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Abstract Limited data are available regarding the risk
factors and outcome of polymicrobial prosthetic joint
infection (PJIs) when compared with monomicrobial
PJI. Between January 1998 and November 2006, we ret-
rospectively identified 34 of 174 prosthetic joint infections
(19%) were polymicrobial. The 2-year cumulative proba-
bility of success of treating polymicrobial and mono-
microbial PJIs was 63.8% and 72.8%, respectively.
Twenty-six percent, 38%, and 29% of PJIs were treated
with two-stage exchange, débridement and retention, or
resection arthroplasty, respectively, and the 2-year survival
rate free of treatment failure in each group was 77.7%
(95% confidence interval, 42.8%-94.2%), 52.7% (95%
confidence interval, 28.4%-75.9%), and 64.2% (95%
confidence interval, 28.7%—88.9%). Methicillin-resistant
Staphylococcus aureus (26.4% versus 7.1%) and anaerobes
(11.7% versus 2.8%) were more common in polymicrobial
PJIs. Polymicrobial PJIs occurred in patients with a soft
tissue defect/dehiscence (23.5% versus 2.8%), drainage
(79.4% versus 39.2%), or prior local irradiation (8.8%
versus 0.71%). We found the following factors associated
with polymicrobial prosthetic joint infections: the presence
of a soft tissue defect/wound dehiscence (odds ratio, 5.9),
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drainage (odds ratio, 5.0), and age 65 years or older (odds
ratio, 2.8).

Level of Evidence: Level III, prognostic study. See the
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Prosthetic joint infections (PJIs) are an infrequent com-
plication of total joint arthroplasty. Although the rate of
infection in most centers now ranges between 0.3% and
1.3% for THA [6] and 1% to 2% for TKA [5, 10], the
increase in numbers of total hip and knee procedures has
led to a higher total number of infections. Prosthetic joint
infections are costly and disabling (estimate of ~ 50,000 $/
infection) [16].

Polymicrobial PJIs account for 4% to 27% of all PJI
infections [3, 17, 19]. A recent study reports a higher fre-
quency of polymicrobial PJI of 37% [12]. In this study,
polymicrobial PJIs occurred more frequently in the early
postoperative period [12]. These studies do not focus on the
specific risk factors or the outcome of such infections, but
they are rather descriptive studies. One study considering
risk factors for polymicrobial PJI reported four patients
believed to have acquired their infections as a result of
building construction [18].

Traditionally, polymicrobial infection was associated
with failure and was considered a contraindication for one-
stage reimplantation in the management of PJIs [7].
However, in one report of 54 patients with TKA PJI treated
with two-stage exchange, reimplantation was successful in
71.4% of patients with polymicrobial PJIs [6]. These
studies highlight the varied success rates of polymicrobial
PJIs treated with certain surgical modalities. Identifying
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potential risk factors for polymicrobial PJIs will allow the
treating physician to identify patients at risk of acquiring
polymicrobial infection, and may help in selecting a
broader empiric antimicrobial coverage following the sur-
gery that can be further narrowed down when the offending
microorganisms are known. Also, depending on the path-
ogen involved and the surgical modality performed, these
data will serve as a guide in predicting the outcome of such
infections.

We hypothesized (1) there is a difference in the 2 year
survival free of treatment failure between the monomi-
crobial and polymicrobial PJIs; and (2) several risk factors
may be associated with polymicrobial PJIs, particularly
local factors.

Materials and Methods

We retrospectively reviewed the medical records of all 195
patients with THA or TKA PJIs between January 1998 and
November 2006. Cases were identified from an electronic
database using the International Classification of Diseases,
9th Revision code specific for PJI (996.66). We did not see
any patients to acquire data for this study. Among the 195
patients, 174 had PJI (THA and TKA) caused by an
identified microorganism; 21 had culture-negative PJIs and
were excluded from further review or analysis. Thirty-four
of the 174 PJI infections (20%) in 34 patients were
polymicrobial. From the records we identified potential risk
factors for a polymicrobial PJI and its outcome. Charac-
teristics and outcomes of patients with PJIs resulting from
polymicrobial organisms were compared with those
resulting from monomicrobial organisms. We then strati-
fied potential risk factors associated with a polymicrobial
PJI. The median duration of followup for successfully
treated monomicrobial PJI infections was 526 days (range,
4-3134 days) and 380 days (range, 21-1925 days) for
polymicrobial PJI infections. This study was approved by
the Institutional Review Board of Medical University of
South Carolina (HR# 10935).

The minimum followup was 4 days (median 274 days;
range, 4-334 days). The patient who had 4 days of fol-
lowup was not seen further in our clinic and therefore the
documentation of successful outcome was available at the
time of last followup date. We did not initiate active
measures for followup such as telephone calls or letters.

A polymicrobial PJI was defined as isolation of the same
two or more microorganisms from at least two cultures of
joint aspirates or intraoperative tissue specimens or isola-
tion in at least one intraoperative culture of two or more
microorganisms plus evidence of infection in a joint space
(purulence, acute inflammation, sinus tract communicating
with a joint space) [17]. Wound drainage was defined as
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any drainage occurring in the immediate period before the
diagnosis of PJI, as recorded by the treating physician in
the medical record as presenting symptom.

Enterococcus spp was isolated in 11 (32%), streptococci
in two (6%), Pseudomonas aeruginosa in nine (26%),
methicillin-resistant S. aureus in nine (26%), other Gram-
negative bacilli (Escherichia coli, Klebsiella pneumoniae,
Proteus spp, Citrobacter, Enterobacter spp, Acinetobacter)
in 12 (35%), anaerobes (Bacteroides fragilis, anaerobes
not otherwise identified, Propionibacterium acnes) in four
(12%), and other microorganisms (coagulase-negative
staphylococci, Corynebacterium spp, Bacillus spp) in 17
(50%) of the 34 polymicrobial infections. Candida spp
(albicans, tropicalis) was present in two of 34 polymicrobial
infections. Of the polymicrobial PJIs that contained entero-
cocci, vancomycin-resistant enterococci were isolated only
in one instance; the remaining enterococci were all penicil-
lin-susceptible. There were no extended-spectrum beta-
lactamase Gram-negative microorganisms isolated in the
polymicrobial cultures. Nineteen of 34 (56%) of the
polymicrobial PJIs occurred within 90 days from prosthesis
implantation , whereas only 40 (29%) of the monomicrobial
PJIs occurred within this timeframe. Nine of the polymi-
crobial (26%) and 77 (55%) of the monomicrobial PJI
infections occurred more than 1 year after prosthesis
implantation (Fig. 1). Only 6 monomicrobial PJI infections
and 7 polymicrobial infections occurred within 21 days from
prosthesis implantation. There were no major differences in
terms of comorbidities, surgical therapy, or presenting
symptoms among this subgroup of patients.
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Fig. 1 The graph shows earlier occurrence within 90 days from

prosthesis implantation of polymicrobial prosthetic joint infections
compared to monomicrobial prosthetic joint infections.
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The primary outcome measure of treatment failure was
defined by one of the following: (1) recurrence of a PJI
with at least one of the original microorganisms present in
culture (relapse); (2) different microorganisms than the
original ones at any time after the surgical procedure
(reinfection); (3) presence of acute inflammation (> 5
polymorphonuclear cells per high-power field) in the
periprosthetic tissue on histopathologic examination;
purulence in the joint space; (4) development of a sinus
tract communicating with the joint prosthesis; death from
prosthesis-related infection; (5) a new synovial fluid or

periprosthetic tissue culture yielding a different microor-
ganism than the original one while the patient is still
receiving intravenous therapy (superinfection); or (6)
indeterminate clinical failure (clinical, laboratory, or
radiographic findings suggestive of PJI at any time after the
surgical procedure). Outcome was determined at time of
last documented clinic visit, clinical failure, or death.
Demographic characteristics, comorbid conditions,
infection characteristics, surgical modality, and clinical
presentation (Table 1) were abstracted from the medical
records and entered into a FileMaker Pro database

Table 1. Characteristics among patients with monomicrobial and polymicrobial PJIs

Variable Polymicrobial PJI (n = 34) Monomicrobial PJI (n = 140) p Value
Age, median years (range) 69.5 (32-93) 63 (28-89) 0.09
Black 8 (23.5%) 44 (31.4%) 0.41
Female 19 (55.8%) 80 (57.1%) 1.00
TKA 13 (38.2%) 82 (58.5%) 0.06
Joint age, median days (range) 50 (10 -9210) 453 (14-10,132) 0.004
Comorbid conditions
Diabetes mellitus 9 (26.4%) 45 (32.1%) 0.67
Rheumatoid arthritis 4 (11.7%) 15 (10.7%) 0.76
Liver cirrhosis 2 (5.8%) 7 (5%) 0.68
Immunosuppressive medications* 3 (8.8%) 8 (5.7%) 0.45
Systemic malignancyT 4 (11.7%) 12 (8.5%) 0.5
Clinical presentation and local wound factors
Soft tissue defect/wound 8 (23.5%) 4 (2.8%) 0.0002
dehiscence
Drainage 27 (79.4%) 55 (39.2%) < 0.0003
Sinus tract 9 (26.4%) 25 (17.8%) 0.33
Prior local irradiation 3 (8.82%) 1 (0.71%) 0.02
Bacteremia 0 (0%) 20 (14.2%) 0.01
Endocarditis 0 (0%) 3 (2.14%) 1.00
Microbiology
Methicillin-resistant Staphylococcus aureus 9 (26.7%) 10 (7.1%) 0.003
Anaerobes 4 (11.7%) 4 (2.86%) 0.04
Intravenous antimicrobial therapy, median days (range) 42 (12-66) 42 (4-175) 0.97
Surgery and surgical factors
Two-stage exchange 9 (26.4%) 49 (35%) 0.41
Débridement and retention 13 (38%) 51 (36%) 0.37
Resection/Girdlestone 10 (29.4%) 20 (14.2%) 0.04
One-stage revision 2 (5.8%) 17 (12%) 0.37
Amputation 2 (5.8%) 3 (2.1%) 0.25
Antibiotic-impregnated spacer 15 (44.1%) 60 (42.8) 1.00
Joint aspiration 0 (0%) 2 (1.4%) NS
Prior two-stage exchange 2 (5.8%) 16 (11.3%) 0.53
Prior revision surgery 8 (23.5%) 43 (30.7%) 0.52
Prior débridement/retention 8 (23.5%) 35 (25%) 1.00
No surgery (suppression only) 0 (0%) 1 (0.7%) NS

* Includes steroids, tumor necrosis factor-receptor antagonists, cyclosporine, methotrexate, or other immunosuppressive/immunomodulator
medications; fincludes colon, breast, lung, or malignant melanoma; PJI = prosthetic joint infection; NS = not significant.
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(FileMaker Inc, Santa Clara, CA, USA). Compared with
the monomicrobial PJIs, polymicrobial PJIs occurred in
patients 65 years of age and older (67% versus 49%,
p = 0.05), presenting with a soft tissue defect/wound
dehiscence (23.5% versus 2.8%, p = 0.0002), drainage
(79.4% versus 39.2%, p < 0.0001), those who had prior
local irradiation (8.8% versus 0.71%, p = 0.02), and less
bacteremia (0% versus 14.2%, p = 0.01). None of the
polymicrobial PJI infections were associated with endo-
carditis. Polymicrobial and monomicrobial PJIs did not
considerably differ in gender, type of comorbidity, immu-
nosuppressive therapy, median duration of intravenous
antimicrobial therapy, prior joint revisions, prior two-stage
exchange or débridement and retention of prosthesis, or
type of surgery (two-stage exchange, one-stage revision,
débridement and retention).

The surgical and medical therapy for the treatment of PJI
was left to the discretion of the orthopaedic and infectious
disease physicians. Over the study period, the vast majority
of surgical procedures were performed by the same two
surgeons (HDS, HAD). Because of the retrospective nature
of the study, we could not always discern the rationale for
choosing a specific surgical procedure; duration of symp-
toms, timing of the infection (eg, early versus late
postoperative period), implant stability, and patient prefer-
ence were factors that were considered for surgical
treatment. Débridement and retention of the prosthesis and
exchange of the modular components were the surgical
modalities used for the majority of polymicrobial PJIs and
were performed in 13 (38.2%) infections. Ten infections
were treated with resection arthroplasty (29.4%), nine
infections (26.4%) were treated with two-stage exchange,
and two (approximately 6%) with partial or total one-stage
revision surgery. Polymicrobial PJI infections were treated
more frequently with resection arthroplasty compared with
monomicrobial infections (Table 1). Two of the polymi-
crobial infected patients and three of the polymicrobial PJI
infected patients went on to have amputations. At the time of
resection arthroplasty (infections intended to have a future
reimplantation performed), an antibiotic-impregnated poly-
methylmethacrylate spacer with either tobramycin or
vancomycin-tobramycin was used. Intravenous antimicro-
bial therapy was used in all but one episode of polymicrobial
PIJI for a median duration of 42 days (range, 12-66 days).
The one infected patient who did not receive intravenous
antimicrobial therapy was treated with a quinolone (highly
bioavailable drug) and had a successful outcome. All but one
patient with polymicrobial PJI received appropriate systemic
antimicrobial therapy based on the antimicrobial suscepti-
bility pattern of bacteria isolated from the intraoperative
cultures. One patient who had vancomycin-resistant entero-
cocci, penicillin-susceptible enterococcus, and Bacteroides
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fragilis isolated in polymicrobial culture was treated with
resection arthroplasty, piperacillin-tazobactam, and genta-
micin for an intended duration of 6 weeks of antimicrobial
therapy. The length of followup for this patient was 21 days.
Vancomycin-based combinations were used for the majority
of cases (in combination with quinolones in 12 infections;
trimethoprim-sulfamethoxazole in one episode; first-, third-,
and fourth-generation cephalosporins in seven infections,
rifampin in four, fluconazole in two, and imipenem-cilastatin
in one). Vancomycin alone was used in eight cases of
infection. Nafcillin-cefepime was used in one infection,
cefazolin-ciprofloxacin in one infection, and ampicillin or
piperacillin-tazobactam + gentamicin were used in three
infections. Four cases of infection (three treated with
débridement and one with resection arthroplasty) received
chronic oral suppression for a median of 146 days (range,
40-519 days). Doxycycline, trovafloxacin, clindamycin, or
ampicillin combined with ciprofloxacin were the oral anti-
microbials used for chronic suppression. Two patients
developed Clostridium difficile colitis, one had a B-lactam-
induced hypersensitivity reaction, one had rifampin-induced
hepatitis, and one developed trimethoprim-sulfamethoxa-
zole-induced hyperkalemia as a result of antimicrobial
therapy.

We considered the following variables as potential risk
factors for a polymicrobial infection: age, race, gender,
comorbid conditions (immunocompromising conditions,
chronic renal insufficiency or urinary tract infections,
systemic malignancy), joint location, joint age, duration
of symptoms, presence of bacteremia, surgical procedure
and prior surgeries on the affected joint, local wound
factors and clinical presentation (eg, wound dehiscence,
soft tissue defect that required coverage, wound drainage,
presence of a sinus tract, prior local irradiation on the
affected joint), chronic oral administration (longer than
2 weeks) of prednisone (5 mg or greater daily), or other
immunosuppressive or immunomodulator therapy (eg,
tumor necrosis factor-receptor antagonists, cyclosporine,
methotrexate).

We compared categorical variables between monomi-
crobial and polymicrobial PJI groups using chi square or
Fisher’s exact test as appropriate. Continuous variables
were compared with the Wilcoxon rank sum test. All tests
were two-sided. Type I error (o) was set at 0.05. Risk
factors we considered clinically important for a polymi-
crobial infection were included in a multivariable logistic
regression model in a stepwise fashion (SAS 9.1, Cary,
NC). Hosmer-Lemeshow test was performed to assess
goodness-of-the-fit of the final model. We estimated sur-
vival free of treatment failure between polymicrobial and
monomicrobial PJI groups by using the Kaplan-Meier
method and log rank test.
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Results

The outcome of polymicrobial PJI infections was similar
(p = 0.24) to that of monomicrobial PJI infections. Twelve
(35.3%) of the 34 infections of polymicrobial PJIs and 46
(32.8%) of the 140 monomicrobial PJI infections went on to
develop treatment failure. Distribution of treatment failure
between monomicrobial and polymicrobial PJIs included
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Fig. 2 Distribution of treatment failure between monomicrobial and
polymicrobial prosthetic joint infections is illustrated, included
presence of a sinus tract, relapse, reinfection, purulence in the joint
space, indeterminate clinical failure, superinfection, and death from
prosthesis related infection.

Fig. 3 Kaplan-Meier estimate of
survival free of treatment failure

presence of a sinus tract, relapse, reinfection, purulence in
the joint space, indeterminate clinical failure, superinfection,
and death from prosthesis related infection (Fig. 2). Among
the 21 reinfections (3 in the polymicrobial and 18 in the
monomicrobial group), 8 went on to have débridement and
retention, 3 had resection arthroplasty, 2 had two-stage
exchange, 1 had amputation, 2 had arthrodesis, 1 had one-
stage exchange, and only 4 had no additional surgical pro-
cedures. The 2-year cumulative probability of success of
polymicrobial PJIs was 63.8% (95% confidence interval
[CI], 43.8%-80.5%) and of monomicrobial PJIs was 72.8%
(95% CI, 63%—-80.9%) (Fig. 3). The 2-year survival free of
treatment failure for polymicrobial PJIs treated with two-
stage exchange, débridement, and retention of prosthesis and
resection arthroplasty was 77.7%% (95% CI, 42.8%—
94.2%), 52.7% (95% ClI, 28.4%-75.9%), and 64.2% (95%
ClI, 28.7%—88.9%), respectively. The 2-year survival free of
failure for monomicrobial PJIs treated with two-stage
exchange and débridement and retention was higher, but not
statistically significant different than of polymicrobial PJI
treated with similar surgical modalities: 83.9% (95% ClI,
67.4%-92.8%;p = 0.24), and 54% (95% CI, 37.9%—69.2%;
p = 0.64), respectively.

Presence of a soft tissue defect or wound dehiscence
(odds ratio [OR], 5.9; 95% CI, 1.5-23.3), drainage (OR,
5.0; 95% CI, 1.9-12.9), and age 65 years or older (OR, 2.8;
95% CI, 1.1-6.8) were factors associated with polymicro-
bial PJIs (Table 2).

There were nine deaths in the monomicrobial PJI group
(three related to the underlying malignancy, two resulting
from myocardial infarction, one resulting from gastrointes-
tinal hemorrhage, one resulting from hyperkalemia, one
resulting from prosthesis-related infection, and one resulting
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Table 2. Multivariable analysis of risk factors associated with
polymicrobial prosthetic joint infections

Variable Odds ratio 95% Confidence
interval
Presence of a soft tissue 5.9 1.5-23.3
defect/wound dehiscence
Wound drainage 5.0 1.9-12.9
Age 65 years or older 2.8 1.1-6.8

from another infectious process). No deaths were recorded in
the polymicrobial group.

Discussion

The purpose of this study was to assess potential risk
factors associated with polymicrobial THA and TKA PJIs
and their outcome at our institution. The available data
from the literature regarding polymicrobial PJI are scarce
and they do not address potential risk factors for polymi-
crobial infection. These studies highlight the varied success
rates of polymicrobial PJIs treated with certain surgical
modalities. Data provided from our study can serve as a
guide in predicting the outcome of such infections and may
help the treating physician to identify some of the risk
factors associated with a polymicrobial PJI. It will also
help with the selection of a broader empiric antimicrobial
coverage following the surgery for a specific subset of
patients who could potentially have risk factors for
acquiring a polymicrobial PJI. We hypothesized there is a
difference in the 2-year survival free of treatment failure
between polymicrobial and monomicrobial PJIs; and there
are risk factors associated with polymicrobial PJIs, par-
ticularly local factors.

Our study has several limitations. First, it is a single-
center retrospective study with potential for uncontrolled
selection biases among subgroups. Our institution is a
tertiary care referral center that provides treatment for
patients who might have had prior infections of PJI man-
aged at a different institution. Second, the number of
polymicrobial PJIs identified during the study period was
relatively small, and thus the study may have lacked power
to detect differences among subsets of patients. Further-
more, because of the relatively small number of outcome
measures (eg, polymicrobial PJI), a limited number of
covariates could be entered in the final multivariable
logistic regression model. Therefore, it is possible addi-
tional risk factors for polymicrobial PJIs could have been
found if the number of polymicrobial PJIs had been larger.
Third, we were unable to use Musculoskeletal Infection
Society Staging System (McPherson’s classification) [11],
because we were unable to identify some of the local risk
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factors from the medical record given the retrospective
nature of the study. The basis for Musculoskeletal Infection
Society Staging System was clinical experience suggesting
patients who are systemically ill are more difficult to treat
and cure. Additionally, patients with more severe infec-
tions at the local site are more difficult to reconstruct and
are doing functionally worse after reconstruction. This
classification takes into account the acuteness of the
symptoms, systemic host grade (comorbid conditions) and
local extremity grade. However, the classification does not
take into account the microbiology, which may be an
important factor in determining the outcome of infection.
This classification may be important to identify targeted
treatment modalities for specific levels of medical and local
wound compromise, and to provide an accurate prognosis
to patients with PJIs. Finally, we could not analyze the
difference in survival free of failure between monomicro-
bial or polymicrobial groups in patients treated with one-
stage exchange as a result of the small number of patients
treated with this method. The 2-year survival free of
treatment failure for patients with polymicrobial PJIs
treated with two-stage exchange (approximately 78%) was
similar to that for patients with monomicrobial PJIs
(approximately 84%), perhaps because of a lack of power
to detect such difference. Because various treatment
methods were used throughout the study period, it raises
the possibility our conclusions were affected by this.
However, we provided individualized 2-year estimates of
the survival free of failure for infections of PJI treated with
various surgical modalities.

We evaluated the outcome and factors potentially
associated with polymicrobial PJIs. Our hypothesis was
that the outcome of polymicrobial PJIs is in general
favorable when compared with the PJIs resulting from the
monomicrobial infection and there are additional risk fac-
tors associated with a polymicrobial PJIs, particularly local
factors. The bacterial species strongly affects outcome. The
most frequently recovered isolates in PJIs are S. aureus and
Staphylococcus epidermidis [9]. We previously demon-
strated methicillin-resistant S. aureus PJI resulted in higher
risk of treatment failure [14]. Polymicrobial infection,
infection with Gram-negative organisms, and methicillin-
resistant microorganisms were considered factors associ-
ated with failure in PJIs treated with one-stage exchange
[7]. Our results are similar to those reported in a previous
series of 54 patients with TKA PJI treated with two-stage
exchange when reimplantation was successful in 71.4% of
patients with polymicrobial PJIs [6]. Nevertheless, we have
not seen in our cohort higher rates of success of 90% with
two-stage exchange reported in the literature, even for the
monomicrobial PJI infections. The overall 2-year survival
free of treatment failure for monomicrobial PJIs (54%) was
similar to that observed for polymicrobial PJIs (52%).
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Relatively low 2-year survival free of treatment failure of
64% was also observed for polymicrobial PJIs treated with
resection arthroplasty. Our polymicrobial PJI infections
had a relatively large proportion of Gram-negative organ-
isms and Pseudomonas aeruginosa isolated, although
multidrug-resistant or extended-spectrum beta-lactamase-
producing organisms were absent from this cohort. In the
past, these bacteria were difficult to eradicate. With the
introduction of extended-spectrum beta-lactamases and
third- and fourth-generation of cephalosporins, quinolones,
and carbapenems, recent clinical experience has demon-
strated infection with Gram-negative bacilli can be treated
as effectively as infection with Gram-positive microor-
ganisms [20]. This may explain in part the lack of a
considerable difference between the outcome of polymi-
crobial and monomicrobial PJIs. As in the study by Moran
et al. [12], we found methicillin-resistant S. aureus was
present at higher frequency in the polymicrobial group
compared with the monomicrobial group. We believe the
presence of methicillin-resistant S. aureus in polymicrobial
culture may have been a more considerable risk factor for
failure for such infections. In addition, and perhaps not
surprisingly, we found a higher proportion of anaerobes in
polymicrobial cultures.

Polymicrobial PJIs accounted for 10.5% to 19% of THA
PJIs and 9% to 12.3% of TKA PJIs in previous studies [9].
A more recent study reports a higher frequency of
polymicrobial PJI of 37% [12]. In this study, polymicrobial
PJIs occurred more frequently in the early postoperative
period [12]. We have observed a 19% frequency of
polymicrobial infections in our cohort. Similarly, the
majority of polymicrobial PJI infections in our cohort
occurred within 90 days from the implantation of
prosthesis.

Several risk factors for PJIs such as rheumatoid arthritis,
diabetes mellitus, poor nutritional status, obesity, concur-
rent urinary tract infections, steroid therapy, malignancy,
postoperative site infection, and National Nosocomial
Infection Surveillance score greater than 0 were considered
in primary joint arthroplasty. Many of these factors such as
diabetes mellitus, rheumatoid arthritis, steroid therapy were
noteworthy only in univariate, but not in multivariable
analysis [1, 8, 13, 15, 21]. Conversely, prior joint surgery,
prolonged operating room time, and preoperative infection
were considered potential risk factors for infection after
revision arthroplasty [9]. Postoperative wound healing
complications, including “superficial” infection, hema-
toma, delayed healing, necrosis of the wound edge, and
dehiscence, occur more commonly in patients who mani-
fest deep infection and are important risk factors for
subsequent deep wound infection [17]. In a large case-
controlled study, Berbari et al. [1] reported the four most
important risk factors predictive of PJI were postoperative

surgical site infection, National Nosocomial Infection
Surveillance score greater than 2, concurrent malignancy,
and prior joint arthroplasty. We found the presence of a
systemic malignancy, other major comorbid conditions, or
prior joint surgeries were not associated with a polymi-
crobial PJI, perhaps as a result of relatively small numbers
within the subgroups.

Periprosthetic infection classification proposed by
McPherson et al. [11] takes into consideration infection
type, systemic host grade, and local extremity grade. An
intact soft tissue envelope is critical to eradicating the
infection at the local site. We focused as well on some of
the local factors and reported the presence of drainage,
wound dehiscence, or a soft tissue defect was associated
with the development of a polymicrobial infection. Prior
local irradiation, another factor associated with impaired
wound healing, was more frequently reported among the
polymicrobial group as opposed to the monomicrobial
group in our univariate analysis. However, prior local
irradiation was not associated with a polymicrobial infec-
tion in the multivariable analysis. In the present study,
older age was associated with polymicrobial PJIs. Gavet
et al. [4] reported advanced age is a risk factor for septic
arthritis and poor outcome. Older age may be a surrogate
marker for poorer host status (e.g., a host that may have
more obscure immunocompromising factors that were not
captured in the current study). Extreme age (younger than
2 years and older than 70 years old) was considered part of
the “B” host (systemic compromise) as suggested by
Cierny et al. [2].

Our data suggest polymicrobial PJIs represent a sub-
stantial proportion of all PJI occurrences. Their frequency
of 19% in the present study is in concordance with the
reported frequency from the literature, ranging from
4-37% [3, 12, 17, 19]. As in the study by Moran et al.
[12], we found that polymicrobial PJIs tend to occur more
frequently in the early postoperative period. We also
found polymicrobial PJIs have a relatively favorable out-
come, especially when treated with two-stage exchange.
In our study reimplantation was successfully performed
in 77.7% of polymicrobial infections and is comparable
with the previously reported result of 71.4% in patients
with polymicrobial TKA infection [6]. In addition, our
analysis identified several factors associated with
polymicrobial PJIs that include presence of drainage, soft
tissue defect or wound dehiscence, and age 65 years or
older. Additional larger studies may be needed to identify
other potential risk factors associated with polymicrobial
PJIs.
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