable predictions can be
made based on the available data

A good understanding of the viability of the
virus at the source of contamination and in the
transmission route; Ensure that the research
process is under control and does not produce
virus transmission and contamination caused
by the study

Understand the purpose of the treatment or

water quality monitoring treatment measures, indicators with environmental surveillance and apply it to the key points of

resistance, volume size, and surface structure

similar to the target virus were comprehensively

selected

filtration and removal, disinfection effect, and
transmission pattern study based on the
purpose

(2) o WG PR S H8 R 2, X kA% G
I3 RS BE AR R T — R A B AR SE oY . fif
e N (BRI kAN St RRIEE 33 € 0187
PRI 0 | = BE S 92 T 1 1) 995 B 1% 45 XL
PRI 5% L o T A AN o s o) 55 T ) F
FURIN L, FEAR T A B Pk B B 1 2 A )
S AR MO, R AT LA A5 B AR R8T
R BT AN T R A AU o

(3) HEWEE R A AE S 48 7R R B L N bR o
Wb HETE NAMEA 2 16 TUEFT RO FR R
TRV T R EE, EEW MOK . B
g EL L VETRIE B A SR E o A o A
55 ®X174, MS2 Fl Q-B %5 BEH HFFTAIIRA
AR NIRRT 5, BB S R
22 15 TR A 2 15 310353 19 o AA T, SRR
AT KR, AR ™ it JoT e PR L R
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