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Abstract
Purpose Childhood bone and joint infection (BJI) is a potentially severe disease that may have permanent sequelae, includ-
ing growth impairment and limb deformity. It has been characterised in the literature with a focus on Western epidemiol-
ogy; there are currently no reports detailing global epidemiology and bacteriology. This omits key data from determining 
temporal trends, appropriate antibiotic therapy, and resource allocation. This review aims to identify studies that characterise 
the incidence of childhood bone and joint infection or provide detailed bacteriology within their region.
Methods A systematic review of the literature was performed from 01/01/1980 to 31/12/2020. Data has been analysed to 
give incidence of disease per 100,000 children, primary pathogen by country where available, and risk ratio (RR) for disease 
by ethnicity. This is applicable for areas that experience race-related inequitable burden of disease.
Results Forty-four articles met the inclusion area; of these, seven were population-wide studies, primarily from Europe or 
the United States, and the remainder were cohort studies. Incidence could be derived from 26 studies compromising over 34, 
000 children. Information on bacteriology was available from 39 publications (10, 957 cases). Methicillin-sensitive Staphy-
lococcus aureus is the most common pathogen in the West. Recently, disease secondary to Kingella kingae and methicillin-
resistant S. aureus has increased. Salmonella remains a dominant pathogen in African regions. Increased risk of disease is 
observed in Aboriginal, New Zealand Māori, Pacific, Indigenous Fijian, and Bedouin children.
Conclusion The current state of the literature detailing incidence of childhood BJI focuses on disease patterns from the West. 
There is a paucity of high-quality publications in the developing world. Despite these limitations, global trends in burden 
of disease show race-related inequitable risk of BJI. Temporal and regional variation in bacteriology can be demonstrated.
Level of evidence: III.
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Introduction

Childhood BJI compromises a range of osteoarticular 
infections including infection and inflammation of bone, 
infection of the synovial space, and destruction of adjacent 
tissues. These infections can be potentially life- or limb-
threatening, even when recognised and treated appropriately. 
Timely diagnosis and intervention is therefore vital to mini-
mise associated morbidity [1]. Multiple authors report on 
the incidence of bone and joint infection (BJI) in children, 
acknowledging a substantial difference between industrial-
ised countries and the developing world [2, 3]. Comparison 
between publications is hindered by a heterogenous defini-
tion of “childhood infection”: upper age limits vary between 
13 and 19 years and some studies report on specifically 
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septic arthritis (SA) or acute haematogenous osteomyelitis 
(AHO) rather than combined BJI.

It is well recognised that developing and non-Western 
regions suffer higher rates of childhood BJI [4]. This has 
previously been attributed to genetic susceptibility, local 
pathogens, and variation in humidity [5]. There has yet to 
be a systematic review fully examining patterns of disease 
outside the West for both SA and AHO [6]. Developing 
countries face unique challenges in healthcare delivery and 
lack of resource is linked to sub-optimal health outcomes. 
Knowledge of these issues is currently limited to retrospec-
tive studies or small case series. Progressive data collation 
is vital to improving health outcomes.

Results from the literature search have been used to iden-
tify research regarding patterns in childhood BJI in both 
Western and non-Western healthcare systems. The goal was 
to answer the following questions:

(1) What is currently known about the incidence of child-
hood BJI in Western and non-Western countries?

(2) How does this vary by ethnicity?
(3) What are the primary pathogens in these regions?
(4) What are the rates of surgical management and out-

comes for these centres?

Materials and methods

Search strategy and criteria

The review process was conducted according to the pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. A computer-based literature 
search was used to identify all studies relating to childhood 
BJI. Search databases used were MEDLINE (Medical Lit-
erature Analysis and Retrieval System Online), CINAHL 
(Cumulative Index to Nursing and Allied Health Litera-
ture, Ipswich, Massachusetts), and Cochrane Library up to 
31 December 2020 with date restriction to 1980. Google 
scholar search engine was also used to avoid missing unpub-
lished or recently released contemporary works. The medi-
cal subject heading (MeSH) keywords for search were p(a)
ediatric, ‘osteomyelitis’, ‘septic arthritis’, ‘antibiotics’, ‘sur-
gery’, ‘bone and joint infection’, and ‘drainage’. To focus 
the search to include indigenous populations, ‘ethnicity’ and 
‘indigenous’ were also included in a subsequent search.

Selection criteria

Two individuals reviewed the articles to determine whether 
inclusion criteria were satisfied. When disagreement 
occurred, a third, independent reviewer was contacted to 
make a final decision. The following criteria were applied 

for article inclusion to ensure that primarily epidemiological 
studies were included and that the specific questions for this 
systematic review could be addressed. First, only original 
research studies in peer-reviewed journals of the English 
language (or suitable translation) were allowed, excluding 
all review articles. The subjects were required to be 19 years 
of age or younger, and the case series must include a mini-
mum of 20 patients. No papers reporting on chronic/suba-
cute osteomyelitis, reactive arthritis, Tuberculous or Lyme 
disease, or surgical-site infection were included. Papers 
reporting only on specific pathogens were excluded (e.g. a 
publication detailing Salmonella cases in Nigeria [7]) as well 
as any case series focussed on specific anatomic sites (e.g., 
a series on calcaneal AHO [8]).

Assessment of study quality

The quality of studies was assessed but did not determine 
inclusion/exclusion criteria. Given the relative lack of data 
collection in non-Western regions, strict publication quality 
exclusion would necessarily create a selection bias against 
these areas. Knowledge of disease patterns in socioeconomi-
cally deprived areas is of vital interest. For this reason, all 
studies that met inclusion criteria and were above level of 
evidence V were considered eligible [9].

Assessment of heterogeneity

We assessed studies for homogeneity to allow for meta-
analysis. There were discrepancies in age range and some 
publications primarily considered either AHO or SA. This is 
laid out in Table 1. Given high levels of heterogeneity across 
most criteria and general level of evidence, it was deemed 
more appropriate to create a descriptive review with com-
parisons of absolute outcomes (such as incidence/100,000).

Data synthesis

One reviewer obtained information from the included stud-
ies. After extracting the data, a spreadsheet was used to sepa-
rate incidence and study characteristics by region (Table 1), 
bacteriology (Table 2), and risk ratio by ethnicity (Table 3). 
This is relevant to centres where indigenous and non-indige-
nous populations live in a single centre yet experience ineq-
uitable disease burden.

Data analysis

The frequency of disease for each region was expressed as 
incidence per 100,000 whenever possible (Table 1). The 
assessment of bacteriology included the percentage of 
positive cultures, primary and secondary pathogens, and 
percentage of MRSA. Long-term outcomes and mortality 
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Table 1  Incidence by region, per 100,000

Region Country Age N Disease Years Incidence 
/100,000 per year

Incidence, indig-
enous

Authors Level of 
evidence

UK/Europe England  < 15 N/A AHO 1965–1980 11–21 N/A Gillespie et al. 
[10]

II

Scotland  < 20 N/A AHO 1965–1980 3–20 N/A Gillespie et al II
Norway  < 12 86 AHO 1965–1994 10 N/A Dahl et al. [11] III
Denmark  < 16 118 AHO + SA 1978–1987 5.8 AHO 

(Increased 
from 3.3 prior 
to 1970) and 
4.0 SA

N/A Christiansen 
et al. [20]

III

Scotland  < 13 50 OM 1990–1997 2.9 N/A Blyth et al. [21] II
Lithuania  < 17 49 AHO 1982–1983 11.5 N/A Malcius et al. 

[22]
II

Lithuania  < 17 57 AHO 2002–2003 14.3 N/A Malcius et al II
Norway  < 16 37 OM 2004–2005 13 N/A Riise et al. [12] II
England  < 16 55 AHO 2000–2005 0.4 N/A Shivarathre et al. 

[23]
III

France  < 16 58 BJI 2008–2009 7.1 N/A Mitha et al. [24] II
France  < 15 2911 AHO + SA 2008 22 N/A Grammatico-

Guillon et al. 
[14]

II

France  < 15 2,717 AHO + SA 2013 22 N/A Laurent et al. 
[13]

II

Switzerland  < 16 217 BJI 2007–2015 30.8 N/A Juchler et al. [18] III
Switzerland  < 16 129 BJI 1997–2006 18.3 N/A Samara et al. 

[17]
III

Switzerland  < 16 241 BJI 2007–2016 32.7 N/A Samara et al III
North America United States  < 19 1352 AHO 2006 1.66 African Ameri-

can = 1.46 
Hispanic 1.28

Okubo et al. [17] II

United States  < 19 1104 AHO 2009 1.34 African Ameri-
can = 1.31 
Hispanic 0.94

Okubo et al II

United States  < 19 1274 AHO 2012 1.55 African Ameri-
can = 1.62 
Hispanic = 1.09

Okubo et al II

United States  < 19 3453 SA 2006 4.23 African Ameri-
can = 3.35 
Hispanic = 2.92

Okubo et al. [15] II

United States  < 19 3006 SA 2009 3.64 African Ameri-
can = 3.39 
Hispanic = 2.66

Okubo et al II

United States  < 19 2701 SA 2012 3.28 African Ameri-
can = 3.66 
Hispanic = 2/28

Okubo et al II

United States  < 16 554 BJI 2002–2004 1.9 AHO, 0.6 SA N/A Gafur et al. [26] III
Australasia and 

the Pacific
Australia  < 19 N/A AHO 1971–1982 4–32 24–196 Gillespie et al II

New Zealand  < 19 N/A AHO 1965–1980 3–41 8–110 Gillespie et al II
New Zealand  < 14 85 AHO 2000–2002 11.1 NZ Māori or 

Pacific: 42.8
Rossaak et al. 

[33]
II

New Caledonia  < 16 450 AHO 1985–2004 22 N/A Labbe et al. [28] IV
New Zealand  < 16 813 AHO 1998–2008 25 40 for NZ Māori 

or Pacific
Street et al. [29] III
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rates, if available, were analysed for each paper. Long-term 
outcomes were described as a ‘complication rate’, to cover 
all orthopaedic sequelae of disease, or identified specifically 
if possible, such as rates of leg length discrepancy (LLD) 
and recurrence of infection. Significant risk of bias for each 
study is due to incomplete outcome data or selective report-
ing; outcome data or lack thereof have been detailed for each 
publication in Table 4.

Results

The literature search returned 1693 articles (Fig. 1). Titles 
and abstracts were checked using inclusion and exclusion 
criteria and duplicates removed. After abstract screening, 
1495 reports were removed. The remaining 143 articles were 
read and a further 38 analysed from references (176 manu-
scripts assessed in total). After in-depth analysis of each and 
applying exclusion criteria, 45 publications were deemed 
suitable. The most common reason for exclusion was failure 
to present epidemiological information (n = 92) or focus on 
a specific pathogen or anatomic location (n = 39).

Study designs and content

All of the included studies had classification of level of evi-
dence via The Journal of Bone & Joint Surgery guidelines; 
this is presented in Table 1 [9]. Eight publications were 
nationwide prevalence or incidence studies [10–17]. Inci-
dence data could be extracted from 26 publications. Detailed 
bacteriology information was available in 39 publications 
(Table 2). After data were analysed, a risk ratio for specific 

ethnic background could be calculated from nine studies 
(Table 3).

Incidence reporting

The combined cohorts allowing incidence reporting summa-
rise more than 35,000 cases of childhood BJI. Twelve papers 
were found reporting rates of childhood BJI in Europe and 
the UK [10–14, 18–24]. Incidence varied between 0.4 and 
32.7 cases per 100,000 with significant variation between 
countries and conflicting reports on temporal incidence.

The earliest study included was Gillespie et al., whose 
1985 report examined national hospital discharge data for 
Scotland, England and Wales, New Zealand and Australia 
between 1965 and 1980 focussing on acute haematogenous 
osteomyelitis (AHO) [25]. The highest annual incidence for 
England was among males aged 10–14; this was 21/100,000.

Publications suggesting a temporal increased incidence of 
AHO include a report between 1970 and 1987 in Denmark, 
in which cases rose from 3.3/100,000 to 5.8/100,000. In a 
similar fashion, Malcius et al. show an increase from 11.5 
to 14.3/100,000 in cases of AHO in Lithuania between 1982 
and 2003 [20]. In contrast, conflicting pattern emerges over 
time in Scotland, where Blyth et al. report a decline of 0.185 
cases per 100,000 over a 28-year period [19].

Some regions did not report any variation. Population-
based studies have provided a useful picture of rates of 
AHO and SA in France between 2008 and 2013, in which 
incidence remained unchanged at 22/100,000 [13, 14]. 
Of the European region, Switzerland appears to have the 
greatest burden of disease. Several publications report 
incidence of childhood BJI between 18.3 and 32.7/100,000 

N/A not applicable; AHO acute haematogenous osteomyelitis; SA septic arthritis; BJI bone and joint infection

Table 1  (continued)

Region Country Age N Disease Years Incidence 
/100,000 per year

Incidence, indig-
enous

Authors Level of 
evidence

Australia  < 18 79 AHO + SA 2010–2013 31 (AHO) 12 
(SA)

90 (AHO) 30 
(SA)

Brischetto et al. 
[30]

IV

Fiji  < 16 220 OM 2006–2010 18.1 21 (Indigenous 
Fijians)

Munshi et al. 
[31]

III

New Zealand  < 16 103 SA 2008–2018 13.3 NZ Māori 23.2. 
Pacific 11.4

Hunter et al. [32] II

Africa Malawi  < 16 23 SA 2002 20 (< 5y) and 7 
(< 15y)

n/a Lavy et al. [5] IV

Asia Cambodia  < 16 81 BJI 2007–2011 13.8 N/A Stoesser et al. 
[34]

IV

South Korea  < 18 21,522 BJI 2008–2016 7.8–9.1 
OM, 11.9–
20.8/100,000 
SA

N/A Kim et al. [35] II

Middle East Southern Israel  < 16 91 AHO 2005–2012 5.6 7.3 (Bedouin) Cohen et al. [36] III
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Table 2  Bacterial epidemiology

Region Country Years Primary and Secondary Pathogen Positive culture rate MRSA

UK/Europe Norway [11] 1965–1994 S. aureus 76% 55% None
Denmark [20] 1978–1987 S. aureus 51%, H. influenzae 29% 61% None
Scotland [21] 1990–1997 S. aureus 65%, Streptococcus 30% 40.00% None
Belgium [37] 2001–2007 S. aureus 21.6%, Pneumococcus 10.8% 38% None
Norway [12] 2004–2005 S. aureus—frequency not reported 26% None
England [23] 2000–2005 S. aureus primary but exact rate not 

reported
28.30% None

France [24] 2008–2009 S. aureus 81% 26% None
France [14] 2008 Staphylococcus spp. 60.8%, Streptococcus 

spp.
16.6%% 8%

Italy [38] 2010–2015 S. aureus 27.8% 33.30% None
France [13] 2013 s. aureus 64%, 11% coagulase-negative 

staph
27.80% None

Switzerland [18] 2007–2015 K kingae, 30.4%, S. aureus 23% 63.60% None
Switzerland [19] 1997–2006 S. aureus 57.9%, S. pyogenes 14.5% 59.40% None
Switzerland [19] 2007–2017 K. kingae 32%, S. aureus 20.7% 62.70% None

United States United States [40] 1999–2001 S. aureus 57%, MRSA 6% 47% 6%
United States [26] 2002–2004 S. aureus 30%, Group A B-haemolytic 

Streptococcus 4.2–6%
37–61% 23–43%

United States [40] 2001–2003 S. aureus 54%, MRSA 31.1% 60% 31.10%
Hawaii [41] 1996–2007 S. aureus 76% 100% 24%

Australasia and the Pacific New Zealand [33] 2000–2002 S. aureus 69%, S. pyogenes 8% 61% 3%
Australia [42] 1998–2002 S. aureus 39–76%, S. pneumoniae/S. pyo-

genes 4–17%
45% 6–9%

New Caledonia [17] 1985–2004 S. aureus 81%, Group A Streptococcus 7% 80% None
New Zealand [28] 1998–2008 S. aureus 77%, S. pyogenes 6% 50% 4%
Australia [30] 2010–2013 S. aureus 70%, 40% MRSA 72% 40%
Fiji [31] 2006–2010 S. Aureus 86%, S. epidermidis 11% 76.40% None
Australia [43] 1999–2015 S. aureus 30.4%, S. pyogenes 17.4% 65.60% None
New Zealand [32] 2008–2018 S. aureus 61.8%, K. kingae 5.9% 66% 2%

Africa Malawi [44] 1979–1980 Salmonella 40%, B-haemolytic Streptococ-
cus 20%

57%% None

Namibia [45] 1990–1991 S. aureus 90% 58% None
Malawi [5] 199–2001  ~ 50% Salmonella, ~ S. aureus 59% None
South Africa [46] 2005–2009 S. aureus 66%, Gram-negative 17% 68%% None
Tanzania [47] 2008–2010 S. aureus 64%, Coliforms 1% 20% 1%
Nigeria [48] 2014–2018 S. aureus 70.8%, E. coli 16.7% 91.7%% None
Nigeria [49] 2014–2018 S. aureus 52.5%, E. coli 5% 57.50% None

Asia Japan [52] 1995–2002 MRSA 29.2%, S. aureus 16.7% 67% 29%
Thailand [51] 1996–2006 S. aureus 46.6% MRSA 17.5% 80% 17.50%
India [53] 2004–2008 *Only culture confirmed S. aureus patients 

included
N/A *55% of S. 

aureus 
cases

India [54] Not reported S. aureus 62% S. pneumoniae 6% 72% None
Cambodia [34] 2007–2011 S. aureus 52% 69% 1%
Singapore [55] 2007–2013 S. aureus 85%, Salmonella 13% 89% n/a
India [56] 2013–2016 S. aureus 50%, E. coli 16% 53% 1%

Middle East Iraq [57] 1983–1989 S. aureus 70%, H. influenzae 21% 100% None
Iraq [57] 1992–1997 S. aureus 42%, Klebsiella sp. 12% 100% None
Southern Israel [36] 2005–2012 S. aureus 19.8%, S. pyogenes 4.4% 28.60% 1.10%

South America French Guiana [59] 2010–2015 S. aureus 87%, S. pyogenes 11% 67% None
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over a 20-year period. No temporal decline in incidence 
was identified [23, 24].

There are three included publications from the US; 
nationwide studies by Okubo et al. demonstrate the only 
analysis of BJI where incidence is reported by ethnicity 
[15, 17, 26]. The authors analyse patients with AHO and 
SA under 20 years of age in three separate years: 2006, 
2009, and 2012. African American children had higher 
hospitalisation rates in all timeframes. Socioeconomic 
status was linked to hospitalisation rates which were 
generally lower than in Europe, ranging from 1.34 to 
1.66/100,000.

In 2008, Gafur et al. examined epidemiology of AHO 
and SA in Texas comparing rates in 1982 to data from 2002 
to 2004 [26]. Annualised incidence of AHO increased 2.8 
times, whereas SA remained stable. The authors propose 
that differences in reported rates of BJI may be a result of 

improved recognition of BJI via the increased use of mag-
netic resonance imaging (MRI) [27].

In Australasia and the Pacific, rates of infection are far 
higher [10, 28–33]. Some indigenous and ethnic groups are 
disproportionately affected. Gillespie et al. separate rates 
of AHO by ethnicity, showing rates up to 196/100,000 in 
aboriginal Australian children [25]. They perform a similar 
analysis for New Zealand Māori and Pacific for whom the 
highest reported rate is 110/100,000. In contrast, NZ Euro-
pean children in the same geographic region have a maxi-
mum incidence of 41/100,000.

Later reports found lower annual incidence of disease 
but a similar ethnic disparity. The difference appears to be 
greater for AHO rather than SA. Brischetto et al. looked 
at cases in Australia in 2010–2013 finding incidence of 
31/100,000 overall but 90/100,000 in aboriginal children 
[30]. Within the Pacific region, Munshi et al. looked at rates 

Table 3  Incidence for specific indigenous groups, with associated risk ratio

N/A not applicable; AHO acute haematogenous osteomyelitis; SA septic arthritis; BJI bone and joint infection

Region Year Country Non-indig-
enous inci-
dence/100,000/
year

Indig-
enous group inci-
dence/100,000/
year

Second indig-
enous group, if 
applicable, inci-
dence/100,000/
year

Risk ratio Authors

United States 2006 United States, 
Nationwide

1.27 (AHO), 3.07 
(SA)

African American: 
1.46 (AHO) 3.35 
(SA)

Hispanic: 1.28 
(AHO) 2.92 
(SA)

African Ameri-
can: 1.1 (SA) 
1.15 (AHO), 
Hispanic: 1.01 
(AHO) 0.93 
(SA)

Okuboet al. [15, 17]

2009 United States, 
Nationwide

1.19 (AHO), 3.13 
(SA)

African American: 
1.31 (AHO) 3.39 
(SA)

Hispanic: 0.94 
(AHO) 2.66 
(SA)

African Ameri-
can: 1.1 (AHO) 
1.1 (SA), 
Hispanic: 0.8 
(AHO) 0.85 
(SA)

Okubo et al

2012 United States, 
Nationwide

1.49 (AHO), 3.15 
(SA)

African American: 
1.62 (AHO) 3.66 
(SA)

Hispanic: 1.09 
(AHO) 2.28 
(SA)

African Ameri-
can: 1.1 (AHO) 
1.23 (SA), His-
panic 0.7 (AHO) 
0.72 (SA)

Okubo et al

Australasia 
and the 
Pacific

1985 Australia 4–32 Aboriginal: 
24–196

N/A 6.13 Gillespie et al. [10]

1985 New Zealand 3–41 Māori: 8–110 N/A 2.68 Gillespie et al
2004 New Zealand 11.1 Māori: 30.8 Pacific: 55.3 2.77 (Māori) 4.98 

(Pacific)
Rossaak et al. [33]

2015 New Zealand 25 NZ Māori: 40 Pacific: 40 1.8 (both) Street et al. [29]
2016 Australia 9 (AHO) 5 (SA) Aboriginal: 90 

(AHO) 30 (SA)
N/A AHO: 10, SA: 6 Brischetto et al

2018 Fiji 7.1 Indigenous Fijian: 
21.3

N/A 3 Munshi et al. [31]

2020 New Zealand 6.25 Māori: 23.2 Pacific: 11.4 Māori: 3.71 
Pacific: 1.82

Hunter et al. [32]

Middle East 2016 Southern Israel 4.1 Bedouin: 7.3 N/A 1.78 Cohen et al. [36]
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Table 4  Outcome data

Country Operative rate Complication (all cause) or specific 
sequelae

Loss to FU Authors Level of 
Evidence

Norway 9% NR NR Dahl et al. [11] III
Denmark 66% 4% 7.0% Christiansen et al.[20] III
Scotland 22% 12% (relapse 2%) NR Blyth et al. [21] II
Belgium NR NR NR Rasmont et al. [37] IV
Norway NR No relapses or chronic cases NR Riise et al. [12] II
England 39.60% 3.77% NR Shivarathre et al. [23] III
France NR NR Not reported 

although 10% 
loss of data

Mitha et al. [24] II

France 66% NR NR Grammatico-Guillon et al. [14] II
Italy 16.50% 3.3% relapse, 1.6% limb deformity NR Chiappini et al. [38] III
France 40.30% NR NR Laurent et al. [13] II
Switzerland NR NR NR Juchler et al. [18] III
Switzerland NR NR NR Samara et al. [19] III
United States (Texas) 34% 24.6% (relapse 6.1%) NR Saavedra-Lozano et al. [40] II
United States (Texas) 37% NR NR Gafur et al. [26] III
United States (Texas) 49% 44.3% (relapse 5.7%) NR Saavedra-Lozano et al II
Hawaii 60% 13% of MRSA 4.3% of MSSA and 1 

death
NR Erdem et al. [41] III

New Zealand 46% NR NR Rossaak et al. [33] II
Australia 34% NR NR Goergens et al. [42]
New Caledonia 53% No chronic cases NR Labbe et al. [28] IV
New Zealand 44% 6.8% relapse 1.7% chronic 1% patho-

logical # 1.8% growth issue. Overall 
5.5% complication rate

NR Street et al. [29] III

Australia 71% 15% relapse rate 37% Brischetto et al. [30] IV
Fiji 24% 6% became chronic, no deaths 2% Munshi et al. [31] III
Australia 84% No chronic cases, no mortality. Oxford 

H/N scores 31–42% of cases had mild 
or moderate impairment

18% Hoswell et al. [43] III

New Zealand 67% 2.90% 13.60% Hunter et al. [32] II
Malawi NR 15% of Salmonella cases died in the 

study period
NR Molyneux et al. [44] IV

Namibia 80% 14.5% had chronic cases or permanent 
mobility/growth issue

11% Lauschke et al. [45] III

Malawi NR NR NR Lavy et al. [5] IV
South Africa NR NR NR Visser et al. [46] IV
Tanzania 75% 73% of patients presented with chronic 

localised disease. 31% had recurrence 
following treatment. 5% mortality

47% Ali et al. [47] IV

Nigeria NR LLD 4.1%, NR Mue et al. [48] IV
Nigeria NR 12.50% 7.50% Emeagui et al. [49] IV
Japan 71% Mortality rate 4.1% complication in 

12.5%
4% Yamagishi et al. [52] IV

Thailand 62% 29% any sequelae NR Sukswai et al. [51 IV
India 90% 7% relapse NR Kini et al. [53]
India NR NR NR Yadav et al. [54] III
Cambodia 96% 46% sequelae 1 death. Relapse rate 25% 2.50% Stoesser et al. [34] IV
Singapore 88% 0.83% recurrence rate 4.20% Chou et al. [55] IV
India 100% NR 28% Motwani et al. [56] II
Iraq NR NR NR Mousa et al. [57] IV
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of OM in Fijian children, finding greater burden of disease 
among indigenous communities [31].

Publications on patterns of disease in Africa suffer 
resource constraint whereby annualised incidence rates are 
rarely available. Only Lavy et al. provide a reflection of 
SA incidence for children in Malawi, of up to 20/100,000 
in 2002 but using an extremely small cohort of 23 cases 
[5]. There is also a paucity of information for Asia and 

the Middle East [34–36]. Cambodian children appear to 
have an incidence of BJI up to 13.8/100,000 [34]. In south-
ern Israel, the only publication found to reflect incidence 
rates is Cohen et al. This paper examines the Bedouin 
population separately, finding that they experience more 
AHO than children of other heritage and lifestyle (7.3 vs. 
5.6/100,000) [36].

NR not reported, LLD leg length discrepancy

Table 4  (continued)

Country Operative rate Complication (all cause) or specific 
sequelae

Loss to FU Authors Level of 
Evidence

Southern Israel 21% No chronic cases NR Cohen et al. [36] III
French Guiana 55% Death 1.8% Complication 1.8% 60% Osei et al. [59] III

Fig. 1  Flow diagram of paper 
selection according to the 
PRISMA guidelines

Records identified from
Medline (54), CINAHL 
(1530), Cochrane (27), 
Google Scholar (82)

(n = 1693)

Records removed before 
screening:

Duplicate records removed  
(n = 35 )
Records removed for other 
reasons (n = 20)

Records screened
(n = 1638 )

Records excluded
(n = 1495)

Reports sought for retrieval
(n = 143)

Reports not retrieved
(n = 5)
Added from References 
(n=38)

Reports assessed for eligibility
(n = 176)

Reports excluded:
Site specific (n = 19)
Not epidemiological studies 
(n = 92)
Pathogen specific (n = 20)

Studies included in review
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Incidence of disease by ethnicity

Table 3 outlines incidence rates per 100,000/year between 
different ethnic groups derived from eight papers. Whilst 
other publications may have reported increased hospital 
attendance among specific ethnic groups, an incidence 
calculation for the wider population was rarely performed. 
Using the figures available, the risk ratio for developing dis-
ease by ethnicity has been presented. The greatest disparity 
in risk appears to be for aboriginal children who are up to 
10 times more likely to develop AHO [25]. There is also an 
increased risk for SA in this population [30].

Of note, a temporal variability in risk for those of African 
American ethnicity can be observed in the paper by Okubo 
et al. Between 2006 and 2012, the nationwide incidence of 
AHO appeared to be rising in the US [17]. Furthermore, 
relative risk for developing SA among African American 
children increased from 1.15 to 1.23 [15].

Bacteriology

There were 39 publications meeting criteria that reported 
on primary and secondary pathogen by region; this gave a 
total of 10,097 cases. In the UK and Europe, Staphylococcus 
aureus is overwhelmingly recognised as the primary patho-
gen, and is usually methicillin-sensitive (MSSA) [11–14, 18, 
19, 21–24, 37, 38]. It is implicated in between 21 and 81% of 
cases (Table 2). Secondary pathogens are frequently Strepto-
coccus pneumoniae or Streptococcus pyogenes. As the pub-
lications are laid out from earliest to most recent, Kingella 
kingae is not observed as a primary or secondary pathogen 
until 2017 in Switzerland [24]. The other trend made vis-
ible in this analysis is the disappearance of Haemophilus 
influenzae type-b. It was responsible for 29% of identified 
microbiology in Denmark between 1978 and 1987; since 
then, it has not emerged as a responsible primary or second-
ary pathogen [39]. Methicillin-resistant S. aureus (MRSA) 
is noted in nationwide prevalence studies in France to be 
responsible for 8% of BJI; elsewhere in Europe and the UK, 
it is either absent or not identified [14].

In the US, MRSA is responsible for up to 43% of child-
hood BJI [26, 40, 41]. The proportion of disease caused by 
MRSA has increased since the 1990s from < 10% in some 
cohort studies [40]. MSSA remains the dominant pathogen 
in up to 76% of cases [41]. Little is known about the distri-
bution of pathogens across ethnicities, although a cohort 
study of S. aureus positive AHO in Hawaii found indigenous 
Hawaiian children were overrepresented [41].

MSSA was the primary pathogen identified in all pub-
lications from Australasia and the Pacific [28–33, 42, 43]. 
Secondary pathogens were usually streptococcal in nature. 
Compared to the US, there are far fewer infections reported 
secondary to MRSA. In all but one publication, MRSA was 

either absent or in less than 10% of positive cultures [33, 42]. 
The exception to this finding is a review of BJI in Australia 
from 2010 to 2013 by Brischetto et al., in primarily indig-
enous children from Northern Australia MRSA was con-
firmed in 40% of samples and relapse rates were relatively 
high (15%) [30].

African studies have identified more atypical pathogens 
[5, 44–49]. In two cohorts from Malawi, Salmonella was the 
primary cultured organism [5, 7, 44]. Secondary organisms 
were frequently gram negative, such as Escherichia coli [48, 
50]. MRSA was identified in 1% of isolates in a cohort from 
Tanzania; aside from this, there were no reported cases of 
MRSA-associated childhood BJI [47].

MRSA was found to cause a higher proportion of BJI in 
papers from Japan (29%) and Thailand (17.5%) [51, 52]. 
Staphylococcal species remained the most common patho-
gens across studies in Asia and South America [34, 51–56]. 
Only two publications from the Middle East focussed on 
childhood AHO [36, 57]. Interestingly, the pathogenicity 
was found to change before and after the Gulf conflict in a 
comparative study by Mousa et al. The cohort from 1983 to 
1989 had primarily cases of S. aureus and H. influenzae; a 
subsequent group of children analysed between 1992 and 
1997 had a reduced rates of S. aureus and emergence of 
Klebsiella sp. The authors propose that this difference was 
caused by poverty, working children, and malnutrition [57].

Management and outcomes

Surgical management is more frequent in papers including 
cases of SA (Table 4). Operative rates in Europe and the 
US range from 16 to 66% [18], 58. Efforts have been made 
to identify which cases of BJI are likely to require multiple 
surgeries and have a stormier clinical course; Gafur et al. 
provided a link between pathogen and clinical picture, sug-
gesting operative rates are higher in patients with MRSA, 
delayed presentation and diffuse disease [26]. In regions 
where Panton–Valentine Leukocidin (PVL) is identified by 
molecular typing, this virulence factor is associated with 
worse disease and higher operative rate [28].

Reported surgical management can be much higher out-
side the US and Europe. Operative rates in Australasia are 
between 34 and 84% [42]. The highest operative rate identi-
fied was in a cohort from Australia, 52 children with SA of 
which many were indigenous Aboriginal [43].

In the African region, high intervention rates (75–80%) 
were required for cohorts of both SA and AHO; in some 
publications, this was attributed to delayed access to health-
care and worse presentation of disease [47].

Only 25 publications considering global epidemiology 
comment on relapse and/or long-term sequelae. Across 
Western regions, the mortality rates for childhood BJI 
remain lower than 1% [26, 41]. Primary concerns are relapse 
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of infection, chronic disease, and permanent limb deformity. 
In Europe and the UK, the highest reported rate of relapse 
following treatment is 4% [18]. Limb shortening is reported 
at 1.6% [58].

Contrasting this, US relapse rates are higher, up to 6% 
for all cases and 13% for MRSA-associated BJI in Hawaii 
[40, 41].

Detailed information about sequelae in paediatric hip and 
knee infection is available in Hoswell et al.’s 20-year review 
of outcomes in Australia [43]. The authors looked at Oxford 
hip and Oxford knee scores in 52 children who had treatment 
for SA, finding that up to 42% had mild to moderate impair-
ment in limb function.

Generally worse outcomes are experienced by children in 
developing countries. Mortalities in reports from Africa are 
as high as 15% for cases of BJI with Salmonella [5]. Limb 
deformity and permanent growth arrest were found in 14.5% 
of cases of AHO in Namibia [45]. In Cambodian children 
with BJI studied between 2007 and 2011, 46% experienced 
disease complications and relapse rates were 25% [34].

Frustratingly, many of the complications and growth 
issues that stem from childhood BJI are unlikely to be iden-
tified in these regions. Loss to follow-up is generally not 
reported. In publications that track cases beyond initial 
hospital stay, 4–60% of children are not brought to planned 
outpatient appointments [59].

Discussion

The purpose of this review was to describe the global inci-
dence and bacteriology of childhood BJI, with consideration 
of the different disease patterns between regions and ethnic 
groups. This is currently the most extensive examination 
of data with inclusion of non-Western regions. We found 
higher rates of disease in Australasia, Africa, and parts of 
Asia with the highest overall incidence among Austral-
ian aboriginal children. Although methicillin-sensitive S. 
aureus is the most common pathogen, attention is drawn to 
the emergence of K. kingae and MRSA. K. kingae emerged 
as a significant pathogen in 2017; polymerase chain reaction 
(PCR) testing was not widely available prior to this and still 
remains inaccessible for some centres. Molecular typing has 
also allowed identification of Panton–Valentine Leukocidin 
(PVL), a virulence factor associated with more severe ill-
ness. Disappearance of Haemophilus influenzae type-b is 
likely due to the introduction of widespread vaccination for 
developed regions. Salmonella remains an important patho-
gen in African regions and this is possibly in association 
with sickle cell disease.

Development of BJI appears to be strongly influenced 
by socioeconomic, pathogen, and host factors. Early pub-
lications by Lavy et al. considering the development of 

septic arthritis in Africa hypothesised the increased inci-
dence of disease was related to malnutrition, salmonella 
bacteraemia, and trauma [5]. Salmonella bacteraemia is 
highly prevalent in sub-Saharan Africa in conjunction 
with anaemia and malaria [5]. A theory of traumatic septic 
arthritis development was supported by Molyneux et al., 
who suggested children under 12 months were predomi-
nantly swaddled sustaining minor trauma being swung 
onto the mother’s back [44].

Stoesser et  al. reviewed childhood BJI in Cambodia 
2007–2011 and attributed high incidence of disease to child-
hood malnutrition, poverty, and poor vaccine coverage given 
that 6% of children had H. influenzae identified [34].

Despite research acknowledging excessive burden of dis-
ease in non-Western regions, rigorous statistical analysis for 
cause is rarely available. A population study in South Korea 
from Kim et al. found a higher incidence of BJI compared 
to Western countries. The authors provided a useful multi-
variate analysis looking for epidemiologic factors associated 
with surgical need; they report that rural residence, female 
gender, and older age were all associated with increased hos-
pitalisation [35].

Repeated studies confirm an extremely high risk of dis-
ease within Australian Aboriginal, New Zealand Māori, and 
Pacific ethnicities. Reasons for this are not fully understood. 
Despite residing in generally well-resourced regions, these 
communities experience poorer health outcomes driven by 
inequitable access to healthcare and economic disparity. 
Socioeconomic factors in New Zealand were explored by 
Hunter and Baker looking specifically at deprivation index 
and distance from tertiary care [32]. A higher deprivation 
index was associated with development of septic arthritis, 
and the majority of NZ Māori and Pacific patients were 
in the most deprived deciles. Some of these patients also 
experience more skin and soft tissue infection (SSTI) [60]. 
Brischetto et al.’s cohort study from northern Australia high-
lighted the endemic nature of impetigo among Australian 
indigenous children (up to 70%) [30]. This paper suggests 
haematogenous seeding from skin sores as pathogenesis of 
disease. Although genetic predisposition to infection has 
been hypothesised as a reason for worse disease burden, 
there is to date no analysis showing a relationship between 
genetic makeup and development of BJI for indigenous 
communities.

It is unclear whether higher disease prevalence is associ-
ated with pathogen type. Regions with greater prevalence of 
childhood BJI, such as Australian and New Zealand indig-
enous communities, have S. aureus as the primary patho-
gen [30, 32]. In contrast, MRSA causes significant disease 
in parts of the US but is almost absent from cases of BJI 
in New Zealand [17, 32]. Regions with severe disease in 
the South Pacific also see high rates of the S. aureus PVL 
virulence factor [28, 61]. Further investigation into regional 
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S. aureus virulence factors may shed light on the disparate 
burden of disease experienced by these communities.

Weaknesses of this systematic review include study 
heterogeneity and limited outcome reporting. Limitations 
for outcome reporting in developing countries reduced the 
quality of publications. This reflects socioeconomic barri-
ers to data collection and patient follow-up. Prohibitive cost 
reduces healthcare delivery for many of these centres, such 
as the lack of modern culture techniques and PCR prevent-
ing identification of pathogens. Rigorous exclusion of these 
publications creates selection bias where only disease pat-
terns from the West are routinely analysed.

Conclusion

Literature detailing incidence of childhood BJI is dispropor-
tionately focussed on Western disease patterns. There is a 
paucity of high-quality publications in the developing world. 
Despite these limitations, global trends in burden of disease 
show race-related inequitable risk of BJI. The temporal and 
regional variation in bacteriology can be demonstrated. K. 
kingae and MRSA are of increasing importance across mul-
tiple studies.
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