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A B S T R A C T

Objectives: This study was undertaken to analyze prosthetic joint infection (PJI)-causing microorgan-
isms and compare their distribution patterns according to PJI classification.
Methods: Cohort study from a single referral center for bone-and-joint infections from January 2004 to
December 2015.
Results: Nine hundred and twenty-six patients, who developed 997 PJIs, involving the hip (62%), knee
(35%) and/or shoulder (1%), were included. PJIs were classified as early postoperative (19%), late chronic
(30%), hematogenous (35%) and undetermined (16%). Pathogens most frequently isolated from early-
postoperative PJIs were staphylococci (57%), with 25% each Staphylococcus aureus or Staphylococcus
epidermidis; 21% were polymicrobial and 10% Gram-negative rods. For late-chronic PJIs, the most fre-
quent microbes were staphylococci (61%), predominantly S. epidermidis (35%); anaerobic bacteria were
isolated from 15%; 11% were polymicrobial. Hematogenous PJIs were 99% monomicrobial. Although S.
aureus was the most frequently isolated species (28%), streptococci were isolated slightly more often than
staphylococci (39% vs. 36%). Among streptococci, group B streptococci were the most frequent (15%). The
portal of entry was identified for 52% of hematogenous PJIs: 15% cutaneous, 11% dental, 9% gastrointes-
tinal, 6% urinary, and 11% miscellaneous.
Conclusion: Although a wide variety of microorganisms was isolated from PJIs, specific microbiological
patterns were observed according to infection classification.

© 2018 The British Infection Association. Published by Elsevier Ltd. All rights reserved.

Background

Joint arthroplasty can be a highly effective intervention to improve
the quality of life of patients with joint damage by relieving pain
and restoring joint function. Albeit rare, prosthetic joint infection
(PJI) is certainly one of the most devastating complications of ar-
throplasty, with serious medical and psychological consequences
for the patient, and a high economic burden for society. PJI man-
agement remains difficult and a multidisciplinary approach is
essential to achieving therapeutic success.1,2

The first step for optimal treatment is the precise identifica-
tion of the involved microorganism(s) and its(their) antimicrobial-
susceptibility testing. A wide range of pathogens with different
susceptibility profiles are responsible for PJIs, even though staph-
ylococci are the most frequently isolated bacterial genus. Moreover,
the microbiological distributions of these infection-causing mi-
crobes differ according to the study population’s epidemiological
and geographical characteristics, the time to PJI onset after the last
clean operation, clinical local and general PJI signs and its patho-
genesis. Briefly, PJIs have been classified as postoperative, occurring
early during the first month postsurgery or later, or defined as he-
matogenous, e.g., arising from a distant source.3,4

The objectives of this study were to analyze the microorgan-
isms isolated from a large cohort of PJIs managed at a French referral
center for bone-and-joint infections and compare their distribu-
tion patterns according to infection classification.
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Methods

Study design and population

We conducted a retrospective analysis of data prospectively col-
lected from our PJI cohort (NCT 019635, NCT 02801253) between
September 1, 2004, and December 31, 2015. Patients were in-
cluded if they were ≥18 years old and had a PJI as defined below.
Patients with supposed aseptic loosening and negative preopera-
tive joint-aspirate cultures, but positive intraoperative sample
cultures, were not included.

The following information was collected from the center’s pro-
spective database: age, sex, infection classification, previous surgical
and medical treatments of the ongoing PJI, PJI duration before treat-
ment in our center and the microorganism(s) isolated.

PJI was defined as isolation of the same organism from ≥2 cul-
tures of preoperative joint fluid and/or intraoperative tissue
specimens plus ≥1 of the following criteria: a sinus tract commu-
nicating with the prosthesis, synovial leukocyte count >1700/mm3

with a differential of >65% neutrophils and/or clinical (i.e., local in-
flammatory signs including swelling, warmth, and erythema),
laboratory (C-reactive protein >5 mg/L) or radiological signs (i.e.,
periosteal bone formation, subchondral osteolysis) of infection.

Microbiology

Identification of the microorganism(s) isolated from PJIs relied
on results of intraoperative sample and/or joint-fluid–aspirate
cultures.

Preoperative joint-fluid aspirates
These aspirates were obtained from all but 30 (3%) patients after

discontinuing any concurrent antibiotic therapy for 2–4 weeks. Joint
aspiration was done in the Department of Radiology under fluo-
roscopic guidance and strict sterile conditions. After joint-fluid
aspiration, saline was injected into the joint and then recovered.
When possible, 2 samples were obtained after saline injection. Speci-
mens were transported within 2 hours to the Microbiology
Laboratory, where differential white blood cell counts were deter-
mined by light microscopy. Synovial fluid was inoculated onto
PolyViteX (PVX) chocolate agar (incubated under 5% CO2) and an-
aerobic Columbia agar plates (bioMérieux, Marcy-l’Étoile, France)
and into aerobic (Hemoline, bioMérieux) and anaerobic enrich-
ment broths (Schaedler broth, bioMérieux). All cultures were
examined daily for 8 days; on day 8, or earlier if bacterial growth
was visible, broths were subcultured on PVX chocolate agar and an-
aerobic Columbia agar plates and incubated at 37 °C for 48 hours.
Those culture results were considered to be positive when micro-
organism(s) grew; when no joint fluid had been collected, culture
results were considered positive when ≥2 cultures of the recov-
ered injected saline grew with the same pathogen(s).

Intraoperative sampling
Standardized preoperative hygiene procedures were applied to

all patients. Intraoperative samples were taken before starting an-
tibiotics. At least 3 samples of bone and/or synovium that appeared
inflamed or infected were collected during surgery. They were pro-
cessed aseptically within 2 hours in a class-2 laminar air-flow safety
hood. Specimens were disrupted by vigorous crushing in sterile
mortars with sterile diluents. Aliquots of the resulting suspen-
sions were cultured as described above.

Bacteria were identified to species with the rapid ID 32A kit
(bioMérieux) and, since 2012, by mass spectrometry (MALDI
biotyper, Bruker Daltoni GmbH, Breme, Germany). Antibiotic-
susceptibility testing used the standard disk-diffusion method
according to the French Society of Microbiology.5

Definition of the involved microorganism(s)
In patients undergoing surgery, the pathogen was considered PJI-

causative, when it was isolated from ≥2 different intraoperative
specimen samples or joint-fluid aspirates.

For 102 patients not undergoing surgery, because of high sur-
gical risk, PJI diagnosis and pathogen identification were based on
joint-aspirate–culture results. The same approach was applied to
the 98 patients receiving preoperative antibiotics for clinical sepsis
or presence of a virulent microorganism and negative intraopera-
tive sample cultures. Microorganism(s) was(were) considered PJI-
causative, when Staphylococcus aureus, streptococci, Enterococcus
faecalis, Enterobacteriaceae or Pseudomonas aeruginosa grew in joint-
fluid cultures with the following criteria: >1700 leukocytes/mm3,
with >65% neutrophils in the synovial fluid, and a sinus tract com-
municating with the prosthesis, and/or local, biological and
radiological signs of PJI. If a commensal bacterium was isolated
(coagulase-negative staphylococci, Propionibacterium acnes. . .),
another joint aspirate was obtained. The microorganism was con-
sidered PJI-causative, if isolated twice.

We classified microorganisms according to genus. Polymicro-
bial infections included different genera. Mixed staphylococcal PJIs
were defined as having different staphylococcal species present.

Infection classification

Three clinical settings based on initial PJI signs, derived from
Tsukuyama’s classification,3 were defined, analyzed and com-
pared: early postoperative, late chronic and hematogenous.

Two PJI groups were considered postoperatively acquired, i.e.,
without signs of hematogenous spread. Early-postoperative infec-
tion was defined as surgical site pain, redness with or without
drainage, associated or not with fever, occurring within 30 days after
joint arthroplasty. Late-chronic infection was defined as progres-
sive pain, joint dysfunction with or without a fistula, occurring ≥1
month after joint arthroplasty.

A hematogenous infection was defined as occurring after a
symptom-free interval of ≥1-month postsurgery, with sudden
onset of pain, joint dysfunction with or without fever, and/or
chills, a virulent bacterium compatible with hematogenous dis-
semination (S. aureus, Streptococcus, Enterobacteriaceae. . .), or
identification of a portal of entry (e.g., Staphylococcus epidermidis
PJI spreading from an indwelling venous access device infected
with the same microorganism). The portal for these hematog-
enous PJIs was sought by analyzing of the patient’s history (report
of a remote infection preceding PJI), physical examination and, if
necessary, additional complementary investigations. The origin
was defined as microbiologically confirmed, when cultures of
samples from the suspected source yielded the same microorgan-
ism as that isolated from infected-joint–sample cultures. Rectal
and genital swabs were systematically obtained from patients
with group B streptococcal PJIs, even those asymptomatic, to
search for this bacterium. If swab cultures were positive, we
considered colonization to be the infection source. The portal of
entry was defined as presumed, if anamnestic and/or physical
examination found a distant infection source compatible with the
identified microorganism (e.g., dental infection in a patient with
Streptococcus mitis/oralis PJI).

Clinical settings not meeting those definitions were classified as
undetermined.

Concomitant multiple joint-arthroplasty infections were defined
as ≥2 PJIs due to the same microorganism during the same septic
episode.

Successive multiple joint-arthroplasty infections were defined
as ≥2 PJIs yielding different microbes and occurring at different
times.
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