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of norvancomycin in the management of acute 
hematogenous osteomyelitis in pediatric patients
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Liming Zhang, MSa, Yile Zhao, PhDa,*

Abstract 
This study was designed to investigate the effectiveness, safety, and cost-effectiveness of norvancomycin in the management of 
acute hematogenous osteomyelitis in pediatric patients. We conducted a retrospective study on cases of osteomyelitis in pediatric 
patients treated with norvancomycin or vancomycin at Hebei Children’s Hospital from January 2015 to February 2023. The 
patients were categorized into the norvancomycin group and the vancomycin group. Clinical data regarding efficacy, safety, and 
cost-effectiveness before and after drug treatment were collected for comparative analysis. Each group contained 104 children. 
After 14 days of treatment, there were no statistically significant differences in the incidence of adverse events and efficacy 
indexes between the 2 groups. However, the total hospitalization cost of the norvancomycin group (¥28765.35 ± ¥11835.98) 
was significantly lower than that of the vancomycin group (¥43776.06 ± ¥33365.30) (P = .000). Additionally, compared to the 
vancomycin group, both the clinical efficacy cost ratio (290.44 vs 437.76) and bacteriological clearance cost ratio (356.14 vs 576.30) 
were lower in the norvancomycin group. Norvancomycin demonstrates comparable efficacy to the first-line drug vancomycin in 
treating acute hematogenous osteomyelitis in pediatric patients. Moreover, norvancomycin can significantly mitigate treatment 
expenses and exhibit favorable cost-effectiveness.

Abbreviations: AHO = acute hematogenous osteomyelitis, CRP = C-reactive protein, ESR = erythrocyte sedimentation rate, 
MRSA = methicillin-resistant Staphylococcus aureus, NEUT = neutrophil, PASS = provenance aware storage system, WBC = 
white blood cell.
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1. Introduction
Acute hematogenous osteomyelitis (AHO) occurs when bacteria 
invade bone cells and the extracellular matrix, leading to their 
proliferation. It is typically accompanied by a host inflamma-
tory response, characterized by the onset of symptoms such as 
fever, local erythema, swelling, and tenderness in the affected 
bones within 2 weeks.[1] The disease exhibits an acute onset and 
rapid progression. Failure to administer timely treatment may 
result in bone destruction, epiphyseal irritation, adjacent joint 
infection, and other complications. In severe cases, it can prog-
ress into chronic osteomyelitis, leading to bone defects, limb 

deformities, and sensory disturbances.[2] Studies have shown 
that the prevalence of AHO in children has exhibited a signif-
icant increase in recent years, particularly in developing coun-
tries where the incidence surpasses that observed in developed 
nations. Moreover, there is a higher prevalence among boys and 
younger age groups.[3,4]

The most prevalent etiology of AHO in pediatric patients 
is Staphylococcus aureus, a common gram-positive bacterium 
that serves as a significant pathogen in both human and animal 
populations.[5,6] In recent years, the incidence of methicillin- 
resistant S aureus (MRSA) infection has gradually increased 
due to the growing issue of drug resistance. The proportion 
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of AHO among children infected with MRSA in China ranges 
from 30% to 40%.[7,8] The bacterium S aureus produces a 
toxin known as panton-Valentine leukocidin, which poses 
harm to pediatric patients. MRSA exhibits higher virulence 
and is associated with an increased prevalence of AHO in chil-
dren, presenting challenges for treatment using conventional 
antibiotics.[9]

To date, no vancomycin-resistant MRSA strains have been 
identified, and according to expert consensus, vancomycin is the 
preferred treatment for AHO in children infected with MRSA 
or those with an unknown pathogen but complicated by sep-
sis and a local community MRSA isolation rate of ≥10%.[10] 
However, the high cost of vancomycin poses a significant eco-
nomic burden for families, especially considering that AHO is 
a severe condition requiring prolonged treatment. According to 
the American Pediatric Infectious Diseases Society guidelines, 
children with presumed or proven S aureus-related AHO should 
receive 3 to 4 weeks of antibiotic therapy if their disease course 
is uncomplicated and they respond well to initial treatment.[11]

Norvancomycin, a glycopeptide antibiotic manufactured by 
the North China Pharmaceutical Company, exhibits a compa-
rable antimicrobial spectrum to vancomycin and shares simi-
lar adverse reactions.[12] However, there are some distinctions 
between norvancomycin and vancomycin, such as lower drug 
cost and a variation in molecular structure due to the removal 
of a methyl group. Additionally, norvancomycin may possess 
more potent antimicrobial activity while potentially causing 
less severe side effects.[13] Despite reports suggesting its efficacy 
in treating other MRSA-related conditions such as respiratory 
tract and bloodstream infections,[14–16] as well as its use in chil-
dren with infectious diseases like hematologic malignancies 
and traumatic endophthalmitis,[15,17] limited research has been 
conducted on the effectiveness of norvancomycin in managing 
AHO. However, there is currently no domestic or international 
study evaluating the clinical efficacy, adverse reactions, and eco-
nomic aspects of norvancomycin for treating AHO in children 
infected with MRSA.

2. Materials and methods

2.1. Study patients

The study retrospectively collected data from January 2015 
to February 2023 at Children’s Hospital of Hebei Province, 
focusing on the administration of norvancomycin or vanco-
mycin treatment in children with osteomyelitis. Cases were 
extracted from the provenance aware storage system database. 
This study was conducted in accordance with the principles 
of the Declaration of Helsinki, and the research protocol (No. 
20231173) received approval from the Ethics Committee of 
Hebei Children’s Hospital on January 20, 2023. In addition, 
the retrospective study did not involve additional procedures 
for standardized clinical protocols, and all data were treated 
anonymously, thus patient consent was verbally waived by the 
Ethics Committee of Hebei Children’s Hospital. The database 
was queried using the keywords “norvancomycin” and “osteo-
myelitis” or “vancomycin” and “osteomyelitis.” Inclusion cri-
teria for the study were patients aged between 1 month and 18 
years, who had received intravenous norvancomycin or van-
comycin for a duration of 14 days or more. Exclusion criteria 
included non-AHO cases, concurrent use of both drugs, and 
incomplete data.

2.2. Data collection

We utilized standardized data collection forms to gather med-
ical records. The cases were categorized into 2 groups based 
on the type of drug administered: norvancomycin group and 
vancomycin group. The following information was obtained: 

demographic details, total hospitalization costs, occurrence of 
drug-related adverse reactions during treatment, measurements 
of white blood cell (WBC), neutrophil (NEUT), erythrocyte 
sedimentation rate (ESR), and C-reactive protein (CRP) levels 
before treatment, at 7 days, and at 14 days after treatment. 
Additionally, we assessed disease improvement posttreatment 
and pathogenic bacteria clearance.

2.3. Security analysis

Norvancomycin and vancomycin can potentially induce a 
range of adverse reactions in pediatric patients, including rash, 
diarrhea, renal damage, thrombophlebitis, thrombocytopenia, 
and granulocytopenia.[18–21] In this study, the adverse reactions 
between the 2 groups were subjected to statistical analysis to 
evaluate the safety profile of norvancomycin in children with 
AHO.

2.4. Efficiency analysis

WBC is commonly used as a standard for diagnosing bacterial 
infections, an increase in NEUT may indicate an acute infec-
tion, and elevated ESR typically indicates the formation of an 
abscess. The CRP level is particularly elevated in septic arthritis 
(>100 mg/L), making it the most reliable indicator of a com-
plex disease course and the necessity for prolonged intravenous 
antibiotic therapy. Additionally, CRP has a short half-life (19 
hours), which allows for monitoring of disease response to drug 
therapy.[22–24] The recent literature has reported a sensitivity of 
95% for CRP and 94% for ESR in detecting bone or joint infec-
tion, with a combined sensitivity of these 2 indicators reaching 
98%.[25] Therefore, the evaluation of AHO diagnosis and drug 
treatment efficacy can be facilitated by utilizing WBC, NEUT, 
CRP, and ESR. In this study, the statistical analysis of WBC, 
NEUT, CRP, and ESR levels in both groups of children on the 
7th and 14th day of drug treatment was conducted to assess the 
effectiveness of norvancomycin in pediatric patients with AHO.

2.5. Economic analysis

The costs associated with pharmacoeconomic studies encom-
pass direct costs, indirect costs, and hidden costs. Direct 
costs comprise drug expenses, inspection fees, hospitalization 
charges, comprehensive medical service charges, treatment 
fees, and consumables expenses. Indirect costs include produc-
tivity loss due to absence from work, etc. Hidden costs encom-
pass the emotional distress and physical pain caused by the 
disease, etc. Due to the presence of numerous uncertain factors 
in the latter 2 categories, only direct costs were considered in 
this study.[26] The clinical efficacy cost ratio and bacteriological 
efficacy cost ratio can be utilized to investigate the economic 
aspects of norvancomycin treatment compared to vancomycin 
in managing MRSA infection.[27] The direct cost was assessed 
and the cost ratios (clinical efficacy cost ratio = total cost/
clinical efficacy rate, bacteriological efficacy cost ratio = total 
cost/bacterial clearance rate) were calculated to evaluate the 
economic aspects of norvancomycin in treating children with 
AHO.

2.6. Statistical methods

The clinical data of children with AHO were described by cal-
culating the mean and standard deviation (mean ± SD) or the 
percentage (%). Data analysis was conducted using IBM SPSS 
Statistics 28. Descriptive statistics were applied to the data. 
Categorical variables such as age, sex, disease cure status, bacte-
rial clearance status, and adverse reactions were analyzed using 
Chi-square analysis. Continuous parameter variables including 
body weight, length of stay, medication duration, WBC count, 
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NEUT count, ESR level, CRP level, and total hospital expenses 
were analyzed using the Student t test. Statistical significance 
was considered at a P value <.05.

3. Results
A total of 422 cases were collected from the provenance aware 
storage system database during the study period. Out of these 
cases, 112 cases of chronic osteomyelitis were excluded, leaving 
a remaining 310 cases comprising children with AHO. Children 
with AHO who did not meet the inclusion criteria were fur-
ther excluded: 22 cases had a duration of drug treatment <14 
days, 16 cases were either younger than 1 month or older than 
18 years, 24 cases received nonintravenous drug treatment, 28 
cases were treated with alternating 2 antibiotics, and finally, 12 

cases had incomplete laboratory test results. Consequently, a 
total of 208 children with AHO met the inclusion criteria for 
this study. Based on the type of drug used, these children were 
divided into 2 groups: norvancomycin group and vancomycin 
group, each group consisting of 104 children (Fig. 1).

The baseline data, including age, sex, weight, duration of 
medication, length of hospital stay, WBC, NEUT, ESR, and CRP 
before medication as presented in Table 1, did not exhibit any 
significant differences between the 2 groups.

The incidence of adverse reactions, such as rash, diarrhea, 
renal damage, thrombophlebitis, thrombocytopenia, and gran-
ulocytopenia during the treatment period did not differ signifi-
cantly between the 2 groups, as indicated in Table 2.

After 7 days of treatment, there were no significant differences 
in WBC, ESR, and CRP levels between the 2 groups. NEUT in 
the norvancomycin group (38.41% ± 24.88%) was significantly 

Figure 1. Cases flow diagram of inclusion and exclusion. AHO = acute hematogenous osteomyelitis, PASS = provenance aware storage system.
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lower than that in the vancomycin group (45.21% ± 24.26%) 
(P = .047). There were no significant differences in WBC, NEUT, 
ESR, and CRP levels between the 2 groups after 14 days of 
treatment (Table 3).

The total cost during hospitalization in the norvancomycin 
group (¥28,765.35 ± ¥11,835.98) was significantly lower than 
that in the vancomycin group (¥43,776.06 ± ¥33,365.30), as 
depicted in Figure 2 (P = .000). Compared to the vancomycin 
group, both the clinical efficacy cost ratio (290.44 vs 437.76) 
and bacteriological clearance cost ratio (356.14 vs 576.30) were 
lower in the norvancomycin group, specific data can be found 
in Table 4.

4. Discussion
The data from the China Antimicrobial Resistance Surveillance 
Network revealed that the prevalence of MRSA among chil-
dren in China ranged from 29.3% to 30.9%.[8,28] According 
to the expert consensus on the treatment of AHO in children, 
vancomycin is recommended as the initial choice for treating 
AHO in children who have been diagnosed with MRSA infec-
tion or have an unclear etiology, are complicated with sepsis, 
and reside in a local community where the MRSA isolation rate 
is ≥10%.[10]

The cost of vancomycin is higher, whereas norvancomy-
cin exhibits a comparable antibacterial spectrum at a lower 
expense. The objective of this study is to investigate the safety, 
efficacy, and cost-effectiveness of norvancomycin in the treat-
ment of AHO in pediatric patients. Retrospective collection 
and statistical analysis were conducted on clinical data from 
children with MRSA infection or AHO complicated by sep-
sis of unknown etiology at Hebei Children’s Hospital over the 
past 8 years. The findings revealed that norvancomycin can 
achieve comparable therapeutic outcomes to vancomycin, the 
preferred drug, while avoiding additional adverse reactions 

associated with vancomycin. Furthermore, norvancomycin 
has demonstrated potential for reducing treatment costs and 
alleviating economic burdens on families managing AHO in 
children.

The susceptibility of glycopeptide antibiotics to allergic reac-
tions has been reported, and this finding is supported by the 
higher occurrence of rash and diarrhea in children treated with 
norvancomycin and vancomycin.[18,29] According to the drug 
package insert, vancomycin or norvancomycin may induce 
pseudomembranous enteritis, characterized by symptoms such 
as nausea, vomiting, abdominal pain, and diarrhea. Considering 
the young age of the patients enrolled in this study (with a mean 
age of 4.82 years for children in the vancomycin group and 4.69 
years for children in the norvancomycin group) and their vul-
nerable gastrointestinal function, it is plausible that bacterial or 
viral infections could easily disrupt normal gut function lead-
ing to infectious diarrhea. Therefore, it can be inferred that the 
observed diarrhea in this study might be attributed to infectious 
causes rather than antibiotic-associated diarrhea. In addition, 
the NEUT count of children receiving drug treatment for 7 days 
in the norvancomycin group was significantly lower than that in 
the vancomycin group (P = .047). Furthermore, after a 14-day 
drug treatment, the NEUT count as well as WBC and CRP levels 
were slightly lower in the norvancomycin group compared to 
the vancomycin group. Therefore, it can be inferred that nor-
vancomycin may exhibit greater efficacy than vancomycin in 
treating children with AHO. However, these findings should be 
validated through large-scale prospective clinical trials.

Currently, the Hebei Children’s Hospital procures norvanco-
mycin from North China Pharmaceutical at a unit price of 53.96 
yuan, while vancomycin is sourced from Eli Lilly at a higher 
unit price of 103.99 yuan, approximately twice that of norvan-
comycin. Variations in economic development levels, medical 
resource distribution, regional policies, and drug procurement 
costs may result in slight differences in the unit prices of drugs 
purchased by different healthcare institutions. Consequently, 
disparities in total hospitalization costs for these 2 drugs among 
patients residing in different regions can be expected. Therefore, 
it should be noted that the conclusion drawn from this study 
regarding the cost-effectiveness of norvancomycin compared 
to vancomycin for children with AHO may not be universally 
applicable to other medical institutions; thus necessitating large-
scale multicenter clinical trials for verification.

There were several advantages of our study. First, this is the 
first study to investigate the safety and efficacy of norvanco-
mycin in pediatric patients with AHO. Second, this is the first 
economic study to investigate the utilization of norvancomycin 
in pediatric patients with AHO, thereby providing a theoretical 
foundation for clinicians to identify more cost-effective drugs 
and develop economically viable and safe medication regi-
mens. Third, the sample size of this study is substantial, thereby 
enabling a more accurate reflection of the data’s precision.

Table 1

Baseline characteristics in the vancomycin group and norvancomycin group.

Characteristics Vancomycin group (n = 104) Norvancomycin group (n = 104) T/Chi-square-value P value

Age (yr) 4.82 ± 4.15 4.69 ± 4.13 −0.222 .825
Male/female 55 (52.9)/49 (47.1) 57 (54.8)/47 (45.2) 0.077 .781
Weight (kg) 20.29 ± 14.16 19.58 ± 13.18 −0.373 .710
Duration of medication (d) 16.18 ± 6.55 15.99 ± 5.69 0.226 .821
Length of hospital stay (d) 29.86 ± 11.43 27.57 ± 10.89 −1.479 .141
WBC before medication (×109/L) 16.98 ± 7.13 15.64 ± 7.80 −1.29 .198
NEUT before medication (%) 65.60 ± 22.61 62.20 ± 20.62 −1.135 .258
ESR before medication (mm/h) 42.69 ± 38.27 45.49 ± 39.80 0.515 .607
CRP before medication (mg/L) 81.26 ± 68.70 80.37 ± 65.76 −0.96 .924

Data are presented as mean ± standard deviation or number (%)/number (%).
CRP = C-reactive protein, ESR = erythrocyte sedimentation rate, NEUT = neutrophil, WBC = white blood cell.

Table 2

Comparison of adverse reactions between the vancomycin 
group and norvancomycin group.

Adverse 
reactions

Vancomycin 
group (n = 104)

Norvancomycin 
group (n = 104)

Chi-square 
-value

P 
value

Rash 5 4 0.116 .733
Diarrhea 8 7 0.072 .789
Renal damage 2 2 0.000 1.000
Thrombophlebitis 1 1 0.000 1.000
Thrombocytopenia 0 0 0.000 1.000
Granulocytopenia 2 5 1.330 .249
Total number 18 (17.31) 19 (18.27) 0.033 .856

Data are presented as number or number (%).
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There were some limitations of our study. First, the present 
study is a retrospective analysis conducted at a single center, 
which may introduce certain inherent biases into the obtained 
results. Second, the lack of data on hearing monitoring in 
children precluded the study of norvancomycin ototoxicity in 
pediatric patients with AHO. Third, the imaging examinations, 
such as magnetic resonance imaging and B-ultrasound, were 
not obtained in this study, therefore, only laboratory tests were 
utilized to determine the treatment of the disease. Fourth, the 
study did not include long-term follow-up data to evaluate the 
extended efficacy and adverse effects of norvancomycin in pedi-
atric patients with AHO.

5. Conclusion
The glycopeptide antibiotic norvancomycin can achieve the 
same therapeutic efficacy as the first-line drug vancomycin with-
out increasing the risk of additional adverse reactions. In terms 
of the economy, norvancomycin has demonstrated a significant 
potential for reducing treatment costs associated with AHO in 

children, thereby alleviating the financial burden on their fami-
lies. However, it is important to acknowledge certain limitations 
of this study, including its retrospective analysis at a single cen-
ter and the absence of audiometry and imaging data as well as 
long-term follow-up. Therefore, future multicenter prospective 
randomized controlled trials that provide comprehensive infor-
mation on drug safety, efficacy, and cost-effectiveness are neces-
sary to validate the findings of this study.

Acknowledgments
The authors would like to thank the patients for their contribu-
tion to this study.

Author contributions
Conceptualization: Xueqin Zhang, Yile Zhao.
Funding acquisition: Xueqin Zhang.
Project administration: Xueqin Zhang, Yile Zhao.
Writing—original draft: Xueqin Zhang.

Table 3

Comparison of effectiveness between the vancomycin group and norvancomycin group.

Effectiveness index Vancomycin group (n = 104) Norvancomycin group (n = 104) T/Chi-square-value P value

WBC after 7 d of medication (×109/L) 9.22 ± 5.61 7.87 ± 5.27 −1.794 .074
WBC after 14 d of medication (×109/L) 7.09 ± 4.32 6.59 ± 4.44 −0.823 .412
NEUT after 7 d of medication (%) 45.21 ± 24.26 38.41 ± 24.88 −1.997 .047*
NEUT after 14 d of medication (%) 37.70 ± 23.01 34.75 ± 22.19 −0.938 .349
ESR after 7 d of medication (mm/h) 32.39 ± 32.15 31.00 ± 31.50 −0.314 .754
ESR after 14 d of medication (mm/h) 25.54 ± 25.98 26.80 ± 25.35 0.347 .729
CRP after 7 d of medication (mg/L) 14.57 ± 26.65 9.79 ± 17.93 −1.502 .135
CRP after 14 d of medication (mg/L) 8.66 ± 15.25 5.65 ± 10.30 −1.650 .101
Cases of effective treatment 104 (100) 103 (99.04) 1.005 .316
Cases of bacterial clearance 79 (75.96) 84 (80.77) 0.709 .400

Data are presented as mean ± standard deviation or number (%).
CRP = C-reactive protein, ESR = erythrocyte sedimentation rate, NEUT = neutrophil, WBC = white blood cell.
*Indicates P < .05.

Figure 2. Total cost of treatment for both groups. Data are presented as mean ± standard deviation.

Table 4

Cost-effectiveness ratio between the vancomycin group and norvancomycin group.

Cost (¥)

Clinical Microbiology

Clinical efficacy (%) Clinical efficacy cost ratio Bacteriological clearance (%) Bacteriological clearance cost ratio

Vancomycin group (n = 104) 43776.06 100 437.76 75.96 576.30
Norvancomycin group (n = 104) 28765.35 99.04 290.44 80.77 356.14

Data are presented as mean.



6

Zhang et al. • Medicine (2024) 103:45 Medicine

Writing—review & editing: Xueqin Zhang, Nan Zhang, Yile 
Zhao.

Data curation: Nan Zhang, Xiaohui Chen.
Formal analysis: Yuntao Pei, Xiaohui Chen, Ningning Hu.
Investigation: Yuntao Pei.
Software: Yuntao Pei, Ningning Hu.
Methodology: Liming Zhang.
Validation: Liming Zhang.
Supervision: Yile Zhao.

References
 [1] Funk SS, Copley LA. Acute hematogenous osteomyelitis in children: 

pathogenesis, diagnosis, and treatment. Orthop Clin North Am. 
2017;48:199–208.

 [2] Whyte NS, Bielski RJ. Acute hematogenous osteomyelitis in children. 
Pediatr Ann. 2016;45:e204–8.

 [3] Popescu B, Tevanov I, Carp M, Ulici A. Acute hematogenous osteo-
myelitis in pediatric patients: epidemiology and risk factors of a poor 
outcome. J Int Med Res. 2020;48:1–9.

 [4] McDonald ACE, Julian J, Voss LM, Boyle MJ, Crawford HA. An update 
on pediatric acute hematogenous osteomyelitis in New Zealand—a 
decade on. J Pediatr Orthop. 2023;43:e614–8.

 [5] Agarwal A, Aggarwal AN. Bone and joint infections in children: acute 
hematogenous osteomyelitis. Indian J Pediatr. 2016;83:817–24.

 [6] Chiappini E, Camposampiero C, Lazzeri S, Indolfi G, De Martino M, 
Galli L. Epidemiology and management of acute haematogenous osteo-
myelitis in a tertiary paediatric center. Int J Environ Res Public Health. 
2017;14:477.

 [7] DeRonde KJ, Girotto JE, Nicolau DP. Management of pediatric 
acute hematogenous osteomyelitis, part II: a focus on methicillin- 
resistant Staphylococcus aureus, current and emerging therapies. 
Pharmacotherapy. 2018;38:1021–37.

 [8] Hu F, Guo Y, Yang Y, et al. China Antimicrobial Surveillance Network 
(CHINET) Study Group. Resistance reported from China Antimicrobial 
Surveillance Network (CHINET) in 2018. Eur J Clin Microbiol Infect 
Dis. 2019;38:2275–81.

 [9] Chaouch C, Kacem S, Tilouche L, Ketata S, Bouallegue O, Boujaafar 
N. Panton-Valentine leukocidin-positive osteoarticular infections. Med 
Sante Trop. 2015;25:184–8.

 [10] Subspecialty Group of Infectious Diseases, the Society of Pediatrics, 
Chinese Medical Association; Editorial Board, Chinese Journal of 
Pediatrics. Expert consensus on the management of acute hematoge-
nous osteomyelitis in children. Chin J Pediatr. 2022;60:745–50.

 [11] Woods CR, Bradley JS, Chatterjee A, et al. Clinical practice guideline 
by the Pediatric Infectious Diseases Society and the Infectious Diseases 
Society of America: 2021 guideline on diagnosis and management of 
acute hematogenous osteomyelitis in pediatrics. J Pediatric Infect Dis 
Soc. 2021;10:801–44.

 [12] Li X, Wu Y, Sun S, Wang Q, Zhao Z. Factors influencing norvancomy-
cin concentration in plasma and cerebrospinal fluid in patients after 
craniotomy and dosing guideline: a population approach. Clin Ther. 
2018;40:74–82.e1.

 [13] Li X, Zhang C, Zhao Y, et al. Comparative genomics and transcriptom-
ics analyses provide insights into the high yield and regulatory mecha-
nism of norvancomycin biosynthesis in Amycolatopsis orientalis NCPC 
2-48. Microb Cell Fact. 2021;20:28.

 [14] Li X, Yu S, Cheng Z, et al. Norvancomycin for the treatment of central 
nervous system MRSA infections: a randomized controlled trial. Eur J 
Pharm Sci. 2022;177:106266.

 [15] Wang J, Li SC, Ye Q, et al. Population pharmacokinetics and pharmaco-
dynamics of norvancomycin in children with malignant hematological 
disease. J Clin Pharmacol. 2020;60:1220–30.

 [16] Yang H, Hao Y, Liu Q, et al. Preparation and in vitro study of hydro-
chloric norvancomycin encapsulated poly (d,l-lactide-co-glycolide, 
PLGA) microspheres for potential use in osteomyelitis. Artif Cells 
Nanomed Biotechnol. 2017;45:1326–30.

 [17] Zhou YL, Wang YX, Yao TT, Yang Y, Wang ZY. Traumatic endoph-
thalmitis and the outcome after vitrectomy in young children. Int J 
Ophthalmol. 2020;13:406–11.

 [18] Zang T, Liu B, Ma L, Tang X. A typical case had rare immediate and 
delayed red man syndrome multiple times after norvancomycin injec-
tion: a case report. Medicine (Baltimore). 2022;101:e32047.

 [19] Cardozo M, Parmar AS, Rueda Prada L, Shweta F. A case of oral- 
vancomycin-induced rash in a patient with acute kidney injury. Infect 
Dis Rep. 2023;15:180–7.

 [20] Lagies S, Pichler R, Vladimirov G, et al. Metabolic and lipidomic assess-
ment of kidney cells exposed to nephrotoxic vancomycin dosages. Int J 
Mol Sci. 2021;22:10111.

 [21] Peng Y, Li CY, Yang ZL, Shi W. Adverse reactions of vancomy-
cin in humans: a protocol for meta-analysis. Medicine (Baltimore). 
2020;99:e22376.

 [22] Ghassibi M, Yen TC, Harris S, Si Z, Leary E, Choma TJ. Responsiveness 
of routine diagnostic tests for vertebral osteomyelitis may be influenced 
by the infecting organism. Spine J. 2021;21:1479–88.

 [23] Hartman NR, Gerard JM, Puryear A, Sethi A, Flood RG. Clinical 
characteristics of acute hematogenous osteomyelitis with and without 
subperiosteal abscesses in the acute care setting. Pediatr Emerg Care. 
2022;38:e1224–8.

 [24] Brinjikji W, Everist BM, Wald JT, Lane JI, Morris JM. Association 
between imaging findings and microbiological findings for image-
guided biopsies for spine infections. J Neurosurg Sci. 2017;61:589–96.

 [25] Alvares PA, Mimica MJ. Osteoarticular infections in pediatrics. J 
Pediatr (Rio J). 2020;96(Suppl 1):58–64.

 [26] Ling M, Peng-cheng Z, Rui Z, Wei C. Cost-effectiveness analysis of van-
comycin and linezolid in methicillin-resistant Staphylococcus hospital 
acquired pneumonia in China. Chin Hosp Pharm J. 2019;39:2314–9.

 [27] Xianliang L, Xiaolong K, Liuquan S, Liyan Z, Guifu W. Comparative 
analysis of the efficacy, safety and economy of linezolid and norvanco-
mycin in the treatment of methicillin-resistant Staphylococcus aureus. 
Chin Med Pharm. 2021;11:63–6.

 [28] Fupin H, Yan G, Demei Z, Fu W. CHINET surveillance of antimi-
crobial resistance among the bacterial isolates in 2021. Chin J Infect 
Chemother. 2021;21:377–87.

 [29] Alvarez-Arango S, Yerneni S, Tang O, et al. Vancomycin hypersensitiv-
ity reactions documented in electronic health records. J Allergy Clin 
Immunol Pract. 2021;9:906–12.


