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Abstract

Purpose The presence of Propionibacterium acnes in a substantial component of resected disc specimens obtained from
patients undergoing discectomy or microdiscectomy has led to the suggestion that this prominent human skin and oral com-
mensal may exacerbate the pathology of degenerative disc disease. This hypothesis, therefore, raises the exciting possibility
that antibiotics could play an important role in treating this debilitating condition. To date, however, little information about
antibiotic penetration into the intervertebral disc is available.

Methods Intervertebral disc tissue obtained from 54 microdiscectomy patients given prophylactic cefazolin (n =25), clinda-
mycin (n=17) or vancomycin (n=12) was assayed by high-performance liquid chromatography, with cefaclor as an internal
standard, to determine the concentration of antibiotic penetrating into the disc tissue.

Results Intervertebral disc tissues from patients receiving the positively charged antibiotic clindamycin contained a sig-
nificantly greater percentage of the antibacterial dose than the tissue from patients receiving negatively charged cefazolin
(P<0.0001) and vancomycin, which has a slight positive charge (P <0.0001).

Conclusion Positively charged antibiotics appear more appropriate for future studies investigating potential options for the
treatment of low-virulence disc infections.

Graphical abstract These slides can be retrieved under Electronic Supplementary Material.

Key points Take Home Messages
[cefazolin; degenerative disc disease; clindamycin; vancomycin; surgical . . . -
prophylasis] 1. DDD patients with a suboptimal clinical outcome shown to have P.

acnes infection might be offered a regimen that includes antibiotic
1. Propionibacterium acnes infection very likely exacerbates the pathology of treatment.

degenerative disc disease (DDD); an appropriate antibiotic therapy is needed.

2. Selection of an appropriate antibiotic must include consideration of
E) the agent’s charge, since positively charged antibiotics more readily
penetrate the intervertebral disc.

2. Intervertebral disc tissue from 54 patients given prophylactic cefazolin (25),
clindamyecin (17) or vancomycin (12) were assayed to determine the
concentration of antibiotic in the disc tissue

LA
s .
3. Positively charged clindamycin more readily penetrated the disc tissue than i / // 3. Novel treatment regimes may need to be developed to address both
negatively charged cefazolin. discs by p 8 ged antibiotics the P. acnes biofilm bacterial infection and the resulting inflammation
associated with degenerative disc disease.

JE, Solansky M, Zapletalova M, Alamin Capoor MN, Lod A, Schmitz JE, Solansky M, Zapletalova M, Alamin ca
@ N, Smrcka M, Wang JC, G R, Ruzicka F, Shamie AN, Smrcka M, Wang JC, I
i penetration by antibiotics used 4\ Springer Slaby by &) Springer 2018) penetration by &) Springer
y in my for the t standards and treatment - phylactically in spi sery: Implications for the current standards and treatment prophyl surgery: Implications for the current standards and treatment
of disc infections, Eur Spine J; of disc infections, Eur Spine J; of disc infections. Eur Spine J;.

Keywords Propionibacterium acnes - Cutibacterium acnes - Degenerative disc disease - Biofilm - Cefazolin -
Clindamycin - Vancomycin - Surgical prophylaxis

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s00586-018-5838-z) contains
supplementary material, which is available to authorized users.

Extended author information available on the last page of the article

@ Springer


http://orcid.org/0000-0002-0861-4993
http://crossmark.crossref.org/dialog/?doi=10.1007/s00586-018-5838-z&domain=pdf
https://doi.org/10.1007/s00586-018-5838-z

784

European Spine Journal (2019) 28:783-791

Introduction

Spine-related degeneration and symptomatology is a lead-
ing cause of disability worldwide, and efforts to prevent or
retard this degeneration would potentially have a signifi-
cant effect on the global population [1-3]. Well-described
explanations for disc degeneration include genetic predis-
position, biomechanical factors, changes of the disc archi-
tecture during the ageing process, trauma and exogenous
factors such as smoking. Many of these risk factors are
unfortunately not reversible, and treatment algorithms for
the prevention of disc degeneration would not be practical.
However, the identification of potentially reversible factors
that can affect the degenerative process may represent new
tangible treatment strategies [4].

Propionibacterium acnes (P. acnes) is a Gram-positive,
aerotolerant anaerobic species prevalent in the sebaceous
gland-rich areas of the human skin [5, 6]. As a ubiquitous
slow-growing organism with the capacity to form biofilm
under in vitro and in vivo conditions [7, 8], P. acnes has
been implicated in a number of opportunistic infections,
particularly delayed post-operative device-related infec-
tions [9]; these commonly include prosthetic shoulder joint
[10], cerebrovascular [11], breast [12] and cardiovascular
device implants [13].

In 2001, Stirling et al. [14] first published evidence
suggesting a relationship between chronic bacterial infec-
tion of the disc and sciatica. In 2015, two meta-analyses
reported a pooled prevalence of bacteria at 34% [15] and
36.2% [16], with P. acnes as the predominant species. Fur-
thermore, recent studies by Capoor et al. [17] and Ohrt-
Nissen et al. [18], utilizing fluorescence in situ hybridi-
zation coupled with confocal laser scanning microscopy
(FISH-CLSM), directly visualized P. acnes as biofilm
within surgically removed intervertebral disc tissue; such
findings are practically impossible to explain by contami-
nation as this would require the contaminant to form a
biofilm deep within a retrieved tissue fragment during the
brief time between exposure, removal and freezing.

In contrast, several studies have reported very little or
no P. acnes in samples from patients with lumbar disc
herniation, dismissing results where positive associations
were found as likely contamination from the patient’s
skin, surgical environment or the laboratory environment
[19-21]. In most of these studies, however, retrieved disc
material did not undergo a critical biofilm disassembly
step before enrichment culture, which is imperative to
maximize detection and reduce the possibility of a false-
negative result [17, 18]. This can be achieved by homog-
enization with a mortar and pestle or Stomacher® 80,
with the option of a short sonication step. The process
of disrupting P. acnes biofilm is a recognized approach
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to maximize the detection of P. acnes organisms associ-
ated with other infections, notably those associated with
prosthetic joints [22].

When evaluating ways to address the role of P. acnes
infection of the intervertebral disc and the subsequent
pathology, the use of appropriate antibiotics must be con-
sidered. In principle, this same approach also needs to be
applied to perioperative antibiotic prophylaxis. Administra-
tion of an antibiotic aims to protect not only against P. acnes
in the context of intervertebral disc surgery, but also against
other opportunistic pathogens that exist on and in the host
skin, and possibly within the anatomical region of interest
as well as the environment of the operating room. Walters
et al. [23] have indicated that, when identifying a particular
antibiotic to be used for treatment of the intervertebral disc,
several factors need to be taken into account in regard to
penetration of the disc and characteristics of the drug. Such
factors include molecular charge, degree of disc degenera-
tion and disc size. The intervertebral disc contains an exten-
sive extracellular matrix maintained by the nucleus pulposus
(NP) and annulus fibrosus cells, which together occupy less
than 0.5% of the tissue volume [24]. The major proteoglycan
of the intervertebral disc is aggrecan, which consists of a
core protein containing up to 100 covalently bound keratin
and chondroitin sulphate molecules. These highly negatively
charged glycosaminoglycans (GAGs) absorb water and con-
fer a viscoelastic behaviour to the tissue, in particular to the
highly hydrated NP [25].

The American Society of Health-System Pharmacists’
and the North American Spine Society’s guidelines regard-
ing surgical prophylaxis suggest the use of cefazolin, a
negatively charged antibiotic, for spinal procedures. How-
ever, clindamycin, vancomycin and gentamicin (positively
charged antibiotics) are common alternatives under specific
circumstances (such as an allergy against cephalosporins or
beta-lactams) and may also be used for surgical prophylaxis
[26, 27]. Cefazolin is the first-line prophylactic antibiotic
recommended for patients undergoing spinal surgery in the
USA. If a patient has an anaphylactic penicillin allergy or
is specifically allergic to cephalosporins, then clindamy-
cin is typically the second-line medication. Vancomycin
is reserved for methicillin-resistant Staphylococcus aureus
(MRSA) carriers, or suspected MRSA-infected patients, or
if the patient is also allergic to clindamycin. Gentamicin
is seen as primarily targeting Gram-negative entities and
is not generally used as a prophylactic antibiotic given its
relatively higher risk profile. Although vancomycin is an
excellent antibiotic, there is pressure to use it only when
absolutely necessary, in part to minimize the risk of resist-
ance development, but also in response to its higher risk
profile compared with cefazolin.

Since the internal components of the disc are nega-
tively charged, antibiotics such as cefazolin, which are
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also negatively charged, will have difficulty penetrating the
disc. Das et al. [28] have indicated the size of an antibiotic
molecule will also influence the ease of diffusion and that
molecules possessing molecular weights < 10 kDa should
be able to dissipate more quickly and reach a larger area of
the disc than bigger molecules. The concentration of such
small molecules (antibiotics such as cefazolin are ~ 0.5 kDa)
does, however, dissipate quickly, and the effects of the drug
may not be as prolonged once serum levels begin to drop
after a single administration [29]. Other characteristics of
an antibiotic that may influence its diffusion are its lipophi-
licity and hydrophilicity, as well as its degree of bonding
to plasma proteins. Other variables to note in this context
would be the rate of renal excretion at first pass and pos-
sibly the condition of the endplate and whether it is normal,
sclerotic or inflamed.

Against such a background, and to aid practitioners treat-
ing disc infections, this study details a much needed com-
parative analysis of intervertebral disc penetration by three
antibiotics used prophylactically in spine surgery.

Materials and methods
Biological samples

Disc material for this current project (n =54 patient) was
obtained from the previously described Capoor et al. [17]
and Capoor et al. [30] studies; this subset of disc material
had not been processed in these earlier studies and, there-
fore, remained available for analysis. These studies were
approved by the Institutional Review Boards of St. Anne’s
University Hospital (Brno, Czech Republic) and University
Hospital Brno (Brno, Czech Republic), and written informed
consent was obtained from each patient. Of the 54 patients,
25 were treated with cefazolin (2 g), 17 with clindamycin
(0.6 g), and 12 with vancomycin (1 g). Cefazolin was the
first-line antibiotic used for surgical prophylaxis. Patients
allergic to cephalosporins were given intravenous clindamy-
cin, and patients allergic to both cephalosporins and clinda-
mycin received vancomycin. Prophylactic antibiotics were
administered intravenously as a single dose prior to incision
(on average, slightly more than half an hour prior to skin
incision and under 1 h prior to excision of disc tissue).

Quantitative analysis of vancomycin, cefazolin
and clindamycin in disc tissue specimens

Frozen (— 80 °C) disc tissue specimens (50-100 mg) were
placed into a 2-ml Potter—Elvehjem tissue homogenizer
along with 250 pl of grinding buffer (25 mM KH,PO,, pH
3) containing cefaclor as an internal standard (final con-
centration of 10 ug/ml). The mixture was then processed

twice for 1 min at room temperature, and the resulting sus-
pensions sonicated for 10 min in a sonicator bath (Branson
5510) at room temperature. Samples were then centrifuged
at 16.000xg for 30 min at 4 °C. Supernatants were filtered
through Ultrafree-MC microcentrifuge filters (0.22 pm,
Sigma M9785) and transferred into vials for high-perfor-
mance liquid chromatography (HPLC) analysis. Detection
of antibiotics in samples was done as previously described
[29]. In brief, the HPLC analysis was performed on an Agi-
lent Technologies 1100 system with diode-array detection.
Chromatographic separation was performed on Ascentis®
Express C18 column (15 cm X 4.6 mm, 2.7 uM, Supelco)
through the binary gradient (phase A, 25 mM KH,PO,, pH
3; phase B, acetonitrile) at a flow rate of 0.9 ml/min and
detected at 204 (clindamycin) and 270 nm (vancomycin,
cefaclor and cefazolin).

Antibiotic assays

The concentrations of cefazolin, clindamycin and vancomy-
cin were determined using HPLC. Antibiotic concentrations
were calculated by comparing the peak areas of the respec-
tive antibiotic with that of the internal cefaclor standard,
using a standard chromatogram containing known con-
centrations of all of the antibiotics along with the internal
standard.

Statistical analysis

Antibiotic concentrations are presented as mean values
(+ standard deviation). Differences were analysed using Stu-
dent’s t test, and differences resulting in a p value <0.001
were considered statistically significant.

Results

Representative chromatograms from the HPLC analysis of
resected disc tissues are presented in Fig. 1. Peaks corre-
sponding to the antibiotics cefazolin, clindamycin and van-
comycin were well resolved and separated from the inter-
nal standard cefaclor. Calibration curves were constructed
for the analytes, and the assays validated for limit of quan-
titation (LOQ) and precision. The linearity of the methods
was excellent with correlation coefficients (r) greater than
0.99 for all antibiotics and LOQ that ranged from 0.5 to
2.0 pg/ml (Supplementary Table 1). Precision as deter-
mined by the relative standard deviation for disc tissue
sample containing cefazolin (n=23) was 8.6%. Comparison
of the antibiotic peak areas with those of cefaclor enabled
calculation of the concentration of each antibiotic in the
resected disc tissue. In several samples, compounds with
retention times close to that of vancomycin were detected.
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Fig. 1 Determination of tested antibiotics on C18 column by HPLC.
Chromatogram of mixed standards at 204 nm (a), chromatogram of
representative disc tissue specimen with cefazolin with its spectrum

In these samples, we validated the correct quantification
of vancomycin through spectral analysis. The data are
collated in Table 1. The concentrations of cefazolin and
clindamycin in the NP were similar, although the clinda-
mycin concentration was significantly higher in proportion
to the intravenously administered amount (in milligrams).

detected at 270 nm (b), clindamycin detected at 204 nm (c) and van-
comycin with its spectrum detected at 204 nm (d)

The concentration of vancomycin in the NP was higher
than those of cefazolin and clindamycin, and it was also a
higher percentage of the antibiotic dose. The penetration
proportion data are presented graphically in Fig. 2. It is
clear from these data that the positively charged antibiotic
clindamycin penetrates the disc much more efficiently than
the negatively charged cefazolin.

Table 1 Penetration of
intervertebral disc tissue by
antibiotics

Antibiotic (charge) (mw) Patients (N) Antibiotic Disc concentration Penetration
dose (g) (ug/ml of antibiotic/ml rate (% of
disc tissue)® antibiotic
dose/ml of
disc tissue)®
Cefazolin (1) [454.50] 25 2 59.91 +25.79 3.0 +1.0
Clindamycin (1+) [424.98] 17 0.6 68.20 +46.79 9.1 +49
Vancomycin (0/1 +) [477.60] 12 1 10.65 +4.88 1.5

4(mean + SD)
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Fig.2 Penetration of intervertebral discs by antibiotics. Data are
summarized in Table 1

Discussion

Our study has the inherent limitation of not being a ran-
domized, controlled trial where different antibiotics are
randomly assigned to different individuals and where equal
group sizes can be achieved. It is obvious, however, that
such a study would never receive ethics approval in times
where the effectiveness of perioperative antibiotics in spine
surgery is established and guidelines as to the choice of anti-
biotic exist. On the other hand, the patients included in this
study are representative of the typical patients undergoing
intervertebral disc surgery.

From a clinician’s point of view the consensus that
degenerative disc disease is predominantly a biomechanical
phenomenon, which can be fully addressed by mechanical
interventions, is dissipating. This recognition follows the
long-standing frustration in connection with surgical treat-
ment for disc degeneration and the associated side effects.
These procedures have never been as successful as projected
and result in greater-than-expected poor outcomes for dis-
cectomies and fusions performed for low back pain with-
out instability or other obvious anatomical explanations.
In particular, the bio-psycho-social aspects of chronic low
back pain (CLBP) are well established. But as new research
details the presence, prevalence and consequences of low-
grade bacterial infection of degenerate human discs, an
expansion of our understanding is taking place similar to that

seen with radiculopathy associated with lumbar disc hernia-
tion. While the mechanical compression of an affected nerve
root was originally seen as the only pathological mechanism
of lumbar radiculopathy, subsequent research demonstrated
that degenerative disc tissue contains several pro-inflamma-
tory cytokines that are extremely irritating to the dorsal root
ganglion. Notwithstanding a key role for biomechanics in
DDD, and many associated degenerative conditions of the
spine, it is increasingly recognized that biomechanics alone
is not the only relevant factor. DDD-associated bio-psycho-
social issues are one major aspect of this complex disease,
but covert, low-grade disc infections may prove to be another
important aetiologic cause. If true, this may ultimately place
us in a better position to successfully treat DDD or prevent
suboptimal outcomes post-surgery.

A key point is whether physicians should treat DDD with
prolonged high-dose antibiotic regimens when no evidence
of infection is present. In an era of growing antibiotic resist-
ance, we most definitively recommend against such an indis-
criminate approach; the effect of long-term antibiotic usage
on the normal host microbiota, especially within the gut, is
also a concern given the importance of its composition in
health and disease. A much more pragmatic approach would
be to routinely screen surgically removed disc material for
the presence or absence of underlying infection, primar-
ily that caused by P. acnes due to its association with disc
disease and low back pain [31]. The use of an appropriate
diagnostic test with appropriate sensitivity and specificity
would enable an evidenced-based and informed approach
to treatment; for example, patients with suboptimal clinical
outcomes after an index surgery and evidence of bacterial
biofilm in their samples might be offered a regimen that
also includes antibiotic treatment. Indeed, once we realize
that the intervertebral disc with its lack of vascularity and
its low oxygen tension/low pH is vulnerable to infection,
and behaves much like an implant or like a devitalized bone
sequester, it could be argued that routine analysis of samples
for occult infection is essential.

If antibiotic therapy is indicated, an appropriate antibiotic
must be selected. Before surgical procedures, prophylactic
antibiotics are routinely given to patients to prevent post-
surgical infections. In the case of spinal surgery patients,
investigation of how these antibiotics penetrate the disc tis-
sue not only provides valuable information on their poten-
tial effectiveness in this context, but more generally their
potential suitability for treating underlying disc infections
post-surgery or in non-surgical patients when spontaneous
discitis is suspected. In this study, therefore, we examined
the relative effectiveness of the positively charged antibiot-
ics clindamycin and vancomycin, together with the nega-
tively charged antibiotic cefazolin, at penetrating disc tissue
amongst patients who had undergone spinal surgery; these
antibiotics were used based on recommended guidelines.
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Table 2 Disc antibiotic

. Antibiotic Disc concen- CMAX Antibiotic accu- MIC?* MBC? MBEC?
concentrations and MIC, MBC tration mulates
and MBEC values for P. acnes
Cefazolin 59.9 404.0 [40] No NA® NAP NA®
Clindamycin 68.2 10.9 [41] Yes 0.125 512 128
Vancomycin 10.6 63.0 [42] No 1.0 8 512

CMAX maximum serum concentration, MI/C minimum inhibitory concentration, MBC minimal bactericidal
concentration, MBEC minimal biofilm eradication concentration. Note: all values are in pg/ml

2P. acnes MIC, MBC, MBEC reference values from [39]
5P acnes MIC, MBC, MBEC for cefazolin were not found in any literature searches on PubMed

The positively charged antibiotic clindamycin appeared to
penetrate intervertebral discs much more efficiently than the
negatively charged antibiotic cefazolin. This result is con-
sistent with that of a recent study suggesting charge has a
significant effect on the kinetics of antibiotic penetration
into the intervertebral disc [32], and earlier studies, which
demonstrated the superior intervertebral disc penetration of
positively charged gentamicin over the negatively charged
antibiotics cefuroxime [33] or cefazolin [34]. Indeed, it is
possible that we are still underestimating the final concentra-
tion of clindamycin in the disc tissue if a proportion is still
remaining bound to the negatively charged internal compo-
nents of the disc material during processing and therefore,
is not released into the supernatant for testing. On the other
hand, vancomycin, which has a slight positive charge, was
even less efficient than the negatively charged antibiotic
cefazolin at penetrating the intervertebral disc. This may
reflect its relatively high molecular weight (1449.3) com-
pared to other positively charged antibiotics like clindamy-
cin (425.0) or gentamicin (477.6), as well as other factors
that hinder disc penetration [35]. Interestingly, diffusion of
the uncharged antibiotic linezolid into the annulus fibrosus,
NP and vertebral bone of rabbits was found to be the same
or, in the case of the annulus fibrosus, poorer than that of
vancomycin [36]. A relatively new glycopeptide antibiotic,
dalbavancin, may offer an advantage over vancomycin, as
once-weekly dalbavancin appears as effective as daily van-
comycin for the treatment of acute bacterial skin and skin
structure infections [37].

One limitation of our study is that the time taken between
antibiotic administration and nucleus fragment extraction
was not always identical between individuals. This sim-
ply reflects the dynamic environment of the surgical set-
ting which makes precise timings of procedures extremely
difficult, even with highly experienced spinal surgeons as
used in our study. So, in the series presented here, the time
between antibiotic administration and specimen extraction
varied slightly in the range of between 40 and 60 min. This
introduces a certain inhomogeneity with regard to the indi-
vidual pharmacodynamics, but it represents the best possible
approximation.
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Antibiotic selection and action is also complicated by the
observation that P. acnes can form biofilm within interverte-
bral disc specimens and on titanium surfaces used in spinal
instrumentation [17]. Bacterial biofilms protect organisms
from the immune system and antibiotics, thus promoting
the persistence of chronic infections that are difficult to
eradicate. Although bacteria grow in nature as a biofilm,
it is noteworthy that most antimicrobial testing for acute
(high-virulence) infections does not take this into account;
this is especially relevant to our study since P. acnes biofilm
has been demonstrated within the intervertebral disc [17,
18]. As a consequence, it is important to understand how
the concentrations of antibiotics within disc tissue relate to
not only minimum inhibitory concentration (MIC) values
for P. acnes, but critically minimal biofilm eradication con-
centration (MBEC) values as well. Review of the scientific
literature identified two key papers where MIC, MBEC and
minimum bactericidal concentration (MBC) values for clin-
damycin and vancomycin versus P. acnes were summated
from multiple English-language studies (Table 2) [38, 39].
We could not, however, find any data for cefazolin in the
literature despite its use as a first-line prophylactic antibiotic
by orthopaedic surgeons. While the concentrations of clinda-
mycin and vancomycin assayed within the disc tissue were
found to be well above MIC values, they fell well below
reported MBEC values (Table 2). In the case of clindamycin,
however, the disc concentration of the antibiotic was able
to accumulate approximately half (e.g. 68.2 pg/ml) of the
necessary MBEC value (e.g. 128 pg/ml) after a single dose,
whereas vancomycin’s disc concentration (10.6 pg/ml) was
still significantly short of its MBEC value of 512 (Table 2);
it would be expected, of course, that given multiple doses,
accumulated levels of antibiotic may ultimately reach the
designated MBC and MBEC values.

While acknowledging the relatively small size of our
dataset, the results from our study suggest that cefazolin
may not be an optimal choice for standard perioperative
prophylaxis in spinal surgery involving the intervertebral
discs, and other alternatives should be considered and inves-
tigated. Similarly, a weight-based dosing of both clindamy-
cin and vancomycin, rather than uniform dosing utilized in
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these patients, could also be beneficial. The comparatively
poor penetration of cefazolin into human discs could result
in an inferior prophylactic suppression of clinically silent
reservoirs of P. acnes. If present, P. acnes from such discs
could then be spread and propagated during surgery lead-
ing to failed fusions, as some authors have reported, or to
otherwise inferior clinical outcomes. Furthermore, cefazolin
is not the most effective antibiotic agent against P. acnes
and most types of Staphylococcus epidermidis and many S.
aureus strains, the latter ones being responsible for a major-
ity of pyogenic surgical site infections.

In conclusion, our study data add support to the idea
that spinal surgery involving the intervertebral discs may
require dedicated perioperative antibiotic regimens that
differ from the “cefazolin standard”.
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