
When dealing with prosthetic joint infections (PJI)
there is often the need to start antibiotic therapy
without having identified the underlying pathogen.
Under these circumstances there is no consensus
regarding which antibiotic to use. We aimed to pro-
duce local recommendations for empirical antibiotic
treatment of PJI by describing the microbiological
spectrum involved and respective antibiotic suscepti-
bility profile. We examined the records of 75 consecu-
tive patients that underwent surgery for prosthetic
joint infection from July 2001 to December 2008.
There were 49 women and 26 men with an average
age of 63 years. Ninety culture results were available
from 41 hips and 34 knee replacements.
Staphylococcus sp. was present in most infections
(72.8%) regardless of surgical site or classification.
The prevalence of methicillin-resistance among
staphylococci was 64.2% with no relevant difference
between sub-groups. Vancomycin is 100% effective
against most commonly isolated Gram positives.
Gram negative pathogens were present in about 15%
of all cases, especially in haematogenous and chronic
infections. Carbapenems and aminoglycosides are the
most effective antibiotics against these pathogens.
Our results suggest that in acute post-operative infec-
tions, treatment should start with vancomycin. In
chronic and haematogeneous infections, vancomycin
in combination with carbapenems appears to be an
effective regimen. Treatment should be adjusted as
soon as preliminary or definitive microbiology results
are available.
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INTRODUCTION

The number of joint replacements procedures has
increased steadily during the past few years. There
is a trend towards a continuing rise particularly con-
cerning total knee arthroplasties and revision sur-
gery (8). This is especially relevant if we remember
that both knee replacement and revision surgery
have a higher risk of infection comparing to hip and
primary surgery respectively (5). In our own institu-
tion the infection rates for primary total hip and
knee arthroplasty (at two years follow-up) are 1.8%
and 3.3% respectively and even higher for revision
surgery (17). Subsequently, the number of infected
arthroplasties is also on the rise (7).
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Despite good results in selected patients with
debridement and retention of implants for acute
infections (9,18), two-stage revision remains the
most reliable method of treatment for chronically
infected prosthetic joints, consisting of an initial
debridement with hardware removal, insertion of an
antibiotic loaded cement spacer, a period of intra-
venous antibiotic therapy, and, finally, a delayed
reimplantation (3).

After initial debridement or hardware removal
and before obtaining final microbiological results,
antibiotic therapy should be started immediately. If
the infecting microorganism has been previously
identified, the antibiotic choice is evident. However
there is no consensus regarding which antibiotic to
use when there is no previous isolate. Since labora-
tory results might take up to several days, effective
empirical therapy plays an important role both
 medically and economically.

Our goal is to describe the microbiological
 spectrum of prosthetic joint infections (PJI) and
respective antibiotic susceptibility profile, and so
guide the choice of empirical antibiotic treatment.

MATERIALS AND METHODS

We retrospectively reviewed the clinical and laborato-
ry records of 75 consecutive patients that underwent sur-
gery for total hip or knee prosthetic joint infection from
July 2001 to December 2008 at our institution. Recorded
information included basic patient demographics, arthro-
plasty site, infection classification, culture results
(including bacterial species when positive) and the
antibiotic sensitivity profile as tested with the standard
protocol of our microbiology laboratory.

The mean age was 63 years and 65% (49) of the
75 patients were women. There were 41 hips and 34 knee
replacements. Ninety culture results were available
from various surgical interventions : debridement  proce -
dures or excision arthroplasty. Some patients had infec-
tions at different sites and others had new or  recurrent
infections.

Infections were classified according to Tsukayama et
al (19). Chronic infection was defined as occurring more
than four weeks after the index surgery, acute infection
when occurring within four weeks after the index surgery
and haematogeneous infection when considered to
 originate from a remote site seeding. For an infection to
be considered as haematogeneous, the patient had to
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present with acute systemic signs of infection and/or
acute joint inflammation in a previously asymptomatic
prosthesis more than one month after total joint arthro-
plasty even in the absence of a documented site of
remote infection with the same organism. 

All culture samples were taken from deep tissues or
fluid collected during surgery. A result was considered
positive when two or more specimens tested positive for
the same organism(s) or a single positive specimen when
clinical and intra-operative findings were consistent with
prosthetic joint infection. Although Atkins et al (1) have
found that three or more independent positive specimens
as part of a set of five or six samples collected is an accu-
rate and practical microbiological definition of infection,
we chose to increase sensitivity by reducing the number
of positive cultures necessary for diagnosis. 

Culture negative infection was defined by presence of
appropriate clinical and intra-operative findings (elevat-
ed CRP and ESR, elevated synovial fluid leukocyte count
with high neutrophile percentage, cutaneous sinus tract,
gross purulence surrounding the prosthesis or positive
histopathology) in the absence of culture growth. The
antibiotic susceptibility profiles of all microorganisms
were studied except S.aureus isolated before 2005, leav-
ing a total of 38 S.aureus specimens. This reflects our
belief that S.aureus has a rapidly evolving profile and
only more recent isolates should be considered (n = 38).

Using the PASW Statistics 17.0 (SPSS Inc.), the Chi-
square test was applied to compare variation of culture
results, microorganisms prevalence and antibiotic resist-
ance traits in different subgroups, with significance set at
p < 0.05.

RESULTS

We found 55 (61%) cultures originating from
chronic infections, 24 (27%) from acute infections
and 11 (12%) from haematogeneous infections. Of
the 90 microbiology results available, 17.8%
(16/90) were culture-negative. This proportion was
roughly similar regardless of infection sub-type
(chi-square = 0.028 ; p < 0.986) or surgical site
(chi-square = 0.010 ; p < 0.922). Polymicrobial
infections were present in 7.8% (7/90) of all cases
also with no significant difference between infec-
tion sub-types (chi-square = 0.595 ; p < 0.743) or
surgical site (chi-square = 0.207 ; p < 0.649). 

Gram-positive organisms, especially staphylo-
cocci, accounted for the majority of the infections
regardless of surgical site or classification. Table I
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reflects the overall as well as site specific culture
results. 

Detailed analysis of the distribution of micro -
organisms according to the type of infection (see
table II) showed a relevant trend towards lower
prevalence of Gram-negative isolates in acute post-
operative infections (chi-square = 2.380 ; p <
0.123) and higher in haematogeneous infections
(chi-square = 2.107 ; p < 0.147). 

Based on all the coagulase-negative staphylo cocci
and on 38 S.aureus isolated from 2005 forward, we
calculated the prevalence of most commonly used
antibiotics susceptibilities (see table III). The most
important finding is the high prevalence – almost
two thirds – of methicilin-resistant species. There
was no difference in prevalence of methicilin-
 resistance between acute (68.8%), chronic (61.3%)
and haematogeneous (66.7%) infections (chi-
square = 0.274 ; p < 0.872). 

Other commonly isolated Gram-positives like
streptococci and enterococci had a friendlier

 profile. All but one were penicillin-sensitive and
none was vancomycin-resistant.

The Gram-negative population consists of
Acinetobacter, E.coli, Enterobacter, Proteus and
Pseudomonas two each and one Serratia and
Salmonella. Antibiotic resistance profile was stud-
ied (see table IV), revealing a high prevalence of
multi-resistant species. 

DISCUSSION

When confronted with a prosthetic joint infec-
tion, an immediate and often prolonged period of
intravenous antibiotic administration is warranted
after surgery. When there is no previously isolated
microorganism, the surgeon faces a difficult choice
since there is no consensus concerning which
antibiotic to use. A correct choice (one that proves
effective against the implicated microorganism) is
crucial in order to optimize and shorten in-hospital
treatment while waiting for definitive microbiology

Table I. — Frequency of isolated microorganisms by site (%)

microorganism overall (n = 90) hip (n = 46) knee (n = 44)

Staphyloccus aureus 54.3 68.3 40.0
Coagulase-negative Staphylococci 18.5 9.8 27.5 
Streptococci 6.2 7.3 5.0 
Enterococci 2.5 - 5.0
Gram negative 14.8 14.6 15.0
Anaerobes 1.2 - 2.5
Fungi 2.5 - 5.0
Polymicrobial 7.8 6.5 9.1
Culture negative 17.8 17.4 18.2

Table II. — Frequency of isolated microorganisms by infection sub-type (%)

microorganism
chronic acute haematogenous 
(n = 55) (n = 24) (n = 11)

Staphyloccus aureus 46.0 76.2 50.0
Coagulase negative Staphylococci 22.0 9.5 20.0
Streptococci 10.0 -
Enterococci - 9.5
Gram negative 16.0 4.8 30.0
Anaerobes 2.0 -
Fungi 4.0 -
Polymicrobial 9.1 4.2 9.1
Culture negative 18.2 16.7 18.2
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results. Our goal was to elaborate local recommen-
dations to help choose empirical antibiotic therapy
since a search of the literature found scarce and
conflicting recommendations in this clinical setting. 

Our study has several limitations. First, it is a
 single center retrospective study with potential for
selection biases. Second and perhaps the major lim-
itation of this study, was the lack of a standardized
protocol for sample gathering and processing
methodology. This may have influenced sample
interpretation. Third, possible confounding vari-
ables such as previous medical and/or surgical treat-
ments, co-morbidities and even day on which the
culture results were positive were not accounted for.

Regardless of natural geographic variability, the
microbiological spectrum found in our series
 presents the same main features generally found
worldwide (4,12-14,18,20). Staphylococcus aureus
and coagulase-negative Staphylococci are the most
common aetiological agents and account for over
70% of identified pathogens. Gram-negative organ-
isms play a relevant part in our series, especially in

chronic and haematogenous infections. Polymicro -
bial involvement was found in nearly 8% of our
cases, seemingly lower than recently published
series that reported 19 to 37% (10,12). Also, we
found no increased prevalence of polymicrobial
infection in the early postoperative period (acute
infections) as suggested by Moran et al (12). On the
other hand the number of culture-negative prosthet-
ic joint infections in our series is higher (around
18%) than the average in the literature (20). The
authors believe the explanation for this lies in the
fact that until recently there was no dedicated pro-
tocol for sample collection and laboratory process-
ing for prosthetic joint infections. We also detected
common mistakes such as no timely antibiotic sus-
pension before surgery or reduced number of sam-
ples collected intraoperatively. We believe as do
Atkins et al (1) that a minimum of 5 to 6 samples
should be collected.

Our study confirms methicilin-resistant staphylo-
cocci as a growing threat. Since Staphylococcus
species account for 72.8% of all infections and
64.2% of them are methicilin-resistant, one can
deduce that almost 47% of all prosthetic joint infec-
tions in our institution involve methicilin-resistant
staphylococci (MRS). The rising prevalence of
MRS and its subsequent negative impact on treat-
ment outcome is well established (15,16). Studied
staphylococci show 100% susceptibility to van-
comycin (as well as teicoplanin and linezolid) as do
all other commonly isolated Gram-positives (strep-
tococci and enterococci), making it the logical
choice for empirical use. Other European tri-
als (12,13) also found vancomycin to be 100% effec-
tive against staphylococci, streptococci and entero-
cocci. Nevertheless the emergence of vancomycin
resistance, especially with vancomycin-resistant
enterococci (VRE), is a real concern worldwide (6).
Fulkerson et al (4) confirmed VRE and even vanco -
mycin resistant Staphylococcus epidermidis as a
genuine threat in total joint arthroplasty. Antibiotic
resistance is a growing concern in Gram-negative
microorganisms also (6). Fluoroquinolones, pipera-
cilin/tazobactam and even third-generation
cephalosporins (e.g. cefotaxime, ceftazidime)
resistance appears in about one quarter of our iso-
lates. This might reflect an even higher proportion

Table III. – Staphylococci resistance to antibiotics (n = 53)

Drug Resistance (%)

Methicilin 64.2
Fluoroquinolones 60.4
Clindamycin 41.5
Trimethoprim-sulfamethoxazole 12.8
Fucidic acid 11.4
Rifampicin 6.8
Vancomycin 0.0
Teicoplanin 0.0
Linezolid 0.0

Table IV. — Gram negative microorganisms resistance to
antibiotics (n = 12)

Drug Resistance (%)

Ampicilin 75.0
Amoxicilin/clavulanate 58.3
Trimethoprim-sulfamethoxazole 41.7
Fluoroquinolones 27.3
Cephalosporins (3rd generation) 25.0
Piperacilin/tazobactam 25.0
Carbapenems 8.3
Aminoglycosides 8.3
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of in vivo resistance since we are not aware of the
ESBL status. ESBL are extremely broad spectrum
ß-Lactamase enzymes that may emerge as response
to environmental pressures, such as exposure to
third-generation cephalosporins, thus compromis-
ing clinical outcome despite laboratory sensitivi-
ty (6). This makes carbapenems or aminoglycosides
the possible choices for empirical Gram-negative
coverage. While combined parenteral administra-
tion of aminoglycosides and vancomycin has poten-
tially serious nephrotoxic side-effects, they can be
safely added to bone cement. Therefore, although
we use tobramycin (together with vancomycin) in
spacer manufacturing, we choose carbapenems as
empirical parenteral therapy much like Moran et
al (12).

These results also raise a major issue relating to
prophylactic antibiotics. Although we have been
using cephazolin preoperatively and for a 24-hour
period during the study period, the high prevalence
of methicilin resistant staphylococci in our series

raises the question whether or not to add a pre -
operative dose of vancomycin as Meehan et al
recently suggested (11). 

It is of course of great importance to be aware of
local antibiotic resistance patterns when producing
guidelines for empirical treatment. Although other
centers experience and concerns might justify a nar-
rower spectrum regimen (4) we advocate broad
spectrum cover despite the potential complications :
patient side-effects and encouraging bacterial
resistance (12,13). Since Gram-positive microorgan-
isms were those most commonly found, regardless
of surgery site or infection sub-type and there was
no difference in methicilin resistance prevalence,
we found the need for vancomycin coverage in all
scenarios. Albeit not statistically significant (p <
0.123) we found a trend towards reduced Gram-
negative prevalence (only 1/24) in acute infections.
This explains our choice not to use carbapenem in
the acute setting. Figure 1 summarizes our approach.
Antibiotic regimens should be rationalized as soon

Fig. 1. — Proposed empirical antibiotic therapy fluxogram according to infection classification and preliminary culture results
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as preliminary culture results are available, even
before final results allow a narrower and more
selective drug choice. 

Ackowledgments

The authors wish to thank the Microbiology Department for
all the help given in this and other ongoing studies.

REFERENCES

1. Atkins BL, Athanasou N, Deeks JJ et al. Prospective
evaluation of criteria for microbiological diagnosis of
 prosthetic-joint infection at revision arthroplasty. The
Osiris Collaborative Study Group. J Clin Microbiol 1998 ;
36 : 2932-2939. 

2. Berbari EF, Marculescu CE, Sia I et al. Culture-negative
prosthetic joint infection. Clin Infect Dis 2007 ; 45 : 1113-
1119.

3. Burnett RS, Kelly MA, Hanssen AD, Barrack RL.
Technique and timing of two-stage exchange for infection
in TKA. Clin Orthop Relat Res 2007 ; 464 : 164-178.

4. Fulkerson E, Valle CJ, Wise B et al. Antibiotic suscepti-
bility of bacteria infecting total joint arthroplasty sites.
J Bone Joint Surg 2006 ; 88-A : 1231-1237.

5. Hanssen AD, Rand JA. Evaluation and treatment of infec-
tion at the site of a total hip or knee arthroplasty. J Bone
Joint Surg 1998 ; 80-A : 910-922.

6. Isturiz R. Global resistance trends and the potential impact
on empirical therapy. Int J Antimicrob Agents 2008 ; 32 :
201-206.

7. Kurtz S, Lau E, Schmier J et al. Infection burden for hip
and knee arthroplasty in the United States. J Arthroplasty
2008 ; 23 : 984-991. 

8. Kurtz S, Ong K, Lau E, Mowat F, Halpern M.
Projections of primary hip and knee athroplasty in the
United States from 2005 to 2030. J Bone Joint Surg 2007 ;
89-A : 780-785.

9. Marculescu CE, Berbari EF, Hanssen AD et al. Outcome
of prosthetic joint infections treated with debridement and

retention of components. Clin Infect Dis 2006 ; 42 : 471-
478.

10. Marculescu CE, Cantey JR. Polymicrobial prosthetic
joint infections. Risk factors and outcome. Clin Orthop Rel
Res 2008 ; 466 : 1397-1404.

11. Meehan J, Jamali AA, Nguyen H. Prophylactic anti -
biotics in hip and knee arthroplasty. J Bone Joint Surg
2009 ; 91-A : 2480-2490.

12. Moran E, Masters S, Berendt AR et al. Guiding empiri-
cal antibiotic therapy in orthopaedics : The microbiology of
prosthetic joint infection managed by debridement,
 irrigation and prosthesis retention. J Infection 2007 ; 55 : 
1-7.

13. Nickinson RSJ, Board T N, Gambhir AK, Porter ML,
Kay PR. The microbiology of the infected knee arthroplas-
ty. Int Orthop 2009 ; DOI 10.1007/s00264-009-0797-y.

14. Pandey R, Berendt AR, Athanasou NA. Histological and
microbiological findings in non-infected and infected revi-
sion arthroplasty tissues : The OSIRIS Collaborative Study
Group. Oxford Skeletal Research and Intervention Service.
Arch Orthop Trauma Surg 2000 ; 120 : 570-574.

15. Parvizi J, Azzam K, Ghanem E, Austin MS,
Rothman RH. Periprosthetic infection due to resistant
staphylococci. Serious problem in the horizon. Clin Orthop
Rel Res 2009 ; 467 : 1732-1739.

16. Salgado CD, Dash S, Cantey JR, Marculescu CE.
Higher risk of failure of methicilin-resistant staphylo -
coccus aureus prosthetic joint infections. Clin Orthop Rel
Res 2007 ; 461 : 48-53.

17. Sousa R. [Prophylaxis, diagnosis and treatment of
 prosthetic joint infections – Prof. Dr. Carlos Lima Award
winner.] (in Portuguese). Rev Port Ortop Traum 2008 ;
Supplement 1 : 6-63 

18. Trebse R, Pisot V, Trampuz A. Treatment of infected
retained implants. J Bone Joint Surg 2005 ; 87-B : 249-256.

19. Tsukayama DT, Goldberg VM, Kyle R. Diagnosis and
management of infection after total knee arthroplasty.
J Bone Joint Surg 2003-A ; 85 : 75-80.

20. Zimmerli W, Trampuz A, Oschner PE. Prosthetic joint
infections – Current concepts. N Engl J Med 2004 ; 351 :
1645-1654.


