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Abstract

Purpose To compare bacterial findings in pain-generating degenerated discs in adults operated on for lumbar disc hernia-
tion (LDH), and mostly also suffering from low back pain (LBP), with findings in adolescent patients with non-degenerated
non-pain-generating discs operated on for scoliosis, and to evaluate associations with Modic signs on magnetic resonance
imaging (MRI). Cutibacterium acnes (Propionibacterium acnes) has been found in painful degenerated discs, why it has
been suggested treating patients with LDH/LBP with antibiotics. As multidrug-resistant bacteria are a worldwide concern,
new indications for using antibiotics should be based on solid scientific evidence.

Methods Between 2015 and 2017, 40 adults with LDH/LBP (median age 43, IQR 33-49) and 20 control patients with sco-
liosis (median age 17, IQR 15-20) underwent surgery at seven Swedish hospitals. Samples were cultured from skin, surgical
wound, discs and vertebrae. Genetic relatedness of C. acnes isolates was investigated using single-nucleotide polymorphism
analysis. DNA samples collected from discs/vertebrae were analysed using 16S rRNA-based PCR sequencing. MRI findings
were assessed for Modic changes.

Results No bacterial growth was found in 6/40 (15%) LDH patients, compared with 3/20 (15%) scoliosis patients. Most
positive samples in both groups were isolated from the skin and then from subcutis or deep within the wound. Of the four
disc and vertebral samples from each of the 60 patients, 235/240 (98%) were DNA negative by bacterial PCR. A single spe-
cies, C. acnes, was found exclusively in the disc/vertebra from one patient in each group. In the LDH group, 29/40 (72%)
patients had at least one sample with growth of C. acnes, compared to 14/20 (70%) in the scoliosis group. Bacterial findings
and Modic changes were not associated.

Conclusions Cutibacterium acnes found in discs and vertebrae during surgery for disc herniation in adults with degener-
ated discs may be caused by contamination, as findings in this group were similar to findings in a control group of young
patients with scoliosis and non-degenerated discs. Furthermore, such findings were almost always combined with bacterial
findings on the skin and/or in the wound. There was no association between preoperative Modic changes and bacterial find-
ings. Antibiotic treatment of lumbar disc herniation with sciatica and/or low back pain, without signs of clinical discitis/
spondylitis, should be seriously questioned.

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s00586-019-06164-1) contains
supplementary material, which is available to authorized users.
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Graphic abstract

These slides can be retrieved under Electronic Supplementary Material.
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Magnet resonance imaging (MRI) and Modic changes

Bacteria found was mostly Cutibacterium acnes, see supplement 7 for more information
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Take Home Messages

1. Bacterial findings in adults with degenerated lumbar discs operated on for
disc herniation were similar with bacterial findings in young patients with
non-degenerated discs operated on for scoliosis.

. Bacterial findings in discs/vertebrae during surgery, in patients without
ongoing clinical infection, is most likely due to perioperative contamination.
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unding soft tissues and in disc/vertebra
surrounding soft tissues.
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Modic changes on MRI were not associated with bacterial findings.
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. Bacterial resistance is a major threat to global health. Treating low back
pain, with or without a herniated disc, with antibiotics, should be seriously
questioned.
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Introduction

Low back pain (LBP) frequently accompanies lumbar disc her-
niation (LDH) with sciatica. Globally, LBP is currently the lead-
ing cause of disability and poses a heavy burden to healthcare
systems [1, 2]. In a recent issue of the Lancet, several task forces
present a major overview of LBP including the challenges faced
by professionals, administrators and politicians [3, 4].

It has been suggested that LBP may be the result of a
low-grade infection caused by the anaerobic skin bacte-
rium Cutibacterium acnes (formerly Propionibacterium
acnes). This is based on studies that have found this bac-
terium using culture of degenerative lumbar disc material,
and researchers have suggested that some patients with
LDH/LBP could be treated with antibiotics [5-9]. Hypo-
thetically, haematogenous spread of bacteria to a disc may
cause pain through host release of pro-inflammatory sub-
stances [10]. Some researchers have argued that we indeed
may face a paradigm shift in the treatment of LDH/LBP
[11]. Others argue that isolation of bacteria from discs
during LDH surgery is likely due to contamination [12,
13]. A causative relationship has been suggested between a
low-grade infection in vertebrae adjacent to a degenerated
disc and an inflammatory process identified on magnet
resonance imaging (MRI), i.e. Modic type 1 changes [14,
15]. Regardlessly, severe and disabling LBP seems to be
associated with Modic changes [16].

In view of worldwide concern about the increase in bac-
terial resistance to both common and critically important
antibiotics [17], it is crucial to question new indications
for antibiotic treatment unless backed by substantial sci-
entific evidence. Such a treatment strategy in LBP/LDH
could have far-reaching consequences for the develop-
ment and spread of antibiotic resistance [18]. Thus, the
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association, and causal relationship, between LBP/LDH
and low-grade infections must be confirmed [19].

The primary aim of this surgical, prospective, obser-
vational, comparative, multicentre and multidisciplinary
study (surgery—microbiology-radiology) was to investigate
the presence of bacteria in disc/vertebra in adult patients
with painful LDH and compare these findings with find-
ings in control patients without painful degenerative discs,
here adolescents with scoliosis. Our hypothesis was that
bacteria were not present in the scoliosis group.

The study was approved by the ethical committee in
Linkoping (EPN, ref. no. 2015/152-31). All patients gave
their written informed consent.

Methods
Study design

To identify bacteria, culturing in one independent university
laboratory was performed. In addition, DNA analyses were
performed in two independent university laboratories. Pre-
operative Modic changes were assessed.

A video describing the sampling procedures was distrib-
uted to the participating centres before study start (Supple-
ment 2). The same research nurse visited all centres prior
to the first surgery to show the video and to discuss topics
such as sampling details, transportation of samples and other
aspects with the involved staff. This nurse also participated
in the first surgical procedure at each clinic and provided
phone and/or e-mail support during subsequent procedures
as needed.

Anonymised data were stored in a database according to
national healthcare regulations.
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Patients

The study was conducted in 2015-2017. Sixty patients were
included. Forty adults with degenerated discs and LDH/LBP:
23 males and 17 females, median age 43 years (IQR 33-49),
and 20 adolescent control scoliosis patients without degen-
erated discs: 7 males and 13 females, median age 17 years
(IQR 15-20). Seven Swedish centres performed the surgery.

Inclusion: Any surgical candidate with LDH, or with
scoliosis, who agreed to participate and who would have
undergone surgery regardless of the study.

Exclusion: Ongoing infection with or without antibiotic
treatment, antibiotic treatment within two weeks of study
start, prior treatment for discitis/spondylitis, attenuated
immune response, autoimmune disease, rheumatic arthritis,
prior back surgery, prior epidural pain injections or other
reasons for ineligibility (language problems).

Bacterial samples-collection, culturing
and DNA analyses

Samples were collected with swabs from skin taken after
the patients “self-washing”, but before the preop skin dis-
infection by the scrub nurse, subcutaneous tissue and from
over the vertebral laminae. Biopsies were obtained from the
vertebra and the disc. All samples were sent for culturing
and DNA analyses at the Clinical Microbiology Laboratory
at Sahlgrenska University Hospital in Gothenburg. Samples
from disc/vertebra were also sent to Department of Cell and
Molecular Biology, Biomedical Center, Uppsala University,
for DNA analyses. Polymerase chain reaction (PCR) was
used to independently analyse the samples using universal
16S rRNA primers in these two laboratories (Supplement 3).

Samples for culturing were transported in ESwab tubes
(Copan Diagnostics, Murrieta, CA), whilst samples from
disc/vertebra were transported refrigerated in sterile saline.

Scoliosis patients operated with an anterior approach
(n=14) had their discs exposed as part of routine procedure,
whilst patients operated with a posterior approach (n=06)
were sampled in the same way as LDH patients. The routine
prophylactic antibiotics used at each centre were adminis-
tered immediately prior to obtaining biopsy samples from
the disc/vertebra in the LDH group, and immediately before
skin incision in the scoliosis patients.

MRI. Preoperative MRI findings were assessed by a single
experienced radiologist. The classification scheme advocated
by the Nordic Modic Consensus Group Classification was
used, which has a high intra- and interobserver reliability
[20] (Supplement 4). Patients in the LDH group were ana-
lysed for Modic endplate changes at the operated disc level
(Fig. 1), but Modic changes at adjacent disc levels (above
and below the LDH level) were also reported (Supplement

5). In the scoliosis control group, MRI classification was
performed at the biopsy level.

Statistical analysis

To yield a statistical power of 95% with an alpha of 0.05,
enrolment ratio of 2:1 and an anticipated incidence of 44%
in the LDH group and 0% in the control group, 29 patients
were to be included in the LDH group and 14 in the control
group. To allow for possible loss of samples during trans-
portation or handling, the respective groups were decided
to 40 and 20 patients each. Fisher’s exact test (two-tailed)
was used for comparisons. A P-value <0.05 was considered
statistically significant.

Results
Patients
Low back pain and sciatica

Preoperatively, in the LDH group sciatica and LBP occurred
simultaneously in well over 90%.

Bacterial growth

Abundant growth was reported from the skin (presterilisa-
tion), and subcutaneously in both groups, with a wide range
of bacterial species, and there was a tendency towards a
growth gradient of C. acnes from the skin to the disc/verte-
brae (Supplements 6 and 7). Only sparse growth was found
in the discs/vertebrae, and in contrast to skin samples, almost
all bacterial findings in the discs/vertebrae belonged to the
species C. acnes.

Nine patients (15%) had no growth at any site, with no
prominence associated with any of the seven operating cen-
tres; 6/40 (15%) were LDH patients and 3/20 (15%) were
scoliosis patients. Of the LDH patients, 29/40 (72%) had at
least one sample with growth of C. acnes, compared with
14/20 (70%) in the control group. The positive samples in
both groups were mainly isolated from skin, subcutis or deep
within the wound. Of the 29 LDH patients with at least one
sample of C. acnes growth at any site outside the disc/verte-
bra, 13 (43%) also showed growth of C. acnes in at least one
sample from the disc/vertebra, compared with 4/14 patients
(29%) in the control group (ns). In all, 26/40 LDH patients
(65%) and 15/20 control patients (75%) showed no growth of
C. acnes in the disc/vertebra (ns). In one single patient from
each group, C. acnes grew only in the disc/vertebra (Fig. 2).
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Orange arrows = Modic 2 White arrows = Lumbar Disc Herniation

Fig.1 Patient with a disc herniation (white arrow) at level L5-S1
and with Modic type 2 changes (orange arrows), showing high signal
intensities on both T2- and T1-weighted images. Sampling through
biopsy was in conjunction with the end plates (orange arrows)

Analysis of bacterial DNA

Of the four disc and vertebral samples from each of the 60
patients, 235/240 (98%) were DNA negative. None of the
five remaining samples, but one, yielded a positive PCR
product of the same bacterial species as detected by cultur-
ing. Two biopsies, both from LDH patients, yielded a PCR
product in Gothenburg, one of which was culture negative
but contained DNA from Streptococcus sp. and Lactococ-
cus lactis, whilst the other was positive for C. acnes both by

Fig.2 Bacteria found in the
two groups using culturing.
The overwhelming majority
was Cutibacterium acnes. For
illustration of findings of only
C. acnes, see Supplement 9

6=15%

13=32,5% |

LDH n =40
1=2,5%

culture and 16S rRNA PCR. Three biopsies were positive
in Uppsala, two of which were from LDH patients (DNA
from the species Corynebacterium and Burkholderiales was
detected, respectively) and one from a scoliosis patient (in
which specimen DNA from the species Corynebacterium
was detected).

Genetic relatedness between C. acnes
isolates

In 15 patients (including both groups), one C. acnes isolate
from discs and/or vertebrae and one isolate from the skin
and/or soft tissues were investigated for genetic relatedness.
The isolates from the different tissues in 5/11 LDH patients
(45%) belonged to the same strain, suggesting contamination
from the skin to the disc/vertebrae, whereas 6/11 LDH and
4/4 scoliosis patients had different strains at the sampling
sites. The differences in single-nucleotide polymorphisms
(SNPs) between isolates of the same strain were 17 or less.
Non-genetically related isolates had at least 10 times this
difference in SNPs, usually in the range of 100-1000 X as
many.

Modic changes on MRI and association
to bacterial findings

In the LDH group, 23/40 patients (58%) had some type of
Modic change in one or both vertebrae adjacent to the LDH
level: Modic 1=5/40 (13%) and Modic 2=18/40 (45%);
none had Modic 3 (sclerosis). Most endplate changes
showed little extension in maximum height; 81% extended
less than 25% of vertebral height. The distribution between
Modic changes and no Modic changes was equivalent in
the four “bacterial findings groups”: (0) no bacteria in any

Scoliosis n =20

1=5%

3=15% _

4=20% |
20-50%
12-60%

Bacteria in surrounding soft tissues and in disc[venebra
Bacteria only in surrounding soft tissues

No bacteria in any samples

Bacteria only in discs/vertebra
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samples; (1) bacteria only in disc/vertebra; (2) bacteria only
in surrounding soft tissues; and 3. bacteria in surrounding
soft tissues and in disc/vertebra (Fig. 3). For distribution of
Modic changes, see Supplement 8.

Modic 1 was not detected in any patient who was culture
positive for bacteria in discs/vertebrae. In the control group,
18/20 scoliosis patients underwent MRI before surgery. One
patient had a minor Modic 2 change adjacent to a Schmorl’s
node with no bacterial findings in the disc/vertebra (Fig. 3).

Discussion

We conducted a multicentre study including 60 surgically
treated patients. In all, 40 adults with a degenerated disc/
painful lumbar disc herniation (LDH/LBP) and 20 ado-
lescent scoliosis patients without painful lumbar discs
(controls) were surgically treated for their scoliosis and
compared for the presence of bacteria. Seven orthopaedic
clinics participated under real-life conditions. The study
was conducted as it has been suggested that low back pain
(LBP) with or without lumbar disc herniation (LDH) may
be due to low-grade infection caused by the common skin
bacteria C. acnes (formerly Propionibacterium acnes) and
may be treated with antibiotics. We found that such bacterial

findings in discs and vertebrae were rare in both groups,
and almost always detected in conjunction with abundance
of the same agent on the skin or in the wound (Supplement
7). In short,

(1) An equivalent abundant bacterial growth was found
on the skin (the majority) and also in the surround-
ing tissues of the disc/vertebra in the LDH group and
scoliosis group, 50% and 60%, respectively, and in
combination with growth in the disc/vertebra, 33% and
20%. The overwhelmingly predominant species were C.
acnes, 72% in the LDH group and 70% in the scoliosis
group. Thus, we found approximately the same amount
of C. acnes in both skin and other tissues as well as in
disc/vertebrae in both degenerated discs with Modic
changes and in young non-degenerated discs without
Modic changes.

(2) In all 98% of disc and vertebral biopsies showed no
DNA related to bacterial species found in bacterial cul-
tures. This contradicts bacterial growth in the biopsies.

(3) In5/11 patients in the LDH group, we found the same
strains of C. acnes in samples from disc/vertebrae
and surrounding tissues when isolated from the same
patient, suggesting contamination from the skin to the
disc/vertebrae. The reason why not all patients, none in

No. Modic changes on MRI in LDH group (no. = 40)
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8

6

4

; ‘

o | No Modic [l

Bacteria in surrounding soft Bacteria only in surrounding No bacteria Bacteria only in disc/vertebra
tissues and disc/vertebra soft tissues X
Modic 1 .
No, Modic changes on MRI in scoliosis group (no. = 18/20) (bone marrow edema)
12
Modic 2

1 2 [l
2 (fatty marrow replacement)
6

4

R .

[ .
0
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Fig.3 Association between Modic changes and bacterial findings in
the two groups; (0) no bacteria anywhere, (1) bacteria only in disc/
vertebra, (2) bacteria only in soft tissues, (3) bacteria in soft tissues

and in disc or vertebra. The bacterium found in one scoliosis patient
was not in the disc/vertebra
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the control group and 6/11 in the LDH group, had the
same strain identified in disc/vertebrae and surround-
ing tissues is probably due to the existence of several
strains of C. acnes on the skin simultaneously.

(4) None of the five cases with Modic changes type 1 in
the LDH group had positive bacterial growth in disc/
vertebra.

Why some patients with LDH/LBP experience pain and oth-
ers do not is not fully understood, but in patients with painful
LDH, LBP is almost always present as well (in all but one
patient in the current study) which is in accordance with the
Swedish National Spine Register, Swespine [21]. The pain-
producing mechanisms may be mechanical and/or biochemi-
cal. Theoretically a subclinical infection in the disc caused
by low-virulence microorganisms could remain undiagnosed
and still result in secretion of pro-inflammatory cytokines
that activate pain-producing nociceptors [10]. Kahn et al.
[22] reported that C. acnes could produce an autoimmune
response in joints leading to inflammation and pain, and Stir-
ling et al. hypothesised from serology and culturing studies
that C. acnes could be responsible for sciatica in patients
with disc herniation [9]. Other researchers found no C. acnes
in disc material [13, 23]. In a double-blinded RCT with 162
patients suffering from chronic LBP after previous disc her-
niation and Modic type 1 changes (sic), Albert et al. reported
that 100 days of treatment with broad-spectrum amoxicillin/
clavulanic (Bioclavid) acid was significantly more effective
than placebo in all primary and secondary outcomes [8].

The significance and aetiology of Modic changes on MRI
as a diagnostic tool in patients with a possible, and poten-
tially a painful infection in disc/vertebrae, are gaining inter-
est, but remain controversial [15, 24-27].

In our study, the overwhelmingly predominant bacterial
species growing in discs or vertebrae was C. acnes, which
is in line with findings from other research groups [5-7, 9,
11] and explains why so much effort has been dedicated
to evaluating its possible association with LBP/LDH. The
reason for finding C. acnes may, however, be related to con-
tamination during the surgical procedure since this organism
is present in the skin of virtually all adolescents/adults. As
an aerotolerant anaerobe, it resides in hair follicles and seba-
ceous glands, making it difficult to eliminate with presurgi-
cal disinfection [28]. Figure 2 illustrates the findings of any
bacteria in the two groups, and in Supplement 8, we present
an illustration with only C. acnes. The results are the same.

Over the past two decades, improved diagnostics have
increasingly highlighted the role of C. acnes in implant-
associated infections. The 16S rRNA gene PCR has played
an important role in detecting the presence of bacteria in
biofilm. Biofilm was not investigated in our study, although
it has in fact been reported from disc material [29-32].
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Culturing is the most sensitive method for detecting
bacteria, for which reason it was selected as the primary
method, with the addition of DNA analysis using PCR and
sequencing.

Only one patient in each group was culture positive exclu-
sively for C. acnes in tissue samples from the disc/vertebra.
DNA methodology failed to detect additional presence of
C. acnes but was able to identify possible contaminants.
None of the species identified through DNA sequencing was
confirmed with other methodology except the one case of
C. acnes, indicating that no bacteria were overlooked due to
culturing problems or transportation delays.

Since C. acnes is usually not invasive and does not cause
deep tissue infection, sequential findings of the same strain
in the skin and in other tissues deeper within the surgical
wound point towards contamination from the skin, as was
the case with several patients in our study.

Proteomic analyses of removed disc material from
patients operated for LDH have detected protein findings
of C. acnes, and this has been suggested as a support for
the “bacteria theory” and even as a “paradigm shift” in
the treatment of LBP [11]. Such findings, however, could
alternatively be due to contamination, as suggested by our
present findings of larger amounts of the same bacteria on
the skin and/or in the wounds of the patients that were posi-
tive also in discs or vertebras. Our findings demonstrate the
capricious nature of culturing C. acnes and the unexpected
findings of positive cultures in non-degenerated young discs.
It was very common with bacteria on the skin and tissues
surrounding the disc/vertebra, but it was very unusual with
bacteria only in the disc/vertebrae, which indicates that the
probability of contamination as an explanation of finding
positive C. acnes cultures during surgery in discs is high.

Weakness of the study

We primarily explored whether an opportunistic organism
like C. acnes found in disc/vertebra samples could be due
to contamination. Universal 16S rRNA primers were used;
in principle, such methodology should detect any bacte-
rial species. It is possible that the sensitivity of the PCR
assay would have been higher if primers specifically target-
ing the rRNA of C. acnes had been used. However, such
an approach would only detect the predetermined species.
Peak colonisation with C. acnes is found in males aged
15-19 years [33], and it is possible that positive findings
from this group resulted in relative overrepresentation. How-
ever, the ratio of men/women in the scoliosis group was
7:13, with no relevant difference in findings.
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Strength of the study

The strengths of this clinical study are that it is prospective,
comparative, systematic and multicentre and that a sequen-
tial sampling strategy for bacterial detection was used during
the operations. All this was demonstrated in a video and
presented by a study nurse well in advance of the first opera-
tion at every centre. This study nurse also participated at the
first operation at every centre. We have analysed samples
from discs and vertebrae and from skin and surgical wound
originating from patients operated for LDH, whilst using a
unique control group with non-degenerated discs.

Conclusion

Cutibacterium acnes found in discs and vertebrae during
surgery for disc herniation in adults with degenerated discs
may be caused by contamination, as findings in this group
were similar to findings in a control group of young patients
with scoliosis and non-degenerated discs, and regularly com-
bined with larger amounts of the same bacterial species in
skin and wound. There was no association between preop-
erative Modic changes and bacteria. Antibiotic treatment of
lumbar disc herniation with sciatica and/or low back pain,
without signs of clinical discitis/spondylitis, should be seri-
ously questioned.
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