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Diagnostic Value of Next-Generation Sequencing in
Periprosthetic Joint Infection: A Systematic Review
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Next-generation sequencing (NGS) has developed rapidly in the last decade and is emerging as a promising diagnostic
tool for periprosthetic joint infection (PJI). However, its diagnostic value for PJI is still uncertain. This systematic review
aimed to explore the diagnostic value of NGS for PJI and verify its accuracy for culture-negative PJI patients. We con-
ducted this systematic review in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analy-
sis (PRISMA) guidelines. Medline, Embase, and Cochrane Library were searched to identify diagnostic technique studies
evaluating the accuracy of NGS in the diagnosis of PJI. The diagnostic sensitivity, specificity, and positive and negative
predictive values were estimated for each article. The detection rate of NGS for culture-negative PJI patients or PJI
patients with antibiotic administration history was also calculated. Of the 87 identified citations, nine studies met the
inclusion criteria. The diagnostic sensitivities and specificities of NGS ranged from 63% to 96% and 73% to 100%,
respectively. The positive and negative predictive values ranged from 71% to 100% and 74% to 95%, respectively. The
detection rate of NGS for culture-negative PJI patients in six studies was higher than 50% (range from 82% to 100%),
while in three studies it was lower than 50% (range from 9% to 31%). Also, the detection rate of NGS for PJIs with antibi-
otic administration history ranged from 74.05% to 92.31%. In conclusion, this systematic review suggests that NGS may
have the potential to be a new tool for the diagnosis of PJI and should be considered to be added to the portfolio of diag-
nostic procedures. Furthermore, NGS showed a favorable diagnostic accuracy for culture-negative PJI patients or PJI
patients with antibiotic administration history. However, due to the small sample sizes of studies and substantial hetero-
geneity among the included studies, more research is needed to confirm or disprove these findings.
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Introduction

Periprosthetic joint infection (PJI) is one of the most dev-
astating complications after total knee arthroplasty

(TKA) or total hip arthroplasty (THA). Though a rare com-
plication, PJI is associated with substantial morbidity, mor-
tality, and high economic costs1. Published evidence suggests
the incidence of PJI is approximately 1.55% within two years
after TKA and 0.45% within two to ten years after TKA2; the
incidence of PJI after THA surgery is about 1%3,4. PJI is also
a leading cause of revision after knee and hip arthroplasty5,6.
Although there exist many methods for the diagnosis of PJI,
final diagnosis and evaluation of PJI in clinical practice is still
demanding7,8. On the one hand, the detection rate of culture,

which is the primary mean to identify the pathogen involved,
is relatively low. Li et al. demonstrated that sensitivity of per-
iprosthetic tissue culture in blood culture bottles was 70%9.
Gallo et al. showed that the positive results of joint fluid cul-
ture were only 44% PJI patients10. On the other hand, there
is no one recognized approach that is able to replace the cul-
ture for identifying the pathogen. Therefore, finding a new
effective detection method to improve the detection rate of
pathogenic microorganisms is becoming urgently necessary.

With the continuous development and improvement of
high throughput sequencing technology, an increasing number
of scientists recognize its potential value for identifying the
pathogen. Next-generation sequencing (NGS), a DNA

Address for correspondence Bin Geng, PhD, Department of Orthopaedics, Lanzhou University Second Hospital, Orthopaedic Key Laboratory of Gansu
Province, Orthopaedic Clinical Research Center of Gansu Province, #82 Cuiyingmen, Lanzhou, Gansu, China 730000; Email: cxxxf@foxmail.com
Disclosure: The author declares that there is no conflict of interest that could be perceived as prejudicing the impartiality of the research reported.
†These authors contributed equally to this article.
Received 8 March 2021; accepted 19 November 2021

190
© 2021 THE AUTHORS. ORTHOPAEDIC SURGERY PUBLISHED BY CHINESE ORTHOPAEDIC ASSOCIATION AND JOHN WILEY & SONS AUSTRALIA, LTD.

Orthopaedic Surgery 2022;14:190–198 • DOI: 10.1111/os.13191
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

https://orcid.org/0000-0002-5635-6319
http://creativecommons.org/licenses/by-nc-nd/4.0/


sequencing technology that has revolutionized genomic
research, has developed rapidly over the last decade11. Next-
generation sequencing has shown good value in identifying
pathogens and diagnosing many infectious diseases12,13. In the
last five years, there has been emerging evidence on the poten-
tial value of NGS in diagnosing PJI14–20. A few studies have
explored the diagnostic value of NGS for PJI14–17, but the evi-
dence is inconsistent and uncertain. In a recently published
study16, NGS had limited value in the diagnosis of PJI, a find-
ing which was inconsistent with previous studies14. Some
studies have also suggested that NGS has excellent diagnostic
value for patients with negative microbial culture14,15,17, which
is not at par with that of Kildow et al.16. The most challenging
issue in the diagnosis of PJI is patients with negative microbial
culture21,22. Whether NGS can accurately identify culture-neg-
ative PJI patients is uncertain. Besides, considering the diffi-
culties in diagnosis for patients with antibiotic administration
history, it is also worth exploring whether the NGS could play
an important role in diagnosis.

In this context, we conducted a systematic review of
the published literature to summarize: (i) the diagnostic
accuracy of NGS for PJI; (ii) the detection rate of NGS for
culture-negative PJI; and (iii) the detection rate of NGS for
PJIs with antibiotic administration history.

Materials and Methods

Data Sources and Search Strategy
We performed this review following the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA)
guidelines23. The systematic literature search was performed
by two independent authors, with a third author resolving dis-
agreements where necessary. The electronic databases Medline
(PubMed), Embase (OvidSP), and Cochrane Central Register
of Controlled Trials were searched for relevant studies publi-
shed from January 1990 to March 2021. The literature search
strategies for these three databases followed medical subject
headings combination with terms. The detailed literature sea-
rch strategies are reported in the Table S1. Also, unpublished
and gray literature was sought and retrieved in established
journals of the orthopedic field (such as, The Journal of Bone
and Joint Surgery, The Journal of Arthroplasty, Clinical Ortho-
paedics and Related Research, or International Orthopaedics)
from January 1990 to March 2021.

Inclusion and Exclusion Criteria
Two authors independently assessed the search results for inclu-
sion in this systematic review by initially scanning titles/abstracts
and conducting full-text evaluation of potentially eligible studies.
Any disagreements between the two authors were resolved by
consensus or through discussion with a third author.

The studies which evaluated the diagnostic values of
the NGS for identifying PJI in patients were included. The
inclusion criteria were:
1. participants: patients suspected of having PJI;
2. interventions: not applicable;

3. comparisons: not applicable;
4. outcomes: diagnostic values of the NGS for identifying

knee or hip PJI, and patients were categorized as infected
or aseptic using the Musculoskeletal Infection Society
(MSIS) criteria, Infectious Diseases Society of America
(IDSA) PJI diagnostic criteria or International Consensus
Meeting (ICM) criteria as the reference standard24–26;

5. study design: cohort study, cross-sectional study, or case–
control study (prospective or retrospective).

The exclusion criteria are:
1. case reports, commentaries, expert opinion, and narrative

reviews; and
2. non-English language publications.
A PRISMA flow diagram of the literature screening process
was constructed after study selection. The detailed results are
shown in Fig. 1.

Data Extraction
We imported all the retrieved articles into EndNote (version
X9, Clarivate Analytics, Philadelphia, PA, USA). After identi-
fying and excluding duplicate records, ineligible articles, and
those published before 1990, the two researchers indepen-
dently conducted literature screening and extracted data
based on the inclusion and exclusion criteria. A third investi-
gator resolved any disagreements.

We extracted the following information:
1. study information (author, year of publication, country,

institution, journal, type of study, etc.);
2. study population baseline information (age, gender, body

mass index (BMI), etc.);
3. the number of PJI and non-PJI patients diagnosed with

MSIS in each study;
4. the number of NGS-positive, NGS-negative, culture-posi-

tive or culture-negative patients in both PJI and non-PJI
groups;

5. the number of NGS-positive or NGS-negative in culture-
negative PJI patients for each study; and

6. the number of NGS-positive or NGS-negative PJI patients
who had an antibiotic administration history for each
study.

Literature Quality Evaluation
The methodological quality of included studies was
appraised using the QUADAS (Quality Assessment of Diag-
nostic Accuracy Studies)-2 tool27. The QUADAS-2 tool eval-
uates bias based on the following four domains: patient
selection, index test, reference standard, and flow and timing.
The risk of bias was assessed in each domain, and concerns
about applicability were assessed in the first three domains
with signaling questions. These questions were answered
with “yes” for a low risk of bias/concerns, “no” for a high
risk of bias/concerns, or “unclear” when the relevant infor-
mation was not clearly provided. Two authors independently
evaluated these studies. A third author resolved any contro-
versy to achieve a final consensus.
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Statistical Analyses
A standardized Microsoft Excel spreadsheet was used to
track the extraction of quantitative data from each study.
True positive (TP), false positive (FP), true negative
(TN) and false negative (FN) results were collected and
plotted in a two-by-two contingency table. Sensitivity,
specificity, positive predictive value (PPV), negative pre-
dictive value (NPV), positive likelihood ratio (+LR) and
negative likelihood ratio (�LR) were calculated for each
study. Simultaneously, the detection rate of NGS for cul-
ture-negative PJI patients, which was equal to NGS-posi-
tive / culture-negative PJI patients expressed as a
proportion of the total number of culture-negative PJI
patients, was also calculated. Besides, the detection rate
of NGS for PJI patients with antibiotic administration
history would be calculated, which was equal to NGS-
positive/PJI patients with antibiotic administration his-
tory. The statistical analyses were performed by two
researchers independently; a third investigator resolved
any disagreements.

Results

Study Selection
We retrieved a total of 87 potentially relevant citations from
the four electronic databases. After excluding 29 duplicates
and 38 irrelevant citations based on titles and abstracts, 20
citations remained for full-text evaluation. Following this,
we further excluded 11 articles because: (i) study designs
did not meet the inclusion criteria (two reviews, one case
report, and one editorial)18,28–30; (ii) one study was related
to therapeutics31; (iii) the population or sample included in
three studies was not relevant20,32,33; (iv) the index test in
one study did not include NGS34; (v) one study did not use
the MSIS criteria, IDSA criteria, or ICM criteria as a refer-
ence standard; and (vi) one study involved the establish-
ment of a PJI diagnostic model in which the data relating
to NGS diagnosis could not be obtained19,35. Nine articles
were finally eligible for the review14–17,36–40. There was no
disagreement between the reviewers regarding the inclusion
of these studies.

Fig. 1 Flow diagram of study

selection process. NGS, next-

generation sequencing.
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Study Characteristics and Quality
The nine eligible studies, which evaluated the diagnostic value
of the NGS, were published between 2018 and 2021. Four
studies14,15,36,39 were conducted in the same institution, and
another two studies37,38 were also completed at the same
institution. All included studies recruited a total of 1007
patients (541 PJI patients and 466 non-PJI patients). Six stud-
ies enrolled patients who underwent revision
arthroplasty14,15,17,36,39,40; two studies included the patients
who were PJI or aseptic implant failures37,38; one study
enrolled patients who underwent revision arthroplasty or pri-
mary arthroplasty16. The mean ages ranged from 62.5 to
67.8 years. The percentage of women ranged from 35.4% to
51.7%. Five studies reported on patients’ mean BMI, which
ranged from 27.2 to 33.05 kg/m2 16,17,36,37,40. Seven included
studies were cohort studies14–17,36,39,40, and two studies were
case–control studies37,38. Meanwhile, six studies were pro-
spective research14,15,17,36,39,40 and three studies were retro-
spective research16,37,38. MSIS criteria were selected as the
reference standard in seven studies14–17,36,39,40, while two
studies employed IDSA as PJI diagnostic criteria37,38. The
nine studies employed different sampling methods. Only
synovial fluid was sampled in five studies15,16,36,37,40; only

periprosthetic tissues were sampled in one study14; only soni-
cate fluid was sampled in one study38; synovial fluid, deep-tis-
sue specimens, and swabs were sampled in one study17; and
synovial fluid, sonication fluid, or homogenized tissue were
sampled in one study39. For the studies which used synovial
fluid for the NGS test, the minimal volume of synovial fluid
was 0.6 mL, while the maximum volume was greater than 4
mL. Table 1 presents details of study characteristics.

The risk of bias was assessed for all included studies
using theQUADAS-2 tool27. All eligible studies were at high
risk of bias. The most common reason for a high risk of bias
was the reference standard, where MSIS criteria or IDSA
criteria were used as the reference standard. Studies were at
high risk for the “patient selection” domain because patients
were not enrolled consecutively14–16,37,38,40. The high risk of
bias for the “index test” was because the results of the refer-
ence test were definitive before the index test37,38. Also, the
high risk of bias for “flowing and timing” was because not all
patients were included in the analysis in three studies16,37,38;
one study enrolled acute PJI patients, which led to an inappro-
priate interval between index test and reference standard16;
there was a long interval between index test and reference
standard in two studies37,38. The results are shown in Fig. 2.

Fig. 2 Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) scores for risk of bias and concerns regarding applicability of the included

studies.

TABLE 2 Sensitivity, specificity, positive predictive value, negative predictive value, positive likelihood ratio and negative likelihood ratio
of next-generation sequencing for periprosthetic joint infection

Study Sampling TP FP FN TN Sensitivity (%) Specificity (%) PPV (%) NPV (%) +LR �LR

Cai et al. 202014 Intraoperative 21 2 1 20 95 91 91 95 10.50 0.05
Fang et al. 202015 Intraoperative 24 0 1 13 96 100 100 93 N.S 0.04

Preoperative 23 1 2 12 92 92 96 86 11.96 0.09
Huang et al. 202036 Intraoperative 47 1 2 20 96 95 98 91 20.56 0.02
Ivy et al. 201837 Preoperative 73 5 23 67 76 93 94 74 10.95 0.26
Kildow et al. 202116 Preoperative 30 7 18 61 63 90 81 77 6.07 0.42
Tarabichi et al. 201818 Intraoperative 25 10 3 27 89 73 71 90 3.30 0.15
Thoendel et al. 201838 Intraoperative 157 7 56 188 74 96 96 77 20.53 0.27
Wang et al. 202039 Preoperative 43 1 2 17 96 94 98 90 17.20 0.05
Yin et al. 202140 Preoperative 14 2 1 18 93 90 88 95 9.33 0.07

+LR, positive likelihood ratio; �LR, negative likelihood ratio; FN, false negative; FP, false positive; NPV, negative predictive value; N.S, nonsense; PPV, positive
predictive value; TN, true negative; TP, true positive.
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The Diagnostic Value of Next-Generation Sequencing
for PJI
All included studies reported the diagnostic performance of
NGS for PJI. The diagnostic sensitivities and specificities
ranged from 63% to 96% and 73% to 100%, respectively. The
positive and negative predictive values ranged from 71% to
100% and 74% to 95%, respectively. The positive and nega-
tive likelihood ratios ranged from 3.30 to 20.56 and 0.02 to
0.42. The detailed results are reported in Table 2.

The Detection Rate of Next-Generation Sequencing for
Culture-Negative PJI
All eligible studies reported the number of culture-negative
PJI and NGS-positive/culture-negative PJI patients. The
detection rate of NGS for culture-negative PJI patients in six
studies was higher than 50% (ranged from 82% to 100%),
while in three studies it was lower than 50% (ranged from
9% to 31%). The results are shown in Table 3.

The Detection Rate of Next-Generation Sequencing for
PJIs with Antibiotic Administration History
Four eligible studies reported the number of culture-negative
PJI and NGS-positive/culture-negative PJI patients14,15,37,38.
Two studies did not mention the antibiotic administration
history of patients16,40, two studies withheld the antibiotics
before surgical procedure until samples were collected17,39,
and one study did not report the NGS results in patients
with antibiotic administration history36. Finally, the detection
rate of NGS for PJIs with antibiotic administration history

ranged from 74.05% to 92.31%. The detailed results are
shown in Table 4.

Discussion

The diagnosis of PJI has always been a challenging issue
in the field of orthopedics1. Though NGS has developed

rapidly over the last decade, its diagnostic value for PJI has
been uncertain and results of previous studies also con-
flicting14–17. Using a systematic review, we have summarized
the existing literature and shown that NGS may be a promis-
ing tool for the diagnosis of PJI, especially PJI patients with a
negative culture result or antibiotic administration history.
Because of the low quality of the reports in the literature and
the limited number of available studies, further investigation
is needed in future studies.

A total of 87 relevant records were retrieved from three
databases and nine eligible studies were eventually
included14–17,36–40. It suggests that the application of NGS in
PJI is still in its infancy, with only very few published studies
related to the diagnosis of PJI. Although the literature on
NGS has been in existence since the early 2000s41,42, its
application for clinical diagnosis only started after the early
2010s43,44. Concerning the quality of the included studies, all
nine studies were at high risk of bias. First, the most com-
mon reason for assigning a high risk of bias was the
improper reference standard. The MSIS criteria were initially
proposed in 201124 and the IDSA criteria were proposed in
201326, but after nearly a decade of development, many
scholars and experts have challenged this standard and

TABLE 3 Detection rate of NGS in culture-negative PJI patients

Study Sampling of NGS Culture-negative PJI NGS-positive in culture-negative PJI Detection rate (%)

Cai et al. 202014 Intraoperative 6 5 83
Fang et al. 202015 Intraoperative 7 6 86

Preoperative 12 10 83
Huang et al. 202036 Intraoperative 10 10 100
Ivy et al. 201837 Preoperative 16 4 25
Kildow et al. 202116 Preoperative 11 1 9
Tarabichi et al. 201818 Intraoperative 11 9 82
Thoendel et al. 201838 Intraoperative 67 21 31
Wang et al. 202039 Preoperative 10 10 100
Yin et al. 202140 Preoperative 8 7 88

NGS, next-generation sequencing; PJI, Periprosthetic Joint Infection.

TABLE 4 Detection rate of NGS in PJIs with antibiotic administration history

Study Sampling PJIs with antibiotic administration history PJIs with NGS-positive Detection rate (%)

Cai et al. 202014 Intraoperative 4 3 75.00
Fang et al. 202015 Preoperative 13 11 84.62

Intraoperative 13 12 92.31
Ivy et al. 201837 Preoperative 42 35 83.33
Thoendel et al. 201838 Intraoperative 131 97 74.05
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proposed new diagnostic standards25. Compared with the
new diagnostic criteria25, the MSIS standard does not define
acute and chronic PJI, which are now considered to have sig-
nificant differences with regard to disease development, clini-
cal manifestation, diagnosis threshold, and other aspects45,46.
Also, because many patients with PJI are culture-negative,
the use of culture alone in diagnosing PJI is challenging47.
The new diagnostic tool proposed by Parvizi et al. has high
diagnostic sensitivity48, which is much higher than that of
the MSIS or IDSA. Therefore, the MSIS criteria or IDSA
criteria24,26, which were used as the reference standard in the
included studies, cannot accurately distinguish between PJI
and non-PJI patients. Second, inappropriate patient selection
was also one of the reasons for assigning a high risk of bias.
Six out of all nine studies did not enroll patients consecu-
tively14–16,37,38,40, which could have introduced selection bias
and affected the accuracy of the findings. Finally, in terms of
flow and time, one study included patients with acute PJI16.
As mentioned above, disease progression in patients with
acute PJI is different from that of chronic PJI, which may
lead to inappropriate time intervals between index test and
reference standard.

In terms of the diagnostic value of NGS, there were
significant differences between studies. Three studies
reported that the sensitivity of NGS was lower than 80%
(ranged from 63% to 76%)16,37,38, which was lower than
those of other studies (ranged from 89% to
96%)14,15,17,36,39,40. We propose some potential reasons: First,
the three included studies were retrospective research16,37,38,
and patients were not enrolled consecutively, which might
have affected the accuracy of results. Second, two studies that
reported a lower sensitivity of NGS were case–control stud-
ies37,38, where the diagnosis was before the NGS test, and
there was a long interval between index test and reference
standard, which was also a potential reason for the lower
sensitivity. Third, one study by Kildow et al. enrolled
patients who underwent primary arthroplasty16, and it was
uncertain whether there was any difference in the value of
NGS between the patients who underwent revision
arthroplasty and primary arthroplasty. Therefore, it is hard
to say whether the diagnosis value reported in these three
studies could represent the actual potency of the NGS. More-
over, for the specificity of NGS, the study by Tarabichi et al.
showed a 73% specificity17, which was lower than other stud-
ies (ranging from 90% to 100%). Except for the small sample
size, we also noticed the differences in sampling materials
among included studies. Just like microbial cultures49, NGS
might exhibit different diagnostic performances with differ-
ent sampling materials. Since there is no literature directly
comparing the diagnostic efficacy of sampling materials for
NGS, further exploration and research are needed to deter-
mine an optimal sampling method. Besides, it is worth men-
tioning that the setting of the threshold for the percentage of
bacteria belonging to a single species might be an essential
influence factor for diagnostic accuracy. One included study
also reported that a higher threshold would increase the

specificity but decrease the sensitivity17. Therefore, no setting
or setting a lower threshold might lead to an “over-
sensitivity” state and possibly detect part of the normal flora.
However, the results seem inconclusive whether the thresh-
old should be set or what is the optimum threshold. Apart
from the threshold setting, we also noted the different sam-
ple sizes for synovial fluid in different studies, which we con-
sidered that limited sample size of synovial fluid might
influence the diagnostic accuracy before. However, our
results unexpectedly suggested that four studies that used a
≤1 mL sample size of synovial fluid also had an excellent
diagnostic value15,36,37,40. Therefore, the NGS might be a
potential advantage for the smaller sample size of synovial
fluid used, suggesting that the NGS might not conflict with
the microbial culture process.

Diagnosis of culture-negative PJI patients has always
been challenging. According to the published literature,
about 5% to 45% of patients with PJI have a negative-culture
result50–54. Culture-negative patients may be seen in cases of
PJI that are caused by low virulence organisms, use of antibi-
otics, unsuitable culture medium, and low immunity among
other reasons25,55–58. Detection of pathogenic microorgan-
isms’ for PJI is related to the diagnosis of the disease and
affects treatment decisions, which is one of the advantages of
microbial culture and NGS. However, unlike microbial cul-
ture, NGS cannot be used for microbial drug susceptibility
testing, which is a major disadvantage. Combining microbial
culture and NGS to comprehensively assess patients’ disease
status and carry out precise treatments may become the
mainstay of PJI management in the future. In this systematic
review, the detection rate of NGS for culture-negative PJI
patients in six studies was higher than 50% (ranged from
82% to 100%)14,15,17,36,39,40, while in three studies it was
lower than 50% (ranged from 9% to 31%)16,37,38. Except for
the quality of studies, the causes which led to the negative
culture results might also affect the results of the NGS test.
As mentioned above, many reasons would lead to negative
culture results, like low virulence organisms, use of antibi-
otics, and unsuitable culture medium. However, further in-
depth studies are needed to elucidate this point and explore
whether the NGS could be used for all culture-negative PJIs.
Also, the question of whether NGS has a lower diagnostic
value for patients undergoing primary arthroplasty than
patients receiving revision arthroplasty remains to be further
evaluated. Our study suggested that NGS has the potential to
be a diagnostic tool for culture-negative PJI patients. How-
ever, due to the limited number of articles, sample sizes of
studies, and inclusion of patients undergoing revision sur-
gery, the results should be interpreted with caution. Large-
scale multicenter studies are needed in the future to further
explore the value of NGS in diagnosing PJI.

Another challenge for diagnosing PJI is the use of anti-
biotics59. As mentioned above, antibiotics are an essential
reason for negative culture results55–58, which may lead to a
wrong diagnosis and delay the treatment. Simultaneously,
the irregular use of antibiotics is common in clinical practice.
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However, this research showed the NGS had a high detection
rate for PJIs with antibiotic administration history. There-
fore, NGS may be beneficial for patients whose condition is
difficult to diagnose with antibiotic administration history.
Also, we tried to explore the value of NGS for polymicrobial
PJI by comparing the NGS results and the condition of
actual infections. Unfortunately, on the one hand, we could
not judge the condition of actual infections in most studies
included15–17,36–40, on the other hand, because of the pres-
ence of false positives, it was hard to say whether the results
of NGS could reflect the condition of actual infections. How-
ever, NGS does have the ability to detect various organisms
and is also not limited by culture conditions. Therefore, it is
necessary to further evaluate the consistency between the
NGS results and actual infections. Moreover, the evidence
available suggested the NGS was a potential method to diag-
nose polymicrobial PJI.

Limitations
Our systematic review has some limitations:
1. Because of the short application time of NGS in the diag-

nosis of PJI, the research is usually at the initial stage and
hence the limited number of studies with small sample
sizes;

2. As mentioned above, the quality of the literature included
in the study was relatively low and the risk of bias was
high, so the conclusions deserve cautious interpretation;

3. Four studies14,15,36,39 were conducted at the same institu-
tion, and another two studies37,38 were also completed at
the same institution, which may suggest the inclusion of
duplicate patients, which may affect the accuracy of
results;

4. Since the search strategy was restricted to only English
language studies, there is a minimal chance that other rel-
evant literature may have been omitted.

Conclusion
This systematic review suggests that NGS may have the
potential to be a new tool for the diagnosis of PJI and should
be considered to be added to the portfolio of diagnostic pro-
cedures. Furthermore, NGS showed a favorable diagnostic
accuracy for culture-negative PJI patients or PJI patients with
antibiotic administration history. However, due to the small
sample sizes of studies and substantial heterogeneity among
the included studies, more research is needed to confirm or
disprove these findings.
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