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Abstract

Objective: Studies focusing on bone and joint infections (BJIs) in young infants are rare. Some

cases of BJI are accompanied by sepsis. This study aimed to identify the clinical and bacteriologi-

cal features of sepsis in neonates and young infants with BJIs.

Methods: Neonates and infants younger than 3 months diagnosed with BJI in the present institu-

tion from 2014 to 2021 were retrospectively reviewed. Patient characteristics, clinical data, and

outcomes were documented and compared between those with and without sepsis.

Results: Twenty-five patients with a mean age of 34.8 days were included. Nine BJI cases had

concomitant sepsis (group A), and 16 had BJI without sepsis (group B). Within group A, staphylo-

coccus aureus was the major pathogenic germ (5 cases, of which 4 were of the methicillin-resis-

tant staphylococcus aureus (MRSA) type). There was no statistical difference in male-to-female

ratio, age, history of hospitalization, anemia, birth asphyxia, peripheral leukocyte counts, C-

reactive protein on admission, and sequelae between groups. Univariate analyses indicated a

significant difference in the incidence of septic arthritis (SA) combined with osteomyelitis (OM)

(88.9% vs 37.5%), congenital deformities (44.4% vs 0%), and mean duration of symptoms

(2.83 days vs 9.21 days) in comparisons between groups A and B.

Conclusion: Staphylococcus aureus is the main pathogenic bacteria in BJI cases complicated

with sepsis in neonates and young infants. Among infants younger than 3 months diagnosed with

BJI, those with concurrent SA and OM, MRSA infection, or congenital deformities are more likely

to develop sepsis.

© 2023 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
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Introduction

Bone and joint infections (BJIs) are uncommon disorders in

children and can be clinically classified as osteomyelitis (OM)

or septic arthritis (SA). Acute OM is more likely concurrent

with SA in young infants andnewborns.1Themost commoneti-

ology of pediatric BJIs is hematogenous spread from concomi-

tant bacteremia.2 Staphylococcus aureus and Streptococcus

agalactiae were the most common pathogens underlying BJIs

in young infants and newborns.2,3 Previous studies indicated

that 9�11༅ of children with SA and 17.6༅ of those with acute

OM developed sepsis,3,4 with co-occurrence of sepsis being

more common in infants younger than 3 months than in older

children.5 To date, few studies had focused on neonates and

young infants with BJI accompanied by sepsis. Sepsis accounts

for 6.8༅ of neonatal deaths and is an important cause of neuro-

cognitive sequelae.6,7 The aim of this retrospective study was

to identify the clinical and bacteriological features and fac-

tors associated with sepsis in neonates and infants younger

than 3months diagnosedwithBJIs.

Methods

Study site

This retrospective study was carried out from January 2014

to January 2021 at the Children’s Hospital of Soochow Uni-

versity, a tertiary teaching hospital in East China. The study

was approved by the Institutional Ethics Committee, and all

procedures were in accordance with the ethical standards.

Patients

The clinical data of neonates and infants younger than 3

months with acute BJIs who were hospitalized in the neona-

tal intensive care unit (NICU), neonatology department and

orthopedic department were collected. All patient records

were reviewed by two orthopedic surgeons and a neonatolo-

gist to confirm the diagnoses of OM, SA and sepsis. Exclusion

criteria included immune compromise, malignancy, brachial

plexus injuries, fractures, bone syphilis and mycobacterium

tuberculosis arthritis. The enrolled patients with BJI were

divided according to whether they also had sepsis (group A)

or not (group B).

The diagnosis of BJI was based on medical files, imaging

and clinical features. The inclusion criteria were: 1) clinical

symptoms: joint or limb pain, limited range of motion,

pseudo paralysis, edema and erythema, warmth, tender-

ness; 2) characteristic changes revealed by radiologic or

ultrasound examination; 3) positive bone or joint cultures;

4) aspiration of pus from bone or joint; 5) serologic data,

specifically white blood cell (WBC) counts, C-reactive pro-

tein (CRP) levels, ESR and blood culture. The criterion 1

above was the necessary prerequisite, and at least two addi-

tional criteria had to be met.7

Sepsis is a clinical syndrome characterized by a poten-

tially fatal organ dysfunction due to systemic infection.8 Iso-

lation of a pathogen from peripheral blood or cerebrospinal

fluid is the standard diagnostic criterion for sepsis in chil-

dren. If organism culture is negative, systemic sepsis is

recognized based on: 1) whole-body toxicity symptoms,

including abnormal core temperature, chills, apnea, food

intolerance, lethargy, bradycardia, and severe respiratory

distress7,9; and 2) symptoms of more than two systems of

systemic inflammation caused by infection, such as abnor-

malities in the circulatory system and liver and kidney

function.7

Patient data collected included: age, sex, birth weight,

history of hospitalization, history of pregnancy and delivery,

symptoms duration, core temperature on admission,

extremity showing evidence consistent with BJI, serum WBC

count, CRP level, accompanied infection, pathogen culture

results, magnetic resonance diffusion tension imaging (MRI),

radiographs (X-rays, computed tomography), methods of

treatment, clinical outcomes and sequelae.

Statistical analysis

Categorical variables were expressed as proportions, and

continuous variables were expressed as means. For data

analysis and comparisons, univariate analysis with ordinal

logistic regression, x2, Fisher exact, and Wilcoxon rank-sum

test were used. Mann-Whitney tests were used for data that

were not normally distributed .IBM SPSS Version 25.0 (IBM

Corp, Armonk, NY) was utilized for statistical analyses. 4A P-

value � 0.05 was considered significant.

Results

The incidence rate of BJI diagnosis in neonates was in the

institution about 1.5 cases per 1000 admissions. During the

study period, a total of 30 patients with BJI younger than 3

months were admitted. Of these 30 cases, clinical data were

incomplete in 3 cases, and 2 cases had fatal chromosome-

related malformations. Therefore, 25 cases were included in

the study (Table 1). For this cohort of 25 cases, the male-to-

female ratio was 0.79, the mean age was 34.8 days (range

10�87 days). The mean duration of symptoms at presenta-

tion was 6.7 days (range 0.5�30 days). Pseudoparalysis was

the most common symptom (23 cases), followed by pain dur-

ing movements (20 cases). The infection site was localized

in the lower limbs in 9 cases, upper extremities in 14 cases,

and in multiple sites in 2 cases. Hip (7 cases) and shoulder (7

cases) were the most common sites for SA, humerus (7 cases)

and femur (8 cases) were the most common sites for OM (6

patients suffered from OM, 5 from SA and 14 from both).

Skeletal sequelae were detected in 7 cases, of whom 6

had both SA and OM. Hip (3 cases) and shoulder (3 cases)

were the main affected sites (Supplemental Material �

Figure 1). Pathogen culture showed staphylococcus aureus

infection in 5 cases (Table 2).

Nine patients who had BJI with sepsis were assigned to

group A (Table 3), and sixteen patients without sepsis were

assigned to group B. In group A, 8/9 cases had positive blood

cultures; of those 2 also had positive cerebrospinal fluid

(CSF) cultures. In this group, staphylococcus aureus

accounted for the largest portion of positive cultures (5

cases), followed by klebsiella pneumoniae (2 cases) and

bacillus paratyphosus (1 case). Of the 5 cases with sepsis

associated with staphylococcus aureus, MRSA was isolated in
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4 cases. Early-onset neonatal sepsis, which is defined as an

infection appearing at less than 7 days of age,7 was identi-

fied in one patient. Other concomitant infections included

pneumonia (4 cases), enteritis (1 case), cephalitis (3 cases),

and endocarditis (2 cases). In group B, synovial fluid culture

showed 2 cases of methicillin-sensitive staphylococcus

aureus infection. There were 4 cases of congenital

deformities in group A, including atrial septal defect (ASD, 2

cases), patent ductus arteriosus (PDA, 1 case), and subepen-

dymal cyst (1 case).

There were no statistically significant differences in the

location of the affected site, male-to-female ratio, age on

admission, history of birth asphyxia, birth weight, prematu-

rity, cesarean section, previous hospitalization, peripheral

leukocyte counts on admission, CRP, ratio of anemia, the

proportion of patients with sequelae between groups A and

B (Table 4). Univariate analysis revealed significant differen-

ces in the ratio of SA combined with OM (88.9% vs 37.5%,

p=0.017), concomitant congenital deformity (44.4% vs 0%,

p = 0.01), and duration of symptoms (2.83 vs 9.21, p = 0.027)

between groups A and B. The parameters used as the diag-

nostic criteria for sepsis, including core temperature and

positive blood culture, were excluded from this analysis.

Discussion

Osteomyelitis (OM) and septic arthritis (SA) of neonates and

young infants are uncommon but serious infectious diseases

that may lead to potentially disastrous sequelae. Based on

data provided by three Parisian Pediatric teaching hospitals,

among the children diagnosed with BJI, infants younger than

3 months accounted for about 1.4%.2 Due to the venous

channels that pierce the growth plate in neonates and

infants, OM is likely to be concurrent with contiguous SA,

the proportion could be 44�71%.10,11 In the studied hospital,

the incidence of BJI in neonates was 1.5 cases per 1000

admissions, lower than 7/1000 reported in Argentina12 and

in France.2 Among the 25 cases included in the present

study, OM combined with SA occurred in 14 cases (56%). The

femur was the most common site of infection within the

entire group of 25 cases. However, the ratio of upper limb

infections to lower limb infections was 1.5, and the male-to-

female ratio was nearly 0.79, which was inconsistent with

the literature reports that lower limbs and males predomi-

nate in infants with BJIs.10,13

The mortality related to BJI is low and is mainly associ-

ated with the presence of sepsis.12 Indeed, sepsis in

Table 1 Baseline patient demographics.

Variables Bone and Joint Infections

(N = 25)

Mean Age, day (range) 34.8 (10�87)

Sex (male: female) 11:14

Mean duration of

symptoms, days

(range)

6.7 (0.5�30)

Main Symptoms (cases)

Pseudoparalysis 23

pain 20

irritability 17

fever 7

edema 5

Involved site (cases)

Femur 8

Hip 7

Humerus 7

Shoulder 7

Knee 4

Tibia 1

Type of BJIs (cases)

SA 5

OM 6

SA combined with OM 14

Positive blood/ CSF

culture (cases)

8

Positive pus culture

(cases)

4

BJIs, bone and joint infections; SA, septic arthritis; OM, osteo-

myelitis; CSF, Cerebrospinal Fluid.

Figure 1 Sequelae of hip and shoulder in the follow-up. a, AP radiograph of the pelvis demonstrating severe deformity of the hip,

including complete loss of femoral head and neck with no articulation of the hip, limb-length discrepancy and acetabular dysplasia

(yellow arrow). b, Lateral-view radiograph of humerus showing the epiphysis of the proximal humerus are partially absent

(red arrow).
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neonates is reported to be one of the risk factors for the

development of BJI and a predictor of its adverse

sequelae.12,14 A previous study identified factors associated

with concurrent systemic sepsis in adults with septic arthri-

tis,15 but there have been no similar studies to our knowl-

edge in neonates or young infants. This is the first study that

focuses on the clinical and bacteriological features of sepsis

in neonates and infants younger than 3 months diagnosed

with BJIs.

The “gold standard” of diagnosis of sepsis in children is an

isolation of the underlying pathogen from a normally sterile

body site,16 although this criterion has also been questioned

due to the low organism detection rate in bacterial

cultures.7,9,16,17 The current definition of sepsis based on

the Third International Consensus Definitions for Sepsis and

Septic Shock (Sepsis-3) is a life-threatening organ dysfunc-

tion caused by a dysregulated host response to infection.18

However, the Sepsis-3 definition is derived from data in

adults in whom the measures significantly vary with age. So,

opinions differ as to whether this definition is appropriate

for children.19,20 In the present study, the diagnosis of sepsis

was based not only on etiological evidence but also on clini-

cal manifestations of systemic infection. There were 9 cases

diagnosed as sepsis; of those, 8 had positive blood culture or

CSF culture with clinical signs and 1 case had negative organ-

ism culture but multiple BJIs and a respiratory infection.

When blood and other sterile site cultures are negative, the

key signs of sepsis are derived from clinical and laboratory

signs.17

In pediatric patients, the bacterial etiology of BJIs often

varies with age. A retrospective multi-center study in France

has proven that Streptococcus agalactiae is the most com-

monly observed pathogen in infants younger than 3 months

diagnosed with BJIs 2. Another single-center study in Turkey

indicated that Staphylococcus aureus was the predominant

causative organism of SA in neonatal intensive care units.

Among the patients with sepsis in the present study,

Staphylococcus aureus was most common, and MRSA was

detected in 4 out of 5 Staphylococcus aureus-positive cases.

The frequency of pediatric OM and SA caused by MRSA has

been increasing.21,22 The present data highlight the associa-

tion between MRSA and sepsis in neonates and young infants

with BJIs. In a study comparing the results of 4 infants

treated for SA caused by MRSA with those of 5 non-MRSA

cases, all 4 cases with MRSA had preceding sepsis and exhib-

ited severe sequelae.23 From an observational study by

Praveen, in a group of 25 pediatric patients with osteoartic-

ular infections and generalized sepsis, the majority were

the cases with MRSA infection indicated by positive blood

culture (7/17) and aspirate culture (7/13).24

Previous studies have indicated risk factors of sepsis in

neonates, including prematurity, low birth weight and cesar-

ean delivery.7,25,26 Due to the immature skin barrier, under-

developed immune regulatory systems, delayed start of

breastfeeding, the risk of nosocomial transmission in pro-

longed hospitalization, less skin-to-skin contact, and fre-

quent need for invasive procedures, infants with these risk

factors are susceptible to infection at an increased rate.27,28

The risk could be exacerbated further due to the underlying

disease of the mother during pregnancy. However, the pres-

ent study found no significant difference in the rates of pre-

maturity, low birth weight, and history of cesarean delivery

between groups. When infants and neonates suffer from

infections, some present with localized inflammation while

others with systemic sepsis. Genetic polymorphisms in the

immune response to infection have been shown to be associ-

ated with sepsis and bacterial osteomyelitis; this needs fur-

ther research.29,30

It was previously reported that septic hip with concomi-

tant OM in infants is associated with more severe hip defor-

mity.31 The present study has come to a similar conclusion.

According to these findings, young infants and neonates with

concurrent OM and SA had a greater chance of developing

sepsis. Of the 7 cases with skeletal sequelae during the

Table 2 Patients with sequelae in the follow-up.

Cases Age

(days)

Sex

(f / m)

Diagnosis Concurrent

sepsis

(y/ n)

Blood

culture

Pathogen

isolation

from bone

and joint

Sequelae

1 30 m Septic shoulder,

Osteomyelitis of humerus

Y MRSA � Limit ROM of shoulder

2 61 f Septic hip,

Osteomyelitis of femur

and humerus

Y MRSA MRSA Hip dislocation,

discrepancy of femur,

postencephalitis

3 49 f Septic shoulder,

Osteomyelitis of humerus

Y MSSA � Humerus shortening

4 26 m Septic knee,

Osteomyelitis of femur

N � � Discrepancy of femur

5 25 m Septic hip,

Osteomyelitis of femur

N � � Hip dislocation,

discrepancy

6 21 f Septic shoulder,

Osteomyelitis of humerus

N � MSSA Limit ROM of shoulder,

Hhumerus shortening

7 20 f Septic hip,

Osteomyelitis of femur

N � MSSA Hip dislocation,

discrepancy

ROM, range of motion; MRSA, Methicillin-resistant Staphylococcus aureus; MSSA, Methicillin-sensitive Staphylococcus aureus.
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Table 3 Patients’ data in Group A (with sepsis).

Case Age

(days)

Sex Congenital

malformation

Infection site General

Symptoms

WBC counts

(x10^9)

CRP

(mg/L)

Organism in

Blood culture

Concurrent

systemic

infection

Open

drainage

1 34 M PDA Knee, femur Fever 18.73 50.01 MRSA / No

2 32 F / Shoulder,

humerus

Irritability,

polypnea

29.01 188.02 MRSA Pneumonia,

cerebritis

No

3 27 F Subependymal

cyst

Elbow,

humerus, knee

Polycardia 20.93 17.25 / myocarditis No

4 61 F ASD Hip, femur,

humerus

Poor feeding,

lethargy,

bradycardia

34.51 185.4 MRSA Myocarditis,

Pneumonia,

cerebritis

yes

5 25 M ASD Shoulder,

humerus

Fever, polypnea 12.29 72 MRSA Pneumonia,

bronchitis

yes

6 27 F / Knee, femur Lethargy,

Diarrhea,

polypnea

23.79 96.9 Klebsiella

pneumoniae

Pneumonia,

cerebritis,

enteritis

No

7 23 F / Shoulder,

humerus

Fever 16.62 30.6 Bacillus

paratyphosus

/ No

8 16 F / Shoulder,

humerus

Fever 18.52 11.1 MSSA / yes

9 19 M / Femur Fever 11.6 65.42 Klebsiella

pneumoniae

/ No

PDA, patent ductus arteriosus; ASD, atrial septal defect.
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follow-up, 6 had bone and joint co-infections. In a retrospec-

tive study of 453 children with infectious osteoarthritis, 103

had concurrent SA and OM. Generalized infection, longer

hospital stays, more intensive care required, longer

duration of bacteremia, and higher odds of treatment failure

were especially common in children with concurrent SA and

OM.32

The present study demonstrated that congenital deformi-

ties, especially congenital heart disease (CHD), were associ-

ated with sepsis in infants with BJIs. Although the basis for

the relationship between CHD and sepsis is unclear, epidemi-

ologic studies have proven that CHD is a risk factor for sepsis

in children. In a study of 11,638 infants with CHD from 250

neonatal intensive care units (NICU), 656 (6%) had sepsis,

with the coincidence being most common in infants with pul-

monary stenosis (11%) and ASD (8%).33 In a retrospective

study of 49,153 pediatric patients with severe sepsis, those

with cardiac deformities were the largest group (27%).34

In the present study, the duration of symptoms before

admission seems to be inversely proportional to the develop-

ment of sepsis in young infants with BJIs. Neonates and

infants with BJIs may present in an atypical fashion; they

may not exhibit skeletal symptoms, fever or other signs of

toxicity.35 Patients with sepsis in this study had a higher inci-

dence of abnormal core temperature, food intolerance and

lethargy, and often had other symptoms of systemic infec-

tion which prompted the parents to bring the child to the

hospital. This is in contrast to infants with signs of local

infection and only mild systemic symptoms whose thorough

diagnosis is often delayed.

The present study has several limitations. First, due to

the low incidence of BJIs and low absolute case numbers,

the present findings may not be generalized. The sample

size could not be determined a priori due to the retrospec-

tive nature of the study. However, randomized controlled

trials whose goal is to identify the risk factors as in this study

are not feasible. Second, given the retrospective nature of

the present study, potential bias caused by confounding fac-

tors is possible which is inherent to observational studies.

Conclusion

Staphylococcus aureus is the main pathogenic bacteria

detected in neonates and young infants with BJIs compli-

cated with sepsis. Patients younger than 3 months diagnosed

with BJI who also have septic arthritis with osteomyelitis,

MRSA infection, or congenital deformities are more likely to

develop sepsis. The duration of symptoms seems to be

inversely associated with the risk of developing sepsis.
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