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Abstract. Intervertebral disc (IVD) degeneration caused 
by the latent infection of low-virulence anaerobic bacteria 
(LVAB) is a hot research topic. The present study analyzed 
and compared the positive rate of LVAB within IVDs of 
patients of different ages. IVD samples were intraoperatively 
retrieved from 176zpatients with disc herniation and subjected 
to microbiological culture. Subsequently, all the patients 
were classified into 3 groups based on their ages as follows: 
Group A (age <30 years), group B (age from 30 to 50 years) 
and group C (age >50 years) and the positive rates of LVAB 
were compared among the three groups. The severity of IVD 
degeneration was also assessed by measuring intervertebral 
height. Of the 176 cultured discs, 39 samples had bacterial 
growth, while 6 of them were suspiciously contaminated. 
Follwoing the exclusion of the 6 suspicious samples, 31 
samples were Propionibacterium acnes and 2 samples 
were coagulase-negative Staphylococci of the remaining 33 
samples, The bacterial positive rates were significantly higher 
in younger patients, with 34.4% (11/32), 25.5% (13/51) and 
10.3% (9/87) in group A, B and C, respectively. More impor-
tantly, the bacterial‑positive samples had a significantly lower 
disc height compared with the negative samples in groups A 
and B. Therefore, it can be reasonably concluded that younger 
patients have a much higher prevalence of LVAB infection in 
herniated IVDs and a greater severity of IVD degeneration 
when infected by bacteria. The LVAB may have a strong asso-
ciation with IVD degeneration, particularly in young patients.

Introduction

Intervertebral disc (IVD) degeneration is the initiation of a 
series of spinal diseases, such as disc herniation, degenerative 
spondylolisthesis and spinal stenosis and is associated with 
a number of symptoms, such as lower back pain, neck pain 
or sciatica (1). A number of factors contribute to the patho-
logical process of IVD degeneration, such as age, trauma and 
over-load stress (1,2). However, there is still no exact etiology 
to explain the process of IVD degeneration.

The peak incidence of disc degeneration occurs among 
middle-aged or older patients; however, a recent epidemiolog-
ical study demonstrated that an increasing number of young 
patients (age, <45 years) also suffer from disc degeneration or 
disc herniation (3). However, the reasons for disc degenera-
tion or herniation in young patients remain unclear. Therefore, 
this poses a challenge for all spinal surgeons and researchers 
worldwide.

Apart from mechanical factors or age, accumulating 
evidence has indicated that low-virulence anaerobic bacteria 
(LVAB) are a new pathogen involved in IVD degeneration. The 
study by Stirling et al (4) first reported that the prevalence of 
Propionibacterium acnes (P. acnes) was as high as 53% in the 
herniated IVDs of patients. Furthermore, a systematic review 
concluded that LVAB played a critical role in disc herniation 
with lower back pain and that bacterial presence was related to 
Modic changes associated with disc herniation (5). In addition, 
animal studies have confirmed that the inoculation of P. acnes 
causes or deteriorates the degeneration of IVDs in rats or 
rabbits (6,7). Therefore, the pathological role of LVAB in IVD 
degeneration or herniation warrants further attention.

In this study, the prevalence of LVAB in herniated IVDs 
was first analyzed. The present study hypothesized that latent 
infection with LVAB may be a critical risk factor for disc 
degeneration in young patients. The present study proposes a 
new hypothesis regarding IVD degeneration in young patients 
and this may lead to the development of novel therapeutic 
strategies for IVD in the future.

Materials and methods

Patients. From January 2017 to January 2018, 176 consecutive 
patients with single level IVD herniation were enrolled in this 
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study. The patient characteristics are shown in Table I. All of 
these patients suffered from severe lower back pain and/or 
sciatica for several months and conservative treatment was 
non-effective for all of them. IVD samples were collected and 
analyzed when the patients underwent discectomy or discec-
tomy combined with instrumented posterior lumbar fusion. 
The collection of samples was authorized by the Committee 
on Ethics and the Institutional Review Board of Soochow 
University and each patient signed written informed consent 
forms.

Among the collected IVD samples, 33 were the level of 
L3-L4, 95 were L4-L5 and 48 were L5-S1. None of the patients 
had a history of antibiotics administration one month prior to 
the surgery and none had any clinical or biological signs of 
infection.

Preoperative imaging evaluation. To evaluate the severity of 
IVD degeneration, intervertebral height was measured using 
the protocol reported by Frobin et al (8) and Zhou et al (9). In 
brief, lateral X‑ray films in the standing position were obtained 
prior to surgery. Subsequently, a line connecting the midpoint 
of ventral margin and dorsal margin of the vertebrae was 
drawn. The line was defined as the midplane. An angle 
between two adjacent vertebrae was measured between their 
midplanes. The ventral height of a lumbar disc was then calcu-
lated as the sum of the perpendicular distances of the corner of 
the cranial vertebra and the corner of the caudal vertebra from 
the bisectrix between the two midplanes. To obtain a more 
accurate intervertebral height which is independent of the 
angle of lumbar lordosis, a correction was applied to convert 
disc height measured in arbitrary angles to height at standard 
angles according to the method proposed by Frobin et al (8).

Intraoperative samples. According to the protocol of the 
Institutional Review Board, all patients had to receive a 
single dose of 2 g cefazolin for prophylactic antibiotic treat-
ment during surgery. To avoid possible contamination during 
tissue harvest, the incision was disinfected at least twice with 
povidone iodine. Only fresh instruments were then used for 
the handling of the samples. The harvested IVD samples were 
rapidly stored in sterilized tubes and transported to the labora-
tory of bacteriology. Finally, as contamination markers, some 
muscle and ligaments surrounded the IVDs were collected at 
the same time during surgery.

Microbiological culture. The collected samples were cultured 
under a class II laminar flow safety cabinet at the laboratory 
of bacteriology in The First Affiliated Hospital of Soochow 
University. Briefly, the harvested IVD samples were dissected 
into 5 sections and 3 of these were split and embedded into the 
plates, while the remaining 2 segments were placed into broth. 
The three segments were embedded into MacConkey agar 
plates for aerobic culture, chocolate agar plates in 5% CO2 and 
horse blood agar plates for aerobic incubation, respectively. 
All plates were incubated for at least 14 days at 37˚C and the 
results were examined on the 7th and 14th day.

The broth used in this study was cooked meat medium 
broth. One segment was first enriched for 48 h at 37˚C and 
then transferred to horse blood agar plates for anaerobic 
incubation and then onto chocolate agar plates in 5% CO2 

at 37˚C for 7 days, respectively. The other segment was 
cultured in broth for 7 days and then anaerobically cultured 
on horse blood agar plates at 37˚C for 7 days and with choco-
late agar plates under 5% CO2 at 37˚C for 7 days. If there 
was any bacterial growth in the broth or plates, the bacteria 
were collected and identified with the 16S rDNA method 
according to the previously described technique (9). The 
method of culturing the control samples was the same as 
described for the culture of IVDs.

Statistical analysis. SPSS 22.0 software (IBM Corp.) was 
used for statistical analysis of data. The continuous data are 
expressed as the mean ± standard deviation. When there were 
two groups, an unpaired two-sided Student's t-test was used for 
analysis. In addition, for the analysis of categorical variables, 
the Chi-Square test was conducted. P<0.05 was considered to 
indciate a statistically significant difference. Each experiment 
was carried out with 3 independent repeats.

Results

Microbiological culture results of disc samples. A total of 
176 IVD samples were harvested for microbiological culture 
and 39 disc samples (39/176, 22.1%) yielded positive results. 
Among the 39 cases, 6 were considered as possible contami-
nation due to fact that the contamination markers of muscle 
and ligaments were positive for bacteria at the same time 
and they were excluded in the ensuing analysis (details in 
Supplementary Table SI). The remaining 33 samples (33/176, 
18.7%) exhibited bacterial growth only in the discs and they 
were considered to be bacteria-positive samples. Out of the 33 
samples, P. acnes was detected in 31 samples (31/176, 17.6%) 
and coagulase-negative Staphylococcus (CNS) was found in 2 
samples (2/176, 1.1%).

With the further analysis of the epidemiological data, a 
significant difference was demonstrated in the age between the 
patients with or without bacteria in IVDs (P=0.001; Table I). 
However, no significant difference was observed in sex, 
smoking status, diabetes and the levels of discs between the 
positive and negative patients (Table I).

Higher proportion of bacterial infection in younger patients. 
Due the statistically significant difference in age, all patients 
(excluding the 6 suspicious cases) were further divided into 
three subgroups based on age for analysis as follows: Group 
A (age, <30 years), group B (age, 30 to 50 years) and group 
C (age, >50 years). In group A, 10 patients had IVDs infected 
by P. acnes and one sample infected by CNS. In group B, 12 
IVDs were infected by P. acnes and one IVD was infected by 
CNS. For group C, P. acnes was found in all of the 9 samples. 
The proportion of LVAB infection in each group was 34.4% 
(11/32), 25.5% (13/51) and 10.3% (9/87), respectively and there 
was a statistically significant difference between the three 
groups (P=0.005; Table II). The rates of bacterial infection 
were significantly increased in the IVDs of younger patients. 
The distribution of bacterial-positive and bacterial-negative 
subjects by age is demonstrated in Fig. SI.

Infection of bacteria with more severe disc degeneration. The 
disc height was compared between the bacterial-positive and 
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bacterial-negative samples. As depicted in Fig. 1, the positive 
samples had a significantly lower disc height than that of the 

bacterial-negative samples (P=0.022). When comparing the 
disc height in each group, the disc height was significantly 
lower in the bacterial-positive samples than that of the negative 
samples in groups A and B, while there was no statistically 
significant difference in group C (P=0.003 and P=0.023, 
respectively; Fig. 2). This suggested that low virulence bacte-
rial infection may play a critical role in the IVD degeneration 
of young patients.

Discussion

There is increasing evidence to suggest that LVAB may be 
a novel etiological factor for a series of spinal diseases and 
contributes to plenty of symptoms, such as sciatica, neck pain 
and back pain (10). In this study, it was reported that 22.1% 
patients had LVAB in the IVDs, which was in the range of 
8-53% according to a previous study (10). Contamination 
markers were also established during tissue harvest and 
culture following a previously published protocol (9); there-
fore, suspiciously contaminated cases were excluded in this 
study. Therefore, the prevalence of LVAB was 18.7% in herni-
ated IVDs after the exclusion of six suspicious cases.

Of note, in this study, it was revealed that the proportion 
of LVAB infection was much higher in younger patients. 

Table I. Patient and clinical characteristics association with bacterial presence.

Parameters n=170a Positive samples n=33a Bacteria-free samples n=137 P-value

Age  51.69±15.38 46.73±16.54 55.74±13.35 0.001
Male 92 21 71 0.221
Female  78 12 66 
Diabetes 43 9 34 0.770
Non-diabetic 127 24 103 
Smoker  69 17 52 0.154
Non-smoker 101 16 85 
Level of IVDs    
L3/4 31 8 23 0.144
L4/5 93 13 80 
L5/S1 46 12 34 

aA total of 6 cases of suspicious contamination were excluded. IVDs, intervertebral discs.

Table II. Proportion of bacterial infection in each group at different ages.

 Culture on discs
 ------------------------------------------------------------------------------------
 Positive culture  Bacteria free  Total P-value

Group A (Age <30) 11 (6.5%) 21 (12.4%)  32 0.005
Group B (30≤ Age ≤50) 13 (7.6%) 38 (22.4%) 51 
Group C (Age >50) 9 (5.3%) 78 (45.8%)  87 
Total 33a 137 170a

aA total of 6 cases of suspicious contamination were excluded. 

Figure 1. Comparison of intervertebral disc height between bacterial-positive 
samples and bacteria-free samples. When comparing the two groups, 
the bacterial-positive samples had a lower intervertebral height than the 
bacteria-free samples. A two-sided Student's t-test was conducted and the 
data are expressed as the mean ± standard deviation.
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Conventional viewpoints always considered that age and 
excessive load are the key factors that induce IVD degenera-
tion (2), however, it is hard to explain the degeneration of IVDs 
in young patients with these two factors. In this study, it was 
found that there was a significant difference in that young 
patients had a higher rate of bacterial infection in the IVDs, 
which highly suggested that the LVAB, particularly P. acnes, 
may be one of the critical factors for IVD degeneration in 
young patients, as previous studies have proven that P. acnes 
is a definite factor responsible for the deterioration of IVD 
degeneration (9,11,12). In addition, patients with bacterial 
infection had a higher severity of IVD degeneration than that 
of negative patients, further demonstrating that bacteria may 
deteriorate IVD degeneration.

A number of studies have suggested the P. acnes acceler-
ates the degeneration of IVDs. For example, Lin et al (11) 
and Zhou et al (9) demonstrated that the patients with 
P. acnes-positive IVDs had a lower intervertebral disc 
height, which proved that infection with P. acnes in IVDs 
is a novel risk factor that deteriorates disc degeneration. 
Moreover, the inoculation of P. acnes into the IVDs of rats 
or rabbits has been shown to cause severe disc degeneration 
when compared with the control samples (6,7). Thus, it can 
be reasonably concluded that P. acnes is a novel etiological 
factor for IVD degeneration.

Nevertheless, it is hard to explain why young patients 
had a higher prevalence of low-virulence anaerobic 
bacteria, particularly P. acnes, in IVDs. To date, there 
is still no theory or hypothesis to explain how P. acnes 
latently infects IVDs. Albert et al (13) hypothesized that the 
P. acnes enters the circulatory system via the breaking of 
the skin or mucous membranes and then invades the IVDs 
through the tear of the anulus fibrosus. However, the study 
by Li et al (12) did not support this hypothesis, as there was 
no bacterial growth in the degenerated IVDs following the 
injection of P. acnes into the veins of rabbits for several 
days. The present study therefore hypothesized that the 
IVDs harvested from younger patients may be relatively less 

degenerated than that from older patients, so the younger 
IVDs may provide a more suitable environment for the 
survival and reproduction of LVAB. Therefore, the rates of 
LVAB infection in IVDs may be higher in younger patients. 
In the future, further studies are required to explore the 
exact mechanisms involved.

However, several limitations still exist in this study. Firstly, 
the reason why young patients had a higher prevalence of 
P. acnes infection remains unclear. More evidence obtained 
from clinical or animal studies is required to solve this matter. 
In addition, the preoperative administration of antibiotics 
may reduce the bacterial positive rates in the IVDs under the 
protocol of the Institutional Ethics Board. Finally, a greater 
number of patients have to be analyzed in the future for a more 
accurate prevalence.

In conclusion, this study reported that the prevalence of 
LVAB was 18.7% in IVDs and younger patients had much 
higher positive rates of bacterial infection and a greater 
severity of IVD degeneration. Therefore, LVAB may play a 
crucial role in the pathophysiology of intervertebral disc 
herniation, particularly in younger patients.
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