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Abstract The literature documents poor concordance
between superficial swab and intraoperative tissue cultures
in chronic prosthetic joint infections but is less clear in
acute postsurgical prosthetic joint infections. We evaluated
the relationship between superficial swab and deep intra-
operative cultures in 56 patients with acute postsurgical
prosthetic joint infections from June 2003 to June 2007;
patients receiving antibiotics were excluded. There were 30
hip and 26 knee prostheses. A superficial sample of the
wound drainage was taken at admission and three deep
samples were obtained during open débridement. Concor-
dance was defined when at least one of the microorganisms
isolated in the superficial samples also was found in the
deep samples. The analysis also was performed according
to the type of microorganism: Staphylococcus aureus,
gram-negative bacilli, or other gram-positive microorgan-
isms. Concordance between superficial and deep samples
was 80.3% (45 of 56). The sensitivity, specificity, and
positive and negative predictive values of superficial
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cultures to predict the microorganism isolated in deep
cultures varied depending on the type of microorganism:
93.7%, 100%, 100%, and 97.5% for S. aureus; 90%,
91.6%, 85.7%, and 94.3% for gram-negative bacilli; and
50%, 75%, 60%, and 66.7% for other gram-positive
microorganisms. We therefore believe the superficial swab
culture is useful in identifying the etiologic microorganism
of acute prosthetic joint infections, especially when
S. aureus or gram-negative bacilli were identified.

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

Introduction

The rate of prosthetic joint infection (PJI) is approximately
1% to 3%, despite correct surgical techniques, aseptic
measures, and antibiotic prophylaxis [16, 18, 20, 23]. The
success rate in acute postsurgical PJI treated with open
débridement and prolonged antimicrobial therapy com-
bining fluoroquinolones and rifampin ranges between 76%
and 100% [1, 21, 26]. Early diagnosis and surgical treat-
ment are essential to avoid a chronic infection, which
increases morbidity, mortality, and economic costs [2—4].
Identification of the etiologic microorganism also is
important to select the appropriate antimicrobial treatment.
Zimmerli et al. [25] recommended delaying administration
of antibiotics until deep samples are obtained during open
débridement; however, several studies have identified
persistent wound drainage as a major predictor of PJI [8,
12, 17]. Therefore, it would be reasonable to initiate early
antibiotic treatment. The problem with this approach is that
previous antibiotic therapy is the leading cause for negative
cultures of deep periprosthetic samples. As microbiologic
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information is essential for treatment of PJIs and in many
cases it is not reasonable to delay antibiotics until obtaining
deep samples, it is necessary to evaluate the correlation
between microorganisms identified in superficial swabs
from wound drainage and those isolated in deep samples.

The usefulness of superficial samples from the wound
drainage to predict the microorganism found in deep samples
of various sorts of infection is controversial. Concordance
between superficial swab and intraoperative tissue cultures
has been widely studied in chronic PJIs, showing a poor
relationship. However, there is no evidence in acute post-
surgical PJIs. For acute PJIs with drainage, several studies
suggest superficial cultures obtained by swabbing the
draining surface [13, 15] or by material extracted from a
syringe into a sinus tract [11, 13] have a high likelihood of
predicting the pathogen isolated from deep samples. How-
ever, some authors report isolation of bacteria other than
S. aureus from the sinus tracts has a low likelihood of pre-
dicting the true pathogen [9, 15]. In addition, investigators of
two recent studies reported low accuracy of superficial
samples compared with bone biopsy even when S. aureus
was isolated in the superficial samples [19, 27]. However,
these studies involved patients with chronic osteomyelitis
[9, 15] or diabetic foot osteomyelitis [19, 27].

The purposes of our study were: (1) to describe the
microorganisms identified in superficial and deep cultures
in patients with acute PJI; (2) to determine the global con-
cordance between superficial and deep cultures; (3) to
evaluate the specific relationship between superficial and
deep cultures for different types of microorganisms; and (4)
to analyze whether the knee or hip location of the infection
could influence the usefulness of superficial samples.

Materials and Methods

We retrospectively reviewed the records of 58 consecutive
patients with acute PJI from June 2003 to June 2007. Two
patients who were taking antibiotics or who had taken
antibiotics during the 2 weeks before admission were
excluded. During this time, 3000 arthroplasties were per-
formed; therefore, 58 patients represented an infection rate
of 1.93%. The mean age (standard deviation) of the
patients was 74.2 years (11.7 years); 30 were women and
26 were men. Thirty patients had hip and 26 had knee
prostheses. Of the patients with hip prostheses, 12 had
noncemented monopolar hemiarthroplasties, one had a
cemented monopolar hemiarthroplasty, two had cemented
bipolar hemiarthroplasties, and 15 had THAs. In our hos-
pital, primary arthroplasty is never performed using
antibiotic-loaded cement. The mean age of patients with a
hip prosthesis was 76.8 years. The mean age of the 26
patients who had TKAs was 71.3 years.
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We defined acute PJI as: (1) the initiation of symptoms
(erythema, wound drainage) was less than 15 days post-
operatively; (2) the diagnosis of infection was made within
the first month after arthroplasty [22]; and (3) a pathogenic
microorganism (S. aureus, gram-negative bacilli) was iso-
lated in at least one deep sample. In the case of potential
skin contaminants (coagulase-negative staphylococci,
Corynebacterium spp), the same microorganism was iso-
lated in two or more deep samples or pus was found during
open débridement regardless of the culture results. Fol-
lowing the protocol of our hospital, antibiotics were
initiated after taking more than three deep samples from
periprosthetic tissue during surgical débridement, except in
patients with symptoms or signs of severe sepsis in whom
the antibiotic was initiated immediately; these patients
were excluded from analysis. The mean (standard devia-
tion) time from arthroplasty to admission for infection was
19 days (12.5 days) and from admission to open débride-
ment was 3.8 days (2.9 days). The Independent Ethics
Committee of our hospital approved the study.

The samples for the microbiologic study were always
taken before administration of any antibiotic. Following the
standard aseptic procedures (hand antisepsis, use of sterile
gloves, use sterile patient care equipment), a superficial
swab culture from the wound drainage was obtained at
admission using a sterile cotton swab (invasive sterile
Eurotube™ collection swab with Stuart transport medium;
Deltalab, Rubi, Spain). At the time of débridement, we
submitted at least three periprosthetic samples from differ-
ent sites to the laboratory for culture. Liquid samples were
aspirated from the operative site using a sterile syringe and
immediately inoculated into BACTEC™ 9492 blood cul-
ture flasks (Becton Dickinson Diagnostic Instruments,
Cockeysville, MD) and incubated for 5 days. These flasks
contain an enriched medium that allows growth of micro-
organisms. For this reason, 5 days is an accepted time of
incubation [7]. We subcultured positive flasks in aerobic and
anaerobic agar media. Swab cultures were obtained by
passing a sterile swab (invasive sterile Eurotube™ collection
swab with Stuart transport medium; Deltalab) over the area
of tissue, bone, or fluid suspected of infection. We imme-
diately placed solid tissue samples from pseudocapsule,
periprosthetic membranes, or tissue suspected to be infected
into a separate sterile universal bottle. Solid tissue and swabs
were cultured in aerobic and anaerobic agar media and in
thioglycolate broth enriched with vitamin K and hemin and
incubated for 10 days. We sent positive cultures for organ-
ism identification. Sensitivity testing was performed in
all strains, except coagulase-negative staphylococci and
Corynebacterium spp from superficial swab cultures.

We compared the superficial cultures with the deep cul-
tures obtained during open débridement. Concordance was
defined as when at least one of the microorganisms isolated
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in the superficial samples also was found in the deep samples.
We performed two analyses of the concordance, the first
considering all the pathogens (global concordance) and the
second considering three groups according to the type of
microorganism isolated: S. aureus, aerobic gram-negative
bacilli, and other gram-positive microorganisms. The sen-
sitivity (S), specificity (Sp), positive (PPV) and negative
(NPV) predictive values, and positive (PLR) and negative
(NLR) likelihood ratios of superficial cultures to predict the
culture result of deep samples were calculated. Proportions
were compared using Fisher’s exact test .

Results

The most frequent microorganisms identified in superficial
and deep cultures were coagulase-negative staphylococci
(25% in superficial swabs and 30.1% in deep samples) and
methicillin-susceptible S. aureus (17.2% in superficial
swabs, 13.2% in deep samples) (Table 1). Methicillin-
resistant S. aureus was isolated in 6% of superficial and

Table 1. Microorganisms isolated in superficial swab and deep
cultures

deep cultures. Although gram-positive cocci predominated
(57.8% in superficial and 66.3% in deep cultures), gram-
negative microorganisms were identified in 42.2% of
superficial cultures and in 33.7% of deep samples. Pseu-
domonas aeruginosa was the most frequent gram-negative
microorganism, followed by Escherichia coli. Superficial
cultures were polymicrobial in 11 cases (19.6%) and deep
cultures in 14 (25%).

The global concordance between superficial and deep
samples (at least one of the microorganisms isolated in the
superficial samples also was found in the deep samples)
was 80.3% (45 of 56).

The S, Sp, PPV, NPV, and NLR of the superficial cul-
tures to predict the presence of S. aureus in the deep
cultures were 93.7%, 100%, 100%, 97.5%, and 0.06,
respectively (it was not possible to calculate the PLR)
(Table 2). When S. aureus was isolated in superficial cul-
tures (n = 15), it always was found in deep cultures (100%).
Methicillin-resistant S. aureus represented 26% of the S.
aureus isolated in our patients. This was in agreement with
the global prevalence of methicillin-resistant S. aureus in
our hospital. Gram-negative bacilli were isolated in
superficial cultures in 18 cases and in deep cultures in 20.
When Enterobacter spp (n = 4), Klebsiella spp (n = 3), or
Proteus mirabilis (n = 1) was isolated in the superficial

Microorganism Swab culture  Deep culture oo cultures, it also was present in the deep cultures
Total isolates 64 83 (100%). P. aeruginosa was isolated in 10 superficial sam-
Gram positive 37 (57.8%) 55 (66.3%) ples and in eight deep samples (80%). E. coli was isolated
Coagulase-negative staphylococci 16 (25%) 25 (30.1%) in eight superficial samples, with six being in deep ones
Methicillin-susceptible S. aureus 11 (17.2%) 11 (13.2%) (75%). The S, Sp, PPV, NPV, PLR, and NLR of the
Methicillin-resistant S. aureus 4 (6.2%) 5 (6%) superficial cultures to predict the presence of gram-
Enterococcus spp 3 (4.7%) 9 (10.8%) negative bacilli in the deep cultures were 90%, 91.6%,
Streptococcus spp 2 (3.1%) 2 (2.4%) 85.7%, 94.3%, 10.71, and 0.1, respectively. Other gram-
Corynebacterium spp 1 (1.5%) 3 (3.6%) positive microorganisms, including coagulase-negative
Gram negative 27 422%) 28 (33.7%) staphylococci (n = 16), Corynebacterium spp (n = 1),
Pscudomonas acruginosa 10 (15.6%) 8 (9.6%) Streptococcus viridans (n = 2), and Enterococcus faecalis
Escherichia coli $ (12.5%) 6 (7.2%) (n = 3), were isolated in superficial cultures in 20 cases and
Enterobacter spp 4 (6.2%) 5 (6%) in deep cultures in 25 CE'ISCS. The S, Sp, PI.DV, NPV, PLR,
Klebsiella pneumoniae 3 (47%) 4 (4.8%) and NLR ofotbe suPerﬁc1al c.ulturf?s to predict the presence
Proteus mirabilis 1 (1.5%) 5 (6%) of gram-positive microorganisms in the deep f:ultures were
.. 50%, 75%, 60%, 66.7%, 2, and 0.66, respectively.
Morganella morganii 1 (1.5%) | . i K
Polymicrobial 1 " . The mlcrgorganlsms isolated in deep samples were
different in hip and knee prostheses. In knee PJIs, S. aureus
Table 2. Analyses results of microorganisms
Group Sensitivity ~ Specificity ~ Positive Negative Positive Negative
predictive value  predictive value likelihood ratio  likelihood ratio
S. aureus 93.7% 100% 100% 97.5% * 0.06
Gram-negative bacilli 90% 91.6% 85.71% 94.3% 10.71 0.109
Other gram-positive microorganisms  50% 75% 60% 66.7% 2 0.66

" Not possible to calculate.
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was isolated in 12 of 26 cases (46.2%), whereas in hip PJIs,
it was identified in only four of 30 cases (13.3%). In
contrast, gram-negative bacilli were found in four knee
PJIs (15.3%) and in 14 hip PJIs (46.7%). However, we
observed no differences (p = 0.1) in the usefulness of
superficial cultures between hip and knee prostheses.

Discussion

Our main purposes were to describe the microorganisms
identified in superficial and deep cultures in patients with
acute PJI, to determine the global concordance between
superficial cultures obtained from wound drainage using a
swab and deep periprosthetic cultures, to evaluate the
specific relationship between superficial and deep cultures
for different types of microorganisms, and to analyze
whether the knee or hip location of the infection could
influence the usefulness of superficial samples.

There were three main limitations to our study. (1) The
design of the study was retrospective; therefore, a risk for
selection bias was present. However, in our hospital, there is a
strict protocol for management of PJI as seen by the fact that
superficial and deep samples were obtained from all patients
admitted with wound drainage, except two who were
receiving antibiotic therapy. (2) The analysis of subgroups of
microorganisms was performed with a low number of cases
(ie, 15 with S. aureus), but the correlation was high, sug-
gesting our results are reliable. (3) The lack of a susceptibility
pattern for coagulase-negative staphylococci and Coryne-
bacterium spp isolated from superficial swabs was another
possible limitation. In these cases, the concordance was
established at species level; therefore, we could not rule out
the possibility of finding different clones in superficial and
deep samples, with the accuracy of superficial swab cultures
being lower than that presented in our study when other
gram-positive microorganisms different from S. aureus were
identified. However, this limitation did not modify the main
conclusion of our study, ie, isolation of gram-positive
microorganisms different from S. aureus in a superficial swab
culture does not predict the result of deep samples.

The microbiology data from our cohort were consistent
with data from other studies of PJI [10], where the most
commonly isolated microorganisms were coagulase-nega-
tive staphylococci and methicillin-susceptible S. aureus.
Methicillin-resistant S. aureus represented 25% of all S.
aureus, which was similar to the prevalence of methicillin-
resistant S. aureus in bacteremia or respiratory samples in
our hospital. S. aureus and gram-negative bacilli were the
etiologic agents in 35 of 56 acute postsurgical PJIs
(62.5%). Similar etiology was documented by Tsukayama
et al. [22] in 35 acute postsurgical prosthetic hip infections
in which S. aureus and gram-negative bacilli were
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identified in 26 cases (74%). However, in comparison with
other studies, our rate of gram-negative bacilli was higher.
Our patients had a mean age of 74 years whereas the mean
age of patients in the study by Tsukayama et al. [10] was
69 years, although we are uncertain whether this age dif-
ference would influence the spectrum of bacteria.

Our data suggest superficial swabbing performed at the
time of hospital admission is useful to predict the microor-
ganism isolated in deep samples obtained during open
débridement. The efficacy of superficial swabbing was
greater when the isolated microorganism was S. aureus or
aerobic gram-negative bacilli with S, Sp, PPV, and NPV
higher than 85% for both microorganisms. Weinrauch tried
to predict the microorganism in acute PJI by culturing the
drain tip after a primary knee and hip arthroplasty, obtaining
a poor correlation between tip cultures and development of
infection [24]. The importance of early diagnosis and treat-
ment of acute PJI was described by Brandt et al. [3]. They
described the evolution of 33 cases resulting from S. aureus
and reported prostheses débrided longer than 2 days after
onset of symptoms were associated with a higher probability
of treatment failure than those débrided within 2 days of
onset (relative risk, 4.2; 95% confidence interval, 1.6-10.3).
In a recent publication, Jaberi et al. [5] recommended early
surgery with irrigation and débridement in the operating
room for patients with persistent wound drainage after a hip
or knee arthroplasty. We found the PPV of finding S. aureus
or gram-negative bacilli in the superficial culture performed
at admission was 100% or 85%, respectively (Table 2).

Recent studies of chronic osteomyelitis have not found a
relationship between superficial swabbing and deep sam-
ples [6, 19, 27]. The humid environment of a chronic ulcer
or fistula likely promotes overgrowth of skin or opportu-
nistic flora (ie, coagulase-negative staphylococci,
Corynebacterium spp, or P. aeruginosa), and therefore, it
seems logical that superficial samples in chronic osteo-
myelitis or chronic PJIs are not likely to reveal the true
pathogen. This supposition is supported by the findings of
Mackowiak et al. [9], who found the pathogen isolated in
deep samples was absent more often in the later superficial
culture than in the initial one (31% versus 82%). Pellizzer
et al. [14] also suggested, for the initial monitoring of
antimicrobial treatment in severe diabetic foot infection,
swabbing and deep tissue cultures appeared equally reli-
able. However, deep culture was more sensitive than
swabbing in monitoring ulcers that were still active after 30
days of treatment. In the case of acute postsurgical PJIs, the
patient is evaluated only several days after wound drainage
starts and this may explain our findings.

A superficial swab culture is an easy and useful method
to identify the etiologic microorganism of acute PJI early,
especially when S. aureus or gram-negative bacilli are
identified. ~ Although  superficial samples provide
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information in advance, deep samples are still the gold
standard for diagnosing PJIs. Superficial samples could
help surgeons to identify resistant microorganisms early
and to start specific antibiotic treatment while waiting for
definitive results of deep cultures.
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