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Periprosthetic joint infection remains a major complication in arthroplasty. We present the first
description of a case of periprosthetic joint infection with Actinomyces radingae, microorganism that is
mostly found on the skin of the upper body and might cause particular challenges as it is difficult to
culture and specify. Furthermore, a thorough microbiologic workup may indicate the source of infection.
In this case, it is possible that perspiration from the surgeon was the source of intraoperative contam-
ination. Intraoperative contamination through perspiration may be important and should be avoided by
all means.
© 2022 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/lice

nses/by-nc-nd/4.0/).
Introduction

Total hip arthroplasty (THA) is a very successful treatment for
various pathologies of the hip joint [1]. Nevertheless, there are
major complications. Among these, periprosthetic joint infection
(PJI) has a lifetime incidence of approximately 1% after THA [2,3].
Coagulase-negative staphylococci, Staphylococcus aureus, and
Streptococcus spp. account for the vast majority of the detected
organisms in hip PJI cases [4e6]. Anaerobic bacteria make up 3%-6%
of the causative microorganisms [7].

We present a case of PJI with a rare species of Actinomyces. This
report represents the first case description with Actinomyces radi-
ngae as the causative microorganism for PJI, to the best of our
knowledge. It also demonstrates that detailed interpretation of the
findings might help identify a specific and easily neglected source
of contamination.
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Case history

Six years prior to initial consultation of a 51-year-old male pa-
tient, internal fixation of the proximal femur had been performed
with a cephalomedullary nail due to a nondisplaced intertrochan-
teric fracture. As the patient felt pain around the greater trochanter,
possibly caused by the nail, it had been removed 1 year later as the
fracture had consolidated in an anatomic position. Apart from
suffering from chronic low back pain and being a smoker, the pa-
tient was otherwise healthy, taking only analgesics like paraceta-
mol and nonsteroidal anti-inflammatory drugs. He then had been
asymptomatic until groin pain developed about 1 year prior to
consultation. Osteoarthritis had then been diagnosed and THA had
been performed (Fig. 1). Early recovery had been uneventful. After
3 months, the patient presented good hip function but complained
of persistent groin pain. The symptoms worsened, and cup loos-
ening was identified 1 month later (Fig. 1). While white blood cell
count was normal and c-reactive protein was only slightly elevated
(9 mg/l), joint aspiration yielded a cell count suspicious of infection
(3546 leucocytes/ml with 81% polymorphonuclear granulocytes),
and A. radingae was identified in 2 separate samples taken at
sociation of Hip and Knee Surgeons. This is an open access article under the CC BY-
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repeated aspiration. Further testing showed that the bacteriumwas
sensitive to beta-lactam antibiotics but resistant to clindamycin.

Despite the delay of 22 weeks since the index operation,
debridement with retention of the stem but revision of the loose
cup was performed through the anterior approach used for the
primary THA. This choice was made in agreement with in-house
infectious diseases specialists, since the stem was well integrated,
and the biofilm development by the identified microorganism was
not considered to require any extension of the antibiotic treatment
nor any additional biofilm-active drug. Systemic antibiotic treat-
ment was enhanced by local application of antibiotic-loaded cal-
cium sulfate beads (50-ml Osteoset; Wright Medical Technologies,
Arlington, TN) with 4 g of vancomycin (Vancomycin Labatec; Lab-
atec Pharma, Geneva, Switzerland). Intraoperative microbiological
sampling identified A. radingae in all 5 biopsies, as well as Staphy-
lococcus epidermidis in 2 tissue biopsies. Furthermore, Peptoniphilus
lacrimalis as well as the aforementioned bacteria were identified in
the sonicate of the retrievals. Initially, amoxicillin and daptomycin
were administered intravenously for 2 weeks [8,9], followed by oral
levofloxacin and rifampicin, for a total duration of 3 months. Even
though Staphylococcus epidermidis was identified, a decision was
made against secondary revision of the stem, as vancomycin was
applicated locally in biofilm-active doses [10,11].

More than 2 years after the discontinuation of the antibiotics,
the patient shows good function of the hip with a free range of
motion without any signs of persistent infection. Nevertheless, he
complains of persistent groin pain as well as lower back pain
radiating to the hip and thigh. Blood testing and joint aspiration
were repeated without pathologic findings (white blood cell 5.42
G/l, c-reactive protein < 1 mg/l; 650 leucocytes/ml with 21% poly-
morphonuclear granulocytes), as it also was the case at a second
institution. Arthritis of the iliosacral joint was postulated, and
infiltration with steroids was performed. This relieved the pain for
more or less 6 months, and pain remains under control with basic
analgesics like paracetamol and nonsteroidal anti-inflammatory
drugs. Furthermore, bilateral inguinal hernias have been diag-
nosed as one possible cause for the persisting groin pain.

The patient provided written informed consent for publication
of anonymized data.

Biofilm culture and imaging

A. radingae biofilms were grown on medical-grade titanium-
aluminum-niobium discs in Brain Heart Infusion broth (BHI broth;
Figure 1. Zone of interest of the conventional radiographs of the pelvis showing the right hip
and posttraumatic alterations of the proximal femur, after internal fixation (black arrows). O
seated slightly too medially, the medial border crossing the ilioischial line (black arrowh
Radiograph after 4 months. Note loosening of the cup and shortening of the leg consecutive
implantation of vancomycin-loaded calcium sulphate beads (asterisk). Note restoration of
ilioischial line (black arrowheads). (e) Eighteen months after revision, showing no signs of lo
proper integration of the cup. The calcium sulphate beads dissolved within months.
Oxoid AG, Pratteln, Switzerland). The deep-frozen clinical strain
was subcultured and adjusted to optical density of 1.0 at 600 nm,
and 1 mL of this inoculumwas added to a sterile container with 20
mL of BHI per single titanium-aluminum-niobium disc. The culture
was incubated at 100 rpm at 37�C for 48 hours. Then, the discs were
transferred into 10 ml of sterile phosphate-buffered saline solution.
Biofilm was quantified by sonication of the disc for 5 minutes in an
ultrasound water bath (Bandelin Sonorex Super 10P; Bandelin,
Berlin, Germany) followed by vortexing for 30 seconds and subse-
quent serial dilution onto Mueller-Hinton-Agar plates. Plates were
incubated at 37�C, and colony forming units were counted after 24
hours.

One additional disc was examined after 48 hours of incubation
by scanning electron microscopy. The sample was dehydrated
through a series of steps with ethanol at increasing concentration
(70%, 80%, 90%, 96%, and 100%). Discs were then air-dried overnight
and sputter-coated with 10-nm gold and palladium, using a BAL-
TEC MED 020 sputter coater connected to a BAL-TEC MCS 010 and
a BAL-TEC QSG 060 (BAL-TEC, Principality of Liechtenstein). Images
of the surface (Fig. 2) were acquired using an S-4700 field emission
scanning electron microscope and Quartz PCI image management
system (Hitachi, Chiyoda, Japan), set at an accelerating voltage of 3
kV, a current of 40 mA, and a working distance of 12 mm.

Discussion

The genus Actinomyces encompasses many groups of gram-
positive rods that are either facultative anaerobic or micro-
aerophilic [12]. Numerous species of this genus are part of the
human commensal flora of the skin and oral cavity [13]. Actino-
myces are among the dominant species in dental plaque. Further-
more, A. radingae is known to be found especially on the skin of the
upper body [14]. The true incidence of infections due to this genus
remains unclear due to several reasons. One reason is that these
bacteria are difficult to culture and specify phenotypically [15].
Furthermore, they are rarely isolated alone and were, therefore,
often considered as contaminants [15]. This changed during the
1980s and 1990s, as new biochemical methods were able to specify
and separate the group of so-called nondiptheria Corynebacterium
[16]. With growing awareness, Actinomyces spp. were found more
frequently to be pathogenic, for example, in genital pathologies,
urinary tract infections, skin-related infections, appendicitis,
cholecystitis, or ear-nose-throat infections. In a series of 294 in-
fections with Actinomyces-like organisms, Actinomyces spp. were
of the 51-year-old patient described. (a) Situation prior to THA. Note the postoperative
steoarthritis was mainly posteroinferior. (b) postoperative control after THA. The cup is
eads), and cranially. Leg length and femoral offset were reconstructed properly. (c)
to migration of the cup. (d) After revision with debridement, exchange of the cup and
an anatomic centre of rotation, with the cup not protruding anymore medially to the
osening. Particularly, the residual sclerotic bone of the acetabulum resorbed, indicating



Figure 2. Scanning electron micrograph of Actinomyces radingae biofilm. Biofilm was
grown over 48 hours on medical-grade titanium-aluminum-niobium disc and showed
numerous clusters of cells, suggestive of microcolony or biofilm formation. Addition-
ally, note the extracellular polymeric substances appearing to cover partially the
cluster on the right-hand side. Biofilms were fixed with ethanol, sputter-coated with
gold and palladium, and imaged using a Hitachi S-4700 field emission scanning
electron microscope. We counted how many cells were within the biofilm, and it was
approximately 100,000 per disc. This is less than we would expect from a staphylo-
coccal biofilm by about 20- to 50-fold.
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isolated alone in only 84 cases (29%), with the spectrum of
concomitant flora including both anaerobic and aerobic bacteria
[15]. To the best of our knowledge, this is the first case describing
A. radingae in PJI. A. radingae is also able to form biofilms (Fig. 2).
However, this is not known to be particularly problematic
regarding antibiotic treatment, as it is for other microorganisms
[17e19].

As only A. radingae had been identified in the joint aspiration by
the time of revision and as biofilm formation of this pathogen is not
considered to be problematic regarding antibiotic treatment, as it
would be for Staphylococcus spp., Pseudomonas spp., or fungi, a
major partial revisionwas chosen, even though such procedures are
known to be unfavorable in terms of re-revision rates [20]. Despite
a longer delay, success rates of implant-retaining procedures
remain high, if associated with adequate, biofilm-active antibiotic
treatment [21e24]. Despite the later identification of the concom-
itant presence of Staphylococcus spp., the treatment remained
successful regarding cure of infection. The European standard
treatment scheme with 2 weeks of intravenous treatment followed
by 10 weeks of oral treatment with biofilm-active drugs with high
bioavailability had been applied [8,9]. Enhancing the systemic
antibiotic treatment with local vancomycin-loaded calcium sul-
phate beads might be another explanation, as this treatment is able
to reach antibiotic concentrations above the levels necessary for
eradication of mature biofilms [10,11,25]. Actinomyces spp. may be
considered as being sensitive to vancomycin [26,27]. However,
when joint aspiration reveals Actinomyces spp., one must take into
consideration the presence of a polymicrobial infection [15].

PJI is one of the major complications after THA, with a life-long
incidence of 1% in large register-based studies [2,3,28]. In the case
reported here, PJI most probably developed secondary to intra-
operative contamination, considering that multiple bacterial
strains were identified. Hematogenous contamination is very un-
likely in a polymicrobial infection. All 3 (A. radingae, S. epidermidis,
and P. lacrimalis) are skin commensals, A. radingae in particular as it
is a commensal especially present on the skin of the upper body
[14]. Therefore, contamination of the surgical site by perspiration of
the operating room personnel has to be considered as a likely cause
of infection. As A. radingae is rare among all Actinomyces spp.,
identification of this species on the surgeon’s forehead would have
proven the hypothesis, but he refused sampling. Furthermore, the
use of surgical helmets might have prevented the contamination in
this particular case. Due to a variety of complex mechanisms, these
devices are however not able to reduce overall PJI rates andmay not
be recommended in general [29].

Summary

Rare microorganisms must be taken into consideration as a
causative in cases of PJI. To the best of our knowledge, this is the
first report of A. radingae causing PJI. While Actinomyces spp. are
common skin commensals, the species radingae identified in this
case, as well as the other bacteria identified, point towards
contamination of the surgical site by perspiration from the surgeon.
Despite biofilm formation in chronic PJI, implant removal may not
be necessary in case of infection with such microorganisms.
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