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Purpose The objective of this study was to compare the fre-
quency of severe systemic, multi-organ involvement and
toxic shock syndrome (TSS) in patients with Staphylococcus
aureus (SA) and Group A B-haemolytic Streptococcus pyogenes
(GABS) bone and joint infections.

Methods We retrospectively reviewed patients treated for
septic arthritis or osteomyelitis at one children’s hospital be-
tween 2002 and 2009. The rates of intensive care unit (ICU)
admission for methicillin-sensitive SA (MSSA), methicillin-
resistant SA (MRSA) and GABS infections were compared, as
were the lengths of stay, number of surgeries, operative pro-
cedures and cases of TSS.

Results A total of 16 of 208 patients (7.7%) with culture-
positive bone or joint infections were admitted to the ICU for
critical illness: more commonly for patients with GABS infec-
tion (7/21 or 33%) than those with SA infection (6/132 or 5%)
(odds ratio 10.55, 95% confidence interval 3.093 to 35.65,
p = 0.0002). Patients with MRSA infections were significantly
more likely to need ICU care than those with MSSA infection
(p = 0.0009). Six of the ICU patients met the Centers for Dis-
ease Control and Prevention criteria for TSS. ICU patients with
MRSA and GABS bone and joint infections had similar hos-
pital courses: numerous surgeries (mean three per patient);
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procedures performed (mean 11 per patient); and prolonged
hospital stays.

Conclusion We found a greater likelihood of patients devel-
oping severe, multi-system involvement with bone and joint
infections caused by GABS or MRSA when compared with
MSSA. Early aggressive treatment of systemic shock and liber-
al decompressions of infected joints may limit the sequelae of
these serious infections.
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Introduction

Staphylococcus aureus (SA) and Group A B-haemolytic
Streptococcus pyogenes (GABS) account for the majority
of cases of paediatric bone and joint infections. SA causes
80% to 90% of paediatric bone infections and most joint
infections while GABS accounts for approximately 10%.
The mortality rate 100 years ago for septic arthritis asso-
ciated with osteomyelitis in the Unites States exceeded
50%.7 With routine antibiotic treatment, the mortality
rate in industrialised nations for septic arthritis dropped to
nearly 0.2 However, GABS remains a virulent strain caus-
ing high morbidity and mortality. In 1989, Stevens et al’
reported a 30% mortality rate and in 1996, Davies et al'®
reported an 81% mortality rate in adults with GABS toxic
shock syndromes (TSS), despite aggressive antibiotic and
supportive therapies. Mehta el al'" reported a 40% mor-
tality rate in adults and teenage patients admitted to the
intensive care unit (ICU) with invasive GABS infections and
others have reported an increased incidence of soft-tissue
and bone infections and toxic shock caused by GABS.*'4
Few published reports of GABS bone and joint infections
in children exist.*1>18

TSS, first described in association with SA infection in
1978, was noted to occur most commonly in young
women who were using highly absorbent tampons and



(" JOURNAL OF
1CH|LDREN'S ORTHOPAEDICS

TOXIC SHOCK IN CHILDREN WITH BONE AND JOINT INFECTIONS

was due to a staphylococcal exotoxin TSST-1. Streptococ-
cal toxic shock syndrome (STSS), associated with GABS
infection, was first described in 1987.2° Both SA and GABS
produce an extracellular protein, exotoxin, that acts as a
super antigen, activating T-cells and potentially causing
massive release of cytokines leading to clinical TSS. GABS
also produces other toxins such as the M proteins; how-
ever, debate persists as to whether M proteins act as true
super antigens.?' Clinical manifestations of TSS in children
include hypotension and multi-organ involvement, with
two or more of the following: renal impairment; coagu-
lopathy; abnormal liver function tests; acute respiratory
distress syndrome; generalised erythematous macular
rash; or soft-tissue necrosis.?? The objective of this study
was to determine the frequency of severe systemic and
multi-organ involvement in patients who had bone and
jointinfections, comparing those with GABS infection with
those with SA infection. We hypothesised that the rate of
severe systemic involvement would not differ between the
two aetiologic agents.

Patients and methods

The records of all patients admitted and treated at one
children’s hospital for septic arthritis and osteomyelitis
between 01 January 2002 and 31 December 2008 were
retrospectively reviewed. Those included were diag-
nosed with septic arthritis or osteomyelitis of the spine
or extremities via culture positive synovial fluid or bone
aspirates, and/or a purulent appearance of synovial fluid
with positive blood cultures, with pain, swelling and
irritability related to the aspiration sites. Patients were
excluded for the following reasons: age < 30 days or who
had remained hospitalised from birth before the onset of
their infection; had a likely diagnosis of juvenile arthritis,
toxic synovitis, craniofacial osteomyelitis, myositis without
joint or bone involvement, cellulitis; or were treated on an
outpatient basis. No patient was excluded because of an
immune-compromised state due to chemotherapy.

Operative reports, progress notes, interim summaries,
discharge summaries and laboratory data were reviewed
to determine causative organism. ICU admission, the total
length of stay, the number of procedures during the index
hospitalisation, the number of re-admissions and the total
number of surgeries were recorded.

Statistical analysis

Variables were summarised using frequencies and per-
centages for categorical variables, and mean and standard
deviation for continuous variables. Fisher’s exact test was
used to determine significant difference between categor-
ical variables, and Wilcoxon rank-sum test was used to
analyse differences between groups.

Centers for Disease Control and Prevention criteria?*
of STSS and TSS (Tables 1 and 2) were used to determine
whether the patients admitted to the ICU with strepto-
coccal and staphylococcal infections had STSS and TSS,
respectively.

Patients with five of six required clinical findings were
classified as probable TSS, as described by Lappin and Fer-
guson.?

Results

In total, 208 patients were identified with culture-positive
septic arthritis and/or osteomyelitis in this seven-year
period (Fig. 1). Of those, SA was identified as the causative
organism in 131 patients (64%) and GABS in 21 (10%).
Other organisms were identified in 52 patients (25%). Of
the 126 non-ICU patients with SA, 106 had MSSA bone
and joint infections and 20 had MRSA (Table 3).

Overall, 16 of 208 patients (8%) with culture-positive
bone and joint infections were treated in the ICU for
critical illness, 6/131 (5%) with SA and 7/21 (33%) with
GABS. Of these 13 patients, there were seven female and
six male patients with a mean age of nine years. A sig-
nificantly higher proportion of those with MRSA (5/25

Table 1. Centers for Disease Control and Prevention case definition of streptococcal toxic shock syndrome?*

Clinical signs

. Hypotension: < 90 mmHg systolic or less than 5th percentile by age for children < 16 years

. Multi-organ involvement characterised by two or more of the following:

o renal impairment: creatinine = 2.0 mg/dL for adults or > than twice the upper limit of normal age. In patients with pre-existing renal disease, a

greater than twofold elevation over baseline;

o  coagulopathy: platelets = 100000/mm? or disseminated intravascular coagulation, defined by prolonged clotting times, low fibrinogen level

and the presence of fibrin degradation products;

o liverinvolvement: alanine aminotransferase, aspartate aminotransferase or total bilirubin levels = twice the upper limit of normal for the
patient’s age. In patients with pre-existing liver disease, a greater than twofold increase over the baseline level;

o acute respiratory distress syndrome: defined by acute onset of diffuse pulmonary infiltrates and hypoxemia in the absence of cardiac
failure or by evidence of diffuse capillary leak manifested by acute onset of generalised oedema, or pleural or peritoneal effusions with

hypoalbuminemia;

o ageneralised erythematous macular rash that may desquamate;

o soft-tissue necrosis, including necrotising fasciitis or myositis, or gangrene.

Laboratory signs

. Isolation of group A Streptococcus from a normally sterile site (e.g. blood or cerebrospinal fluid or, less commonly, joint, pleural or pericardial fluid).
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Table 2. Centers for Disease Control and Prevention definition of staphylococcal toxic shock syndrome?

Clinical signs

Fever: temperature greater than or equal to 102.0°F (= 38.9°C)
Rash: diffuse macular erythroderma

Desquamation: one to two weeks after onset of illness, particularly on the palms and soles
Hypotension: systolic blood pressure = 90 mmHg for adults or less than 5th percentile by age for children aged less than 16 years; orthostatic drop in

diastolic blood pressure = 15 mmHg from lying to sitting, orthostatic syncope or orthostatic dizziness

e Multisystem involvement (three or more of the following):
o gastrointestinal: vomiting or diarrhoea at onset of illness;

o muscular: severe myalgia or creatine phosphokinase level at least twice the upper limit of normal;
o mucous membrane: vaginal, oropharyngeal or conjunctival hyperaemia;
o renal: blood urea nitrogen or creatinine at least twice the upper limit of normal for laboratory or urinary sediment with pyuria (= 5 leukocytes per

high-power field) in the absence of urinary tract infection;

o hepatic: total bilirubin, alanine aminotransferase enzyme or asparate aminotransferase enzyme levels at least twice the upper limit of normal for

laboratory;
o hematologic: platelets less than 100000/mm?;

o central nervous system: disorientation or alterations in consciousness without focal neurologic signs when fever and hypotension are absent.

Laboratory signs

Negative results on the following tests, if obtained:

* blood, throat or cerebrospinal fluid cultures (blood culture may be positive for Staphylococcus aureus);

e rise in titre to Rocky Mountain spotted fever, leptospirosis or measles.

Spine 2%

Shoulder 2%

Elbow 1%

Forearm 1%
Wrist 1%

Hand 1%

Fig. 1 Sites of involvement.

patients or 20%) were admitted to the ICU for critical ill-
ness than those with MSSA (1/106 or < 1%) (p = 0.0009).
Overall, GABS patients had a statistically greater likelihood
of admission to the ICU than those patients with SA bone
and joint infections (odds ratio 10.55, 95% confidence
interval 3.093 to 35.65, p = 0.0002), though patients
with MRSA infections were just as likely to need ICU care
(6/26) as patients with GABS infections (7/21) (p = 0.8).

J Child Orthop 2017;11:387-392

Length of hospital and ICU stays, number of surgeries and
re-admission rates were similar for the MRSA and GABS
ICU patients (Table 4). None of the ICU patients had an
underlying syndrome or immune-compromised state pre-
disposing them to severe infection.

Five of the seven patients in the streptococcal group
met criteria for STSS, whereas only one of the patients in
the staphylococcal group met criteria for TSS (p = 0.10).
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Table 3. Characteristics of patients stratified by causative organisms and level of care

Culture negative SA (n =132)

GABS (n=21) Other (n=55) Total (n=208)

MSSA (n=107) MRSA (n=25) SAtotal (n=132)
Non-ICU care 223 106 20 126 14 52 415
ICU care 0 1 5 6 7 3 16
TSS/STSS 1 0 1 5 n/a 6

*three patients treated in the ICU for meningitis due to Neisseria meningitidis underwent surgery for secondary bone and joint infections after

initial treatment of their meningitis

ICU, intensive care unit; TSS, toxic shock syndrome; STSS, streptococcal TSS; SA, Staphylococcus aureus; MSSA, methicillin-sensitive SA; MRSA,
methicillin-resistant SA; GABS, Group A -haemolytic Streptococcus pyogenes

Table 4. Characteristics of intensive care unit (ICU) patients with Staphylococcus aureus (SA) and Group A B-haemolytic Streptococcus

pyogenes (GABS)
ICU data, mean (sd) SA GABS (n =7) p-value’ Overall (n = 13)
MSSA(n=1) MRSA (n=5) Total (n=6)
Surgeries (n) 0 5@4) 4 (4) 3(2) 0.3 3(3)
Procedures (n) 0 14 (12) 12 (12) 10 (7) 0.4 10 (9)
Length of ICU stay (days) 3 17 (11) 14 (11) 11(7) 0.4 12.(9)
Length of stay (days) 4 31 (12) 27 (15) 32 (23) 0.8 29 (19)
Re-admissions (n) 0 1(2) 1(2) 0.3 (0.5) 0.4 0.6 (1)

*comparing SA patients with GABS ICU patients

sD, standard deviation; MSSA, methicillin-sensitive SA; MRSA, methicillin-resistant SA

The two patients in the GABS group who did not meet
requirements for a diagnosis of STSS also had episodes
of severe hypotension requiring inotropic/vasopressor
support. No patient with TSS died. As our institution is a
tertiary referral centre, many patients with bone and joint
infections (1/14 non-ICU patients with GABS and 17/120
non-ICU patients with SA), and most of those also with
critical illness (7/8 with GABS and 5/6 with SA), were trans-
ferred after initial workup at outside hospitals. Patients
ultimately requiring ICU care typically presented with sud-
den worsening of myalgias and arthralgias, nausea and
vomiting, abdominal pain, one or more joints with par-
ticular irritability, hypotension and respiratory distress, a
markedly elevated C-reactive protein (CRP) (> 15 mg/dL in
all cases) and rapidly positive blood culture, though 5/13
had no obvious symptoms of bone or joint involvement
when admitted to the ICU for critical illness.

Discussion

Although SA more commonly causes osteomyelitis and
septic arthritis in children, we found a higher propor-
tion of patients affected with GABS meeting criteria for
TSS and requiring ICU hospitalisation for this potentially
life-threatening condition. Breaking down SA into MRSA
and MSSA, those with MRSA bone and joint infections
were significantly more likely to require ICU care than
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those with MSSA, although the rates of ICU admission for
MRSA and GABS were equivalent. Of those admitted to
the ICU, there were no significant differences in days hos-
pitalised, number of trips to the operating room or num-
ber of re-hospitalisations when comparing MRSA patients
with GABS patients.

There are few published reports on GABS and bone
and joint infections in children. Ibia et al'” described 29
paediatric patients with GABS but did not describe criti-
cal illness in any of these patients. Givner et al'® reported
on 17 children with GABS infections and sepsis, four of
whom had soft-tissue, bone or joint involvement.'® Chris-
tie et al™® reported on 60 children with GABS bacteraemia,
17 of whom were diagnosed with osteomyelitis and septic
arthritis. The mortality rate in that series was 7% overall.
In addition, despite prior reports of mortality as high as
80% in patients with STSS,% there were no deaths in the
six patients with TSS in our study. It is unclear whether
this low incidence was due to prompt recognition, early
treatment and aggressive care or the small study group.

While other authors have commented upon the epi-
demiology of invasive GABS infections noting increased
recognition and reporting of these critically ill patients,?®
the small number of cases in this series limits our ability
to comment on an increase or change in incidence of
the disease. Nonetheless, GABS infections typically led
to prolonged ICU stays, intubation, hypotension and

J Child Orthop 2017;11:387-392
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coagulopathy, with multiple operating room trips and
long-term antibiotic treatment. Unlike previous reports
from this institution and others,*'%%2% these infections
were not preceded by recent varicella infections.

Though only one of six ICU patients with SA met the
criteria for TSS, they were all critically ill, suffering septic
shock with multi-organ involvement. Sepsis associated
with MRSA infection has been described by others?*3° and
the frequency of serious bone and joint infection from
MRSA infection has been reported to be on the rise.’' Our
more recent experience would support that conclusion,
as the percentage of patients with SA musculoskeletal
infection (septic arthritis and osteomyelitis) due to MRSA
has risen, from 15% (20/131) in this study between 2002
and 2008 to 22% (8/37) for patients with septic arthritis
between 2006 and 2013 reported by Telleria et al.??

This series leads us to recommend prompt evalua-
tion and aggressive treatment of systemic symptoms in
paediatric patients with GABS or MRSA septic arthritis
or osteomyelitis. For those patients with systemic sepsis
and symptoms of toxic shock, the signs of bone and joint
infection may be masked by their critical illness. Though
identification of the infectious organism often occurs after
initiation of the resuscitation of a critically ill patient, a
rapidly positive blood culture and a gram stain positive
for gram-positive cocci in chains as well as a presenting
CRP > 15 mg/dL should herald an increased likelihood
for severe systemic illness. In this setting in particular,
suspecting the possibility of bone and joint involvement
may enable early diagnosis, increasing the effectiveness
of aggressive surgical and medical treatments, potentially
decreasing ICU stays and reducing the long-term muscu-
loskeletal sequelae of infection.

This study is limited by its retrospective nature and
by the small numbers of patients. Almost all of our ICU
patients were transferred from outside hospitals and as
such we cannot estimate the incidence of such infections.

Patients with GABS bone and joint infections are more
likely to develop critical illness requiring ICU admission
than those with SA, though patients with MRSA infection
are just as likely as those with GABS to require ICU care.
GABS septic arthritis and/or osteomyelitis increase the like-
lihood of TSS when compared with bone and joint infec-
tions with SA. Patients with rapidly positive blood cultures,
particularly those with gram-positive cocci in chains, and a
presenting CRP > 15 mg/dL are at an increased risk of devel-
oping septic shock and should be carefully monitored.

Future studies involving larger populations may pro-
vide further insight into factors that contribute to the
severity of disease in patients with GABS and MRSA bone
and joint infections. We urge early and aggressive resus-
citation and surgical decompression of bone and joint
infections in the critically ill patient to optimise the effec-
tiveness of treatment.
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