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Aim: The most common risk associated with intradiscal injection of platelet-rich plasma (PRP) is discitis
with Cutibacterium acnes. It is hypothesized that antimicrobial activity of PRP can be enhanced through
inclusion of leukocytes or antibiotics in the injectate. Materials & methods: Multiple PRP preparations
of varying platelet and leukocyte counts were co-cultured with C. acnes with or without cefazolin, with
viable bacterial colony counts being recovered at 0, 4, 24 and 48 hours post-inoculation. Results: A direct
correlation between C. acnes recovery and granulocyte counts were observed. Conclusion: We observed
the greatest antimicrobial activity with the leukocyte-rich, high platelet PRP preparation combined with
an antibiotic in the injectate. However, cefazolin did not completely clear the bacteria in this assay.
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There is growing evidence that intradiscal injections of platelet-rich plasma (PRP) can benefit patients with chronic
lumbar discogenic pain (reviewed in [1]). Animal studies consistently demonstrate that the injection of PRP locally
at the site of damage has the potential to slow the progression of disc degeneration ([2]; reviewed in [3]). These
results have also been validated in the clinic, with sustained improvement in function and pain scores sustained for
at least 2 years of follow-up [4,5].

There is currently wide variability regarding PRP definitions, preparation methods and resulting PRP bio-
formulations [6]. Using different preparation protocols during PRP processing, it is possible to yield either a
preparation consisting of primarily platelets or a preparation that includes a variety of leukocytes. Furthermore,
red blood cell (RBC) concentrations may vary tremendously [7]. Recently, in our practice, we moved to a protocol
yielding pure PRP in an effort to maximize platelet concentration. As a byproduct of this new preparation method,
granulocytic leukocytes were largely excluded from the preparation. After this change, we encountered three cases of
spondylodiscitis postinjection, all of which were culture-confirmed as Cutibacterium (formerly Propionibacterium)
acnes (Regenerative Medicine, in press 2019).

C. acnes is a pathogen of increasing interest, particularly for procedures involving the back and shoulders [8].
This gram-positive, aerotolerant, anaerobic commensal organism abundantly colonizes the back and shoulder skin
regions which are particularly rich in sebaceous glands, predominantly in men. Due to its slow-growth phenotype
and anaerobic growth requirement, it is only recently being appreciated as a clinically relevant pathogen due to
improvements in culturing techniques. It is being isolated with increasing frequency during both primary and
revision shoulder arthroplasty and instrumented spinal surgery, in numbers approaching 40% when recovered
from explanted hardware [9–13]. Several recent publications have noted the presence of C. acnes in intervertebral
disc tissue even before surgery, presumably due to tissue invasion following trauma at the site [14–17]. Our recent
clinical experience with spondylodiscitis confirms the published data indicating that infection is a rare but real risk
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of intradiscal PRP injection, and that C. acnes is a major causal organism [18]. Furthermore, it is apparent that C.
acnes is also an underappreciated pathogen of interest for regenerative medicine techniques involving the spine,
such as the intradiscal injection of autologous biologics. Our recent cases of spondylodiscitis after the switch to a
leukocyte-poor PRP preparation also raised the question of whether leukocyte exclusion was related to the increasing
prevalence of infection we observed, and likewise whether a leukocyte-rich preparation would have a measurable
antimicrobial effect against a pathogen such as C. acnes in the presence of biologics such as PRP. Defining the effect
of platelet concentration and leukocytes on the antimicrobial activity of PRP is therefore of great value and may
contribute to minimizing the risk of discitis [19].

In vitro experiments examining this phenomenon have had mixed results, with some experiments showing that
leukocytes have antimicrobial activity against gram positive and gram negative organisms, while others lacked efficacy
against the same organisms [20–23]. However, there is much heterogeneity in these studies regarding preparation
conditions and cellular composition compared with baseline. Additionally, in experiments where the contents of
several different preparations were directly compared, the separation between the experimental groups may not
be significant enough to correlate positive results with a particular cellular component in the injectate (reviewed
in [24]). Furthermore, the inclusion of a prophylactic antibiotic such as cefazolin in the injectate is a common
clinical practice but largely unexplored in the literature, particularly as it relates to activity against C. acnes. In a
study by Intravia et al., cefazolin antimicrobial activity against several strains of bacteria was compared with the
antimicrobial activity of PRP with and without leukocytes, but the antibiotic was a separate experimental arm
in the study and not examined directly in combination with the PRP as an injectate component [25]. Since disc
penetration of certain prophylactic antibiotics can be poor following intravenous administration [26], intradiscal
administration of antibiotics may be required for efficacy during this and similar procedures in the clinic.

The purpose of this study is to examine whether the PRP bio-formulation can be optimized to enhance
antimicrobial activity against C. acnes through both the modulation of platelet concentrations (platelet-rich, PR,
≥10X enrichment; platelet-poor, PP, 3X enrichment), and the inclusion of the leukocyte fraction (particularly
granulocyte neutrophils) in the PRP (leukocyte-rich, LR, ≥10X; leukocyte-poor, LP, <1X; leukocyte-ultralow
neutrophil, LU, <0.1X). Additionally, the clinical practice of including a prophylactic dose of cefazolin directly in
the PRP injectate has not yet been examined for efficacy against C. acnes, and this study will seek to quantify the
efficacy of cefazolin inclusion with various PRP formulations. This investigation will be accomplished through a
time-kill assay in which PRP preparations of varying platelet and neutrophil concentration are co-cultured with C.
acnes, and then examined for the recovery of viable bacteria at 0, 4, 24 and 48 h post-inoculation.

Materials & methods
Donors
Fresh peripheral venous blood was obtained from three healthy volunteers (two male and one female). The following
research was reviewed and approved by IntegReview IRB (Austin, TX; OBX-1001), and has been performed in
accordance with the ethical standards as laid down in the 1964 Declaration of Helsinki and its later amendments
or comparable ethics standards. Written informed consent was obtained from all participants. All donors met
the requirements of the American Association of Blood Banks (www.aabb.org) and the American Red Cross
(www.redcross.org). There was no selection for age, sex or ethnicity. Donor anonymity was maintained throughout
the study.

Experimental design & study arms
This study was designed with six different experimental groups: four PRP preparation groups, one whole blood
group and one control group containing bacteria in growth media without the addition of human blood product.
Each experimental group was further split into two arms: an antibiotic-free arm and its paired arm containing a
clinically relevant does of cefazolin. This created 12 different experimental conditions to assess, for a total of 36
samples across the three donors (Table 1). Each sample was assessed for bacterial viability as described below, at
four different time points (0, 4, 24 and 48 h). Each donor provided enough peripheral blood to prepare one sample
of all experimental blood product groups, to minimize donor-to-donor variability in the experiment.

Preparation of PRP & whole blood samples
Fresh blood was obtained from each donor by inserting a 17-G intravenous line into the antecubital vein after the
use of sterile preparation. Each donor had 200 ml of peripheral blood drawn for PRP preparation in addition to
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Table 1. Sample conditions and platelet-rich plasma preparation protocols.
PRP protocol Preparation content of PRP GS60-PurePRP II Kit Yield (ml) Arm Cefazolin inclusion (120 μg/ml)

AR Platelet-rich, leukocyte-poor
(PRPPR LP)
Platelet-poor,
leukocyte-ultralow granulocyte
(PRPPP LU)

3 Arm 1
Arm 2

No
Yes

AP 15 Arm 3
Arm 4

No
Yes

BR Platelet-rich, leukocyte-rich
(PRPPR LR)

3 Arm 5
Arm 6

No
Yes

BP Platelet-poor, leukocyte-poor
(PRPPP LP)

15 Arm 7
Arm 8

No
Yes

– NA Arm 9
Arm 10

No
Yes

– Negative control NA Arm 11 No

– Positive control NA Arm 12 Yes

LP: Leukocyte poor; LR: Leukocyte rich; LU: Leukocyte ultralow granulocyte; PP: Platelet poor; PR: Platelet rich; PRP: Platelet-rich plasma; WB: Whole blood.

1 ml of whole blood. Four different PRP preparations and one whole blood control were obtained per donor, for
15 total blood product specimens to be analyzed across all three donors.

All PRP preparations were prepared using the GS60-PurePRP II autologous PRP system, processed by a two-spin
procedure with an Executive Series Centrifuge II (EmCyte Corporation; Ft. Myers, FL, USA). Four PRP kits were
used per donor. Per kit, 50 ml of peripheral blood was drawn into a 60cc syringe pre-loaded with 10 ml of sodium
citrate and then processed according to one of the four PRP protocols listed in Table 1 (AR, AP, BR and BP),
according to manufacturer’s instructions with minor modifications detailed below.

Protocols AR and AP were run in the following way: 60 ml anticoagulated whole blood was loaded into the
concentrating device and centrifuged for 1.5 min at 3800 RPM (2300 RCF). Platelet plasma suspension (PPS)
was then aspirated until RBC filled the aspirating pipe, and the PPS was then transferred into the concentrating
accessory and centrifuged for 5 min at 3800 RPM (2300 RCF). Platelet-poor plasma (PPP) was then aspirated off,
leaving either 3 or 15 ml (Table 1; Protocols AR or AP, respectively) of plasma in the chamber. The platelet buffy
coat was then resuspended into the plasma and extracted from the concentrating accessory, yielding the PRPPR LP

and PRPPP LU conditions. Protocols BR and BP were run in a nearly identical manner, except that after the PPS
was aspirated, 2 ml of the RBC layer was aspirated from the concentrating device using a separate syringe. The
PPS and RBC were then transferred together into the concentrating accessory and centrifuged for 5 min at 3800
RPM (2300 RCF). PPP was then aspirated off, leaving either 3 or 15 ml (Table 1; Protocols BR or BP, respectively)
of plasma in the chamber. The platelet buffy coat was then resuspended into the plasma and extracted from the
concentrating accessory, yielding the PRPPR LR and PRPPP LP conditions.

Determination of complete blood counts
Complete blood counts of the 15 specimens of PRP and whole blood were analyzed with a fully automated three-
part differential hematology analyzer (ABX Micros ES60; Horiba Ltd., Kyoto, Japan). This was used to determine
absolute counts for platelets, RBC, white blood cells (WBC), granulocytes, monocytes and lymphocytes. Note that
in this study, the granulocyte fraction is not further subdivided as neutrophil, eosinophil and basophil; however,
the granulocyte fraction is understood to be predominantly comprised of neutrophil granulocytes.

Preparation of bacteria & samples
A C. acnes phylotype II strain (ATCC 11828) was obtained from the American Type Culture Collection (VA, USA).
This strain was subcultured at 37◦C for 72 h in Wilkins-Chalgren broth (Oxoid; Hampshire, UK) under anaerobic
conditions (GasPak EZ System; BD, NJ, USA) prior to the start of the experiment. To prepare the standardized
inoculum for the assay, a 100 ml preparation of C. acnes was made by diluting to a density of 1 × 106 CFU/ml with
fresh Wilkins-Chalgren broth through use of a spectrophotometer (BioMate 3S; ThermoScientific, MA, USA).
About 100 μl of this standard inoculum was removed and plated according to the description below, to obtain
CFU/ml counts of the inoculum at the start of the assay.
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Table 2. Average blood cell counts in different whole blood-derived products.
PRP Prep WBC (103/μl) LYM (103/μl) MON (103/μl) GRA (103/μl) RBC (106/μl) PLT (103/μl) PRP classification

PRPPR LP 29.30 ± 1.48 24.20 ± 1.60 3.00 ± 0.53 2.10 ± 0.17 0.27 ± 0.07 3113 ± 960 PRP IC1

PRPPP LU 5.80 ± 0.72 4.87 ± 0.67 0.47 ± 0.12 0.47 ± 0.06 0.06 ± 0.02 652 ± 147 PRP IA1

PRPPR LR 40.90 ± 10.63 24.53 ± 5.61 4.33 ± 2.15 12.03 ± 3.19 2.32 ± 0.23 2289 ± 153 Red-L-PRP IC1

PRPPP LP 9.50 ± 2.50 6.33 ± 1.88 0.83 ± 0.49 2.33 ± 0.50 0.58 ± 0.03 674 ± 152 L-PRP IA1

WB 6.73 ± 2.66 1.83 ± 0.32 0.47 ± 0.38 4.43 ± 1.99 4.18 ± 0.73 213 ± 57 –

Platelet bioformulation classification indicated.
Errors are standard deviation, n = 3.
GRA: Granulocyte; LP: Leukocyte poor; LR: Leukocyte rich; LU: Leukocyte-ultralow granulocyte; LYM: Lymphocyte; MON: Monocytes; PP: Platelet poor; PR: Platelet rich; PRP: Platelet rich
plasma; PTL: Platelet; RBC: Red blood cell; WB: Whole blood; WBC: White blood cell.

Co-culturing antimicrobial efficacy assay
The co-culturing antimicrobial efficacy assay was performed according to the literature with minor modifica-
tion [22,25]. About 2 ml of the standardized C. acnes inoculum was aliquoted per sample well into a sterile, nontissue
culture treated 12-well plate (Falcon; NY, USA). For Arms 1 through 10, 0.5 ml of each blood product was added
to the well. For Arms 11 through 12, 0.5 ml of 1X PBS (Hyclone; UT, USA) was added as vehicle. For the arms
containing antibiotic, cefazolin to a final concentration of 120 μg/ml was added to each sample (Arms 2, 4, 6, 8,
10 and 12). For the antibiotic-free arms (Arms 1, 3, 5, 7, 9 and 11), an equal volume of 1X PBS was added as
vehicle. Multiwell plates were gently swirled to mix the samples.

Samples were incubated on an orbital shaker (MS 3; IKA, Guangzou, China) at 300 rpm, at 37◦C aerobically for
up to 48 h. Viable bacteria were recovered from these samples at 0, 4, 24 and 48 h postinoculation with bacteria.
At each time point, 100 μl was removed from each well. This aliquot was immediately neutralized with Penase
Concentrate (BD; NJ, USA) to a final potency of 10,000 LU/ml/min. This concentration of Penase Concentrate
was verified to effectively neutralize the cefazolin concentration used in this assay without compromising bacterial
viability (data not shown). A series of tenfold serial dilutions were then prepared. About 3–10 μl drops of each
dilution were then drop plated according to the Miles and Misra drop plating method onto trypticase soy agar (TSA
II) plates with 5% defibrinated sheep’s blood (BD BBL; NJ, USA) [27]. TSA II plates were incubated at 37◦C for
72 h under anaerobic conditions, after which colony forming units were determined and recorded. The technicians
performing the recovery and plating were blinded to the study groups.

Data analysis
The CFU/ml of recovered C. acnes was calculated for all samples. Additionally, percent and log10 reductions
for each sample versus negative control and Time 0 values were calculated. Experimental group CBC counts,
CFU/ml C. acnes counts, and percent efficacy counts were averaged between donors into single group for the
purposes of analysis, to minimize donor-to-donor variation. Students’ t-tests were performed to assess whether
differences in bacterial recovery between experimental groups were significant, p-values ≤0.05 were considered
statistically significant.

Results
PRP preparations
Figure 1 and Table 2 summarize the platelet, RBC, granulocyte, monocyte and lymphocyte counts for all products
derived from whole blood. The consensus PRP classification from the recently published recommendations from
the Platelet Physiology Subcommittee of the Scientific and Standardization Committee have also been included
in Table 2 [28]. Both PR products (PRPPR LP, PRPPR LR) achieved a greater than 10X enrichment of platelets over
baseline. Both PP products achieved roughly a 3X enrichment of platelets. The PRPPP LU product achieved the
lowest granulocyte level at 0.47 ± 0.06 (103/μl) granulocytes, roughly 10% of the baseline value. This prep had
baseline levels of monocytes, and a 2.6X enrichment of lymphocytes. Both the PRPPR LP and PRPPP LP products
contained about 50% less granulocytes than baseline. Lymphocytes exceeded baseline in these preps by 13X and
3x, respectively. The PRPPR LR product was the only blood product in which average granulocyte counts were
substantially enriched on average versus whole blood (12X higher).
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Co-culturing antimicrobial efficacy assay
The initial bacterial challenge of C. acnes was 1.3 × 106 CFU/ml per sample. The average CFU/ml recovered
per arm at each time point is presented in Figure 2. Arm 11, the negative control (C. acnes and media without
antibiotics) recovered steadily increasing numbers of C. acnes, up to a final total of 1.6 × 107 ± 7.2 × 106 CFU/ml
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by 48 h. The negative control was the only arm to increase bacterial counts at every time point assayed. In contrast,
the addition of cefazolin in the positive control (Arm 12), resulted in a trend of decreasing bacterial counts across
all time points, ultimately resulting in a 78% CFU/ml reduction in bacterial counts by 48 h versus time 0, and a
98% CFU/ml reduction relative to the negative control.

All experimental arms containing whole blood or whole blood-derived product recovered statistically significantly
less CFU/ml of C. acnes than the negative control at the 24- and 48-h time points. These experimental arms did
not increase in bacterial recovery relative to Time 0. This data demonstrates that all blood product preps (Arms 1
through 10) were capable of controlling the growth of the C. acnes contamination. However, when one compares
CFU/ml counts at later time points to the 0-h values for that arm, it is clear that there was no downward trend
in bacterial viability for either the PP LU and PP LP conditions in the absence of antibiotics (Arms 3 and 7),
with a CFU/ml reduction close to zero for the 48 h time point. The observed antimicrobial activity of these preps
can therefore best be described as bacteriostatic. In contrast, a modest but significant downward trend in bacterial
viability from time 0 was readily apparent for both the PR LP and PR LR conditions (Arms 1 and 5) even in the
absence of antibiotics (60–80% CFU/ml reduction by 48 h, relative to time 0), demonstrated a mild but marked
decrease in bacterial viability over time.

The addition of cefazolin resulted in a more pronounced reduction of bacterial viability over time (1–2
log10 CFU/ml reduction) for all antibiotic-containing arms, with the PR LR+ condition (Arm 6) returning
the lowest numbers of viable C. acnes of any arm Arm 2, 0.005; Arm 4, 0.002; Arm 8, 0.0002; Arm 12, at
4.0 × 103 ± 3.6 × 103 CFU/ml by 48 h. This represents a 2-log10 CFU/ml reduction versus time 0, which
is statistically significantly different that either the positive control arm or the other antibiotic-containing arms
(p-values: vs Arm 2, 0.005; Arm 4, 0.002; Arm 8, 0.0002; Arm 12, 0.0029). Interestingly, the WB+ condition
(Arm 10) returned the second lowest numbers of viable bacteria, for potential reasons that will be further explored
in the discussion. It is clear from C. acnes CFU/ml counts that all of the blood product experimental groups were
at a minimum bacteriostatic under assay conditions.

Both PR and LR conditions were associated with the preparations that decreased bacterial viability over time,
whereas preparations that were platelet-poor with low leukocyte counts exhibited bacteriostatic behavior without
decreasing bacterial viability. While analyzing the data, a potential relationship between absolute leukocyte counts
and bacterial recovery was observed. It was noted that the nonantibiotic and antibiotic arm with the lowest average
CFU/ml recovery of bacteria at 24 and 48 h (Arms 5 PR LR and Arm 6 PR LR+, respectively) were made from
the whole blood-derived product (PRPPR LR) with the highest leukocyte counts.

Interestingly, the nonantibiotic arm and antibiotic arm with the second lowest average recovery of bacteria
at 24 and 48 h (Arm 9 WB and Arm 10 WB+, respectively) were whole blood, which had the second-lowest
leukocyte counts of any blood-product but had the second highest granulocyte counts. To understand more about
the relationship between C. acnes CFU/ml recovery and the different leukocyte components of the blood-derived
products, the recovered CFU/ml for each donor was converted to log10 reduction versus its respective Time
0 CFU/ml counts, and plotted versus the granulocyte counts for each donor (Figure 3). This was done separately
for the antibiotic-free arms (Figure 3A; Arms 1, 3, 5, 7 and 9) and cefazolin arms (Figure 3B; Arms 2, 4, 6, 8 and
10). Arms 11 and 12 were not included in the analysis since they did not contain blood product. The equation of
a best fit linear trendline was then calculated for each plot along with the coefficient of determination (R2). The
results, while not perfectly linear, show a clear positive correlation between log reduction of C. acnes and granulocyte
counts, with a positive slope and R2 value of 0.64.

This plot was repeated for both the monocyte counts (Figure 4) and the lymphocyte counts (Figure 5). For
both the preparations without (Figure 4A) and with (Figure 4B) cefazolin, there was little apparent relationship
between monocyte counts and log10 reduction of C. acnes CFU/ml, with an R2 value less than 0.3 in both cases.
Likewise, there was no relationship detected between lymphocyte counts and log10 reduction of C. acnes CFU/ml
without (Figure 5A) and with (Figure 5B) cefazolin. Since both platelet-rich conditions evidenced a drop in C.
acnes CFU/ml recovery over time, individual platelet counts per donor without (Figure 6A) and with cefazolin
(Figure 6B) were also plotted with the C. acnes log10 reduction versus Time 0. With an R2 value approaching zero,
it is clear that a relationship does not exist between absolute platelet counts and a drop in C. acnes viability as
measured by CFU/ml reduction over time under the conditions of this assay.
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Discussion
To our knowledge, this study is one of the first to examine the direct effect of varying PRP cellular components
on C. acnes. The significant stratification between blood cell counts for the different preparations allowed for
the detailed analysis of sufficiently distinct PRP conditions, facilitating the identification of antimicrobial trends
correlated to absolute blood cell count.

This study also evaluated the addition of antibiotics with the varying PRP bioformulations against C. acnes, a
pathogen of increasing significance. Interestingly, blood-derived products, regardless of content, displayed at least
a minimal inherent bacteriostatic activity under the conditions of this assay, although in some cases this was clearly
due to bacteriostatic and not bactericidal action. The addition of cefazolin to the blood product resulted in an
additional 1 log10 of CFU/ml reduction minimum by 48 h versus the nonantibiotic comparator from the same
condition for every noantibiotic/cefazolin pair of samples. The magnitude of the additive effect of cefazolin was
consistent with the activity of the positive control (Arm 12, cefazolin without blood product), which also resulted a
nearly 1 log10 reduction of C. acnes CFU/ml versus the initial inoculum. The antimicrobial activity of the sodium
citrate used as an anticoagulant during this study was evaluated in an independent investigation (data not shown),
and it was found that sodium citrate was mildly antimicrobial, and the final sodium citrate concentration in this
assay is likely sufficient to exert the bacteriostatic effect observed for the platelet-poor samples, although it cannot
account for the drop in bacterial viability observed for bioformulations containing platelet and/or leukocyte-rich
conditions. However, since the amount and choice of compound used as an anticoagulant varies among PRP
isolate kits, this variable may be another opportunity to optimize PRP injectate to enhance patient outcomes while
limiting risks.

future science group www.futuremedicine.com 961



Research Article Prysak, Lutz, Zukofsky, Katz, Everts & Lutz

2.5

2.0

1.5

1.0

0.5

0.0

3.0

L
o

g
 r

ed
u

ct
io

n
 C

. a
cn

es
 A

T
C

C
11

82
8 

48
 h

r 
vs

 0
 h

3.5

-0.5
Monocytes (103/μL)

1 2 3 74 5

y = 0.0424x + 0.3602
R2 = 0.029

6

2.5

2.0

1.5

1.0

0.5

0.0

3.0

Monocytes (103/μL)

L
o

g
 r

ed
u

ct
io

n
 C

. a
cn

es
 A

T
C

C
11

82
8 

48
 h

r 
vs

 0
 h

0 1 2 3 7

3.5

4 5

y = 0.1391x + 1.6237
R2 = 0.1875

6

y = 0.1391x + 1.6237
R2 = 0.1875

0 1 2 3 4 5

R2 = 0.029

6

Figure 4. CFU/ml log10 reduction versus monocyte counts per donor. Log10 reductions at 48 h calculated versus time 0 CFU/ml recovery.
(A) Data for antibiotic-free Arms 1, 3, 5, 7 and 9. (B) Data for cefazolin Arms 2, 4, 6, 8 and 10.

Intriguingly, there was a clear relationship between the numbers of recovered C. acnes over time versus the absolute
granulocyte counts, evident when comparing the average recovered C. acnes CFU/ml counts for the PR LP+ and
PR LR+ conditions (Arms 2 and 6, respectively). The CFU/ml reduction at 48 h was statistically significantly
different between these two conditions (p-value = 0.004; Student’s t-test, Type 2). Even more intriguing, the
unexpectedly efficacious activity of the whole blood fractions (Arms 9 and 10) was consistent with the absolute
counts of granulocytes in those samples, which were the second highest counts of all study arms. Analysis of
individual donor data demonstrated that granulocyte counts are positively correlated with the observed decrease
in bacterial viability observed over time in this assay. Trends were not observed between viability and monocyte,
lymphocyte or platelet counts.

Interestingly, although a relationship exists between granulocyte counts and bacterial recovery, the dynamics are
likely more complex. Arms 1 and 7 (PR LP and PP LP, respectively) had similar granulocyte counts, but Arm 1
(PR LP) demonstrated a drop in bacterial viability over time and Arm 3 (PP LP) did not. Therefore, granulocyte
counts alone cannot account for the drop in bacterial viability over time. The PR LP condition had over four-times
the platelet count of the PP LP condition, and it would be tempting to postulate that platelets or platelet-released
factors may contribute to antimicrobial activity of blood product in a way that is not linked to absolute cell counts.
However, the WB condition (Arm 9) has 3X less platelets than either leukocyte-poor condition of Arms 3 and 7
while still evidencing a downward trend in viability over time; thus, it is possible that an additional component
is involved in the switch between bacteriostatic and bactericidal activity of the blood-derived products under the
conditions of this assay in a way that is not directly coupled to absolute platelet counts.
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Conclusion
There is a clear effect on antibacterial activity against C. acnes in this study when leukocytes and/or cefazolin are
included as PRP components. A direct relationship between absolute cell count and decreases in bacterial viability
were observed for granulocyte counts, but not for monocyte, lymphocyte or platelet counts. Cefazolin addition to
120 μg/ml resulted in a modest decrease in bacterial viability, but was insufficient to address the full bioburden
present in this study.

Translational perspective
This study has several important implications that require further study. The first is that a PRP bioformulation
containing higher levels of granulocytes may have an advantage over a PRP bioformulation containing low levels of
granulocytes with regard to impeding C. acnes growth at the injection site. However, this advantage would have to
be weighed against patient outcomes using injectate with higher levels of leukocytes. The literature is inconsistent
on whether the presence of (granulocytic/monocytic) leukocytes are beneficial for tissue repair. For muscle and
tendon repair, there are studies suggesting that a full buffy coat leukocyte-rich PRP promotes an inflammatory
response [29–31]; conversely, there are also studies showing that leukocyte-rich PRP are effective in the treatment of
tendinopathy [32,33]. Likewise, there are mixed results for the treatment of knee joint cartilage degeneration showing
both positive [34,35] and negative [36,37] effects of granulocytic leukocyte-rich PRP on healing. Interestingly, there is
also evidence that the presence of leukocytes enhance platelet functioning in PRP [38]. It would seem based on the
literature that the indication of use and preparation manner are crucial. To date clinical data have demonstrated
efficacy with leukocyte-poor PRP in treating degenerative disc disease but has not directly compared the efficacy
of leukocyte-rich versus leukocyte-poor PRP preparations, thus it is not known if one preparation has superior
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activity to the other. There may be an opportunity, therefore, to mitigate the risk of infection without impacting
outcomes through a minor modulation of the PRP content toward a higher granulocyte condition. The data in this
paper suggests, however, that there might be a critical threshold of granulocytes required to see this antibacterial
effect, which requires further characterization. It will also be of future interest to examine the findings of this study
in the context of platelet-rich fibrin, which presents platelets and high levels of leukocytes in a fibrin matrix in the
absence of anticoagulants.

Second, the use of an antibiotic added to the injectate resulted in a decrease in bacterial recovery. The addition of
antibiotics to PRP has not yet been correlated to patient outcomes in the literature. Analysis of platelet functioning
when PRP and antibiotics are combined together in the injectate will be the subject of future studies in order to
further characterize the effects of such clinical practices.

At last, the amount of cefazolin currently used in the clinic (120–500 μg/ml) was not sufficient to eradicate
the full inoculum of C. acnes under the conditions of this study, even though the study was performed under
aerobic conditions, when C. acnes would be expected to be most vulnerable to the antibiotic as suggested by
susceptibility data gathered in a separate study (data not shown). Furthermore, the prolonged (48 h) contact at
the full concentration of cefazolin in this study may not translate to the clinical situation, where the antibiotic
may dissipate over time, thereby lowering the local concentration. The data gathered during this study, therefore,
represents a best-case scenario for addressing C. acnes contamination at the injection site. This study suggests that
other antibiotics should be tested for potential utility in the clinic for the goal of specifically mitigating the risk of
C. acnes contamination during PRP injection.

It is perhaps not surprising that cefazolin inadequately addresses C. acnes contamination, since this practice was
adopted before it was fully understood that C. acnes contamination was so pervasive during shoulder and back

964 Regen. Med. (2019) 14(10) future science group



Optimizing the safety of PRP: antimicrobial efficacy Research Article

procedures. The increase in the isolation of C. acnes in the clinic has been largely attributed to improved detection
techniques, including anaerobic culturing and longer incubation times. It is also possible that the use of prophylactic
treatments to which it is not susceptible facilitates the identification of C. acnes contamination once the competing
(and often faster growing) flora have been eliminated.

Given recent data suggesting that C. acnes contamination is more prevalent than previously thought, coupled with
new data suggesting that C. acnes biofilms may already be present in damaged IVDs, designing infection-mitigation
strategies that include C. acnes as a likely pathogen of interest may help mitigate the risk of infection associated
with PRP injections in the future.

Limitation
There are several limitations to this study. First, the in vitro conditions cannot perfectly model the in vivo
microenvironment that the C. acnes and PRP are exposed to, where antibiotic and bacterial concentrations would
be in constant flux. Although the difference between bacteriostatic and bactericidal activity against a particular
organism is pronounced in vitro, the clinical efficacy does not always mirror this behavior [39]. Second, although
granulocyte levels were able to be modulated in relation to platelet levels, a condition that was platelet-poor and
leukocyte-rich was not tested due to limitations in the methods used to prepare the PRP. Therefore, granulocyte
activity at baseline or sub-baseline levels of platelets will be the subject of future investigations. Additionally, growth
factor analysis was not performed in this study in order to examine the effects of the cefazolin dose on the growth
factor activity in the PRP preparations, due to limited sample volumes. Therefore, it is not known what effect
including antibiotics in the injectate will have on the activity of the cells in the local microenvironment. Future
studies are also planned to investigate the effects of varying PRP bioformulations on C. acnes cultured under
anaerobic conditions to better mimic the intradiscal environment.

Summary points

• Cutibacterium acnes has recently been identified as a pathogenic organism of interest, particularly in procedures
involving the shoulders and back, and leads to poor patient outcomes.

• Infection, particularly with C. acnes is a potential risk during intradiscal injection procedures, such as with
platelet-rich plasma (PRP).

• Examining whether the antimicrobial activity of PRP can be enhanced through the inclusion of leukocytes
(particularly neutrophils) in the preparation, or the inclusion of prophylactic antibiotics directly in the injectate
may help control this risk and lead to better patient outcomes.

• PRP of varying platelet and neutrophil content were co-cultured with C. acnes with or without cefazolin for up to
48 h.

• All blood products controlled the growth of C. acnes in a way that cannot be fully explained by the antimicrobial
properties of the anticoagulant.

• The presence of neutrophils resulted in a time-dependent decrease in C. acnes recovery that was statistically
significantly less than conditions without high levels of neutrophils.

• Cefazolin imparted an additive antimicrobial effect but did not clear all of the C. acnes under these conditions.
• The absolute granulocyte and monocyte counts were clearly correlated with the log10 reduction of C. acnes.
• The inclusion of neutrophils and a prophylactic antibiotic impart enhanced antimicrobial activity to the PRP.
• Because cefazolin showed limited activity against C. acnes, other prophylactic antibiotics should be explored to

address this pathogen.
• Future studies should define the effects of prophylactic antibiotics in the injectate on the activity of the platelets

through analysis of growth factors and other parameters.
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