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Distribution and antibiotic resistance of pathogenic bacteria in
periprosthetic joint infections: a Meta-analysis
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Abstract: This Meta-analysis aimed to clarify the microbial distribution of periprosthetic joint infection (PJD
and to explore therapeutic strategies for specific pathogens associated with PJI. PubMed, CNKI (China
National Knowledge Infrastructure), and Wanfang databases were searched for relevant literature up to
November 8, 2022. Studies reporting on the distribution of PJI pathogens and their antimicrobial
susceptibility were included. Data on pathogen distribution and antibiotic resistance profiles were collected.

Studies meeting the criteria underwent quality assessment used the Joanna Briggs Institute (JBI) critical
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appraisal tool for analytical cross-sectional studies. Meta-analysis was conducted using STATA 17 software.

A total of 25 studies were included, consisting of 22 retrospective studies and 3 randomized controlled trials.

Among these 25 studies, the overall prevalence of Gram-positive bacteria was 76% (95% CI is [0.72,
0.80], P<<0.01), Gram-negative bacteria was 18% (95% CI is [0.15, 0.21], P<C0.01), fungi was 3%
(95% CI is [0.02, 0.04], P<C0.01), and mycobacteria was 2% (95% CI is [0.01, 0.03], P<C0.01).

Coagulase-negative Staphylococci and Staphylococcus aureus are the two main pathogens contributing to

periprosthetic joint infections. Clinical practice should optimize more effective utilization of existing drugs,

mitigate the development of bacterial resistance, and seek new drug targets to expand the range of antibiotic

options for periprosthetic joint infections.

Keywords: Periprosthetic joint infection; Antibiotic resistance; Meta-analysis; Pathogen distribution;

Antibiotics; Prevalence
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Tab. 1 Search strategy of China National Knowledge

Infrastructure (CNKI) database
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Tab. 2 Basic information of included literature
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Fig. 1 Flow chart of literature search
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Tab. 3 Subgroup analysis results of Gram-negative bacteria, Gram-negative bacteria and fungi based on infection site
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Rate Weight
Study with 95% CI (%)
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A a5 —— 0.66 [ 0.52, 0.80] 3.32
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Fig. 2 Forest plot of Meta-analysis on the prevalence of Gram-positive bacteria
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Study ID ES (95% Cl)  Weight (%)
i |
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:
1
Heterogeneity between groups: P = 0.063 !
Overall (/%= 89.3%, P=0.000) é 0.76 (0.74,0.78)  100.00
:
1
[ I

-0.934

0 0.934
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Fig.3  The forest plot of Meta-analysis on the prevalence of Gram-positive bacteria in knee joint group and hip joint group
Study ID ES (95% Cl)  Weight (%)
i |
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Subtotal (/%= 14.3%, P=0.321) <p 0.16 (0.10,0.21)  36.86
|
Heterogeneity between groups: P = 0.749 :
Overall ( I*=18.7%, P=0.249) ¢ 0.16 (0.13,0.19)  100.00
1
1
T ; T
-0.805 0 0.805
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Fig. 4 The forest plot of the Meta-analysis on the prevalence of Gram-negative bacteria in the knee joint group and the hip

joint group
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Study ID ES (95% Cl)  Weight (%)
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Fig. 5 Forest plot of Meta-analysis on fungal prevalence in knee joint group and hip joint group
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Rate Weight

Study with 95% Cl (%)
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EIF RS — 0.13[ 0.07, 0.20] 4.86
CESGE] —— 0.17[ 0.11,0.24] 4.90
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RAEE - 0.27[ 0.22, 0.32] 5.24
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Overall <@ 0.18[ 0.15, 0.21]
Heterogeneity:7~ = 0.00, I° = 81.22%, H* = 5.32
Test of 6;=6;: Q(24) = 136.13, p=0.00
Testof 6=0:Z=12.11, P=0.00
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B 7 EZRAMEERITE Meta 3 HTHIZRKE

Fig. 7 Forest plot of Meta-analysis of the prevalence of Gram-negative bacteria
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Rate Weight
Study with 95% ClI (%)
[Rih &5 T 0.04[-0.03, 0.11] 1.70
LR 0.04[ 0.02, 0.06] 6.40
A i fE S —— 0.09[ 0.06, 0.13] 4.14
A —_— 0.05[-0.05, 0.15] 0.93
J B4 0.10[-0.03, 0.22] 0.62
B ——— 0.03[-0.03, 0.09] 2.12
WIA%E 0.10[-0.03, 0.23] 0.57
RETE +——=———  0.09[-0.01, 0.19] 0.92
[Py e —— 0.02[-0.02, 0.06] 4.37
JE — iR 4% —_r—— 0.05[-0.02, 0.11] 2.08
BT RS — 0.05[ 0.01, 0.10] 3.74
e —— 0.07[ 0.03, 0.11] 3.76
oA liR —=&——  0.13[ 0.05, 0.20] 1.48
T B i 0.01[-0.01, 0.03] 7.56
B R A [ | 0.03[ 0.02, 0.04] 9.23

~

(CREs

y

0.10[ 0.06, 0.13] 4.63

T eE [ | 0.01[-0.00, 0.02] 9.03
R 2 —— 0.06[-0.01, 0.13] 1.75
KarczewskiZs - 0.01[-0.01, 0.03] 7.40
HolleymanZ% [ | 0.00[-0.00, 0.01] 9.62
Preobrazhensky% [ | 0.01[-0.00, 0.02] 9.31
Klement: B 0.01[-0.00, 0.02] 8.64

Overall * 0.03[ 0.02, 0.04]
Heterogeneity:7° = 0.00, /> = 75.37%, H" = 4.06
Test of 6;=6;: Q(21) = 100.04, P= 0.00

Testof 6=0: z=6.08, P=0.00

Random-effects Hunter—Schmidt model
Bl 8 HEERITE Meta FHTRIFRIE
Fig. 8 Forest plot of Meta-analysis of fungal prevalence

Rate Weight
Study with 95% CI (%)
BrEE 0.07[-0.02, 0.17] 0.82
EA-{:ES 0.01[-0.00, 0.03] 15.24
ARRE : 0.00[-0.00, 0.01] 18.83
EERE 0.11[-0.03, 0.24] 043
ERAE 0.10[-0.03, 0.23] 0.47
R 0.06[-0.02, 0.15] 1.12
M-S - 0.02[-0.02, 0.06] 4.87
Bk E r 0.01[-0.01, 0.03] 12.44
M 0.06[-0.05, 0.17]  0.65
s - 0.04[ 0.00, 0.08] 4.80
B 0.03[ 0.02, 0.04] 18.79
[ e — 0.02[-0.02, 0.06] 4.02
KlementZ 0.01[-0.00, 0.02] 17.51
Overall [ 0.02[ 0.01, 0.03]
Heterogeneity:7° = 0.00, I° = 52.42%, H* = 2.10
Test of 6;=6;: Q(12) = 25.22,P = 0.01
Testof 6=0:Z=3.59, P=0.00

—OI1 0 0t1 OI2 0I3

Random-effects DerSimonian—Laird model
B9 TR RITE Meta S HTHIFRHE

Fig. 9 Forest plot of Meta-analysis of mycobacterial prevalence
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Tab. 4 Antibiotic resistance of coagulase negative Staphylococcus and Staphylococcus Aureus

) % 191 it ) A B 4 AR TA

RS A/ B/tk 2% (%) 95%CI(%) A/ B/tk  MZ5H (%)  95%CI(%)
HRR 289 303 95 (93, 98) 181 185 98 (96, 100
ARES 192 276 70 (64, 75) 126 185 68 (61, 75)
PR 5 24 21 0, 3D 2 12 17 (0, 38)
PUIRZE 19 161 12 (7, 17 20 96 21 (13, 29
FlAE-F 21 158 13 (8, 19 14 107 13 (7, 19
NS 133 304 44 (38, 49) 107 185 58 (51, 65)
TR 98 276 36 (30, 41) 94 185 51 (44, 58)
PR 21 161 13 (8, 18) 12 96 13 6, 19
W R 125 279 45 (39, 51) 64 173 37 (30, 44)
LA R 76 304 25 (20, 30 38 185 21 (15, 26)
2058 76 158 48 (40, 56) 21 88 24 (15, 33)
52 5 Tk e F e 15 27 56 (37, 74) 3 18 17 (-1, 30
ORI/ ET R 2 24 8 (3,19 2 12 17 (-4, 3%
Rk 2 21 118 18 11, 25) 13 77 17 (9, 25)
KHPET 81 142 57 (49, 65) 63 89 71 (61, 80)
S F A 107 142 75 (68, 82) 70 89 79 (70, 87
KAk 82 142 58 (50, 66) 61 89 69 (59, 78)
SLAFE 108 118 92 (87, 97 73 77 95 (90, 100)
K F Wik 66 118 56 (47, 65) 55 77 71 (61, 82)
Sk A Al 60 118 51 (42, 60) 41 77 53 (42, 64)
St fE 32 118 27 (19, 35) 27 77 35 (24, 46)
W PG bR 126 161 78 (72, 85) 23 96 24 (15, 32)

T A CHTHZGHRAL B N SRR

RS KERFHSEFBARENIERNTAER

Tab. 5 Antibiotic resistance of Escherichia coli and Pseudomonas aeruginosa

N 7B i) 2 A A T

AR

A/ B/ WZIHE(%)  95%CI(%) A/ B/#k  THZHR(%)  95%CI(%)
RV 28 33 85 (73, 9D 31 34 94 (86, 100)
W e T 17 21 81 (64, 98) 21 34 62 (45, 78)
Sk ft bR 26 33 79 (65, 93) 30 34 88 (77, 99
Sk 18 33 55 (38, 72) 25 34 74 (59, 88)
3 AR il 9 21 43 (22, 64) 19 34 56 (39, 73)
S ABAtBE 13 33 39 (23, 56) 22 34 65 (49, 81

S (NN 19 33 58 41, 74 16 34 47 (30, 64)
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PN 7B i) ML A A

k&R

A/ B/#%  TWZZE(%)  95%CI(%) A/KR B/#  THZH(%)  95%CI(%)
KAt E i 6 33 18 (5, 3D 10 34 29 (14, 45)
AR R 8 33 24 (10, 39 20 34 59 (42, 75)
WRT A 18 33 55 (38, 72) 7 34 21 (7, 34)
KR A& 5 33 15 (3, 27 9 34 26 (12, 4D
THeRIREZR 10 21 48 (26, 69) 18 34 53 (36, 70)
NG 16 33 48 (31, 66) 29 34 85 (73, 97)
AR 12 33 36 (20, 53) 15 34 44 (27, 61)
=iy iy | 4 12 33 (7, 60)
UIEZS 1 12 8 (=7, 24)
Sl 2 12 17 (-4, 3%
E=Niiiee) 4 12 33 (7, 60)
W7 PG AR 2 12 17 (-4,3%

T A AT 2GR EL, B o B R AL
3 itie

T I A i LSRR F) S BEEAE T B T AR
AT AR o AT A AU IR B 11 B JER v 2 T B Je
PR EEIAY . EAh, AR Pl JC B R AR I TC I A
s A G BRI BT A 28 48 2 T e g ) A
XF TR B AN DI REAIRT B A BRI ) A
A T e R . — L A (R R
G, RS W AARBIR YT BOCE 2, 10T il
WASEPUERIBIT M PR T, FAR T BEAL G
THOIFAR MEARBUL A AR A S, Brd: R T LU
PR B Dk 3 5 2 7 » HAAR 18 245 W e 6 2R, A SR 4
fiy 7 S P AR AR 11 B SR T T
VL P UL 2R 3R 2 45 ) A IR ) LR 2 1) A A%
WAL,

AHIF 58 3 98 A JRUAA AR A 4 338 9], 40 4
3 347 BRI PHE L 775 BRAE 22 KB PE T 155
PRECTR LS 61 BRI BT I . A SCHY £ H e T
iz ] Meta 731 7515 o 5 48 53 B 5 19 A1 1 J&] Fil s Dt
TR A 70 A 1 DO AIT AR 2R T 257 D R 4t 5% 5
SERE YRR PIT B G AR #E ke 5

2 PP T R Y BB N 76. 0%, Horpr g
B OO A KA PIT SECE ARG I L %) i i L Dt 2
Vs o5 BT 42, 0% o FLUE: B [ i 9 4 i 4
EKT# (coagulase-negative staphylococcus » CONS) ,

BIRRLAN 39. 2%, X455 FE AP E G S H X
TF5E 45 SR ARARL , 4 B €0 7 2 B3R A1 10 2 3 26 b X e
LB A 0 A 2 G B R ER B A
BRUAFIEERK D , BB RN, RS, &R aBEAER
BT o AR A ] B JER e D BT B 19 29. 9% %, i fl
[, CONS &8 W i BUW B o5 B A PIT s 61 1)
65. 0% » BIF5% 1 22 B, ik HY 4 PG bR 114 ¢ 1z 4 7 K AT
(methicillin-resistant Staphylococcus epidermidis ,
MRSE) 7E{8 [ PIT £5 H i EL il #E 2012 4R E ik 5]
74. 0% . XFFAHEAT N BT AR BB Bk
HiB CONS Fl4: ¥ A 4 PR R B X HE, —
SO YR 24 R AR A P AE B WA R AR 5
P02 02 PG AR/ LI, AT ] JER e 1B A
BITS

AHIFGT Sz B, 2% B B PEAT B FE S 191 o ey
17. 8%, 5 CHk R 38 1Y 5% ~ 20% 78 Bl e A —
O AR L [CBAE R P R IR A R S
7 3% 5 [ N AN SE IR 45 SRARAT . ASBF9T 28, K
o 525 T o A 2 T TR 99 1 1) 30. 0% » FLUCR: R
AR L B R R 21, 3% . KAy R 4%
B B T SR P R B B R 2. R
PR o KR A5 o UIR R Sk Atk s | R 7 v
ARFIBAT K A5 B B T 25 2R 31K, 43 302 8% . 17%
17% F11 15 % 5 4 2 Al B TR Bl oK B2 AR I 0 B
(TR 25 R A RHRRAG 23501 R 26 % F1 21 % 5 A s A
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