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Abstract

Many factors may trigger intervertebral disc (IVD) structural failure (intervertebral
disc degeneration (IDD) and endplate changes), including inflammation, infection,
dysbiosis, and the downstream effects of chemical factors. Of these, microbial diver-
sity in the IVD and elsewhere in the body has been considered as one of the potential
reasons for disc structural failure. The exact relationships between microbial coloni-
zation and IVD structural failure are not well understood. This meta-analysis aimed
to investigate the impact of microbial colonization and its location (such as skin, IVD,
muscle, soft tissues, and blood) on IVD structural failure and corresponding low back
pain (LBP) if any. We searched four online databases for potential studies. The poten-
tial relationships between microbial colonization in different sample sources (such as
skin, IVD, muscle, soft tissues, and blood) and IDD and endplate change were consid-
ered as primary outcomes. Odds ratio (OR) and 95% confidence intervals (Cl) for
direct comparisons were reported. Grading of Recommendations Assessment, Devel-
opment and Evaluation (GRADE) scale was used to assess the quality of evidence.
Twenty-five cohort studies met the selection criteria. Overall pooled prevalence of
microbial colonization in 2419 patients with LBP was 33.2% (23.6%-43.6%). The
pooled prevalence of microbial colonization in 2901 samples was 29.6% (21.0%-
38.9%). Compared with the patients without endplate change, the patients with end-
plate changes had higher rates of microbial colonization of disc (OR = 2.83; 95%
Cl = 1.93-4.14; I? = 37.6%; p = 0.108). The primary pathogen was Cutibacterium
acnes which was present in 22.2% of cases (95% Cl = 13.3%-32.5%; I> = 96.6%;
p = 0.000). This meta-analysis and systematic review found low-quality grade evi-
dence for an association between microbial colonization of disc with endplate
changes. The primary pathogen was C. acnes. Due to lack of enough high-quality
studies and methodological limitations of this review, further studies are required to
improve our understanding of the potential relationships and mechanisms of micro-

biota, dysbiosis, IVD colonization and IVD structural failure.
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1 | INTRODUCTION
Low back pain (LBP) is the most common cause of disability worldwide lead-
ing to loss of productivity along with psychological stress.> Within the vast
spectra of LBP, disc structural failures such as intervertebral disc (IVD)
degeneration (IDD) and endplate changes have been considered as the main
reasons.> A major concern around IVD structural failure (IDD and endplate
change) is the presence of chemical factors or cues that lead to inflamma-
tion. However, understanding the exact cause and nature of such inflamma-
tion is still unclear. One of the putative triggers for inflammation has been
hypothesized to be infection of the IVDs by low virulence and anaerobic
bacteria.**> Growing evidence exists that demonstrates that bacterial micro-
biome may be crucial to the pathogenesis of IVD structural failure,®~** par-
ticularly with respect to Cutibacterium acnes. Although several studies on
animal models and clinical research have reported a significant relationship
between low virulence organisms and pathogenesis of IDD and endplate
change, the existence and their impact on etiology and pathways of these
infections have been fiercely debated in recent years.*?™’

Intriguingly, alterations of the microbiome composition in the
mouth and gastrointestinal system are associated with a variety of

chronic diseases, such as gut inflammation disorders, autoimmune
diseases, chronic kidney disease, cardiometabolic diseases, neurological
and respiratory diseases, mental health disorders, and osteoarthritis.>18"
22 In this direction, our previous review discusses the concept of the
gut-bone axis, gut-bone marrow axis, and gut-disc axis based on differ-
ent sources of samples to explain the relationship between bacterial
microbiome and disc structural failure/LBP.?® The review has summa-
rized the potential mechanisms and discusses microbiome dysbiosis's
possible influence on IDD and LBP. However, ambiguity still exists for
the posited mechanisms. We assume that this knowledge gap may be
closed by yet-undiscovered axes of gut-end organ influence based on
alternate microbiome sources, or by linking known dysbiosis states to
IVD structural failure and LBP. The imperative to distinguish and define
terms such as “microbial colonization,” “infection,” “microbiome
dysbiosis,” etc. (Table 1) for a better understanding of the microbiome
research in LBP is of the essence. Furthermore, an understanding of the
various techniques and their objectives used for identification of differ-
ent or certain types of bacteria in a sample needs emphasis (Table 1).
Here, we performed a systematic review and meta-analysis (1) to
investigate the impact of microbial colonization on IVD structural

Collection of microbial genomes within a system and can include viruses, bacteria, fungi, etc.

TABLE 1  Summary of the terms related to the understanding of Microbiome in Back Pain
Terms Description
Microbiome
Microbiota Ecological community of microorganisms within a system.

Microbial colonization

Colonization means that the organism can be found in or on the body, but it is not causing any symptoms

or disease. Microbial colonization of the human body in early life is essential for the development of
host immunity and metabolism.

Bacterial microbiome
Infection

Microbiome dysbiosis

Collection of different species of bacteria within a microbiome
Growth of bacteria or other microorganisms in the body causing damage to the body.

Dysbiosis is often defined as an “imbalance” in the gut microbial community that is associated with the

disease. This imbalance could be due to the gain or loss of community members or changes in the
relative abundance of microbes. This primarily focuses on changes in the taxonomic makeup of the
microbial community and functions associated with individual members or subsets of members in the
community. Characterizing dysbiosis has traditionally relied on taxonomic catalogs of gut microbes
generated in different individuals at single time points using 16S or 18S rRNA sequencing. More recent
efforts have attempted to catalog not the microbial species, but rather the microbial genes in the gut
using shotgun metagenomics. The taxonomic characterization or genetic makeup of the community is
then used to infer its functions based on data in the literature from studies using reference microbial
strains. Usually, these model microbes are studied as single organisms, and often in vitro, in order to
generate functional or their impact data.

Microbial culture
of dyes it absorbed.

16s rRNA sequencing
(Targeted Amplicon Sequencing)

16s RNA sequencing
(Shotgun metagenomics)

Identification of bacteria using selective media based on characteristics such as shape, size, and the types

This is a PCR-dependent technique where DNA is amplified using a specific primer targeting a gene
yielding only taxonomic information

This is a PCR-independent technique specifically targeting one or two regions of the 16S gene, with
regions V1-V2 and V3-V4 being the most frequently used. In contrast to targeted amplicon methods,

this technique produces relative abundance information and functional annotation for all genes

detected in the sample
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failure; (2) to review and assess the current evidence on the potential
relationships between microbial colonization in different locations and
IVD structural failure; (3) to identify the potentially involved microor-

ganisms and their effect on LBP if any.

2 | METHODS

21 | Search strategy

Based on Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) guidelines, four online databases such as
EMBASE, MEDLINE, Web of Science, and Cochrane Central Register
of Controlled Trials (CCRCT) were searched for all relevant studies

1.2% The search

published in English inception through to October 202
included the following terms: “low back pain,” “radicular pain,” “disc
degeneration,” “endplate change,” “bacterial infection,” “antibiotics,”
“Propionibacterium acnes,” “Cutibacterium acnes,” and “pathophysiol-
ogy” (Table A1). The reference lists from reviews and potentially
relevant studies were evaluated. The protocol of this review is regis-
tered on PROSPERO (International Prospective Register of Systematic

Reviews number, CRD42021258703).

2.2 | Inclusion criteria

Eligible studies for the review included:

1. Studies including adult patients (age > 18 years) with spinal origin
pain (such as LBP, and/or radicular pain) and microbiology cultures
or tests performed on at least one sample such as skin, IVD mate-
rial, muscle, soft tissue, or blood.

2. Randomized clinical trials (RCT) and observational studies.

23 | Exclusion criteria

1. Studies not reporting the prevalence of microbial infection on at least
one sample such as skin, IVD material, muscle, soft tissue, or blood.

2. Case reports, reviews, editorials, expert opinions, and conference
reports;

3. In vitro biomechanical studies, animal studies, and computational

modeling studies.

24 | Types of outcomes measures

Primary outcomes:

1. Pain intensity scores for spinal origin pain such as the Visual Ana-
logue Score (VAS) or Numerical Rating Score (NRS).
2. Modic changes as seen on magnetic resonance imaging (MRI)

scans as a marker of IDD and endplate changes.?® IDD was defined

JOR SPin1uc Ikl

as the presence of at least one of the following: disc bulge or disc

herniation, annular tear, Pfirrmann score of nucleus pulposus

degeneration 23,2¢ endplate change based on Modic classification,

or Schmorl's node(s).2>27~%°

3. Laboratory results on the microbial culturing or testing of least on
at least one sample such as skin, IVD material, muscle, soft tissue,
or blood. Testing includes microbial culture, metagenomics
sequencing, proteomics, and 16S sequencing (such as 16S rDNA

and 16S rRNA).

Secondary outcomes: Disability questionnaires such as Oswestry
Disability Index (ODI), Roland-Morris Questionnaire (RMQ), mental
health scores (such as Short Form-36 [SF-36]), and adverse event
reporting.

2.5 | Selection of studies

Two reviewers independently screened all studies following eligibility
criteria, including titles and abstracts screening in initial search results,
reference lists, and full-text screening. A third reviewer was consulted

to resolve areas of disagreement during article screening.

2.6 | Data extraction

Two independent reviewers extracted the following data:

1. Relevant publication information such as author, publication year,
country

2. Study design

3. Participant demographics; enrolled participants, gender, age, body
mass index (BMI)

4. Pathology specifics: type of pain, location of spinal pathology,
diagnosis

5. Interventions; surgical technique, surgical level

6. Samples; source, number, organism, and laboratory methods on
the microbiology culturing or testing

7. Outcomes; pain intensity scores, disc degeneration data, and labo-
ratory results on the microbiology culturing or testing, disability
scores, mental health scores, and adverse events

8. Funding sources

There was no restriction on included laboratory methods for
microbial samples such as culturing or testing, culture types (aerobic
or anaerobic), sequencing method (metagenomics sequencing or 16 S

sequencing), or liquid chromatography/tandem mass spectrometry.

2.7 | Risk of bias within trials

Version 2 of the Cochrane Tool for Assessing Risk of Bias in Random-
ized Trials (RoB 2)%! and Newcastle-Ottawa Scale (NOS)®2 were used
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to assess the risk of bias in included RCTs and observational studies,
respectively. Seven or more stars on the NOS score were regarded as
high-quality. Interobserver reliability of risk of bias was examined. The

third observer was consulted to resolve the controversial scores.

2.8 | Statistical analysis
Calculation of pooled mean infection rate was done by the summation
of total infection events divided by the total number of patients
included in the studies reporting that specific infection. For the avail-
able main variables, a meta-analysis of proportions was conducted. I
tests were used for assessing the heterogeneity. Fixed-effects model
and random-effects model were used for I < 50% and I? > 50%,
respectively. Sensitivity and subgroup analysis were performed for
assessing the impact of heterogeneity. The pooled estimates of odds
ratio (OR) and 95% confidence intervals (Cl) for direct comparisons
were reported. Forest plots were used for displaying the meta-
analysis results. The Begg-Mazumdar test was used for evaluating the
risk of publication bias. The statistical significance was set at 5%
(a = 0.05). STATA software (release 15, StataCorp LLC, TX) was used
for the statistical analysis.

This meta-analysis and systematic review have been reported
according to PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) and AMSTAR (Assessing the methodo-

logical quality of systematic reviews) Guidelines.33-35

2.9 | Evaluating the quality of evidence

Grading of Recommendations Assessment, Development and Evalua-
tion (GRADE) scale was used to rate evidence quality as high, moder-
ate, low, or very low3® (Table A2). The evidence from observational

studies was rated as low quality.

3 | RESULTS

3.1 | Study selection
The literature search is illustrated in the PRISMA flow diagram
(Figure 1). Twenty-five prospective observational studies met the

selection criteria.®®?1537-57

3.2 | Study characteristics

A total of 2419 symptomatic patients with LBP and/or radicular pain
were found in the eligible studies. The mean age of patients was
46.2 years, and the population was 43.3% female. Twenty-five
culture/16S

sequencing outcomes of patients with lumbar disc herniation or/and
6,89,15,37-57

studies reported the sequencing/next-generation

lumbar disc degeneration, including eight studies with

radiological IDD®8414245474851 4nd fifteen studies with Modic
changes 87:15:39:41:4245-4850.52-55  A|| studies had microbial testing
performed on the IVD samples, including one study with microbial cul-
ture of the skin,*® five studies with microbial culture of the muscle

and soft tissue,384146:50.57

and one study with microbial culture of
blood.® Only 2/25 studies reported results from 16S sequencing using
shotgun metagenomics.*>>* Ten studies were conducted on both
microbial cultures and 16S sequencing using targeted amplicon
sequencing.”#1434647:49.50525556 The study characteristics of all

included studies are presented in Table 2.

3.3 | Quality assessment

During full-text screening and risk of bias analysis, overall interobser-
ver reliability was good (Table 3). A complete agreement was reached
on all items during the first consensus meeting. All observational stud-
ies were ranked as high quality due to more than seven stars in NOS

assessment (Table 4) 682153757

3.4 | Impact of microbial colonization on disc
structural failure

Rajasekaran et al.! reported the presence of the gut/skin/spine
microbiome axis using 16S rRNA sequencing and posited this as evi-
dence as part of the etiology of the development of disc structural
failure. This evidence included demonstrating 58 overlapping bacterial
species between IVDs and gut, and the presence of 29 overlapping

bacterial species between IVDs and the skin.

3.5 | Relationship between microbial colonization
in different locations and disc structural failure

3.5.1 | Outcomes for microbiology cultures and 16S
sequencing

Among all included studies and 2374 patients, the pooled prevalence
of microbial colonization was 33.2% (95% Cl = 23.6%-43.6%,
1> = 96%, p = 0.000) (Figure 2). From 2901 samples in different loca-
tions (such as skin samples, IVD samples, muscle or soft tissue, and
blood), the pooled prevalence of microbial colonization was 29.6%
(95% Cl = 21.0%-38.9%, I> = 96.3%, p = 0.000) (Figure 3).

Based on different sources of samples for subgroup analysis, the
pooled prevalence of microbial colonization from blood, IVD, muscle,
muscle and skin, and IVD & muscle was 30.7% (95% Cl = 23.2%-
39.1%; I = —; p = —), 30.3% (95% Cl = 20.5%-41.1%; I> = 96.4%;
p = 0.000), 10.7% (95% Cl = 3.2%-21.4%; I> = —; p = —), 81.7%
(95% Cl = 69.6%-90.5%; 1> = —; p = —), and 26.1% (95%
Cl = 17.3%-36.6%; I> = —; p = —) respectively (Figure 3A).

Based on different testing methods for subgroup analysis, the

pooled prevalence of microbial colonization by using ELISA, microbial



CHEN ET AL. _JOR Splne . 50f 17
Records identified through database
searching
(n= 32285, (Embase 9307, OVID
Medline 18280, Cochrane Central Additional records identified through
5 Register of Controlled Trials 208, Web other sources
é of Science 4490)) (n= 86, referenced in papers)
E
@
=2
Records after duplicates removed
(n=31413)
- Records excluded based on
e . the title and keywords
o " (n= 14245, irrelevant
A v studies)
Abstract screened
(n=17168)
Abstract excluded
(n= 16788, case reports,
> retrospective studies,
Z animal studies, meta-
3 v analysis, and review
o0 articles)
= Full-text articles assessed for eligibility
(n=380)
Full-text articles excluded
» | (n= 344, studies failure to
v meet the inclusion criteria)
Studies included in quantitative
synthesis
(n=25)
FIGURE 1 Flow chart showing the procedure and results of the literature search in accordance with the Preferred Reporting Items for

Systematic Reviews and Meta-analyses (PRISMA) guidelines.

culture, microbial culture & 16S sequencing, 16S sequencing &
LC-MS/MS, and 16S sequencing was 30.7% (95% Cl = 23.2%-
39.1%; I = —; p = —), 20.3% (95% Cl = 10.2%-32.8%; I> = 96.5%;
p = 0.000), 32.6% (95% Cl = 20.8%-45.7%; I = 94.8%; p = 0.000),
81.8% (95% Cl = 59.7%-94.8%; I> = —; p = —), and 90.0% (95%
Cl = 68.3%-98.8%; I> = —; p = —) respectively (Figure 3B).

3.5.2 | Comparison between patients with and
without IDD

The prevalence of microbial colonization of disc in patients with and
without IDD was compared using data from 204 patients.® In this
group, no significant difference in the prevalence of microbial coloni-
zation of disc could be established (patients with IDD vs. without IDD

35.2% (62/176) vs. 7.1% (2/28); OR = 0.25; 95% Cl = 0.04-1.62;
I? = 35.1%; p = 0.214) (Figure A1).

3.5.3 | Comparison between patients with and
without endplate change

89:1541,42,46,48,50,52,53 4 significant difference in

Based on 10 studies,
the prevalence of microbial colonization of disc between the patients
with and without endplate changes (OR = 2.83; 95% Cl = 1.93-4.14;
> = 37.6%; p = 0.108) was observed (Figure 4). The quality of evi-
dence was rated as very low due to the heterogeneity of results and
lack of blinding in estimates. Based on Modic classification for end-
plate change for subgroup analysis, no significant difference in the

prevalence of microbial colonization of disc between the patients with
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normal endplate and type I/Il Modic changes was seen (Figures A2 and
A3). The large magnitude of effect upgraded the low-quality evidence
from the cohort studies to moderate-quality. However, the heterogene-

ity in the reported data downgraded the quality rating to low for the

TABLE 3 Full text screening and risk of bias agreement

Agreement for full text screening

Examiners (1&2)
N (articles) 380
% agreement 90%

Kk [CI(95%)] 0.87[0.84-0.92]
Agreement for risk of bias

N (questions) 200

88%

0.84 [0.78-0.89]

% agreement
K [CI(95%)]
Note: k = Kappa coefficient, Cl = confidence intervals, N = number of

questions.
Based-on number of questions asked per section * 25 articles selected.

statistically significant difference between the patients with and without
endplate change for the prevalence of microbial colonization of disc.

There was no publication bias regarding the funnel plot of included trials.

3.6 | Involved organism

Previous studies have reported Cutibacterium acnes as the primarily
involved pathogen in disc samples. This was confirmed based on the
results of 23 studies®®?:1537-53:5556. there was evidence of Cutibac-
terium acnes in 22.2% of patients with lumbar disc herniation or/and
lumbar disc degeneration (95% Cl = 13.3%-32.5%; 1> = 96.6%;
p = 0.000) (Table 2 and Figure A4).

3.7 | Relationship between microbial colonization
and clinical outcome

Zhou et al. (2015) reported that the rate of intervertebral discs con-
taining the 16S rDNA gene was 25% in patients with sciatica and 9%

TABLE 4 Assessment of the methodological quality of observational studies according to the Newcastle-Ottawa Scale (NOS)

Author Year Country Study type
Stirling 2001 United Kingdom Cohort
Ben-Galim 2006 Israel Cohort
Carricajo 2007 France Cohort
Wedderkopp 2009 Denmark Cohort
Agarwal 2011 United States of America Cohort
Arndt 2012 France Cohort
Albert 2013 Denmark Cohort
Zhou 2015 China Cohort
Capoor 2016 United States of America Cross-sectional
Li 2016 China Cohort

Rigal 2016 France Cohort
Aghazadeh 2017 Iran Cohort
Capoor 2017 United States of America Cohort
Rajasekaran 2017 India Cohort
Tang 2018 China Cohort
Yuan 2018 China Cohort
Ahmed-Yahia 2019 France Case control
Fritzell 2019 Sweden Cohort

Rao 2019 Australia Cohort
Salehpour 2019 Iran Cohort
Tang 2019 China Case control
Drago 2020 Italy Cohort
Najafi 2020 Iran Case control
Singh 2020 India Cohort
Astur 2021 Brazil Case control

Total
score (/9)

Outcome/
exposure (/3)

Selection Comparability

(/4) (/2)
3 1

W W W W WwWwWwWwWw Wb WD OO L LWLWWLWWWDN®
N N N N N DN DN NN DNDNDDNDDNDDNDDNDNDNDDNDDNDDNDDNDDNDDNDDNNDN
AN WO N DM WO D D O WP OO WWWW WWWWW W W W
O N 00 N N0 00 N0 N0 00 N0 N0 N0 00 N0 00 00 00 0O 00 00 00 00 N 00 N

Note: A study awarded seven or more stars was regarded as a high-quality study.
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%
study Total No. No. of infection ES (95% Cl) Weight
1
Stirling 2001 — 140 43 0.307 (0.232, 0.391) 4.19
Stirling 2001 —_— 36 19 0.528 (0.355, 0.696) 3.90

Ben-Galim 2006 —_—
Carricajo 2007 ——
Wedderkopp 2009 —_———
Agarwal 2011 —_—

30 0.067 (0.008, 0.221) 3.83
54 0.037 (0.005, 0.127) 4.03
2 5 0.083 (0.010, 0.270) 3.73
52 10 0.192 (0.096, 0.325) 4.02

NN

Arndt 2012 e — 83 40 0.482 (0.371, 0.594) 4.12
Albert 2013 —_— 61 28 0.459 (0.331, 0.592) 4.06
Zhou 2015 —— 46 9 0.196 (0.094, 0.339) 3.98
Capoor 2016 | —— 290 130 0.448 (0.390, 0.508) 4.25
Li 2016 —_— 22 4 0.182 (0.052, 0.403) 3.69
Rigal 2016 * I 313 6 0.019 (0.007, 0.041) 4.26
Aghazadeh 2017 b —— 120 60 0.500 (0.407, 0.593) 4.18
Capoor 2017 L —— 368 162 0.440 (0.389, 0.493) 4.26
Rajasekaran 2017 ! —_— s 2 18 0.818 (0.597, 0.948) 3.69
Tang 2018 —— 80 26 0.325 (0.224, 0.439) 4.11
Yuan 2018 —_—— 76 23 0.303 (0.202, 0.419) 4.10
Fritzell 2019 | —e— 40 34 0.850 (0.734, 0.929) 4.05
Rao 2019 —_— 88 17 0.261 (0.173, 0.366) 4.13
Salehpour 2019 L —— 120 60 0.500 (0.407, 0.593) 4.18
Tang 2019 —— ;;6 33 0.188 (0.133, 0.253) 4.22
Drago 2020 —— - ;3 0.179 (0.075, 0.335) 3.93
Najafi 2020 : [ o - 0.622 (0.448, 0.775) 3.91
Singh 2020 | —_— 0.900 (0.683, 0.988) 3.64
Astur 2021 — I = 9 0.000 (0.000, 0.195) 3.54

Overall (12 = 96.023%, p = 0.000) <> 2374 799 0.332 (0.236, 0.436) 100.00

FIGURE 2 Forest plot for pooled proportion of bacterial microbiome in lumbar spine population. ES and Cl indicate effect size and
confidence interval, respectively.
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T ELISA i S antgen H
Stiing 2001 — 140 ° 0307 (0232,0391) 347 String 2001 —_—— 140 & 0307 (0232, 0.391) 347
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FIGURE 3 Forest plot for pooled proportion of bacterial microbiome in different source of samples (e.g., skin sample, intervertebral disc
sample, muscle, and blood) from lumbar spine participants in (A). Forest plot for pooled proportion of bacterial microbiome by different testing
method for samples from lumbar spine participants in (B). ES and Cl indicate effect size and confidence interval, respectively. ELISA, enzyme-
linked immunosorbent assay; LC-MS/MS, liquid chromatography-tandem mass spectrometry
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D No.of No. of No. of non- No. of OR (95% ClI) Weight
Modic infection Modic infection
change change

i
1

Arndt 2012 —— 1.39 (0.57, 3.37, 2597
3 57 31 23 9 ( )
1

Albert 2013 - 35 20 2% 7 2.12(0.78, 5.76) 16.91
|
L |

Zhou 2015 —_—— 18 5 25 4 1.74 (0.41,7.38) 8.41
1
1

Li 2016 —o- - 8 0 22 4 0.29 (0.01, 6.07) 6.45
1
1

Rigal 2016 -+ ; 361 6 24 0 0.88 (0.05, 16.10) 2.79
1

Aghazadeh 2017 : —_—— 36 36 84 10 8.40 (3.77,18.73) 13.17
1

Tang 2018 . S— 25 15 55 1 3.00 (1.21, 7.46) 15.76
1

Ahmed-Yahia 2019 - 32 5 2% 2 2,03 (0.36, 11.34) 598
1
1

Fritzell 2019 — 24 1 34 1 1.42 (0.08, 23.78) 2.43
1

Drago 2020 - o > 16 6 23 1 8.62 (0.95, 78.71) 2.1
1

Overall (I-squared = 37.6%, p = 0.108) <> 612 125 342 49 2.83 (1.93, 4.14) 100.00
1
1
1
'
!

T T
0127 1 787

FIGURE 4
odd ratio and confidence interval, respectively.

in patients without sciatica, although statistical significance was not
reached.*! Tang et al. (2018) showed that there was no significant
association between microbial colonization of IVDs and patients'
scores for VAS LBP and leg pain.*® Najafi et al. (2020) also demon-
strated that there was no significant difference between patients with
positive and negative bacterial cultures and their corresponding VAS
or level of disability based on ODI scores.>”

4 | DISCUSSION

This is the first meta-analysis and systematic review addressing the
impact of microbial colonization in different sampling and anatomical
locations with respect to disc degeneration and endplate changes. We
identified 2419 symptomatic patients in total with LBP and/or radicu-
lar pain from 25 eligible studies. The prevalence rate of infection was
affected by the different sources of samples. This study also suggests
that there is an association between microbial colonization of disc and

the endplate changes.

4.1 | Gut-disc axis

A comparative study showed that microbial colonization in patients
with healthy IVD differed from those with degenerative IVD and her-
niated IVD.? This study also showed the presence of 58 overlapping
bacterial species between IVDs and gut, and 29 overlapping bacterial

species between IVDs and skin using 16S rRNA sequencing. This

Forest plot for pooled proportion of bacterial microbiome in patients with versus without endplate change. OR and Cl indicate

bacterial landscape suggests that the IVD microbiome may have an
interplay with the gut microbiome; the hypothesis is that the gut
microbiome infiltrates the IVD environment and plays an important
role in the development of IDD. The theory that microbiome dysbiosis
may be a key cause of inflammation and IDD requires future valida-
tion in adequately powered, prospective registries/studies.

A recent review by Li et al. (2022) listed three potential mecha-
nisms for the establishment of the gut-disc axis®%:

1. The translocation of bacteria through the gut epithelial barrier
into IVDs.

2. Bacterial regulatory action of the mucosal and systemic immune
system.

3. Regulation of nutrient absorption and metabolite formation at the

gut epithelium level.

4.2 | Contamination/colonization or Infection

The human microbiome has been considered an important component
in regulating human health and disease states. 16S rRNA sequencing
is the most widely used technique for analysis of microbiome diversity
and can be used to characterize microbiota from patients with VD
disease. Previously published reviews strongly suggest that micro-
biome dysbiosis may play a role in the pathogenesis of IVD structural
failure and in regulation and management of spinal pain.2® Micro-
biome dysbiosis is an imbalance among different microbiota which

can be affected by various factors including medical interventions,
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diseases, diet, and the genetic makeup of the host. Dysbiosis disturbs
the IVD microorganisms' diversity by reducing the richness of bacte-
rial communities. Some published studies have hypothesized that con-
tamination could be one of the potential reasons for causing the
similar positive culture between disc material and skin flora.*8°7°8 In
order to reduce the false positive rate from possible sampling contam-
ination, samples should be obtained under strict sterile protocols and
quarantined into sampling areas prior to being processed in a high-
quality laboratory. In our review, we observed that the prevalence of
microbial colonization was altered depending on the source of sam-
ples. The pooled incidence of bacterial presence in the lumbar spine
was greater for the muscle and skin samples than the blood samples,
which was in turn higher than the IVD samples. These findings, which
demonstrate a higher rate of contaminant skin organisms for sampled
areas that are in close proximity to the skin, suggesting a degree of

confounding effect by sampling contamination.

43 |
and IDD

Relationship between microbial colonization

Although IDD is multifactorial, low virulence or anaerobic bacteria
may be cofactors in uncontrolled low-grade inflammation in IDD.**?
The mechano-immunological and infectious pathways that lead to
IDD all theoretically accelerate tissue damage in the disc. Previous
published systematic reviews and observational studies suggest a
higher prevalence of low virulence organisms in patients with disc dis-
ease.%13505% However, the currently available evidence supporting
the potential association between low virulence organisms and IDD is
inadequate. The lack of control groups in eligible studies makes it
challenging to draw conclusions on the association between low viru-

lence organisms and IDD from this meta-analysis.

44 | Relationship between microbial colonization
and endplate change

Endplate change as a common finding in patients with IDD was first
classified by Modic in 1988 based on the signal change in MRI
scans.®® The change has a high specificity for IDD, discogenic LBP,
and sciatica. Previous studies provided evidence to support the pres-
ence of inflammation in association with mechanical insults as contrib-
utors to the development of endplate change.! Interestingly, at
present only a few studies have demonstrated a significant relation-
ship between low virulence organisms and the presence of endplate
change.*®>® However, the influence of microbial colonization on end-
plate changes remains undocumented. Our meta-analysis and system-
atic review for the first time report a significant association between
microbial colonization of disc and endplate change, which is in favor
of a causative hypothesis.*®>34? Our meta-analysis also provides evi-
dence that Cutibacterium acnes is the primary pathogen in the disc of
patients with lumbar disc herniation or/and lumbar disc degeneration,

which corroborates with published evidence in the field.*>¢2

JOR SPin1 s ek

Although an association between microbial colonization of disc
and endplate change was found in our study, there is still ambiguity
on the association between microbial colonization of disc and differ-
ent classifications of endplate change. The wide variation in the classi-
fication of endplate change, insufficient data on definition of
contamination, and differing sample sources between different stud-
ies make the endeavor of drawing conclusions from this meta-analysis
and systematic review a difficult one. The findings of this meta-
analysis and systematic review should be interpreted with some per-
spective as there was a relatively small sample size of available stud-
ies. Future RCTs with a large number of participants are warranted to
investigate the role of microbiome dysbiosis in the pathogenesis of
symptomatic IDD and endplate change.

4.5 | Microbial colonization and clinical outcome
In theory, microbiome dysbiosis and host responses to the microbiota
could cause pathological bone development and involution, which
may lead to IDD/endplate changes and LBP. The invasion of low viru-
lence organisms into the IVDs dysregulates the local inflammatory
response, which stimulates the secretion of inflammatory cytokines,
and induces proinflammatory phenotypes of immune cells. Due to
increased innervation of the degenerative IVDs, these cascade
responses lead to pain amplification and the transmission of pain sig-
nals to peripheral afferent nerve fibers located in the dorsal root gang-
lia (DRG) and brain.?®

In this study, we did not find a linear correlation between micro-
bial colonization, LBP, and disability. One potential reason is that the
studies we captured omitted patients who did not have clinical data
on back pain available, therefore reducing our available sample size
for analysis. Furthermore, a complementary review will be conducted

a systematic review of the use of antibiotics for LBP.

4.6 | Limitations

Several methodological issues should be considered. First, the lack of
RCTs may have reduced the statistical robustness. Second, due to
lacking the benefit of randomization for the comparisons of trial-level
characteristics, a meta-analysis of proportions only describes the
observational rates across trials which cannot provide evidence for
supporting the causal interpretation of findings. Third, variations in
techniques used to identify microbes are a significant limitation of
microbiome research in the field of LBP. Microbial cultures only pro-
vide quantitative results and do not provide functional annotations.
Targeted 16s amplicon sequencing, on the other hand, would identify
the bacterial load of the specific gene only as opposed to shotgun
metagenomics which qualities all bacterial species. Therefore, it is
unjust to compare all these methodologies on the same scale. This
study design heterogeneity may have affected the type of low viru-
lence organisms detected and their absolute quantity. Also, high-end

imaging techniques should be supplemented with future studies for
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validating the presence of specific bacterial types in a sample. Fourth,
there is heterogeneity in the eligible studies due to wide variation in
the definition of sampling contamination. Fifth, pharmacological ther-
apy as a trial treatment for low virulence organisms would be prefera-
ble for future research. Finally, there is a lack of a standardized
structured protocol to conduct the sample collection, storage, deliv-
ery, and testing in included studies. Guidelines for collecting and mea-
suring different samples and better standardization of the definition

of contamination are needed.

5 | CONCLUSION

This study demonstrates the prevalence of microbial colonization in
different tissue and blood samples in patients with disc structural
failure. There seems to be a significant association between microbial
colonization of disc and endplate changes. Currently, there is insuffi-
cient evidence to implicate low virulence organisms as a cause of IDD,
LBP, and disability. Standardizing sample collection, standardizing
testing methods, and having a consensus on the definition of sampling
contamination, with consistent reporting of multicenter registry stud-

ies will allow more meaningful analysis in the future.
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APPENDIX A

Tables A1 and A2
TABLE A1 Search strategy

1. low back pain OR back pain OR lumbago OR back ache OR spinal stenosis OR canal stenosis OR lumbar stenosis OR lateral stenosis OR foramina
stenosis OR neurogenic claudication OR radicular pain OR radiculopathy OR radicular pain OR spondylolisthesis OR spondylosis OR sciatica OR
intervertebral disc displacement OR referred pain OR spinal nerve roots OR neurologic signs OR radiate pain OR radiate symptoms OR paresthesia
OR numbness OR neck pain OR cervical pain OR neck ach OR neck disability OR disc degeneration OR Modic changes OR endplate changes

2. bacterial infection OR Propionibacterium acnes OR pathophysiology OR antibiotics OR antibiotics OR cefazolin OR archaea OR fungi OR protists
OR algae OR microbiome OR microbiota OR bacteriome OR archaeoma OR mycobiome OR virome

3. 1and 2

Filter: Human, English, Clinical study

TABLE A2 Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach for rating the quality of estimates of
treatment effect

GRADE assessment

Ratings

High quality (d®®®)—We are very confident that the true effect lies close to that of the estimate of the effect

Moderate quality (B®®O)—We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but
there is a possibility that it is substantially different

Low quality (@0O0)—Our confidence in the effect estimates is limited: The true effect may be substantially different from the estimate of the effect

Very low quality (§OO0)—We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the
estimate of effect

Down rating
e The quality rating may be rated down by —1 (serious concern) or — 2 (very serious concern) for the following reasons
o Risk of bias (such as failure to conceal random allocation or blind participants in randomized controlled trials or failure to adequately control for
confounding in observational studies)
o Inconsistency (such as heterogeneity of estimates of effects across trials)
o Indirectness (such as surrogate outcomes, study populations or interventions that differ from those of interest, or intransitivity)
o Imprecision (for example, 95% confidence intervals are wide and include or are close to null effect)
o Publication bias

Up rating
e Rating up is typically applied only to observational studies; the most common reason is for a large or very large effect seen over a short period of
time and altering a clear downward trajectory

Note: In the GRADE approach, RCTs start as high quality evidence and cohort studies as low quality evidence.
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FIGURE A1 Forest plot for disc infection prevalence in patients with versus without intervertebral disc degeneration. Subgroup analysis
based on different location of spine. OR and Cl indicate odd ratio and confidence interval, respectively. ELISA, enzyme-linked immunosorbent

assay
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FIGURE A2 Forest plot of disc infection prevalence in patients with type | Modic change versus without endplate change. Subgroup analysis

based on different location of spine. OR and Cl indicate odd ratio and confidence interval, respectively.
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Forest plot for pooled proportion of infected discs having evidence of Propionibacterium acnes in lumbar spine. ES and ClI
indicate effect size and confidence interval, respectively.
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