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Improving the Diagnosis of Orthopedic Implant-Associated
Infections: Optimizing the Use of Tools Already in the Box
Shawn Vasooa
Infectious Disease Research Laboratory, National Centre for Infectious Diseases and the Department of
Infectious Diseases, Tan Tock Seng Hospital, Singapore

With the increasing number of prosthetic joints replaced annually
worldwide, orthopedic implant-associated infections (OIAI) present a considerable
burden. Accurate diagnostics are required to optimize surgical and antimicrobial
therapy. Sonication ﬂuid cultures have been shown in multiple studies to improve
the microbiological yield of OIAIs, but uptake of sonication has not been widespread
in many routine clinical microbiology laboratories. In this issue, M. Dudareva and
colleagues (J Clin Microbiol 56:e00688-18, 2018, https://doi.org/10.1128/JCM.00688-18)
describe their unit’s experience with OIAI diagnosis using periprosthetic tissue inoculated into an automated blood culture system and sonication ﬂuid culture.
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lobally, the prosthetic joint replacement market is expected to grow from $19,144
million to $31,889 million from 2018 to 2024 (1). Proportionately, the number of
prosthetic joint infections (PJI), occurring in approximately 2% of joint replacements,
are expected to increase. Despite modern microbiological methods, 5% to 34% of PJIs
are culture negative (2). Infections after fracture ﬁxation occur in 1% to 30% (depending
on whether fractures are closed or open and the degree of contamination associated
with the injury). In one study, up to 43% of ﬁxation implant-associated infections were
negative by conventional tissue culture techniques (3).
In recent years, a variety of measures and tools have emerged to aid the diagnosis
of orthopedic implant-associated infections (OIAI) (Fig. 1). Culture-based techniques
remain important, as these facilitate a deﬁnitive diagnosis of OIAI and allow phenotypic
susceptibility testing, which guides antimicrobial therapy. Because OIAI are associated
with bioﬁlm which matures with the chronicity of infection, maneuvers to disrupt
bacteria associated with the bioﬁlm, such as sonication, have been found in multiple
studies to improve the yield of culture-based diagnostics (4–6). Sonication, although
relatively simple, may be labor-intensive (7) and not as accessible to laboratories. In one
survey of 262 European orthopedists regarding practices regarding the diagnosis of
knee PJI, only 36% utilized sonication (8). Sonication for OIAI generally requires implementation in the local laboratory and is not usually amenable as a “send-out” test to a
referral laboratory, given the logistics of transporting a bulky implant and possible
degradation of test sensitivity (with delayed processing) and speciﬁcity (from contamination with increased handling).
In this issue, Dudareva and colleagues (9) ask the question, are sonication cultures
truly superior to an optimized algorithm of tissue sampling and cultures for the
diagnosis of OIAI? The authors note that previous studies comparing tissue to sonication cultures have often sampled suboptimal numbers of tissue specimens (⬍4 to 6),
which may have led to diminished sensitivity. Further, most did not utilize automated
liquid culture methods which may further increase tissue culture sensitivity (see Table
S1 in the supplemental material for reference 9). In a single-center, prospective study
performed as a service improvement audit performed over almost 4 years and involving
505 procedures (of which 44% were joint revisions) on 463 patients with suspected
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FIG 1 Tools available for the diagnosis of orthopedic implant-associated infections (OIAIs).

OIAI, the authors systemically compared the performance of their optimized tissue
culture algorithm with sonication cultures. The tissue culture algorithm comprised of
multiple periprosthetic tissue samples (median, 5; interquartile range, 4 to 5) inoculated
into Bactec Plus Aerobic/F and Bactec Lytic/10 Anaerobic/F bottles incubated for
10 days or until positivity. Sonication ﬂuid cultures were plated and incubated aerobically (5 days) and anaerobically (10 days), and a cutoff of ⱖ50 CFU/ml was used for
positivity.
The authors found that their tissue culture protocol was superior to sonication by
multiple comparisons using various reference standard deﬁnitions of infection (clinical,
the Infectious Diseases Society of America [IDSA], international consensus, and a
composite deﬁnition)—regardless of whether OIAI were considered as a whole or in a
subgroup analysis of PJI or other orthopedic device-related infections. Using the clinical
reference standard for infection (which avoids incorporation bias, as microbiological
data from either tissue cultures or sonication are not used as part of the deﬁnition of
infection), their tissue culture protocol achieved sensitivities of 69% versus 57% for
sonication for all devices, 72% versus 62% for PJI, and 64% versus 45% for other OIAI
(non-PJI). When tissue culture and sonication were combined, sensitivity (using clinical
criteria as the reference standard) increased to 79%. In a subanalysis considering
variables which may affect culture yield, for example, time since device implantation,
clinical features (e.g., if a sinus or purulence was noted), and recent antibiotic exposure,
tissue cultures were still found to be generally superior in sensitivity to sonication
cultures. The only subgroup where sonication and tissue culture sensitivity were similar
was for OIAI due to less virulent organisms (e.g., coagulase-negative staphylococci and
viridans group streptococci), which the authors postulate is in keeping with these
organisms predominating in the more indolent OIAI, which are associated with mature
bioﬁlm.
While most studies, including the landmark study by Trampuz et al. (5), have found
sonication superior to periprosthetic tissue cultures, several studies have found the
contrary (10, 11), including the current one (9). Several factors may account for this.
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First, the threshold for positivity for sonication cultures was higher in the study of
Dudareva and colleagues (50 CFU/ml) and others with similar ﬁndings (9–11) versus the
study by Trampuz et al. (5 CFU/ml, which, compared to a cutoff of 2 CFU/ml, afforded
a slightly lower sensitivity but improved speciﬁcity) (5). While site-speciﬁc differences in
sonication technique may inﬂuence the cutoffs adopted, the threshold of 5 CFU/ml was
also found to have the highest sensitivity (82%) and speciﬁcity (99%) in a meta-analysis
of 12 studies (6). In the current study, when the threshold for positivity was lowered to
10 CFU/ml, sensitivities were more comparable (77% versus 72%; P ⫽ 0.06), although
speciﬁcity was still signiﬁcantly higher for the tissue culture group (9). Other studies
have also found improved/superior sensitivities for sonication when lower thresholds
were used (11).
Second, tissue cultures were inoculated into blood culture bottles, whereas sonication ﬂuid was not in this study. Blood culture bottles may enhance culture yield by
neutralizing the effects of antibiotics by dilution and binding to resin, because of
culture conditions (shaking/agitation), and also because volume inoculated into bottles
are generally larger than that inoculated onto agar plates (12). Several other studies
have examined inoculating sonication ﬂuid into blood culture bottles (13–16); however,
some of these have not presented the data on the performance of inoculating
sonication ﬂuid into blood culture bottles independently from sonication cultures on
solid media and other enrichment broths. Two studies which did examined the utility
of sonication ﬂuid incubated in blood culture bottles for 5 days; Portillo et al. compared
this to periprosthetic tissue cultures (without inoculation into blood culture bottles)
(14), and Shen et al. compared this to synovial ﬂuid inoculated into blood culture
bottles (13). In the study by Portillo et al., sonication ﬂuid in blood culture bottles
achieved a sensitivity of 100%, compared to 87% for conventional sonication cultures
and 59% for tissue cultures (number of specimens obtained was unspeciﬁed). In the
study by Shen et al., sonication ﬂuid in blood culture bottles had a sensitivity of 88%,
compared to 64% for synovial ﬂuid in blood culture bottles. To date, no studies have
compared head to head the performance of sonicate ﬂuid and tissue cultures inoculated into blood culture bottles cultures.
Third, a higher median number of tissue specimens was obtained in the study by
Dudareva et al. than in previous studies. This, in addition to inoculation into blood
culture bottles, likely improved the sensitivity of their tissue culture protocol. Using
histopathology as a reference standard, older data from Atkins et al. had suggested 5
or 6 specimens to optimize PJI diagnosis (17), while more recently Bémer et al., using
the IDSA criteria, found that 4 tissue specimens cultured in pediatric blood culture
bottles, chocolate agar, and Schaedler anaerobic broth provided optimal sensitivity for
PJI diagnosis (18). In the absence of a reference standard, Peel et al., using Bayesian
latent class analysis, found that three periprosthetic tissue specimens inoculated into
aerobic and anaerobic blood culture bottles and four tissue specimens using conventional culture techniques offered the greatest accuracy (92% and 91%, respectively)
(19).
In a recent study similar to that of Dudareva et al. (9), Yan et al. compared tissue
culture in blood culture bottles to sonication ﬂuid cultures and, in contrast to Dudareva
et al., found that the two performed similarly (66.4% versus 73.1%; P ⫽ 0.07) when
using clinical (IDSA) criteria (without microbiological criteria) and also in a separate
analysis using Bayesian latent class modeling (86.3% versus 88.7%) (12), where no
reference standard is assumed. Besides site-speciﬁc differences, diagnostic performance
might have varied due to the higher cutoff for sonication culture positivity (50 CFU/ml
versus 20 CFU/10 ml, which approximates 2 CFU/ml) and possibly a slightly higher
median number of tissue culture samples (5 versus 4) in the study by Dudareva et al.
than in the study by Yan et al. (9, 12).
What is to be made of these data in light of what has been previously published?
First, multiple tissue samples are required to optimize culture yield, and the available
data corroborate IDSA recommendations that at least 3, but optimally 5 or 6, specimens
should be obtained. Multiple specimens increase sensitivity, and taken together with
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data from Peel et al. (19), using up to six specimens optimizes sensitivity (9, 19), but
beyond that speciﬁcity might suffer (19). Second, tissue samples inoculated into blood
culture bottles improve diagnostic yield, and this might approach or be superior to
sonication cultures (depending on diagnostic cutoffs used). If resources permit, combining the two would improve the microbiological diagnosis of OIAI (9). However, if
resources do not permit (for example, if sonication is not readily available), centers
might elect to adopt a tissue culture protocol incorporating the use of blood culture
bottles.
Several questions remain, however. Some of these should be the subject of further
study, and others relate to practical considerations for implementation. What is the
optimal combination of media for tissue cultures for OIAI diagnosis? Are six tissue
specimens needed if combined with other culture methods (e.g., culture on solid media
and in anaerobic broth and sonication)? One previous study which attempted to
address this found that the combination of a single pediatric blood culture bottle along
with anaerobic broth and chocolate agar offered the best yield (18), but would a
protocol using a single bottle (e.g., pediatric) with anaerobic broth (e.g., thioglycolate
or Schaedler) be comparable to one using dual aerobic and anaerobic blood culture
bottles? What is the optimal duration of incubation for tissues incubated in blood
culture bottles? Time to positivity was not presented in the current study (9), but from
other data, incubating aerobic bottles for 7 days and anaerobic bottles for 14 days
seems to provide optimal yield, and blind subcultures are unnecessary (20, 21). How
would a diagnostic algorithm using sonication ﬂuid inoculated in blood culture bottles
compare to tissue cultures inoculated in the same? What are the most appropriate
deﬁnitions and statistical methodologies when assessing various diagnostic assays for
OIAI, and can these be further standardized so that data from different centers can be
compared more easily? Practical considerations for implementation include the assessment of laboratory capacity. If six tissue specimens are taken per OIAI, and dual bottles
are used, that would translate to 12 blood culture bottles per OIAI specimen, incubated
for 7 to 14 days. Laboratories adopting the use of tissue inoculation into culture bottles
on automated systems need to consider their OIAI volumes and existing culture
capacity and perform the appropriate validation, as blood culture bottles are not
approved by the FDA for the culture of tissue.
Despite remaining unanswered questions, the study by Dudareva et al. (9) provides
support that an optimized tissue culture algorithm, where periprosthetic tissues are
incubated in automated blood culture system, may provide microbiological yield that
is at least comparable to that of sonication ﬂuid cultures. A variety of tools now are
available to facilitate the diagnosis of OIAI (Fig. 1), including emerging technologies
such as novel biomarkers and metagenomic approaches, which may be especially
useful in culture-negative OIAI or OIAI due to fastidious organisms. For the majority of
OIAI, however, diagnosis may be optimized by ﬁrst with making the best use of tools
“already in the toolbox”— e.g., adopting practices which are straightforward and easily
implementable (e.g., holding antibiotics if feasible for at least 2 weeks before sampling,
ensuring adequate sampling, and adopting appropriate incubation periods for cultures)
and making the best use of technologies already available in one’s laboratory, such as
that presented by Dudareva and colleagues (9).
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