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ABSTRACT
Background and Objectives: Recent studies have hypothesized that sterile disc infection with the anaerobic Propionibacterium acnes, recently renamed Cutibacterium acnes, occurs in people with intervertebral disc (IVD) herniation. This study
aimed to examine the presence of P. acnes in patients who have Low back pain (LBP) with Modic changes observed in their
Magnetic Resonance Imaging (MRI).
Materials and Methods: Thirty-seven patients who were candidates for surgery due to disc herniation and demonstrated
Modic changes in MRI were included in the study. Before the surgery, the level of pain in patients was assessed using the
visual analog score (VAS). All patients were asked to fill in the Oswestry Low Back Pain Disability Questionnaire. Intervertebral disc changes observed in MRI were recorded for all patients. Then, during surgery, sterile intervertebral disc samples
were taken. P. acnes detection was performed using PCR in the laboratory. Data analysis with Chi-squared test, independent
samples t-test, and Mann-Whitney U test in SPSS 18.0.
Results: The mean age of 37 patients equaled 43.64 years and the mean duration of symptoms was 11.05 months. In molecular examination, of the 37 individuals, the genome of P. acnes was positive in 23 cases (62.2%) and negative in 14 (37.8%).
The relationship between VAS, disability score, changes in MRI, and patients’ age with the positivity of the intervertebral
disc sample was also assessed. Of these variables, only age was significantly correlated with the positive molecular finding,
such that with an increase in age, the probability of positive findings was increased (p = 0.022).
Conclusion: Based on the results, lumbar disc infection with P. acnes may play a significant role in causing Modic changes
and the progression of the disease in patients with LBP.
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INTRODUCTION
During the past decades, low back pain (LBP) has
been one of the leading causes of disease burden in
developed and developing countries. LBP is widespread and the most debilitating factor in the workplace. LBP places a significant economic burden on
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governments, especially in terms of health system
costs, lost working days, reduced productivity, and
increased disability (1). LBP is a highly prevalent
disease, that 50-80% of adults experience at some
point in their life. It is believed that adults at working
age are the most vulnerable group of LBP (2). Modic
changes (MC) are in fact the edema of intervertebral
disc (IVD) which is observed frequently in people
with LBP. Therefore, they may play a key role in LBP
pathogenesis (3, 4). MC is visible only in Magnetic
Resonance Imaging (MRI) (5). Two pathologies have
been introduced for MC, including mechanical and
infectious causes. In mechanical cause, the degeneration of IVD causes the loss of the soft nuclear material, and reduces the height of the disc, eventually
causing hydrostatic pressure. These changes impose
a heavy pressure on the endplates, thereby causing
the formation of microfractures. MC may be due to
an edema which is secondary to fractures and the
resulting inflammation, or due to an inflammation
caused by the release of cytokines from the nucleus
pulpous in the matrix of fracture (6). In the second
group of patients, infections occur during surgeries
in which the central part of the disc is removed in a
completely sterilized manner, the growth of anaerobic Propionibacterium acnes (renamed as Cutibacterium acnes) and Corynebacterium propinquum has
been observed in 53% of the samples (7). P. acnes is
a Gram-positive aero tolerant, anaerobic bacillus that
produces propionic acid as a metabolic byproduct. It
is ubiquitous in sebaceous glands of human beings,
and derives energy from fatty acids found in sebum
(8). P. acnes is frequently found in hair follicles on
the surface of the skin and in the oral cavity. This
bacterium often enters the blood flow while brushing
the teeth, but cannot threaten health due to the aerobic medium of the blood (9, 10). Macrophages are
shown to be the most important immune factors in
the process of absorption of herniated discs. Numerous studies using immunohistochemistry have found
the presence of macrophages in herniated IVD tissue samples. These cells have the ability to actively
phagocytize herniated tissue and process it in their
lysosomes, which are full of collagen-degrading enzymes (11).
Since the central part of the disc is an appropriate
anaerobic environment for the growth of this bacterium, it is probable that bacteria with a low virulence
would gradually enter the IVD and cause infection (4).
Some studies have shown that patients with herniat-
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ed IVD and MC positively respond to antibiotics (12).
The mentioned factors all fortify the hypothesis of
the presence of infection for causing MC. The present study examined the presence of P. acnes in people who have LBP and MC observed in their MRI.
The main goal of this study was to investigate DNA
of P. acnes in the biopsy sample of IVD with MC in
patients undergoing herniated disc surgery.

MATERIALS AND METHODS
Study design. This cross-sectional study examined the role of bacterial agents in causing lumbar
disc herniation. It was conducted on 37 patients visiting Imam Reza Hospital in Tehran from January to
July in 2017, who were diagnosed with herniated disc
and underwent surgery. Exclusion criteria included:
history of any vertebral surgery, history of trauma or
fractures in the vertebral column, history of infection in the vertebral column, diseases reducing the
immune system, rheumatological diseases, diabetes
mellitus, consumption of antibiotics in the past 60
days, and the age of <22 and >75 years.
Collection of biopsies. Specimens were collected
in the operating room by the surgeon under sterile
conditions. Specimens were immediately transferred
to tubes containing the thioglycolate broth culture
medium and sent to the laboratory.
Molecular identification of Propionibacterium
acnes by PCR. The culture tubes were incubated at
37°C for 14 days, and then centrifuged at 2000 rpm
for 3 min. The supernatant was transferred into a new
tube, and DNA was extracted using the DNA extraction kit (DNA، EZ-10 Spin column genomic DNA
minipreps, Bio Basic, Canada) based on the manufacturer guidelines. The extracted genomic DNA
was qualitatively and quantitatively analyzed using
electrophoresis agarose gel and spectrophotometry.
To perform PCR, the primers and method proposed
by Albert et al. (13) and Sfanos and Isaacs (14) were
used. For this purpose, P. acnes 16S rDNA specific
primers including PA-1 (5'-GGCACACCCATCTCTGAGCAC) and PA-2 (5'-GGGTTGTAAACCGCTTTCGCTG) were used to amplify a 600 bp
fragment (15).
PCR reaction contained 2.5 µl of 10× PCR buffer
(10 mM Tris HCl pH 8.3, 3.5 mM MgCl2, 25 mM
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KCl), 0.5 µl of 10 µM PA-Fʹ primer, 0.5 µl of 10 µM
PA-R primer, 0.2 µl of dNTPs (10 mM of each), 1 µl
of Taq DNA polymerase (1U/µl), 19.8 µl of sterilized
distilled water and 2 µl of the template DNA was
prepared. The DNA extracted from P. acnes ATCC
6919 (Pasteur Institute of Iran) was used as positive
control, while the addition of distilled water instead
of the model DNA was used as negative control. The
following thermal program was adopted for the PCR
reaction: Initial denaturation at 94°C for 4 min, 35 cycles including denaturation at 94°C for 30s, annealing
at 54°C for 30s, extension at 72°C for 1 min and the
final extension at 72°C for 4 min. The 2% agarose gel
containing 1 µg/ml of ethidium bromide in the TAE
(40 mM Tris, 1 mM EDTA, 0.1% (v/v) glacial acetic)
buffer and 10 V voltage were used for electrophoresis
of PCR products as well as the 100 bp DNA marker.
Statistical analysis. The quantitative data were
analyzed using descriptive and inferential statistics.
In descriptive statistics, quantitative data (mean, SD,
minimum, maximum, first quartile, median, and third
quartile) are reported, and qualitative data are reported in terms of number and percent. Chi-squared test,
independent samples t-test, and Mann-Whitney U
test in SPSS 18.0 were employed to determine the relationship between variables. The significance level
was considered p<0.05 for all statistical tests.
Ethical considerations. The study was approved
by the Vice Chancellor for Research, Aja University
of Medical Sciences no:92/93/52. To observe ethical
considerations, the method of the study was fully explained to the participants at the outset, and written
informed consent for participation was obtained from
them.

was 48 with the median of 60 and the inter-quartile
range of 56-64. Assessment of patients using MRI
revealed that all of them had MC. MRI findings in
terms of disc hernia were classified in three groups:
bulging, extrusion, and protrusion. Accordingly, 20
patients (54.1%) had IVD protrusion, 13 (35.1%) had
extrusion, and four (10.8%) only had disc changes
in the form of bulging. In PCR molecular examination, of the 37 individuals, the genome of P. acnes
was positive in 23 cases (62.2%) and negative in 14
(37.8%). Patients in whose disc sample the genome
of P. acnes was observed had a higher mean age
(46.34 years with the SD of 8.09). On the other hand,
patients with negative samples had a mean age of
39.21 years with the SD of 9.72, and this difference
was significant based on independent samples t-test
(p = 0.022).
Based on the chi-squared test, no relationship was
found between MRI findings and the results of molecular examination of biopsy samples (p = 0.694)
(Table 1). Comparison of VAS and the level of disability based on the Oswestry Low Back Pain Disability Questionnaire tested by Mann-Whitney U
test showed no significant difference between patients with positive and negative findings (p = 0.115,
p = 0.448, respectively), only there was a significant
difference between the age of patients with positive PCR and negative PCR findings (p = 0.0221)
(Table 2).
Table 1. MRI findings in groups with positive and negative
PCR
Positive PCR Negative PCR
MRI findings
Protrusion
Extrusion
Bulging

RESULTS
In this study, 37 patients who had undergone surgery in Imam Reza Hospital due to lumbar disc herniation were included. Mean age of participants was
43.64 years with the SD of 9.31 years. The youngest patient was 25 years old, while the oldest was
60 years old. Mean duration of symptoms was 11.05
months with the SD of 5.84 months. Prior to the surgery, the median of the VAS score was 7 with the
inter-quartile range of 6.5-8. Based on the results,
the highest level of disability was 68 and the lowest
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13 (56.5%)
7 (30.4%)
3 (13.0%)

p-value
0.694

7 (50.0%)
6 (42.9%)
1 (7.1%)

Table 2. Comparison of age, VAS score, and disability score
between patients with positive and negative PCR
Positive PCR
Age (mean)
46.34 ± 8.09
VAS (median) 7 (7-8)
Disability score 60 (50-64)
(median)

Negative PCR
39.21 ± 9.75
7 (6-8)
61 (58-64)

p-value
0.0221
0.1152
0.4482

Computed by independent samples t-test
Computed by Mann-Whitney U test
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DISCUSSION
In this study, 37 patients who had undergone surgery in Imam Reza Hospital due to lumbar disc herniation were examined. In the sterile conditions of
the operating room, samples of IVD were prepared
and examined in terms of the presence of the bacterium. In 62.2% of the samples, the genome of P. acnes
was present. The relationship between variables and
the PCR results were also investigated; only age was
positively correlated with positive PCR.
Similar to the present study, many other studies
have been conducted in recent years, most of which
reporting similar results (7, 12, 16-18). Wedderkopp
et al. reported that 8.3% of the biopsy samples (from
24 samples) showed bacterial growth (19). Based on
the results reported by Agarwal et al. positive culture
after discectomy was identified in 10 cases, i.e. 19.2%
of patients. P. acnes was isolated from 7 (13.5%) patients, and a mixed microflora (Streptococcus and
Staphylococcus) was identified (16).
According to Albert et al. 46% of the 61 patients
with lumbar disc herniation, the microorganism existed in the extruded nuclear tissue. The cultured microorganism was mostly the anaerobic P. acnes. The
findings of this study may confirm the theory that the
incidence of type I MC in vertebrae adjacent to the
previously herniated disc may occur around the edema of an infected disc (13). In a study by Arndt et al.
patients with disc degeneration were studied. About
half of the samples, the result of microbiological tests
were positive. In this study, various bacteria grew in
the prepared samples, with the most prevalent being
P. acnes (18% of cases), and the rest were coagulase-negative staphylococcus or Gram-negative bacilli. In 33% of the positive samples, inflammatory
multinucleate cells were observed, which can confirm an underlying inflammatory trend in patients
with positive results (20).
In another study, the researchers believed that the
results of other studies may be due to contamination,
emphasizing that their samples were prepared in
carefully sterilized conditions. Of the 120 samples
collected, 116 samples were sterilized and only in 4
cases coagulase-negative staphylococcus grew, indicating the contamination of the samples. Results of
this study cast doubts on the role of bacteria such as
P. acnes in creating MC and infection of the lumbar
disc by this bacterium (21). Of course, the results of
the present study and those of others reporting that
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only P. acnes was found may be evidence rejecting
the samples contamination as a source for positive
culture.
To confirm contamination as a source for P. acnes
in lumbar disc, some researchers went even farther
and claimed with more evidence that the presence of
P. acnes is solely due to contamination of the samples. In the study by Carricajo et al. on 54 patients
with herniated disc, only in three cases P. acnes was
positive in culture. In this study, to examine other
sources of contamination with P. acnes, the samples
were simultaneously taken from the flavum ligaments, adjacent muscles, and the operating room air.
Of the three patients with positive lumbar disc culture, in two cases the culture of muscle and flavum
ligament samples was also positive (22). It must be
noted that, in 10 patients with negative lumbar disc
samples, the muscle and ligament cultures were positive. For all three patients with lumbar disc samples,
the operating room air control sample was positive,
but in one case for whom the disc biopsy was negative, the operating room air culture was still positive
for P. acnes.
Results reported by Aghazadeh et al. showed that,
from the 120 patients, 87 cases of MC were herniated disk, and in 36 cases the P. acnes was positive
(23). The results of a study conducted by Salehpour
et al. also is confirmatory to the present study. They
showed that, 60 (50%) samples were infected by different bacteria, of which 76.66% of infections were
related to the anaerobic bacterium P. acnes. He
stated that, the presence of P. acnes in lumbar disc
herniation is a one of the suspected elements leading to this disease (24). In another study, Zhou et al.
showed that 11 discs and 3 muscle samples were positive for P. acnes. As a result, it has been confirmed
that P. acnes growth in the muscle is related to contamination (25). Also, in a recent study by Javanshir
et al. it was shown that there is a positive relation
between P. acnes and Modic changes and presence
of P. acnes (26).

CONCLUSION
The present study showed that in over half of the
patients with IVD hernia and MC based on MRI, the
anaerobic P. acnes grows in the disc sample. The
presence of this bacterium and the inflammatory
condition resulting from its growth may be underly-
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ing causes for these changes.
In summary, the review of the literature shows that
contradictory results have been reported on IVD infection with P. acnes. Although no other organism
was evaluated in this study, it is suggested that future
studies more precisely examine contamination as a
source for P. acnes genome.
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