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ABSTR ACT:
BACKGROUND: Many studies have noted an increase in the number of recognized cases of invasive infections due to Propionibacterium acnes, especially 
after shoulder replacement surgery. The increase in the number of recognized cases of P. acnes, a nonspore-forming, anaerobic, Gram-positive organism, 
appears due to both an increase in the number of shoulder operations being performed and more specimens being sent for anaerobic cultures. Nevertheless, 
the optimal surgical and antibiotic management of P. acnes remains controversial.
METHODS: We tested the susceptibility of 106 P. acnes strains from sterile body sites collected at the Erie County Medical Center between 2012 and 
2015, using Etest gradient antibiotic strips.
RESULTS: P. acnes is very susceptible to the penicillins and the first-generation cephalosporins. We noted an association between hemolytic phenotype 
on Brucella Blood Agar and clindamycin resistance.
CONCLUSIONS: Antimicrobial susceptibility testing of P. acnes should no longer just be confined to the research laboratory but expanded and incor-
porated into routine microbiological evaluation of P. acnes. This would improve patient care as well as help clarify the relationship between hemolysis and 
clindamycin resistance.
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Introduction
We and others have noticed an increase in the number of 
implant-associated infections due to Propionibacterium acnes 
in our institution, which includes an active Orthopaedic 
Surgery department, including several orthopedic surgeons 
performing upper extremity joint replacements.1–3 P. acnes 
infections have been reported to be more common after 
shoulder surgery than after surgery at other sites in the body.2 
Diagnosis of P. acnes infections can be challenging, because 
of the difficulty of distinguishing true infections from con-
tamination. The current procedure at our institution is to 
obtain multiple tissue cultures and to hold the anaerobic cul-
tures for 21 days. When P. acnes infection is identified, how-
ever, the optimal treatment is still not been well defined. We 
previously reported our findings on the antimicrobial sus-
ceptibility testing on 28 P. acnes isolates from the shoulder, 
which have been tested against 10 antibiotics.1 In this study, 
we sought to extend antimicrobial susceptibility testing to a 
larger group of isolates.

In the current study, we performed antimicrobial suscep-
tibility testing on 106 P. acnes isolates from sterile body sites 
and tested these strains against five antibiotics. We noted 

clindamycin resistance in our collection of strains. In addition, 
we noted a previously unrecognized association between hemo-
lytic phenotype and clindamycin resistance.

Methods
Bacterial strains. All the P. acnes from sterile body sites 

identified in the clinical microbiology laboratory at the Erie 
County Medical Center, Buffalo, NY, between 2012 and 
2015 were collected and stored frozen on CryoCare beads 
(Key Scientific) at -70°C. P. acnes were identified using the 
Anaerobe ID System (Siemens Healthcare Diagnostics). The 
samples were deidentified and sent to the laboratory of one of 
the authors (JKC) for antimicrobial susceptibility testing. We 
collected 108 P. acnes strains during this period, but 2 strains 
were nonviable, leaving 106 strains available for testing. The 
anatomic sites from which the P. acnes strains were isolated 
are shown in Figure 1. All of the strains included in the 
present study were new, meaning that they did not include 
the 28 strains we tested and reported previously.1 Although 
this study does not need any approval from the Institutional 
Review Board since these samples were stripped of patient 
identifiers, Institutional Review Board approval was sought 
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and obtained to investigate if the hemolytic phenotype had 
any effect on the clinical outcome of infection. That sub-study 
focused only on the isolates from the shoulder and inpatients 
treated at our hospital, where outcome could be ascertained 
from the medical record. This clinical correlative study, which 
includes information on both the patients and their isolates, 
will be reported separately.

Materials. Bacteria were grown on the Brucella Blood 
Agar plates (Anaerobe Systems) under anaerobic conditions 
using the GasPak EZ Pouch System (BD). Antibiotic sus-
ceptibility studies were carried out using the Etest method 
(bioMérieux). Antibiotics were chosen based on expert recom-
mendation,4 clinical usage patterns for P. acnes infections, and 
our previous work, which included penicillin G, vancomycin, 
clindamycin, ciprofloxacin, and cephalothin.

Bacterial growth and culture. P. acnes strains were streaked 
onto Brucella Blood Agar plates from the CryoCare bead and 
grown for 48 hours. At this point, the hemolytic phenotype of 
the strain in the absence of antibiotics was recorded. Strains were 
considered hemolytic if there was a zone of clearing  2  mm 
around a colony on Brucella Blood Agar. A colony sweep of the 
growth from this plate was diluted in sterile phosphate-buffered 
saline and adjusted to a 0.5 McFarland standard using OD600 
on a SmartSpec 3000 Spectrophotometer (Bio-Rad). As in our 
previous study,1 an OD600 of 0.132 was considered equivalent to 
a 0.5 McFarland standard. Bacteria were subsequently streaked 
onto Brucella Blood Agar plates using a sterile swab and a cross-
hatch method to cover the entire plate, and Etest strips were 
added. All plates were incubated at 37°C for 48–72 hours under 
anaerobic conditions as described earlier. Plates were examined 
for the zone of inhibition and the minimum inhibitory concen-
tration (MIC) read from the Etest strips. MIC values for peni-
cillin G and cephalothin were frequently lower than the lowest 
number of the Etest strip, and these were entered as if they were 
at the lower limit. MIC50 and MIC90 values were calculated as 
reported, and the percent of resistant strains was determined 
for those antibiotics for which interpretive breakpoints have 
been established by the Clinical Laboratory Standards Institute 

(CLSI) or by the European Committee for Antimicrobial 
Susceptibility Testing (EUCAST).

Tests of hemolysin on P. acnes susceptibility to 
clindamycin. We used the potent hemolysin produced by 
Aeromonas hydrophila, called aerolysin, to induce hemoly-
sis and determine if hemolysis had any effect on antibiotic 
susceptibility.5 A. hydrophila is a wild-type isolate from a leech 
collected from Ellicott Creek, Williamsville, NY, in 2002. 
Aeromonas was grown overnight in an antibiotic-free Dulbecco’s 
modified Eagle’s medium at 30°C with 300 rpm shaking, sub-
cultured 1:100 into Dulbecco’s Modified Eagle’s Medium, and 
then the growth was continued at 30°C with 300 rpm for five 
hours. The bacteria were pelleted by centrifugation at 1600 × g 
for 10 minutes at 4°C, and the supernatant was collected. The 
supernatant was concentrated using Millipore Amicon centrif-
ugal concentrators with a 10,000 molecular weight cut-off at 
4000 × g for 20 minutes. The concentrated material (retentate) 
contained the hemolytic material and was used as the hemoly-
sin, while the filtrate (10 kDa) was used as a negative control. 
P. acnes was then grown on TSA + 5% sheep blood or on CDC 
anaerobe agar and tested for susceptibility to clindamycin.

Statistical analysis. Microsoft Excel was used to cal-
culate the MIC50 and MIC90 values using the PERCEN-
TILE.INC (argument, 0.5 and argument, 0.9, respectively) 
functions. A 2  ×  2 contingency table analysis was per-
formed, using GraphPad Prism, to determine the signifi-
cance of the association between hemolytic phenotype and 
clindamycin resistance.

Results
Figure 1 shows the body sites from which the 106 P. acnes 
strains were isolated. A total of 47 strains were isolated from 
the shoulder joint itself, and another 11 strains were isolated 
from other locations in the arm, meaning that 57% of the 
P. acnes strains were from the upper extremity. The remaining 
strains were isolated from diverse locations, including three 
P. acnes strains from lymph node biopsies; the latter is interest-
ing in light of the theory that P. acnes might be a trigger for the 
development of sarcoidosis.6

Table 1 shows the MIC50 and MIC90 values for the 106 
P. acnes strains against the five antibiotics we tested. The MIC 
values for penicillin G and cephalothin were very low, as pre-
viously noted in the smaller set of 28 strains. There were no 
P. acnes strains resistant to vancomycin. A total of 2.8% of 
strains showed resistance to ciprofloxacin and 8.5% of strains 
in the overall collection were resistant to clindamycin. We and 
others have noted clindamycin resistance in P. acnes from ster-
ile body sites, and clindamycin is well described in P. acnes 
from dermatology collections as well. 7–9

A histogram of the distribution of clindamycin MIC is 
shown in Figure 2. As seen in Figure 2 (right, red arrow), nine 
strains of P. acnes had MICs 256 µg/mL. In addition to these 
nine highly resistant strains, there was also a spread among the 
MICs of the remaining strains (Fig. 2, inset, magnified view).

Figure 1. Distribution of the sources of the P. acnes isolates according to 
anatomical site.
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As mentioned in the “Methods” section, we recorded the 
hemolytic phenotype of the strains along with the MICs of 
the antibiotics. We previously noted that some strains show 
hemolysis on Brucella Blood Agar and others do not. This 
hemolytic phenotype is not observed if CDC Anaerobe Agar 
is used, even though both include 5% sheep’s blood. Figure 3A 
shows a P. acnes strain exhibiting the hemolytic phenotype (left) 
and a nonhemolytic strain (right). The hemolysis seen in strain 
77 in Figure 3A is spontaneous, ie, not induced by antibiotic 
exposure. Some nonhemolytic P. acnes strains show hemolysis 
just outside the zone of growth inhibition when antibiotics are 
applied in the form of Etest strips, which we term antibiotic-
induced hemolysis. Figure 3B shows one such strain show-
ing mild antibiotic-induced hemolysis around penicillin G  
(left) and strong hemolysis around vancomycin (Fig. 3B, right, 
green arrows). Of the 84 nonhemolytic strains, 19 (23%) 
strains showed vancomycin-induced hemolysis. In contrast, 
ciprofloxacin and clindamycin never triggered hemolysis in 
any of our 106 strains (Fig. 3C and D). The significance of 
hemolysis in P. acnes strains is still being investigated. A pre-
vious report from our group indicated that, in the shoulder, 
hemolytic strains might have a somewhat more aggressive 
clinical presentation than nonhemolytic strains.10 The signifi-
cance of antibiotic-induced hemolysis, however, is even less 

well understood than spontaneous hemolysis. Indeed, to our 
knowledge, the phenomenon of antibiotic-induced hemolysis 
has not been previously reported for P. acnes. Vancomycin and 
the b-lactams are cell wall-acting antibiotics, so we presume 
that antibiotic-induced cell wall stress may increase the release 
of hemolysin from inside the P. acnes bacterial cell, just as they 
aid DNA release.11

While compiling the susceptibility results in Table 1, 
one of the authors (TEW) noted that there appeared a cor-
relation between the spontaneous hemolysis phenotype and 
clindamycin resistance. Tables 2A and 2B show our observa-
tions about clindamycin resistance and hemolysis. As shown 
in Table 2A, the clindamycin MIC50 did not differ between 
hemolytic and nonhemolytic strains. The MIC90, however, 
rose dramatically from 0.75  µg/mL in the nonhemolytic 
strains to 256 µg/mL in the hemolytic strains. Table 2B shows 
the same data as Table 2A, but rearranged in the form of a 
2 × 2 contingency table. The relationship between hemolysis 
and clindamycin resistance was significant in this chi-square 
analysis (P    0.0001). As another way of presenting the 
data, only 1.2% of the nonhemolytic strains were resistant 
to clindamycin, versus 36% of the hemolytic strains. Once 
again, to our knowledge, the association between hemolysis 
and clindamycin resistance has not been previously reported.  

Table 1. MICs of 106 P. acnes strains to five antibiotics.

ANTIBIOTIC MIC VALUES, µg/mL CLSIa RESISTANCE
BREAKPOINT

EUCASTb RESISTANCE
BREAKPOINT

% OF STRAINS
RESISTANTMIC50 MIC90

Penicillin G 0.016 0.032 2 0.5 0

Cephalothin 0.094 0.094 –c –c –

Vancomycin 0.38 0.5 –c 2 0

Ciprofloxacin 0.25 0.5 –c 1 2.8

Clindamycin 0.047 1.5 8 4 8.5*

Notes: aClinical Laboratory Standards Institute. bEuropean Committee on Antimicrobial Susceptibility Testing. cNo interpretive standards yet established. *Based on 
the CLSI breakpoints.

Figure 2. Histogram of the distribution of MICs of 106 P. acnes strains to clindamycin. Inset graph shows a subset of strains with MICs 14 µg/mL.
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Cercenado et al12 reported, in contrast, that strains of entero-
cocci that were b-hemolytic were more sensitive to high-dose 
ampicillin than nonhemolytic strains.

Although it seemed unlikely, we tested the idea that 
hemolysis itself might be affecting the susceptibility of the 
P. acnes strains to clindamycin. To do this, we used the potent 
hemolysin aerolysin from A. hydrophila.5 Unlike P. acnes strains, 
aerolysin is active on all blood agars, not just Brucella Blood 
Agar. Figure 4A shows that there was no difference in the 
clindamycin MIC in the presence of the inactive Aeromonas fil-
trate (10 kDa fraction; left), versus the MIC in the presence 
of the active aerolysin (right, MIC = 0.047 µg/mL for both). 
Figure 4B shows the same blood agar plate as in Figure 4A, 
which when photographed via transmitted light showed the 
area of hemolysis where the aerolysin had been applied (green 
arrows). Figure 4C shows that a more resistant P. acnes strain 
also showed no change in the clindamycin MIC of 6 µg/mL 

when hemolysis was induced (Fig. 4C, right, received the active 
aerolysin). Similar results were obtained using a third P. acnes 
strain and with vancomycin as well as clindamycin (data not 
shown). Therefore, we concluded that adding an exogenous 
hemolysin to P. acnes did not change the susceptibility of the 
bacteria to clindamycin and therefore cannot be considered an 
explanation for the findings of Tables 2A and 2B.

Discussion
This study began as a straightforward antimicrobial suscepti-
bility testing project. Indeed, our new collection of 106 strains 

Figure 3. Hemolysis and antibiotic-induced hemolysis among P. acnes strains on Brucella Blood Agar. (A) Comparison of a hemolytic strain and a 
nonhemolytic P. acnes strain on the same Petri dish. (B) Appearance of strains showing weak antibiotic-induced hemolysis and strong antibiotic-induced 
hemolysis in P. acnes. (C) Absence of antibiotic-induced hemolysis surrounding a clindamycin Etest strip, which is photographed using transmitted light 
on a light box. (D) Absence of antibiotic-induced hemolysis surrounding a ciprofloxacin E-test strip, which is photographed using reflected light.

Table 2A. Correlation between hemolysis and clindamycin 
resistance: effect of hemolytic phenotype on clindamycin MICs 
(microgram per milliliter).

NON-HEMOLYTIC 
STRAINS, n = 84

HEMOLYTIC 
STRAINS, n = 22

MIC50 MIC90 MIC50 MIC90

Clindamycin 0.047 0.75 0.047 256

Table 2B. Correlation between hemolysis and clindamycin 
resistance: contingency table of clindamycin susceptibility vs 
hemolytic phenotype.

CLINDA 
SUSCEPTIBLE

CLINDA 
RESISTANT

ROW 
TOTALS

Non-Hemolytic strains 83 1 84

Hemolytic strains 14 8 22

Column totals 97 9

106

Notes: The relationship between hemolysis and clindamycin resistance was 
significant at P  0.0001 by Fisher’s exact test and also by the chi-square test. 
The sites of isolation of the nine clindamycin-resistant strains were as follows: 
four from shoulder, one from blood, one from axilla, one from palate, one from 
scrotal abscess, and one from other.
Abbreviation: Clinda, clindamycin.
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from sterile body sites and invasive infections is one of the 
largest such collections reported on so far and confirms our 
previous work highlighting the high activity of penicillin G 
and cephalothin against P. acnes. Amoxicillin, ceftriaxone, 
and ertapenem also showed good activity against P. acnes in 
our previous report.1 In our experience, however, based on 
referrals we have received from other hospitals and clinics, 
treatment of P. acnes infections in North America tends to be 
dominated by the use of IV vancomycin and clindamycin, and 
clindamycin continues to be mentioned as a good choice for  
P. acnes prosthetic joint infections.13 The problem is, of course, 
that for P. acnes, like for other anaerobes, antimicrobial sus-
ceptibility testing is considered as a research laboratory proce-
dure and is not offered in clinical laboratories.

While doing the antibiotic susceptibility testing, how-
ever, we made several other observations that we found 
intriguing. Our first observation is that a minority of P. acnes 
strains are strongly hemolytic (Fig. 3A). Second, some strains 
that are not hemolytic can be induced to show hemolysis in the 
presence of antibiotics, especially vancomycin. Third, hemo-
lytic strains show an increased frequency of clindamycin resis-
tance (Tables 2A and 2B).

The presence of a hemolysin gene in P. acnes was noted 
by Brüggemann et al14 in their report of the first genome 
sequence of P. acnes, in 2004, and confirmed by many other 
laboratories since then. The number of P. acnes strains with 
sequenced genomes is up to 115 at the time of this submission, 
according to GenBank http://www.ncbi.nlm.nih.gov/genome/
genomes/1140. Although no P. acnes gene is annotated specifi-
cally as a clindamycin-resistant locus, P. acnes contains multiple 
genes annotated as multidrug ABC ATP-binding transporters: 
http://www.ncbi.nlm.nih.gov/genome/proteins/1140?genome_
assembly_id=170630. In addition, some of the many variations 

of erm genes, which encode resistance to erythromycin in P. acnes, 
also provide cross-resistance to clindamycin.15 Although there 
are many possible molecular explanations for clindamycin resis-
tance in P. acnes, the exact genes responsible for clindamycin 
resistance have not been identified, and therefore, the reason for 
the apparent linkage between hemolysis and clindamycin resis-
tance that we observed remains unknown at this time.

In terms of clinical applications, our work continues to 
show that antimicrobial resistance testing of P. acnes should 
be done more commonly, or even routinely, especially in 
large teaching and referral hospitals. This is often viewed as 
cost prohibitive, because such testing is labor intensive and 
requires skilled personnel, while the trend in laboratory medi-
cine these days is to emphasize automation, high throughput, 
and cost containment, often summarized by the phrase lean 
microbiology. This means that for now, most clinicians must lean 
on anaerobic susceptibility reports from the research labora-
tory and unfortunately cannot expect to receive such data on 
their own individual patients. In addition, clinical laboratories 
should be encouraged to report if a P. acnes strain is hemo-
lytic, because currently the hemolytic phenotype is not rou-
tinely included on any microbiology reports. We believe that 
the use of clindamycin in treating P. acnes infections may be 
overemphasized in the literature. Based on our experience in 
this study, clindamycin might need to be avoided in P. acnes 
strains that are hemolytic, given the high (36%) resistance in 
that subpopulation of P. acnes. Our data also call into question 
the efficacy of using clindamycin as prophylaxis for shoulder 
surgery as well. b-Lactam antibiotics, such as first-generation 
cephalosporins, penicillin G, amoxicillin, ceftriaxone, and 
ertapenem, have strong activity against P. acnes in vitro.16–18  
Oral therapy for P. acnes may even be possible but needs 
more testing in biofilm models of infection and also in vivo. 

Figure 4. Lack of effect of induced hemolysis on clindamycin susceptibility in P. acnes. Aerolysin, a potent hemolysin from Aeromonas hydrophila 
bacteria, was used to induce hemolysis on agars not permissive for P. acnes hemolysis. (A) P. acnes strain 77 on TSA + 5% sheep’s blood, testing 
the clindamycin MIC in the absence (left) or presence (right) of aerolysin. (B) The same plate photographed via transmitted light on a light box shows 
the hemolysis induced by the aerolysin. Bacterial growth is not well seen in transmitted light conditions in (B). (C) Lack of effect of aerolysin on the 
clindamycin MIC of a moderately resistant P. acnes strain. Arrows indicate the MIC of 6 µg/mL.
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The use of combination therapy with rifampin also needs to be 
better defined.18,19
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