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Group B streptococcus is the most
common pathogen for septic arthritis with
unique clinical characteristics: data from 12
years retrospective cohort study
Rungkan Ruksasakul, Pongthorn Narongroeknawin, Paijit Assavatanabodee and Sumapa Chaiamnuay*

Abstract

Background: Group B Streptococcus (GBS) emerged as the frequent pathogen for septic arthritis. There was no
study comparing risks, clinical presentations and outcomes between GBS septic arthritis and other bacterial septic
arthritis.
The aim of this study is to evaluate the differences in risks, clinical presentations, and outcomes of GBS septic
arthritis and other bacterial septic arthritis, and identify independent risks and clinical presentations suggesting GBS
septic arthritis.

Method: Medical records of patients diagnosed with non-gonococcal bacterial arthritis admitted in
Phramongkutklao Hospital during 2006–2018 were reviewed. Associated risks, clinical presentations and outcomes
were compared between GBS septic arthritis (GBS group) and other bacterial septic arthritis (other bacterial group).

Result: Two hundred and thirty one cases of non-gonococcal bacterial arthritis confirmed by positive joint fluid
cultures and/or hemocultures were included. The three most common pathogens were GBS (37.7%), Staphylococcus
aureus (23.4%) and Streptococcus viridans (7.4%). GBS group was more commonly found in rainy season than other
bacterial group. Patients in GBS group were less likely to have underlying diseases and had more number of
involved joints than those in other bacterial group. The clinical presentations more commonly found in GBS group
than other bacterial group were oligo-polyarthritis, upper extremities joint involvement, axial joint involvement,
tenosynovitis and central nervous system involvement.
Multivariate analysis found the independent associated factors of GBS arthritis are tenosynovitis, oligo-polyarthritis
and rainy season.

Conclusions: GBS is now the most common pathogen for bacterial septic arthritis. The independent associated
factors of GBS arthritis were oligo-polyarthritis, tenosynovitis and rainy season.
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Background
Bacterial septic arthritis is one of the emergency rheum-
atic conditions because of serious morbidities, perman-
ent disabilities, and death with mortality rates of 10–15%
[1–3]. Delayed or inadequate treatment can lead to irre-
versible joint destruction and morbidities which occur in
about 25–50% of affected patients [2–4]. The estimated
incidence of bacterial septic arthritis varies from 4 to 10
per 100,000 people per year [2, 5–7]. The main causative
pathogens for septic arthritis are Staphylococcus aureus
and Streptococcus species [8–10].
Group B Streptococcus (GBS) is recognized as a cause

of sepsis and meningitis in newborns and pregnant
women [11, 12]. Several population-based surveys of
bacteremia have raised concerns about the growing inci-
dence of GBS disease in non-pregnant adults [13–18].
Clinical manifestations in adults include skin and soft
tissue infections, urinary tract infections, endocarditis,
pneumonia, meningitis, peritonitis and osteoarticular
manifestations [19, 20]. Recently, previous studies have
shown that the incidence of septic arthritis has changed.
GBS has emerged as the main cause of bacterial arthritis
in adults [10, 21] and some studies showed GBS was the
most common pathogen of bacterial septic arthritis [22].
Louthrenoo W, et al. reported that the average age of

GBS septic arthritis patients was quite young at 52.9 years
old. Most patients were not pregnant or it did not occur
during the peripartum period. Most cases occurred in
rainy and early winter seasons. Two-thirds of the patients
had at least one underlying disease. GBS septic arthritis
patients often had characteristic oligoarticular or polyarti-
cular arthritis and involvement of the small joints which
differed from bacterial septic arthritis caused by other
pathogens. Furthermore, GBS septic arthritis involved un-
common area (example spine involvement) and had cellu-
litis over and adjacent to infected joints [21]. However,
there has been no prior study comparing risks, clinical
presentations, and outcomes between GBS septic arthritis
and other bacterial septic arthritis.
The objectives of this study were to distinguish risks,

clinical features, and outcomes of GBS septic arthritis
from other septic arthritis.

Methods
Medical records of patients aged 18 years old and above
who were diagnosed with non-gonococcal bacterial sep-
tic arthritis in Phramongkutklao Hospital during 2006–
2017 were retrospectively reviewed.
Patients were identified from Phramongkutklao in-

patient computerized system according to the Inter-
national Classification of Diseases, 10th revision
(ICD-10) classification. Coding included bacterial sep-
tic arthritis as a principal diagnosis, a comorbidity or
a complication during the admission. Codes starting

with M00 and M01 referred to forms of pyogenic
arthritis and direct infections of the joint, respect-
ively. Patients were included if non-gonococcal bac-
terial septic arthritis was diagnosed by Newman
criteria [23] plus they had at least one positive bac-
terial culture either from an affected joint or blood.
The flowchart of this study was depicted in Fig. 1.
Non-gonococcal bacterial septic arthritis was diag-

nosed by Newman criteria [23] and required at least one
of four points to be met:

1. Isolation of a pathogenic organism from an affected
joint

2. Isolation of a pathogenic organism from another
source (e.g. blood) in the context of a hot red joint
suspicious of sepsis

3. Typical clinical features and turbid joint fluid in the
presence of previous antibiotic treatment

4. Postmortem or pathological features suspicious of
septic arthritis

Patients with prosthetic joint infection and gonococcal
bacterial septic arthritis were excluded.
Baseline characteristics, clinical presentations, la-

boratory findings, cause of infection, treatment and
outcomes were thoroughly reviewed. Associated risks,
clinical presentations and outcomes were compared
between GBS septic arthritis (GBS group) and other
bacterial septic arthritis (other bacterial group).
Definitions of variables collected in this study are as

follows;

1. Diabetes mellitus was diagnosed if patients met any
of the following criteria [24]
1) Fasting plasma glucose > 126mg/dL (7.0mmol/L).

Fasting was defined as no caloric intake for at least 8 h.

2) Two-hour plasma glucose > 200 mg/dL (11.1 mmol/
L) during an OGTT.

The test should be performed as described by the
WHO, using a glucose load containing the equivalent of
75 g anhydrous glucose dissolved in water.

3) Hemoglobin A1C > 6.5% (48 mmol/mol).

The test should be performed in a laboratory using a
method that is NGSP certified and standardized to the
DCCT assay.

4) In a patient with classic symptoms of hyperglycemia
or hyperglycemic crisis, a random plasma glucose >
200 mg/dL (11.1 mmol/L).
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2. Liver disease defined as chronic hepatitis B, C
infection or cirrhosis [25]

3. End-stage renal disease defined as patients with
glomerular filtration rate (GFR) < 15 ml/min/
1.73m2 [26]

4. Season was categorized according to the Thai
Meteorological Department [27]
a. Rainy season: 16 May – 15 October
b. Winter season: 16 October – 13 February
c. Summer season: 14 February – 15 May

5. Complications defined as serious medical events
occurred after the admission for bacterial septic
arthritis including sepsis, shock, intubation,
admission into an intensive care unit, pneumonia,
upper urinary tract infection, pressure sore, and
osteomyelitis.

6. Upper joint included sternoclavicular joints,
acromioclavicular joints, shoulder joints, elbow
joints, wrist joints, metacarpophalangeal joints and
proximal interphalangeal joints.

7. Axial joint included sternoclavicular joints,
acromioclavicular joints, shoulder joints, sacroiliac
joint, hip joints and spine.

8. Small joint included metacarpophalangeal joints,
proximal interphalangeal joints,
metatarsophalangeal joints, wrist and
interphalangeal joints of toes [28].

Conventional biochemical test was used for bacterial
identification. The growth obtained was identified by
colony morphology, Gram-stain of the isolated colonies,

and conventional biochemical identification tests as per
the standard protocol followed in our laboratory. GBS
identification was confirmed by positive CAMP (Chris-
tie, Atkins, Munch-Petersen) test.
From the previous study, the prevalence of GBS sep-

tic arthritis in the study population was 15.7% [21]. In
order to determine the point prevalence within a 4.7%
margin of error assuming a confidence level of 95% a
sample size of 230 was required [29].

Statistical analyses
Data were analyzed with SPSS software (Statistical Pack-
age for the Social Sciences, version 22, Chicago, IL,
USA). Continuous data and categorical data were pre-
sented as mean ± standard deviation (SD) or median and
interquartile range (IQR) and percent, respectively. The
baseline characteristics, clinical presentations, laboratory
findings and treatment outcomes were compared be-
tween the GBS group and other bacterial group. Para-
metric statistics (Independent sample T-test and Chi-
square test) were used if data were normally distributed.
Nonparametric statistics (Mann Whitney-U test and
Fisher’s exact test) were used if any of data were skewed.
Odds ratios (OR) with 95% confidence interval (CI) were
calculated to identify risks and clinical characteristics be-
tween the GBS group and other bacterial group. All tests
were two-tailed tests with p < 0.05. Risk factors associ-
ated with the GBS septic arthritis were assessed by mul-
tiple logistic regression models. Variables adjusted in
multiple logistic regression models were clinically

Fig. 1 The flowchart of the study
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relevant variables or variables with p-value < 0.1 from
the univariate analyses.

Results
Two hundred and thirty one cases of non-gonococcal
bacterial septic arthritis confirmed by positive joint fluid
cultures and/or hemocultures diagnosed in Phramong-
kutklao Hospital from January 2006 – December 2017
were included. Two-thirds of patients were male. The
mean age ± SD was 60.8 ± 17.3 years old. The five most
common pathogens were GBS (37.7%), Staphylococcus
aureus (23.4%), Viridans group Streptococcus (7.4%), Sal-
monella spp. (5.6%) and Group A Streptococcus (4.3%).
The causative pathogens for septic arthritis were de-
scribed in Additional file 1.
There were 87 patients in the GBS group and 144 pa-

tients in the other bacterial group. No significant differ-
ences in age, gender, and body mass index (BMI) were
found between both groups.
Bacterial septic arthritis was more commonly found

in rainy season in both groups with more common in
GBS septic arthritis than other bacterial septic arthritis
(71.3% vs 38.2%; p < 0.001). Comorbidities were more
commonly found in the other bacterial group than the
GBS group (86.8% vs 66.7%, p < 0.001) such as diabetic
mellitus (38.2% vs 18.4%, p = 0.002) and liver disease
(18.1% vs 4.6%, p = 0.003).
Furthermore, the other bacterial group commonly had

previous history of joint infection (4.9% vs 0%, p = 0.047),
skin infection (20.1% vs 1.1%, p < 0.001) and intra-articular
steroid injection (4.9% vs 0%, p = 0.047) than in the GBS
group. The demographics and clinical characteristics in
the GBS and other bacterial septic arthritis group were
depicted in Table 1.
There was no difference in the mean ± SD of duration

from the onset of symptom to hospital admission be-
tween two groups (5 days [IQR25-IQR75:2–10] in the
GBS group and 4 days [IQR25-IQR75:2–7] in the other
bacterial group). Patients in the GBS group had more
number of involved joints than those in the other bacter-
ial group with a median of 3 joints (IQR25-IQR75:1–5)
and 1 joint (IQR25-IQR75:1–2); p < 0.001, respectively.
The clinical presentations more commonly found in the
GBS group than the other bacterial group were oligo-
polyarthritis (72.4% vs 31.9%, p < 0.001), upper extremity
joint involvement (71.2% vs 35.4%, p < 0.001), axial joint
involvement (37.9% vs 19.4%, p = 0.002), tenosynovitis
(39.1% vs 2.1%, p < 0.001) and central nervous system
(CNS) involvement (10.3% vs 2.8%, p = 0.03). Whereas
patients in the the other bacterial group were more
likely to present with monoarthritis (68.1% vs 27.6%, p <
0.001), more concomitant skin infection (16.7% vs 6.9%,
p = 0.032) and more infections in other organs (36.8% vs
4.6%, p < 0.001) than patients in the GBS group. CNS

involvement in the GBS group included meningitis,
meningoencephalitis, brain abscess and epidural abscess.
CNS involvement in the other bacterial group included
meningitis and meningoencephalitis. Three patients in
the GBS group had bacterial endophthalmitis, but the
other bacterial group had no ocular involvement.
Knee was the most common affected joint in both

groups (64.4% in the GBS group and 62.5% in other bac-
terial group, p = 0.775). Ankle (34.5% vs 20.1%, p =
0.015), shoulder (33.3% vs 20.1%, p = 0.025), wrist (31.0%
vs 9.7%, p < 0.001), sternoclavicular (SC) (21.8 vs 6.3, p <
0.001), elbow (17.2% vs 4.9%, p < 0.002), spine (13.8% vs
3.5%, p = 0.004), and metacarpophalangeal (MCP) (13.8%
vs 0.7%, p < 0.001), proximal interphalangeal (PIP)
(13.8% vs 1.4%, p < 0.001) and interphalangeal (IP) joints
of toe (4.6% vs 0%, p = 0.019) were more commonly af-
fected in the GBS group than the other bacterial group.
The details of the differences in clinical presentations of
GBS septic arthritis and other bacterial septic arthritis
were described in Table 2.
Multivariate analyses examined the joints involve-

ment that were independently associated with GBS sep-
tic arthritis (adjusted for knee, ankle, shoulder, wrist,
SC, elbow, spine, MCP, PIP, hip, AC, MTP, IP of toe
and SC joints) were MCP, PIP, spine and SC joints with
adjusted OR 16.2, 7.0, 4.6 and 3.2 with 95% CI of 1.9–
137.2, 1.3–36.0, 1.4–14.9 and 1.2–8.2, respectively. Data
were described in Table 3.
White blood cell count in synovial fluid was not differ-

ent in both groups (54,000.0 cells/cu.mm. [IQR25-
IQR75: 25,600.0-131,000.0] in the GBS group and 52,
800.0 cells/cu.mm. [IQR25-IQR75: 24,030.0-106,000.0],
p = 0.640 in the other bacterial group). However, the
GBS group showed higher peripheral white blood cell
count than the other bacterial group (15,000.0 cells/
cu.mm. [IQR25-IQR75: 10,700.0-19,900.0] vs 12,500.0
cells/cu.mm. [IQR25-IQR75: 8550.0-16,950.0], p = 0.029)
and higher level of high sensitivity C-reactive protein
(hs-CRP) (226.9 mg/L [IQR25-IQR75: 142.2–300.0] vs
157.0 mg/L [IQR25-IQR75: 85.3–267.9], p = 0.030).
Median initial blood urea nitrogen (BUN) and serum

creatinine (sCr) levels were more elevated in the other
bacterial group than the GBS group (BUN 24.4mg/dl
[IQR25-IQR75: 14.5–43.6] vs 18.4mg/dl [IQR25-IQR75:
12.9–35.1], p = 0.040 and sCr 1.2 mg/dl [IQR25-IQR75:
0.8–2.5] vs 0.9 mg/dl [IQR25-IQR75: 0.8–1.5], p = 0.033).
Furthermore, overall patients in the other bacterial group
had lower mean hemoglobin level than the GBS group
(10.5 + 2.1 vs 11.7 + 2.4 mg/dL; p < 0.001).
Percentage of positive blood and synovial fluid cultures

were comparable in the GBS group and the other bacter-
ial group (71.3% vs 66.0% in hemoculture, p = 0.404;
63.2% vs 69.4% in synovial fluid culture, p = 0.329). La-
boratory data were described in Table 4.
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No significant differences were found between the
GBS group and the other bacterial group according to
the rate of complications (49.4% vs 61.8%, p = 0.065), the
surgical rate (62.1% vs 55.6%, p = 0.331) and the length
of stay (27.0 days [IQR25-IQR75: 19.0–38.0] vs 31.0 days
[IQR25-IQR75: 18.0–47.0], p = 0.378). However, the
mortality rate was significantly decreased in the GBS
group compared with the other bacterial group (5.74%
vs 22.91%, p < 0.001). There were no differences in the
median duration of total antibiotics treatment and intra-
venous antibiotic course between the GBS group and
the other bacterial group (60 days [IQR25-IQR75: 42.0–
143.0) vs 56 days (IQR25-IQR75: 42.0–102.0], p = 0.287)
and 28 days [IQR25-IQR75: 19.0–37.0] vs 30 days
[IQR25-IQR75: 21.0–45.0], p = 0.134). The treatment
outcomes in the GBS and other bacterial septic arthritis
groups were shown in Table 5.
Multivariate analyses adjusted for age, gender, season,

BMI, diabetic mellitus, end-stage renal disease, liver dis-
ease, oligo-polyarthritis, upper joint involvement, teno-
synovitis, tendon rupture, ocular involvement and
central nervous system involvement were performed.

The independently associated factors of GBS arthritis
were tenosynovitis, oligo-polyarthritis and rainy season
with ORs 21.0, 2.6, 3.6 and 95% confidence intervals of
5.5–79.6, 1.3–5.2 and 1.8–7.5, respectively.
We analyzed factors associated with mortality and

found that the death group was more likely to have
underlying diseases (92.1% vs 76.7%, p = 0.030), end
stage renal disease (13.2% vs 3.6%, p = 0.031), and hyper-
tension (68.4% vs 43.5%, p = 0.007), than the survival
group. The death group was more likely to have con-
comitant infection (39.5% vs 21.8%, p = 0.025), positive
synovial fluid culture (86.8% vs 63.2%, p = 0.004) and
positive hemoculture (80.0% vs 65.8%, p = 0.130) com-
pared to the survival group. The death group was likely
to have GBS septic arthritis (5.7% vs 94.3%, p < 0.001)
and more likely to have Staphylococcus aureus septic
arthritis (31.5% vs 68.5%, p = 0.001). The multivariate
analysis found that hypertension at baseline, positive
hemoculture and synovial fluid culture were associated
with death, whereas, GBS septic arthritis was less likely
to be associated with death with the adjusted OR and
95% CI of 2.63 (1.12–5.86), 2.95 (1.18–7.38), 5.67 (1.94–

Table 1 The demographics and clinical characteristics in GBS and other bacterial septic arthritis group

Variable All (231) GBS group (87) Other bacterial group (144) p-value

Female (n, %) 86, 37.2% 36, 41.4% 50, 34.7% 0.311

Age mean: (mean ± SD) 60.8 + 17.3 58.6 + 16.1 62.2 + 18.0 0.136

Body Mass Index: Median (IQR 25-IQR75) 23.4 (20.8–25.8) 23.0 (21.1–25.0) 23.4 (20.8–26.4) 0.608

Season (n, %)

Summer 47, 20.3% 11, 12.6% 36, 25.0% 0.024

Rainy 130, 56.3% 62, 71.3% 68, 47.2% < 0.001

Winter 54, 23.4% 14,16.1% 40, 27.8% 0.042

Underlying disease (n, %) 183, 79.2% 58, 66.7% 125, 86.8% < 0.001

Rheumatoid arthritis 5, 2.2% 1, 1.1% 4, 2.8% 0.653

Diabetic mellitus 71, 30.7% 16, 18.4% 55, 38.2% 0.002

ESRD (n, %) 12, 5.2% 2, 2.3% 10, 6.9% 0.219

Liver disease 30, 13.0% 4, 4.6% 26, 18.1% 0.003

Malignancy 28, 12.1% 9, 10.3% 19, 13.2% 0.520

Hypertension 110, 47.6% 40, 46.0% 70, 48.6% 0.698

Hyperlipidemia 77, 33.3% 30, 34.5% 47, 32.6% 0.773

History of joint infection (n, %) 7, 3.0% 0, 0% 7, 4.9% 0.047

History skin infection (n, %) 30, 13.0% 1, 1.1% 29, 20.1% < 0.001

History of joint surgery (n, %) 4, 1.7% 1, 1.1% 3, 2.1% 1.000

History of intraarticular steroid injection (n, %) 7, 3.0% 0, 0% 7, 4.9% 0.047

Current medication (n, %)

Prednisolone 20, 8.7% 4, 4.6% 16, 11.1% 0.088

Chemotherapy 8, 3.5% 2, 2.3% 6, 4.2% 0.363

Immunosuppressive drug 9, 3.9% 2, 2.3% 7, 4.9% 0.489

p < 0.05 defined statistical significance, IQR Interquartile range, ESRD End stage renal disease
Rainy season: 16 May – 15 October, Winter season:16 October – 13 February, Summer season:14 February – 15 May
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16.58), and 0.21 (0.07–0.59), respectively. Data were
shown in Table 6.

Discussion
Staphylococcus aureus was previously recognized as the
most common pathogen that caused bacterial septic

arthritis in adults [5, 30–32]. Two studies of septic
arthritis from 1976 to 1995 reported in 1996 found
that the incidence of GBS arthritis was uncommon
(1–3%) [5, 33]. However, recent studies found that
the causative pathogens had changed. The study from
France between 1979 and 1998 in 303 bacterial septic

Table 2 The clinical presentations in GBS and other bacterial septic arthritis group

Variable All (231) GBS group (87) Other bacterial group (144) p-value

Symptom duration: Median (IQR25-IQR75) 5.0 (2.0–10.0) 5.0 (2.0–10.0) 4.0 (2.0–7.0) 0.655

Initial temperature: Median (IQR25-IQR75) 37.8 (37.0–38.4) 37.9 (37.2–38.5) 37.8 (37.0–38.3) 0.301

Number of joint involvement: Median (IQR25-IQR75) 1.0 (1.0–3.0) 3.0 (1.0–5.0) 1.0 (1.0–2.0) < 0.001

Pattern of joint involvement (n, %)

Monoarthritis 122, 52.8% 24, 27.6% 98, 68.1% < 0.001

Oligoarthritis 58, 25.1% 27, 31.0% 31, 21.5% 0.106

Polyarthritis 51, 22.1% 36, 41.4% 15, 10.4% < 0.001

Upper joint involvement 113, 48.9% 62, 71.3% 51, 35.4% < 0.001

Axial joint involvement 61, 26.4% 33, 37.9% 28, 19.4% 0.002

Small joint involvement 22, 9.5% 9, 10.3% 13, 9.0% 0.741

Site of joint involvement (n, %)

Knee 146, 63.2% 56, 64.4% 90, 62.5% 0.775

Ankle 59, 25.5% 30, 34.5% 29, 20.1% 0.015

Shoulder 58, 25.1% 29, 33.3% 29, 20.1% 0.025

Wrist 41, 17.7% 27, 31.0% 14, 9.7% < 0.001

Sternoclavicular 28, 12.1% 19, 21.8 9, 6.3% < 0.001

Elbow 22, 9.5% 15, 17.2% 7, 4.9% 0.002

Spine 17, 7.4% 12, 13.8% 5, 3.5% 0.004

Site of joint involvement (n, %)

MCP 13, 5.6% 12, 13.8% 1, 0.7% < 0.001

PIP 14, 6.1% 12, 13.8% 2, 1.4% < 0.001

Hip 25, 10.8% 11, 12.6% 14, 9.7% 0.489

AC 13, 5.6% 8, 9.2% 5, 3.5% 0.081

MTP 16, 6.9% 8, 9.2% 8, 5.6% 0.291

Interphalangeal of toe 4, 1.7% 4, 4.6% 0, 0% 0.019

Sacroiliac 5, 2.2% 2, 2.3% 3, 2.1% 0.624

Extra articular involvement (n, %)

Tenosynovitis 37, 16.0% 34, 39.1% 3, 2.08% < 0.001

CNS 13, 5.7% 9, 10.3% 4, 2.8% 0.035

Skin involvement 30, 13.0% 6, 6.9% 24, 16.7% 0.032

Tendon rupture 5, 2.2% 4, 4.6% 1, 0.7% 0.068

Ocular involvement 3, 1.3% 3, 3.4% 0, 0% 0.052

Cardiac involvement 6, 2.6% 1, 1.1% 5, 3.5% 0.414

Concomitant infection (n, %) 57, 24.7% 4, 4.6% 53, 36.8% < 0.001

p < 0.05 defined statistical significance, IQR: Interquartile range, symptom duration: Duration from the onset of joint symptoms to the hospital admission, IQR
Interquartile range, SC Sternoclavicular, MCP Metacarpophalangeal, PIP Proximal interphalangeal, AC Acromioclavicular, MTP Metatarsophalangeal, CNS Central
nervous system, GBS Streptococcus group B
Upper joint included sternoclavicular joints, acromioclavicular joints, shoulder joints, elbow joints, wrist joints, metacarpophalangeal joints and proximal
interphalangeal joints
Axial joint included sternoclavicular joints, acromioclavicular joints, shoulder joints, sacroiliac joint, hip joints and spine
Small joint included metacarpophalangeal joints, proximal interphalangeal joints, metatarsophalangeal joints,wrist and interphalangeal joints of toes
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arthritis patients reported that the frequency of
streptococci septic arthritis slightly increased over
time [10]. The study from Thailand reported 38 cases
with GBS septic arthritis from July 1990 to December
2010 in which almost 90% of the cases were seen be-
tween 2008 and 2010, thus reflecting that GBS had
become an emerging cause of septic arthritis [21].
However, the most common pathogen which still
caused bacterial septic arthritis was Staphylococcus
aureus in both studies. Our study reviewed the bac-
terial septic arthritis during 2006 to 2017 and it is
the first study which reported that GBS had now be-
come the most common pathogen for bacterial septic

arthritis (37.7%), while Staphylococcus aureus was the
second most common causative pathogen (23.4%).
The clinical characteristics of Staphylococcus aureus
septic arthritis are similar to what has been described
in previous studies [4, 5, 30]. Data was depicted in
Additional file 2: Table S2.
GBS has long been recognized as a causative pathogen

of infection in newborns and pregnant women [1]. Re-
cently, GBS has been recognized as an ever-growing
cause of serious invasive infections in non-pregnant
adults [18, 19]. This study reviewed that age and gender
risk factors were similar between GBS patients and other
bacterial septic arthritis patients.

Table 3 Multivariate analyses of factors associated with the GBS septic arthritis

Parameter All (231) GBS group (87) Other bacterial group (144) Adjust odds 95% CI p-value

Associated jointsa

MCP (n, %) 13, 5.6% 12, 13.8% 1, 0.7% 16.2 1.9–137.2 0.011

PIP (n, %) 14, 6.1% 12, 13.8% 2, 1.4% 7.0 1.3–36.0 0.021

Spine (n, %) 17, 7.4% 12, 13.8% 5, 3.5% 4.6 1.4–14.9 0.011

SC (n, %) 28, 12.1% 19, 21.8% 9, 6.3% 3.2 1.2–8.2 0.017

Associated factorsb

Tenosynovitis (n, %) 37, 16.0% 34, 39.08% 3, 2.08% 21.0 5.5–79.6 < 0.001

Rainy season (n, %) 130, 56.3% 62, 71.3% 68, 47.2% 3.6 1.8–7.5 < 0.001

Oligo-polyarthritis (n, %) 109, 47.2% 63, 72.4% 46, 31.9% 2.6 1.3–5.2 0.008

Associated laboratory datac

Baseline hemoglobin (mg/dL): (mean ± SD) 11.0 + 2.2 11.7 + 2.4 10.5 + 2.1 1.3 1.1–1.5 < 0.001

p < 0.05 defined statistical significance,
GBS Streptococcus group B, MCP Metacarpophalangeal, PIP Proximal interphalangeal, SC Sternoclavicular
aAdjusted for knee, ankle, shoulder, wrist, SC, elbow, spine, MCP, PIP, hip, AC, MTP, IP of toe and SI joints
bAdjusted for age, gender, rainy season, body mass index, diabetic mellitus, end-stage renal disease, liver disease, oligo-polyarthritis, upper joint involvement,
tenosynovitis, tendon rupture, ocular involvement and central nervous system involvement
cAdjusted for baseline serum WBC, hemoglobin, creatinine, hs-CRP, AST and ALT

Table 4 The laboratory profiles in GBS and other bacterial septic arthritis group

Variable All (231) GBS group (87) Other bacterial group
(144)

p-
value

WBC in synovial fluid (cells/cu.mm.): Median (IQR25-
IQR75)

53,000.0 (25,200.0-110,
720.0)

54,000.0 (25,600.0-131,
000.0)

52,800.0 (24,030.0-106,
000.0)

0.640

Hb (mg/dL): Mean ± SD 11.0 + 2.2 11.7 + 2.4 10.5 + 2.1 <
0.001

Serum WBC (cells/cu.mm.): Median (IQR25-IQR75) 13,400.0 (9500.0-18,800.0) 15,000.0 (10,700.0-19,900.0) 12,500.0 (8550.0-16,950.0) 0.029

BUN (mg/dL): Median (IQR25-IQR75) 21.8 (13.8–39.6) 18.4 (12.9–35.1) 24.4 (14.5–43.6) 0.040

Cr (mg/dL): Median (IQR25-IQR75) 1.0 (0.8–2.2) 0.90 (0.8–1.5) 1.20 (0.8–2.5) 0.033

AST (IU/L): Median (IQR25-IQR75) 39.0 (26.5–69.8) 37.0 (25.0–59.0) 42.0 (27.0–71.0) 0.182

ALT (IU/L): Median (IQR25-IQR75) 33.5 (20.0–55.5) 35.0 (24.0–59.0) 32.0 (17.0–54.0) 0.175

ESR (min/hr): Median (IQR25-IQR75) 109.0 (86.0–119.0) 104.5 (85.0–118.0) 111.0 (86.0–119.0) 0.558

hs-CRP (mg/L): Median (IQR25-IQR75) 185.2 (100.8–300.0) 226.9 (142.2–300.0) 157.0 (85.3–267.9) 0.030

Positive hemoculture (n, %) 157, 68% 62, 71.3% 95, 66.0% 0.404

Positive synovial fluid culture (n, %) 155, 67.1% 55, 63.2% 100, 69.4% 0.329

p < 0.05 defined statistical significance, IQR Interquartile range, WBC White blood cell, Hb Hemoglobin, BUN Blood urea nitrogen, AST Aspartate aminotransferase,
ALT Alanine Aminotransferase, ESR Erythrocyte sedimentation rate, hs-CRP High Sensitivity C-Reactive Protein, GBS Streptococcus group B
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GBS septic arthritis in our study was more commonly
found in rainy season. This finding was similar to the
previous studies from Chiangmai University, Thailand
which found that 97.1% of GBS septic arthritis occurred
between May and November [21] and invasive GBS in-
fection most commonly occurred in September [34].
Seasonal variation of GBS infection was also described
in other parts of the world. The study from Iran revealed
that invasive GBS infection most commonly occurred in
moist and cold weather in December, January and Au-
gust [35]. A recent report from active, population-based
surveillance in 10 US sites participating in the Active
Bacterial Core Surveillance/Emerging Infections Pro-
gram Network also found invasive GBS infections in
non-pregnant adults are more prevalent in a late sum-
mer [36]. Reasons for seasonal variability of invasive
GBS infections are unclear, but some possibilities in-
clude environmental conditions such as moist weather
which could promote the growth and spread of GBS. In
the US, the reasons proposed for the late summer peak
of invasive GBS infections in non-pregnant adults were
that there might be factors increasing risks of skin and
soft tissue infections and less likely, increased exposure
to bovine S. agalactiae strains in summer months. GBS

has been linked to bovine mastitis and can be isolated
from milk samples obtained in mastitis control pro-
grams. However, distinct subtypes, clonal groups and
host specificities among human and bovine strains of
GBS suggest a very low likelihood for cross species
transmission. Further studies from the other parts of the
world are warranted to confirm this hypothesis.
Comorbid diseases were common in bacterial septic

arthritis patients, but when compared between GBS
and other bacterial groups, the comorbid diseases
such as diabetes mellitus and liver disease were more
commonly found in the other bacterial than the GBS
group.
GBS septic arthritis had unique clinical characteristics

compared with other bacterial septic arthritis including
more number of joint involvements which were more
likely (70%) to be oligo-polyarthritis. The majority of
patients in other bacterial septic arthritis in our study
were affected in one joint as monoarthritis. The knee
was the most commonly affected joint in both groups.
Upper extremities and axial joint involvements were
more common in GBS septic arthritis than other bac-
terial septic arthritis. These findings were consistent
with previous reports [2, 5, 10, 21, 37–39]; although

Table 5 The treatment outcomes in GBS and other bacterial septic arthritis group

Variable All (231) GBS group (87) Other bacterial group (144) P value

Surgery (n, %) 134, 58.0% 54, 62.1% 80, 55.6% 0.331

Complication (n, %) 132, 57.1% 43, 49.4% 89, 61.8% 0.065

Death (n, %) 38, 16.5% 5, 5.7% 33, 22.9% < 0.001

Period of antibiotic treatment

Total course (days): Median (IQR25-IQR75) 57.0 (42.0–109.0) 60.0 (42.0–143.0) 56.0 (42.0–102.0) 0.287

Intravenous form (days): Median (IQR25-IQR75) 29.0 (21.0–42.0) 28.0 (19.0–37.0) 30.0 (21.0–45.0) 0.134

Oral form (days): Median (IQR25-IQR75) 30.0 (8.0–76.0) 34.5 (17.0–98.0) 28.0 (0.0–60.0) 0.007

Length of stay (days): Median (IQR25-IQR75) 29.0 (18.0–42.0) 27.0 (19.0–38.0) 31.0 (18.0–47.0) 0.378

p < 0.05 defined statistical significance, IQR Interquartile range, GBS Streptococcus group B. Complications included sepsis, shock, intubation, admit to intensive
unit care, pneumonia, upper urinary tract infection, pressure sore and osteomyelitis

Table 6 The demographics and clinical characteristics in death and survived patients and factor associated with death

Variable (n, %) All (n =
231)

Univariate analyses Multivariate analysesa

Death (n = 38) Survived (n = 193) p-value Adjusted Odd ratio (95% confidence interval) p-value

Underlying disease 183, 79.2% 35, 92.1% 148, 76.7% .030 1.01 (0.23–4.51) 0. 981

End staged renal disease 12, 5.2% 5, 13.2% 7, 3.6% .031 3.53 (0.91–13.73) 0.069

Hypertension 110, 47.6% 26, 68.4% 84, 43.5% .007 2.63 (1.12–5.86) 0.047

Axial joint involvement 61, 26.4% 5, 13.2% 56, 29.0% .045 0.45 (0.16–1.32) 0.156

Concomitant infection 57, 24.7% 15, 39.5% 42, 21.8% .025 1.57 (0.67–3.69) 0.343

Positive synovial fluid culture 155, 67.1% 33, 86.8% 122, 63.2% 0.004 5.67 (1.94–16.58) 0.002

Positive hemoculture 157, 68.0% 30, 80.0% 127, 65.8% 0.130 2.95 (1.18–7.38) 0.020

Group B streptococcus 87, 37.7% 5, 5.7% 82, 94.3% < 0.001 0.21 (0.07–0.59) 0.003

Staphylococcus aureus 54, 23.4% 17, 31.5% 37, 68.5% 0.001 1.34 (0.55–3.29) 0.515
aadjusted for age, sex, Group B streptococcus, Staphylococcus aureus group, Underlying disease, Hypertension, End stage renal disease, axial joint involvement,
concomitant infection, positive synovial fluid culture and positive hemoculture
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none of these studies had compared GBS arthritis with
other bacterial septic arthritis.
The multivariate regression model found that the dis-

tinctive joints associated with GBS septic arthritis rather
than other bacterial septic arthritis were MCPs, PIPs,
spine and SC joint. Thus if septic arthritis was suspected
in these joints, it would suggest that GBS might be the
causative pathogen.
Our study is the first report that found tenosynovitis

was extremely common in GBS septic arthritis (39.1%)
which has seldomly presented before in other bacterial
septic arthritis (2.1%). The multivariate analyses found
that tenosynovitis had an adjusted OR 21.0 and 95% CI
5.5–79.6 for predicting GBS septic arthritis. Previous
reports of GBS septic arthritis found concomitant cellu-
litis was common [10, 21]; although our report found
that cellulitis was found in 6.9% in the GBS septic arth-
ritis group which was less common than the other bac-
terial group (16.7%).
CNS infection and pan-ophthalmitis were previously

found in 18.4 and 2.6% of GBS septic arthritis patients
[21]. Our study found that CNS and ocular infections
were commonly found in GBS septic arthritis more
than other bacterial septic arthritis (10.3% vs 2.8 and
3.4% vs 0%, respectively).
Laboratory data found that GBS septic arthritis

seemed to be quite different from the other bacterial
septic arthritis such as higher peripheral white blood cell
count and higher hs-CRP levels. However, lower
hemoglobin, higher serum BUN, and creatinine levels
were observed in the other bacterial group than the GBS
group. There were no differences in rates of positive
blood and synovial fluid cultures between the two
groups, which were similar to previous studies [10, 21].
Mortality rate was higher in the other bacterial group

than the GBS group. The rates of surgery and complica-
tions were comparable in both groups. The duration of
oral antibiotics was longer in the GBS group than the
other bacterial group, which could be due to more spinal
involvement that required an extended duration of oral
antibiotics in the GBS group.
There were several limitations in our study. Firstly,

this was a retrospective study. Some data such as radio-
graphic outcomes were not performed and recorded in a
standardized manner, thus we did not include radio-
graphic outcomes in this analysis. However, there was
less than 1% missing data. Secondly, septic arthritis pa-
tients were divided into only two groups which were
GBS septic arthritis (GBS group) and other bacterial sep-
tic arthritis. In the other bacterial group was the com-
bination of various bacterial pathogens, which might
have their own characteristics in terms of risk factors,
clinical presentations, and outcomes. Thirdly, this study
was performed in a tertiary care academic center in

Bangkok (central part of Thailand) and this might not
represent characteristics of bacterial septic arthritis in
other countries. Nonetheless, our data was very consist-
ent with previous reports from Chiangmai University
(Northern part of Thailand) [21, 34].

Conclusions
This is the first report which demonstrated that GBS
has become the most common pathogen for bacterial
septic arthritis. GBS septic arthritis usually presented
with oligo-polyarthritis and tenosynovitis. Upper ex-
tremity and axial joint involvements were more com-
mon in GBS septic arthritis. GBS septic arthritis
frequently occurred in the rainy season. More incidence
of CNS infection, less co-morbidities, and lower mortal-
ity rates in GBS septic arthritis were evident compared
with other bacterial septic arthritis.
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