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Abstract

Purpose Back pain is a major problem worldwide and is linked to intervertebral disc degeneration and Modic change. Sev-
eral studies report growth of bacteria following extraction of degenerate discs at spine surgery. A pathophysiological role
for infection in back pain has been proposed.

Method We conducted a PRISMA systematic review. MEDLINE, PubMed, Scopus and Web of Science were searched with
the terms Modic change, intervertebral dis*, bacteria, microb*, and infect*. Date limits of 2001-2021 were set. Human
studies investigating the role of bacteria in disc degeneration or Modic change in vertebrae were included.

Results Thirty-six articles from 34 research investigations relating to bacteria in human degenerate discs were found. Cuti-
bacterium acnes was identified in pathological disc material. A ‘candidate bacterium’ approach has been repeatedly adopted
which may have biased results to find species a priori, with disc microbial evidence heavily weighted to find C. acnes.
Conclusion Evidence to date implicates C. acnes identified through culture, microscopy and sequencing, with some sug-
gestion of diverse bacterial colonisation in the disc. This review found studies which used culture methods and conventional
PCR for bacterial detection.

Further agnostic investigation using newer methods should be undertaken.

Keywords Bacteria - Degenerate disc - Intervertebral disc - Microbe - Modic change

Abbreviations LBP Low back pain

BLAST Basic local alignment search tool MC Modic change

C6-C7  Disc between cervical vertebrae 6 and 7 MC1 Modic change type 1 etc.

CFU Colony forming unit MRI Magnetic resonance image

CLSM  Confocal laser scanning microscopy OR Odds ratio

CoNS Coagulase-negative staphylococci PCR Polymerase chain reaction

CRP C-reactive protein rRNA  Ribosomal ribonucleic acid

DNA Deoxyribonucleic acid

ESR Erythrocyte sedimentation rate

FISH  Fluorescence in situ hybridization Introduction: back pain and Modic change

IgG Immunoglobulin

L4-L5  Disc between lumbar vertebrae 4 and 5 Back pain, particularly low back pain (LBP) is now the
world’s leading cause of morbidity [1]. A tiny proportion of
LBP is caused by inflammatory disease or fracture. Most is
mechanical LBP whose aetiology is complex and multifacto-

rial with lumbar disc degeneration a significant contributor

< Isabelle Granville Smith
isabelle.smith@kcl.ac.uk

Department of Twin Research and Genetic Epidemiology,
King’s College London, 3rd and 4th Floor, Block D, South
Wing, St. Thomas’ Hospital, Westminster Bridge Rd.,
London SE1 7EH, UK

Department of Metabolism, Digestion and Reproduction,
Imperial College, London, UK

@ Springer

[2].

Modic change (MC) describes a lesion in the bone
marrow of the vertebra adjacent to the endplate. While
associated with disc degeneration [3], it is an independ-
ent risk factor for LBP [4] and often associated with poor


http://orcid.org/0000-0003-4294-3317
http://orcid.org/0000-0001-5416-7971
http://orcid.org/0000-0002-1439-6259
http://orcid.org/0000-0003-0139-1624
http://orcid.org/0000-0002-7994-5239
http://orcid.org/0000-0002-2998-2744
http://crossmark.crossref.org/dialog/?doi=10.1007/s00586-021-07062-1&domain=pdf

European Spine Journal (2022) 31:414-430

415

LBP prognosis [2, 5]. MC is indicated by signal change on
spine MRIs [6, 7], occurring in 43-81% of LBP patients
[2, 8]. There is a genetic component: MC heritability esti-
mates are 30% [9]. Three types of MC have been identified
[6, 7]. Type 1 (MC1) is associated with bone marrow and
endplate inflammation and oedema; fibrovascular granu-
lation tissue forms and endplate fissure [10, 11]. In type
2 (MC2), healthy, red, haemopoietic bone marrow cells
change to yellow, fatty marrow [11]. MC2 endplates show
increased reactivity to bone and granulation tissue [10].
Type 3 (MC3), the rarest, indicates bone sclerosis MC is
progressive; a cohort of lumbar disc herniation patients
showed an increasing prevalence (9-29%) in MC1 over
14 months — whereas MC2 and MC3 did not increase [10].

Occult, or sub-clinical bacterial infection has been pro-
posed to initiate and accelerate disc degeneration pathol-
ogy. An infective aetiology has been proposed with several
reviews linking microorganisms and disc degeneration [12,
13] or MC [2, 11, 14-17] though most investigations of
infective disc degeneration are of small sample size and
methods vary widely [16—19]. Two meta-analyses have
implicated bacteria in disc pathophysiology. The pooled
infection rate of nine studies was 36.2% [16] and of 12
studies 25.3% [18]; both analyses found Cutibacterium
acnes (the bacterium formerly known as Propionibacte-
rium acnes) the predominant disc resident.

C. acnes is a Gram-positive, facultative, aerotolerant
anaerobe, non-spore-forming, rod bacterium [20, 21]. As
a commensal, it colonises the skin, oral cavity, gastro-
intestinal tract and genitourinary tract; it is, however, an
opportunistic pathogen in skin, soft tissue and medical
device implantation infections [20, 21]. Selective bacterial
culture requires specific (plate or broth) growth media and
environments, to which sample cells are added. Moreover,
selective culture precludes the opportunity to isolate non-
C. acnes bacteria. DNA based approaches, such as PCR
for the 16S rRNA gene can be targeted to identify a single
species or can be used more generically, with universal
primers to capture a snapshot of all bacterial DNA present
in a sample.

Rationale

This review aims to expand and investigate the occult infec-
tion in disc degeneration and MC. We aim to clarify if C.
acnes is indeed the predominant species as previous work
has implied and assess the utility of current laboratory and
research practices in the detection and quantification of bac-
teria in disc material. Viral microorganisms have also been
proposed to contribute to disc degeneration [22]; however,
detailing viral or fungal pathogenesis is beyond the scope
of this review.

Objectives

Studies of participants who underwent disc excision sur-
gery with subsequent assessment of disc tissue for bacterial
growth were included. We investigated whether discs adja-
cent to MC are at increased risk of bacterial proliferation.
Only studies that explicitly stated removal and examination
of discs from human participants were included. Cross-sec-
tional and longitudinal observational studies were included.

Methods

A systematic review protocol was developed in accord-
ance with PRISMA guidelines [23] but was not registered
nor is accessible. Four electronic databases were searched:
MEDLINE (Ovid), PubMed, Scopus (Ebesco) and Web of
Science. The search was conducted on 02.03.21 and cor-
roborated by two authors (IGS and PW). Articles to be
included were agreed and a third author (FW) helped final-
ise decisions lacking consensus. Cited by and reference list
searches of included articles were conducted, and a sec-
ondary search using Google Scholar was performed. Inclu-
sion criteria specified original research articles published
between 2001 and 2021 reporting both human spine disc
surgery and the examination of disc bacteria in the context
of occult infection. We excluded articles dealing with known
infective aetiology (spondylodiscitis, post-operative infec-
tions). Exclusion criteria specified abstracts, case reports,
editorials, letters, meta-analyses and reviews.

Results

A total of 495 articles were retrieved from four databases,
151 duplicates were removed. Title and abstract searching
revealed 155 candidate papers, of these 120 were rejected
after full text examination. The cited by search and Google
Scholar search each contributed one new article. Figure 1
shows the PRISMA flow diagram and Figure 1 Supplemen-
tary (S1) details the search strategy and results. Thirty-six
articles were included from 34 research studies; 27 reported
finding bacteria in degenerate disc space, nine attributed
bacterial findings to contamination. The results are shown
in Table 1.

Studies finding bacteria in disc material
Stirling’s work first identified raised IgG antibodies in
43/140 (31%) patients with sciatica or LBP. Severely

affected patients underwent microdiscectomy, and bacteria
was detected in 19/36 (53%) samples [24]. C. acnes 16/19

@ Springer
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Fig.1 PRISMA flow diagram for evidence for infection in interver-
tebral disc degeneration: a new systematic review including searches
of databases and other sources Adapted from: Page MJ, McKenzie

(83%), coagulase-negative staphylococci (CoNS) 2/19 (11%)
and Corynebacterium propinquum 1/19 (5%) were cultured
[24]. A high proportion of positive serology tests were
from patients with microorganism positive disc samples
[24]. Fritzell and colleagues found 2/10 (20%) degenerate
disc samples tested positive for Bacillus cereus, Citrobac-
ter braakii and C. freundii, and asserted these were ‘true
findings’ based on their strict collection methodology [25].
Similarly, C. acnes (7/52, 13.5%), Peptostreptococcus spp.
(1/52, 2%), Staphylococcus aureus (1/52, 2%) and CoNS
(1/52, 2%) were cultured from lumbar herniation microdis-
cectomy specimens [26]. Yuan and colleagues (2017) found
C. acnes with culture and selective PCR in 16/76 (21%)
discs, having discarded four positive disc samples with a
corresponding positive muscle control sample [27]. Histo-
logical examination confirmed rod-shaped bacteria in half
the PCR positive samples and no randomly selected PCR
negative samples [27].

Contamination may be distinguished from infection
by bacterial quantification—counting colony forming
units (CFU). Proposing > 1000 CFU/ml indicates active
infection, C. acnes (115/290), CoNS (31/290) and alpha-
haemolytic streptococci were isolated after disc hernia-
tion material homogenisation and qPCR amplification
[28]. Bacteria were identified in 45% of samples; 11%
positive for C. acnes > 1000 CFU/ml [28]. Adding to the
cohort and improving methodology by incorporating mass

@ Springer
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spectrometry, a second study found C. acnes > 1000 CFU/
ml in 10% of 368 patients’ samples [29]. Staphylococ-
cus, Streptococcus and Corynebacterium > 1000 CFU/
ml were detected in 13 samples [29]. Another analysis of
herniated disc samples, with a lower ‘infective’ CFU cri-
teria reported C. acnes 24/64 (38%), CoNS 5/65 (8%) and
Gram-negative diplococci 1/64 colonisation of 1-150 CFU
per sample [30]. Another investigation reported a predomi-
nance of CoNS in 7/66 (11%) and C. acnes in 2/66 (3%)
cervical disc samples using anaerobic culturing and PCR
[31]. Withanage and colleagues (2019) cultured CoNS, C.
acnes and Gemella morbillorum in 18/101 (18%) lumbar
herniation samples [32].

Salehpour and co-workers found bacteria in 60/120 (50%)
lumbar herniation discs; positive samples were screened for
C. acnes with a kit and PCR. C. acnes accounted for 77%
cases of bacterial growth and researchers went on to inves-
tigate C. acnes sensitivity to antibiotics [33]. Recently, 96
cervical degeneration patients were recruited and 55% of all
disc samples grew positive cultures [34]. Disc samples with
a corresponding bacterial positive muscle biopsy were elim-
inated from analysis, leaving 17/96 (18%) of participants
with a positive disc sample and a ‘clean’ control sample.
Predominantly C. acnes along with CoNS, Staphylococcus
spp., Streptococcus spp. and one example of Kocuria rhiz-
ophila was cultured in disc specimens [34].
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Table 1 (continued)

&

Other measures Results

Control group/control

Lab techniques
samples

Bacteria identified

=9

Evidence that spinal disc Participants

material is sterile n

Springer

Positive cultures in discs:

Sub-section of patients’

Aerobic & anaerobic cul- Non-degenerate controls

Acinetobacter
Candida

812 participants (550

(Rao, Maharaj et al.

ture: 4 different plates used. Surrounding fat, samples underwent 33/191 (17%) ‘disc
ligament and muscle

for 7 & 14 days

disc & paraspinal sam-
ples, 191 disc only, 46

2020)

146/554 (27%)

>
>

only

histological examina-

Corybacterium

12/25

(48%) control group

>
>

‘disc + control

tion for inflammation
evidence. No pain

scores assessed

tissue control samples

taken

Cutibacterium (C. acnes)

sham; paraspinal only
& 25 control; trauma

patients)
No antibiotic use exclu-

Staphylococcus

samples. High rates
of positive bacteria in

paravertebral control

sion criteria noted

samples. Largest study

investigating bacteria in
disc pathology, findings
suggest contamination

6/385 (1.5%) samples

Life & health satisfac-

No control specimens

Anaerobic culture 15d.

C. acnes

313 participants (303

(Rigal, Thelen et al.

positive cultures. The

tion scales, pain rating
scales at BL, 3,6 &

taken

Plates/growth then

S. epidermidis

MCI, 58 MC2)

385 discs

2016)

origin of inflammation
in disc degeneration is

underwent histological

examination

Citrobacter freundii
Saccharopolyspora

12 mths. Histological
examination of disc

No antibiotic use exclu-

unknown. No association

hirsuta

sion criteria noted

between bacteria positive

disc and outcome

tissue for host inflam-
matory response &

neutrophils

Modic change

Eight articles found higher rates of positive bacterial sam-
ples came from MC patients than participants without MC.
For example, 54% of patients with MC1 were positive for the
presence of C. acnes compared to 20% of patients without
MCI, in a study of 48 cervical biopsy samples [35]. Four
studies combined samples from MC1 and MC2 patients;
Aghazadeh and colleagues (2017) reported 80% of MC sam-
ples were C. acnes positive while only 14% of MC-free sam-
ples were positive [36]. Yuan and co-workers (2018) found
12/15 (80%) of C. acnes positive cultures were from MC
participants; however, the small sample size of this study
made drawing statistically based conclusions difficult [37].
Tang and colleagues (2018) reported 26/80 (33%) herniation
samples were positive for bacteria using PCR. One positive
sample excluded from subsequent analysis which showed
15/25 (60%) patients with disc bacteria had MC [38].

Disc bacteria was recorded in recent studies of MC
patients (type unspecified) [39, 40]. Singh and co-workers
(2020) reported 90% of 20 LBP; MC participants’ samples
were positive for 16S rRNA gene with PCR. This investiga-
tion found evidence of inflammation associated with MC;
participants had raised levels of leucocytes, ESR and CRP
[39]. Najafi and colleagues (2020) found a high rate of C.
acnes prevalence via culturing in 23/37 (62%) samples from
LBP patients [40].

Two studies reported occult infection in MC2 adjacent
discs. Arndt and co-workers (2012) did not find differ-
ences when MC1 and MC2 were pooled and compared to
MC-free samples; however, MC2 specimens alone showed
greater bacterial positivity than other samples [41]. Drago
and colleagues (2020) concluded MC2 may be associated
with occult infection when samples from 6/16 (37.5%) MC2
patients and only 1/23 (4%) MC-free control returned posi-
tive bacterial cultures [42].

One longitudinal study has demonstrated bacterial pro-
liferation precedes MC1 development. In 28/61 (46%), her-
niation surgery patients positive for microorganisms, 80%
developed new MC1 in the subsequent 12-24 months [43].
44% of negative culture patients developed MC1 giving an
OR of 5.6 (95% CI 1.51-21.95) for new MCI1 given a posi-
tive anaerobic microbe culture [43]. Four articles did not
find bacterial abundance differed between MC and MC-free
degenerate discs [31, 44—46].

Disc herniation and infection

The most included studies used homogeneous groups of disc
herniation participants (i.e. all with herniated discs). Four
studies compared and reported increased abundance and/
or species differences in herniated over non-herniated discs
[44, 46-48]. Coscia and co-workers (2016) found positive
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bacterial cultures in 76/145 (45%) of excised disc material,
but notably, 32/61 (52%) herniation patients versus 19/77
(25%) controls samples were positive for C. acnes (45%),
CoNS (40%) and various species (4%) [46]. Two studies
included patients with herniated and non-herniated discs but
did not report and bacterial abundance differences [25, 37].

Two studies reported a positive relationship between
herniation severity and C. acnes proliferation. Zhou and
colleagues (2015) found 10/28 (36%) discs supported C.
acnes proliferation when the protective annular was torn
[45]. Only 1/18 (6%) untorn disc did, however, this speci-
men was removed from the analysis as its corresponding
muscle control sample was also culture positive [45]. Chen
and co-workers (2018) found more positive cultures in more
damaged discs that were extruded or sequestered than those
budging or protruded [31]. Yet Najafi and colleagues (2020)
found no bacterial differences between disc pathologies of
extrusion, protrusion or bulging [40].

Patient subgroup infection

Eight studies identified patient subgroups other than those
with MC or herniation as susceptible to occult infection.
Two studies reported greater bacterial growth in men than
women [28, 41] while one reported higher rates of infec-
tion in disc samples from women [34]. Two research groups
reported higher rates of disc infection in younger partici-
pants [28, 29, 38, 49], Yet Najafi and co-workers (2020)
found specimens from older patients with MC were more
likely to be C. acnes positive [40]. Two studies reported
increased proliferation of microorganisms differed at spinal
levels. Greater C. acnes abundance at L4-L5 than other lum-
bar discs was reported in herniation patients [41] and greater
C. acnes colonisation in C6—-C7 and L4-L5 than other spi-
nal levels was also found [50]. Most articles did not report
bacterial differences in sex, age or spinal level subgroups.

Disc colonisation by multiple microbes

Of 27 positive studies, five reported finding several species
depicting a bacterial ecosystem. Utilising a pre-operative
biopsy approach to decease contamination, 40/83 (48%)
lumbar disc samples returned positive cultures for C. acnes
(35%), CoNS (31%), Staphylococcus aureus (6%), three
species of Gram-negative bacilli (6%), Micrococcus spp.
(6%), Corynebacterium spp. (6%) and single examples of
five other species using only routine culturing [41]. Another
study found C. acnes (38%), CoNS (6%), Gram-negative
bacilli (2.5%) Micrococcus spp. (4%), Corynebacterium spp.
(3.5%) and Neisseria spp. (2.5%) in 60/120 (50%) hernia-
tion samples using Gram-staining culturing and 16S rRNA
gene PCR [36]. Ohrt-Nissen and colleagues (2018) listed
BLAST scores following genome sequencing and recorded

eight species in herniation and six in non-degenerative sam-
ples [44]. Using microscopy, they saw host inflammatory
cell activation only in degenerate disc samples, not in control
samples [44].

Using the agnostic techniques of proteomics and 16S
rRNA gene analysis, Rajasekaran’s study of 22 herniation
samples demonstrated many more bacterial proteins than
either degenerate or discs from participants with a healthy
spine [47]. A total of 2061 bacterial proteins were identified,
only 178 of these shared between the three disc groups [47].
In a subsequent study using culture-independent 16S rRNA
gene sequencing [48] 424 species were reported, including
five dominant taxa with abundance ranges from 13 to 16%
[48]. Microbiota signatures for both disc degeneration and
herniation were characterized as shifts in composition and
diversity away from the disc microbiome of a healthy spine
[48]. C. acnes was found in similar proportions in all disc
groups and was not the most dominant bacteria with relative
abundance ranging from 1.5 to 3% [48].

Evidence of contamination

Nine reports attributing bacterial colonisation in disc sam-
ples to contamination were found. Ben-Galim and col-
leagues (2006) cultured multiple samples from 30 LBP
patients and found two patients returned four positive CoNS
specimens: 4/120 (4%) [51]. Another study involving lum-
bar herniation patients cultured C. acnes in 2/54 (4%) discs,
in 10/54 (19%) muscle tissue control and in negative air
control samples [52]. Li and colleagues (2016) recruited 22
herniation patients contributing 30 discs specimens, CONS
and Staphylococcus epidermidis were cultured from three
and one samples, respectively [53]. Another investigation of
44 herniation specimens analysed with a high-quality next
generation PCR assay did not detect evidence of the bacte-
rial 16S rRNA gene in samples [54].

C. acnes was detected in 7/45 (16%) disc specimens
with culturing and PCR, however, 24% of posterior surgi-
cal approach samples were associated with positive culture,
whereas only 9% of anterior approach samples were [55]. In
this study, there were no disc bacterial differences between
MC and MC-free patients [55]. Fritzell and colleagues
(2019) later study also found no relationship between disc
bacterial findings and MC in 2/40 (5%) LBP patients. Bac-
terial cultures from muscle tissues samples from LBP and
control groups returned 30% and 20%, respectively [56].
Using a video assisted minimal skin contact anterior surgi-
cal approach, Rigal and co-workers (2016) found 6/313 (2%)
disc biopsies from MC patients grew positive bacterial cul-
tures [57]. There was no relationship between bacterial find-
ings and outcomes a year following surgery [57]. The largest
disc infection investigation to date collected samples from
812 participants. Contamination (muscle) control samples

@ Springer
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along with disc samples were taken from disc degenerative
(case) and non-degenerative (control) participants [58]. Sig-
nificantly higher rates of bacteria were cultured from control
group samples of muscle and disc (48%) than degenerate
disc samples (17%) [58]. Prior surgeries and multilevel sur-
geries were associated with higher rates of bacterial growth
[58]. There was no difference in disc bacterial prevalence
between case and control groups, MC or vertebral level
treated [58]. Recently, 1/64 MC samples verified C. acnes
growth from disc material, no patients had any signs of
infection [59]. Researchers concluded that infection and C.
acnes disc penetration must be rare if extant [59].

Discussion

Articles in this review link occult infection and disc degen-
eration, finding evidence of bacteria, mainly C. acnes, using
selective microbial culture and targeted PCR. Targeted cul-
turing predominated with only six studies using universal
PCR or genome-wide sequencing techniques [38, 39, 47,
48,55, 56]. A causal role for bacteria in disc degeneration or
MC is not clear, and all but two studies were cross sectional.
Causality was suggested by Albert and colleagues (2013) in
their longitudinal study which showed discs with bacteria
increased the likelihood to develop MC1 in adjacent verte-
brae [43], though Rigal and co-workers (2016) saw no influ-
ence of their few positive bacterial cases on outcome [57].

MCI1 adjacent discs have been proffered as inflamma-
tory and most vulnerable to occult infection [14]; however,
only study showed MC1 was associated with increased rates
of disc bacterial growth [35]. MC specimens have been
reported more infective than MC-free specimens [36-39] as
have MC2 samples [41, 42]. Increased immune activation in
MC2 compared with MC-free samples has also been found,
however, without examination of disc bacteria [60]. MC type
is not static, MC1 can progress to MC2, or recover and a sig-
nificant percentage of MC radiography report mixed types,
most commonly a mix of MC1 and MC2 [61]. Thus, MC
types are semi-fluid, we therefore cannot dismiss the pos-
sibility that MC2 also represents vulnerability to infection,
inflammation and advanced disc degeneration.

A mechanistic explanation for occult infection has been
proposed: harbouring C. acnes in disc tissue corresponded
with annular tears, with intact discs not returning positive
PCR tests [45].

Chen and colleagues (2018) found more positive cultures
in more damaged discs that were extruded or sequestered
than those budging or protruded [31]. It is interesting that
Ahmed-Yahia and colleagues (2019) concluded high rates
of contamination due to surgical approach [55] Samples
from participants were assigned to either Group 1 ALIF or
disc prothesis (herniation not specified) or Group 2 TLIF

@ Springer

for herniated discs. The second group’s higher rate of bac-
teria positive samples drew the conclusion TLIF was a more
contaminating approach—when there may have been disc
pathology differences between the two groups.

It is possible that C. acnes accesses the nucleus pulpous
via disruption to the annulus fibrosus. In rats, MC1-like
changes, increased 16S rRNA gene expression and immune
activation occurred with injection of C. acnes isolates to the
disc [62]. In vitro, MC adjacent disc cells had an increased
inflammatory response to C. acnes compared with healthy
disc cells [63]. If these findings mirror interactions in the
human spine, damaged discs and bacteria may culminate in
a synergistic degenerative sequela, producing local inflam-
mation and therefore more pain. Of course, C. acnes may not
be the only bacterial species that causes inflammation and
degeneration when artificially introduced to a disc.

While this review found evidence to support occult infec-
tion in degenerate discs, particularly C. acnes—it remains
unclear the extent to which bacteria reside in the disc space.
Wedderkopp and colleages (2009) sampled MC lesions
and found only two samples cultured positive for bacteria;
however, these two patients were treated with antibiotics
which brought one temporarily pain relief [64]. This finding
does hint at bacterial involvement in degeneration and pain;
however, other research efforts administering antibiotics for
back pain have met with varying successes. No antibiotic
studies have assessed disc bacterial prevalence, and hence
are excluded from this review [65—67]. A recent, interesting
review by Gilligan and colleagues (2021) summarises eight
antibiotic trials for LBP [68]. These authors conclude a LBP
sub-type (likely patients with MC1, wishing to avoid sur-
gery) may be amenable to antibiotic therapy [68]. To enter
the bone or disc space antibiotic regimes are necessarily
protracted and responsible antibiotic stewardship calls for
such treatments to be approached with prudence.

This review highlights the heterogeneity of microbial dis-
covery, identification and sequencing techniques that have
biased many reports in this field. Qualifying and quantifying
bacteria uniquely associated with disc degeneration and MC
is currently incomplete and a primary step in understand-
ing if antibiotic treatment is suitable for LBP. As a hand-
ful of studies indicate; bacteria may reside in the healthy
disc space [44, 47, 48], an additional reason to proceed with
caution. Agnostic examination of disc samples as standard
practice will give a better understanding of the commensal
and/or pathogenic nature of degenerate disc bacteria. This
is needed before antibiotics can reasonably be considered
for back pain treatment. While selective and acute bias to
identify bacteria in disc specimens persists, such advances
are impossible. Bias in this field is underscored by several
studies finding a high prevalence of bacteria yet low num-
bers of species [27, 35, 38, 45, 46, 50]. Immediately storing
samples in culture medium [40] for example, selects against
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most other bacteria, making accurate determination of the
whole range of species impossible.

Rao and colleagues (2020) scrupulously collected sam-
ples from (control) participants with non-degenerate discs,
as well as multiple control specimens from surrounding disc
anatomy. Yet no more advanced bacterial identification than
microbial culture was undertaken in samples from 812 par-
ticipants, the largest study of its kind [58]. C. acnes specific
culturing may explain why discs removed from patients
with previous and more extensive surgery had higher rates
of positive bacterial culture [58]. Moderately high rates of
positive bacterial samples were obtained from discs (17%),
(comparable with other studies reporting disc bacteria; see
Table 1.), yet almost half muscle control specimens were
positive for bacteria [58]. No bacterial differences were
found between case degenerate and control discs [58]. In
contrast, Coscia and co-workers (2016) showed lower bac-
terial abundance in non-degenerative disc samples; perhaps
curiously, also only using culture identification [46].

Alamin and colleagues (2017) reported a sterile disc
environment, despite using a high-quality next generation
PCR assay [54]. These results could be due to insufficient
DNA extraction from disc samples, a fair possibility as their
validation cohort amplicon sequencing worked on cultured
samples and found similar pathogenic bacteria from disc
material as previous reports [54].

A small number of studies reported an ecosystem of bac-
teria in degenerate discs [36, 41, 44, 47, 48]. Ohrt-Nissen
and co-workers (2018) found a similar diversity of species
in healthy and degenerate disc samples. Only finding host
inflammatory cell activation in degenerate disc material adds
credence to the notion that disc degeneration results from
bacterial imbalance rather than from the presence of bacteria
themselves [44]. Perhaps not surprisingly, more exploratory
technologies found greater diversity of bacterial species.
Rajasekaran’s group used proteomics to identify 73 bacterial
specific proteins along with upregulation of defence proteins,
a host immune counter to bacterial infection [47]. Bacterial
proteins unique to degenerate, herniated and healthy discs
were found as well as overlaps between disc groups [47].
These data led them to conclude a presence of commensal,
albeit low level, human disc bacteria. Support for this idea
gained further traction with a second project which used a
metagenomic approach to find 424 different species, support
for the existence of disc microbiota and a disc microbiome
[48]. Higher alpha-diversity and differences in beta-diversity
were found in healthy discs compared with degenerated or
herniated samples [48]. This paper begs replication—and
if this is forthcoming may provide a guide towards future
possible LBP treatments.

If bacteria do sequester into the disc space another chal-
lenge posed to successful identification is the tendency of
bacteria to cluster and grow unevenly distributed within a

protective biofilm [14]. Viewing and quantifying bacteria
within biofilm may accurately assess colonisation. Two stud-
ies used fluorescence in situ hybridization (FISH) staining
and viewed samples with specialised confocal laser scanning
microscopy (CLSM) [29, 44]. These technologies enable
quantifying bacterial biofilm sequestration and growth along
with producing high-resolution, three-dimensional pictures
of a bacterium in situ [12]. Use of FISH/CLSM permits
tissue assessment of uncontaminated samples. Well-estab-
lished biofilm formation is impossible from the brief skin
contact that may occur during spine surgery. FISH/CLSM
could offer an important contribution to verifying bacterial
colonisation within degenerate disc material.

Limitations

It is clear why controversy continues to surround the ques-
tion of occult infection and bacteria in the degenerate disc
space. Most protocols kept samples free of contamination,
although removing a totally ‘sterile’ disc is difficult if not
impossible, thus contamination poses an ongoing challenge.
Acquiring healthy human disc specimens is difficult; thus, a
rare control group in these investigations. Only two longitu-
dinal examinations were relevant [43, 57], yet knowing what
becomes of patients with high bacterial loads in degenerate
discs will help determine the pathogenic (or not) nature of
such microbes. Only 12 studies used surrounding tissue as
negative control samples, routine collection of these sam-
ples will help future research clarify the extent of sample
contamination. FISH/CLSM is a time-consuming procedure,
covering only a fraction of a tissue biopsy [44], special-
ised equipment and skills are required and only ~ 15% of
researchers use it [12]. Nonetheless, proponents have made
multiple calls to include FISH/CLSM as standard for disc
material analysis [12, 14, 29, 44].

Conclusion

Evidence in this systematic review implicates C. acnes
as a bacterial resident in degenerate disc tissue, identified
through culture, PCR and microscopy. Some evidence sug-
gests a broad diversity of microbes within the disc. Most
laboratory techniques were biased towards identifying C.
acnes. The field will benefit from new genomic methods
which identify bacteria by their genetic material and may
be known as well as unknown (i.e. not yet catalogued). The
inclusion of omics analyses and advanced histological tech-
niques are not widely used yet to determine sub-clinical
infection within the degenerate disc will strengthen such
research.

@ Springer
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Key Messages

e Contamination is not an adequate explanation for posi-
tive bacterial findings in degenerate disc material.

e Culturing bias towards finding C. acnes has over-
whelmed research examining occult infection in degen-
erate discs.

e Agnostic, exploratory disc bacteria assessment may
best inform any occult infection and disc degeneration
links.

e Insufficient evidence exists to suggest changes to current
clinical treatment.
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