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Abstract

Apart from the conventional factors, recent evidences have suggested that
lumbar disc herniation (LDH) is also associated with microbes, which is
completely ignored in the management of patients with disc prolapse and disc
degeneration. Therefore, the present study was carried out to identify the dif-
ferent microorganisms in subjects with LDH. Subjects (n = 101) who were
confirmed for LDH with Magnetic Resonance Imaging and undergoing lum-
bar discectomy, were recruited in this study. Standard protocols for disinfec-
tion of the skin and surgical instruments were adhered. Skin scrapings, mus-
cle biopsies and portion of the intervertebral disc were transferred into indi-
vidually labeled Robertson’s cooked meat enrichment broth for anaerobic
identification. Remaining portions of the excised disc material and muscle
biopsy were taken for aerobic identification. Anaerobic isolates were identified
using Gram stain and catalase test while the species identification was done
by RapID ANA II ID kit. Gram stain, catalase test, DNase test and coagulase
tests were used for identification of aerobic bacteria. Study confirmed 6/101
disc cultures (6%) with positive anaerobes and 12 disc cultures with coagulase
negative Staphylococci spp. Among the anaerobes, two disc cultures were identi-
fied as Propionibacterium acnes and one as Gemella morbillorum. Due to
slow growth, other three anaerobic cultures were not confirmed. However,
they resembled the colony morphology of Gram positive bacilli. None of the
control samples (skin and muscles) had any positive growth. The present
study adds to the literature confirming the role of microorganisms in LDH.
Present study newly identified Gemella morbillorum in the intervertebral tis-
sue in addition to the previously reported microorganisms associated with
LDH.
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1. Introduction

Although there are numerous determinants for lower back pain (LBP), lumbar
disc herniation (LDH) is regarded as the major contributing factor [1] [2]. LDH
and lumbar disc degeneration (LDHD) are multifaceted where age, gender, se-
vere mechanical as well as physical loading, trauma, obesity, strenuous sporting
activities, vibrations and smoking were attributed as the major contributing fac-
tors [1] [3] [4] [5].

Apart from the mentioned conventional factors, recent studies have suggested
that genetic polymorphism and microbes also play an important role in LDH.
Evidences further suggest that role of microbes has been completely ignored in
the management of patients with disc prolapse and disc degeneration. Studies
have proven that antibiotic protocol has been effective in management of lumbar
disc herniated patients [6]. According to the literature, it was believed that LBP as-
sociated with LDH arises not only due to neural compression resulting from
prolapsed disc, but also due to bacterial infection that occurs around the herniated
disc area [7] [8]. Recent studies have identified the presence of microorganisms in
association with LDH. Most of the studies have reported Propionibacterium acnes
(P. acnes) as the major organism isolated associated with LDH and LDHD [6]-[12].
All the above reported studies have isolated . acnes as the most predominant mi-
croorganism with the isolation range of 7% - 53%, and some studies have found
different strains of P. acnes as well [6]. It is stated that poor blood supply and low
oxygen tension around the intervertebral disc tissues favor the ideal growth con-
ditions for anaerobes such as P. acnes [13]. Cultivation, isolation and identifica-
tion of anaerobes from clinical specimens is a difficult task as brief exposure to
atmosphere during sampling procedure can reduce many anaerobic microor-
ganisms preventing them from proper identification [14]. Although the associa-
tion of microorganisms with LDH has been regarded as a paradigm shift, still
there is not enough data on clinical research regarding this novel finding. Further,
there is a lack of proper contamination controls during the culturing of in-
tervertebral disc tissues for detecting microorganisms. Thus, present study was
carried out to identify the presence of microorganisms in the disc tissue of pa-
tients with LDH and to differentiate them. Exceptionally, the study has used skin

scrapings and muscle biopsies as control specimens for the microbial cultivation.

2. Methods and Material
2.1. Study Design and Setting

Microbial analysis was carried out at the Medical Research Institute (MRI), Co-
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lombo, Sri Lanka. Patients were recruited from a hospital in the Colombo district,
Sri Lanka. Ethical approval was obtained from the Ethics Review Committee of
Faculty of Medical Sciences (No-29/14), University of Sri Jayewardenepura, Sri
Lanka and MRI Colombo, Sri Lanka (No-52/14). This study was conducted in
the period of May 2015 to January 2018. After explaining the study protocol, in-

formed written consent was obtained from all individual participants.

2.2. Study Population

The study involved 101 subjects who were admitted for lumbar discectomy from
a selected hospital in Sri Lanka. Subjects were confirmed for LDH by consultant
neurosurgeon and consultant radiologist with the aid of Magnetic Resonance
Image. Patients with previous history of fever, chronic or acute infec-
tions/inflammation during past two weeks and patients who have taken antibi-
otics treatments during last two weeks of recruitment were excluded from the

study.

2.3. Biopsy Collection

In order to prevent bacterial contamination of the skin, stringent aseptic proce-
dures were followed; this included cleaning the skin of the surgical field
pre-operatively two times with 70% (v/v) isopropyl alcohol and three times with
povidone iodine solution prior to skin incision.

Following skin disinfection, skin scrapings, portion of muscle biopsies and
surgically removed disc material were collected and transferred into individual
Robertson’s cooked meat enrichment broth (RCM) using sterile forceps for an-
aerobic studies. Other portion of the excised disc material and muscle sample

were collected into separate sterile containers for aerobic studies.

2.4. Aerobic Isolation

Disc and muscle samples were inoculated into blood agar, chocolate agar, and
MacConkey agar (Oxoid, UK). Blood agar and MacConkey agar plates were in-
cubated at 37°C for 48 hours while chocolate agar plates were incubated in can-
dle jar (5% - 10% CO,) at 37°C for 48 hours. Direct Gram stain was performed
for all three plates. In addition, a portion of disc sample and a muscle biopsy
were enriched using Brain heart infusion broth (BHI) for 24 hours. After 24
hours of incubation, enriched samples were sub cultured on blood agar, choco-
late agar and MacConkey agar and incubated further for 24 hours at 37°C. Blood
agar and MacConkey agar plates were incubated at 37°C, while chocolate agar
plates were kept in candle jar in 5% - 10% CO,. Muscle sample was used as the

control specimen.

2.5. Anaerobic Isolation

Disc samples in RCM enrichment broth were incubated for 48 hours at 37°C and
sub cultured further on blood agar, Bacteriods Bile Esculin agar (BBE) and Brucella
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Blood agar (BBA) (Oxoid, UK). They were incubated at 37°C anaerobically us-
ing anaerobic packs (Oxoid, UK). Anaerobic plates were read at day two and
seven. Cultures that were positive on anaerobic incubation were subjected to
aero tolerance test to confirm the presence of aerobes. The above said anaerobic
culture procedures were followed for the control samples (skin scrapings and
muscle biopsy) to rule out the possibility of contamination from skin bacteria.

Gram stain was performed on the isolates.

2.6. Aerotolerance Test

Growth observed under anaerobic conditions, was sub cultured on blood agar

plates and incubated at 37°C for 24 hours for aerotolerance test.

2.7. ldentification

1) Gram staining

Gram staining was performed for direct smears of muscle biopsy and disc bi-
opsy in aerobic isolation procedure and for positive cultures in both anaerobic
and aerobic isolations [15].

2) Biochemical tests

Catalase, coagulase and DNase tests were used to identify bacteria inanaerobic

and aerobic cultures [15].

2.8. Identification of Aerobes

Staphylococci spp identification was done by Gram staining, catalase, DNase and

tube coagulase test.

2.9. Identification of Anaerobes

After identifying the anaerobes with Gram stain and catalase test further identi-
fication of isolates was performed using RapID ANA II ID kit (remel, USA)
which is a commercially prepared microsystem, designed specifically for the
identification of medically important anaerobes. The RapID ANA II ID system
offers the advantages of four hours aerobic incubation and identification based
on enzymatic degradation of chromogenic substrates by preformed bacterial

enzymes.

3. Results

In the present study, 18/101 (18%) patients’ herniated disc material were positive
for the presence of either aerobic or anaerobic microorganisms, where 6/101
(6%) were positive for anaerobic microorganisms and 12% were positive for the
presence of coagulase negative Staphylococcus spp (CoNS) (Table 1).

In the identified CoNS, four were aerobes and eight were facultative anaer-
obes. Among the anaerobic cultures only three (n = 3) samples were identified
where two were P. acnes (2%) (Figure 1 and Figure 2) while the other was iden-

tified as Gemella morbillorum. Although three other cultures showed positive
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Table 1. Types of bacteria identified in herniated disc cultures.

Isolated species of Microorganism Herniated discs (n 101)
Propionibacterium acnes (anaerobes) 2
Gemella morbirllorum (anaerobes) 1
Not identified (anaerobes) 3
Coagulase negative Staphylococci spp 12

Figure 1. Blood agar culture plate of Propionibacteruim acnes.

Figure 2. Photomicrograph of Propionibacteruim acnes following Gram stain (x40).

growth for anaerobic isolations, they were not identified further, due to slow
growth of colonies, but they resembled the morphology of Gram positive bacilli
on Gram staining. However, none of the anaerobic positive herniated disc cul-
tures had positive anaerobic isolations in the control specimens (skin scrapings
and muscle biopsies) (Table 2). None of the muscle biopsies used as controls

had any positive growth for aerobic isolations as well.

4. Discussion

Chronic LBP associated with LDH is considered as the commonest cause for

work place absence in many countries. Although it was suggested that numerous
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Table 2. Comparison of anaerobic positive herniated disc cultures with the controls.

oT;::i:rfn Patient ID  Isolated microorganisms scrsatl;l;lgs l:fVIio 1;:;1; Heg;tlsted

Anaerobic Patient 1 Propionibacterium acnes - - +
Patient 2 Propionibacterium acnes - - +
Patient 3 Gemella morbirllorum - - +
Patient4 Not identified — Gram + bacilli - - +
Patient 5 Not identified - Gram + bacilli - - +
Patient 6 Not identified - Gram + bacilli - - +

(=): organisms absent, (+): organism present.

physical, mechanical, behavioral and environmental factors attributed to chronic
LBP associated with LDH, recent studies have revealed that microorganisms and
genetic factors play an important role in LDH.

This study finding adds to the literature on microbes in excised intervertebral
disc tissue following lumbar discectomy. Rollason et a/. have found 38% (24/64)
patients with P. acnes in herniated disc tissue, while they have identified 5/64
(8%) as CoNS. Our study finding also had both species but 12% of the discs were
positive for CoNS and only 2% of the disc samples had P. acnes. According to
Rollason et al. there were two patients with both 2. acnesand CoNS. But none of
our study samples had mixed colonies.

Similar to the present, study Rollason et al also had excluded patients who
had taken antibiotic treatments for past two weeks. In addition they have ex-
cluded patients with previous epidural injections or back surgery. However,
present study included 15 patients with repeated back surgery. However, a dif-
ferent study conducted revealed that 53% (10/19) with positive disc cultures had
not undergone pre-operative epidural injections, and seven subjects with nega-
tive tissue culture (n = 17) had previous epidural injections validating that
previous epidural injection is not a major source of bacterial infection at the in
tervertebral disc [8]. In the present study patients with previous epidural injec-
tions were not excluded as our aim was to identify the presence of microbes in
LDH.

To rule out the contamination Rollason et al have used five separate disc ma-
terial from each patient and CoNS was found only in one disc material (1/5)
confirming the presence of CoNS was not due to any contamination [6].
However in this present study muscle and skin biopsy were used as control to
rule out the contamination and none of them were positive for microbes.

Stirling et al. conducted a study on 36 patients who underwent microdiscec-
tomy and they found that 16 (44%) patients had P. acnes in the disc cultures af-
ter long term incubation (7 days and 21 days), while there were two patients
with positive disc cultures for CoNS and one disc culture was positive for the
presence of Corynebacterium propinquum [8]. However, in the present study

the incubation period was two and seven days. Hence three samples with slow
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growth were unable to be identified. Stirling et al concurrently recruited 14
control patients who suffered from other spinal disorders such as, scoliosis (n =
3), trauma (n = 3), myeloma (n = 2) and degenerative disc disease (n = 6) and
none of these disc cultures had positive cultures even after long term incubation.
Stirling et al. also cultured 11 disc tissues that were large enough directly on the
Blood agar plates (Oxoid, UK) without enrichment and 6/11 (55%) of these cul-
tures were positive for P. acnes.

Albert et al involved 61 patients who underwent primary surgery at a single
spinal level for lumbar disc herniation excluding the subjects who had received
any antibiotic treatments for two weeks; but this study also did not include sub-
jects with past history of back surgery, however, in our study among the 15 pa-
tients who underwent repeated lumbar disccetomy, only three patients (3/15)
were positive for the presence of microbes. Albert ef al have sub cultured the
evacuated disc material onto Columbia blood agar plates (Oxoid, UK) at 37°C
for seven days in aerobic and anaerobic conditions. After seven days the isolated
colonies were further sub cultured onto same agar media for 24 hours at 37°C. P.
acnes were identified following Analytical Profile Index (API) biochemical
analysis using the Rapid ID 32A kit (bioMerieux) and by Polymerase Chain Re-
action amplification of 16S rDNA. According Albert et al, disc culture study,
microorganisms were positive in28/61 patients, while 26 of them were positive
with anaerobic microorganisms. P. acnes (24/61) was the predominant anaero-
bic microorganism and only two patients were identified with CoNS (anaerobe)
(2/61). Further, four (4/61) patients had two microorganisms (one aerobic and
other anaerobic) isolated in single disc culture [7].

Some other studies have also reported similar findings of microorganisms in
herniated disc tissue following lumbar discectomy. Corscia et al have reported
that 71% of the study subjects (n = 30) presented with positive microbial cul-
tures; where 36% was CoNS and 18% was P. acnes [7]. Agarwal et al found that
10/52 (19%) subjects had positive microbial cultures for the excised disc after
single level microdiscectomy where P. acnes accounted for 13% [7] [10]. All the
above reported studies have isolated P. acnes as the most predominant microor-
ganism with the isolation range of 7% - 53%, whereas in this study CoNS was
isolated as the major bacteria with 12 % isolation rate. Isolation of P. acnes (2%)
in our study is low compared to other findings except Corscia et al Further, in
this study three Gram positive bacilli (3/101) resembled the colony appearance
of P. acnes, but could not be confirmed by the RapID ANA II identification kit.
The pure sub culture colonies did not show sufficient growth after 48 hours of
incubation (Recommended incusbation for the kit was 18 - 24 hour, but less
than 72 hours) to prepare the inoculum to achieve a visual turbidity equal to a #3
McFarland turbidity standard. According to kit manufacturer’s instructions
suspensions with significantly less turbid than #3 McFarland standard will result
in aberrant reactions. As such this could have contributed to low percentage of

P. acnes in the present study. Further, P. acnes needed extended length of incu-
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bation. However, the current study findings add to others findings [6] [7] [8]
with regard to isolation rate of CoNS (12 %) in extruded disc tissue; with only
exception to the study of Corscia et al, where the isolated CoNS was 36% [7]. A
study enrolled 80 patients with LDH and underwent discectomy identified 21
disc cultures with P. acnesand 5 disc cultures with CoNS [12].

Furthermore the present study identified Gemella morbillorum in herniated
disc tissue following lumbar discectomy [16] which highlighted as an important
finding to the existing; literature on microorganisms and LDH. Gemella morbil-
lorum is a Gram positive, anaerobic, non-motile, non-spore forming catalase
negative coccus which appears as commensal flora in female genital tract, intes-
tinal tract and upper respiratory tract. Tunniclifin 1917 first described it; and
was initially named as Streptococcus morbillorum and later transferred to the
present genus in 1988 according to DNA homology, physiological characteristics
and 16S RNA catalogue [17].

Although infections caused by Gemella morbillorum organism in central
nervous system are limited, there were few reported isolations in brain abscesses.
Even though there are several cases reported in relation to endocarditis and sep-
tic shock [18] [19] [20] [21] there had not been any reported studies on Gemella
morbillorum in relation to disc herniation, except for the case report by
Withanage et al [13]. However, Garcia-Borders, Luis et al has reported on
spontaneous pyogenic spondylodiscitis and epidural abscess in vertebral fracture
[22]. According to the literature, Gemella has been reported in patients with
pneumonia, sinusitis, gynaecological infections, septic arthritis and infections of
the eye [20].

Intervertebral disc tissue is a highly avascular tissue with low oxygen tension
and low pH. The blood supply and nutrition to intervertebral disc are via diffu-
sion through vertebral end plate [23] [24] [25]. In the present study the anaer-
obes were P. acnes (2/101) and Gemella morbillorum (1/101). Although the pre-
sent study identified 12 CoNS, four of them were aerobically harvested, while the
rest (8/12) was only isolated in anaerobic RCM enrichment, suggesting that these
microorganisms could be facultative anaerobic CoNS (8/12). Predominance of an-
aerobes in the disc cultures might be attributed to low oxygen and low pH which
provides the ideal growth conditions for anaerobes [7].

Query on intraoperative contamination could be excluded as all possible
standard precautions was taken in this study, including pre-operative skin disin-
fection, disinfection and sterilization of surgical instruments and specimen
transferring utensils in addition to strict sterile conditions during surgical inva-
sion. Similar skin disinfection procedures have been used in other studies as well
[7] [9] [26]. Studies have also stated that mixed cultures should be present if
there are any contaminations. But present study only yielded monocultures con-
firming the findings cannot be due to contaminations. Stirling e al has con-
ducted a study with similar skin disinfection procedures and showed that skin

contamination was zero in the control patients who underwent similar spinal
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procedure other than disc herniations [7] [8] [9] [10].

Further in this study skin scrapings and muscle biopsies were collected as
controls from the same site under strict sterile conditions. Culture of control
samples (muscle biopsy and skin scrapings) done concurrently with disc cultures
were negative, out ruling the possibilities of any contamination. However, skin
scrapings have not been considered as controls for aerobic bacteria due to prac-
tical limitations of cosmetic effect of the surgical scar. In the CoNS isolations
none of the muscle biopsies were positive for CoNS. This further confirms that
presence of bacteria in the intervertebral disc could not be due to contamina-

tions.

5. Limitations

RapID ANA II ID system uses a numerical approach. This is a probability
method for the identification as such; it cannot identify strains outside its exist-
ing database. Therefore isolates which fall outside the existing database and un-

knowns may incorrectly be assigned to the identification taxon.

6. Conclusion

Present study findings add to the reported studies on the role of microorganisms
in LDH, confirming that there could be a possible role of microorganisms in
LDH leading to symptoms of chronic lower back pain and inflammation. This
study newly identified Gemella morbillorum in the intervertebral tissue follow-
ing lumbar discectomy. In addition, this was the first study to use muscle biop-

sies and skin scrapings concurrently as control specimens.
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