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Abstract Background: Acute osteoarticular infections (OAI) in infants under 3 months of age (<3M) are rare and remain a
diagnostic challenge. Orthopedic complications and functional sequelae have been less well described in this age
group. Our aims were to evaluate trends in aetiology, management, and outcomes of OAI < 3M, and to compare
these younger children who have OAI with older children.

Methods: A longitudinal observational study was conducted of OAI cases admitted to tertiary care pediatric hospi-
tal from 2008 to 2018. OAI < 3M was compared with children above 3 months. Clinical, microbiological, imaging,
and outcome data were analyzed.

Results: We identified 24 (9.1%) of the 263 OAI in children under 3 months. Analyzing OAI < 3M there was a
twofold increase since 2014; 54% were males with a median age of 28 days (IQR: 13.5-60.0), 10 (41.7%) were
premature and nine (37.5%) had healthcare-associated infections. Microbiological causes were identified in 87.5%,
mostly Staphylococcus aureus (57.1%) and Group B Streptococcus (23.8%), and 25% were multidrug-resistant (5
methicillin-resistant S. aureus and 1 Enterobacter cloacae). Bacteremia (100% vs 36.8%, P = 0.037), multidrug
resistant bacteria (75% vs 16, P = 0.04), and healthcare-associated infections (100% vs 26.3%, P = 0.014) were
associated with sequelae. Comparing OAI < 3M with older children, OAI < 3M were treated with longer antibiotic
courses, had more complications and sequelae (17.4% vs 3.2%, P = 0.002).

Conclusions: S. aureus is still the most common cause of OAI < 3M, and 25% of causative bacteria were
multidrug-resistant bacteria. Complications and sequelaec were more frequent in OAI < 3M when compared with
older children.
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Osteoarticular infections (OAI) are commonly considered to be
bacterial infections of the bones and joints. They are uncommon
in infants up to 3 months of age but represent a serious disorder,
with high morbidity." In young infants they are usually acute,
spread by the hematogenous route, and more difficult to diag-
nose than in older children due to the scarcity of signs and
symptoms.' The long tubular bones of the lower limbs are more
commonly affected and quite often the hip is involved, con-
tributing to the increased number of permanent sequelae.‘"5
Since the 1980s, Staphylococcus aureus has remained the
most frequent pathogen of OAI in infants below 3 months (OAI
< 3M), ranging from 22 to 76%.""" In high-risk, hospitalized,
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premature infants, methicillin-resistant S. aureus (MRSA) and
coagulase negative staphylococci are also a concern, associated
with a worse prognosis.8 However, in some countries, Gram-
negative organisms or even Group B Streptococcus (GBS) are
becoming more prevalent in the first months of life, even after
labor prophylaxis in GBS colonized mothers."*°

Few studies have analyzed OAI in young infants, and the
type and duration of antibiotic treatment is still a matter of
debate.®1° Although orthopedic complications and functional
sequelae seem to occur more often at this young age, more
data are needed.””'' Our aim is to evaluate trends in aetiology
and management of OAI < 3M, and to compare complications
and sequelae with older children.

Methods

We performed a longitudinal observational data analysis of
children with OAI admitted to a tertiary care pediatric hospital
from January 2008 to December 2018. Children with OAI <
3 M were compared with a cohort of children older than
3 months (OAI > 3 M). Data were registered retrospectively
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until 2014 and prospectively since then. Patients were evalu-
ated by a multidisciplinary team including infectious diseases,
orthopedic and radiology pediatric consultants. Demographic,
clinical, microbiological, imaging, treatment, type of surgical
care, and follow-up data were obtained from medical records.

The diagnosis of acute osteomyelitis (AOM) and septic
arthritis (SA) was based on clinical findings — fever, limited
range of movement (ROM), pseudoparalysis, painful movement
and local inflammatory signs — with compatible radiological
signs with or without microbiologic isolation.” The diagnosis of
concomitant bone and joint involvement was defined as an
association of SA and adjacent AOM. Healthcare-associated
infections (HAIs) were categorized using criteria proposed by
Friedman et al.'?: invasive procedures or exposure to a hospital
in the previous 30 days, hospitalization for more than 2 days in
the previous 90 days, treatment with broad spectrum antibiotics
in the previous 30 days. Multidrug resistant bacteria (MDR)
were defined following Magiorakos ef al."?

First-line intravenous treatment in children under 2 months
consisted of third-generation cephalosporin whereas in chil-
dren above 2 months of age flucloxacillin or second-
generation cephalosporin was prescribed. Gentamicin was
added for synergy. We carried out early joint drainage in SA
but bone surgical intervention only when a complication was
identified. Complications included dislocation, avascular
necrosis, abscesses, pyomyositis, deep venous thrombosis
(DVT), disseminated infection, pathologic fractures, or chronic
osteomyelitis as previously reported.'* All patients were fol-
lowed up for at least 12 months. Sequelae considered were
pain, ROM limitation, stiffness, angular deformity, or limb
length discrepancy (LLD) with more than 12 months’ dura-
tion. Microorganism identification and antimicrobial suscepti-
bility were performed on the BacT/ALERT® Microbial
Detection System by the hospital microbiology laboratory.

SPSS Statistics® version 24 (IBM Corp, New York, NY,
USA) was used to perform data analysis. An independent sam-
ples r-test or Mann—Whitney U-test was used to compare con-
tinuous variables, while a %> test or Fisher exact test were
used to compare categorial variables. P < 0.05 was considered
statistically significant. The study was subject to our hospital
Ethics Committee approval.

Results
Children under 3 months

Yearly distribution

Of the 263 children with OAI, 24 (9.1%) had OAI < 3 M,
with a twofold increase since 2014. The yearly distribution of
cases is shown in Figure 1.

Patient characteristics

Most (54%) children with OAI < 3 M were males, with a
median age of 28 days (IQR: 13.5-60.0). Fifteen had a risk
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factor for OAI: cutaneous lesion in 8 (33.3%; all due to previ-
ous vascular access and one of them with a concomitant phle-
bitis); prematurity in 10 (41.7%); previous trauma in one
(4.2%) or preceding respiratory tract infection in another
(4.2%). Of the 10 premature infants (range 31-36 weeks of
gestation, with a mean of 35 weeks), eight had HAIs. The
other case of HAIs (nine in total) was a patient with aortic
coarctation, who developed OAI after cardiac surgery.

Clinical manifestations

The median duration of symptoms to diagnosis was 2 days
(IQR: 1-3). The most frequent findings were ROM (83.3%),
local inflammatory signs (66.7%), pain (70.8%), pseudoparaly-
sis (58.3%), irritability (58.3%), fever (tympanic > 38.2°C)
(50%), toxic appearance (29.7%), and poor feeding (25%). The
diagnoses were SA (70.8%), AOM (62.5%), and eight patients
(33%) had concurrent SA and AOM. The most common
affected bones were the femur (7/15;46.7%), humerus
(3/15;20%), tibia (2/15;13.3%), radius and clavicle (1/15; 6.7%
each) and the most affected joints were knee (8/17;47%), hip (6/
17;35.3%), shoulder (2/17;11.8%), and elbow (1/17;5.8%).
Bone involvement affected the epiphysis in 26.7% (4/15). Two
(8.3%) patients had multifocal involvement (one multidrug-
resistant Enterobacter cloacae and one MRSA). A secondary
diagnosis was present in 54.2% (67% were newborns): myositis
(7), cellulitis (6), sepsis (3), and pneumonia (1). One premature
baby, with nosocomial MRSA infection, had concomitant
meningitis, endocarditis, and hepatic abscesses.

Plain radiography and ultrasound were performed in all
patients: 22 (91.7%) had significant ultrasound alterations, 10
(41.7%) had radiographic alterations, 8 (33.3%) at diagnosis
(periosteal reaction or increased interarticular space) and 7
(29.2%) at 2-4 weeks after admission (lytic lesions, avascular
necrosis or subluxation). Magnetic resonance imaging was per-
formed overall in 58.3% (10/15 AOM and 4/9 with isolated SA)
and it detected concomitant arthritis in three additional infants.

Microbiology

Microbiologic causes were determined in 87.5%, all with posi-
tive cultures, with no difference before and after 2014. Blood
cultures (peripheral or central catheter) were performed in 100%
and 45.8% of them were positive, synovial fluid cultures in
62.5% with 86.7% positive results (with no difference after
2014) and bone culture in 25% of patients and 50% were posi-
tive. The identified bacteria were S. aureus (12/21; 57.1%),
GBS (5/21; 23.8%), Escherichia coli (2/21; 9.5%), Klebsiella
aerogenes (1/21; 5.3%), and Enterobacter cloacae (1/21; 5.3%).
Six (25%) were MDR, 83.3% (5/6) were MRSA, all in new-
borns, four of them were HAIs and one was simultaneously
resistant to clindamycin, and one multidrug-resistant Gram-
negative bacteria (E. cloacae), only sensitive to meropenem and
amikacin. These MDR infections had longer length of stay
(LOS) (median 43, range 28-88 vs. 18.5, 14-21 days, P =
0.002) and more sequelae at 12 months follow-up (50% vs
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Fig. 1 Yearly distribution of the number of cases. Note the ascending trendline (dot line).

5.9%, P =0.04). Seven patients (four with S. aureus) had persis-
tent positive cultures (two blood cultures and five synovial fluid
cultures), range 2-9 days after adequate antibiotic treatment.

Infants with S. aureus OAI (N = 12) had a known risk fac-
tor in 83.3% (10/12; 7 with vascular accesses), most had HAIs
and were premature (7/12 respectively; 58.3%), and the major-
ity had fever and bacteremia. Six (three MRSA) had complica-
tions and 2/11 patients (18.2%) had sequelae at 12 months’
follow up.

All babies with OAI caused by GBS were delivered by
vaginal birth, all but one were full-term newborns, with a
median age of 26 days (IQR: 21.5-45) and only one had a
positive screening for GBS, without adequate prophylaxis. All
presented with pseudoparalysis, 80% had fever, and 40% bac-
teremia. Four (80%) had complications, mostly myositis (3/4)
and subperiosteal abscesses (1/4) but none had sequelae.

Management

Empirical treatment included flucloxacillin (29.2%), third-
generation cephalosporin (41.7%), or second-generation cepha-
losporin (25%), all with added gentamicin. Third-generation
cephalosporin was mostly used in infants under 30 days of age
(58.3%) and vancomycin was administered empirically in
16.7% (4/9 HAI cases). In 14.3% (3/21 cases) the isolated bacte-
ria were resistant to the initial empirical treatment. The median
IV and total antibiotic treatment duration is presented in Table 2.
Seventeen (70.8%) were submitted to surgery, mainly joint drai-
nage (14/17 SA, 82.3%) or bone drainage (4/15 AOM, 26.7%),
due to intraosseous or subperiosteal abscesses, and only one (1/
17, 5.9%) needed more than one intervention for persistent joint
effusion/abscess. A switch to oral antibiotic was possible in 19
patients with flucloxacillin (29.9%), amoxicillin (20.8%) or
cefuroxime (16.7%) based on antimicrobial susceptibility.

Complications and sequelae

Thirteen patients (54.2%) presented complications: four subpe-
riosteal/intraosseous abscess, seven myositis, one femoral

avascular necrosis, one pathological fracture of the femoral
bone and two luxation of knee and hip joints. Only four
(16.7%) needed pediatric intensive care unit (PICU) admis-
sion.

At discharge, five (20.8%) had residual symptoms, specifi-
cally limited ROM. One patient was lost to follow up. At 12-
months’ follow up 4/23 (17.4%) patients presented with seque-
lae, all observed for at least 2 years, two of them clinical
(LLD and angular deformity) and all of them radiological
(three asymmetrical centers of ossification and two deformi-
ties).

Comparing OAI < 3 M with or without complications and
sequelae, concomitant AOM (92.3% vs 27.3%, P = 0.02) was
associated with complications and bacteremia (100% vs
36.8%, P = 0.037; OR: 15, range 0.7-319) and MDR (75% vs
16, P = 0.04) and HAIs (100% vs 26.3%, P = 0.014, OR:
23.7, range 1.1-517) were associated with sequelae at
12 months follow up.

Comparison of OAl < 3 M with older children

Comparisons of OAI < 3 M with children above 3 months
are shown in Tables 1 and 2. Children with OAI < 3 M
more often had previous vascular accesses (33.3% vs 0%, P
= 0.000), bone involvement, and other associated diagnoses,
mainly myositis, cellulitis, and sepsis. Younger infants more
often had irritability, septic appearance (29.1% vs 6.3%, P <
0.001) and radiographic alterations (37.5% vs 16.3%, P =
0.005). Bacteremia, a higher rate of pathogen identification,
and S. aureus infection were also more common. Although
they were treated with longer IV and total antibiotic courses,
complications were more frequent, as were sequelae
(Table 2).

Discussion

The present study, although single centered, involves a size-
able cohort, and describes aetiology and management of OAI
among infants under 3 months old in Lisbon, comparing them

© 2022 Japan Pediatric Society
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Table 1 Clinical and laboratory presentation of OAI according
to age (<3 M vs >3 M)

BM(n=24) >3 M (n=239) P

Male gender, n (%) 13 (54.2) 139 (58.2) 0.7
Duration symptoms at 2 (1-3) 3.5 (2-7) 0.054
presentation, days,

median (IQ)

Identified risk factor, 15 (62.5) 116 (48.5) 0.36
n (%)

Fever on presentation, 12 (50) 149 (62.3) 0.419
n (%)

Irritability, n (%) 14(58.3) 28 (11.7) <0.001
Leucocytes peak 11 (45.8) 75 (31.4) 0.3

> 15 000,

n (%)

Platelets > 450 000, 20 (83.3) 59 (24.7) <0.001
n (%)

CRP7 peak > 20 mg/L, 17 (70.8) 185 (77.4) 0.27
n (%)

ESRi peak >20 mm/h, 18 (75) 217 (90.8) 0.059
n (%)

Osteomyelitis, n (%) 15 (62.5) 78 (32.6) 0.004
Septic arthritis, n (%) 17 (70.8) 195 (81.6) 0.2
Concurrent septic 8 (33.3) 34 (14.2) 0.015
arthritis

and osteomyelitis,

n (%)

Other diagnosis, n (%) 13 (54.1) 52 (21.8) <0.001

TCRP-C-reactive protein; {ESR- eritrocyte sedimentation rate.

Table 2 Microbiology and outcomes OAI* according to age
(3 M vs >3 M)

SBMm=24) >3 M (n=239) P
Bacteremia, n (%) 11 (45.8) 37(14.9) 0.001
Pathogen positive 21 (87.5) 89 (37.2) <0.001
infection, n (%)
Staphylococcus 12 (50) 32 (13.4) <0.001
aureus, n (%)
Days IV? antibiotic, 21 (15-28) 10 (7-15) <0.001

median (IQ)
Days total antibiotic, 37.5 (30.5-44.3)
median (IQ)

26 (21-35)  0.003

Hospital stay, days, 22 (16-32.3) 10 (8-16) 0.07
median (IQ)

Surgical procedures, 17 (70.8) 180 (75.3) 0.63
n (%)

ICU admission, 4 (13.6) 6 (2.5) 0.001
n (%)

Complications, 9 (37.5) 47 (19.7) 0.042
n (%)

Sequelae 12 M 4/23 (17.4) 7/221 (3.2) 0.002
FU', n (%)

*OAI, osteoarticular infections; §IV- intravenous; 1FU, follow
up.

with older children. During the 11-year study period, the pro-
portion of OAI < 3 M was 9.1%, which is higher than
reported in the literature (0.02%-1.4%)."*"'" This may be
due to the fact that our hospital is a referral center for high-
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risk young infants and neonates needing surgical management.
As previously reported in older children in our center,'*'? the
incidence of OAI < 3 M has increased twofold after 2014. It
seems reasonable to assume that prospective enrolment but
also better acknowledgement of the condition and improved
imaging, might have contributed to this trend. Furthermore,
several authors have reported a rising incidence of OAI in
Europe in children.'®!"”

The rate of microbiological isolation was 87.5%, much
higher than in older children (37.2%) and even higher than
reported by others (29.8-85.7%)."*>" The improved microbio-
logic diagnosis in recent years,”'® by upgraded laboratory
automatized systems, probably account for this difference.
Although direct inoculation of synovial fluid into blood bottle
vials seems to improve bacterial isolation,w this was not the
case in OAI < 3 M. Indeed, after 2014 (when all synovial
samples were sent into blood bottle vials) the rate of synovial
isolation was similar in infants under 3 months. It is probable
that Kingella kingae, a bacterium that is common only
between the ages of 6 to 48 months, might account for this
difference,'* with the typical pathogens in younger children
isolated equally by both methods.

According to the literature, the most commonly isolated
pathogen was S. aureus, ranging from 22% to 76.6%,"”"
which accounted for 57% of pathogens in our cohort, of
which five (41.7%) were MRSA. Indeed, S. aureus is an
important cause of bacteremia in this age group, with known
bone and joint tropism. The presence of S. aureus in the
blood should prompt a consideration of OAI in infants under
3 months, even without significant localizing symptoms. The
high rate of HAIs in our OAI < 3 M (37.5%; with 77.8%
caused by S. aureus), which is similar to other series (15.5%
to 64%),"* can also explain the predominance of S. aureus.
Furthermore, S. aureus was implicated in all patients admit-
ted to the ICU, and most (85.7%) infants with previous vas-
cular catheters.

GBS and Gram-negative organisms such as E. coli are
more common in neonates and young infants, and in one ser-
ies accounted for 60% of OAI before 3 months of age.20
Mediamole et al.! also reported an increase in GBS isolation,
this being the predominant pathogen in their study. However,
in our study GBS was the second most frequent agent
(23.8%), similar to other series.>’® Although GBS is the most
common cause of early onset neonatal sepsis, in our study all
GBS OAI were late-onset infections, with a median age of
onset at 26 days of life (range 19-60 days), similar to other
studies." The recommended maternal intrapartum antibiotic
prophylaxis probably explains the significantly decrease in
early onset infections; however, with no impact on late-onset
disease.”’ Multidrug resistant bacteria were present in 25% of
our OAI < 3 M cases, mostly MRSA. These MDR infections
are becoming more prevalent and are associated with longer
LOS and worse outcomes,22 as occurred in our OAI <3 M
infants.

Although the European Society for Pediatric Infectious Dis-
eases proposes shorter treatment courses in older children,
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they still suggest longer 2-3 weeks IV, and total 4-6-weeks
antibiotic regimens for high-risk younger infants, although
some suggest early oral switching, especially after the neona-
tal period.lo’lg’23 We had a median of 21 days IV treatment,
similar to Berberian et al.,* but shorter total courses, when
compared with other series (36.5-45 days),"* without worsen-
ing the sequelae rate. However, most of these studies were
from the early 2000s or 1990s, when treatment durations were
longer.

In major joint SA, joint drainage is the rule, justifying the
high surgical intervention rate (70.8%)."**** For AOM, the
role of surgery remains controversial, although a conservative
approach is usually advised in older children.”****> However, in
infants under 3 months the cortical bone is weak and soft, and
the periosteum is loose, which facilitates the development of
abscesses and concomitant limb swelling.7 Indeed, 4/15
(26.5%) cases of AOM were submitted to bone drainage due to
intra or subperiosteal abscesses. Furthermore, in two preterm
babies with bone sequelae (both MRSA), the diagnosis of bone
involvement was made by radiograph alone, it being probable
that bone abscesses could be present if MRI was used. We can-
not predict if the prognosis would have been better if bone drai-
nage was undertaken in these cases. Probably, in infants under
3 months, the development of complications, such as bone
abscesses, should lower the threshold for intervention.

Sequelae at 12-months follow up (17.4%) were higher in
infants under 3 months in agreement with the literature (5.6—
38%)."*>!11 However, only one was severe (femoral head
deformity and dislocation). Predictors of poor outcome usually
include hip and shoulder involvement, concomitant
osteomyelitis, bacteremia and S. aureus infection, mostly
MRSA.'%26728 I our series, bacteremia, HAIs and symptoms
at discharge were all associated with sequelaec. Moreover,
although not statistically significant, three of the four patients
with sequelae had femoral bone osteomyelitis, two with con-
comitant hip arthritis.

Our study had some limitations such as the fact that it was
a partial retrospective, single-center study, and the small sam-
ple size for OAI <3 M.

Conclusions

Saureus was the most frequent pathogen of OAI < 3 M, with
MDR bacteria implicated in 25% of cases. Our study confirmed
that children under 3 months have more severe infections, with
more frequent complications and sequelae, and those sequelae
were associated with bacteremia, MDR, and HAIs.
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