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Abstract

Background

This study investigated the clinical characteristics of patients with septic arthritis caused by

Staphylococcus aureus and tried to identify the risk factors for methicillin-resistant S. aureus
(MRSA) arthritis.

Methods

Between January 2008 and December 2011, patients with septic arthritis caused by S. au-
reus were identified from the computerized databases of a regional hospital and a medical

center in southern Taiwan. The medical records of these patients were retrospectively

reviewed.

Results

A total of 93 patients with S. aureus arthritis were identified, and MRSA arthritis was found in

38 (40.9%) cases. The mean age of the patients was 58 years, and 86 (92.5%) episodes

were classified as community-acquired infections. Diabetes mellitus (n = 41, 44.1%) was

the most common underlying disease, followed by chronic kidney disease and liver cirrho-

sis. Patients with MRSA arthritis were more frequently elderly and found in the setting of

healthcare-associated infection than patients with methicillin-susceptible S. aureus (MSSA)

infections. No other significant differences in clinical manifestations and outcomes were

noted between these two groups of patients. Overall, the in-hospital mortality rate was

5.4%, and diabetes mellitus was the only risk factor for mortality.
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Conclusions

MRSA is emerging in the setting of community-acquired septic arthritis. MRSA septic arthritis

is more likely to develop in the elderly and in healthcare-associated infections than MSSA

septic arthritis.

Background
Septic arthritis is not an uncommon disease, and its yearly incidence ranges from 2 to 10 per
100,000 patients [1–4]. Staphylococcus aureus and Streptococcus spp. are the most common
pathogens causing septic arthritis [5–7]. In fact, the emergence of methicillin-resistant S. aure-
us (MRSA) is a growing clinical challenge in hospital-associated settings as well as in commu-
nity settings in the United States and around the world. [8]. In Taiwan, MRSA infection
accounts for about 60% of nosocomial S. aureus infections [9] and it is also an emerging com-
munity-acquired pathogen [10]. Although there have been several studies about MRSA arthri-
tis in western countries [7,11–17], the data of Asian is still limited. In a study of 51 adults in
Taiwan with culture-proven community-onset septic arthritis, S. aureus was the most common
etiology (n = 30, 58.9%) [16]. MRSA comprised 22% of S. aureus arthritis cases in a recent ret-
rospective study in Japan [17]. Both of the above studies indicate the clinical significance of S.
aureus, including MRSA, in septic arthritis. Therefore, we performed this study to investigate
the clinical manifestations of MRSA arthritis and compare them with those of methicillin-sus-
ceptible S. aureus (MSSA). Additionally, we wanted to identify risk factors for MRSA arthritis
and analyze the prognostic factors of mortality among patients with S. aureus arthritis.

Methods

Hospital setting and patient selection
This study design is a clinical case-series and was conducted at two hospitals, Chi Mei Medical
Center, a 1290-bed referral medical center, and Chi Mei Medical Center, Liouying branch, a
900-bed regional hospital located in Tainan, Taiwan. All patients with culture-confirmed S. au-
reus arthritis were identified from the computerized databases of the hospitals between January
2008 and December 2011. The medical records of all patients were retrospectively reviewed.
The following patient characteristics and laboratory findings were collected from the records:
age, gender, underlying conditions (history of chemotherapy agent use, diabetes mellitus, liver
cirrhosis, end-stage renal disease, and active cancer), laboratory data, microbiological findings,
antimicrobial susceptibility test results, and patient outcome. The records and information of
patients were anonymized and de-identified prior to analysis. Therefore, informed consent was
not required and was specifically waived by the Institutional Review Board. Ethics approval
was obtained from the Institution Review Board of Chi Mei Medical Center in accordance with
the 1964 ethical standards for medical research involving human subjects of the Declaration of
Helsinki as revised in 2000.

Bacterial isolates and antimicrobial susceptibilities
Identification of S. aureus isolates was achieved by standard techniques. All of the isolates were
determined to be Gram-positive cocci with β-hemolysis on 5% sheep blood agar and gave posi-
tive results on catalase, coagulase, DNase, and mannitol fermentation tests. Susceptibilities of
these isolates to a battery of antimicrobial agents, including gentamicin, minocycline, oxacillin,

MRSA Septic Arthritis

PLOS ONE | DOI:10.1371/journal.pone.0127150 May 21, 2015 2 / 8



teicoplanin, augmentin, tigecycline, clindamycin, penicillin, fucidic acid, and trimethoprim-
sulfamethoxazole, were determined using the disk diffusion method as described by the Clini-
cal and Laboratory Standards Institute [18].

Definitions
Healthcare-associated infections were defined as those which were acquired during the course of
treatment for other conditions within a healthcare setting [19]. Leukocytosis was defined as a
white blood cell count> 11,000/mL. A standard definition for polymicrobial infections was isola-
tion of other pathogens from synovial fluid, in addition to S. aureus. In-hospital mortality was de-
fined as death due to any cause during hospitalization. Immunocompromised status was defined
if patients had liver cirrhosis, diabetes mellitus, end-stage renal disease, or active cancer or were
receiving chemotherapy agents. Inappropriate use of empirical antibiotics was considered as the
empirical usage of antimicrobial agents that were ineffective in vitro against S. aureus isolates.

Statistical analysis
Continuous variables were expressed as mean ± standard deviation. These variables were com-
pared using the Wilcoxon rank sum test or Student’s independent t test, as appropriate. Cate-
gorical variables were compared using the chi-square test or Fisher’s exact test. Patient
outcomes for in-hospital mortality were analyzed using the chi-square test. A P value< 0.05
was considered to represent statistical significance. All statistical analyses were conducted
using the statistical package SPSS for Windows (Version 11.0, SPSS, Chicago, Il, USA).

Results

Clinical characteristics
During the study period, a total of 194 cases of septic arthritis were identified and 93 (47.9%)
cases were caused by S. aureus. The clinical characteristics of the 93 patients with septic arthri-
tis caused by S. aureus are summarized in Table 1. The patients ranged in age from 3 to 91
years (median, 58 years, interquartile range, 17 years). Most of the patients were men (n = 67,
63%), and more than 90% of the infections were classified as community-acquired. Diabetes
mellitus (n = 41, 44.1%) was the most common underlying disease, followed by chronic kidney
disease and liver cirrhosis. Seven patients had underlying malignancy, including hepatoma
(n = 3), lymphoma (n = 2), esophageal cancer (n = 1), and skin cancer (n = 1). One patient had
bullous pemphigoid. Overall, more than 60% of patients were considered immunocompro-
mised, and about one-forth of patients had a history of trauma before acquiring septic arthritis.
The most common site was the knee, followed by the hip. Two patients had multiple joint in-
volvement, one in the lumbar spine and hip, and the other in the elbow and hip. Forty-eight pa-
tients had leukocytosis. C-reactive protein levels> 6 mg/L were found in 70 of the 72 (97.2%)
patients with available results. Polymicrobial infections were observed in three patients, with
Chryseomonas luteola, Pseudomonas aeruginosa, and Streptococcus pyogens respectively.
Twelve patients had positive Gram stains for Gram positive cocci in examinations of the syno-
vial fluid. Twenty-eight (30.1%) patients had concurrent S. aureus bacteremia. All 38 patients
receiving inappropriate empirical antibiotic treatment belonged to the MRSA arthritis group.

Comparison between patients with MSSA arthritis and MRSA arthritis
We compared the clinical manifestations between 55 patients with MSSA arthritis and 38 pa-
tients with MRSA arthritis (Table 2). Patients with MRSA were more frequently> 65 years old
than patients with MSSA. In contrast, all patients with MSSA had community-acquired
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infection and the frequency of healthcare-associated infections was significantly less than in pa-
tients with MRSA. No other significant differences, including age, sex, type of infection, under-
lying conditions, cause of arthritis, clinical manifestations, treatment, and outcome, were noted

Table 1. Clinical characteristic of 93 patients with septic arthritis caused by Staphylococcus aureus.

No (%) of patients(n = 93)

Median age, years (interquartile range) 58 (17)

Age � 65 years, n (%) 38 (40.9)

Male, n (%) 67 (63.4)

Community-acquired infection 86 (92.5)

Underlying condition

Diabetes mellitus 41 (44.1)

Chronic kidney disease 25 (26.9)

Liver cirrhosis 12 (12.9)

Gout arthritis 12 (12.9)

Active cancer 7 (7.5)

Use of steroid* 4 (4.3)

Bullous pemphigoid 1 (1.1)

Immunocompromised status 59 (63.4)

Trauma related 22 (23.7)

Type of joint

Native joint 70 (75.3)

Prosthesis 23 (24.7)

Involved joint

Knee 51 (54.8)

Hip 23 (24.7)

Elbow 9 (9.7)

Shoulder 5 (5.4)

Ankle 4 (4.3)

Spine 2 (2.2)

Toe 1 (1.1)

Multiple joint involvement 2 (2.2)

Laboratory findings

White blood cell (cell/uL) 12505.3 ± 5937.3

Hemoglobin (g/dL) 11.6 ± 2.2

Platelet (cell/uL) 288428.6 ± 151379.4

ESR (mg/dL) (n = 65) 73.7 ± 37.2

C-reactive protein (mg/L) (n = 72) 95.5 ± 84.5

Polymicrobial infections 3 (3.2)

Findings of synovial fluid

White blood cell (cell/uL) 77268.4 ± 85675.5

Positive Gram stain (%) 12 (12.9)

Bacteremia 28 (30.1)

Drainage 2 (2.2)

Inappropriate use of empirical antibiotics 38 (40.9)

Surgery treatment 78 (83.9)

Mortality 5 (5.4)

*Use of steroid was defined as use of ≧ 20 mg per day of prednisone for more than two weeks.

doi:10.1371/journal.pone.0127150.t001
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between the two groups. Four patients with MRSA had received antibiotics prior to the episode
of septic arthritis. Three of the patients were given 3rd generation cephalosporins and one was
given quinolones.

Outcome analysis
Overall, there were five deaths in this series. All of these patients were immunocompromised
and had diabetes mellitus. Three cases were caused by MSSA and the other two by MRSA.
Three of these patients were> 65 years and three had concomitant bacteremia. The only risk
factor for mortality was diabetes mellitus (Table 3). Overall, 9 patients were admitted to the in-
tensive care unit and 4 patients had acute respiratory failure. The overall in-hospital mortality
was 5.4%.

Discussion
This study enrolled 93 patients with S. aureus arthritis and provided several useful findings in
this clinical setting. Most important, about 40% of cases of S. aureus arthritis were caused by
MRSA, and more than 80% of MRSA arthritis cases were classified as community-acquired in-
fections. Ross found only 15 of 59 (25%) septic arthritis cases in the USA involved MRSA [12].
Clerc investigated 233 episodes of septic arthritis in Switzerland between 1999 and 2008 and

Table 2. Comparison of 55 and 38 patients with septic arthritis caused by methicillin-susceptible Staphylococcus aureus andmethicillin-resistant
Staphylococcus aureus.

No (%) of patients with methicillin-susceptible
Staphylococcus aureus(n = 55)

No (%) of patients with methicillin-resistant
Staphylococcus aureus(n = 38)

P
value

Age � 65 years, n (%) 17 (30.9) 21 (55.3) 0.03

Male, n (%) 41 (74.5) 26 (68.4) 0.69

Community-acquired infection 55 (100.0) 31 (81.6) 0.04

Underlying condition

Diabetes mellitus 27 (49.1) 14 (36.8) 0.34

Chronic kidney disease 14 (25.5) 11 (28.9) 0.27

Liver cirrhosis 8 (14.5) 4 (10.5) 0.81

Gout arthritis 7 (12.7) 12 (12.9) 0.77

Active cancer 5 (9.1) 2 (5.3) 0.78

Use of steroid* 2 (3.6) 2 (5.3) 0.90

Bullous pemphigoid 0 (0.0) 1 (2.6) 0.88

Immunocompromised status 36 (65.5) 23 (60.5) 0.79

Trauma related 11 (20.0) 11 (28.9) 0.46

Type of joint 0.14

Native joint 45 (81.8) 25 (65.8)

Prosthesis 10 (18.2) 13 (34.2)

Polymicrobial infections 3 (5.5) 0 (0.0) 0.39

Previous use of antibiotic 0 (0.0) 4 (10.5) 0.05

Positive Gram stain in
synovial fluid

7 (12.7) 5 (13.2) 0.81

Bacteremia 18 (32.7) 10 (26.3) 0.67

Drainage 2 (3.6) 0 (0.0) 0.66

Surgery treatment 44 (80.0) 34 (89.5) 0.35

Mortality 3 (5.5) 2 (5.3) 0.67

*Use of steroid was defined as use of ≧ 20 mg per day of prednisone for more than two weeks.

doi:10.1371/journal.pone.0127150.t002
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showed that S. aureus caused 115 episodes, of which only 11 (9.6%) were caused by MRSA
[14]. Another study of 58 adult patients in the UK with hematogenous septic arthritis from
June 2000 to June 2005 revealed that 15 (25.9%) clinical isolates were methicillin-resistant [13].
In a retrospective analysis of 53 adults with septic arthritis in Japan from 1955 to 2005, 22% of
S. aureus arthritis cases were caused by MRSA [17]. In contrast, the prevalence of MRSA in S.
aureus arthritis in the present work was much higher than in previous studies [12–14, 17]. This
is consistent with previous findings about different types of S. aureus infection in Taiwan, in
which MRSA infection accounted for more than half of nosocomial S. aureus infections [9]
and was an emerging pathogen causing community-acquired infections [10]. Although the dif-
ferences may be due to the different study populations and the fact that the epidemiology of
MRSA may vary geographically, our findings suggest that MRSA should be seriously consid-
ered as one of the pathogens causing septic arthritis in this era of increasing antibiotic resis-
tance, even in the setting of community-acquired infections. To manage the threat of MRSA
infections in Taiwan, the importance of infection control measures, including hand hygiene,
contact isolation and use of antibiotics, should be emphasized.

We further tried to find the risk factors for MRSA arthritis among patients with S. aureus
arthritis. Overall, we found that age> 65 years was the only one risk factor for MRSA arthritis
in the present work. This is consistent with previous studies. Ross found that patients with
MRSA arthritis were significantly older than patients with non-MRSA arthritis (69 vs. 54,
p = 0.003) [12]. Al-Nammari also found that MRSA patients were older than non-MRSA pa-
tients with a mean age of 76 versus 44 years (p< 0.05) [13]. Moreover, we noted another signif-
icant factor—healthcare-associated infections—in this study. MRSA arthritis more frequently
developed in the setting of healthcare-associated infection. This finding is consistent with a
previous study [12]. In summary, MRSA should be considered in the differential diagnosis of
septic arthritis, especially in the elderly population and in healthcare-associated infections.

The in-hospital mortality in this study was only 5.4%, with no significant difference between
patients infected with MSSA and MRSA. Overall, these outcomes were relatively favorable
compared with previous studies in which mortality rates varied from 13.3% to 20% [12,13].
The difference may be due to different study populations or different study designs. In addi-
tion, the five patients who died all had underlying diabetes mellitus, and diabetes mellitus was
found to be the only significant poor prognostic factor. In contrast to other studies, we did not
find that inappropriate empirical antibiotics were associated with a poor outcome [13].

Table 3. Risk factors of mortality of patients with septic arthritis caused by Staphylococcus aureus.

Characteristics Survivor(n = 88) Mortality(n = 5) P value

Elderly (age> 65 years) 35 (39.8) 3 (60.0) 0.67

Male 63 (71.6) 4 (80.0) 0.92

Diabetes mellitus 36 (40.9) 5 (100.0) 0.03

Chronic kidney disease 23 (26.1) 2 (40.0) 0.87

Liver cirrhosis 11 (12.5) 1 (20.0) 0.84

Prosthesis 22 (25.2) 1 (20.0) 0.79

Leukocytosis 46 (52.3) 2 (40.0) 0.94

MRSA 36 (40.9) 2 (40.0) 0.67

Polymicrobial infection 3 (3.4) 0 (0.0) 0.38

Bacteremia 25 (28.4) 3 (60.0) 0.32

Inappropriate use of empirical antibiotic 36 (40.9) 2 (40.0) 0.67

Community-acquired infection 81 (92.0) 5 (100.0) 0.83

doi:10.1371/journal.pone.0127150.t003
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In the present work, most of the patients had a final diagnosis of S. aureus arthritis after pos-
itive culture results from synovial fluid. Initial Gram stain examinations of the joint fluid
showed Gram positive cocci in clusters in only twelve (12.9%) patients.

This study had several limitations. First, the sample size in this retrospective study may
have been too small to perform meaningful risk factor analysis for mortality. Second, there
were no available isolates clinically for molecular investigation, whether to study their genetic
diversity, to determine clonal or genetic diversity, or to determine their classification of typical
HA-MRSA or CA-MRSA clones. Although we had tried to investigate the epidemiologic data
and establish the resistance profile of the tissue isolates—clonal spread, we did not make any
progress. Third, the study was performed in two hospitals in southern Taiwan, and the condi-
tions may not represent all S. aureus arthritis in Taiwan. Finally, we used all-cause mortality
for outcome analysis and did not evaluate mortality attributable to septic arthritis.

In conclusion, this study in Taiwan showed a high prevalence of MRSA in patients with sep-
tic arthritis, even in community-acquired infections. Moreover, MRSA arthritis may be more
likely to develop in elderly patients and in healthcare-associated infections than MSSA. Finally,
diabetes mellitus was found to be associated with mortality in patients with S. aureus arthritis.
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