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Abstract: Intracellular pathogens are a class of pathogens that can invade eukaryotic cells and survive in cells. After
entering the host cell, they can regulate the intracellular environment so as to facilitate their own reproduction and
spread, while the host’s cell membrane and other structures will protect intracellular pathogens from being attacked by

antibiotics, resulting in treatment failure. the increasingly serious drug resistance of intracellular pathogens makes the
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problem more difficult. It is necessary to explore bacteriostatic methods other than antibiotics, and phage therapy is a
good choice. Bacteriophages have been used to treat bacterial infections as early as their discovery because they can
effectively kill extracellular pathogens. However, phage therapy to deal with intracellular pathogens is still in the
exploratory stage. In this review, we introduce the strategies of intracellular pathogens invading and settling in
eukaryotic cells, as well as the mechanism of their resistance to antibiotics. It shows the unique bactericidal mechanism
of phage therapy and its outstanding advantages, and the great potential of phage therapy in dealing with intracellular
pathogens, especially drug-resistant pathogens. Of course, the application of phage therapy in the treatment of
intracellular pathogens still faces many challenges, such as the fact that bacteriophages can not easily pass through the
eukaryotic cell membrane to contact with intracellular pathogens. Finally, we discussed the possible development
direction of bacteriophage therapy in the treatment of intracellular drug-resistant pathogens. We believe that first of all,
we must adopt the “Trojan horse” strategy,cell-penetrating peptides modification or nanomaterial modification to make
it possible for bacteriophages to enter eukaryotic cells efficiently. On this basis, the bacteriophage itself can be
modified to obtain a recombinant bacteriophage with stronger bactericidal efficacy, and the bacteriophage resources,

including mild bacteriophage, should be further explored .
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Fig. 1 The process of bacteriophage lysis of bacteria
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Table 1 Phages against intracellular bacterial infection.
20 e P9 9 S Wi 14 A TG RAR /2 Y SCHRACE LB B
Chlamydia psittaci phiCPG1 HelLa cells Hsia et al, 2000 Preclinical
Research
Staphylococcus aureus M5 Peritoneal mouse macrophages/mice Capparelli et al, 2007" Preclinical
Research
MR-5 Peritoneal mouse macrophages Kaur et al, 2014 Preclinical
Research
vB_SauM_JS25 Bovine Mammary Epithelial Cells (MAC-T) Zhang et al, 20175 Preclinical
Research
MR-5 and MR-10 mice Chhibber et al, 2018"" Preclinical
Research
PP1493, PP1815, and MG63 osteoblastic Cells Kolenda et al, 2020 Preclinical
PP1957 Research
Burkholderia C34 mice Guang-Han et al, 2016 Preclinical
pseudomallei Research
Escherichia coli KIF Urinary bladder epithelial cell line, Moller-Olsen et al, 2018 Preclinical
T24 (HTB-4) Research
KIF human cerebral microvascularendothelial Moller-Olsen et al, 2020 Preclinical
cells (hCMEC) Research
Klebsiella pneumoniae KPO1K2 Peritoneal mouse macrophages Singha et al, 2005 Preclinical
Research
K0o1, K02, KO3, Ko4 mice Chadha et al, 2017% Preclinical
and KOS5 Research
M. tuberculosis T™4 Mouse peritoneal macrophage cell line, Broxmeyer et al, 20021 Preclinical
/Mycobacterium avium RAW 264.7 Research
Mycobacterium avium T™4 mice Danelishvili et al, 2006!"”  Preclinical
Research
M. tuberculosis DS-A pigs Zemskova et al, 19914 Preclinical
Research
D29 mouse peritoneal macrophages Peng et al, 2006 Preclinical
Research
D29 macrophages Xiong et al, 2014%°! Preclinical
Research
D29 mice Carrigy et al, 2017"" Preclinical
Research
D29 Peritoneal mouse macrophages Lapenkova et al, 2018 Preclinical
Research
D29 mice Carrigy et al, 2019 Preclinical
Research
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Fig.2 Strategies used to facilitate cellular uptake of phage
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JE R FH TC B0 1 (1 R SR AN B A N BAA, s 1 A is
Hgtanfe . 20024E, Broxmeyer 25 M FI AR SR PE
N LG > B A (Mycobacterium smegmatis) A
B, 5 W TR AR TMA 3t N B T 5 o R AT B
(Mycobacterium avium) 1] E VR0, W B K TM4
IR G A PN S o KeAF e . AR,
H e, R — R B AR AT IR T A S B
W T A FR) i 52 M, T SR RS R R AR X R, T
2 RE I AL 22 TR TR AR () B A Y AR A AR AR M T
AR R O F B R e A I e, R
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i W AT o O RO AR A, T e SRR - TR
#h-CaCLiL &R R TG4 MPs FlJIE 1K %%
2008 £F, Ma %5 " A H 52 FEHE - 3 R £ -CaCl, K b
I B B R S R W B 5 Felix O1 T3EAL, 39 1 Wi
PRAERE B R ERE v T B AR E M AR R |
Agarwal 55 " A8 FH 250 R (19 3R S ) MIPs H Wik B {4 BT
Iri) 32 38 B it 8, AT R T B AT 4E AR /)N BRI 5
% AR B TR U G FIAH OC RE o 5 A N TR A
e, MRPiiA BA BG40 M 57 & e 1t . 2015 48,
Neith &5 "' 4t 7 K 50 20 TR 4 ey fp A1 23 B A 16
Wik 18 fA& TM4 A Rt e 2 B R IR B, 45X 28
Wk T A A L AZ A v RO . Bz, B LR AL
B AR A KN B R 22 v AN W T
N T EAAK By 77 iAo W T A N R T8 100 A R

B M S W S AR 6 R g3 5 IR AL ) AS BB LR
M EERE B, TR RO s B 735 . il m] LLSR F 4
e ZF iE K (cell penetrating peptide, CPP) 1Z7fi >k
PEE IR w AR WAL B o h . AR AR E SR
PR AN 2 R S e A AR R, W] LI B AL B
BEAT 5 G 7% I8 S5 A% B IR 55 K 4 112 1% 3 40
W, AR R B A N A R M. 3 Bhattarai
S USSR RO ) 40 B ZF % K RGD (Arginine-
Glycine-Aspartic acid) Jk 12 1 22 Ik (filamentous)
W A M13, 5B A RUAH L, B R B AR E
HeLa 299 41 i 1) WAL 32 15 1 76%. HIRIX P
J7 % H AT T 2R TR AR . T 22K R TR A
TIHARR R A A W, AN EAE TR R A T
W AR T . (HBEEBORIIIE R, A 4000 5%
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I A 2% . 91412019 4, Fulgione % ™' ffi i 2
FEWE K A7 (hydroxyapatite, HA) 44K & K 1E N
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HA-SRo1 & & ¥ 8845 B ) A AL ) HepG2 21 1 ) 4
Mg, (HE) SRol WIANEE. [ f5 ) Zeta HIAZ 43
Mra& B, HA R T SRel FRMH M HEM. 2022 4F,
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