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Abstract
Background  Microbiological profile of pathogens causing periprosthetic joint infection (PJI) after primary total hip (THA) 
and knee (TKA) arthroplasty varies in different regions, clinics and even departments. The objective of this study was to 
analyze the pathogen structure in patients with PJI after primary THA and TKA and its influence on the effectiveness of the 
infection eradication after two-stage reimplantation.
Materials and methods  We collected the retrospective data of 364 patients—161 with PJI after primary TKA (113 treated 
in two stages 48 with failure after spacer implantation) and 203 patients with infected THA (127 after successful two-stage 
reimplantation and 76 with PJI recurrence after the first stage) within the time period from January 2012 to December 2017, 
treated with two-stage protocol in the single center. A comparative analysis of pathogen structure was performed between 
cohorts of patients with hip and knee PJI. A subanalysis was made between the subsets comprised from patients with suc-
cessful two-stage treatment and the subsets with failure to treat the infection.
Results  Staphylococcus epidermidis was the most commonly identified pathogen in the full hip and knee cohorts: 30.1% 
and 32.5%, respectively. However, the percentage of methicillin-resistant Staphylococcus epidermidis (MRSE) among all S. 
epidermidis isolates was higher in the hip cohort—50% compared with 35% in the knee cohort (p = 0.073). Other coagulase-
negative Staphylococci were more common to patients with PJI after primary TKA—10.3% compared with 5% (p < 0.02). 
Streptococcus sp. caused hip PJI in a larger percentage of cases than in knee PJI (p < 0.01)—7% and 2%, respectively 
(p < 0.01).
Polymicrobial associations were significantly more common in hip PJI compared to knee PJI: 45.3% and 14% of cases, 
respectively (p < 0.001). The presence of polymicrobial infection significantly raised the risk of PJI recurrence [OR 2 (95% 
CI from 1.24 to 3.24)] in knee PJI patients and reduced the effectiveness of infection eradication from 73.9% to 47.8%.
Conclusion  Comparative analysis showed significant differences in the structure of PJI pathogens in the hip and knee. These 
findings are useful when choosing treatment strategies and empirical antibiotics regimens, in the management of patients 
with PJIs after primary hip and knee arthroplasty.
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Introduction

Prosthetic joint infection (PJI) is currently the leading cause 
of early re-operations after primary and revision total hip 
(THA) and knee (TKA) arthroplasty. Up to 36.1% of all revi-
sion TKAs performed within 1 year after primary implan-
tation were due to PJI. In revised joints this complication 
accounted for 39.6% of all surgical procedures [7, 10, 23]. 
Patients with PJIs have 1.87 higher relative risk for mor-
tality than patients re-operated for an aseptic complication. 
Moreover, the presence of Enterococci increases this risk 
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to 3.18 when compared to PJI patients infected by another 
pathogen [14].

Among the existing surgical treatment strategies of 
debridement, antibiotics and implant retention (DAIR) pro-
cedure, one stage reimplantation, in patients with PJI two-
stage reimplantation demonstrates comparable effectiveness 
and remains the «gold standard» for the majority of chronic 
PJIs [2, 3, 11].

The role of pathogen type, together with other known risk 
factors, is critical in the development and recurrence for the 
PJIs. Chen et al. found that early mortality in patients with 
hospital strain of methicillin-resistant S. aureus (MRSA) 
bacteremia was significantly higher compared to patients 
with bacteremia caused by methicillin sensitive S. aureus 
(MSSA) [12]. Some authors claim that up to 54% of all iden-
tified Staphylococci were MR in patients with PJI [5, 16]. 
Along with known risk factors such as liver disease, prior 
debridement with prothesis retention, pathogen type (espe-
cially Gram-negative bacilli) the presence of the sinus tract 
is associated with treatment failure [18]. Similar data were 
obtained by Jhan et al. who analyzed the results of two-stage 
treatment in 62 patients and concluded that obesity, liver cir-
rhosis, Gram-negative infection, and the presence of a sinus 
tract were significantly related to failure [17].

The differences in microbiological profiles between hip 
and knee were mentioned by Tsai et al. In their study on 
294 hip and knee PJI patients, they found that the number 
of infections caused by anaerobes was higher in hip PJI—11 
vs 0 in knee PJI. Polymicrobial cases were also higher in hip 
PJI—22 vs 6 [26]. Despite the large body of data on causa-
tive pathogens in patients with PJI after primary total knee 
and hip arthroplasty, there is a lack of studies, comparing 
the effect of microorganism profile and types of pathogens 
on failure after spacer implantation in these groups of PJI 
patients. This study is designed to assess the hypothesis that 
localization of periprosthetic infection influences on patho-
gen structure. The objective of this study was to analyze 
the pathogens causing PJIs after primary total hip and knee 
arthroplasty and their influence on the effectiveness of two-
stage reimplantation for eradication of the infection.

Materials and methods

From the database of our institutional archives, we collected 
the patients with primary TKA and THAs who were diag-
nosed with PJIs within the time period from January 2012 
to December 2017 treated with two-stage protocol in the 
single center. PJI was diagnosed according to criteria of the 
Philadelphia International Consensus Meeting—2013: two 
positive periprosthetic cultures with phenotypically iden-
tical microorganisms or a sinus tract communicated with 
the joint; or at least three minor criteria; elevated serum 

C-Reactive Protein (CRP) and Erythrocyte Sedimentation 
Rate (ESR), elevated synovial fluid White Blood Cell count 
or positive mark of Leucocyte Esterase test strip, elevated 
synovial fluid polymorphonuclear neutrophil percentage 
[21].

PJI was classified according to the time of manifesta-
tion since index surgery: early (< 3 months after surgery), 
delayed (3–12 months after surgery) and late (> 12 months 
after surgery) [29].

A comparative analysis of the pathogens was performed 
between the cohorts of patients with hip and knee PJIs. An 
analysis was also made between the subsets comprised from 
patients with successful two-stage treatment and the subsets 
with failure to treat the infection. Patients treated with DAIR 
procedures were excluded (Fig. 1).

All patients with confirmation of the PJI diagnosis passed 
through the first of the two-stage surgical treatment, which 
included skin incision with the resection of the old scar, 
arthrotomy (extended approaches were used in case of 
severe contracture), implant components removal with its 
further microbiological analysis along with five infected tis-
sue samples taken from different aspects of the joint. After 
extensive surgical debridement of all affected tissues and 
further jet lavage with 5–7 L of normal saline, an antibi-
otic loaded cement spacer was implanted (Refobacin bone 
cement/DePuy CMW 3 bone cement with gentamycin and 
additional 4 g of vancomycin in each batch of 40 g). In cases 
of high hip dislocation risk, joint instability, or microsurgical 
coverage with soft tissue flaps immobilization was employed 
until the second stage of treatment.

Microorganisms were isolated from homogenized 
intraoperative tissue biopsies and from the surface of the 
removed implants after sonication. Microbial species were 
identified by the staff microbiologist from cultures with the 
use of selective media and biochemical test panels.

All patients received intravenous antibiotic therapy 
from the operation day up to 2  weeks, followed by 
4–6  weeks of oral therapy. Initial antibiotic regimen 
included combinations of vancomycin with beta-lactam 
antibiotics or quinolones; alternatively, beta-lactam 
antibiotics with quinolones. Antibacterial therapy was 
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Fig. 1   Research design, PJI—periprosthetic joint infection, n—num-
ber of patients, ⇔—compared groups
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corrected after receiving the results of bacteriological 
examination of intraoperative samples if necessary.

The first stage of treatment was considered to be suc-
cessful if there were no clinical and laboratory signs of 
reinfection, including negative culture growth after rou-
tine joint aspiration, at the moment when the patient was 
invited for the second stage of treatment. The outcome 
was interpreted as unsuccessful when inflammatory signs 
remained or reappeared during the period between the 
first step and reimplantation. These signs included the 
presence of acute inflammation with high levels of serum 
CRP, development of a sinus tract and relapse or reinfec-
tion, depending on the isolated microorganisms. In this 
case, patient underwent spacer exchange instead. The 
time period without antibiotics was not less than 2 weeks.

The second stage of surgical treatment included spacer 
removal, debridement, jet lavage, and implantation of 
the revision system with required level of constraint and 
compensation of bone defects with augments if needed. 
Antibiotic prophylaxis was provided, taking into con-
sideration the results of bacteriological examination on 
the first stage of treatment. The mean follow up period 
was 5.6 (2.4–7.2) and 4 (2.1–6.9) years for knee and hip 
patients, respectively.

All characteristics of investigated cohorts are illus-
trated in Table 1.

Females were more prevalent in knee group (74.5%), 
while gender distribution in the hip group was equal. The 
mean age in full hip and knee cohort was 61 years. Osteo-
arthritis was the main reason for the index surgery in both 
groups. Late PJI with the onset of the symptoms more 
than 12 months after primary arthroplasty was most com-
mon in both groups: 55.6% of all hip patients and 41% of 
all knee patients.

Statistical methods

Statistical analysis of the results was performed with STA-
TISTICA 9.0 software (StatSoft, USA). Categorical data are 
presented as proportions, which were analyzed with Fisher 
exact test. The association of clinical factors with successful 
outcomes of the surgery is shown as odds ratios (OR) given 
with 95% CI. Reported P values are two-tailed. The p value 
below 0.05 was considered significant.

Results

We have retrospectively collected the data of 364 patients. 
161 with PJI after primary total knee arthroplasty (TKA) 
were enrolled: 113—treated in two stages and 48—with fail-
ure after spacer implantation. 203 patients with infected total 
hip arthroplasty (THA) were enrolled: 127 after successful 
two-stage reimplantation and 76 with PJI recurrence after 
the first stage.

Overall, 341 isolates were identified in the hip cohort 
patients: 202—in successfully treated patients (n = 127) and 
139 in patients with PJI recurrence after spacer implantation 
(n = 76). In the knee cohort patients, 193 pathogens were 
detected: 128 in the group with success (n = 113) and 65 in 
the PJI recurrence group (n = 65). Among 364 PJI patients 
included in our investigation 115 (31.6%) were polymicro-
bial, 92 of which belonged to hip and 23 to knee PJI groups 
(p < 0.001).

Staphylococcus epidermidis was the most frequently 
identified pathogen in the full cohort of hip and knees 
(Table 2). However, the percentage of methicillin-resistant 
Staphylococcus epidermidis (MRSE) among all S. epider-
midis isolates was higher in the hip cohort—50% compared 
with 35% in the knee cohort (p = 0.073). Staphylococcus 
aureus more often caused knee than hip PJI (p = 0.007) 
with a comparable proportion of MRSA in both groups: 

Table 1   Characteristics of compared cohorts, including sex, age, PJI classification, and initial diagnosis structure

Hip Knee p value

Total
n = 203

Success
n = 127

Reinfection
n = 76

Total
n = 161

Success
n = 113

Reinfection
n = 48

Male, n (%) 103 (50.7) 61 (48) 42 (55) 41 (25.5) 24 (21.2) 17 (35.4) 0.396
Female, n (%) 100 (49.3) 66 (52) 34 (45) 120 (74.5) 89 (78.8) 31 (64.6) 0.604
Age, years (95% CI) 61 (55–71) 63 (55–71) 59 (55–64) 61 (25–84) 61.6 (25–84) 60.5 (29–77) 0.335
Early PJI, n (%) 45 (22.2) 23 (18) 22 (29) 46 (28.5) 33 (29.2) 13 (27.1) 0.250
Delayed PJI, n (%) 45 (22.2) 27 (21) 18 (24) 48 (29.9) 34 (30.1) 14 (29.8) 0.255
Late PJI, n (%) 113 (55.6) 77 (61) 36 (47) 67 (41.6) 46 (40.7) 21 (43.7) 0.495
Osteoarthritis, n (%) 132 (65) 82 (64.5) 50 (65.7) 103 (64) 79 (70.2) 24 (50) 0.646
Post-traumatic arthritis, n (%) 67 (33) 44 (34.6) 23 (30.2) 37 (23) 21 (18.5) 16 (33.3) 0.286
Rheumatoid arthritis, n (%) 4 (2) 1 (0.9) 3 (4.1) 21 (13) 13 (11.4) 8 (16.7) 0.069
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18% and 22%, respectively. Other coagulase-negative 
Staphylococci were also more common to patients with 
PJI after primary TKA. Streptococcus sp. caused hip PJI 
in a larger percentage of cases than in knee PJI (p < 0.01).

On the next stage of investigation, the comparative 
analysis between successful treatment and recurrence of 
infection in knees was carried out. S. epidermidis was the 
predominant pathogen for patients with eradicated infec-
tion while in the reinfected group S. aureus was the most 
common pathogen. 40% of S. aureus isolates in the recur-
rent group were methicillin-resistant compared to 17.7% 
MRSA cases in successful group (p = 0.086). The ratio of 
MRSE was comparable for successful treatment and for 
recurrent knee PJI. The proportion of Corynebacterium 
and fam. Enterobacteriaceae was higher in patients who 
received more than one spacer implantation (Table 3). Pol-
ymicrobial infection was twice as much in patients with 
PJI recurrence—22.6% compared to 10.6% of successfully 
treated patients (p = 0.05).

Staphylococci were most common in hip PJIs, both those 
with infection recurrence and effectively treated. The fre-
quency of MRSA isolation was twice as much in case of 
PJI relapse—30.3% (p = 0.291). In contrast, the proportion 
of MRSE in the group with failed hip spacer implantation 
was lower than in infection eradication: 29.4% and 70.5%, 
respectively (p < 0.0001). Bacteria from the fam. Entero-
bacteriaceae were more likely to be isolated in hip patients 
with failed spacer implantation (p = 0.048), while Enterococ-
cus sp. was more characteristic of patients without hip PJI 
recurrence (p = 0.051) (Table 4). Polymicrobial infection in 
failed spacer implantation cases was similar to the group 
of patients who reached reimplantation stage—46.0% and 
44.8%, respectively.

Discussion

Gram-positive microorganisms in our research were the 
main reason of PJI both: after primary THA and TKA, 
despite this fact comparative analysis showed that structure 
of causative pathogens during the last decade had changed. 
According to Rosteius T et  al. in Germany coagulase-
negative Staphylococci are the most frequently identified 

Table 2   Pathogens structure in compared groups

Statistically prevalent parameters are marked with bold type
CoNS coagulase-negative Staphylococci (except S. epidermidis)

Pathogen All knees n (%) All hips
n (%)

p value

Staphylococcus epidermidis 63 (32.5) 103 (30.1) 0.560
Staphylococcus aureus 62 (32.1) 73 (21.4) 0.007
Other CoNS 20 (10.3) 17 (5) 0.021
Streptococcus sp. 4 (2) 24 (7) 0.010
fam. Enterobacteriaceae 12 (6.2) 29 (8.5) 0.399
Enterococcus sp. 12 (6.2) 24 (7) 0.857
Non-fermenting 3 (1.5) 11 (3.2) 0.398
Corynebacterium sp. 5 (2.5) 14 (4.1) 0.469
Propionibacterium sp. 5 (2.5) 12 (3.5) 0.619
Candida sp. 1 (0.5) 2 (0.6) 1.00
Other 7 (3.6) 32 (9.4) 0.014
Total 193 (100) 341 (100)

Table 3   Pathogens structure in successfully treated and recurrent 
knees

Statistically prevalent parameters are marked with bold type
CoNS coagulase-negative Staphylococci (except S. epidermidis)

Pathogen Success 
knees PJI, n 
(%)

Recurrent knees PJI
n (%)

p value

Staphylococcus epider-
midis

48 (37.5) 15 (23.1) 0.051

Staphylococcus aureus 42 (32.8) 20 (30.8) 0.871
Other CoNS 14 (10.9) 6 (9.2) 0.806
Streptococcus sp. 3 (2.4) 1 (1.5) 1.000
fam. Enterobacte-

riaceae
3 (2.4) 9 (13.9) 0.003

Enterococcus sp. 6 (4.7) 6 (9.3) 0.223
Non-fermenting 3 (2.4) 0 (0) 0.552
Corynebacterium 1 (0.7) 4 (6.1) 0.044
Propionibacterium sp. 4 (3.1) 1 (1.5) 0.664
Candida sp. 1 (0.7) 0 (0) 1.000
Other 3 (2.4) 3 (4.6) 0.406
Total 128 (100) 65 (100)

Table 4   Pathogens structure in successfully treated and recurrent hips

Statistically prevalent parameters are marked with bold type
CoNS coagulase-negative Staphylococci (except S. epidermidis)

Pathogen Success hips 
PJI, n (%)

Recurrent 
PJI, hips, n 
(%)

p value

Staphylococcus epidermidis 65 (32.1) 38 (27.3) 0.401
Staphylococcus aureus 40 (19.8) 33 (23.7) 0.421
Other CoNS 13 (6.4) 4 (2.9) 0.204
Streptococcus sp. 12 (6) 12 (8,6) 0.391
fam. Enterobacteriaceae 12 (6) 17 (12.2) 0.048
Enterococcus sp. 19 (9.4) 5 (3.6) 0.051
Non-fermenting 4 (2) 7 (5) 0.130
Corynebacterium 7 (3.5) 7 (5) 0.580
Propionibacterium sp. 7 (3.5) 5 (3.6) 1.000
Candida sp. 1 (0.5) 2 (0.7) 0.569
Other 22 (10.9) 10 (7.2) 0.344
Total 202 (100) 139 (100)
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pathogens (up to 65% of all PJI). At the same time incidence 
of MRSE increased from 12.9% of all S. epidermidis isolates 
to 19.5% and MRSA percentage declined from 17.2% to 
6.2% for the last eight years was marked [24]. Analysis of 
the leading pathogens causing orthopedic infection in Rus-
sia for the period 2012–2017 showed significant (p < 0.01) 
decrease in the frequency of S. aureus isolation from 34.5% 
in 2012–2013 up to 28.6% in 2016–2017. At the same 
time, the proportion of S. epidermidis increased signifi-
cantly (p < 0.01) from 18.4% to 22.5%. During the period 
2016–2017 methicillin-resistant strains accounted for 16.4 
and 62.7% of S. aureus and S. epidermidis, respectively [8]. 
Zajonz et al. from Germany also confirmed this tendency 
noting an increase of S. epidermidis among PJI patients and 
the proportion of MRSE from 0% in 2001 to 74% in 2012 
[28]. On the other hand, in Taiwan S. aureus plays the lead-
ing role with 29.9% [25].

We received comparable data from our research—63% 
of cases in the full cohort had Staphylococci as a causa-
tive pathogen, with 31% from S. epidermidis as the leading 
cause. The frequency of methicillin-resistant Staphylococci 
was comparable to the studies mentioned above, accounting 
for 29.5%. The proportion of MRSE and MRSA among all 
PJI cases included in the study was 44% and 20%, respec-
tively. The percentage of methicillin-resistant forms of 
Staphylococci could be influenced by the localization of PJI. 
According to our research only 15.6% of all CoNS isolated 
in patients with knee PJI were MR compared with 34.5% 
in hip PJI group (p = 0.015). However, the presence of MR 
isolates in hip PJI patients didn’t influence the effectiveness 
of infection eradication—OR 1.5 (95% CI 0.9–2.5). In con-
trast, identification of MRSA in the knee PJI group signifi-
cantly increased the risk of PJI recurrence—OR 2.2 (95% CI 
1.3–3.7). Hischebeth GT et al. also illustrated the influence 
of MRSE isolates as a causative pathogen compared with 
MSSE on the effectiveness of spacer implantation—54.2% 
and 95.2%, respectively [15].

Treatment of MR staphylococcal prosthetic infection 
remains a great challenge, effectiveness of treatment accord-
ing to Dubee et al. was 68% compared with 89% if suscepti-
ble microorganisms were identified [4, 13]. The difference in 
the identified pathogens among the patients of the compared 
groups resulted in the effectiveness of spacer implantation 
in our research. The higher two-stage success rate in the hip 
and knee PJIs from Enterococcus sp. (79.1%) cases could 
be explained by the high anti-enterococcal activity, of the 
combination of gentamycin and vancomycin added to bone 
cement spacer preparation. But this combination demon-
strated low effectiveness towards fam. Enterobacteriaceae 
and non-fermenting bacteria, where the recurrence rate was 
58.6% and 45.4%, respectively.

In knee PJI, the proportion of coagulase-negative 
Staphylococci (except S. epidermidis) was higher than in 

hip PJI, without a negative effect on the infection eradica-
tion—70%. The Streptococcus sp. isolates in knee PJIs 
were identified less frequently but their recurrence rate 
after two-stage treatment was extremely high—81.8%, 
comparable with report represented by Akgün et al. illus-
trating the difficulty to treat streptococcal PJIs [3].

In contrast to our data, Aggrawal et  al. as well as 
Bjerke-Kroll et al. found no differences in the microbio-
logical profile of hip and knee PJIs. [1, 6]. However, the 
pathogen spectrums included higher virulence and resist-
ance organisms at a referral center in the United States 
compared with one in Europe. [1]

The polymicrobial infection in the study cohort was 
relatively high, the majority of which affected the THAs 
(p < 0.001) and was comparable to the study by Tsai 
et al. [25] Treatment of mono- and polymicrobial hip PJI 
showed equal effectiveness: 63% and 62%, respectively 
[OR 1.18 (95% CI from 0.88 to 1.6)]. Comparable data 
which confirmed predominance of polymicrobial cases 
and anaerobic microorganisms in hip PJI were published 
by Piper et al. and Lentino et al. as well [20, 22]. Multiple 
risk factors such as obesity and elevated CRP predispose 
patients to polymicrobial infections [9, 19, 27].

Controversially in the group of knee PJI patients with 
failure of the two-stage treatment the polymicrobial infec-
tions were twice as common as in the successfully treated 
PJIs. The presence of polymicrobial infection raised the 
risk of PJI recurrence [OR 2 (95% CI from 1.24 to 3.24)] 
and reduced the effectiveness of infection eradication in 
knee PJI from 73.9% to 47.8%. Moreover, the presence of 
Gram-negative isolates was an aggravating factor in knee 
PJI polymicrobial cases elevating the risk for failure—OR 
2.2 (95% CI 1.32–3.35).

Conclusion

Most of the causative pathogens in patients with hip and 
knee PJI belonged to coagulase-negative Staphylococci. 
Its methicillin-resistant strains were more frequently iden-
tified in patients with PJI recurrence. Comparative analy-
sis showed significant differences in the spectrum of PJI 
pathogens in the hip and knee. When choosing treatment 
tactics and antibiotics for empirical therapy it is necessary 
to take into account the high frequency of microbial asso-
ciations in hip PJI, as well as the increased risk of infection 
recurrence in patients with polymicrobial knee PJI. Isola-
tion of bacteria from the fam. Enterobacteriaceae, regard-
less of the infection localization, is an adverse prognostic 
factor in the treatment of patients with PJI after primary 
total hip and knee replacement.
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Limitations

The study had a retrospective design, cohorts were formed 
with successful and recurrent hip and knee PJI patients to 
analyze causative pathogens depending on the localization 
and the outcome. In this situation, the effectiveness of treat-
ment could not be analyzed properly and further randomized 
controlled investigations are necessary. Patients with poten-
tial confounding factors were excluded and not analyzed as a 
result. However, this study utilized strict criteria (first time 
PJI after primary total joint arthroplasty, absence of DAIR 
procedures before spacer implantation) to form cohorts with 
comparable initial data, and patient-related risk factors.
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