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CLINICAL BOTTOM LINE

Prosthetic joint infectionsre feared complications of joint replacement surgery. They require both

surgical intervention and prolonged courses of antibiotics. Therefore, a correct diagnosis and
bacteriological documentation of the causative pathogen is important. Acute prostheiit j
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virulent organisms, are much harder to diagnose. They mostly present witlspexific clinical signs,
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located on the surface of the implant, making them hard to culture. To establish a diagnosis, optimal
laboratory testing is necessary.

Currently, no uniformly accepted procedure is available as diagnestik-up. International
definitions were already created as an aid, but no single set of criteria is accepted as the gold standard.
Additionally, there are many studies available on the contributions of different sample types and
culture conditions in thaliagnosis of prosthetic joint infections, but due to many methodological
differences, they are difficult to comparkt.seems, however, that the following aspects are important

in the diagnostic workup: synovial white blood cell count and differentialplaierand anaerobic
culture of multipleperiprostheic tissue samples (optimally 5, at least 3) aside from synovial fluid, use
of blood culture bottledor all sample typeand histologcal analysis of periprosthiettissue (to detect
acute inflammation).Sonication of the explanted prosthesis seems to have an added value in the
difficult-to-diagnose chronic infections. A defmitonclusion about this topi©iowever isdifficult due

to the many variations between the different studies.

Following this CAThe existing evidence will be used to create a consensus between the BILULU
laboratories in order to optimize and standardize the diagnosis of prosthetic joint infectldns.
consensus doauent should be a workable tool that can be usedhbwmgh orthopedt surgeons and
laboratoriesin their daily routine.

CLINICAL /DIAGNOSTIC SCENARIO

Joint replacement surgery is a procedure performed worldwide in many patients with chronic disabling
joint pain which can successfully provide pain relief angrove quality of lifeOne of the feared
complications othis procedureis infection of the implanted prosthesis. These infections are seen in



approximately0.5 to 1.0 percent imip replacements, 0.5 to 2 pemakin knee replacements and less
than 1 pecent forshoulder replacementgl). Although risk oprosthetic jointinfection (PJljslow, the
high frequency ofoint replacements results ia substantial burden of these infections.

Clinical manifestations gbrosthetic joint infectios vary from overt inflammatory symptomaith
systemic responst more chronic and indolent caseEhey depend on time of onset after surgery,
virulence of the infecting organisms, route of infection and host resportdighly viulent organisms
(like Staphylococcus aure@nd Gramnegative bacilli) wilmore likelypresent withtypical signs of
acute inflammation likeerythema, swelling, acute pain, wound drainage fever. Lowvirulent
organisms on the other hand have a more otght course andusually present witthon-specific
symptoms like persistent pain or implant loosegi2,3) They mostly present months after surgery.
Generally, he most common presenting symptom is joint p&#).

The most frequently involhaepathogens are listed in table $taphylococcus aureasd coagulase
negative staphylococci are the leading causes of acute and chronic prosthetic joint infections
respectively. Other less frequent causes are streptococci, enterococci, -aagative baci)
anaerobes (includin@utibacterium acngsand rarely fungi or mycobacteria. Polymicrobial infections
account for 1620% of all infections. Culture negative infections fot3D046(5).

TABLE I - FREQUENCY OF MICROORGANISMS CAUSING
PROSTHETIC JOINT INFECTION

Microorganism Frequency (%)

Coagulase-negative staphylococci 30-43

Staphylococcus aureus 12-23

Streptococci 9-10

Emterococal a-7

Gram-negative bacilli 1017
Anaerobes 2-4
Candida spp 1-3
Polymicrobial 10-20

Unknown (culture false-negative) 10-30

;I;able_l: Frequency of m-i;:_roorganisms causing prostﬁet_ic joint infection (

Prosthetic joint infections can be classified according to their timing of onset. These different
categories reflect the pathogenesis of the infection,particularroute of infection andvirulence of

the pathogens inglved. Different chssification schemes exig6). The most frequently used
classification divides prosthetic joint infections into early (less than 3 months after surgery), delayed
(3 to 24 months after surgengnd late onset infections (more than 24 months after surgegxly
infectionspresent as acute infections and are caused by highly virulent organisms, whereas delayed
infections present as chronic, legrade infectionglue to lowvirulent organismg2). Early and delayed
infections are usually acquired during implantation of the prosthesis. Late infections, however, are
generally caused by hematogenous seeding in case of bacteramiamostly present as acute
infections,but they can also be acquired during surgery in case of extremely indolent orgaansins
present as chronic infectior{sable 2)(4, 6.



Table 2

Classification and dlinical presentation of prosthetic joint infections

acnes)

Type of Time to Mechanism
Infection Presentation of Infection Organisms Clinical Presentation
Early <3 mo Intraoperative Virulent bacteria Acute Sudden onset
contamination (ie, Staphylococcus erythema,
aureus) edema,
warmth, and
tenderness
Delayed 3-12 mo Intraoperative Low virulent bacteria Chronic Joint pain and
contamination (coagulase-negative stiffness
staphylococci)
Late >12 mo Hematogenous Virulent bacteria Acute  Sudden-onset
seeding (ie, S.aureus) erythema,
edema,
warmth, and
tenderness
Intraoperative Low virulent bacteria Chronic Joint pain,
contamination (ie, Propionibacterium sinus tract

Adapted from Parvizi J, Fassihi SC, Enayatollahi MA. Diagnosis of periprosthetic joint infection
following hip and knee arthroplasty. Orthop Clin North Am 2016;47(3):509; with permission.

Table 2: Classification and clinical presentation of prosthetic joint infections (early, delayed, late) (4)

Aside from this classificationnather frequently used classification schenaévides infections in two
categories: acute and chronic infections. Acute infections are those infections presenting within 4
weeks after surgery or as a result of bacteremiatifvéin onset less than 3 weeks ago). Chronic
infections present after 4 weeksd surgery orafter an episode of bacteremia with an ongabre than

3 weeksaga This classification is based on the maturity of the biofilm and is therefore useful to guide
the surgical approach. Acute infections can be managed with debridement, exchange of mobile parts
and prosthesis retention. Chronic infections, with a mature biofilm, require a complete removal of the
prosthesis. Similar to the first classification, acute dtiftns are typically caused by highly virulent
organisms and chronic infectiori®y low virulent organisms (table @) 7, 8) Other classification

schemes also exist (Tsukayama et al, McPherson et al.).

Type of PJI

Acute PJI

Chronic PJI

Pathogenesis
- Perioperative origin

- Hematogenous origin
Biofilm age (maturity)
Clinical features

Causative microorganism

Surgical treatment

Early postoperative

<4 weeks after surgery

<3 weeks of symptoms

Immature

Acute joint pain, fever, red/swollen joint

High-virulent: Staphylococcus aureus,
gram-negative bacteria [e.qg.
Escherichia coli, Klebsiella spp.,
Pseudomonas aeruginosa)
Débridement & retention of prosthesis
(change of mobile parts)

Delayed postoperative (low-grade)

=>4 weeks after surgery

>3 weeks of symptoms

Mature

Chronic pain, loosening of the prosthesis,
sinus tract (fistula)

Low-virulent:

Coagulase-negative staphylococci

(e.g. Staphylococcus epidermidis),
Propionibacterium acnes

Complete removal of prosthesis
(exchange in one-, two-, or multiple stages])

Table 3: Classification and clinical presentation of prosthetic joint infections (acute, chronic) (8).




Management of prosthetic joint infections complex. ltrequires both surgical intervention and
prolonged courses of antibioticSincesignslike pain or prosthesis loosenimgn also be attributale

to various other conditions like aseptic loosening or crystal induced arthropathigh require a
different therapeuticappNR2 | OKSX A G0 Q& AYLER NI y i (D Thérafdrdwhdni & K
there is a clinical suspicidar infection,additionallaboratoryinvestigationsare necessary.

Laboratory testing includes blood chemistry tefiike erythrocyte sedimentation rate (ESR) and C
reactive protein (CRR¥ynovial white blod cell count with differentiahnd microbiological evahtion

of synovial fluid anderiprosthetic tissue biopsiesAdditional culture of theexplanted prosthesis
materialis also a possibilitysolationand identificationof the causative organismrovides proof of
infection and gives the opportunity for antibiotic susceptibility testing. However, differentiating
between true pathogen or contaminaman be diffialt and culture methods may faibtdetect the
causative organism, making definitebacteriological diagnosis challenging. Additionally,
histopathological examination of intraoperative tissue samples is also recommended and blood
cultures should beéaken in patients who are acutelll or who present with fever (7, 8, 10, 11, 12, 13)

Thiscombinationof different analyses and multiple culturésessentialto increasethe likelihood of
definitive bacteriologicatliagnosis and isation of the causatie organism, since no single sign or test
is accurate enougMultiple culturesimprove sensitivityput alsohelpwith the interpretation in case
of growth of a skin flora organism (empagulasenegative staphylococc{l4)

The currentexperience, howeveshowsthat these laboratory investigatiorlack standardizatioand
arenot optimally usedr processedo establish thediagnosisFirst, laboratory requests aret always
complete (eg. whitéblood cell count in synovial fluid is natquested or synovial fluid is only sent in
EDTA collection tubes, etc.). Second, periprosthetic swabs are o#fed for culture instead of
periprosthetic tissue biopsies (or the explanted prosthesis). Thittere is currently no specific
procedure formicrobiological culturen the case oluspicion of prosthesis infectiokamples are
processed according to sample type (sterile body fluids, biopsiesvabs) and not according to
pathology. Culture conditions and incubation peadight therefore not be optimal forsolation of
organismsinvolved inprosthetic joint infections like fasidious slowgrowing organismsFinally,
histopathological examinatioof intraoperativebiopsies is not currently done.

We cantherefore conclude that boththe pre-analytical and the analytical phase diagnosisfor
prosthetic joint infectionsare suboptimal at this moment. This mpgtentially fail to give a diagnosis
and a causative organismheefore, thereis a need for a procedurfer both orthopedic surgeons and
laboratoriesto optimizethis pre-analytical ad analytical phasé order toimproveand standardize
this diagnostic process

The purpose of this critically appraised topic isd@ewthe existingecommendationsn the literature
about diagnosis of prosthetic joint infections, witlfiogus on microbiological investigations and culture
conditions. Based onthe available evidengean interlaboratory consensus protocobetween the
BILULU laboratoriewill be made This should be a workable tool that, on the one hand, should
optimize the diagnostic procedures and, on the other hand, should be achievable inrgerptdttice.
This means thaboth the orthopedic surgeons (pranalytical phase) and laboratories (anatgli
phase) should be able wsethis protocol in their daily organization and workflow.



QUESTION (S)

1) Diagnosis of prosthetic joint infectionshat are the current challenges?
2) Diagnosis of prosthetic joint infectionshat is the current evidence on laboratory testihg

3) Diagnosis of prosthetic joint infections: towards a BILULU consensus

APPRAISAL

1. Prosthetic joint infectionsWhat are the current challenges

While clinical findigs may at times be more obvioasd diagnosismay be clear (mainly in acute
presentations)prosthetic joint infectiongpresent with a wide variation of symptoms, which are often
non-specific. Especially in the more indolent infections, atis often only present with signs like
chronic pain, making the diagnosis more challenging, since other causes shsmulikaconsidered
(15)

There are several reasons why these infections oftengreas a diagnostic challendérst, there is

no single definition that is accepted as the gold standard. Second, bacterial isolation of a causative
pathogen is often difficult, especialig chronic infectionsLast, the combination of different sample
types and different analysis makes the diagnostic algorithm complex. Even though there are more and
more recommendationavailable in the literatur@about the optimal diagnostic strategipey still need

to be translated into a procedure that guaranties tbeame workup for every patient and is workable

for both orthopedic surgeons and laboratories.

1.1 Definitions

For many years, research on prosthetic joint infections has been limited due to the lack of standardized
criteria. This has improved over the last few years though, since sets of diagnostic criteria have been
generated by different groupsthey arenow widely accepted and used as an aid in the diagnosis.
Moreover, these criteridnavealreadycreated a little bit moreconsistency in the literatureHowever,

this is not absolute as currently no single set of criteria is yet accepted as the gold standard. Studies
should therefore still be interpreted with caution, because different definitions could be Ud&d.

often creates difficulties to comparstudy results and draw up conclusiofi$ie accuracy dfifferent

tests can only be measurdny comparing the resuitto a gold standardiefinition, which currently

does not yet exis{16) Hforts are continuously made to improve these criteria in ordeetdance
diagnostic sensitivity and medical research abdus topic.

The most commonly used definitioas this momentare thoseby the Infectious Diseases Society of
America (IDSA), the Musculoskeletal Infection Society (MSIS), the European Bone and Joint Infection
Society (EBJIS) atitk internationalconsensus meting (ICM)(10, 11, 1223). Theseare summarized

in table 4(IDSA, M ICM) and table §EBJIS).



Definition of prosthetic joint infection

Musculoskeletal Infection Infectious Diseases Society
Society International consensus of America
Definitive Supportive Definitive Supportive Definitive Supportive
Criterion evidence evidence evidence evidence evidence evidence
Sinus tract communicating with the prosthesis X X X
Identical microorganisms isolated from 2 or more cultures X X X
Purulence surrounding the prosthesis X X
Acute inflammation upon histological examination of X X X
periprosthetic tissue
Single culture with any microorganism X X
Single culture with a virulent microorganism X
Elevated synovial fluid leukocyte count” X X
Elevated synovial fluid neutrophil percentage X X
Elevated serum ESR and CRP values X X

“ The MSIS definition requires 4 supportive criteria; the International Consensus Meeting definition requires 3 supportive criteria. Data are from references 60, 61, and 251. ESR,
erythrocyte sedimentation rate; CRP, C-reactive protein.
b The International Consensus Meeting definition also includes a “+ +” result on the leukocyte esterase strip.

Table 4: Overview of IDSA, ICM and MSIS criteria (6)

Table 2. Definition of Periprosthetic Joint Infection, if at least one of the following 4 criteria is fulfilled

Diagnostic test Criteria Sensitivity (%)  Specificity (%)
Clinical features Sinus tract or visible purulence* 20-30 100
Histology in periprosthetic tissue Acute inflammation in periprosthetic tissue” 95-98 95-98
Leukocyte count in synovial fluid* >2,000/¢L leukocytes or >70% granulocytes 93-96 93-96
Microbiology (culture) Synovial fluid or 60-80 97
Tissue samples® or 70-85 92
Sonication fluid (=50 CFU/mL]" 85-95 95

* Metal-on-metal bearing components can simulate pus, but leukocyte count is usually normal, but metal debris visible.

" Acute inflammation defined as =2 granulocytes per high-power field.

* Leukocyte cutoffs are not interpretable within 6 weeks of surgery, in rheumatic joint disease, periprosthetic fracture or
luxation. Leukocyte count should be determined within 24 hours; clotted specimens are treated with 10 «L hyaluronidase.

' For highly virulent organisms (e.qg., Staphylococcus aureus, Escherichia colil already one positive sample confirms
infection.

" Under antibiotics and for anaerobes, <50 colony-forming unit [CFU)/mL can be significant.

Table 5: EBJIS criteria (used by thelRmplant foundation) (7, 8, 23)

The major criteria are identical between these definitions: presence aframunicating sinus tract,
which is believed to be pathognomonic for PJI, or isolation of identical microorganisms m&e
cultures. These are tworiteria that confirm the diagnosis of a prosthetic joint infection. Differences
are seen in the minorriteria, where someriterial NE 2 NdcludétdBepedding on the definition
Serum Creactive protein (CRP) and erythrocyte sedimentation rate (E8Rxampleareincluded by
some(MSIS, ICM), but not all definitions (IDSA, EBJIS).

In2018,a new definition was proposealy Parvizi et ato further optimize the diagnostic perforance
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contain many ofhe criteria of MSIS and the Internationar@ensusvieeting, but also include newer

diagnostic testdike alphadefensin &ad synovial CR@3).

These differences iminor criteria, howevermean thatpatients may or may not be diagnosed with

an infection depending on the definition used. Additionally, some patients may remain undiagnosed,
even though thewwill have a prosthetic joint infean. Only 2 major criteria are considered definite
proof of diagnosis, namely presence of a sinus tract and isolation of an identical microorganism in 2
separate culture. Since a sinus tract is often not present, this means that microbiology is a very



important tool in this diagnostic proces©ptimal laboratory testing, especially microbiological
culturing conditionsshould thus be optimized to minimize the proportionwfdiagnosed patients

Conclusion:
- Different definitions are available (IDSA, MSIS, EEMg,
- Maijor criteria for diagnosis of prosthetic joint infections are:
o Presence of a sinus tract
o0 Identical microorganisms in 2 or more cultures
- Adiagnosis of pshetic joint infection can also be made based on a combination of minor criteria.
These criteria slightly differ between definitions. Examples of minor criteria:
o Elevated synovial white blood cell count and polymorphonuclear percentage
0 Acuteinflammationon histological analysis of periprosthetic tissue
0 Single positive culture
o Elevated ESR and CRP
- There is no single set of criteria that is currently accepted as the gold standard for prosthetic joint
infections.

1.2 Microbiological challenges

As describedin the introduction, bacteriological investigations have their own challengest,
bacterial culture may fail tgrow thecausative organism. This may be becausgriofr antibioticuse
or the involvement offastidious bacteria which require long ination periods (likeCutibacterium
acne$, but also becausef the pathogenesis of prosthetic joint infectionBacteria involved in
prosthetic joint infections are usually only presentaw numbersin the periprostheticfluid and tissue,
which can be explainedy the presence of a biofilm3( 6, 17,18). Thesebiofilms are complex
communities that consist ofmicroorganismsembedded in an extracellular matrix ah forms on
prosthetic materiallt allows nonvirulentcommensals to become pathogens aptbtects them from
the host immunesystem and antibiotic$6). The majority of organismmvolved in prosthetic joint
infectionsare concentrated in this biofilm attached tbe implant surbce,making it difficult to treat,
but alsodifficult to culture (3, 17,18). This is pdicularly an issue in chronicethyed infectionslt also
explains the lack of overt inflammatory responsetiitis type of infectionsin contrast to acute
infections.These latterare usually caused by highly veat, rapidgrowing organisms whicare not
yet trapped in a maturebiofilm andare present in high numbers in the synovial flditieyfrequently
present with more obvious inflammatoigymptoms than chronic infections, where clear inflammatory
signs are often missinghd the clinical presentation may bedistinguishable witrasepticloosening
(17, 18. To improve the sensitivity, multiple samples, iehment media(including blood culture
bottles) and prolonged incubation areecommended(6, 15) There is also increasingterest in
sonication of the removed prosthese promising strategy that catlislodge these bacteria frote
biofilm attached tathe surface(19). This will be discussed later.

As mentioned,Infectionscan be classifiethto acute and chronic infectionlsased on this biofilm
formation this classification issed by the pramplant foundation for example). Acute infections (<4
weeks after surgery orweeks after hematogenous onset) still have an immature biofilhighvcan
be eradicated without complete removal of the prosthegisironic infections howev, have a mature
biofilm and do require completsurgicalremoval(8).



Second, bacterial culture of joint samples also poses a challergjeciiminatingbetween possible
contamination or real pathogen sinceéhe causative organisms in prosthetic joint infections
predominantly kelong to the skin flora. Growth of such an organigeng. coagulaseegative
staphylococci oCutibacterium acngsn only onesample makes iifficult to decide whether this is a
contaminant or a clinically significant pathen (6, 14, 17. Therefore, multiple samples arecessary

to help in this interpretation. According to the internationally designed definitions for prosthetic joint
infections, growth in 2 or more independent samples can be considered as confirmation of the
diagnosis.n case of a virulent organism lil&aphylococus aureusalready one positive culture is
enough(6, 8, 10,11). Growth of a norvirulent organism in only one sample should be evaluated in
the context of the other available eviden¢0).

Conclusion:
- Isolation of the causative microorganism may be difficult for a few reasons:
o Prior antibiotic treatment
o Involvementof fastidious bacteria
o Involvement of a biofilm
- Involved pathogens in PJI typically belong to the skin flora. Discriminating between contamination
and clinically significant can be difficult. Multiple cultures are necessary to help in this
interpretation.
- Acute infections caused by virulent organisms generally pose less diagnostic problems than chronic
infections.

1.3 Practical challenges

Aside from these theoretical challenges, the complex wgplalso presents with practical challenges.
Since theres no simgle test with absolute accuracg, combination of clinical findingend different
laboratory analysis, including histopathology, nplee samples and different culturing methods,
necessary13, 10, 11, 6)Ths leads to a complex diagnostic warg.

First of all, different sample types (peripheral blood, synovial fluid, tissue biopsies and prosthesis
material) should be sent to th&aboratory by the orthopedic surgeon. Second, differ&imds of
analysis ar@mecessary on the same sample type, like both white blood cell count with differential and
microbiological culturing on synovial fluidast, bacteriological culturing requireprocessing of
multiple samples withdifferent agar media, enrichment steps dprolonged incubation, which adds

to the complexity.

Laboratory evaluation thusequires a welktructured workflow and a good collaboration between
orthopedic surgeons and labdies. Orthopedic surgeons, on the one hand, are responsible for the
correct samples and test requests. Laboratories, on the other hand, are responsible for the test results.
Microbiological investigations should therefore have procedures that providemaptculturing
conditions for isolation of pathogens that are involved in this type of pathology.

1.4 Current situation

To understand the current practice and these practical challengesurvey was conducted in the
BILULU laboratonBoththe pre-analytical and analytical phase were questioned.



Questions concerning pranalytical phase included a general impieasabout the current practice
and questions concerning the samples types that are currently ugagkstions concerning analytical
phased mainly focused on culture conditions (agar media and incubation.time)

Regardinghe pre-analytical phase, our own experience demonstrates spnodlemsin the current
practice. First, we often receive intraoperative swabs instead of biopsies. Seéfiogsies are taken,

they are usually limited to 1 or 2 specimens. Third, synovial white blood cell count is not always
requested. And lastly, it may happen that synovial fluid is only sent in an EDTA tubenvelyi¢ctave

an inhibibry effect on bacteribgrowth @33).

Other laboratories experiencgmilar problems, mainly about the synovial blood cell count, which was
often not requested. Some laboratories also confirmed the usavalbsor combination of swa with

a biopsy. However, some alsdready implemented the use ahultiple tissue biopsig in their
diagnostic algorithnand therefore did only receive swabs on a rare occasion.

Aside from these general impressions, other areas of interest were the use of sonication of the
explanted prosthesis and histological analysidisgue biopsies. Sdagation isdone by 3out of 9
laboratories. Twolaboratories cultureprosthesis material by the use of TSHBhe other four
laboratoriesR 2 ye@ltiire prosthesis matrial. Histological analysisasly done by 2 laboratories.

In addition to thesequestions, all laboratories were questioned about their current bacteriological
procedues.An overview of used media per sample type is givdigure 1. These results demonstrate
that non-selective plates aresed by all laboratories fall sample typs (chocolate agar, blood agar
or both). Selective media (like MacConkey afd aureusmedia) are less frequently usedll
laboratories use blood culture bottles for synovial fluicontrast toonly 2 out of 9 laboratories for
tissue biopsieskive laloratories cultureprosthesis material of which three ussonication. Two of
theselaboratoriesalsoinoculate sonication fluid in blood culture bottle®Anaerobic agar media are
not routinelyusedin all laboratories for synovial fluid, bthiey doall use some alternative method for
anaerobic recoveryAnaerobic agar media included brucella agar, schaedler agar or blood agar.
Alternative methods used for anaerobic recovery are @mments broths (thioglycolate, brain heart
infusion) or anaerobic ldod culture bottles.Broth enrichment media areised by all, except one
laboratoryin case of biopsieéwvho uses anaerobic blood culture bottle#) case of synovial fluid,
broth enrichment media are onlysed by 6 out of 9 laboratories-or prosthesis niarial either
enrichmentbroths areused (3 laboratories) or blood culture bottles (the other 2).

Swabs are included in this overview, since these are currently still part of the diagnostic process in
most laboratoriesThey are, however, of limited value the diagnosis of prosthetic joint infections

and their use should be discouraged in the future. Because swabs are often used for wound culture,
selective plates are more commonly used in this type of specimen.



Used media per sample type
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Figure 1: Overview of used media pample (BILULU survey)

The ®cond important aspect is incubation time. These results are summarizéduire 2and 3
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specimen type. This could be potentially explain&d®!l dza S Y2 aid fFo02NF G2NASa R?2
specifically for prosthetic joint infections, but rather have a procedure per specimen type. One
laboratory, however, alreadgppliesprolonged incubatiorior 14 daysn case of suspéed prosthetic

joint infections.Broth media and blod culture bottles (if used) argenerally incubated longer then

agar plates.
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Figure 2: Overview of incubation periods for tissue samples (BILULU survey)

10



Incubation period synovial fluid
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Figure 3: Overview of incubation periods for synovial fluid (BILULU survey)

Last, an overview of used caff levels for synovial white blood cell count and polymorphonuclear
percentage is presented in figure Bour laboratories use the coff levels as proposed by the EBJIS

(also used by the Psamplant Pundation) (7,8). The)k 2 4 SGS NE R 2 y OffilevalziasSfiixdi K S&4S
thresholds, but rather as an aid in the interpretation in case of suspected infection. The other four
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Used cut-off levels
(synovial WBC count and PMN%)

Number of laboratories
O = R W B LN o=l 0O

EBIIS criteria No cut-off levels

EBJIS criteria* = WBC > 2000/pL, PMN > 70%
*MNot interpretable within 6 weeks of surgery, rheumatic joint fisease,
periprosthetic fracture or luxation.

Figure 4: Overview of used eaff levels for sgovial WBC count and PMN% (BILULU survey)

Conclusion:

- Only a minority of the questioned laboratories currently implensdristological analysis and
sonication in their diagnostic algorithm.

- Most questioned laboratories do not use blood culture bottles for tissue biopsies

- There are many differences in incubation periods between laboratories, varying from 2 days to
14 days.

- Half of thequestionediaboratories already use a specific @it level for prosthetic joint
infection. They all use the thresholds as proposed by the EBJIS (7,8).
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2. Prosthetic joirt infections: what is the current evidence on laboratory testir®g

Laboratory testing can be divided into preoperative and intraoperative investigationse
preoperative evaluation includeerythrocyte sedimentation rate (ESR)re2ctive protein (CRP) and
synovial fluid analysis with white blood cell count, differential and microbiological culture.
Intraoperative testing should consist dfacteriologicalculture of multiple intraoperative tssue
samples. Additionally, culture of the explanted prosthesis by sonication is also an djgida.from
microbiological testing, istopathological examation of periprosthetic tissues also recommended in
diagnosing prosthetic joint infectior(43, 20,).

2.1 Erythrocyte sedimentation rate (ESR) aned&active protein (CRP)

Erythrocyte sedimentation rate (ESR) anck@ctive protein (CRP) afiequently usedserum markers

that indicate inflammation or infectionThey are routinely usedin the initial assessment of patients

with suspected PJB). The definitions of MSIShe International Gnsensus and the updated version

include these parameters as minor crite(iel, 12, 13. The IDSA guidelines and toeteria proposed

bythe EBJIIR2 Yy Qi dz&S G KS&S YI NJHeW® holvgler induBeitiein Bsarthof/ A (1 A 2 y
the diagnostic workup (7, 8, 10.

However, thediagnostic utilityof theseparametersfor PJI is limitedTheyare nonspecific and cabe
elevated in avariety of other conditions like inflamatory joint diseases anpostoperatively (6). On
the other hand, prosthetic joint infectiomay present with normal serum level§ BSR and CRP,
especially idow-virulent cases. Though theombination of normal ES&hd CRP levels mag useful
to lower the probability of infection, it may not be accurate tefihitively rule out infectionin case
there is a clinical suspiciom recent publicationspercentages of seronegative caggsth ESR and
CRP negativelange from 4%15)to 32%(21, 22) Theywere mostly associated with lowirulent
infections though some cases were also duetoaureu®r Gramnegative bacill{(15, 21) The great
variationsbetween these percentages are nmdikely attributable to the different definitions use@®,
21, 22,) Due to these limitations in sensitivity and specificity,-pperativeESR an@€RP seems to be
of limited value in tle definitive diagnosis of PJI.

Conclusion:

ESR and CRP are of limited value in the diagnosis of prosthetic joint infe€tiess.tests do have the

main advantage of being widely and easily availablaroutine laboratory. They have a rapid turn

GdzNY I N2dzy R GAYSS | NB MvaSve safpliag). Drereforg, Rey Rad eused NB |j dzA
in the initial assessmertdf the patient andas an additionaldol in the diagnostic workup to increase

or decrease the likelihood of infectioloweverthough it may be helpful for lowering the probéity

of infection in casdoth parameters are negative, small subset of patientparticularly the chronic

low-virulent infections will present withboth negative ESR and CRP setewels. Thereforeeven if

ESR and CRP are combiniey d Y @placefurther investigations like synovial fluid aspiration

case of clinical suspicidf, 9, 15,21, 22).

2.2 Synovial fluidwhite blood cell count and differential

Synovial white blood cell count anpercentage of polymorphonuedr neutrophils (PMN are
important tools in the preoperative evaluatiorf10, 11 ,12 In contrast to native joint infectionshere
ishoweverlittle consensus about the cudff values that should be used prosthetic joint infections.
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For total knee artmoplasties (TKAYrampuzet al. propose cutoff values ofL700 white blood cellsL
for synovial white blood cell count and 65% RN This studyhoweveronly included patients who
undergone surgerynore than 6 monthsago (24). Another study byGhanem et al. suggestst-off
values for infectiorof 1100 white blood cells/uL and 64% PMMhen both parameters were below
these thresholds, the negative predictive value was 9988) Finally, Zmistowski et ab@ind higher
thresholds of 3000 white blood cell/uL and 75% PNR6).

For total hip arthroplasties (THAEportedthreshold appear to be higher than for TKRor example,

a recent multicenter study by Higuera et al. found-ofitlevels of 3966 cells/pL for vith blood cells

and 80% for PMN27). Another study by Schinksy et al. foungtional cutoff levelsof 4200 white

blood cellsfiL and 80% for PMN, which is in the same range as the previous(88)dyinally, a study

by Cipriancet al., which included 810 patients with knee and hip replacements, suggested a threshold
of 3450 white blood cells/uL and 78% PMMey did notanalyze this values for hip aridhee
separately, bub5% ofthe arthroplastytypes includechip replacementg29). In contrast, a smaller
study of 75 patients, also including both knee and hip replacements, found white blood cell count
values that were notably lower than those reported in other studies. They found an optimaffait

1425 white blood cells/uL ah65% PMN30).

An important caveat in these studies is that patients with inflammatory joint diseases were excluded.
As for ESR and CRP, it would be expected that synovial white blood cell count is less specific in these
patients and higher threshotdwoud be necessary. However, the aformentiorstddy by Cipriano et

al. found no difference in test performance between patients with or without inflammatory joint
diseasesThese findingshould still be confirmed by largeiusties, since this study only ha@ patients

with inflammatory joint diseaseho had a prosthetic joint infectio(®, 29)

These suggested thresholdésodo not apply inthe early postoperative periogsincebaseline cell
counts may be elevated due to surgeltyhas however beeshown that synovial white blood cell count
and differential is still useful in this periotihigher threshold are used Bedair et al. demonstrated
that in patients presenting with a prosthetic joint infection within 6 weekgrasurgery, a threshold
of 27800 white blood cef{pL and 89% PMN could be predictive of infect{Bf).

In contrast to knee and hip arthroplastiesnly a few reportswith a limited number of included
patients are published on shoulder arthroplasties. These resudisate that optimal thresholsifor
synovial white blood cell count and differential are presumably higher than the thresholds described
for TKA and THA. More studies are needed however to establish thesif€(R2).

As to the international definitionghe diagnostic criteria b SIS do include elevated synovial white

blood cell count and elevated PMN% in their criteria, but they do not include thresholds. The
international consensus meeting however suggests using a threshold of 3000 white blogal cafid/

80%PMN¢ KS& R2y Qi SEOf dzRS LI G A Sy lihe EBIIB suggestsya thieshordY | G 2 N
of 2000 white blood cells/uL and 70% PMRihey exclude inflammatory joint disease, periprosthetic

fracture or luxation(8, 7) They both referto aJSNA 2R Hc 6SS1a | F3GSNJ &dzNHSNJ
between type of affected joint. These criteria do offer a useful consensus which can be used in practice.

Conclusion:
- Cutoff values differ between studies and between affected joint.
- Cutoff valuesin studies appear to be higher for THA than TKA.
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- The proposed thresholds mainly apply in the context of chronic prosthetic joint infections and in
in patients without inflammatory diseases.
- The International Consensus Meetiagd EBJISuggest the followig threshold:
- ICM:3000 white blood cells/uL and 80% PNH6 weekspostsurgery
- EBJIS2000 white blood cells/uL and 70% PM@Exclusions: <6weeks postsurgery,
inflammatory joint disease, periprosthetic fracture or luxation)

2.3 Gram staining

A number of studies reported very low sensitivities (ranging fre27®@) for tissue gram staininghis
can be explained by theery low numbers of bacteripresent in the sampleOn the other hand,
patients with a positive gram stain afeequently those who present with acute infections for whom
the diagnosis does not present a tleage. Tissue gram staining hasis little valuein the diagnosis
of prosthetic joint infectionsind is not recommende(b, 17).

2.4 Bacteriological culture

Bacteriological culture is an important tool in the diagnosis of prosthetic joint infections. Isoatébn
identification of the causative organism confirms the diagnosis, directs antimicrobial therapy and
optimizes patient outcomé34). As described earlier, presence of a biofilm complicates isolation of a
pathogen. The majority of organisms are concentrated in this biafiinthe surface of the prosthesis
and are present in a slogrowing phase. Only a low number of frleating bacteria are present in

the surrounding tissue and fluid9). Recovery of the causative organism can therefore be challenging
(35)

2.4.1 Sample types

Different sample types, dih pre- and intraoperative, shoultbe sent for cultureCurrertly, synovial

fluid and intraoperative tissue biopsieare considered gold standar®5) wS OSy & &St NA =
growing interest in the use of sonicatiofithe removed prosthesisThis technique applies ultrasound

to dislodge bacteria from the biofilm on the surface of the prosthesis to enhance bacterial growth.
Therefore, the explanted prosthesis needs to be sent to the laborg@y Intraoperative svabs,
which are commonly used due to their ease, should be discourddgesir sensitivity and specificity is

too low compared to intraoperative tissue samp(8$§).

It is recommended that antibiotics be discontinued for at least 14 days prior to culfysessible,
since recent antibiotic use could be a reason for cuhnegative PJI.

2.4.1.1Synovial fluid angeriprosthetidissue biopsies

Culturing of multiple samples éssentiako increase the chance of isolation of a pathogen ambelp
differentiate between contaninant and true pathoger{19, 14) Bacteria involved in prosthetic joint
infections typically blong to the normal skin florand couldalsorepresent contamination from the
environment (during transport or processing) or fronetpatient himselfduring sampling)ln case of
growth of such an organism in a single specimen, itcctherefore bedifficult to distinguish between
contamination orclinically significantGrowth in multiple specimensould help in the interpretation
andis strongly predictive for infection.
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An old study from 1980 by Kamme and Lindberg already recognized these challenges and reported
that five intraoperative biopsy samples should be taken and processed separately to distinguish clinical
significant bacteria from contaminating bacterfarowth in 3 or more specimens strongly indicated an
infection, growth in only one or 2 specimensasgly indicated contamination (37)Subsequent
studies repeatedly confirmed the advantage of obtainingjtiple tissue samplewith a cutoff of 3 or

more positive culture samples for infecti¢i4, 17,33).

For example,hie study by DeHaan et al. evaluated thgact of obtaining 5 or more tissue samples

on microbiological diagnosis and antibiotic u3éssue samples were cultured in thioglycolate and
anaerobic conditions for 10 days. They defined i $lora commensal as pathogefi3 or more
samples were padsve and as contaminant if 2 or less samples were positive. Growth of a virulent
organism was always considered relevant. In total, 77 cases were included. The use of this protocol
identified 7 cases of definite infection by a skin flora commensal arddds of definite contamination

by a skin flora commensal. There were also 8 cases with virulent organisms that were only identified
by the use of multiple cultures, that would have been missed if only 1 or 2 biopsies were sent for
examination.The use ofnultiple cultures hadhus an added valuen 26/77 cases (34%Jhey also
evaluated the antibiotic use in these patients and concluded that this protocol altered antibiotic
therapy (targeted antibiotic therapy or no antibiotics in case of contaminatiord3ircases. This
protocol presumably also correctlgredicted joint sterility in 95% of the remaining cases if cultures
were negative afte 10 days. Therefore, this could metrat prosthetic joint infection is verynlikely
whenall cultures of all samples are negativihis should, however, alwape combined with clinical
judgement and other resultgl4).

A more recent studypy Bemer et aldid not confirm the superiority of 5 samples and suggested that 4
intraoperative samples (wbh included synovial fluid) were eglly effective They use@d minimum of
2 (instead of 3positive cultures as one of the criteria for prosthetic joint infect{88).

The aforementioned definitions by IDSA, M8T3/and EBJIS al recommemadultiple tissue samples

(atleast 3 and maximum Bitraoperative tissue biopsies). Th&y2 y Qi & LIS OATé& GKS SEI

include gowth of the same organism in minimal two, and not threpecimengtwo intraoperative
specimens or combination of preogaive aspiration and intraoperative cultures diagnosticfor

prostheticjoint infections. In case of isolation afvirulent organism lik&. aureusgrowth in only one
specimen may already confirm the diagnd8is10, 11.14). Growth of a norvirulent organism in only
one sample should be interpreted with caution in combination with other findings.

Conclusion:

- Synovial fluid and intraoperative periprosthetic tissue biopsies should be sent for culture

- Multiple periprosthetictissue samples are necessary to improve the safigitand to help
discriminatebetween contaminant andlinically significanpathogen.

- The international available definitions suggest taking at least 3 and maximum 6 intraoperative
biopsies.t K S & PBeRify thé exact numberccording to tiese definitions, diagnosis can be
confirmed when two independent cultures grow the same microorganism.
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2.4.1.2Prosthesis material

To improve isolation of organism, there is a growing interest in other techniques that can hbép in
diagnosis of prosthetic joint infectionSonication has been introduced many years ago for diagnosis
andusesultrasound waves to dislodgle biofilm and the associatethacteriafrom the implant. The
implant isplaced in a large sterile container and sent to the laboratory. Fluid is added and can he used
after the sonication proced®r culture (6, 19, 35)As this technique targetthe biofilm organisns, it
maythereforeimprove microbiological yield, especially in the chronic prosthetic joint infections.

Trampuz et al. (NEJMQO07) wasone of the first groups who evaluatdble added value of sonication

in the diagnosis or prosthetic jointfections. They concluded that sonication was more sensitive than
conventional microbiological methods, especiallpatients who had received prior antibiotic therapy
(19). Many other studies have since théeenperformed over the last decakhnd oftencame to the
same conclusiofil9, 35,39,40). A metaanalysis published in 2017 by Liu et al. showed that sonication
was of great value in the diagnosis of prosthetic joint infections with a pooled sensitivit§% and
specificity of 95%.They concludedthat sonication was more sensitive than contienal
microbiological methods (35 hese data were very similar to those published in an earlier meta
analysis in 2014 by Zhai et @1).

Despite these many promising results, the value of sonicatioweverremainsa point of discussion.
There are many differences betwedhe performed studies, which makes correct interpretation
difficult (42).First of all, there are methodological differences, in particular, differencései number

of tissue biopsies and culture conditionBhe sensitivity of tissue culture largely depends on the
number of tissue amples obtained during surgenAs mentioned above, a minimum of 3 biopsy
samples and ideally 4 or 5, are recommend&dmparison of sonication results with culturing results
of a suboptimahumberof biopsies may overestimate the value of sonication. Additionally, differences
in culturing conditions between tissue samples and sonication fluid (conventional agar media versus
blood culture bottles) may also result in suboptimal conditions for tisssamples(19, 39, 40, 42)
Second, included cases differ due to differences in used definitiodgrerefore inclusion criteria.
Last, there is a variation between used threstsddd alture duration between studiesA summary

of all these studies with sed definitions, methodology and other variablcan be found in the
attachments (supplementary file {32).

A recent large stug by Dudareva et al. (JCMQ18) addressed these issueand comparedthe
diagnostic accuracy between culture of tissue samplils optimal culture conditions (a median of 5
tissue specimens and blood culture bottles)d sonicationin total, 528orocedures were performed

of which 23 were excluded since <2 tissue samples waken. Antibiotics were withheld prior to
surgery if possible. Eatissue sample was obtained using separate instruments andhtpént was

placed in a sterile containemhe tissue samples were homogenized in sterile saline and sterile glass
beads. Equaaliquots of the resulting suspension were inoculated in blood culture bottles (Bactec Plus
Aerobic/F and Bactec Lytic/10 Anaerobic/F botda)l incubated for 10 daySterile saline was added

to the container containing the implanEvery implant was #n vortexed for 30 seconds, sonicated

for 1 min andvortexed again for 30 seconds. Aliquots of the sonication fluid (100uL) were inoculated
onto blood and chocolate agar and incubated at 37°C for 5 days aerobically and 10 days anaerobically.
Patients wereclassified as having a prosthetic joint infection based on a combination of published
definitions (IDSA and MSIS) and criteria used in previous studies (presence of a sinus tract, visible
purulence or positive histology). They concluded that tissue samytare was more sensitive than
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sonication except in case of less virulent organisms where sensitivitigs equal (table 6)lheycould
alsonot confirm the higher senvity of sonication in cases with prior antibiotic expos(4e).

TABLE ] Senditivity of teiue culture and sonication for disgnois of prosthetic ol and other orthopedic devicerelsled nlsctions
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Table 6: Dudereva et al. Sensitivity of tissue samples and sonication fluid (42)

Another recent study by Yan et &CM2018) had a similastudy design, but usedifferent inclusion
criteria. Patients were classified as having prosthetic joint infections based omitoobiological

IDSA criteria (sinus tract, positive histology or purulence surrounding the prosthesis). This may have
resulted into misclassifying Rahtients who did not meet these criteria, bdid have multiple positive
cultures, into the aseptic failure group. Therefore, they leggp Bayesian Latentl&$s modeling to
estimate the diagnostic performance in the absence of a gold standard. They concluded that culture
of tissue samples (when using blood culture bottles) had a similar sensitivity to soni¢@6i&¥o
versus 88,7%{43). Both studiesdid report that culture yield was highest both methods were
combined(table 6 and 7§42, 43)

TABLE 3 Sensitivity and specificity of microbiclogical tests using IDSA PJI criteria as gold standard and Bayesian latent-class modeling?

Patients with ::;::;T: =ik IDSA PJI criteria as gold standard® Bayesian latent-class modeling®

Specimen or culture  PJI failure Sensitivity Spedificity PPV NPV Prevalence Sensitivity Specificity

All joints 104 125 37.2 (31.1, 43.5)

Tissue culture 69 5 66.4 (56.4, 75.3)°  96.0 (90.9, 93.7) 03.2 (84.9, 97.8) 774 (70.0, 83.7) B6.3 (78.3, 92.4) 99.6 (97.7, 100.0)
Sonicate fluid culture 76 0 73.0 (635, 81.3)* 1000 (97.1, 100.0) 100.0 (95.3, 100.0) 817 (74.7, 87.5) 88.7 (81.0,943) 996 (97.7, 100.0)
Combinations 80 5 76.9|(67.6, 84.6)"  96.0 (90.9, 98.7) 94.1 (86.8, 98.1) 83.3 (76.2, 89.0) 99.1 (95.7, 100.0) 9.5 (7.6, 100.0)
Hips and knees 86 101 34.8 (284, 41.8)

Tissue culture 56 2 65.1 (54.1, 75.1)*  98.0 (93.0, 99.8) 96.6 (88.1, 99.6) 76.7 (685, 83.7) 88.4 (79.6,947) 995 (97.1, 100.0)
Sonicate fluid culture 60 0 69.8 (58.9, 79.2) 100.0 (96.4, 100.0) 100.0 (95.3, 100.0) 79.5 (71.5, 86.2) 014 (83.3, 96.5) 99.4 (97.2, 100.0)
Combination 63 2 733 (62.6, 82.2)" 98.0 (93.0, 99.8) 96.9 (89.3, 99.6) 81.2 (73.1, 87.7) 08.9 (94.7, 100.0) 994 (96.9, 100.0)
Shoulders and elbows 18 24 50.9 (36.1, 65.5)

Tissue culture 13 3 72.2 (46.5,903)" 875 (67.6, 97.3) 81.3 (544, 96.0) 80.8 (60.7, 93.5) 68.4 (48.2, 84.3) 96.8 (84.3, 99.9)
Sonicate fluid culture 16 0 88.9 (65.3,98.6) 1000 (858, 100.0) 100.0 (794, 100.0) 923 (749, 99.1) 80.7 (628,93.1) 968 (847, 99.9)
Combination 17 3 944 (727, 99.9)* 875 (67.6, 97.3) 85.0 (62.1, 96.8) 95.5 (77.2, 99.9) 97.0 (848,99.9) 96,6 (82.8, 99.9)

9PPV, pasitive predictive value; NPV, negative predictive value; °, statistically significant difference from other tests in the same comparisen group, P < 0.05.
#Values are % (5% confidence interval) for IDSA PJI and % (95% credible interval) for Bayesian latent-class modeling.
<Combination incudes tissue culture and sonicate fluid culture.

Table 7: Yan et al. Sensitivity and specificity of tissue samples and sonication fluid (43)

Increase in microbiological yield was also reported by Piziga et al. (EJCMID, 2018) when a
combination of sonication fluid and conventional culture (periphesic tissue and/or synovial fluid)
was usedTheydescribe that culture from synovial fluid and tissue biopsies performed better in acute
than chronic infections, in contrast to sonication fluid. Howewsince they compared sonication with
periprosthetic tissue and/or synovial fluid in their studyptimal tissue sampling and processing could
have been missing some casefi4)

Another recent study from 2018 investigated tlifferential contributionsof specimen types to

diagnosis of prosthetic joint infections (synovial fluid, tissue biopsies, bone biopsies, swabs and
sonication). They concludéhat the combination of synovial fluid, tissue biopsies and sonication fluid

was the ideal combination fdRA 3y 24 Ay 3 LINRPAGKSGAO 22Ayd AYyFSOGA
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same in case blood culture bottles were used for synovial fluid and tissue biopbms did however
confirm that swabs and bone biopsies had no additional value (46).

Conclusion:

Sonication remains a subject of debate. Sensitivities of sonication and tissue samples vary widely due
to variations in methodology betweestudies and aréherefore difficult to comparelt seems however

that there are no strong arguments thahe methodis better thanthe other if rigorous tissue sampling

with optimal culturing conditions can be establishdthey could however be complementary to each
other to further optimize the diagnosjsespecially fordifficult to diagnosechronic/low-virulent
infections (42, 43, 44)Future studieswill hopefully provide definite clarityabout this subject ath
suggest the optimatliagnostigorotocol that can be used ia daily routine.

2.4.1.3Swabs

Swabs have a limited role in the microbiological diagnosis of prosthetic joint infections and should
therefore be discouraged.

Quperficial svab cultures of the drainage from a sinus tract is neither sensitive nor specific. There is a
low concordance betwen the culture from the superficial tract and the causative pathogésposes
a risk of incorrectly identifying the infecting organism anidgude the diagnosis and treatmei@5).

There is also no place for intraoperative swabs in the diagnosis sthatic joint infections. Both
sensitivity and specificity iswer for intraoperative swabs than for intraoperative tissue sams
36). In one study by fonVizcarraet al. (2010), swabs were positive in only 44% of the patients with
chronic infections, in contrast to 82% for synovial fluid and 74% for periprosthetic {ik8e

A study by Larsen et al. (JCM, 2018) investigated the differential contributions aihgpeisipes and
culturing conditions in the diagnosis of prosthetic joint infections. They obtained multiple sample types
from 114 patients, of which 43 patients underwent revision surgery for presumable prosthetic joint
infection. A total of 42 patients waéinally diagnosed with infectionThe collected specimen set
consisted of 3 tissue biopsies, 3 bone biopsies, 3 swabs from the prosthesis, synovial fluid and
prosthetic material.Swabs and bone biopsies were only obtained from 32 PJI cases. Swabs were
postive in 9/32 cases after 6 days of incubation and 16/32 cases after 14 days of incubation. Bone
biopsies were also positive in 9/32 cases after 6 days and 13/32 cases after 14 days. This demonstrates
the very low diagnostic yield of swab samples. Theg did not contribute independently to the
diagnosis, as the other specimen types were also positive in these pafdéts

Conclusion:
Neither superficial swabs from a draining sinus tnaat intraoperative swabs should be used in the
diagnosis of prostétic joint infectiong5, 6, 1845).

2.4.2 Culture conditions

As described arlier, cultureof joint samples in the context of prosthetic joint infems is difficult
Aside fromcollecting the correct number aglamplesculturing conditionshould be optimized in order
to improve the chance to isdl@ the causative microorganisnifferent studies evaluatedhese
optimal conditionsTheir mainfocushowever wasn the use of blood culture systems, sonication and
incubation period.
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2.4.2.1Conventional agar media and enrichment broths

Studiesthat formally evaluate the performance of different agar media in the diagnosis creJl

lacking Therefore, very fewinformation is available on the optimal use of agar media and br&imse

bacteria are present in low numbers in the sample and could be difficult to isolate, it is generally
accepted that culture regimens should include enrichment media (alsdlsesed i A 2y 2y Wof 2
culturexp (17).

In general, he media that arenost commonly used for prosthetic joint infections in different studies
are nonselective agar media enriched with blood or blood prodwtisdolate agar or blood agdyoth

for aerobic as anaerobic incubaticend different kinds of enrichmenbroths (most frequently
thioglycolate brothor brain heart infusion broth)see supplementary file 2 in attachment3hese
media allow for growth of the st commonly involved pabgens.

Onerecent study, published in 2018jd comparethe use ofthree different culture mediawith the

use of five different medi#or both tissue samples and synovial fludlbbod agar (one incubated for 7

days in CO2 enriched and one for 7 days in anaerobic atmospbbogplate agar (incubated 7 days

in CO2 enriched atmosphere), a pediatric blood culture (incubated for 14 days) and Schaedler broth
(incubated for 14 days)h&y reported that the use @& culture medigchocolate agarpediatric Hood

culture bottle and Schaedler brotlpuld document PJI in 95,1% of patients who did not receive prior
antibiotic therapy.They founahat chocolate agar was more sensitive thdretanaerobic blood agar

for isolation ofCutibacteriumacnes(which can also grow in C@#ariched atmosphere). Additional
blood agar (both under aerobic and anaerobic conditiond )t yield an extra advantage (38).

Conclusion:

- There is no formalevidence about the optimal combination of different agar media and
enrichment broths

- The most commonly used media in different studies nonselectivélood containing agar media
(aerobic and ana®bic) and thioglycolate broth (see supplementary fila aitachments).

2.4.2.2Blood cultures

In contrast to solid agar media drenrichment broths, there arenany studies available on the
advantages of blood culture bottles in the diagnosis of prosthetic joint infections

These advantages are related toveeal factorsFirst, Arger amounts of sample volume can be used
to inoculate blood culture bottlesSecond, esins, present in thdBACTEC Plus bottles, have an
inhibitory effect on antibiotics, enhancingecovery of microorganism@é patients who already
received antimicrobial therapy (43Jhese advantages have been demonstrated in all specimen types
(synovial fluid, tissue sampleadsonication fluid)

Hughes et al. demonstrateti¢ advantage oBACTEReds Plus/F bottlor detection of pathogens in
synovial fluid of patients with septic arthritis. The use of these bottles detected significantly more
pathogens (62 versus 51) in cparison to conventional methods (blood agar, chocolate agar and
thioglycolate) Bottles were incubated for 5 day47).
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Another study by Fon¥izcarra et al. compared the use of blood culture botfllesth aerobic and

anaerobic bottles for the BACTEC 9240 systémn)xynoviafluid to tissue and swab samples cultured

with conventional methods (blood agar, Schaedler agar and thioglycolate). All cultures were incubated

for 5 days.They demonstrated higher sensitivities and sfieities forsynovial fluid in blood culture
bottlesthan tissue and swab samples cultured witingentional methods (table)8The accuracy was

higher fa acute than chronic infections (18).
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Table 4. Sensitivity, specificity, PPV and NPV of each sample according to the type of infection (acute or chronic)

Type of infection Sensitivity (%) Specificity (%) Positive predictive value (%) Negative predictive value (%) Accuracy
Acute

Synovial fluid 91.39 100 100 936 96.19
Periprosthetic tissue 78.94 80.95 78.05 80.95 80

Swab 80.65 993 98.68 88.68 91.91
Chronic

Synovial fluid 78.94 100 100 87.96 91.7
Periprosthetic tissue 56.98 80.95 67.12 73.38 71.23
Swab 39.53 9920 97.14 73.06 76.75

Table 8: FonVizcarra et alSensitivities and specificities for synovial fluid (blood culture bottles) versu

conventional media for periprosthethic tissue samples and swabs (18)

Later studiesdemonstratedthat the diagnostic yield of griprosthetic tissue samples can albe
optimized by the use of blood culture bottl€34, 47, 48)One studycompared the use dbur different

media for tissue biopsies in the diagnosis of prosthetic joint infectimtsuding blood culture bottles

direct plating (chocolate agar and blood agar aerobically and one blood agar anaerobically),
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culture bottles (Bactec Pus Aerobic/F and Bactec Standard éimia#f bottle). All were incubated for
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5 days. Sensitivities were 87% for blood culture bottles, 39% for direct plating, 57% for fastidious
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w 2 ke8 M&a) Brott avereOrBofe sensitive than direct plating and that blood
culture bottles were the most sensitive. Blood culture bottles also had the shortest time to positivity
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(57).

These positive results were confirmed by a later study in 2014 by Mamastal. They inoculated the
same blood culture bottles as the former study (Bactec Plus Aerobic/F and BytiEd0 Anaerobic/F
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bottles). Tissue samples were homogenised in sterile saline and steril glass beads before inoculation

of the bottles. They reported a sensitivity of 83,%ffter 8 days of incubation. Theldid not found an

increase in diagnostic yield with prolonged incubation. Their median detection time was 5 days for

Cutibacterium acneand 1 day for other bacterial species.eyremphasize the need for both aerobic

and anaerobic bottles, since 14% of organisms were only identified in the aerobic bottles and 27% in

the anaerobic bottles. However, sige samples were not inoculated onto other mediais thus
unclear if enrichmetimedia (like thioglycolate) could have been of value in these missing @&es

Velay et al. evaluated the Bactec Peds Plus/F bottles for tissue samples which resulted in a bacterial

detection in 69% of samples, compared to 53% for conventional megiéa gkates and broth media)

(60).
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Another studyby Peel et al. compared standard media (blood agar and chocolatéragdated for 5

days and CDC anaerobic blood agar and thioglycolte incubated for 14 days) with Bactec Plus Aerobic/F
and Bacted Lytic/10 Anaerobic/F blets, incubated for 14 days. Theglculated sensitivities for all
individual media and combinagse ofdifferent media. Tissue samples were first homogenised using a
Seward Stomacher in 5 ml brain heart infusion broth before inoculating the different media. Sensitivity
for blood culture bottles was 92,1% versus 62,6% for the standard media. The table dieémaan
overview of sensitivities and specificities for individual culture media and a combination of different
media(table 9) Thehighest sensitivity waachieved when all media wemmbined. Blood culture

bottles did not only improve sensitiyit butalso gave faster results (34).

TABLE 2 Sensitivity and specificity of periprosthetic tissue culture techniques using Bayesian latent class modeling and Infectious Diseases Society
of America criteria for prosthetic joint infection diagnosis as gold standards®

No gold standard (Bayesian LCM) IDSA PJI criteria as gold standard
Sensitivity (95% Specificity (95% Sensitivity (95% Specificity (95%

Culture medium® credible interval credible interval) confidence interval) confidence interval)
Individual culture media

Aerobic agar 59.4 (45.3,725) 99.5 (98.3, 100.0) 26.5(18.8, 35.5) 100.0 (98.6, 100.0)

Anaerobic agar 32.2 (20.8,45.7) 99.5 (98.3, 100.0) .5 (8.7, 22.2) 100.0 (98.6, 100.0)

Thioglycolate 74.8 (61.5, 85.8) 99.4 (98.1,99.9) 33.3 (249, 42.6) 100.0 (98.6, 100.0)

Aerobic blood culture bottle 82.0 (69.5,91.1) 97.1 (94.8, 98.6) 42.7 (33.6,52.2) 100.0 (98.6, 100.0)

Anaerobic blood culture bottle 90.2 (79.4, 96.5) 96.3 (93.7,98.1) 47.9 (38.5,57.3) 99.6 (97.8, 100.0)
Combinations of culture media

Aerobic and anaerobic agars 48.9 (38.3,59.7) 99.7 (98.7, 100.0) 33.3(24.9,42.6) 100.0 (98.6, 100.0)

Aerobic and anaerobic agars and thioglycolate 62.6 (51.7,72.5) 98.1 (96.1, 99.3) 4 98.8 (96.6, 99.8)

Aerobic and anaerobic BCBs 92.1 (84.9,97.0) 99.7 (98.7, 100.0) 98.8 (96.6, 99.8)

Aerobic and anaerobic BCBs and thioglycolate 92.1(84.9,97.0) 98.8 (97.0, 99.6) 63.3 (53.8,72.0) 98.8 (96.6, 99.8)

Aerobic and anaerobic BCBs and aerobic agar 94.6 (88.1, 98.6) 99.7 (98.7, 100.0) 62.4(53.0,71.2) 98.8 (96.6, 99.8)

Aerobic and anaerobic BCBs and anaerobic agar 96.8 (91.3,99.3) 99.8 (98.7, 100.0) 62.4 (53.0,71.2) 98.0 (95.4, 99.4)

Aerobic and anaerobic BCBs and aerobic and 99.1 (95.7, 100.0) 99.7 (98.7, 100.0) 64.1 (54.7,72.8) 98.0 (95.4,99.4)

anaerobic agars

All media combined 99.1 (95.7, 100.0) 97.3 (94.8,98.7) 67.5(58.2,75.9) 96.8 (93.8, 98.6)
 Using individual culture media in periprosthetic tissue culture techniques, the prevalence of prosthetic joint infection (PJI) was 13.7% (95% credible interval of 10.4% to 17.6%) with no
gold standard (Bayesian latent class modeling [LCM]), and the prevalence of PJ1 was 31.7% (95% confidence interval of 27.0% to 36.7%) with Infectious Diseases Society of America (IDSA)
PJI criteria as the gold standard. Using combinations of culture media in periprosthetic tissue culture techniques, the prevalence of PJI was 21.7% (95% credible interval of 17.7% to 26.1%)
with no gold standard (Bayesian LCM), and the prevalence of PJ1 was 31.7% (95% confidence interval of 27.0% to 36.7%) with IDSA PJI criteria as the gold standard.

& BCBs, blood culture bottles.

Table 9: Peel et al. Sensitivities and specificities of different culture media for periprosthetic tissue sar
(34)

Finally, blood culture bottles also proved useful for sonication fluid. A study by Shercemnglared
synovial fluid cultures in blood culture bottles with sonication fluid cultured in blood culture bottles.
They reported a higher sensitivity for sonication fluid (88%) versus synovial fluid (64%). The specificity
however was lower (87% versus 98y inoculation of sonication fluid in blood culture bottles, a
decrease in specificity may be explained by losing the ability of colony count, which is used to define
contamination versus relevant. Given the size of the specimen that is collected andsped,
presence of contaminants may be a potential problem. This study did not compare with solid agar
media nor with tissue samples (61)

A second study by Portillo et al. also demonstrated the advantages of blood culture bottles for
sonication fluid. Thy reported an increased sensitivity of sonication fluid in blood culture bottles
compared to conventional media. They had no cultnegative cases by the use of blood culture
bottles and also no falspositive results. This is in contrast with the aimentoned study, who did

report a lower specificity for sonication fluid in blood culture bottles. This study, however, does not
specificate the number of tissue samples used per case and also did not use blood culture bottles for
this specimen type (39).
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Cdturing of sonication fluid in blood culture bottlébus also seems a promising strategy to improve
diagnosis of prosthetic joint infections. The main disadvantage of using blood culture bottles for
sonication fluid is the loss of semuantitative analys, which allows to distinguish with
contamination. Therefore, in case blood culture bottles are used for sonication fluid, they cannot
replace additional tests like the conventional media and tissue samples.

Aerobic vs Anaerobic vs Pediablcod cultue bottle®

Boththe study by Minassian et aind Hughes et al. mention the importance of using both aerobic and
anaerobic blood culture bottle§48, 47) Since both synovial fluid and multiple tissue samples are
recommended in the diagnostic wetlp, inoculating both blood culture bottles could result in a high
amount of vials per patient that need to be inserted into the automatic blood culturing systeenotJ

a pediatric blood culture bottle may be an alternative. It should however be kept in mind that pediatric
bottles are less efficiént for cultivating anaerobes and thus additional media should ceblaindgd.

A study by Bemer et allemonstrated a hcteriological documentation of 89,3% of al PJI cases when
using a pediatric blood culture bottle in combination wétlthocolate agar and Schaedler br¢a8).

However, table 9demonstrates that conventital agar media also have an addealue when both
aerobic and anaerobic blood culture bottles are usedb cases, the pathogen was only detected from
another culture medium: two cases o€utibacteriumacnes (from thioglycolate), one case of
Saphylococcus homini{grom aerobic agar media) and two case®afvimonas micréanaerobic agar
media)(34).

A very recent study byan den Bijllaardt et a{2019) alsalemonstrated the adde#lalue of ombining
multiple culture media(table 10) In 17 cases, pathogens were only found in blood culture bottles
(Bactec Plus Aerobic/F and Bactec Plus Anaerobith€se also included virulent microorganisms,
which are generd not considered to be difficult to culture. For six episodes, causative pathogens
(mostly lowvirulent organisms) were only isolated from broths. This demonstrhigsblood cultures
should be used in addition to conventional media. Sensitivities garrewset are displayed in the table
below. Conventional agar media consisted of bloodagar, chocolate agar, MacConkey ,-@Ghiaigeen
anaerobic agar (all incubated for 4 days), thioglycolate and brain heart infosit (incubated for

14 days) Both peiprosthetic tissue samples and synovial fluid were cultu().

Eur J Clin Microbiol Infect Dis (2019) 38:245-252 249

Table2 Sensitivity and ] - -

specificity of PPT culture for 45 Culture set Sensitivity (95% CI) Specificity (95% CI)

PJlcases and 45 non-PJ1 cases

according to the IDSA criteria Solid agars and broths 84.44 (70.54-93.51) 100.00 (92.13-100.00)
Solid agars and BCBs RERO (75.95-96.29) 100.00 (92.13-100.00)
Solid agars, broths and BCBs 93.33 (B1.73-98.60) 100.00 (92.13-100.00)

Table 10: Van den Bijlaardt et 8ensitivities and specificities of different culture media (49)

Conclusion

- Blood culture bottles can improve the detection rate for microorganisms in synovial fluid,
periprosthetic tissue samples and sonication fluid.

- Aerobic, anaerobic and pediatric blood culture bottles can be used. Pediatric blood culture bottles,
however,do® i | €t 2¢ FT2NJ Iyl SNRPOoAO NBO2JSNEO®

- Combiningblood culture bottles with conventional media (agar media and enrichnieaths)
seems to result in the highedetection rate.
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2.4.2.3Incubation time

Variations in incubation periods are seen between different studiregeneral, the majonit of studies
applied incubation periods of-B days for aerobic cultures and14 days for anaerobic cultures.
Extended incubation beyond 7 days may be necessamgémvery ofCutibacteriunspecies.

Prolonged incubation for 14 days was recommended by Schafer et al. to optimize recovery of
CutibacteriunspeciesandPeptostreptococcuspecies. They had a detection rate of merely 73,6% after

7 days.Cutibacteriumspecies were almost exclusively detected in the second week of incubation.
Additionally, #most onefourth of the coaglasenegative staphylococci were not detected until the
second week (which may reflect low concentrations of bacteria in the sample). Potog%,4% of
patients would not have had a bactetagical diagnosisfgrosthetic joint infections i€ulture duration

had only been 1 week. They also did not deteeerrepresentationof contaminants in the second
week of incubation. The median time tetection of contaminants was 7 days and 52% of all
contaminatingstrains were isolated in the first week. It should however be mentioned that no blood
culture bottles were used in this stud$0).

This was confirmed by Butl&Yu et al. They suggested that both aerobic and anaerobic cultures should
be incubated for 13 ays. If only anaerobic ttures had extended incubatio9,4% of prosthetic joint
infections byCutibacteriumacneswould have been missed in their studihey could not demonstrate

that one culture medium was superior to another for isolation of thiscégs Extending incubation
beyond 13 days was not associated with an increase in diagnosis of prosthetic joint infections, but was
associated with an increasing recovarfynondiagnostic isolatesAs for the former study, no blood
culture bottles were use¢b1).

A smaller study by Shannon et al. evaluated the use of thioglycolate broth for isolaGoniloficterium
acnes.They suggested aday incubation for recovery d@utibacteriumacneswhen using anaerobic
thioglycolatebroth and specimen collection into aarobic tissue and fluid via{52).

A more recent article by Minassian et al., which evaluated the use of blood culture b@#tesbic

and anaerobic)n diagnosis of prosthetic joint infections, could not confirne theed for prolonged
incubation of 14 day€No relevantCutibacterium acnewere isolated after day 8lhey included 322
patients with suspected prosthetic joint infection, which resulted in 1328 san{gis

Peel et aldid reportadditionalrecovery ofelevantCutibacteriunmspecies due to prolonged incubation

in the anaerobidlood culturebottle. However, they also recovered three additional contaminants.
They did not recover any additional relevant species in the aerobic bottle afters/(deg appendix
with figures).They suggest that incubating the aerobic bottle for 7 days and anaerobic bottle for 14
days would be a reasonable approa¢B4).

Finally, Bemer et al. suggest a practical protocol to use in the routine for both synovialnitutgssue
samples: one pediatric bottle incubated for 5 days, one chocolate agar incubated for 7 days and one
schaedler broth incubated for 14 days (and subcultured afterwards). Using this protocol, they had a
bacteriological documentation in 89% of thaseg38).

Conclusion:

- Prolonged incubation is advised. Suggested incubation periods vary fighdays.

- Generally, longer incubation periods are recommended for anaerobic than aerobic cultures.
- The main profit of prolonged incubation is in the increased detectiddutibacteriunspecies.
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2.5 Histopathological examination

Histological evaluation demonstrating acute inflammation (neutrophilic infiltrate) is a helpful tool in
the diagnosis of prosthetic joint infections. All internationally accepted definitions include histological
evaluation in their supportive evidencg, (0,11,12, 13.

It has a high sensitivity (>80%) and specificity (>98%d)J. It canalsobe done intraoperatively on a
frozensection and can thereforgive information tothe surgeon on best surgical approach (if
RAF3Iy2a4A4 YR | LILINEI OK ¢ S NBeyatvé anblisi®)® mdRagnalysig 2 6y (0 k
performed in 2012 found that the psence of acute inflammation provided a high positive likelihood

ratio of 12. The absence of acute inflammation had a more modest negative likelihood ratio. They did

not calculate pooled seitivity and specificity, but these ratios do suggest that fregection analysis

is helpful as an additional to@, 53).

However, esults of pathological evaluatiorcan vary due to sampling bias or expertise of the
pathologist. Acute inflammation can also be absent in the case oFindent organisms, which may
not elicit such a strong inflammatory respon& 8, 10,51).

There is no clearly accepted definition about acute inflammatiime classical definition of acute
inflammation differs between authors and varies from 1 to 10 neutrophils per-bayber fieldat a

magnification of 40@5). For example, the MSIS criteria define acute inflammatisrthe presence of

5 or more neutrophils per highower field in at least five fields observed at a magnification of 400.
hiKSNJ RSTAYAGA2Yyd R2y Qi IABS SHE DI ALISOAFAOFGAZY

A few years ago, histopathological critef@ evaluation of periprosthetic membrane tissue were
defined byKrenn and MorawietzBased on some morphological aspects, periprosthetic membrane
tissue can be classified into 4 groups: type KUtdype 2represents the infectious histology and is
characerized bya neutrophilic infiltrate Type 3 represents a combination of infectious histology and
wear particle induced reactiol.he Prelmplant Foundation, for example, uses the suggestedotit

of 23 neutrophilsin 10 highpower fieldsthat is used todefine inflammation in periprosthetic tissue

by this classificatio(b, 7, 62,64).

2.6 Other

In addition to the previous tests, other possible tests could be used in the diagnosis of prosthetic joint
infections. Usually, these are not used in a routine practice. An extensive review of this tests is,
however, beyond the scope of this critically apised topic.

2.6.1 PCRIESIRNA PCR)

A recent critically appraised topic (D. Van den Bossche, 2015) evaluated the value of 16S rRNA PCR in
the diagnosis oprosthetic joint infections. The included studies reported different sensitivities and
specificites for 16S rRNA (synovial fluid, periprosthetic tissue biopsies or sonication fluid) in the
diagnosis of prosthetic joint infections. Thminconclusion was that 16S rRN&R should not be used
routinely, but could be useful for cultuneegative cases Wi a high suspicion for infectiont is,

however, not clear which samptgpe is the most useful in thesmses (54).
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2.6.2 Alpha defensin

Determination of alphalefensin in synovial fluid is promising test that can aid in the diagnosis of
prosthetic joint infections. This test is now available as a lateral flow assay, which can generate results
after 10 minutes. A study by Renz etdgmonstrated a sensitivity of 584% (depending on the ude
diagnostic criteria), limiting the use of this test in excluding prosthetic joint infections. They did
however report high specificities (>95%), indicating that it can be used to confirm the dia@F)sts

meta- analysis published in 2018 showedoaver diagnostic performance for the lateral flow assay
compared to the laboratory ELISA test, witlp@oled sensitivity and specificity for the lateral flow
assay of 85% and 90% respectivélgey conclude that further studies are required to evaluate the
use of the lateral flow assay in a clinical environment before its routine adoption to diagnose PJI.
Another limiting factor for routine use of this assay is the high cost per(t¢st70 euros per tesf)
which is not reimbursed at this mome(t6).

3. Prosthetic joint infections: towards a BILULU consensus

We can conclude that many studies are published and a lot of information is available on this topic.
Due toa lack of standardization and many methodological differences between all fudsieations

it is however difficult to compare all these resuliBhese theoretical challenges will hopefully be
addressed in the future, so more standardized definitions and study protocols can be designed. This
will make reported resid more comparable and can gsible leadto internationally accepted
standardized diagnostic algorithms.

Aside from these theoretical obstacles, implementthg most optimal culture conditions caiready
improve diagnostic yield and reduce the percentage of culhggative prosthéc joint infections.

Sincethere isno formalevidenceon the optimal combination of culture media and incubation periods

a consensus will bmade, which will tak into account all thavailable informationThe goabf this
consensuss tooptimizethe current diagnostic processd to standardize this process in and between
hospitals.On the one hand, the procedure should include the most optimal sampling and culture
conditions that arenow suggested in the literature generate the highdsmicrobiological yield. On

the other hand, it should be a workable tool for a daily routine. It should therefore also take into
account the organizational impact, additional workload and cost.

The key components for improvement that are suggesteiténature at this momentand should be
discussed when making the consensus are:

- Collection and culturing of multiple samples

- Use of blood culture vials for both synovial fluid and tissue samples
- Prolonged incubation

- Sonication (though this is stilebatablg

- Elimination of swabs

- Histological analysisf periprosthetic tissue samples

3.1 Suggestions forampling protocol
A. Synovial fluid

Synovial fluicshould be sent for analysis andn be obtained preoperatively. Analysis should include:
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- Synovial whitélood cell count and differential
- Aerobic and anaerobic culture
- Crystals for differential dgnosis with crystalarthropathy

To aid the orthopedic surgeon to request the correct teatprepackedsampling kit can be prepared
by the laboratory and distributedhe following is a example dwhat this sample kit may contain:

- EDTA blood tubeof cell count and differential

- Sterile syringe: to be sent to the laboratory for aerobic and anaerobic culture

- Blood culture bottle: to be directly inoculated bedside

- Request form: specifically made for (prosthetic) joint infections. This form contains instructions
for sampling, priority order and necessary tests.

This kit can also be used in case of native jifgictions.

In case too little sample volume is available for all these tests, a decision must be made about the
priority of analysis.Since ell count is the most sensitive tqalesting for white blood cells and
differential seems to be the most impontatool (7, 63. In case sample volume is enough for both cell
count and microbiology, inoculation of blood cultures bottles will depend omehgaining amount of
volume Inoculation of blood culture bottles should be done if possitiie olumedepends on the

blood cuture bottle that is used: pediatric bottles need less volume than aerobic/anaerobic bottles).
The exact method will be documented in the consensus.

Additionally, synovial fluid shoulilso be taken during revision int@peratively.
B. Tissue sample biopsie

Multiple tissue sampleshould be sent for diagnosiét least 3 and maximum 6 tissue samples are
recommended in the international definitions. Some studies advot@t® tissue sample$iowever,

a more recent study (2016Jid not confirm thesuperiority of 5 samples and suggested that 4
intraoperative samples (which included syndiaid) were equally effective (38).

Since every biopsy needs to be processed separately and additional biopsies are needed for
histopathological examinatioh, & NJ A4S & (KS dichigsablg th ®yfinely feQuaski@ Bl A (1 Q&
tissue samples for microbiologikdedsion needs to be madebout the number of tissue samples that

will be used (with a minimum of 3).

As for synovial fluid, a prepacked sampling kit for intraoperative sampling can also be ase dhte

orthopedic surgeon imbtainingthe correct number and type of samplédis kit should contain the

following:

- Sterile recipients for microbiologpumber to be discussed)

- Recipients for histopathology (to be discussed with histopathopmycente)

- Sterile syringe and blood culture bottle for intraoperative synofiedi

- Request form: specifically made for prosthetic joint infections. This form contains instructions for
sampling (both for tisseibiopsies and synovial fluidhd necessary tests.

To minimize the manipulation of biopsies and therefore the risk of comtation, it is a possibility for

the surgeon to deposit the obtained tissue biopsies directly into the sterile recipient with beads, used

to homogenize in the laboratory.
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The concept of these prpacked boxes was evaluated in a research prdjgdtarseret al. During a 2

year period, these boxes were offered to the surgeons to use during revision surgery. They reported
an overall completeness around 90%. Use ofgaeked boxes seems a promising tool to aid in the
complexity of tle work-up (58).

There isno protocol available for the optimal processing of tissue samples before inoculation of the
different media. Most studies however used mechanical disruption to homogenize the satagles
sterile glass beads). Different liquid media were used like stsdlime or brain heart infusion broth
Roux et al. reported a high documentation rate of prosthetic joint infectionsusing beadmill
processing of periprosthetic specime(is9). It seems best for tissue samples to hemogenized
before inoculation of the different media.

C. Prosthesis material

As discussed, there are many variatidretween studies on this topic, making it difficult to compare
diagnostic accuracieMany studies rport a bdter sensitivity for sonication. However, recent studies
could not find a significant difference in sensitivity between sonication and tissue culkhey do
suggest it may be used asmplementary tool to syovial fluid and tissue biopsies, espaly in the
difficult-to-diagnose infectionsThe many methodological differences however prevent us from
drawing a clear conclusion.

Sonicatim requireslarge sterile containers and an ultrasound bath and consists of multiple steps
including vortexingsonication, vortexing, centrifugation and eventually inoculation of the different
media. Therefore, this technigue time consuming ancequires additional material resources (iftho
yet present in the laboratorySincetiremainsunclear to which extenthe use of sonication impast

the bacteriological diagnosis, it remains to be discussed if these adalitinvestments are justified.
One can however argument that processing multiple tissue is also time consurhisgssue will be
further addressed whediscussinghe consensus.

D. Swabs

Swabs should not be used in the diagnosis of prosthetic joint infections due to their low sensitivity.
This applies to both swabs taken from sinus tracts as intraoperative swabs.

A decison should however be made about what to do if swabs do arrive in the laboratory. A good
collaboration between laboratory and orthopedic surgery is therefore necessary and can help to avoid
these situationsThe use of a prepacked intraoperative samplifigskould also help to stimulate
orthopedic surgeons to obtain the correct number of tissue biopsies instead of swabs.

3.2 Suggestions forulture conditions
3.2.1 Culture media

There is no standard protocol available for optimal combination of differeatia and incubation
periods.Many studies do advocate the use of blood culture bottles and prolonged incub#tismot

clear which type of blood culture bottle should be preferred ambich combination is the best.
Regardingconventional media, studies that compare different media are lacklige majority of

studieshoweverused blood containing neeelective gar media and enrichment brotlfthioglycolate

being the most used broth medium).
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As mentioned, e optimal combination of all these media is not known. In case a pediatric blood
culture bottle or only an aerobic blood culture bottle is used, enrichmeoitts for anaerobic recovery
are necessanif both an aerobic as an anaerobic blood culture bottle is uaddjtional mediacan
alsostill yield additional pathogen recovemys is demonstrated by the study Béel et alandVan den
Bijlaardt et al.(34, 49) Sinceisolation of additional causative organisimas important consequences

in the treatment strategy of prosthetic joint infectiorisseems acceptable that@mbination of blood
culture bottles and conventional medae used tccreate the most optimal culture conditions.

Considering all the pathogens that could be involved and based on all the available information, it
seems reasonable that the followingrobination of media should be used:

- Nonselective blood containing media (eg. chocolate agar, blood agar, etc.), both aerobic and
anaerobic

- Enrichment broths that favor growth of fastidious and anaerobic bacteria

- Blood culture bottles

3.2.2Incubation period

As disassedearlier, studies recommend prolonged incubation for optimal recovei@uifbacterium
acnes There is however no single accepted incubation protocol availktglebation periods between
7 (aerobic) and 14 days (anaerobicgseto be reasonable.

Two studiegeport workable suggestions

- Peel et al. suggestvhen using both aerobic and anaerobic culture bottles, an incubation period
of 7 and 14 days respective[y4).

- Bemer et al. suggesin entire protocol formicrobiology, namely the use of 3 different media:
chocolate agafincubated for 7 days aerobicconditions), gediatric blood culture bottle
(incubated for 5 daysand a Schaedler broth incubated for 14 days.

3.3Introduction of histological analysis

To date many laboratories do not currently use histological analysis in their routine diagnostic
algorithmfor prosthetic joint infections. This however recommended as a useful tool tishcluded

in all internationally defined diagnostic criteril. is thus highly recommended to add histological
analysis in the diagnostic process for prosthetic joint infections.

The use of frozesection analysis could give the advantage to detect the presence of acute
inflammation during revision surgery. Thih@mwvever something that needs to be discussed with the
pathologist.

3.4 Inconclusive results

In culturenegative cases, which remain suspicious for infection, additional molecular testing could be
an option. This is also suggested in the new definitiomliphed by Parivizi et al. in 2018. Based on a
scoring system, they classify patients into different categories: Infected, possibly infected, inconclusive
and not infected. In inconclusive cases, additianalecular testing is advised (13).
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3.5 Conclusion

Following this CAR BILULltonsensus will be made which will represent a procedure for diagnosing
prosthetic joint infections and will contaiexact specifications about both the pranalytical and
analytical processThe aforementioned suggdons will be discussed between the different BILULU
laboratories and a definite decisiorililbe made regarding all these different aspects. As there are no
formal evaluations about the best protocol for microbiological diagnosis and the many methaddlogi
differencesbetween studiesnake it difficult to draw a hard conclusion, this consensus will try to create
a workable instrument that includes the availaldeidenceas well as possible. Theain goal is to
create more standardization between laborais and improve the diagnostic process for prosthetic
joint infections.The resulting corensus wilcontain exacspecifications about:

- Necessary samples and tests
- Priority of testing in synovial fluid in case of low sample volume
- Number of tissudiopsies for microbiology
- Number of tissue biopsies for histopathology
- Sonication yes or no?
- Culture conditions:
o0 Which agar media
o Which enrichment broths
o0 Which blood culture bottles
- Incubation time

Based on this consensusnaw standard operating procedure will be introduced in the laboratory
specifically foiprocessing samples of suspectpmbsthetic joint infections. Thereforesamples (eg.
periprosthetic biopsieswill be processed according to patholagyd no longeaccordirg to a general
specimen type.

Aside from a specific SOP, histological analysis will be implemented apdgked sample kits will be
offered to orthopedic surgeons to guide thdmrequest the correct tests and obtain the right samples.

Fnally, agood collaboration and communication between orthopedic surgeons and thed&drgris
and will remainmportant for an optimal use ddll the available tools.

TO DO

- BILULU consensus meeting
- Draw up the BILULU consensus
- Implement the BILULtbnsensusn HHZHLIER
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ATTACHMENTS

Supplementary file 1: Overview of different studies regarding sonication (Dudereva et al.) (42)
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