
660 Part IV   Spine

[4] Fihman V, Hannouche D, Bousson V, Bardin T, Lioté F, Raskine L, et al. 
Improved diagnosis specifi city in bone and joint infections using molec-
ular techniques. J Infect. 2007;55:510–517. doi:10.1016/j.jinf.2007.09.001.

[5] Shibata S, Tanizaki R, Watanabe K, Makabe K, Shoda N, Kutsuna S, et al. Esch-
erichia coli vertebral osteomyelitis diagnosed according to broad-range 16S 
rRNA gene polymerase chain reaction (PCR). Intern Med. 2015;54:3237–3240. 
doi:10.2169/internalmedicine.54.5066.

[6] Colmenero JD, Morata P, Ruiz-Mesa JD, Bautista D, Bermúdez P, Bravo MJ, et 
al. Multiplex real-time polymerase chain reaction: a practical approach for 
rapid diagnosis of tuberculous and brucellar vertebral osteomyelitis. Spine. 
2010;35:E1392–E1396. doi:10.1097/BRS.0b013e3181e8eeaf.

[7] Altwegg M, Fleisch-Marx A, Goldenberger D, Hailemariam S, Schaff ner A, 
Kissling R. Spondylodiscitis caused by Tropheryma whippelii. Schweiz Med 
Wochenschr. 1996;126:1495–1499.

[8] Flouzat-Lachaniett e C-H, Guidon J, Allain J, Poignard A. An uncommon case 
of Mycoplasma hominis infection after total disc replacement. Eur Spine J. 
2013;22 Suppl 3:S394–S398. doi:10.1007/s00586-012-2511-9.

[9] Sanmillán JL, Pelegrín I, Rodríguez D, Ardanuy C, Cabellos C. Primary 
lumbar epidural abscess without spondylodiscitis caused by Fusobacte-
rium necrophorum diagnosed by 16S rRNA PCR. Anaerobe. 2013;23:45–47. 
doi:10.1016/j.anaerobe.2013.06.014.

[10] Dayan L, Sprecher H, Hananni A, Rosenbaum H, Milloul V, Oren I. Asper-
gillus vertebral osteomyelitis in chronic leukocyte leukemia patient diag-
nosed by a novel panfungal polymerase chain reaction method. Spine J. 
2007;7:615–617. doi:10.1016/j.spinee.2006.08.005.

[11] Sharma K, Meena RK, Aggarwal A, Chhabra R. Multiplex PCR as a novel 
method in the diagnosis of spinal tuberculosis-a pilot study. Acta Neuro-
chir (Wien). 2017;159:503–507. doi:10.1007/s00701-016-3065-0.

[12] Held M, Laubscher M, Zar HJ, Dunn RN. GeneXpert polymerase chain reac-
tion for spinal tuberculosis: an accurate and rapid diagnostic test. Bone 
Joint J. 2014;96-B:1366–1369. doi:10.1302/0301-620X.96B10.34048.

[13] Pandey V, Chawla K, Acharya K, Rao S, Rao S. The role of polymerase chain 
reaction in the management of osteoarticular tuberculosis. Int Orthop. 
2009;33:801–805. doi:10.1007/s00264-007-0485-8.

[14] Sun Y, Zhang Y, Lu Z. [Clinical study of polymerase chain reaction technique 
in the diagnosis of bone tuberculosis]. Zhonghua Jie He He Hu Xi Za Zhi. 
1997;20:145–148.

[15] Van der Spoel van Dijk A, MCleod A, Botha PL, Shipley JA, Kapnoudhis MA, 
Beukes CA. The diagnosis of skeletal tuberculosis by polymerase chain reac-
tion. Cent Afr J Med. 2000;46:144–149.

[16] Marín M, Garcia-Lechuz JM, Alonso P, Villanueva M, Alcalá L, Gimeno M, 
et al. Role of universal 16S rRNA gene PCR and sequencing in diagnosis 
of prosthetic joint infection. J Clin Microbiol. 2012;50:583–589. doi:10.1128/
JCM.00170-11.

[17] Choe H, Aota Y, Kobayashi N, Nakamura Y, Wakayama Y, Inaba Y, et al. Rapid 
sensitive molecular diagnosis of pyogenic spinal infections using methi-
cillin-resistant Staphylococcus-specifi c polymerase chain reaction and 16S 
ribosomal RNA gene-based universal polymerase chain reaction. Spine J. 
2014;14:255–262. doi:10.1016/j.spinee.2013.10.044.

[18] Dubouix-Bourandy A, de Ladoucett e A, Pietri V, Mehdi N, Benzaquen D,
Guinand R, et al. Direct detection of Staphylococcus osteoarticular infec-
tions by use of Xpert MRSA/SA SSTI real-time PCR. J Clin Microbiol. 
2011;49:4225–4230. doi:10.1128/JCM.00334-11.

[19] Borde JP, Häcker GA, Guschl S, Serr A, Danner T, Hübner J, et al. Diagnosis 
of prosthetic joint infections using UMD-Universal Kit and the automated 
multiplex-PCR Unyvero i60 ITI(®) cartridge system: a pilot study. Infection. 
2015;43:551–560. doi:10.1007/s15010-015-0796-4.

[20] Malandain D, Bémer P, Leroy AG, Léger J, Plouzeau C, Valentin AS, et al. 
Assessment of the automated multiplex-PCR Unyvero i60 ITI® cartridge 
system to diagnose prosthetic joint infection: a multicentre study. Clin 
Microbiol Infect. 2018;24:83.e1–e83.e6. doi:10.1016/j.cmi.2017.05.017.

[21] Bémer P, Plouzeau C, Tande D, Léger J, Giraudeau B, Valentin AS, et al. Evalu-
ation of 16S rRNA gene PCR sensitivity and specifi city for diagnosis of pros-
thetic joint infection: a prospective multicenter cross-sectional study. J Clin 
Microbiol. 2014;52:3583–3589. doi:10.1128/JCM.01459-14.

[22] Grif K, Heller I, Prodinger WM, Lechleitner K, Lass-Flörl C, Orth D. Improve-
ment of detection of bacterial pathogens in normally sterile body sites 
with a focus on orthopedic samples by use of a commercial 16S rRNA 
broad-range PCR and sequence analysis. J Clin Microbiol. 2012;50:2250–2254. 
doi:10.1128/JCM.00362-12.

[23] Fenollar F, Roux V, Stein A, Drancourt M, Raoult D. Analysis of 525 samples 
to determine the usefulness of PCR amplifi cation and sequencing of the 
16S rRNA gene for diagnosis of bone and joint infections. J Clin Microbiol. 
2006;44:1018–1028. doi:10.1128/JCM.44.3.1018-1028.2006.

[24] Lévy P-Y, Fenollar F. The role of molecular diagnostics in implant-asso-
ciated bone and joint infection. Clin Microbiol Infect. 2012;18:1168–1175. 
doi:10.1111/1469-0691.12020.

•    •    •    •    •
Authors: Glenn S. Russo, Daniel Tarazona

QUESTION 5: For which investigations should samples obtained by image-guided biopsy be sent?

RECOMMENDATION: A priority should be placed on obtaining bacterial cultures and pathohistology. In the appropriate epidemiological sett ing, 
mycobacterial, fungal and brucellar cultures can be considered.

LEVEL OF EVIDENCE: Limited 

DELEGATE VOTE: Agree: 93%, Disagree: 0%, Abstain: 7% (Super Majority, Strong Consensus)

RESPONSE 

There is limited data available in the literature to help establish 
clear evidence-based parameters for treatment. However, there are 
society-based clinical guidelines such as the 2015 Infectious Diseases 
Society of America (IDSA) clinical practice guidelines for the diag-
nosis and treatment of native vertebral osteomyelitis in adults, 
which provide assistance in decision-making. Highlights from this 
statement recommend the acquisition of image-guided aspiration 
biopsy in patients with suspected vertebral osteomyelitis when a 
microbiologic diagnosis for a known associated organism has not 
been established by blood cultures or serologic tests. Further, they 
recommend for the addition of fungal, mycobacterial or brucellar 
cultures on image-guided biopsy and aspiration specimens in 
patients with suspected vertebral osteomyelitis if epidemiologic, 
host risk factors or characteristic radiologic clues are present, or 
if testing to appropriately stored bacterial specimens reveal no 
growth [1].

There is some data to suggest that standard samples should be 
sent for both microbiology and pathohistology. Pathologic evalu-
ation is meaningful, particularly in culture negative cases where 
the presence of leukocytes can indicate pyogenic osteomyelitis, or 
visualization of granulomas can suggest mycobacterial infection 
or brucellosis [2]. Pathology can also support ruling out diagnoses 
like ankylosing spondylitis, hemodialysis-associated spondyloar-
thropathy or neuropathic Charcot joint deformities [3]. Further-
more, crystal deposits can aid in the diagnosis of pseudogout [4].
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QUESTION 6: How many intraoperative tissue samples should be sent for culture in suspected 
spinal surgery infection?

RECOMMENDATION: With the currently-available evidence, it is recommended that at least three to fi ve tissue samples be sent for culture in 
cases of suspected spinal infection. In the sett ing of instrumentation, we recommend additional techniques, such as vortexing and sonifi cation, 
to increase the yield of culture samples.

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 80%, Disagree: 13%, Abstain: 7% (Super Majority, Strong Consensus)

RATIONALE

Turnbull described surgical site infections (SSIs) in spinal surgery 
in 1953, noting three cases of deep infection of the disc after discec-
tomy as well as signifi cant morbidity that followed [1]. While clini-
cally these cases presented as infection, Turnbull reported them as 
“presumed” infection because culture of the causative organism was 
not obtained. Since his work, the incidence of SSI following spine 
surgery has been studied extensively, with reported incidences 
ranging from 0.2–15%, varying widely based on underlying pathology 
and procedure type, with revision procedure, fusion, implanta-
tion, and traumatic injury carrying the greatest risk [2–6]. The most 
common causative culprits are Staphylococcus species, including 
methicillin-resistant S. aureus (MRSA) [3,6–9], although less virulent 
organisms such as Propionibacterium acnes can also occur, particularly 
in revision cases without a defi nitive preoperative diagnosis of infec-
tion [10–12]. Prior to obtaining intraoperative cultures, some suggest 
computed tomography-guided aspiration, although this practice 
has been shown to have low sensitivity [13,14].

The evidence for the optimal number of specimens to obtain 
in cases of suspected spinal infection is sparse. In their study of 
patients undergoing Cotrel-Dubousset instrumentation, Bemer et 
al. evaluated cases of Cutibacterium acnes (C. acnes) infection, noting 
that in earlier years of the study one to two samples for culture 
were obtained, whereas later in their series they had increased that 
number to four to six samples. Based on their experience and the 
diffi  culty in diagnosis of C. acnes, these studies recommend that at 
least four deep tissue samples be taken to facilitate interpretation of 
the cultures [11]. 

In the sett ing of implantation, one major challenge is that 
peri-implant cultures may not be accurate and it can be diffi  cult 
for biofi lm cultures to grow [15]. In their study of removed spinal 
implants in the sett ing of infection, Sampedro et al. report using 
a technique of vortexing and sonifi cation followed by culturing, 
which resulted in signifi cantly increased sensitivity compared to 
simply taking two to nine peri-implant tissue samples [12]. Finally, 
in a study assessing specimens taken from orthopaedic device 
revision surgery (5.1% spine cases), the standard procedure was to 
obtain three to six (mean: four) samples per case, including speci-
mens from the infl ammatory membrane around the implant, joint 
capsule (as applicable) and any macroscopically suspect tissues 
[16]. In this study, a threshold of at least three positive samples 
with identical microorganisms was used for diagnosis. The authors 

note that this defi nition is strict compared to other studies that use 
two identical culture-positive specimens for diagnosis and report 
that their fi ndings would not have diff ered had they used a lower 
threshold of two.

It is important to remember that positive cultures may not 
represent true infection and should be interpreted in the overall 
context of the individual patient and clinical picture. Gelalis et al. 
studied bacterial contamination during simple and complex spinal 
procedures in 40 patients, taking culture swabs during each case, 
fi rst from the sterile transparent sheet over the operative site at 
the start of the case, followed by hourly samples from the surgical 
wound. The authors reported that none of the patients with positive 
cultures developed clinical signs of infection or required antibiotics, 
whereas three patients with negative cultures developed postopera-
tive infection [17].

Though there is litt le guidance in the spine literature, the 
data in arthroplasty may help to guide future practices. In a study 
looking at revision hip and knee arthroplasty, Atkins et al. found 
that the presence of three or more culture-positive specimens was 
highly predictive of infection (likelihood ratio, 169; sensitivity, 66%; 
specifi city, 99.6%), whereas a single culture-positive specimen was 
found to have low diagnostic value (likelihood ratio, 0.7; post-test 
probability of infection, 10.6%) [15]. In their study, the authors deter-
mined that fi ve or six samples are required to produce excellent 
sensitivity and specifi city. Similarly, in a study of periprosthetic 
joint infection caused by MRSA, Parvizi et al. took fi ve cultures in 
each case [18]. In accordance with the evidence, the Workgroup 
of the Musculoskeletal Infection Society recommends that three 
to fi ve culture samples be taken and incubated in an aerobic and 
anaerobic environment [19]. 

There is litt le evidence regarding the optimal number of samples 
to obtain in the sett ing of suspected spinal surgery infection. Given 
the limited data that is available in the spine literature, we conclude 
that taking at least three to fi ve tissue samples represents current 
best practice. In the sett ing of instrumentation, we recommend addi-
tional techniques, such as vortexing and sonifi cation, to increase the 
yield of culture samples. 
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