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Abstract

Introduction. Osteoarticular infections (Ol) in children cause considerable morbidity with associated long-lasting
sequelae. Comprehensive clinical and microbiological data in Mongolian children are missing. Objectives. To
generate epidemiological, clinical and microbiological data on osteoarticular infections (Ol) in Mongolian children
after the introduction of a standardized management protocol. Methods. A prospective study was done between
2019 and 2022 at the only tertiary pediatric hospital in Mongolia. Results. Forty-two children presented with
septic arthritis (SA), 6 with osteomyelitis (OM) and 23 with combined SA and OM. Newborns and young infants
(=3 months) comprised 38.%. A causative organism was identified in 38 children: Staphylococcus aureus (n=31),
Klebsiella spp (n=3), Enterobacter spp (n=2), Enterobacter spp + Klebsiella spp (n=1) and Candida albicans (n=1).
Five children (7%) had sequelae. Mongolian children with Ol were younger compared to other cohorts. Conclusion.
A standardized protocol for the management of Ol in children was taken up well by the patients and treating staff
leading to improved pathogen detection, facilitating antimicrobial stewardship in the future.
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regimen and duration. Incidence rates of SA or OM are
so far best studied in high-resource settings ranging
from 1 to 15 per 100,000.* Studies looking at SA in low
resource settings are scarce but suggest potentially
higher incidence rates of up to 20 per 100000 in Africa.’

Introduction

Osteoarticular infections (OI) require hospitalization
and can be associated with significant morbidities and
long-lasting sequelae in children. OI may manifest as
osteomyelitis (OM), septic arthritis (SA) or a combina-
tion of OM and SA depending on the anatomic localiza-

tion of the infection and age. The majority of SA and
OM are pyogenic infections. They may also be related to
atypical pathogens. Children below the age of 6years
are more commonly affected.! In older children, clinical
symptoms are helpful for the diagnosis however in neo-
nates and infants the diagnosis may be challenging as
clinical presentation is often non-specific. Early recog-
nition of the disease is particularly important as missed
or delayed diagnosis is associated with dissemination
and multifocal osteomyelitis, joint destruction, and
long-term sequelae.>* In addition, bacteriological con-
firmation including antibiotic sensitivity testing is criti-
cal for the choice of the optimal antibiotic treatment
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Data on incidence rates of OI in central and East Asia
are very limited and the disease is likely underdiagnosed
and underreported because of limited available microbi-
ology facilities and management resources.® The
Ministry of Health of Mongolia has been collaborating
with the Swiss Mongolian Pediatric Project (SMOPP)’
and implementing state-of-the-art hip sonography
screening and preventive treatment for developmental
dysplasia of the hip in neonates since 2009.% Experience
from this project show a high number of pathological
hip joints unlikely to be related to primary developmen-
tal dysplasia. It was therefore hypothesized that these
may be sequelae of former inadequately diagnosed and
treated OI. Furthermore, specific data on pediatric OI
from Mongolia, are not available and pathogen detec-
tion was limited. The aim of this study was therefore to
investigate the uptake and outcomes of the use of a stan-
dardized process for pathogen detection, sensitivity test-
ing (disk diffusion) and antimicrobial management in
children with OI in Mongolia.

Methods

Study Settings

The National Centre for Maternal and Child Health
(NCMCH) is a governmental, tertiary care children’s hos-
pital in Ulaanbaatar, Mongolia. The hospital has 424 bud-
geted beds and is responsible for pediatric and pediatric
surgical services in the country with 28 subspecialty
departments. It provides treatment for approximately
40000 inpatients and an average 175000 outpatients per
year. Departments recruiting and managing Ol patients are
emergency, general pediatric, surgery, pediatric and neo-
natal intensive care, and the outpatient departments. The
hospital has a radiology department and a central labora-
tory that includes hematology, biochemistry, and microbi-
ology. The latter is equipped with a Bactec® blood culture
analysis instrument, which was however not routinely
used for pathogen detection of OI prior to this study.

Ethical Approval

The study protocol was reviewed and approved by the
Institutional Review Board at the National Center for
Maternal and Child Health (04/2020) and the Ethical
Review Committee of Ministry of Health, Mongolia
(152/2020). Written informed consent was obtained
from the parents of each child prior to participation.

Study Design and Participants

This was a prospective intervention study using a stan-
dardized operating procedure (SOP) with OI diagnostic

and treatment algorithms that was developed together
with the local team (Supplement 1). The study recruited
patients treated for O at NCMCH between 1* September
2019 and 1* September 2022.

Based on prior in-house statistical analyses for the
management of children with OI, an unfavorable out-
come rate was 20%. With the proposed intervention, we
anticipated a 10% reduction in this unfavorable outcome
rate. Power calculations (Stata: power oneproportion)
determined that at least 86 subjects were required to
detect a change in the proportion from 0.2 to 0.1, with
80% power, using a 5% significance level and a two-
sided test.

Inclusion criteria for children aged 4months —
18 years were: clinical suspicion of OI based on two or
more of the following signs and symptoms: (a) fever
(=38.0°C), (b) soft tissue redness or swelling of joint or
limb, (c) pain on movement or limited range or loss of
movement, and (d) limp or non-weight bearing or refusal
to walk.

Inclusion criteria for neonates/infants aged 0 to
3 months were: clinical suspicion based on one or more
of the following signs and symptoms: (a) soft tissue red-
ness or swelling of joint or limb, (b) diminished sponta-
neous movement of extremity and (c) handling
discomfort/ irritability when touched, and (d) joint effu-
sion on sonography. Predefined exclusion criteria for
study participation were: children with known immuno-
deficiency or oncological diagnosis, unwilling to give
informed consent or absence of a guardian for children
under 14 years to give informed consent.

Diagnostic and Treatment Protocol

The standardized operating procedure for diagnosis,
treatment and follow-up of OI was available for trained
research and clinical staff involved in the study. Parent
information hand-out (Mongolian language) was given
to the screened study participants.

All children had an inclusion visit at baseline and four
predefined follow-up data collection visits at days 4, 14,
28 and 90 (Supplement 2). At baseline the patient’s his-
tory, signs and symptoms were recorded on the clinical
report form. Routine laboratory investigations included
hemoglobin, white blood cell count (WBC), erythrocyte
sedimentation rate (ESR) and C-reactive protein (CRP)
and blood culture using Bactec® blood culture bottles
(BD Bactec™ Peds Plus™ Medium) and conventional
agar plate method. Plain radiography of the affected area
was performed if OM was suspected. Sonography was
performed to identify arthritis signs and effusion in
affected joints. Moreover, in order to detect a sublux-
ation/dislocation of the hip due to a large effusion the
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Graf’s method of hip ultrasound for <24 months old chil-
dren was performed.

Microbiological Diagnosis

If effusion was detected (defined as the distance femoral
cortex to hip capsule>5mm or >2mm difference of
distance compared to unaffected side), sonography-
guided aspiration of joint fluid was performed. If OM
was suspected bone aspiration was performed by a pedi-
atric surgeon. Samples (joint fluid and/or bone aspirate)
if possible and depending amount were aliquotted in the
following priority (1) 1ml into Bactec® blood culture
bottles and (2) 1 ml into sterile containers for conven-
tional agar plate culture methods and transferred to the
microbiology laboratory at NCMCH. The Bactec® bot-
tles containing the aspirated synovial fluid or aspirated
bone fluid were incubated in the Bactec 9240 system for
up to Sdays. Sensitivity testing disk diffusion method of
Clinical Laboratory Standards Institute (CLSI) was done
with 15 antibacterials (amoxicillin, ampicillin - sulbac-
tam, ceftriaxone, clindamycin, azithromycin, cefotax-
ime, vancomycin, ceftazidime, erythromycin,
ciprofloxacin, chloramphenicol, cefazolin, clarithromy-
cin, lincomycin, and meropenem).

Antibiotic Treatment

The empirical treatment regimen for infants 0 to
3 months of ages was intravenous amoxicillin plus gen-
tamicin; and for children 4 months — 18 years a first-gen-
eration cephalosporin (cefazolin) plus gentamicin.
Second line antibiotics were used if the following crite-
ria were met: (a) adjustment according to antibiotic sus-
ceptibility testing, (b) no improvement of symptoms
(inflammation and pain, range of movement), (c) refer-
ral cases from rural hospitals where first line antibiotics
had already been started. Second line parenteral antibi-
otic regimen included: third generation cephalosporin
(cefotaxime, ceftriaxone or ceftazidime). The empiric
antibiotic treatment was adjusted according to pathogen
and its antibiotic susceptibility profile. Depending on
antibiotic susceptibility testing the following further
antibiotics were available for treatment: vancomycin,
lincomycin, meropenem and ampicillin — sulbactam etc.

Children 0 to 3months were treated intravenously
without  switching to an  oral treatment.
Children =4 months were switched to an oral antibiotic
according to SOP (Supplement 1) if the following crite-
ria were met: (a) improvement of symptoms, with
decreased inflammation and pain, (b) afebrile or
decreased body temperature for 24-48 hours, (c) decrease
in CRP by at least 30% from maximum value, (d) no

signs of complications, such as endocarditis, pneumo-
nia, septic thrombosis etc. or (¢) absence of rare patho-
gens (eg, Salmonella sp) or resistant pathogens,
methicillin resistant S. aureus (MRSA).

Data Collection and Definitions

A paper-based case report form was used to collect data
which was then entered by the local team into a central
trial database (secuTrial® interActive Systems GmbH,
Berlin, Germany) hosted by the clinical trials unit in
Lucerne, Switzerland.

Statistical Analysis

Continuous variables are expressed as means and stan-
dard deviations or as medians with interquartile ranges
as appropriate and categorical variables are expressed as
percentages. Categorical data were analyzed using the
chi-square test or nonparametric test (Fisher’s Exact
test). Comparative analyses of descriptive and inferen-
tial data were performed using Student’s t-test or Mann-
Whitney U-test.

Results

Patients’ Characteristics

All OI (OM and or SA) patients presented during the
study period were screened for potential inclusion of
which all (n=71) agreed to take part in the study. The
median (Interquartile range- IQR) age at diagnosis in
was 26.3 (0.9-85.0) months and 36 children (50.7%)
were female. A total of 42 (59.1%) children presented
with septic arthritis (SA), 6 (8.5%) with osteomyelitis
(OM) and 23 (32.4%) with SA associated with OM
(SA + OM). A complete set of follow-up data (at 90 days
follow-up visit) were available in 70 (98.6%) children
(further baseline characteristics are shown in Table 1.

Underlying Conditions and Potential Risk
Factors

The most commonly noted underlying conditions and
potential risk factors for the infants aged 0 to 3 months
were intravenous access prior to admission (23/27;
85.2%) and preterm birth (13/27; 48.2). For infants and
children aged 4 months to 4 years the majority had dental
caries (13/18; 72.2%) and respiratory tract infections
(6/18; 33.3%). For patients aged =5 years dental caries
(16/26; 61.5%) and minor trauma (9/26, 34.6%) were
the most prevalent conditions and potential risk factors.
Further details can are summarized in Table 2.
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Table I. Baseline Characteristics of Included Children.

Variables Number (%)
Age
Age at diagnosis in month (median)* 26.3 (0.9-85.0)
Mean age at diagnosis 489 6.6
Neonates 0-28 days 19 (26.8)
Infants 29 days — 3 months 8 (11.3)
Infants and children 4 months — 4years 18 (25.3)
Children 5-12years 21 (29.6)
Children 13-18years 5(7.0)
Sex
Male 35 (49.3)
Female 36 (50.7)
Birth history
Preterm birth 17 (23.9)
Type of osteoarticular infection (Ol)
Septic arthritis (SA) 42 (59.1)
Osteomyelitis (OM) 6 (8.5)
Septic arthritis (SA) and osteomyelitis 23 (32.4)
(OM)
Health care access
Referral from other hospital 14 (19.7)
Direct presentation 57 (80.3)
Residence
Ulaanbaatar 39 (54.9)
Rural 32 (45.1)

*Data presented as median (interquartile range).

Clinical Manifestations

Of all patients 15.5% (11/71) had symptoms for more
than 7 days before admission. The most common symp-
toms were movement restriction/reduced function/
mobility (92.9%), fever (71.8%), joint swelling (70.4),
pain (46.5%). For OM the femur was the most affected
bone (16/29; 55.2%). Multifocal OM sites were identi-
fied in 3 (3/29; 10.3%) children. Children with SA pre-
dominantly showed infections of the hip (29/65; 44.6%)
and the knees (16/65; 24.6%). Multifocal SA sites were
identified in 5 children (7.7%). The clinical manifesta-
tion in the different age groups is summarized in Table
3. Osteomyelitis mainly affected the femur in all age
groups. Patients with SA predominantly showed infec-
tions of the hip in the neonates and the 1 to 3 months age
groups while infections of knee was prevalent in older
age groups (Supplement 3).

Microbiology Data

A causative pathogen from blood culture was identified
in 7/71 (9.9%) by the conventional agar method and in
9/71 (12.7%) using Bactec® culture methods. From the
joint or bone aspirates conventional methods detected a

pathogen in 28/71 (39.4%)) and via Bactec® culture in
38/71 (53.5%). The most common identified pathogen
was Staphylococcus aureus 31/38 (81.6%). Out of these
MSSA were detected in 6/31 (19.4%) while MRSA were
detected in 25/31 (80.6%) and multi-drug resistance in
4/71(5.6%; Table 4). Of the three cases with multifocal
OM sites, one case was caused by MRSA and two cases
caused by Klebsiella spp.

Radiological Findings

Sonography was abnormal in 90% of all cases: edema of
soft tissue and synovial thickening 64/71 (90.1%), joint
effusion 63/71 (88.7%) and hyperechogenicity of the
surrounding soft tissues 47/71 (66.2%). At the admis-
sion, plain radiographs were performed in 33 OM sus-
pected cases and the most common findings were
swelling soft tissue (100%), enlargement of joint cavity
(46.5%) Osteolytic lesions in bones and bone destruc-
tion (40.8%) and periosteal reaction/apposition (40.8%).
Plain radiographs were abnormal in 37/71 (52.1%) chil-
dren at the day 14 follow-up examination (Table 5). The
findings were consistent with osteomyelitis and the
osteolytic lesions and periosteal apposition were the
most common signs in OM cases. At day 90 follow-up
control, 5 children had sequelae (Supplement 4).

In 34 cases (0-24 month old children) a hip sonogra-
phy by Graf method was done. A total of 9/34 (26.5%)
children had an abnormal a hip sonography (Type C and
Type D) and were treated with a hip flexion and abduc-
tion orthosis (Tubingen); but in two cases developed
femoral head necrosis due to OI.

Management

Compared to older patients, neonates and young infant
children (1-3months) had longer hospital stays. The
median (IQR) duration of intravenous antibiotic therapy
was 28 (26-28) days in neonates and 28 (28-28) in 1-3
month age group as indicated in the SOP (Supplement 1).
In older age groups, the median duration of intravenous
antibiotic therapy was 9 to 12days, followed by 14 day-
oral antibiotics for SA and 21 day-oral antibiotics for OM
or SA+OM. Clindamycin was the most frequently
(27/71; 38.0%) administered empiric antibiotic followed
by Cephazolin + Gentamicin (21/71, 29.6%) and
Amoxicillin + Gentamicin (12/71; 16.9%). Meropenem
(2/71, 2.8%) and others (ampicillin + sulbactam; 2/71,
2.8%) were also administered in those who did not
improve despite empirical antibiotic therapy. Needle
aspiration only and joint drainage were performed in
27/71 (38.0%) and 14/71 (19.7%) patients, respectively.
Open surgery was performed in 37/71 (52.1%) patients
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Table 2. Underlying Conditions and Potential Risk Factors.

All age 4 months
groups 0-3 months —4years =5 years

Variables n (%) n (%) n (%) n (%)
Total 71 (100) 27 (38) 18 (25) 26 (37)
Underlying conditions related to birth

Preterm birth 17 (23.9) 13 (48.2) 2(11.1) 2(7.7)

Congenital abnormality 6 (8.4) 6(22.2) - -

Birth trauma 2 (2.8) 2 (74) - -
Concomitant infection

Respiratory tract infection 14 (19.7) 7 (25.9) 6(33.3) 1 (3.8)

Sepsis 8 (11.3) 8 (29.6) - -

Urinary tract infection 5(7.0) - - 5(19.2)

Respiratory distress 4 (5.6) 4(14.8) - -
Interventions

Intravenous access prior to admission (peripheral or central) 30 (42.5) 23 (85.2) 4 (22.2) 3 (11.5)

Surgical, soft tissue wounds Il (15.5) 3(11.1) 1 (5.6) 7 (26.9)

Intravenous line infection 10 (14.1) 8 (29.6) 2 (11.1) -
Others

Dental caries 29 (40.8) - 13(72.2) 16 (61.5)

Minor trauma Il (15.5) - 2(11.1) 9 (34.6)

Inflamed skin (burn or atopic dermatitis) 5(7.0) - 5(27.8) -
Number of underlying conditions

None 7 (9.9) 1 (3.7) 2(11.1) 4 (15.4)

I 16 (22.5) 3(1LD) 5(27.8) 8 (30.8)

2 18 (25.3) 5 (18.5) 6 (33.3) 7 (26.9)

=3 30 (42.3) 18 (66.7) 5(27.8) 7 (26.9)

Data presented as median (interquartile range).

(6 children with OM and 17 with SA, 14 with SA and
OM association) underwent surgery. One patient died
after discharge and returning back at home in a rural area
from pneumonia before “Day 28 follow-up visit.”
Evaluation of the radiology findings at the last follow-up
at day 90 showed good outcome in 65/70 (93%) and long
term changes in 5/70 (7.1%; Table 6). Younger children
(P=.0075), a positive culture (P=.0061), combined
underlying conditions (P =.0034) and delay in diagnosis
(P=.0119) were associated with an unfavorable outcome
(Supplemental Table 4).

Discussion

This is the first study to prospectively assess the manage-
ment of OI in Mongolian children. It includes diagnostic,
microbiologic, treatment and outcome data following the
implementation of a standardized management protocol,
as well as the introduction an automated pathogen detec-
tion system (Bactec®). The adoption of the standardized
diagnostic and treatment approach was excellent among
healthcare providers and patients and their families.
Newborns and infants = 3 months represented the largest
proportion of patients in our study cohort. This differs

from reports in studies conducted in European countries,
where this age group accounts for only 3% to 9% of all
cases.”!" Similarly, the mean age at diagnosis of OI of
our cohort was 4.lyears (median age 26.3 months),
which is lower than that reported in other cohorts: 6.6 in
Brasil,'' 12.8 in India'? and 4.2 years in Belgium.'* The
lower median age and higher proportion of newborns and
infants in our study may be due to increased exposure to
pathogens, likely resulting from limited hygiene, poor
nutritional conditions, and suboptimal healthcare quality.
In Mongolia, neonatal sepsis is common, and deaths due
to neonatal sepsis increased from 3.2% (21/647) in
2017% to 4.6% (27/591) in 2021.'* This increase may be
a result of prolonged intravenous access, raising the risk
of bacterial dissemination, and increasing the likelihood
of improper handling of intravenous catheters during
both placement and use.

More than half of the patients were diagnosed with
SA, the hip being the most affected joint.

The predominance of septic arthritis (59.1%)
observed in our cohort aligns with findings from simi-
lar-sized tertiary care referral hospitals, where septic
arthritis accounts for 45% to 66% of all osteoarticular
infections (OI).""!3 In these settings, 45% to 66% of OI
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Table 4. Microbiology and Distribution of pathogens.
Conventional culture Bactec® culture
Joint/bone Joint/
Blood aspirate Blood boneaspirate
N=71 N=71 N=71 N=71
Variables n (%) n (%) n (%) n (%)
Bacteriology
Negative 64 (90.1) 43 (60.6) 62 (87.3) 33 (46.5)
Positive 7 (9.9) 28 (39.4) 9 (12.7) 38 (53.5)
Identified bacteria
MSSA 1 (1.4) 5(7.0) 3(4.2) 6 (8.4)
MRSA 3(4.2) 19 (23.9) 3(4.2) 25 (32.4)
Kiebsiella spp 2 (2.8) 2(28) 342
Enterobacter spp I (1.4) 2 (2.8) I (1.4) 2 (2.8)
Candida albicans - 1(1.4) - I (1.4)
Enterobacter spp+ - 1(1.4) - I (1.4)
Table 5. Radiological Findings in Ol.
All SA OM SA +OM
N=71 N=42 N=6 N=23
Findings n (%) n (%) n (%) n (%)
X-ray examination findings at admission (in OM suspected cases, n=33)
Swelling soft tissue 33 (100) 7 (21.0) 6 (100) 20 (87.0)
Enlargement of joint cavity 30 (46.5) 7 (23.8) 6 (100) 17 (73.9)
Osteolytic lesions in bones 29 (40.8) - 6 (100) 23 (100)
Bone destruction and periosteal reaction/apposition 29 (40.8) - 6 (100) 23 (100)
Bending of bone 23 (36.6) - 5 (100) 18 (87)
Multiple areas of bone destruction and rarefaction 15 (21.1) - 3 (50.0) 12 (52.2)
Diffuse calcifications within the soft tissue 7 (23.9) - 2 (333) 5 (65.2)
Sonography findings at admission
Edema of soft tissue and synovial thickening 64 (90.1) 39 (92.8) 4 (66.7) 21 (91.3)
Hypo/Hyper-echonic increased joint effusion (with/without fluid 63 (88.7) 38 (90.5) 5(83.3) 20 (86.9)
debris)
Hypoechoic irregularity of bone surface 29 (40.8) 6 (14.3) 5(83.3) 18 (78.3)
Hyperechogenicity of the surrounding soft tissues 47 (66.2) 21(50.0) 5(83.3) 21 (91.3)
Hypoechoic areas over irregular bone surface with single 17 (23.9) - 4 (66.7) 13 (56.5)
hyperechoic fibrotic formation above
Joint effusion with periarticular soft tissue abscess formations 22 (31.0) - 3 (50.0) 19 (82.6)
Hyperechoic band like linear hyperdensity (periosteal thickening) 29 (40.8) - 6 (100) 18 (78.3)
X-ray examination findings at Day 14 follow-up
Swelling soft tissue 37 (52.1) 13 (31.0) 6 (100) 20 (87.0)
Enlargement of joint cavity 33 (46.5) 10 (23.8) 6 (100) 17 (73.9)
Osteolytic lesions in bones 29 (40.8) - 6 (100) 23 (100)
Bone destruction and periosteal reaction/apposition 29 (40.8) - 6 (100) 23 (100)
Bending of bone 26 (36.6) - 6 (100) 20 (87)
Multiple areas of bone destruction and rarefaction 15 21.1) - 3 (50.0) 12 (52.2)
Diffuse calcifications within the soft tissue 17 (23.9) - 2 (33.3) 15 (65.2)
X-ray examination findings at Day 90 follow-up
Osteolytic lesions with sclerotic rim 2 (2.8) - 1 (16.6) 1 (4.3)
Fistulous tract 2 (2.8) - - 2 (8.7)
Bony sequestrum 2(2.8) - - 2 (8.7)
Bone destruction and periosteal thickening I (1.4) - - 1 (4.3)
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Table 6. Ol Management.
Neonates  29days - 4 months -
All 0-28days 3 months 4years 5-12years 13-18years
n=7I n=19 n=8 n=18 n=21 n=>5

Variables n (%) n (%) n (%) n (%) n (%) n (%)
Form of osteoarticular infection

SA 42 (59.2) 11 (57.9) 2 (25.0) 13 (72.2) 14 (66.7) 2 (40.0)

OM 6 (8.4) - - 1 (5.6) 4 (19.1) 1 (20.0)

SA+OM 23 (32.4) 8 (42.1) 6 (75.0) 4(22.2) 3(14.3) 2 (40.0)
Treatment

Patients admitted to NICU/PICU 13 (21.1) 6 (31.6) 3 (37.5) - 2 (9.5) 2 (40.0)

Hospitalization days* 16 (10-29) 29 (27-29) 29 (29-29) 10 (9-15) 10 (9-14) 15 (12-19)

IV antibiotic therapy days* 15(9-28) 28 (26-28) 28 (28-28) 9 (8-14) 9(8-11) 12(11-18)

Antibiotic change according to microbiology 37 (52.1) 9 (47.4) 5 (62.5) 12 (66.7) 8 (31.8) 3 (60.0)
Empiric antibiotics

Amoxicillin + Gentamicin 12 (16.9) 9 (47.4) 3 (37.5) - - -

Cefazolin + Gentamicin. 21 (29.6) - - 6 (33.3) 13 (61.9) 2 (40.0)

Third generation cephalosporin (cefotaxime, 7 (9.9) 3(15.8) - 3(16.7) | (4.8) -

ceftriaxone or ceftazidime).

Meropenem 2 (2.8) 1 (5.3) - - - 1 (20.0)

Clindamycin 27 (38.0) 6 (31.5) 5 (62.5) 8 (44.4) 6 (28.6) 2 (40.0)

Others (ampicillin + sulbactam) 2 (2.8) - - 1 (5.6) | (4.8) -
Treatment

Surgical treatment 37 (52.1) 7 (36.8) 2 (25.0) 12 (66.7) 13 (61.9) 3 (60.0)

Needle aspiration only 27 (38.0) 6 (31.6) 4 (50.0) 7 (38.9) 8 (38.1) 2 (40.0)

Incision and drainage 14 (19.7) 6 (31.6) 2 (25.0) 2(11.1) 3(14.3) 1 (20.0)

Tubinger 9 (12.7) 6 (31.6) 3 (37.5) - - -

*Data presented as median (interquartile range).

cases are classified as septic arthritis. However, other
studies from India,'> Cambodia® and Europe'’ have
shown a higher prevalence of osteomyelitis. In younger
children, concomitant infections of joints and bones are
common due to transphyseal blood vessels.'” In our
cohort, 51.8% (14/27) of children aged 0 to 3 months
had concurrent infections of both joints and bones. SA,
especially in young children, may be associated with a
large effusion which may predispose to subluxation and
dislocation of the hip. If it is not recognized and treated
immediately, it may lead to destruction of the femoral
head and subluxation or dislocation of the hip.'>!® In our
cohort, 9 cases involved children under 24 months who
developed hip subluxation due to significant hip joint
effusion. A retrospective study of 14 septic joints in chil-
dren under 3 months of age reported hip subluxation or
dislocation in 2 out of 3 affected hips.!”

Reviewing microbiology of our cohort, almost half of
the cases were culture negative. This is comparable to other
studies where the culture negative rate is around 30% to
50% with conventional methods.'®?° To increase the yield
of pathogen detection, we used haemoculture flasks
(Bactec®) to culture joint and bone aspirates. The added

value of Bactec® culture system was shown by 3% to 15%
more pathogens being detected in blood and from joint/
bone specimens respectively, compared to conventional
culture. This increase is also demonstrated in other studies
showing the superiorty of the Bactec® system for the detec-
tion of clinically significant microorganisms in synovial
fluid specimens.?'?* Staphylococcus aureus was the most
found pathogen in our cohort with MRSA accounting for
80.6% (25/31). This is in line with other studies in different
countries showing consistently S. aureus being the most
common causative bacterium of OI including Japan® and
China.?* Moreover, in our study, MRSA was the predomi-
nant agent in older children like other studies.?>?° In OI
studies in children, K. kingae plays an important role as
causative pathogen.'®>>?” In our cohort K. kingae was not
detected, likely as a result of the difficulty of culturing this
fastidious pathogen and as no PCR was available for detec-
tion. With this diagnostic innovation future studies will be
able to report the frequency of K. kingae associated OI also
in Mongolian children.

In Mongolia, data on antibiotic susceptibility is lim-
ited. A retrospective study including of 11889 gram-
positive isolates of specimens submitted to the
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microbiology laboratory at NCMCH in 2019 concluded
that compared with published studies from neighboring
nations, the rates of antimicrobial resistance among
gram positive isolates at NCMCH, particularly with
respect to S. aureus and S. pneumoniae, were much
higher and multidrug-resistance among E. coli,
Enterobacter spp and Klebsiella spp increased.’®?
These results could be explained by the high consump-
tion of antibiotics in the country. In a community-based
survey, over 70% of children had received antibiotics in
the preceding 6 months, more than half of which had not
been prescribed by a healthcare professional.** In 2018,
the WHO released its first global report on the consump-
tion and use of antibiotics, and Mongolia was the coun-
try with the highest consumption among the six Western
Pacific Region countries that submitted the data.’!

Imaging techniques performed to diagnose OM in
other studies were mainly MRI and bone scan, with a
high yield for both diagnostic tools (around 94%).%
Although arthrocentesis has a therapeutic aim in SA, the
need for a bone aspiration for a suspected uncompli-
cated OM is more controversial because this procedure
does not seem to affect the outcome. In our study cohort,
more than half of patients received orthopedic opera-
tions: in children suffering from OM, operations were
performed in almost two-thirds of cases and in SA in
40.5%. Studies on pediatric OI reported that SA and OM
mortality had decreased significantly due to improved
diagnosis and treatment in the last two decades.
However, despite this long-term consequences are still
present.’? The rate of sequelae in developed countries is
low: for example, in Spain, with early diagnosis, it
ranges between 5% and 10%.%3 A cross sectional study
in Switzerland revealed objective sequelae of OI in
12%.? In countries with limited resources and delayed
treatment, sequelac may be much more frequent. In
some studies, the incidence of permanent sequelac was
reported in up to 50% of cases.**3¢ In our study cohort at
the time of last follow-up at 90 days after admission, the
rate was however low.

This study had some limitations, including the lim-
ited number of participants, the absence of a control
group of patients who received conventional services of
OI management.

Conclusions

A standardized protocol of diagnosis and treatment was
taken up well by the patients and treating staff and led to
improved pathogen detection. In the Mongolian setting
children with OI are younger compared to other cohorts
and this may be linked to higher prevalence of neonatal
sepsis and management thereof. Having faster and more

sensitive methods of pathogen detection (for eg, PCR
detection) may facilitate further optimized antimicrobial
management and reduce the burden of prolonged broad
antimicrobial treatment, leading to increase of resistant
rates.

Acknowledgments

We thank the members of the study group for their contribu-
tions to the study and all the participating families. We would
like to acknowledge the Swiss Mongolian Pediatric Project
(SMOPP) team, in particular Thomas Baumann and Raoul
Schmidt who enabled the research collaboration, fostered the
idea, enlarged the SMOPP team with pediatric infectious dis-
eases specialists.

Contributors Statement

Michael Buettcher, Nicole Ritz and Bayalag Munkhuu
designed the study. Michael Buettcher wrote the study proto-
col. The final study protocol was reviewed by Nicole Ritz,
Bayalag Munkhuu and Stefan Essig. Munkhtulga Ulziibat,
Uuganbayar Altankhuyag, Battulga Chuluunbaatar, Zorigt-
baatar Mikhlay, Chimgee Sharav, Sarantsetseg Bira conducted
and supervised the study. Munkhtulga Ulziibat and Stefan
Essig conducted statistical analyses. Michael Buettcher,
Bayalag Munkhuu, Nicole Ritz, Stefan Essig commented on
analysis and drafting of the manuscript, which was prepared
by Munkhtulga Ulziibat. All authors critically reviewed the
various versions of the manuscripts. All authors approved con-
tent and form of the final manuscript and supplementary data
files.

Data Availability Statement

The datasets generated during and/or analyzed during the cur-
rent study are available from the corresponding author on rea-
sonable request.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) disclosed receipt of the following financial sup-
port for the research, authorship, and/or publication of this
article: Swiss - Mongolian Pediatric Project (SMOPP) sup-
ported the study with a small funding grant.

Ethical Approval

The study protocol was reviewed and approved by the
Institutional Review Board at the National Center for Maternal
and Child Health (04/2020) and the Ethical Review Committee
of Ministry of Health, Mongolia (152/2020). Written informed
consent was obtained from the parents of each child prior to
participation.



10 Global Pediatric Health
ORCID iD 13. Rasmont Q, Yombi JC, Van der Linden D, Docquier PL.
Michael Buetteher (2 https://orcid.org/0000-0001-6086-6162 Osteoarticular infections in Belgian children: a survey of
clinical, biological, radiological and microbiological data.
Acta Orthop Belg. 2008;74(3):374-385.
Supplemental Material 14. NCMCH. Annual Reports of the Maternal and child health
Supplemental material for this article is available online. Surveillance Department. 2017-2021. Ulaanbaatar. 2022.
15. El-Rosasy MA, Ayoub MA. Midterm results of Ilizarov hip
reconstruction for late sequelae of childhood septic arthri-
References tis. Strategies Trauma Limb Reconstr.2014;9(3):149-155.
1. Peltola H, Paakkonen M. Acute osteomyelitis in chil- doi:10.1007/s11751-014-0202-2
dren. N Engl J Med. 2014;370(4):352-360. doi:10.1056/ 16. Kang SN, Sanghera T, Mangwani J, Paterson JM,
NEJMral213956 Ramachandran M. The management of septic arthritis
2. Manz N, Krieg AH, Buettcher M, Ritz N, Heininger U. in children: systematic review of the English language
Long-term outcomes of acute osteoarticular infections literature. J Bone Joint Surg Br. 2009;91(9):1127-1133.
in children. Front Pediatr. 2020;8:587740. doi:10.3389/ doi:10.1302/0301-620X.91B9.22530
fped.2020.587740 17. BonoKT,SamoraJB,Klingele KE. Septicarthritisininfants
3. Manz N, Krieg AH, Heininger U, Ritz N. Evaluation of younger than 3 months: a retrospective review. Orthopedics.
the current use of imaging modalities and pathogen detec- 2015;38(9):e787-e793. doi:10.3928/01477447-20150902
tion in children with acute osteomyelitis and septic arthri- -56
tis. Eur J Pediatr. 2018;177(7):1071-1080. doi:10.1007/ 18. Dodwell ER. Osteomyelitis and septic arthritis in children:
s00431-018-3157-3 current concepts. Curr Opin Pediatr. 2013;25(1):58-63.
4. Chiappini E, MastroliaMV, Galli L, De Martino M, Lazzeri doi:10.1097/MOP.0b013e32835¢2b42
S. Septic arthritis in children in resource limited and non- 19. Goergens E, McEvoy A, Watson M, Barrett 1. Acute
resource limited countries: an update on diagnosis and osteomyelitis and septic arthritis in children. J Paediatr
treatment. Expert Rev Anti-Infect Ther. 2016;14(11):1087- Child Health. 2005;41(1-2):59-62. doi:10.1111/j.1440-
1096. doi:10.1080/14787210.2016.1235973 1754.2005.00538.x
5. Lavy CB. Septic arthritis in western and sub-Saharan 20. Timsit S, Pannier S, Glorion C, Chéron G. [Acute osteo-
African children - a review. Int Orthop. 2007;31(2):137- myelitis and septic arthritis in children: one year expe-
144. doi:10.1007/500264-006-0169-9 rience]. Arch Pediatr. 2005;12(1):16-22. Infections
6. Stoesser N, Pocock J, Moore CE, et al. The epidemiology bacteriennes osteoarticulaires du nourrisson et de I'enfant:
of pediatric bone and joint infections in Cambodia, 2007- experience sur un an doi:10.1016/j.arcped.2004.07.023
11.J Trop Pediatr.2013;59(1):36-42. doi:10.1093/tropej/ 21. Hughes JG, Vetter EA, Patel R, et al. Culture with
fms044 BACTEC Peds Plus/F bottle compared with conven-
7. SIPP. Swiss-Mongolian Paediatric Project. Accessed tional methods for detection of bacteria in synovial fluid.
November 07, 2024. https://www.sipp.swiss/smopp-swiss- J Clin Microbiol. 2001;39(12):4468-4471. doi:10.1128/
mongolian-pediatric-project/ JCM.39.12.4468-4471.2001
8. Ulziibat M, Munkhuu B, Schmid R, Baumann T, Essig 22. Motwani G, Mehta R, Aroojis A, Vaidya S. Current trends
S. Implementation of a nationwide universal ultrasound of microorganisms and their sensitivity pattern in paediat-
screening programme for developmental dysplasia of the ric septic arthritis: a prospective study from tertiary care
neonatal hip in Mongolia. J Child Orthop.2020;14(4):273- level hospital. J Clin Orthop Trauma. 2017;8(1):89-92.
280. doi:10.1302/1863-2548.14.200029 doi:10.1016/j.jc0t.2016.09.001
9. Branco J, Duarte M, Norte S, et al. Osteoarticular infec- 23. Yamagishi Y, Togawa M, Shiomi M. Septic arthritis and
tions in infants under 3 months of age. Pediatr Int. acute hematogenous osteomyelitis in childhood at a ter-
2022;64(1):¢15212. doi:10.1111/ped.15212 tiary hospital in Japan. Pediatr Int. 2009;51(3):371-376.
10. Trobisch A, Schweintzger NA, Kohlfiirst DS, et al. doi:10.1111/5.1442-200X.2008.02740.x
The EUCLIDS consortium. Osteoarticular infections 24. Chen WL, Chang WN, Chen YS, et al. Acute com-
in pediatric hospitals in Europe: a prospective cohort munity-acquired osteoarticular infections in children:
study from the EUCLIDS Consortium. Front Pediatr. high incidence of concomitant bone and joint involve-
2022;10:744182. doi:10.3389/fped.2022.744182 ment. J Microbiol Immunol Infect. 2010;43(4):332-338.
11. Jana Neto FC, Ortega CS, Goiano EDO. Epidemiological doi:10.1016/S1684-1182(10)60051-5
study of osteoarticular infections in children. Acta Ortop 25. Gigante A, Coppa V, Marinelli M, Giampaolini N,
Bras.2018;26(3):201-205. doi:10.1590/1413-785220182 Falcioni D, Specchia N. Acute osteomyelitis and sep-
603145650 tic arthritis in children: a systematic review of system-
12. Ahmad S, Barik S, Mishra D, Omar B, Bhatia M, Singh atic reviews. Eur Rev Med Pharmacol Sci. 2019;23(2
V. Epidemiology of paediatric pyogenic musculoskeletal Suppl):145-158. doi:10.26355/eurrev_201904 17484
infections in a developing country. Sudan J Paediatr. 26. Juchler C, Spyropoulou V, Wagner N, et al. The contempo-

2022;22(1):54-60. doi:10.24911/SJP.106-1616783478

rary bacteriologic epidemiology of osteoarticular infections


https://orcid.org/0000-0001-6086-6162
https://www.sipp.swiss/smopp-swiss-mongolian-pediatric-project/
https://www.sipp.swiss/smopp-swiss-mongolian-pediatric-project/

Ulziibat et al

27.

28.

29.

30.

in children in Switzerland. J Pediatr. 2018;194:190-196.¢1.
doi:10.1016/j.jpeds.2017.11.025

Ceroni D, Kampouroglou G, Valaikaite R, Anderson D,
Salvo D. Osteoarticular infections in young children:
what has changed over the last years? Swiss Med Wkly.
2014;144:w13971. doi:10.4414/smw.2014.13971
Felsenstein S, Bira S, Altanmircheg N, Shonkhuuz E,
Ochirpurev A, Warburton D. Microbiological and sus-
ceptibility profile of clinical gram positive isolates at a
tertiary pediatric and maternity hospital in Ulaanbaatar,
Mongolia. Cent Asian J Glob Health. 2019;8(1):380.
doi:10.5195/cajgh.2019.380

Felsenstein S, Bira S, Altanmircheg N, Shonkuuz E,
Ochirpurev A, Warburton D. Rapid emergence of multi-
drug-resistance among gram negative isolates at a tertiary
pediatric and maternity hospital in Ulaanbaatar, Mongolia.
Cent Asian J Glob Health. 2020;9(1):e371. doi:10.5195/
cajgh.2020.371

Togoobaatar G, Ikeda N, Ali M, et al. Survey of non-
prescribed use of antibiotics for children in an urban
community in Mongolia. Bull World Health Organ.
2010;88(12):930-936. doi:10.2471/BLT.10.079004

31.

32.

33.

34.

35.

36.

WHO. WHO report on surveillance of antibiotic con-
sumption: 2016-2018 early implementation. 2018.
Williamson JB, Galasko CS, Robinson MJ. Outcome after acute
osteomyelitis in preterm infants. Arch Dis Child. 1990;65(10
Spec No):1060-1062. doi:10.1136/adc.65.10_spec_no.1060
Saavedra-Lozano J, Calvo C, Huguet Carol R, et al.
Documento de consenso SEIP-SERPE-SEOP sobre el
tratamiento de la osteomielitis aguda y artritis séptica no
complicadas [SEIP-SERPE-SEOP consensus document
on the treatment of uncomplicated acute osteomyelitis
and septic arthritis]. Anales de Pediatria. 2015;82(4):273.
e1-273.e10. doi:10.1016/j.anpedi.2014.10.005

Berberian G, Firpo V, Soto A, et al. Osteoarthritis in
the neonate: risk factors and outcome. Braz J Infect Dis.
2010;14(4):413-418.

Frederiksen B, Christiansen P, Knudsen FU. Acute
osteomyelitis and septic arthritis in the neonate, risk fac-
tors and outcome. Eur J Pediatr. 1993;152(7):577-580.
doi:10.1007/BF01954084

Padkkonen M, Peltola H. Bone and jointinfections. Pediatr
Clin North Am. 2013;60(2):425-436. doi:10.1016/j.pcl.
2012.12.006



