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Abstract
Purpose Periprosthetic joint infection (PJI) is a devastating complication following total knee or total hip arthroplasty 
(TKA/THA). Appropriate empiric antibiotic treatment, initiated directly after debridement and implant retention (DAIR), 
is suggested to contribute to treatment success. The aim of this study was to describe the microbiology and the antibiotic 
susceptibility in early PJI to guide future empiric treatment in a region with a low incidence of methicillin-resistant Staphy-
lococcus aureus (MRSA).
Methods Consecutive patients who underwent DAIR within 3 months after primary unilateral TKA or THA between Janu-
ary 2011 and December 2018 were retrospectively identified from the hospital electronic health records. Data on causative 
pathogens, antimicrobial susceptibility and the number of post-operative days until cultures demonstrated bacterial growth 
were collected.
Results One hundred and eleven early PJIs were identified of which 65 (59%) were monomicrobial and 46 (41%) polymi-
crobial. Among all isolated pathogens, Staphylococcus aureus (n = 53; 29%) was the most commonly identified pathogen 
in early PJI without any involvement of MRSA. 72% of PJIs were susceptible to vancomycin which could be increased to 
around 90% by adding gram-negative coverage. On the 5th postoperative day, bacterial growth was observed in 98% of cases. 
All gram-negative bacteria demonstrated positive tissue cultures on the 4th postoperative day.
Conclusion Vancomycin combined with ciprofloxacin or a third generation cephalosporin provided the highest antimicrobial 
coverage of all responsible pathogens identified in early PJI. Empiric treatment of gram-negative treatment can be safely ter-
minated in the absence of gram-negative pathogens after 4 days of culturing in cases without preoperative antibiotic treatment.
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Introduction

Periprosthetic joint infection (PJI) is one of the most seri-
ous complications following total knee or hip arthroplasty 
(TKA/THA) and accounts for up to 25% of failed TKA and 
15% of failed THA [1, 2]. The annual number of THAs and 

TKAs are projected to increase substantially [3] which will 
eventually also lead to an increase in PJI cases.

PJI can be subdivided into early (< 3 months after sur-
gery), delayed (3–12 months after surgery) and late (> 1 year 
after surgery) infections [4]. Early PJI is the most frequently 
encountered subtype and is generally treated by means of 
debridement, antibiotics and implant retention (DAIR) with 
varying success rates (23–100%) [5, 6].

Several studies have suggested factors associated with an 
improved treatment outcome of DAIR. These factors include 
absence of renal- and/or liver failure, uncemented arthro-
plasty, failure in timely initiation of DAIR (< 3 weeks of 
onset of symptoms), absence of MRSA among the patho-
gens, and exchange of mobile parts [7–9]. Despite ongoing 
efforts to elucidate the effectiveness of DAIR, empiric anti-
biotic treatment remains an understudied aspect even though 
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several scientific associations between ineffective empiric 
therapy and treatment failure have been suggested [10, 11].

Following DAIR, empiric antibiotic therapy should be 
commenced directly after surgery. Since the results of the 
intra-operative tissue cultures are only available a few days 
after surgery, the post-surgery choice of antibiotics is usu-
ally aimed at the organisms most likely to cause the PJI 
[12]. Because biofilm formation in PJI starts directly after 
exposure to the pathogen [13], rapid exposure of the causa-
tive pathogen to an adequate antibiotic agent is believed to 
contribute to treatment success [10, 11].

In the past few years, concerns have been raised about 
the increase in antibiotic resistance among pathogens caus-
ing PJI. For example, research has suggested that methi-
cillin resistance among coagulase-negative staphylococci 
(CNS) strains in PJI has increased from 2 [14] to 75% in 
more recent years [15, 16]. Current (American) guidelines 
advocate the empiric use of a broad spectrum β-lactam 
combined with vancomycin [6] and in the past, a British 
study recommended the use of vancomycin combined with 
a carbapenem [17]. Unfortunately, the spectrum of causative 
pathogens differs between countries and regions [18]. Con-
sidering the latter, these previous recommendations may not 
be applicable to regions associated with a low incidence of 
methicillin-resistant Staphylococcus aureus (MRSA) where 
vancomycin is used as a second resort in case of proven 
resistance to, or contraindications for other (less toxic or 
more effective) antibiotics. Therefore, the aim of this study 
was to describe the spectrum of causative pathogens and the 
corresponding antibiotic resistance patterns in a large gen-
eral teaching hospital in the Netherlands. Using this infor-
mation, we aim to provide guidance on the optimization of 
the empiric treatment of early PJI in this region associated 
with a low incidence of MRSA.

Materials and methods

All consecutive patients who underwent debridement, 
antibiotics and implant retention (DAIR) surgery within 
3 months after primary unilateral TKA or THA between 
January 2011 and December 2018 were retrospectively iden-
tified from hospital electronic health records of a large Dutch 
teaching hospital.

Cases with eventual negative tissue cultures or patients 
that had received preoperative antibiotic treatment were 
excluded. Cases were also excluded if patients underwent 
early revision surgery preceding DAIR for aseptic failure or 
in the presence of positive tissue cultures obtained during 
primary implantation.

Patient records were reviewed to retrieve gender, age, 
the American Society of Anesthesiologists (ASA) classifi-
cation at the time of THA or TKA implantation, cement use 

during index implantation as well as up to 6 tissue culture 
results along with the corresponding antibiotic resistance 
patterns obtained during DAIR. Furthermore, the number 
of postoperative days until tissue cultures demonstrated 
bacterial growth and the time until the determination of the 
corresponding antibiotic susceptibilities was retrieved. Anti-
biotic susceptibility was compared for 9 potential empiric 
treatment strategies: flucloxacillin, amoxicillin–clavulanic 
acid, cefazolin, cefuroxime, ciprofloxacin, ceftriaxone, or 
vancomycin monotherapy, and for vancomycin plus either 
ceftriaxone or ciprofloxacin combination therapy.

Data related to subsequent DAIR procedures were 
excluded. PJI was diagnosed according to the major Mus-
culoskeletal Infection Society (MSIS) criteria by means of 2 
or more tissue cultures demonstrating growth of an identical 
pathogen [19].

Furthermore, the Dutch national joint registry was con-
sulted to verify that no cases were missed that underwent 
revision surgery elsewhere.

The study received approval of the Rijnstate Commit-
tee for Research Involving Human Subjects that granted a 
waiver of informed consent (study number: 2018–1333). 
Statistical analysis was performed using IBM SPSS Statis-
tics (version 25).

Surgery protocol

All patients were screened for nasal carriage of S. aureus 
through nasal swab cultures. Confirmed carriers were 
instructed to apply mupirocin ointment (20 mg/g) in the 
nares three times a day and to use chlorhexidine soap 
(40 mg/mL) once daily to wash their body and hair. This 
eradication treatment was started three days before surgery 
and continued for five days.

Within an hour before the index arthroplasty surgery 
patients received prophylactic administration of cefazo-
lin. Antibiotic prophylaxis was discontinued 24 h postop-
eratively. All patients underwent THA by posterolateral 
approach. Poor bone quality, bone loss or age > 75 years 
were indications for cemented (Exeter®; Stryker Howmed-
ica) THA. Otherwise, uncemented implants (Zweymuller®; 
Zimmer up to 2014 and from then on CLS Spotorno®/
Allofit; Zimmer) were used. All TKAs were performed 
using cemented implants (LCS®, DePuy Synthes) through 
a medial parapatellar arthrotomy. Bone cement (Palacos G®; 
Heraeus) in both TKA and THA contained gentamicin. All 
patients were subjected to prospective surveillance of PJI 
for at least 3 months after surgery. In case of a suspected 
early infection (persistent wound leakage 10 days after pri-
mary THA/TKA, fever, rising levels of C-reactive protein) 
DAIR with exchange of mobile parts was performed and six 
intra-articular tissue cultures were obtained. Awaiting cul-
ture results, empiric treatment with intravenous antibiotics 
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(flucloxacillin 8 g every 24 h through continuous infusion) 
was initiated according to the hospital protocol.

Microbiological methods

The obtained tissue biopsies were homogenized and inocu-
lated onto sheep blood, chocolate, MacConkey, fastidious 
anaerobe, and neomycin anaerobic blood agars (Oxoid Ltd., 
Basingstoke, UK) and incubated at 35 °C for 10 days. Sheep 
blood and chocolate agars were incubated at 5% CO2; Mac-
Conkey at 5% O2; and the anaerobic agars were incubated 
anaerobically. In addition, 0.2 mL of the homogenized 
substance was inoculated into brain heart infusion broth 
(Brewer, Oxoid Ltd., Basingstoke, UK) and incubated at 
35 °C. At day 4 of the 7-day (until mid-2016) or day 6 of 
the 10-day incubation period, or earlier if cloudy, 0.1 mL of 
broth was subcultured on chocolate agar, fastidious anaer-
obe, and neomycin anaerobic blood agars for 3 (until 2016) 
or 4 days. Microorganisms were identified with the use of a 
Bruker Biotyper MALDI-TOF MS (Bruker, Bremen, Ger-
many). Antibiotic resistance patterns were registered per 
patient.

Statistical methods

The coverage of nine potential empiric treatment strate-
gies (flucloxacillin, amoxicillin–clavulanic acid, cefazolin, 
cefuroxime, ceftriaxone, or vancomycin monotherapy, and 
vancomycin plus ceftriaxone or ciprofloxacin combination 
therapy) was studied. In the presence of polymicrobial infec-
tions, a cumulative sensitivity pattern was formulated (e.g., 
if one or more pathogens of a polymicrobial infection were 
resistant to an antibiotic, the case would be registered as 
resistant to this antibiotic regimen). Percentages were com-
pared to reveal the antibiotic regimen that yielded the high-
est sensitivity rate.

Results

A total of 160 cases were identified from the electronic 
health records. Forty-nine (31%) patients were excluded 
since tissue cultures remained negative, leaving 111 cases 
for analysis. Patient demographics are presented in Table 1. 
Through consultation of the Dutch national joint registry, no 
cases were identified that underwent early revision surgery 
elsewhere related to infection.

Among these 111 cases, 65 (59%) were monomicrobial and 
46 (41%) were polymicrobial infections. Eighty-one (73%) 
cases were infected with gram-positive pathogens only and 
11 (10%) cases with gram-negative pathogens (Table 2). All 
isolated pathogens and their frequency of involvement are 
displayed in supplementary file. Staphylococcus aureus was 

the most commonly identified species (29%, Table 2). The 
cumulative susceptibilities of nine potential empiric antibiotic 
regimens are displayed in Fig. 1, identifying vancomycin as the 
superior antibiotic agent regarding in vitro antibiotic coverage. 
Combination therapy of vancomycin and ciprofloxacin or a 
third-generation cephalosporin yielded the highest coverage 
(88–92%). 

The mean number of days until bacterial growth was 
2.5 ± 1.2 days (range 1–9 days). In 108 (98%) cases, the first 
positive tissue culture results were obtained within five post-
operative days (Fig. 2). Two cultures (1.8%) showed growth 
later, respectively, after 6 days (Corynebacterium species) and 
9 days (Cutibacterium acnes). In a single case, data on the 
time to culture results were missing. Gram-negative patho-
gens grew after a maximum of 4 days, whereas gram-positive 
pathogens took up to 10 days to grow (Fig. 3). Antibiotic 
susceptibilities were available after a mean of 3.7 ± 1.6 days 
(range 2–13 days).

Table 1  Patient demographics

SD standard deviation, ASA American Society of Anesthesiologists

Characteristic Value

Age (mean, SD, Range) 69.2, 10.7, 23–89
Gender
Male [n (%)] 58 (52.3%)
Female [n (%)] 53 (47.7%)
Joint
Knee [n (%)] 31 (27.9%)
Hip [n (%)] 80 (72.1%)
Indication for arthroplasty
Osteoarthritis [n (%)] 101 (91%)
Fracture [n (%)] 2 (1.8%)
Malunion [n (%)] 3 (2.7%)
Osteonecrosis [n (%)] 3 (2.7%)
Non-union [n (%)] 2 (1.8%)
Cement usage
Cementless [n (%)] 40 (36%)
Cemented [n (%)] 71 (64%)
ASA-classification
1 [n (%)] 16 (14.4%)
2 [n (%)] 57 (51.4%)
3 [n (%)] 30 (27%)
4 [n (%)] 3 (2.7%)
Missing [n (%)] 5 (4.5%)
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Table 2  Overview of the 
characteristics of each PJI in the 
left column. In the right column 
the identified pathogens and the 
number of cases in which they 
were involved, sorted according 
to their relevant subgroups

Type of infection n % Pathogen subgroup n %

Staphylococcus aureus 53 29
Monomicrobial 65 59 Coagulase negative Staphylococcus 37 20
Polymicrobial 46 41 Enterobacterales 31 17

Streptococcus species 19 11
Gram-positive only 81 73 Enterococcus species 15 8
Gram-negative only 11 10 Corynebacterium species 10 6
Mixed gram-positive and 

gram-negative
19 17 Pseudomonas aeruginosa 6 3

Other 11 6

Fig. 1  Bar chart illustrating the 
percentage of cases suscep-
tible to the different empiric 
antibiotic regimens. Green bars 
represent monotherapy and 
red bars represent combination 
therapy. FLX: flucloxacillin, 
AMC: amoxicillin–clavulanic 
acid, CFZ: cefazolin, CXM: 
cefuroxime, CRO: ceftriax-
one, CIP: ciprofloxacin, VAN: 
vancomycin

Fig. 2  Area chart illustrating the 
percentage of cases (n = 110) 
with postoperative positive 
tissue cultures on the Y-axis 
and the number of postoperative 
days on the Y-axis
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Discussion

Staphylococcus aureus was the most commonly identi-
fied pathogen in early PJI in this study, notably without 
any involvement of MRSA. Despite the absence of MRSA, 
cumulative antimicrobial susceptibility demonstrated vanco-
mycin as the empiric agent that yielded the highest coverage 
due. Furthermore, 41% of PJIs were polymicrobial in nature 
which underlines the importance of broad-spectrum empiric 
antibiotic treatment.

The identification of Staphylococcus aureus and CNS as 
the most prevalent pathogens and the spectrum of other iso-
lated pathogens in this study are in line with the results of 
several previous studies from different topographic regions 
describing the microbiology of PJI [16, 17, 20–23]. How-
ever, this is the first study to specifically address causative 
pathogens in early PJI and the corresponding spectrum of 
antimicrobial susceptibility. Only a few previous studies 
have provided specific recommendations on the optimal 
empiric antibiotic treatment while taking this antimicro-
bial susceptibility into account. For example, Moran et al. 
recommended the use of vancomycin combined with a car-
bapenem, whereas Fulkerson et al. had previously recom-
mended the specific use of either vancomycin or a 3rd or 4th 
generation cephalosporin [16, 17]. Two more recent studies 
also recommended vancomycin as the designated empiric 
agent; however the common denominator regarding these 
studies is a relatively high incidence of MRSA [24, 25]. 
The generalizability of these recommendations to regions 
with low incidences of MRSA is therefore questionable [26]. 
Recently, a Dutch study recommended the use of cefazolin 
for the empiric treatment of PJI [21]. However, only 3 differ-
ent potential empiric antibiotic agents were incorporated in 

their analysis and vancomycin was not investigated. Taken 
together, there is no consensus on the optimal choice of 
empiric antibiotic treatment. From the studies presented 
there appears a tendency toward advocating vancomycin as 
the empiric treatment of choice in particular for regions with 
MRSA. In our study, no infections with MRSA occurred and 
still vancomycin had the highest coverage of all monothera-
peutic antibiotic regimens that were analyzed. The coverage 
could be further increased by adding ceftriaxone or cipro-
floxacin to cover gram-negative pathogens.

Still, one should consider vancomycin’s important dis-
advantages such as increased toxicity compared to beta-
lactam antibiotics, necessity for blood level measurements, 
its decreased effectiveness against methicillin-sensitive 
Staphylococcus aureus, and its suboptimal activity in bio-
films [27–29].

It is important to note that a high coverage does not nec-
essarily imply high efficacy. Reaction with the components 
of the biofilm matrix reduces the ability of several antibiotics 
to penetrate the biofilm which results in a reduced exposure 
of bacteria to the antibiotics and a subsequent decrease in 
antibiotic action [30].

Timely termination of empiric antibiotics when cul-
tures remain negative could reduce the costs associated 
with unnecessary administration of antibiotics, reduce the 
in-hospital stay, decrease the emergence of resistant organ-
isms, and reduce the risk of potential side effects related to 
antibiotic toxicity. The proposition to reduce the duration 
of the post-operative antibiotic therapy is not new and it 
has recently been proposed to reduce the coverage of gram-
negative bacilli to not more than 3 days [31]. These results 
match our findings with gram-negative pathogens growing 
before day 4 (Fig. 3). These combined findings suggest that 

Fig. 3  Area chart illustrating 
the percentage of either gram-
negative (n = 39, displayed in 
green) or gram-positive patho-
gens (n = 142, displayed in red) 
and the number of postopera-
tive days until positive tissue 
cultures appeared
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empiric treatment of gram-negative pathogens can be safely 
terminated on day 4 in case of no growth of gram-negative 
pathogens by that timepoint.

Among all included cases, 98% of all cultures demon-
strated bacterial (gram-positive or gram-negative) growth 
by the fifth day. Based on this result and considering that 
30% of primary DAIR procedures were excluded because PJI 
was ruled out, termination of empiric antibiotics in certain 
cases might be considered in cases with a low suspicion of 
infection. Obviously, the decision to terminate antibiotics in 
patients with preoperatively administered antibiotics should 
be considered with care.

Limitations

The major limitation of this study is its retrospective design. 
Furthermore, the present study is a single-center study and 
therefore may yield institute-specific results since the spec-
trum of isolated pathogens in early PJI may be dependent on 
pre- and peri-operative anti-septic measures including the 
designated prophylactic antibiotics. Also, antibiotic-loaded 
cemented or cementless THA may influence the spectrum 
of isolated pathogens.

Conclusion

Effective empiric treatment has been associated with 
improved treatment outcomes in the treatment of PJI. A 
combination of vancomycin and ciprofloxacin or a third-
generation cephalosporin had the highest antibiotic coverage 
in early PJI, even in the setting of a low incidence of MRSA. 
The American recommendation of vancomycin as part of an 
empiric treatment regime for early PJI therefore also seems 
applicable for regions with a low incidence of MRSA. How-
ever, this knowledge has to be balanced against other fac-
tors such as potential side effects and biofilm penetration. 
Empiric treatment of gram-negative pathogens can be safely 
terminated in the absence of gram-negative pathogens in 
the tissue cultures on the 4th postoperative day. In addi-
tion, if cultures remain sterile up to day 5 early PJI becomes 
highly unlikely and complete termination of empiric treat-
ment could be considered. However, great care should be 
undertaken in the decision to terminate treatment in patients 
that received preoperative antibiotics.
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