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Abstract
Purpose of Review Despite significant progress in recent years, the diagnosis of periprosthetic joint infection (PJI) remains a
challenge and no gold standard test exists. A combination of serological, synovial, microbiological, histological, and radiological
investigations is performed that are expensive, often invasive, and imperfect. Novel biomarkers and molecular methods have
shown promise in recent years. The purpose of this review is to provide an update about the diagnostic recommendations for PJI
and cover a selection of emerging diagnostic tools.
Recent Findings Recent literature highlights a new evidence-based definition for diagnosing hip and knee PJI that shows
excellent performance on formal external multi-institutional validation. There is also increasing evidence to support the mea-
surement of selected biomarkers in serum and synovial fluid, such as alpha-defensin, D-dimer, and interleukin-6. Finally, the
emerging utility of next-generation sequencing for pathogen identification is discussed.
Summary In summary, we describe current recommendations and emerging tests for the diagnosis of PJI. Residual limitations
and directions for future research are also discussed.
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Introduction

While significant improvements in the prevention of
periprosthetic joint infection (PJI) have limited this often-
feared complication, infection remains a significant challenge
and commonmode of failure following total joint arthroplasty.
PJI is the most common cause of revision for failed total knee
arthroplasty (16.8 to 25.2%) and the third leading cause for
revision total hip arthroplasty (14.8%) [1, 2]. The raw number
of infected arthroplasties has more than doubled since 2001.
Nearly 18,000 PJI were reported in 2011, at a cost of $771
million, and this is expected to increase to over 42,000 cases
by 2020, at a cost of $1.1 billion [1, 3, 4].

In addition to the financial implications and treatment
costs, which are four times higher than for a typical primary
TJA, there is considerable morbidity and mortality associated
with PJI. Multiple surgical interventions, prolonged hospital-
ization, and higher complication rates typically ensue [5–8].
Furthermore, a fivefold increase inmortality has been reported
for patients treated for PJI in comparison with their aseptic
revision counterparts [9].

Although prevention is the most effective strategy,
obtaining a clear and timely PJI diagnosis remains critical
for success and guiding definitive treatment [10]. Over the last
decade, several workgroups have convened to generate a stan-
dardized definition and diagnostic approach to the patient with
a suspected PJI. In 2010, the American Academy of
Orthopaedic Surgeons Clinical Practice Guidelines on
Diagnosis of Periprosthetic Joint Infection were published
[11]. Soon after, the Musculoskeletal Infection Society
(MSIS) and the Infectious Disease Society of America
(IDSA) devised criteria to standardize the definition of PJI in
2011 [12, 13]. The International Consensus Meeting (ICM)
for PJI in 2013 then endorsed the MSIS definition and mod-
ified it slightly [14•]. These definitions have now become
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widely established among orthopedic surgeons worldwide
and their use has significantly improved clinical decision-
making, as well as diagnostic research, by allowing for con-
sistency between studies and enhancing the potential for col-
laboration. Most recently, a new 2018 evidence-based PJI def-
inition has been published which demonstrates improved per-
formance for diagnosing hip and knee PJI on formal external
validation [15•].

Many serum and synovial markers have also been investi-
gated in recent years and become clinically available [16–18],
including serum D-dimer [19•], synovial leukocyte esterase
(LE) [20–22], synovial fluid alpha-defensin [23–25], and mo-
lecular diagnostic techniques such as next-generation se-
quencing (NGS) [26•, 27, 28, 29•]. Emerging data suggests
that these tests may help reach a diagnosis of PJI when con-
ventional tests are equivocal. However, no test is 100% sen-
sitive or specific and publications in the recent years have
shown different diagnostic performance for the various afore-
mentioned emerging tests [18, 30].

This review article will address the current recommenda-
tions for diagnosis of PJI, highlight evidence regarding a se-
lection of established diagnostic tests, and summarize recent
advances that highlight an increasingly important role of bio-
markers and molecular diagnostics in this setting.

Current Diagnostic Criteria for Acute
and Chronic PJI

With an emphasis on avoiding a delay in diagnosis, any pain-
ful joint prosthesis should be considered a possible infection
until proven otherwise. Evaluation of PJI should begin with a
focused history and physical examination along with review
of appropriate radiographs [31]. The existence of any second-
ary symptoms of infection, such as fever or chills, accompa-
nied by the location, quality, and onset of pain should all be
closely considered [32]. The joint should be examined for any

signs of a draining sinus, effusion, or overlying cellulitis.
Additional physical examination findings concerning for in-
fection include erythema, joint effusion, decreased range of
motion, and an inability to bear weight.

Current MSIS- and ICM-modified recommendations
for diagnosis of PJI

In addition to a detailed clinical assessment, physicians have
to utilize a panel of serological, microbiological, histological,
and radiological tests in order to diagnose PJI. In 2011, the
diagnostic definition for PJI was standardized by the MSIS
and at the ICM 2013, this was modified slightly [12, 33].
The latter is now in widespread usage globally. These defini-
tions can be found in Table 1 and Table 2 [12, 34], respective-
ly. Based on this ICM-modified definition, a PJI should be
diagnosed when one of two “Major criteria,” or three of five
“Minor criteria” are met (Table 2). In addition to defining PJI,
the ICM also recommended an algorithm for diagnosing PJI
using tests available in clinical practice (Fig. 1).

The New 2018 Definition for Diagnosis of PJI

While the prior MSIS and ICM definitions were ground-
breaking with respect to standardizing PJI diagnosis for pa-
tients, as well as facilitating collaborative research, these rec-
ommendations were generated largely through expert opinion,
rather than being evidence-based or properly validated. Earlier
this year, a multi-institutional effort using a stepwise approach
with random forest statistical analysis and multivariate regres-
sion culminated in a new PJI diagnostic scoring system
(Fig. 2) which shows improved diagnostic performance on
formal external validation versus the current ICM and MSIS
definitions [15•]. The new criteria demonstrate a higher sen-
sitivity of 97.7% compared to the MSIS (79.3%) and
International Consensus Meeting definition (86.9%), with a
similar specificity of 99.5% (Table 3). This updated schema

Table 1 The Musculoskeletal
Society 2011 definition of PJI
[12] (Reprinted with permission
from Definition of Periprosthetic
Joint Infection. Javad Parvizi and
Thorsten Gehrke. The Journal of
Arthroplasty. Elsevier; 2014.
License number 4332751327806)

MSIS definition of PJI—PJI exists when:

1 There is a sinus tract communicating with the prosthesis; or

2 A pathogen is isolated by culture from two or more separate tissue or fluid samples obtained from the
affected prosthetic joint; or

3 When 4 of the following 6 criteria exist:

a. Elevated serum erythrocyte sedimentation rate and serum C-reactive protein (CRP) concentration

b. Elevated synovial white blood cell count

c. Elevated synovial polymorphonuclear percentage (PMN %)

d. Presence of purulence in the affected joint

e. Isolation of a microorganism in one culture of periprosthetic tissue or fluid, or

f. Greater than 5 neutrophils per high-power field in 5 high-power fields observed from histologic analysis of
periprosthetic tissue at × 400 magnification
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also incorporates newer diagnostic biomarkers and molecular
tests, many of which are discussed later in this review, that
were not considered in the prior definition published five
years prior.

While the individual test thresholds remain similar to the
established chronic PJI thresholds, an aggregate score is gen-
erated based on differential positive weighing of each test
(Fig. 2). Patients with an aggregate preoperative score of ≥ 6
are deemed to have PJI, while a score between 2 and 5 requires
further testing for intraoperative findings to confirm or refute
the diagnosis. In addition, a final total combined postoperative
score (incorporating the preoperative score) of ≥ 6 is consid-
ered infected, a score between 4 and 5 is inconclusive, and a
score of 3 or less is deemed not infected.

Despite best efforts, the proposed criteria may still be con-
founded in the setting of adverse local soft tissue reactions,
crystalline deposition disease, rheumatological flares, or in-
fection with indolent organisms. A high index of suspicion
should thus be maintained in these scenarios, as diagnostic
tests may generate misleading results. However, this caveat
applies to the current definitions too, and it seems apparent
on formal validation that the new 2018 definition performs
significantly better at diagnosing PJI (Table 3).

Established Diagnostic Tests

Synovial Fluid White Cell Counts and Neutrophil
Percentage

Joint fluid aspiration for the assessment of synovial white
blood cell (WBC) count and neutrophil differential (PMN

%) is invaluable for the diagnosis of acute and chronic PJI
with good evidence to support testing [35–39]. Both are im-
portant parameters specified as minor criteria within the cur-
rent ICM definition, but with variable diagnostic thresholds in
the acute and chronic postoperative period [40].

For the acute period (within less than 6 weeks postopera-
tively), a threshold of > 10,000 cells per microliter for the
synovial WBC count as well as a threshold of > 90% for
synovial PMN % is recommended to diagnose PJI [34]. For
the chronic postoperative period (greater than 6 weeks from
index TJA), a threshold of > 3000 cells per microliter for sy-
novial WBC count and a threshold of > 80% for synovial
PMN % is recommended to aid in the diagnosis of chronic
PJI [34]. Using these threshold recommendations, a sensitivity
of 85.8% (95% CI 82.5–89.1) and specificity of 83.0% (95%
CI 79.3–86.7) have been reported for synovial WBC count
[30]. Moreover, sensitivity of 85.8% (95% CI 82.5–89.2)
and specificity of 80.8% (95% CI 76.9–84.8) have been re-
ported for synovial PMN % for diagnosis of PJI [30].

Using a statistical calculation known as the diagnostic odds
ratio (DOR), defined as the ratio of the odds of positivity in
patients with a disease compared with the odds of positivity in
patients without disease [DOR = (True positive/False nega-
tive)/(False positive/True negative)], Shahi et al. established
that the synovial fluid WBC count had the second highest
diagnostic odds ratio (DOR 29.4, 95% CI 20.2–42.8) out of
a panel of conventional tests [41]. This same study found
PMN % to have an even greater DOR of 25.5 (95% CI
17.5–37.0) [30].

In certain clinical scenarios, synovial fluid leukocyte-
related results should be interpreted with particular caution
[42–44]. Published data suggests that an automated synovial

Table 2 The International Consensus Meeting (ICM) definition of PJI [14] (Reprinted with permission from Definition of Periprosthetic Joint
Infection. Javad Parvizi and Thorsten Gehrke. The Journal of Arthroplasty. Elsevier; 2014. License number 4332751327806)

ICM definition of PJI

PJI is present if one of two major criteria or three of five minor criteria exists:

Major criteria 1. There is a sinus tract communicating with the prosthesis; or

Major criteria 1. Two positive periprosthetic cultures with phenotypically identical organisms; or

Minor criteria Having three of the following minor criteria: Acute PJI (< 90 days) Chronic PJI (> 90 days)

1.1. Elevated ESR or CRP ESR: no threshold ESR: > 30 mm/h

CRP > 100 mg/L CRP > 10 mg/L

2. Elevated SF WBC count
or

10,000 cells/μL 3000 cells/μL

Changes in leukocyte esterase strip + or ++ + or ++

3. Elevated SF PMN % 90% 80%

4. Positive histologic analysis of the periprosthetic tissue > 5 neutrophils per high-power
field in 5 high-power
fields (× 400)

> 5 neutrophils per high-power
field in 5 high-power
fields (× 400)

5. A single positive culture

CRP C-reactive protein, ESR sedimentation rate, SF WBC synovial fluid white blood cell, SF PMN synovial fluid neutrophil differential
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fluid WBC count and PMN differential may be unreliable in
the setting of a failed metal-on-metal bearing or corrosion
reaction [42]. A manual synovial fluid WBC count is recom-
mended in this setting as monocytes with phagocytosed metal
particles can interfere with certain laboratory instruments,
leading to false-positive interpretations [43]. Traumatic aspi-
rations should also be corrected to determine the true level of
synovial cells in bloody joint fluid by using a validated for-
mula that adjusts for synovial RBC, serum RBC, and serum
WBC counts [44]. Also, as is the case with other routine tests,
the diagnostic utility of synovial WBC count and PMN% can
be negatively impacted by previous antibiotic use [45, 46]. In
contrast, a concurrent diagnosis of inflammatory arthropathy

does not impact the thresholds or utility of synovial WBC
counts and PMN % [47].

Leukocyte Esterase

Leukocyte esterase is an enzyme produced by activated neu-
trophils at the site of infection and has traditionally been used
to help diagnose urinary tract infections in the inpatient and
outpatient setting [48]. Part of the reason for its widespread
usage and inclusion within the standard PJI diagnostic algo-
rithm by the ICM is that it can be measured quickly and easily
with a colorimetric strip (urinalysis dipstick) [22].
Furthermore, synovial fluid LE testing is simple and

Fig. 1 ICM algorithm for
diagnosing PJI (Reprinted with
permission from “Diagnosis of
Periprosthetic Joint Infection.”
Journal of Orthopaedic Research.
John Wiley and Sons Publishing
Company; 2014, p. 78. License
number 4332751175802)
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inexpensive with an estimated cost of $0.17 per test [20].
Another advantage is the capacity to provide almost immedi-
ate test results, which can prove invaluable in the operative
setting.

Of note, one conceivable disadvantage is the possibility for
blood within the synovial fluid to interfere with the color
change of the urinalysis strip [25, 49]. To prevent this from
happening, clinicians should ensure removal of blood contam-
ination from a synovial fluid sample with the use of a centri-
fuge for at least 2 min [50]. When this protocol is followed,
LE has shown to be an effective diagnostic tool for PJI.

Ameta-analysis byWyatt et al. showed a pooled sensitivity
of 81% coupled with a specificity of 97% using a (++) reading
as a threshold for PJI [20]. Another recent study compared the
performance of LE using (+) and (++) as threshold along with
standard diagnostic tests (including serum ESR, serum CRP,
synovial fluid WBC, and PMN %) and found LE to have the
highest test performance for diagnosing PJI (OR 30.06, 95%
CI 17.8–50.7) [30].

Intraoperative Cultures—Duration of Incubation
and Number of Samples

Current consensus recommendations suggest that at least three
but not more than six intraoperative samples should be sent for
culture [51–54]. In order to achieve optimal yield from tradi-
tional cultures, these should be incubated for a minimum of 5
to 14 days, with a longer duration > 14 days considered in
cases of suspected culture-negative PJI or where indolent,
slow growing, and fast idious organisms such as
Propionibacterium acnes are suspected [55].

Whether to hold perioperative prophylactic antibiotics pri-
or to sampling for culture in the operating room remains con-
tentious. Current guidance suggests that prophylactic antibi-
otics need only be withheld in cases with a high suspicion for
PJI in which the infecting organism has not been identified.
Two prospective studies, of which one was randomized, have
demonstrated that prophylactic preoperative antibiotics do not
impair the sensitivity of traditional intraoperative cultures [56,
57]. It is therefore recommended that mandatory withholding
of antibiotic prophylaxis at the start of operative procedures is
not justified in cases where a pathogen has already been
identified.

The existence of two positive cultures is considered to be
diagnostic for PJI [34], whereas a single positive culture may
occur from a contaminating organism and should thus be con-
sidered in conjunction with other markers of infection. Culture
results are not only helpful for diagnosis of PJI but also for
selection of appropriate antimicrobials that will be effective
for treating the infecting organism. However, while cultures
have historically been used as a standard reference for

Fig. 2 The 2018 validated and
score-based ICM definition for
PJI [15] (Reprinted with
permission from “The 2018
Definition of Periprosthetic Hip
andKnee Infection: An Evidence-
Based and Validated Criteria.”
The Journal of Arthroplasty.
Elsevier; 2018; License Number
4332741333898)

Table 3 Performance of the new PJI definition versus the current MSIS
and ICM criteria [15] (Adapted with permission from “The 2018
Definition of Periprosthetic Hip and Knee Infection: An Evidence-
Based and Validated Criteria.” The Journal of Arthroplasty. Elsevier;
2018; License Number 4332741333898)

Criteria Sensitivity (95% CI) Specificity (95% CI)

MSIS (2011) 79.3% (73.4–84.4) 99.5% (97.3–99.99)

ICM (2013) 86.9% (81.8–91.1) 99.5% (97.3–99.99)

New PJI definition (2018) 97.7% (94.7–99.3) 99.5% (97.2–99.99)
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pathogen identification in PJI, there are several limitations to
their use [58] and it has been reported that up to 30% of PJI
patients are culture negative [55, 59, 60].

Emerging Diagnostic Tests

Interleukin-6

Interleukin-6 (IL-6) is a cytokine produced by activated
monocytes and macrophages as part of the inflammatory re-
sponse [61–64]. Serum levels have been shown to rise to 30–
340 pg/ml in infection, trauma, and the postoperative setting
[64, 65]. Since this cytokine lies upstream of other markers,
such as CRP, in the acute phase inflammatory cascade [66], it
may be a faster and more sensitive marker for the detection of
PJI [67]. Furthermore, IL-6 serum levels return to normal (<
1 pg/ml) relatively rapidly postoperatively, within approxi-
mately 2 to 3 days of uncomplicated arthroplasty [65, 68],
which also increases its utility as a potential marker of PJI.

Two meta-analyses have highlighted the diagnostic poten-
tial of IL-6 in the context of PJI [63, 67]. Berbari et al. showed
that IL-6 had a higher diagnostic odds ratio, which is indica-
tive of better overall test performance, than CRP (314.7 versus
13.1) and a pooled sensitivity of 0.97 (95% CI 0.93–0.99) and
specificity of 0.91 (95% CI 0.93–0.99) for diagnosis of PJI
[63]. In a more recent meta-analysis of 17 studies, Xie et al.
found that the pooled sensitivity and specificity of serum IL-6
was 0.72 (95% CI 0.63–0.80) and 0.89 (95% CI 0.77–0.95),
respectively [67]. Synovial fluid IL-6 had a higher diagnostic
value for PJI than the serum test, with a collated sensitivity
and specificity of 0.91 (95% CI 0.82–0.96) and 0.90 (95% CI
0.84–0.95), respectively.

While IL-6 shows significant promise for the early detec-
tion of PJI, it is currently not widely used in the clinical setting
or part of current diagnostic guidelines due to variability and
lack of consistency in the results. For instance, Randau et al.
performed a prospective review of 120 revision knee and hip
cases, and reported sensitivities and specificities of IL-6 rang-
ing from 49 to 79% and 58 to 88%, respectively [69]. Further
investigation is thus required to validate routine use and the
costs associated with IL-6 testing.

Alpha-Defensin

Alpha-defensin is a promising synovial biomarker for the di-
agnosis of PJI that is widely available for clinical use. Alpha-
defensin is a naturally occurring antimicrobial peptide re-
leased from activated neutrophils as part of the innate immune
response to pathogens [70, 71]. Its endogenous mechanism of
antimicrobial activity is via permeabilization of microbial
membranes [72]. It has shown to rise in response to low-
virulence organisms and is unaffected by prior antibiotic

administration [17, 23, 71, 73, 74]. Unlike LE, alpha-
defensin is quite expensive with each test costing approxi-
mately $760; however, as a diagnostic tool, it has proven to
be highly accurate for early detection and diagnosis of PJI
[75].

A meta-analysis by Wyatt et al. demonstrated excellent
pooled sensitivity of 100% with specificity at 96% in diagno-
sis of PJI [20]. Interestingly, there are two different methods to
utilize alpha-defensin. Namely, these are laboratory-based α-
defensin immunoassay, which gives a quantitative readout
within 24 h, and the rapid lateral flow test, which gives a
qualitative binary readout result within around 20 min. Both
methods have their pros and cons. Laboratory testing may be
cost-prohibitive for certain departments. Furthermore, it re-
quires that samples be shipped to a centralized Synovasure
lab, thereby adding processing time before results are avail-
able. In contrast, the lateral flow test may be performed as a
point-of-care test locally; however, there are reports of results
being user-dependent and not as accurate as the formal labo-
ratory Synovasure method [24, 76, 77].

In a recent systematic review, Eriksson et al. showed the
lateral flow test has lower overall diagnostic value compared
with the laboratory immunoassay (area under the curve, 0.75
versus 0.98) but retains its specificity (90 versus 96%; p =
0.06) and therefore it may be useful as a rapid test to “rule
in” infection perioperatively [78]. Similarly, a meta-analysis
of ten studies by Suen et al. reported the pooled sensitivity and
specificity of the lateral flow test (0.77 and 0.91) as lower than
those of the α-defensin lab-based immunoassay (0.95 and
0.97) [77].

Of note, Plate et al. compared the lateral flow test results
versus the current ICM definition in a series of 109 cases of
suspected PJI. They found that the lateral flow test may be
falsely positive in conjunction with an underlying non-
infectious inflammatory disease or crystal deposition disease
[79], and therefore advocated its use only in addition to the
current ICM criteria and assessment of crystals deposition in
synovial fluid aspirates.

In a similar fashion to the synovial fluid WBC count, ad-
verse local tissue reactions secondary to a failed metal-and-
metal bearing or corrosion at the head neck junction may
confound interpretation of α-defensin results. Okroj et al. ex-
amined a multicenter cohort of patients with ALTR who
underwent α-defensin testing. They reported that 31% of
these cases had a falsely positive α-defensin, but were other-
wise negative per the MSIS criteria for PJI diagnosis [80].

Serum D-dimer

D-dimer is a fibrin degradation product released into the blood
released following the fibrin clot breakdown by plasmin.
While D-dimer is a nonspecific serum marker that aids in
the screening algorithm for venous thromboembolism, it has
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recently shown promise as a biomarker for the diagnosis of
PJI, as well as timing of reimplantation [19]. In a prospective
study of 245 primary and revision arthroplasty patients, serum
D-dimer outperformed both ESR and serum CRP, with a sen-
sitivity of 89.5% and specificity of 92.8%. A threshold of
850 ng/ml was calculated in this study as the optimal cut-off
value for serum D-dimer for PJI diagnosis [19].

Further investigation by Lee et al. showed that D-dimer has
a more rapid rise and fall in the early postoperative period after
joint arthroplasty than ESR and CRP [18]. In contrast to serum
ESR and CRP, which remained elevated until postoperative
day 5 and day 3, D-dimer levels generally decreased to base-
line levels at postoperative day 2, before reaching a second
peak at postoperative week 2 [18].

Measurement of serum D-dimer is a widely available and
accessible test that may be effective screening tool for the
early detection of PJI. However, further validation work is
required to reproduce these findings and confirm the relative
test performance of D-dimer versus other more established
serum markers [81].

Next-generation Sequencing

While microbiological culture remains the mainstay for path-
ogen identification in the context of PJI, molecular technolo-
gies such as next-generation sequencing (NGS) have started to
become clinically feasible and demonstrate utility in this set-
ting (Table 4). In a recent report from the American Academy

of Microbiology [82, 83], NGS was cited as having the po-
tential to dramatically revolutionize the clinical microbiology
laboratory by “replacing current time-consuming and labor-
intensive techniques with a single, all-inclusive diagnostic
test.”

NGS refers to a collection of non-Sanger-based high-
throughput DNA sequencing methods that can produce data
in vastly larger amounts, at greatly lower cost, in shorter time,
and with less manual intervention than previous methods [82].
Unlikemethods based upon polymerase chain reaction (PCR),
NGS can be used in “open”mode which does not rely on a set
of parameters or a panel of PCR primer targets. It is therefore
capable of characterizing all microbial DNA present within a
given clinical sample, and providing a complete picture of the
microbial profile without the need for preconceived ideas of
the possible responsible pathogen. NGS searches all known
microbial databases for a match—including bacteria, viruses,
yeast, fungi, and parasites—without the need for additional
individual testing. NGS also has the potential to suggest anti-
microbial resistance through identification of known resis-
tance genes [84].

Two broad methodological approaches to implement NGS
for PJI diagnosis are currently being explored within the liter-
ature: (1) 16S amplicon targeted NGS and (2) shotgun
metagenomic sequencing.

The 16S amplicon targeting method has demonstrated par-
ticular utility for pathogen detection, for instance with the
detection of Streptococcus canis in a previously presumed

Table 4 Emerging molecular
diagnostic tools Methodology Description

MALDI-TOF mass
spectrometry

○ Analyzes the patterns of protein biomolecules produced by microbes, which is
both cost effective and rapid, but requires a proteomic reference database.

Next-generation
sequencing (NGS)

○ A collection of non-Sanger-based high-throughput DNA sequencing methods
that produce data in vastly larger amounts, at lower cost, in shorter time, than
previous methods.

○ Two broadly available types include 16S-amplicon targeted NGS and shotgun
metagenomics.

16S-amplicon targeted
NGS

○ Targeted NGS following amplification of the 16S gene via a PCR reaction (16S
chosen as it avoids the issue of host eukaryotic DNA extraction)

○ Amplified DNA is then pooled and loaded onto beads for emulsion PCR,
generating high sample levels for further NGS sequencing

○ Sequencing is performed on a platform, such as the PGM Ion Torrent or Illumina
MiSeq, which produces a signal change with every nucleotide incorporated into
DNA. Reads are then de-noised and filtered to remove interference

○ Lastly, there is comparison of sequence reads against the curated database, such
as the National Institutes of Health GenBank library of all known microbes,
which generates genus- and species-level distinction.

Shotgun metagenomics ○ Application of whole genome sequencing to a mixture of microbial genomes.

○ DNA is extracted, producing a mixture of genomes, which are randomly
fragmented to produce a collection of random DNA sequences which are
aligned and compared against bioinformatic sequence databases.

434 Curr Rev Musculoskelet Med (2018) 11:428–438



culture-negative PJI [28]. In a recently published report, NGS
was a useful adjunct for pathogen detection in 81.8% of
culture-negative PJI where intraoperative tissue samples were
analyzed [26•]. Furthermore, in a series of 86 synovial fluid
samples, high concordance with microbiological culture was
seen with NGS of synovial fluid alone [27].

Shotgun metagenomic sequencing has also shown re-
cent promise in sonicate fluid samples with a 43.9%
detection rate of potential pathogens in culture-negative
PJI [85] and species-level sensitivity of 88% [29•]
However, there remain significant issues with host
DNA contamination and the overall cost of this method
is approximately tenfold greater than 16S-amplicon
targeted sequencing. That said, further work into micro-
bial DNA enrichment methods and bioinformatics may
help address these issues.

Ultimately, multicenter clinical studies and eventually
clinical trials examining patient treatment outcomes will
be necessary to validate and reinforce the benefits as
well as cost savings of using NGS-based tests for the
diagnosis of PJI and targeting antimicrobial treatment.

Conclusion

In conclusion, we present an overview of the literature,
as well as the newly published validated, evidence-
based criteria for diagnosing PJI after hip and knee
arthroplasty. Despite extensive research, particularly
over the last decade, the diagnosis of PJI remains un-
certain in some cases. These patients may benefit from
the use of emerging biomarkers or novel techniques
such as next-generation sequencing. Further research is
needed to correlate the signal of novel tests with patient
treatment outcomes, to ultimately justify their clinical
utility and expense.
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