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Abstract

Background

The local infectious origin and the putative role of Cutibacterium acnes (CA) of a particular
subtype of discopathy (Modic 1) are still debated.

Purpose

To establish the association of CA in intervertebral disc (IVD) and Modic 1 discopathy in
patients with low back pain.

Methods

The prevalence of bacteria in IVD samples obtained by anterior approach in patient with
chronic low back pain harboring Modic type 1, 2 or no Modic changes was compared to

that measured in IVD samples obtained by posterior approach for sciatica. From 45 patients
included in the study, 77 discs samples were obtained: 58 by anterior approach (32 Modic 1/
2 changes, 26 without Modic change) and 19 by posterior approach. Conventional microbial
cultures, universal 16S rRNA molecular detection and a CA specific PCR were performed.

Results

12 /77 (15.6%) disc samples were culture positive. Among the 10 CA positive cultures, 5
out of 58 (8.6%) were identified from specimens obtained by anterior approach and 5/19
(26.3%) from posterior approach (p = 0.046). Moreover, the percentage of CA culture posi-
tive sample was statistically no different between the patient with or without Modic changes.
The CA prevalence was lower through molecular, culture—free approaches: the universal
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16S rBRNA PCR was positive for 6 specimens, including one CA positive sample and the CA
specific PCR was positive for one specimen obtained by posterior approach.

Conclusions

In spine surgery the prevalence of CA in culture was significantly higher in IVD samples col-
lected through a posterior approach compared to an anterior approach, suggesting a con-
tamination process. This study did not support the CA related local infectious origin of Modic
1 discopathy.

Introduction

Low back pain (LBP) is the 20th century disease, mentioned as the first cause of survival with
handicap among 288 other diseases in a recent worldwide review [1]. Using magnetic reso-
nance imaging, Modic et al. classified three different aspects of discopathy [2]. Modic 0 was
defined as the absence of endplate changes next to discopathy. There is then a continuum in
Modic changes from the type 1 through the type 3. Modic 1 changes are characterized by verte-
bral end plates high signal intensity on T2 weighted images suggesting local inflammation and
oedema; Modic 2 changes are characterized by “fat” type redesign, high signal intensity in T1
and T2 weighted images [2-7]. The etiopathogeny of Modic 1 changes is still controversial:
among the different hypothesis about their origin (local instability, biomechanically induced
local inflammation, and local infection) Stirling et al. reported in 2001 that an infection may
be the cause of the radicular inflammation [8]. Indeed, low virulent organisms as Cutibacter-
ium (formerly Proprionibacterium) acnes (CA) and Corynebacterium propinquum were cul-
tured from the nuclear tissue removed under strict sterile condition of 53% of patients during
surgery for lumbar herniated discs [8]. Conversely, 14 discs removed from a control group of
patients operated for other conditions (such as scoliosis, post traumatic spine injury, myeloma
or degenerative disc disease) were sterile. Since, other studies supported these findings: the
reported prevalence of bacteria in the disc and the predominance of CA as the mains bacteria
varied from 19% to 71% and from 13% to 38%, respectively [9-10]. Based on this infectious
hypothesis, a long-term antibiotic therapy targeting CA in LBP was tested in the context of
Modic 1, inducing a significant improvement on pain and on different scales compared to
placebo [11,12]. This randomized placebo controlled trial results in a high media resonance.
Though, it has been highly challenged: high effect in the verum group contrasted with none
response in the placebo group; none side effects in the antibiotics group; no proof of an under-
lying infection; and finally since this publication, none replication of those results [13].

In parallel, independent studies exploring LBP suggested that CA was a contaminant rather
than a real infectious agent [14-17]. Moreover, the possibility of contamination of the disc
with saprophytic bacteria originating from the skin during an epidural infiltration preceding
the surgery or during surgery by posterior approach was suggested, but not proved [8]. The
CA skin density on the abdominal skin being lower compared to the skin from the back, the
spine surgery using an anterior approach through abdominal would be less likely to be con-
taminated [18]. To confirm these two hypotheses, we conducted a prospective study compar-
ing the prevalence of bacteria (using both culture- and molecular-based methods) in disc
samples collected during spine surgery from anterior and posterior approach. Then we corre-
lated the presence of any bacteria into the disc with the Modic status.
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Materials and methods
Setting and patients

Patients were included from the orthopaedic and neurosurgery units of a university tertiary-
care French hospital (University Hospital Henri Mondor, Assistance Publique—Hopitaux de
Paris, Créteil, France) between May 2014 and March 2016.

Inclusion criteria

We selected patients who were eighteen years old or more, whom consent was obtained and
who were undergoing lumbar spine surgery by anterior approach (anterior lumbar interbody
fusion (ALIF) or disc prosthesis) for chronic discogenic LBP (at least 6 months), or posterior
approaches for sciatica by disc herniation. Data were collected the day before surgery: the phe-
notypic data (age, body mass index, tobacco and alcohol consumption, . . .), the level of the
lumbar spinal surgery (some patients underwent surgery on multiple discs), Modic change
and evidence of herniated discs on a recent MRI (number and localizations), previous spine
surgery (date and level of surgery), previous lumbar epidural injection(collected as a binary
response: yes or no as well as the number and the time elapsed before surgery), any previous
treatments within three months preceding the surgery (non-steroidal anti-inflammatory,
opiates . . .) and clinical data (visual analogue scale (VAS) LBP, LBP duration, VAS radicular
nerve root, duration of radicular nerve root pain). We identified 2 groups:

Group 1. intervertebral disc (IVD) samples from patients who were undergoing lumbar
spine surgery by anterior approach for disc prosthesis or ALIF, for chronic LBP (at least 6
months) with Modic type 1 or 2 or without Modic changes (Modic 0) at the lumbar level
chosen for surgery.

Group 2. IVD samples obtained from patients who were undergoing spine surgery by poste-
rior approach for sciatica due to lumbar herniated disc proved on MRI (control group).

Exclusion criteria

Patients who had undergone spine surgery in the last 12 months before the inclusion or still
had osteosynthesis material, patients with a cause of immunodeficiency such as chronic infec-
tion, cancer, immunosuppressive treatment, patients who had took antibiotics during at least
15 days, 3 months or less before the inclusion.

Surgery procedure including disc collection

Since several years, our orthopaedic surgical team has implemented an anterior surgical
approach to cure discogenic LBP. When patients were operated for sciatica, surgeons realized
a posterior discectomy and relived a total hernia to the laboratory for microbiologic analysis.
When patients underwent lumbar spine surgery by an anterior approach (an ALIF or a disc
prosthesis), 2 samples of the disc were collected for microbiologic analysis: one sample from
the anterior part of the disc distant from epidural space and one sample from the posterior
part closed to the epidural space.

Patient received an antibiotic prophylaxis 30 min before the incision (Cefazoline, 2 g one
single dose); the skin antisepsis was performed using alcoholic povidone-iodine.

To prevent contamination during the processing of the specimen, we used a sterile dispos-
able tube including steel beads for subsequent grinding (IKA Ultra-Turrax Tube Drive, Staufen
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Germany). The operating nurse opened and presented aseptically the tube to the surgeons who
dropped the specimen inside. The tube was then immediately sent to the laboratory.

Microbiologic procedures

Using a biological safety cabinet, three millilitres of sterile DNA-free isotonic solution were added
aseptically to the sterile disposable tube including steel beads; the biological specimen was ground
for 210 seconds (50-60 Hertz speed) directly in the collection tube without additional transfer.

Conventional microbial cultures. The ground material was used to seed aseptically the
following culture media: two chocolate agar plates incubated for 10 days and five days under
anaerobic and 5% CO2 atmosphere, respectively and a Schaedler broth that was sub-cultured
on anaerobic chocolate plate after 7 days or earlier if clouded. Bacterial specie identification
was performed using Matrix-Assisted Laser Desorption Ionization-Time-of-Flight Mass Spec-
trometry (MALDI-TOF MS) and 16S rRNA sequencing.

Molecular detection. A commercial universal 16S rRNA gene PCR plus sequencing
assay (UMD-SelectNA, Molzym, Bremen, Germany) was performed [19, 20]. This approach
included (i) an automatized DNA extraction step, (ii) the human DNA destruction, (iii) the
amplification and detection of the 16S and 18S rRNA genes and (iv) their identification after
sequencing in comparison to dedicated bacteriologic and fungal databanks. Additionally, all
clinical specimens were specifically tested for CA detection using a previously published highly
sensitive specific PCR [21].

Primary outcome

The primary outcome is to compare the prevalence of bacteria in the intervertebral disc
(IVD) obtained during a lumbar spine surgery (ALIF or disc prothesis) by anterior approach
(groupl), to posterior approach in disc herniation (group 2), using both culture-based and
molecular detection.

Secondary outcomes

1. To compare the prevalence of bacteria in IVD obtained by an anterior approach (ALIF or
disc prosthesis) in Modic 1 and 2 changes VS Modic 0.

2. To compare the prevalence of CA in the IVD in group 1 depending on the number of prior
epidural injection (0 or 1 versus > 1) in patients undergoing spinal surgery by anterior
approach.

3. To compare the prevalence of CA in the IVD in group 1 depending on the time between
the last epidural injection and surgery (> 6 months vs < de 6 months) in patients undergo-
ing spinal surgery by anterior approach.

Ethics

Ethical approval was recorded from Henri Mondor Hospital n° IDR-RCB2014-A01831-44.
All patients were informed that this study will not change in anyway the treatment procedure.
Written informed consent was obtained from each participant.

Statistical analysis

For categorical data, results are presented as numbers and percentages; for continuous vari-
ables, results are presented as means +standard deviation [SD]. For positive culture rates, 95%
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Fig 1. Study flow chart including the type of surgical approach and the underlying disease. From 45 patients, 77
disc samples were obtained: 58 from a anterior and 19 from a posterior approach.

https://doi.org/10.1371/journal.pone.0221030.g001

confidence intervals were computed using the Agresti-Coull methodology. Comparisons
between groups were conducted using one-way ANOVA or Kruskall-Wallis tests (3 study
groups, i.e. Modic 1-2, Modic 0, Disc herniation), and t-tests or Mann-Whitney tests (2
groups, i.e. by surgical approach) for continuous data, depending on the normality of their dis-
tribution as assessed by Shapiro-Wilk test, and using Chi-square tests or Fisher’s exact tests for
categorical data, as appropriate. In case of overall statistical significance between the two study
groups, post-hoc tests for pairwise comparisons were conducted applying Sidak correction

for test multiplicity. Unadjusted odds ratios (OR) were computed from logistic regression to
quantify potential associations between study groups and the risk of positive culture, using
mixed effects modelling to account for the correlation between multiple IVD samples per
patient. A p-value <0.05 was considered significant. All analyses were performed using Stata
14.1 (StataCorp, Tx, USA).

Results

The study flow chart was reported in Fig 1. Between May 2014 and March 2016, 45 patients,
representing 48 IVD, were included in the study. This represented 77 discs samples, including
58 and 19 IVD parts obtained by anterior and posterior approach, respectively. Regarding
Modic changes in group 1 patients, 24 IVD obtained by anterior approach had Modic 1
changes, 8 IVD had Modic 2 changes and 26 IVD had Modic 0 changes.
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Table 1. Patients characteristics according to study group (N = 45).

Anterior App Post App p-value*
Group 1 Group 2
N=26 N=19
Age, years 50.4 +10.1 41.1 £10.5 0.004
Gender, females 19 (73.1%) 8 (42.1%) 0.036
Smokers 10(38.5%) 10 (52.6%) 0.345
Alcohol daily intake 1(3.8%) 2(11.8%) 0.552
Body Mass Index 26.2 5.4 29.1 £6.3 0.446
LBP VAS 7.3£1.3 7.1£1.8 0.858
RNR VAS 5.8 +£2.6 6.2 £3.0 0.527
LBP duration, months 51.7 £56.2 19.8 £21.1 0.004
RNR duration, months 30.5+42.2 8.3+7.8 0.001
Previous spine surgery 5 (20.8%) 4(22.2%) 1.000
Previous epidural injection 25 (96.2%) 14 (82.4%) 0.284
Time between epidural injection and surgery, months 13.2 £10.2 4.9 £8.8 <0.001
NSAID intake 16 (61.5%) 15 (88.2%) 0.085

Results are N (%);

*p-values for global comparisons between the 2 groups

https://doi.org/10.1371/journal.pone.0221030.t001

Patients’ characteristics were reported in Table 1. Patients operated by anterior approach
were more often women (19/26 [73.1%] vs 8/19 [42.1%]; p = 0.036) and older than the group 2
(mean age was 50.4 (£10.1) in group 1 vs 41.1(x10.5) in group 2, p = 0.004). As expected the
duration of LBP and nerve root pain was shorter in group 2 than in group 1. A majority of
patients had a history of epidural injection with no significant difference between the groups.

Regarding bacterial cultures, 15.6% (12/77; CI95% 9.0-25.4%) of the disc samples were
positive: CA (13.0%, 10/77), Staphylococcus epidermidis (1.3%, 1/77), C. avidum (1.3%, 1/77)
(Table 2).

Regarding molecular biology, 7.8% (6/77) of the 16S rRNA screening test were positive for
Staphylococcus sp. (5.2%, 4/77), CA (1.3%, 1/77) or Streptococcus sp. (1.3%, 1/77). No fungal
18S rRNA was detected. The CA specific PCR detected only one positive specimen (1.3%, 1/
77) obtained by posterior approach. Finally, 58 specimens (75.3%, 58/77) were negative for
both the culture and molecular approaches.

Table 2. Microbiological results of intervertebral disc samples according to technical and to surgical approaches (N = 77).

Positive 16S rRNA PCR
Positive CA** PCR
Positive Cultures

Positive CA cultures

Results are N (%);

Total Anterior approach Posterior approach
fragment fragment
N =77 N=58 N=19 p-value*
6 (7.8%) 6 (10.3%) 0 (0.0%) 0.327
1(1.3%) 0 (0.0%) 1(5.3%) 0.253
12 (15.6%) 7 (12.1%) 5(26.3%) 0.137
10 (13.0%) 5 (8.6%) 5(26.3%) 0.046

* p-values for global comparisons between the 2 groups

**CA: Cutibacterium acnes

https://doi.org/10.1371/journal.pone.0221030.t002
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Fig 2. Microbiological results for intervertebral disc samples according to the surgical approach (N = 77). Microbial results included 16S and
Cutibacterium acnes (CA) PCR detection and culture. Group 1: anterior approach Group 2: posterior approach *: p value = 0.046.

https://doi.org/10.1371/journal.pone.0221030.g002

Comparing the prevalence of bacteria between the two groups (anterior vs
the posterior surgical approach)

Regarding fragments obtained through the anterior approach, 14% (7/58) specimens were cul-
ture positive: CA (10%, 5/58), S. epidermidis (2%, 1/58), C. avidum (2%, 1/58) (Table 2). This
rate was not significantly different in the specimens collected through the posterior approach:
26% (5/19), all positive for CA (p = 0.137). Regarding the CA positives cultures, 9% (5/58) and
26% (5/19) were identified from anterior and from posterior specimens, respectively. The frag-
ments obtained by posterior approach were significantly more often positive than the frag-
ments obtained by anterior approach in CA culture (p = 0.046) (Fig 2).

The 16S rRNA PCR was positive in six anterior (10%, 6/58, 4 Staphylococcus sp, 1 Strepto-
coccus sp., 1 CA) and zero posterior fragment; the difference was not significant (p = 0.327).
Considering the CA-specific PCR, all the anterior samples were negative and one posterior
sample was positive with no significant difference, p = 0.253.

Comparing the prevalence of bacteria in IVD obtained by an anterior
approach (ALIF or disc prosthesis) in Modic 1 and 2 changes VS Modic 0
(Table 3)

A positive 16S rRNA PCR was identified in 6% (2/32) of the disc specimens obtained by ante-

rior approach with Modic 1 and 2 changes (1 Streptococcus sp., 1 CA). The percentage of posi-
tive cultures in Modic 1 and 2 changes was 15.6% (5/32; CI195% 6.4-32.2%): CA (10%, 3/32), S.
epidermidis (3%, 1/32), C. avidum (3%, 1/32). None of the specimen yielded a positive specific
CA PCR. Only one sample was positive for CA in culture and 16s rRNA PCR in both anterior

and posterior portions. There is no statistically significant difference between the 2 groups
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Table 3. Microbiological results of intervertebral disc samples according to Modic change, N = 58.

Total MODIC 1-2 MODIC 0°

N=58 N=32 N=26 p-value®
Positive 16S rRNA PCR 6 (10,3%) 2 (6.3%) 4 (15.4%) 0.393
Positive CA° PCR 0 (0%) 0 (0.0%) 0 (0.0%) 1.000
Positive Cultures 7 (12.1%) 5 (15.6%) 2(7.7%) 0.442
Positive CA cultures 5 (8.6%) 3 (9.4%) 2(7.7%) 1.000

Results are N (%);

*: negative control

®: p-values for global comparisons between the 3 groups
. CA: Cutibacterium acnes

https://doi.org/10.1371/journal.pone.0221030.t003

whatever the techniques used to detect bacteria: culture (p = 0.442), 16S rRNA PCR (p = 0.393)
or specific CA PCR (p = 1.000).

Influence of the total number of spinal infiltration surgery in the anterior
surgical approach in the prevalence of CA culture detection

Among patients operated on anterior approach, 22 samples were collected from patients who
previously benefited from 0 or 1 epidural infiltration, and 36 patients receive more than 1 epi-
dural infiltration. The percentage of patients with a positive bacterial culture was 9% (2/22) in
the group of less than 2 infiltrations and 8.3% (3/36) in the group with more than 1 epidural
infiltration (p = 0.489). Thus, our results suggest that the number of infiltrations do not influ-
ence the percentage of bacterial contaminants.

Influence of the time delay between epidural infiltration and surgery
(group 1< 6 months vs group 2 > 6 months) in patients operated by
anterior approach in the prevalence of bacterial detection

Regarding bacterial cultures, 1 specimen was positive in the group 1 (surgery in the 6 months)
and 2 specimens were positive in the group 2 (surgery over 6 months) and 1 (OR 0.37,

p = 0.23). Similarly regarding 16S rRNA detection, there was no significant difference between
the 2 groups: 5% (3/56) (< 6 months) vs 8% (1/12) (> 6 months). The only 16S rRNA PCR
and culture positive specimen originated from a patient who was in the infiltrated group less
than 6 months before surgery. No specific CA PCR was positive among the 56 samples. In our
study the prevalence of CA in culture was significantly higher in IVD samples collected though
a posterior approach compared to an anterior approach, suggesting a contamination process.

Discussion

The putative role of infectious agents in the physiopathology of Modic changes in the IVD is
controversial and may have dramatic therapeutic implications. Owing to the necessary antimi-
crobial stewardship and to the risk of antimicrobial resistance selection and spread, all antibi-
otic prescriptions must be carefully justified. Our results clearly point out the presence of
bacteria in the disc, and especially of CA, as a contaminant of the culture process that is not
confirmed by specific PCR performed directly from the specimen.

Because of clean surgery doesn’t mean the absence of bacteria, the antimicrobial prophy-
laxis is the cornerstone of the preventive measures since several decades in the orthopaedic
and the spinal surgery domains. Owing to the nature of the suspected bacteria that are
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mainly commensal species from the skin, the distinguishing between infection and contami-
nation is of paramount importance. Interestingly, CA, the main involved bacteria, is a well-
known skin commensal, opportunist pathogen but also a very common culture contaminant;
when identified from a clinical specimen its clinical relevance is always questionable [18].
Indeed, numerous studies identified CA as a contaminant of blood products, tissue cultures,
and surgical wounds; the significance of this widely abundant skin commensal is conse-
quently strongly debated [22-25]. In order to sort true infective process from clinical sam-
pling and/or laboratory-based artefacts, we performed a prospective study focusing on this
issue using a bundle of dedicated protocols. Owing to the CA predominance in the back of
the body, we aimed to evaluate the contamination of the specimen in performing an anterior
surgical approach, collecting for the first time both the anterior and posterior fragments and
compare to the specimens obtained by posterior approach for sciatica. One another strength
of our study was to combine highly sensitive methods (broad range 16S rRNA PCR detec-
tion, enriched and prolonged culture) and a high specific approach (CA targeted PCR which
was performed extemporaneously without any culture step). The results of the culture-based
approach highlighted the extreme difficulty to prevent the specimen contamination even in
multiplying the precautions: the utilization of a disposable tube to collect and to grind speci-
men rather than a sterile tube follow-up to re-usable porcelain mortar, manipulation of spec-
imen in a controlled atmosphere (e.g. an operating room, a biological safety cabinet). Then a
significant part of the specimens was positive for a large range of skin commensal bacteria,
including the Staphylococcus, Cutibacterium and Streptococcus genus, without any statisti-
cally significant difference between the groups whatever the approach. The fragments
obtained by the posterior approach were statistically significantly more frequently positive
than fragments obtained by anterior approach for CA cultures. Our result confirmed the
results from Rigal et al. who collected biopsies from 313 discs via an anterior retroperitoneal
approach from patients presented Modic 1 (78%) of and Modic 2 (15%) discopathy [15].
Only 6 positive cultures were identified (1.6%), 5 in Modic 1 and 1 in a Modic 2 patients,
including 2 CA. A pathological study of the disc samples showed no inflammatory changes
and no real infection at the 6 months follow-up [16].

The higher percentage of positive specimen for the culture-based approach (16%) compar-
ing to the 16s rRNA PCR method (8%) confirmed the high-sensibility of the first one, without
prejudging the clinical significance of the cultured bacterial isolates. It has been established
that when microbiologists tried to enhance the sensibility of their culture-based methods, for
instance in increasing the duration of incubation or in performing additional treatment of the
specimen as sonication, the final contribution was mitigated between true infectious agents
and contaminants [26]. The determination of the best threshold to separate infectious bacteria
from contaminant is still debated. Recently, the implementation of next-generation sequenc-
ing technologies confirmed that CA was the most common contaminant: in the work of Street
et al. focusing on orthopaedic-device-related infections, CA was identified in a negative con-
trol and considered as a contaminant in 7% of the samples tested using a metagenomics
approach [27]. The authors underlined the need to carefully interpret the presence of CA and
to multiply samples per patient. For the first time we tested on disc samples the highly specific
CA PCR published by Sfanos et al. and showing a sensitivity very close to the one UFC/ml sen-
sitivity of the cultures [21]. In the first group of IVD obtained by anterior approach, no sample
was positive with this PCR which, according to the protocol, was the one performed with the
least human handling.

We don’t find any influence of the number of epidural injections of steroid before the sur-
gery and the delay between surgery and steroid epidural injection, but the few numbers of
patients who have not epidural injection can have skew this result.
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If the infectious trail is ruled out, what could be the cause of the Modic 1 changes? The etio-
pathogenic mechanisms leading to Modic 1 change remain controversial but the main theory
is that a biomechanical stress may impact the complex of the disc and the vertebral subchon-
dral bone endplates. Inadequate response to mechanical stresses applied to the degenerated
intervertebral disc has been suggested to contribute to disc disease activation (DDA) [28]. A
genetic background and local environmental factors environmental factors such as smoking,
overweight and workload may favour the disc degeneration and subsequent Modic changes
[29]. As a result intervertebral disc “activation” could reflect vertebral-endplate subchondral
bone microtrauma related to the loss of the intervertebral disc ability to absorb repeated shocks
[30]. This active discopathy is associated with local molecular inflammation marked by release
of pro inflammatory mediators, production of metalloproteases and activation of osteoclast
that contribute to extracellular matrix degradation and bone remodelling [31]. On the other
hand the hypothesis that systemic bone fragility may induce active discopathy has not been
confirmed [32].

Our work presents some limitations. The study was monocentric and the total number of
patients was only 45; our findings must be confirmed using a larger sample of patients through
a dedicated prospective multicentre study. Nevertheless, the collected specimens are precious,
and our sample of surgical biopsies could be considered as significant and representative of the
pathology. Additional new molecular methods as 16S metagenomic or whole genome shotgun
sequencing must be performed. However, as previously reported, the contamination issue
could not be ruled out through this costly approach.

The strengths of our work were the dedicated and prospective nature of the study, the
implementation of different methods combining microbial and molecular methods to identify
the presence of bacteria, the strict aseptic collection of the disc samples, the differentiation
between anterior and posterior surgery and the correlation with Modic status.

Conclusion

Our study highlighted the presence of bacteria in specimen culture, especially CA, in peri-
operative specimen collected from patients with or without Modic changes. To date our results
challenge the “infectious hypothesis” of the Modic changes and support the implementation
of larger studies including new microbiological technologies and more strict criteria to define
disc infection, as for prosthetic joint infections. So in the meantime, the pros and the cons of
long-term and extended spectrum antimicrobial therapy must be carefully weighed in this area
of incertitude.

Author Contributions

Conceptualization: Salim Ahmed-Yahia, Charles Henri Flouzat-Lachaniette, Alexia Hour-
dille, Xavier Chevalier.

Data curation: Salim Ahmed-Yahia, Jean-Winoc Decousser, Charles Henri Flouzat-Lachani-
ette, Alexia Hourdille, Florent Eymard, Xavier Chevalier.

Formal analysis: Salim Ahmed-Yahia, Jean-Winoc Decousser, Charles Henri Flouzat-Lacha-
niette, Etienne Audureau, Alexia Hourdille, Florent Eymard, Xavier Chevalier.

Investigation: Jean-Winoc Decousser, Charles Henri Flouzat-Lachaniette, Guillaume Dervin,
Francois Roubineau, Guilhem Royer, Xavier Chevalier.

Methodology: Jean-Winoc Decousser, Etienne Audureau, Xavier Chevalier.

PLOS ONE | https://doi.org/10.1371/journal.pone.0221030  August 15, 2019 10/12


https://doi.org/10.1371/journal.pone.0221030

@ PLOS|ONE

Prospective monocenter study about the bacterial origin of discopathy with Modic changes

Project administration: Jean-Winoc Decousser, Charles Henri Flouzat-Lachaniette, Etienne
Audureau, Xavier Chevalier.

Resources: Jean-Winoc Decousser, Guillaume Dervin, Frangois Roubineau.
Software: Etienne Audureau.
Supervision: Charles Henri Flouzat-Lachaniette, Xavier Chevalier.

Validation: Salim Ahmed-Yahia, Jean-Winoc Decousser, Charles Henri Flouzat-Lachaniette,
Xavier Chevalier.

Writing - original draft: Salim Ahmed-Yahia, Jean-Winoc Decousser, Xavier Chevalier.

Writing - review & editing: Salim Ahmed-Yahia, Jean-Winoc Decousser, Charles Henri Flou-
zat-Lachaniette, Etienne Audureau, Alexia Hourdille, Guilhem Royer, Florent Eymard,
Xavier Chevalier.

References

1. VosT, Flaxman AD, Naghavi M, Lozano R, Michaud C, Ezzati M, et al. Years lived with disability
(YLDs) for 1160 sequelae of 289 diseases and injuries 1990-2010: a systematic analysis for the Global
Burden of Disease Study 2010. Lancet. 2012; 380:2163-2196. https://doi.org/10.1016/S0140-6736
(12)61729-2 PMID: 23245607

2. Modic MT, Masaryk T, Paushter D. Magnetic resonance imaging of the spine. Radiol Clin North Am.
1986; 24:229-245. PMID: 3714998

3. Albert HB, Manniche C. Modic changes following lumbar disc herniation. Eur Spine J. 2007: 16:977—
982. https://doi.org/10.1007/s00586-007-0336-8 PMID: 17334791

4. Modic MT, Masaryk TJ, Ross JS, Carter JR. Imaging of degenerative disk disease. Radiology. 1988;
168:177-186. https://doi.org/10.1148/radiology.168.1.3289089 PMID: 3289089

5. Kjaer P, Korsholm L, Bendix T, Sorensen JS, Leboeuf-Yde C. Modic changes and their associations
with clinical findings. Eur Spine J. 2006; 15:1312-1319. https://doi.org/10.1007/s00586-006-0185-x
PMID: 16896838

6. Jensen TS, Karppinen J, Sorensen JS, Niinimaki J, Leboeuf-Yde C. Vertebral endplate signal changes
(Modic change): a systematic literature review of prevalence and association with non-specific low back
pain. Eur Spine J. 2008; 17:1407-1422. https://doi.org/10.1007/s00586-008-0770-2 PMID: 18787845

7. Modic MT, Steinberg PM, Ross JS, Masaryk TJ, Carter JR. Degenerative disk disease: assessment of
changes in vertebral body marrow with MR imaging. Radiology. 1988; 166:193—199. https://doi.org/10.
1148/radiology.166.1.3336678 PMID: 3336678

8. Stirling A, Worthington T, Rafiq M, Lambert PA, Elliott TS. Association between sciatica and Propioni-
bacterium acnes. Lancet. 2001; 357:2024-2025. https://doi.org/10.1016/S0140-6736(00)05109-6
PMID: 11438138

9. Agarwal VJ, Golish R, Kondrashov D, Alamin TF. Results of bacterial culture from surgically excised
intervertebral disc in 52 patients undergoing primary lumbar disc microdiscectomy at a single level.
Spine J. 2010; 10:S45-S6.

10. Albert HB, Lambert P, Rollason J, Sorensen JS, Worthington T, Pedersen MB, et al. Does nuclear tis-
sue infected with bacteria following disc herniations lead to Modic changes in the adjacent vertebrae?
Eur Spine J. 2013. 22:690-696. https://doi.org/10.1007/s00586-013-2674-z PMID: 23397187

11.  Albert HB, Manniche C, Sorensen JS, Deleuran BW. Antibiotic treatment in patients with low-back pain
associated with Modic changes Type 1 (bone oedema): a pilot study. Br J Sports Med. 2008; 42:969—
973. https://doi.org/10.1136/bjsm.2008.050369 PMID: 18718972

12. Albert HB, Sorensen JS, Christensen BS, Manniche C. Antibiotic treatment in patients with chronic low
back pain and vertebral bone edema (Modic type 1 changes): a double-blind randomized clinical con-
trolled trial of efficacy. Eur Spine J. 2013; 22:697-707. https://doi.org/10.1007/s00586-013-2675-y
PMID: 23404353

13. O’Dowd J, Casey A. Antibiotics a cure for back pain, a false dawn or a new era? Eur Spine J. 2013;
22:1694-1697. https://doi.org/10.1007/s00586-013-2893-3 PMID: 23846728

14. Wedderkopp N, Thomsen K, Manniche C, Kolmos HJ, Secher Jensen T, et al. No evidence for pres-
ence of bacteria in Modic type | changes. Acta Radiol 2009; 50:65—-70. https://doi.org/10.1080/
02841850802524485 PMID: 19052939

PLOS ONE | https://doi.org/10.1371/journal.pone.0221030  August 15, 2019 11/12


https://doi.org/10.1016/S0140-6736(12)61729-2
https://doi.org/10.1016/S0140-6736(12)61729-2
http://www.ncbi.nlm.nih.gov/pubmed/23245607
http://www.ncbi.nlm.nih.gov/pubmed/3714998
https://doi.org/10.1007/s00586-007-0336-8
http://www.ncbi.nlm.nih.gov/pubmed/17334791
https://doi.org/10.1148/radiology.168.1.3289089
http://www.ncbi.nlm.nih.gov/pubmed/3289089
https://doi.org/10.1007/s00586-006-0185-x
http://www.ncbi.nlm.nih.gov/pubmed/16896838
https://doi.org/10.1007/s00586-008-0770-2
http://www.ncbi.nlm.nih.gov/pubmed/18787845
https://doi.org/10.1148/radiology.166.1.3336678
https://doi.org/10.1148/radiology.166.1.3336678
http://www.ncbi.nlm.nih.gov/pubmed/3336678
https://doi.org/10.1016/S0140-6736(00)05109-6
http://www.ncbi.nlm.nih.gov/pubmed/11438138
https://doi.org/10.1007/s00586-013-2674-z
http://www.ncbi.nlm.nih.gov/pubmed/23397187
https://doi.org/10.1136/bjsm.2008.050369
http://www.ncbi.nlm.nih.gov/pubmed/18718972
https://doi.org/10.1007/s00586-013-2675-y
http://www.ncbi.nlm.nih.gov/pubmed/23404353
https://doi.org/10.1007/s00586-013-2893-3
http://www.ncbi.nlm.nih.gov/pubmed/23846728
https://doi.org/10.1080/02841850802524485
https://doi.org/10.1080/02841850802524485
http://www.ncbi.nlm.nih.gov/pubmed/19052939
https://doi.org/10.1371/journal.pone.0221030

@ PLOS|ONE

Prospective monocenter study about the bacterial origin of discopathy with Modic changes

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.
31.

32.

McLorinan GC, Glenn JV, McMullan MG, Patrick S. Propionibacterium acnes wound contamination at
the time of spinal surgery. Clin Orthop Relat Res. 2005; 437:67—73.

Rigal J, Thelen T, Byrne F, Cogniet A, Boissiére L, Aunoble S, et al. Prospective study using anterior
approach did not show association between Modic 1 changes and low grade infection in lumbar spine.
Eur Spine. 2016; 25:1000-5.

Ben-Galim P, Rand N, Giladi M, Schwartz D, Ashkenazi E, Millgram M, et al. Association between sciat-
ica and microbial infection: true infection or culture contamination? Spine. 2006; 31:2507-2509. https://
doi.org/10.1097/01.brs.0000238657.13263.b2 PMID: 17023862

Achermann Y, Goldstein EJ, Coenye T, Shirtliff ME. Propionibacterium acnes: from commensal to
opportunistic biofilm-associated implant pathogen. Clin Microbiol Rev 201427:419-440.

Kuhn C, Disqué C, Mihl H, Orszag P, Stiesch M, Haverich A. Evaluation of commercial universal rRNA
gene PCR plus sequencing tests for identification of bacteria and fungi associated with infectious endo-
carditis. J Clin Microbiol. 2011; 49:2919-2923 https://doi.org/10.1128/JCM.00830-11 PMID: 21715592

Wellinghausen N, Kochem AJ, Disqué C, Miihl H, Gebert S, Winter J, et al. Diagnosis of bacteremia in
whole-blood samples by use of a commercial universal 16S rRNA gene-based PCR and sequence
analysis. J Clin Microbiol. 2009; 47:2759-2765 https://doi.org/10.1128/JCM.00567-09 PMID: 19571030

Sfanos KS, Isaacs WB. An evaluation of PCR primer sets used for detection of Propionibacterium
acnes in prostate tissue samples. Prostate. 2008; 68:1492—1495. https://doi.org/10.1002/pros.20820
PMID: 18651578

Eishi Y, Suga M, Ishige |, Kobayashi D, Yamada T, Takemura T, et al. Quantitative analysis of myco-
bacterial and propionibacterial DNA in lymph nodes of Japanese and European patients with sarcoido-
sis. J Clin Microbiol. 2002; 40:198-204. https://doi.org/10.1128/JCM.40.1.198-204.2002 PMID:
11773116

Campbell WN, Tsai W, Mispireta LA. Evaluation of the practice of routine culturing of native valves dur-
ing valve replacement surgery. Ann Thorac Surg. 2000; 69:548-550. https://doi.org/10.1016/s0003-
4975(99)01354-5 PMID: 10735696

Kunishima S, Inoue C, Kamiya T, Ozawa K. Presence of Propionibacterium acnes in blood compo-
nents. Transfusion.2001; 41:1126-1129. https://doi.org/10.1046/].1537-2995.2001.41091126.x PMID:
11552069

Capoor MN, Ruzicka F, Machackova T, Jancalek R, Smrcka M, Schmitz JE, et al. Prevalence of Propio-
nibacterium acnes in intervertebral discs of patients undergoing lumbar Microdiscectomy: a prospective
cross-sectional study. PLoS One. 2016; 11:(e0161676). https://doi.org/10.1371/journal.pone.0161676

PMID: 27536784

Bossard DA, Ledergerber B, Zingg PO, Gerber C, Zinkernagel AS, Zbinden R, et al. Optimal length of
cultivation time for isolation of Propionibacterium acnes in suspected bone and joint infections is more
than 7 days. J Clin Microbiol. 2016; 54:3043-3049. https://doi.org/10.1128/JCM.01435-16 PMID:
27733637

Street TL, Sanderson ND, Atkins BL, Brent AJ, Cole K, Foster D, et al. Molecular diagnosis of orthope-
dic-device-related infection directly from sonication fluid by metagenomic sequencing. J Clin Microbiol.
2017; 55:2334—2347 https://doi.org/10.1128/JCM.00462-17 PMID: 28490492

Nguyen C, Jousse M, Poiraudeau S, Feydy A, Rannou F. Intervertebral disc and vertebral endplate sub-
chondral changes associated with Modic 1 changes of the lumbar spine: a cross-sectional study. BMC
Musculoskelet Disord. 2017 23; 18(1):3

Boisson M, Lefévre-Colau MM, Rannou F, Nguyen C. Active discopathy: a clinical reality. RMD Open.
2018 Apr 17; 4(1):e000660 https://doi.org/10.1136/rmdopen-2018-000660 PMID: 29682329

Nguyen C, Poiraudeau S, Rannou F. Vertebral subchondral bone. Osteoporos Int. 2012; 23:857-860.

Johnson ZI, Schoepflin ZR, Choi H, Shapiro IM, Risbud MV. Disc in flames: Roles of TNF-a and IL-1B in
intervertebral disc degeneration. Eur Cell Mater 2015; 30:104—17. PMID: 26388614

Teboul-Coré S, Roux C, Borderie D, Kolta S, Lefévre-Colau MM, Poiraudeau S, et al. Bone mineral den-
sity and bone remodeling markers in chronic low back pain patients with active discopathy: A case-con-
trol exploratory study. PLoS One. 2018 Jun 29; 13(6):e0196536 https://doi.org/10.1371/journal.pone.
0196536 PMID: 29958270

PLOS ONE | https://doi.org/10.1371/journal.pone.0221030  August 15, 2019 12/12


https://doi.org/10.1097/01.brs.0000238657.13263.b2
https://doi.org/10.1097/01.brs.0000238657.13263.b2
http://www.ncbi.nlm.nih.gov/pubmed/17023862
https://doi.org/10.1128/JCM.00830-11
http://www.ncbi.nlm.nih.gov/pubmed/21715592
https://doi.org/10.1128/JCM.00567-09
http://www.ncbi.nlm.nih.gov/pubmed/19571030
https://doi.org/10.1002/pros.20820
http://www.ncbi.nlm.nih.gov/pubmed/18651578
https://doi.org/10.1128/JCM.40.1.198-204.2002
http://www.ncbi.nlm.nih.gov/pubmed/11773116
https://doi.org/10.1016/s0003-4975(99)01354-5
https://doi.org/10.1016/s0003-4975(99)01354-5
http://www.ncbi.nlm.nih.gov/pubmed/10735696
https://doi.org/10.1046/j.1537-2995.2001.41091126.x
http://www.ncbi.nlm.nih.gov/pubmed/11552069
https://doi.org/10.1371/journal.pone.0161676
http://www.ncbi.nlm.nih.gov/pubmed/27536784
https://doi.org/10.1128/JCM.01435-16
http://www.ncbi.nlm.nih.gov/pubmed/27733637
https://doi.org/10.1128/JCM.00462-17
http://www.ncbi.nlm.nih.gov/pubmed/28490492
https://doi.org/10.1136/rmdopen-2018-000660
http://www.ncbi.nlm.nih.gov/pubmed/29682329
http://www.ncbi.nlm.nih.gov/pubmed/26388614
https://doi.org/10.1371/journal.pone.0196536
https://doi.org/10.1371/journal.pone.0196536
http://www.ncbi.nlm.nih.gov/pubmed/29958270
https://doi.org/10.1371/journal.pone.0221030

