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kg/d and corresponding trough
concentrations in children with
Gram-positive bacterial sepsis
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Ruixue Gu?', Qinyuan Li*, Yuanyuan Li* and Zhengxiu Luo™
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Clinical Research Center for Child Health and Disorders, Ministry of Education Key Laboratory of
Child Development and Disorders, Chongqing Key Laboratory of Pediatrics, Chongging, China,

2Department of Child Care, The First People’s Hospital of Chongqging Liangjiang New Area,
Chongging, China

Background: Optimal vancomycin trough concentrations and dosages remain
controversial in sepsis children. We aim to investigate vancomycin treatment
outcomes with a dosage of 40-60 mg/kg/d and corresponding trough
concentrations in children with Gram-positive bacterial sepsis from a
clinical perspective.

Methods: Children diagnosed with Gram-positive bacterial sepsis and received
intravenous vancomycin therapy between January 2017 and June 2020 were
enrolled retrospectively. Patients were categorized as success and failure groups
according to treatment outcomes. Laboratory, microbiological, and clinical data
were collected. The risk factors for treatment failure were analyzed by
logistic regression.

Results: In total, 186 children were included, of whom 167 (89.8%) were enrolled
in the success group and 19 (10.2%) in the failure group. The initial and mean
vancomycin daily doses in failure group were significantly higher than those in
success group [56.9 (IQR =42.1-60.0) vs. 40.5 (IQR =40.0-57.1), P=0.016; 57.0
(IQR =45.8-60.0) vs. 50.0 (IQR =40.0-57.6) mg/kg/d, P=0.012, respectively] and
median vancomycin trough concentrations were similar between two groups
[6.9 (4.0-12.1) vs.7.3 (4.5-10.6) mg/L, P=0.568)]. Moreover, there was no
significant differences in treatment success rate between vancomycin trough
concentrations <15 mg/L and >15 mg/L (91.2% vs. 75.0%, P=0.064). No
vancomycin-related nephrotoxicity adverse effects occurred among all
enrolled patients. Multivariate analysis revealed that a PRISM Il score >10 (OR
=15.011; 95% Cl: 3.937-57.230; P<0.001) was the only independent clinical factor
associated with increased incidence of treatment failure.
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Conclusions: Vancomycin dosages of 40-60 mg/kg/d are effective and have no
vancomycin-related nephrotoxicity adverse effects in children with Gram-
positive bacterial sepsis. Vancomycin trough concentrations >15 mg/L are not
an essential target for these Gram-positive bacterial sepsis patients. PRISM II
scores >10 may serve as an independent risk factor for vancomycin treatment
failure in these patients.
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Introduction

Sepsis, a life-threatening infection due to a dysregulated host
response to infections, is considered as one of the leading causes of
morbidity, mortality and accounts for a heavy socioeconomic burden
in children globally (Weiss et al., 2020). An estimate 48 children per
100 000 population suffer sepsis, 22 children per 100 000 population
suffer severe sepsis, and 2202 neonates per 100 000 livebirths develop
neonatal sepsis (Fleischmann-Struzek et al., 2018). Mortality ranged
from 1% to 5% for sepsis and 9% to 20% for severe sepsis in children
(Fleischmann-Struzek et al., 2018). A 20-year antimicrobial
surveillance has shown that Gram-positive bacteria are the
predominant cause of sepsis (Dickema et al., 2019). Undoubtedly,
early identification and appropriate treatment are critically important
for children with sepsis (Weiss et al., 2020). Rigorous evaluation of
optimal antimicrobial and other therapeutic strategies are correlated
with the clinical outcomes (Randolph et al., 2019).

Vancomycin, as a major glycopeptide antibiotic be used to treat
severe infections caused by methicillin-resistant Staphylococcus
aureus (MRSA) and methicillin-resistant Staphylococcus
epidermidis, as well as penicillin-resistant Corynebacterium
jeikeium, Streptococcus pneumoniae, and Clostridium difficile, is
currently recommended for children with severe Gram-positive
bacterial infections (Liu et al., 2011; Rubinstein and Keynan, 2014).
Undisputedly, appropriate vancomycin dosages and trough
concentrations are crucial for children with Gram-positive
bacterial sepsis. The Infectious Diseases Society of America
(IDSA) guidelines recommend children with serious or invasive
infectious disease should be treated with vancomycin at a dosage of
15 mg/kg/d every 6 h (Liu et al,, 2011). Vancomycin exhibits time-
dependent bactericidal effect, meaning that its antibacterial activity
dependent on the time that the concentration of the drug in the
body is above the minimum inhibitory concentration (MIC). Thus

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; IDSA,
Infectious Diseases Society of America; MIC, minimum inhibitory
concentration; AUC, area under the curve; CRP, C-reactive protein; PCT,
procalcitonin; PRISM, Pediatric Risk of Mortality; TDM, therapeutic drug
monitoring; IQRs, interquartile ranges; SD, standard deviation; ORs, odds
ratios; CIs, confidence intervals; ROC, receiver operating characteristic; MSSA,

Methicillin susceptible Staphylococcus aureus.
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area under the curve (AUC) over 24 hours to MIC >400 is the best
index to evaluate clinical efficacy and ensure safety for children
being treated with vancomycin (Rybak et al, 2020). However,
measuring AUC/MIC by traditional method is not practical in
clinical setting as it needing to obtain multiple serum vancomycin
concentrations. Therefore, to attain the recommended target AUC/
MIC 2400, the IDSA guidelines recommended that targeting
vancomycin trough concentration of 10-20 mg/L in pediatrics:
10-15 mg/L for uncomplicated infections and 15-20 mg/L for
serious infections (Liu et al., 2011). However, the IDSA guidelines
do acknowledge that limited data is available to evaluate the efficacy
and safety of the aforementioned vancomycin dosages and trough
concentrations for children (Liu et al., 2011).

Several studies have investigated the efficacy and safety of
vancomycin trough concentrations of 10-20 mg/L (Frymoyer et al,
2013; Liang et al., 2018; Tkachuk et al., 2018; Peng et al., 2021). From a
pharmacokinetic perspective, the trough concentration of 6-10 mg/L is
likely sufficient to achieve AUC/MIC 2400 in children (Frymoyer et al,,
2013; Tkachuk et al, 2018). Another prospective multicenter study
revealed that increasing vancomycin trough concentrations to 15-20
mg/L couldn’t benefit Chinese patients with complicated infections in
children (Liang et al., 2018). Moreover, a population-based
pharmacokinetic modeling study demonstrated that vancomycin
trough concentrations >15 mg/L were independently associated with
a above 2.5-fold increased risk of nephrotoxicity in children (Le et al,
2015). However, two previous studies reported that maintaining trough
concentrations of 15-20 mg/L was not correlated with increased risk of
nephrotoxicity in children (Cies and Shankar, 2013; Matson et al,
2015). About vancomycin dosages, a revised vancomycin consensus
guideline recommended that the initial vancomycin dosage should be
60-80 mg/kg/day to achieve AUC/MIC > 400 for children with normal
renal function and suspected serious MRSA infections (Rybak et al,
2020). While Liang et al. (Liang et al, 2018) found an average
vancomycin dosage of 37.7 mg/kg/d could treat 96% Gram-positive
bacterial infectious children successfully.

As the optimal vancomycin trough concentrations and dosages
remain controversial in children and most of the abovementioned
studies discussed from a pharmacokinetic perspective (Frymoyer
etal, 2013; Le et al., 2015; Tkachuk et al., 2018; Rybak et al., 2020),
this retrospective cohort study aimed to explore the efficiency and
safety of current vancomycin dosages and corresponding trough
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concentrations in children with Gram-positive bacterial sepsis from
a clinical perspective.

Methods
Study site and study population

We performed a retrospective cohort study in the Children’s
Hospital of Chongqing Medical University. The hospital is a 2480-
bed tertiary teaching hospital in Chongging, China and ranks among
the top three domestic children’s hospitals (rank list: http://
topl00.imicams.ac.cn/home). We retrospectively enrolled 186
children hospitalized between January 2017 and June 2020. The
inclusion criteria were all of the following: (i) aged 1m-18 years, (ii)
diagnosed with sepsis or septic shock according to the 2020 Pediatric
Surviving Sepsis Campaign guidelines (Weiss et al., 2020), (iii) at least
one Gram-positive pathogen was obtained from sterile sites with
accompanying clinical signs, (iv) received intravenous vancomycin
administered as intermittent infusion for at least 48 hours, (v) serum
trough concentrations were collected at steady state conditions. If
multiple trough concentrations were available, only the first trough
was included in this study. The exclusion criteria included any of the
following: (i) children with incomplete clinical information, (ii) renal
impairment at the initial administration of vancomycin, (iii)
considered to have Gram-positive bacteria colonization or
pollution, (iv) the vancomycin dosing regimen was not 40-60 mg/
kg/d. (v) received linezolid or teicoplanin therapy =24 hours
concurrently when undergoing vancomycin treatment. This study
was approved by the institutional review board of the Children’s
Hospital of Chongqing Medical University (Approved ID: 2022-463).
A waiver of informed individual consent was granted given the
retrospective design of this study.

Data collection

Trained staff used a standardized data collection form to extract
patients’ information from the electronic medical records. Patients'
demographic characteristics (age, weight, gender), source of
infection, comorbid illnesses, culture pathogens, the MIC values,
baseline serum creatinine, liver and kidney function before and after
vancomycin treatment, glucocorticoids and gamma globulin
administration, laboratory data at the beginning of vancomycin
treatment [C-reactive protein (CRP), procalcitonin (PCT),
hemoglobin, neutrophil, albumin], the Pediatric Risk of Mortality
(PRISM) III scores, concomitant antibiotics, antibiotics used before
vancomycin therapy and vancomycin-related details (daily dose,
duration and trough concentrations) were collected.

Vancomycin administration and
therapeutic drug monitoring

All enrolled children received a starting vancomycin (Vianex
S.A., Athens, Greece) dosage of 40-60 mg/kg/day intravenously
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(maximum daily dose <2000 mg) as recommended by drug
instructions and IDSA guidelines. Clinicians adjusted vancomycin
dosage according to the therapeutic drug monitoring (TDM). IDSA
recommends that the TDM target for the vancomycin trough
concentration is 10-15 mg/L for common infections and 15-20
mg/L for children with complicated infections (Liu et al., 2011).
However, clinicians could continue at the same vancomycin dose
and track the concentration weekly if patients’ clinical and
microbiological outcomes improved when trough concentrations
were lower than the recommended range. Serum trough
concentrations were obtained at steady state conditions [defined
as any concentrations had been obtained within 1 hour after at least
the third scheduled vancomycin administration (Heble et al,
2013)]. If multiple trough concentrations were available, only the
first trough was included in this study. The chemiluminescence
immunoassay (Abbott Laboratories, Chicago, IL, USA), which has
an analytical range of 0.0-100.0 mg/L with a between-run
coefficient of variation of <15% throughout the analytical range,
was used to analyze vancomycin trough concentrations. A central
laboratory was responsible for testing all serum samples within 24
hours, and intra- and inter-batch quality control was measured
following the China National Accreditation Service for Conformity
Assessment standard.

Definition

The outcome of treatment success included clinical cure and
microbiological cure. Clinical cure was defined as the improvement
of patient’s presenting signs, symptoms and laboratory data (Ma
etal., 2020). Microbiological cure was defined as the clearance of the
original microbiological from the infection site during or up to 14
days after the administration of vancomycin therapy (Ma et al,
2020). Treatment failure included any of the following: (i) culture
the original microorganism from the infection site (Liang et al,
2018), (ii) a lack of improvement of clinical symptoms, signs, and
laboratory data requiring a change of a new antibiotic with a similar
spectrum due to lack of response (Liang et al., 2018; Ma et al., 2020),
(iii) readmission within 14 days of discharge for infection
recurrence (Goldstein et al., 2013), (iv) all-cause mortality (Tong
etal, 2020). When the children had renal impairment and occurred
acute kidney injury (AKI) during vancomycin treatment,
vancomycin-related nephrotoxicity was diagnosed. According to
Kidney Disease Improving Global Guidelines (KDIGO) Clinical
Practice Guidelines, AKI was defined as an increase in serum
creatinine of >26.5 umol/L within 48 hours or a known or
presumed increase in serum creatinine to 1.5 times the baseline
within 7 days, or a urine volume <0.5 mL/kg/hour for 6 hours
(Khwaja, 2012). Baseline serum creatinine was defined as the lowest
level obtained 1 week prior to the initial administration of
vancomycin (Ma et al., 2020). Vancomycin-related nephrotoxicity
was assessed after 48 hours of initiation of vancomycin to avoid
confounding associated with increases in serum creatinine due to
sepsis rather than exposure to vancomycin (Goldstein et al., 2013).
The source of infection was identified by reviewing the clinical
records, radiographic studies, surgical findings and laboratory
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records of the children (Yang et al., 2018). The severity of illness
estimated by the PRISM III scores (Pollack et al., 1996) at the
beginning of vancomycin treatment.

Outcomes

The primary outcome was to investigate vancomycin efficiency
and safety with current dosages and corresponding trough
concentrations in children with Gram-positive bacterial sepsis.
Secondary outcomes included the risk factors for treatment
failure in this population.

Statistical analysis

Descriptive statistics were performed to evaluate all variables of
interest. The median [interquartile ranges (IQRs)] or mean
[standard deviation (SD)] was used to describe the quantitative
variables, whereas the categorical variables were displayed as counts
(n) and percentages (%). In the univariate analysis, the chi-square
or Fisher exact test was assessed for categorical variables, the Mann-
Whitney U analysis was employed for non-normally distribution
variables and two-sample t-test was used to analyses the normally
distribution variables. Wilcoxon signed-rank test or paired sample
t-test was used to examine any significant difference in the pre- and
post-vancomycin treatment in kidney and liver function. Univariate
and multivariable logistic regression analyses were performed to
identify the independent association between potential factors and
treatment failure, and odds ratios (ORs) and 95% confidence
intervals (Cls) were calculated. We employed a receiver operating
characteristic (ROC) curve and the maximum Youden’s index to
select the appropriate cutoff value of PRISM III scores and we also

10.3389/fcimb.2023.1117717

evaluated the specificity and sensitivity of the prediction model. All
statistical testing was performed using IBM SPSS Statistics 22 (SPSS
Inc., Chicago, IL, USA). P values were from 2-sided analyses, and a
P value <0.05 was deemed statistically significant.

Results

Enrollment and basic characteristics of all
enrolled patients

During this study, 1098 patients were screened for eligibility. Of
these, 372 patients were excluded due to no Gram-positive
pathogens cultured, 285 patients for lacking available steady-state
trough concentrations, 164 patients for having incomplete clinical
information, 53 patients for receiving other vancomycin dosing
regimens, 25 patients for having renal impairment at the initial
administration of vancomycin, 8 patients for receiving linezolid or
teicoplanin therapy >24 hours concurrently when undergoing
vancomycin treatment and 5 patients for receiving vancomycin
therapy <48 hours. The remaining 186 patients were included with
167 (89.8%) in the success group, while the remaining 19 (10.2%)
were in the failure group (Figure 1).

The median age of all patients was 2.0 (IQR =0.8-4.6) years and
male gender accounted for 53.2% (99/186) of the patients. The
initial and mean vancomycin daily dose was 41.7 (IQR =40.0-57.7)
mg/kg/day and 50.0 (IQR =41.5-58.2) mg/kg/day, respectively. The
median duration of vancomycin therapy was 12.0 (IQR =8.0-17.0)
days. Bacteremia (56.5%) was the most common focus of infections.
This was followed by respiratory system infections (27.4%) and skin
and soft tissue infections (18.8%). The Streptococcus pneumoniae
(21.0%) accounted for the most common infectious pathogen,
followed by Methicillin susceptible Staphylococcus aureus (MSSA)

Children diagnosed with sepsis or septic shock and received intravenous vancomycin therapy (n=1098)

Exclusion:

Without Gram-positive pathogens cultured(n=372)
Lacking available steady-state trough concentrations
(n=285)

Incomplete clinical information (n=164)

Receiving other vancomycin dosing regimens (n=53)
Renal impairment at the initial administration of
vancomycin (n=25)

Receiving linezolid or teicoplanin therapy >24 hours
concurrently when undergoing vancomycin teratment
(n=8)

Receiving vancomycin therapy < 48 hours (n=5)

| A total of 186 children were enrolled |

J

I Treatment outcomes I

[

Success group (n=167)

FIGURE 1
Flow chart of patients enrollment.
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Failure group (n=19)
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(17.7%) and MRSA (14.0%). The treatment success rate was 89.8%
(167/186). Moreover, no vancomycin-related nephrotoxicity
adverse effects were observed in all enrolled patients (Table 1). All
patients in the success group achieved microbial clearance, while in
the failure group, 26.3% (5/19) patients cultured the original
microorganism from the infection site which leaded to requiring
antibiotic alteration or death and the remaining 73.7% (14/19)
patients did not receive microbiological retesting.

Basic characteristics of success and
failure groups

Table 2 presented the basic characteristics of success and failure
groups. The success group patients had a significantly longer
duration of vancomycin therapy when compared to that in the
failure group [12.0 (IQR =9.0-17.0) vs. 8.0 (IQR =7.0-14.0) days,
P=0.037]. Intriguingly, initial and mean vancomycin daily doses in
the failure group were significantly higher than those in the success
group [56.9 (IQR =42.1-60.0) vs. 40.5 (IQR=40.0-57.1), P=0.016;
57.0 (IQR =45.8-60.0) vs. 50.0 (IQR =40.0-57.6) mg/kg/d, P=0.012,
respectively]. The albumin level was remarkably lower in treatment
failure group patients when compared to those who were treated
successfully [(29.9 £ 7.2) vs. (33.6 + 7.0) g/dL, P=0.030]. The success
group patients had a significantly lower proportion of septic shock
than that in failure group (13.8% vs. 42.1%, P=0.005). Moreover,
PRISM III scores in success group were significantly lower when
compared to those in the failure group [5.0 (IQR =3.0-9.0) vs. 12.0
(IQR =5.0-23.0), P<0.001]. The failure group patients had a
significantly higher proportion of Gram-negative bacteria co-
infections than that in the success group (36.8% vs. 15.0%,
P=0.017). Also, carbapenems were more commonly used
concomitant with vancomycin therapy in failure group when
compared to those in success group (68.4% vs. 43.1%, P=0.036).
Demographics, source of infections, underlying conditions, other
treatments, MIC values and antibacterial drugs before vancomycin
therapy were similar between two groups (P>0.05). No patients had
AKI and liver impairment in two group patients with a vancomycin
dosage of 40-60 mg/kg/d and corresponding trough concentrations
(Table S1). Tables S2, S3 presented the data before and after
concentration adjustment in the two group patients.

Risk factors for treatment failure

Table 2 disclosed that duration of vancomycin therapy, initial
and mean vancomycin daily doses, albumin, Gram-negative
bacteria co-infections, septic shock, PRISM III scores and
carbapenems concomitant with vancomycin therapy might be
associated with treatment response. Inter-relationships between
PRISM III scores and septic shock may result in confounding of
associations between PRISM III scores and treatment failure. Thus,
PRISM III scores were finally included in the logistic regression
model to avoiding collinearity. The ROC curve (0.77; 95% CI: 0.65-
0.90) supported that PRISM III scores could be used to evaluate for
treatment failure; PRISM I1I scores >10 could be an appropriate cut
point with 73.7% sensitivity and 85.6% specificity in this study
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TABLE 1 Basic characteristics and demographic data of all enrolled
patients.

Variables A(I'I1 p:t{gg;cs
Demographics
Male, n (%) 99 (53.2)
Age (years), median (IQR) 2.0 (0.8-4.6)

Body weight (kg), median (IQR) 11.8 (8.0-16.5)

Vancomycin therapy
Initial vancomycin daily dose (mg/kg/day), median (IQR) 41.7 (40.0-57.7)
Mean vancomycin daily dose (mg/kg/day), median (IQR) 50.0 (41.5-58.2)

Duration of vancomycin therapy (days), median (IQR) 12.0 (8.0-17.0)

Trough concentration (mg/L), median (IQR) 7.3 (4.5-10.8)
PRISM Ill scores, median (IQR) 5.0 (3.0-9.0)
Infection sites, n (%)°

Bacteremia 105 (56.5)

Respiratory system 51 (27.4)

Skin and soft tissue 35 (18.8)

Nervous system 25 (13.4)

Bone and joint 22 (11.8)

Other system 11 (5.9)
Microorganisms, n (%)

Streptococcus pneumoniae 39 (21.0)

MSSA 33 (17.7)

MRSA 26 (14.0)

Staphylococcus epidermidis 23 (12.4)

Staphylococcus hominis 19 (10.2)

Enterococcus faecium 10 (5.4)

Staphylococcus haemolyticus 8 (4.3)

Other Gram-positive bacteria 28 (15.1)

Gram negative bacteria co-infections 32(17.2)

Fungal co-infection 2 (1.1)
Underlying conditions, n (%)

Hematologic malignancy 38 (20.4)

Congenital heart disease 16 (8.6)
Nephrotoxicity, n (%) 0 (0)
Treatment success, n (%) 167 (89.8)

“The total percentage may >100 due to a patient having multiple infectious sites.
IQR, interquartile range; PRISM, Pediatric Risk of Mortality; MSSA, Methicillin susceptible
Staphylococcus aureus; MRSA, Methicillin-resistant Staphylococcus aureus.

(Figure 2). Further multivariable logistic analysis revealed that a
PRISM III score >10 (OR =15.011; 95% CI: 3.937-57.230; P<0.001)
was the only independent clinical risk factor for vancomycin
treatment failure in these patients (Table 3).
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TABLE 2 Basic characteristics of success and failure groups.

Variables Success group (n = 167) Failure group (n = 19) P Value

Demographics

Age (years), median (IQR) 2.0 (0.9-4.6) 1.7 (0.8-11.1) 0.514
Male, n (%) 88 (52.7) 11 (57.9) 0.667
Body weight (kg), median (IQR) 12.0 (8.5-16.5) 9.5 (6.5-31.0) 0.298

Vancomycin therapy

Trough concentration (mg/L), median (IQR) 7.3 (4.5-10.6) 6.9 (4.0-12.1) 0.568
Duration of vancomycin therapy (days), median (IQR) 12.0 (9.0-17.0) 8.0 (7.0-14.0) 0.037
Initial vancomycin daily dose (mg/kg/day), median (IQR) 40.5 (40.0-57.1) 56.9 (42.1-60.0) 0.016
Mean vancomycin daily dose (mg/kg/day), median (IQR) 50.0 (40.0-57.6) 57.0 (45.8-60.0) 0.012

Laboratory data

Neutrophil (*10°/L), median (IQR) 5.8 (1.0-12.9) 10.9 (2.7-18.3) 0.070
CRP (mg/L), median (IQR) 40.0 (17.0-72.0) 69.0 (9.0-83.0) 0.214
PCT (ng/ml), median (IQR) 1.2 (0.3-6.2) 7.8 (0.7-47.0) 0.064
Hemoglobin, (g/dL), (SD) 95.8 (15.8) 93.8 (16.1) 0.619
Albumin (g/dL), (SD) 33.6 (7.0) 29.9 (7.2) 0.030

Infection site®, n (%)

Bacteremia 94 (56.3) 11 (57.9) 0.893
Respiratory system 44 (26.3) 7 (36.8) 0.331
Skin and soft tissue 34 (20.4) 1(5.3) 0.132
Nervous system 20 (12.0) 5(26.3) 0.145
Bone and joint 19 (11.4) 3 (15.8) 0.476
Other system 11 (6.6) 0 (0) 0.607

Microorganisms, n (%)

Streptococcus pneumoniae 35 (21.0) 4 (21.1) 1.000
MSSA 29 (17.4) 4 (21.1) 0.751
Staphylococcus epidermidis 22 (13.2) 1(5.3) 0.476
MRSA 22 (13.2) 4(21.1) 0.312
Staphylococcus hominis 18 (10.8) 1(5.3) 0.698
Enterococcus faecium 10 (6.0) 0 (0) 0.602
Staphylococcus haemolyticus 7 (4.2) 1(5.3) 0.585
Other Gram-positive bacteria 24 (14.4) 4 (21.1) 0.485
Gram negative bacteria co-infections 25 (15.0) 7 (36.8) 0.017
Fungal co-infections 2(1.2) 0 (0) 1.000

‘ Underlying conditions, n (%)

Hematologic malignancy 37 (22.2) 1(5.3) 0.130

Congenital heart disease 14 (8.4) 2 (10.5) 0.670

‘ Other treatments, n (%)

Glucocorticoids 17 (10.2) 1(5.3) 0.492
Gamma globulin 43 (25.7) 8 (42.1) 0.173
(Continued)
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TABLE 2 Continued

Variables

Success group (n = 167)

10.3389/fcimb.2023.1117717

Failure group (n = 19) P Value

Severity of the disease

Septic shock, n (%) 23 (13.8) 8 (42.1) 0.005
PRISM III scores, median (IQR) 5.0 (3.0-9.0) 12.0 (5.0-23.0) <0.001
MIC < 1, n (%) 154 (92.2) 18 (94.7) 1.000
Antibacterial drugs before vancomycin therapyb, n (%)
Penicillins+f-lactamase inhibitors 60 (35.9) 3 (15.8) 0.123
Third generation Cephalosporins 56 (33.5) 10 (52.6) 0.099
Second generation Cephalosporins 25 (15.0) 2 (10.5) 1.000
Carbapenems 33 (19.8) 5(26.3) 0.549
Fourth generation Cephalosporins 12 (7.2) 0 (0.0) 0.615
First generation Cephalosporins 9 (5.4) 0 (0) 0.601
Macrolides 6 (3.6) 2 (10.5) 0.191
Metronidazole 4(2.4) 1(5.3) 0.420
Penicillins 5(3.0) 2 (10.5) 0.152
Antibacterial agent concomitant with vancomycin therapy©, n (%)
Carbapenems 72 (43.1) 13 (68.4) 0.036
Third generation Cephalosporins 39 (23.4) 4 (21.1) 1.000
Penicillins+f-lactamase inhibitors 29 (17.4) 5(26.3) 0.351
Fourth generation Cephalosporins 5 (3.0) 0(0) 1.000
Rifamycin 5(3.0) 0 (0) 1.000

“The total percentage may >100 due to a patient having multiple infectious sites.

"The total percentage may >100 because a patient received multiple antibacterial drugs before vancomycin therapy.
“The total percentage may >100 because a patient received multiple antibacterial drugs concomitant with vancomycin therapy.
IQR, interquartile range; SD, standard deviation; CRP, C-reactive protein; PCT, procalcitonin; PRISM, Pediatric Risk of Mortality; MSSA, Methicillin susceptible Staphylococcus aureus; MRSA,

Methicillin-resistant Staphylococcus aureus; MIC, minimum inhibitory concentration.

The treatment success rate between
trough concentrations <15 mg/L
and >15 mg/L

The treatment success rate was similar between vancomycin
trough concentrations <15 mg/L and >15 mg/L in all enrolled
patients (91.2% vs. 75.0%, P=0.064). We further divided the patients
into MRSA infection patients and non-MRSA infection patients
and found that the treatment success rate was also no significant
differences between trough concentrations <15 mg/L and >15 mg/L
(87.5% vs. 50.0%, P=0.289; 91.8% vs. 78.6%, P=0.129,
respectively) (Figure 3).

Discussion

We found that nearly 90% patients had been treated successfully
and there were no vancomycin-related nephrotoxicity adverse
effects among all enrolled Gram-positive bacterial sepsis patients.
Intriguingly, we found that the treatment success rate was similar
between vancomycin trough concentrations <15 mg/L and >15 mg/

Frontiers in Cellular and Infection Microbiology

L groups. Furthermore, we demonstrated that a PRISM III score
>10 was an independent risk factor for treatment failure with the
vancomycin dosage of 40-60 mg/kg/d and corresponding trough
concentrations in children with Gram-positive bacterial sepsis.

It is widely accepted that appropriate vancomycin dosage is
undoubtedly important for children with Gram-positive bacterial
sepsis. Our study presented that about 90% patients could be treated
successfully with the vancomycin dosage of 40-60 mg/kg/d and
corresponding trough concentrations in children with Gram-
positive bacterial sepsis, which was similar to the results of the
study by Liang et al. (Liang et al., 2018). However, in contrast to our
findings, the previously investigators recommended different
vancomycin dosages (Rybak et al., 2020; Van Der Heggen et al,
2021). Van Der Heggen et al. suggested that children with severe
infections should be treated with 80 mg/kg/d (Van Der Heggen
et al., 2021), while the revised US consensus guideline
recommended that the initial vancomycin dosage for children
with normal renal function and suspected serious MRSA
infections should be 60-80 mg/kg/d (Rybak et al., 2020). The
reasons for this inconsistency may be attributable to the follows.
Firstly, there are different definitions of standards for adjusting
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vancomycin doses. We combined vancomycin trough
concentrations as well as clinical and microbiological therapeutic
effects to comprehensively evaluate vancomycin doses, however
Van Der Heggen et al. (Van Der Heggen et al., 2021) just used the
vancomycin trough concentration of 10-15 mg/L and the revised
US consensus guideline (Rybak et al., 2020) based on an AUC target
of 400 mg*h/L from adult data to guide the dose adjustment of
vancomycin. Secondly, we assessed different bacterial species and
infections with different bacterial species, while the revised US
consensus guideline focused on MRSA infections or suspected
MRSA infections which might correspond to different
vancomycin doses recommendation.

It was interesting to note that the treatment success rate was
similar between vancomycin trough concentrations <15 mg/L
and >15 mg/L groups. This observation supports several studies
which revealed that vancomycin trough concentrations had no
relationship with clinical outcomes (Hirano et al., 2016; Finch
et al,, 2017; Liang et al., 2018). Currently, guidelines recommend
that TDM for children with poor or augmented renal clearance and
serious infections and suggest using vancomycin trough
concentrations as a surrogate measure for AUC/MIC (Liu et al,

TABLE 3 Logistic analysis of risk factors for treatment failure.

Univariate analysis

2011; Rybak et al, 2020). Thus, IDSA recommend targeting
vancomycin trough concentration of 10-20 mg/L in both adults
and pediatrics; 10-15 mg/L for uncomplicated infections and 15-20
mg/L for serious infections (Liu et al., 2011). Nevertheless, the IDSA
guidelines do acknowledge that the efficacy of targeting trough
concentrations of 15-20 mg/L in children need additional studies
due to this recommendation derives from adult studies (Liu et al.,
2011). In adults, the trough concentration of 15-20 mg/L had an
AUC range from 405 to 792 (Haeseker et al., 2016), while Tang et al.
(Tang et al., 2021) recommended an AUC of 240-480 was an
optimal exposure target of vancomycin in children. Moreover,
some pharmacodynamic studies reported that the trough
concentration of 6-10 mg/L was likely sufficient to achieve AUC/
MIC 2400 in children (Frymoyer et al., 2013; Tkachuk et al., 2018).
Another recent study also showed that the median vancomycin
trough concentration at steady state that related with the AUC/
MIC 2400 and <800 were 11.18, 9.50, 7.91 and 6.55 mg/L in
children receiving vancomycin 40, 60, 80 and 100 mg/kg/day,
respectively (Issaranggoon Na Ayuthaya et al,, 2020). Moreover,
researchers have presented that the trough concentration >15 mg/L
was correlated with nephrotoxicity in children (Le et al, 2015).

Multivariate analysis

Variables
OR (95% Cl) P Value OR (95% CI) P Value

PRISM III scores =10 16.683 (5.504-50.566) <0.001 15.011 (3.937-57.230) <0.001
Initial vancomycin daily dose (mg/kg/day) 1.067(1.013-1.123) 0.014 1.017 (0.936-1.106) 0.682
Albumin (g/dL) 0.929 (0.867-0.994) 0.033 1.000 (0.924-1.083) 0.997
Mean vancomycin daily dose (mg/kg/day) 1.053 (1.005-1.102) 0.029 1.052 (0.975-1.135) 0.194
Gram negative bacteria co-infections 3.313 (1.189-9.230) 0.022 1.866 (0.519-6.715) 0.339
Carbapenems concomitant with vancomycin therapy 2.859 (1.036-7.886) 0.042 1.110 (0.296-4.159) 0.877
Duration of vancomycin therapy (days) 0.946 (0.876-1.021) 0.155

OR, odds ratio; CI, confidence interval; PRISM, Pediatric Risk of Mortality.
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Therefore, the trough concentration of 15-20 mg/L for children
with Gram-positive bacterial sepsis might be reconsidered.

We found that a PRISM III score =10 was an independent risk
factor for treatment failure with the vancomycin dosage of 40-60
mg/kg/d and corresponding trough concentrations in children with
Gram-positive bacterial sepsis. A higher PRISM III score is
associated with an increased probability of mortality (Pollack
et al,, 1996). Yang et al. (Yang et al., 2018) reported that disease
severity was the most relevant factor predicting treatment failure in
patients with bacteria. Consistent with the observation by Yang
et al,, findings from our study showed that a PRISM III score 210
was a risk factor for treatment failure in children with sepsis. In this
study, the failure group patients had a significantly higher
proportion of septic shock than that in success group. Severe
patients combined with organ dysfunctions and had multi-drug
interactions and other therapeutic interventions, which may affect
antimicrobial pharmacokinetics (Scaglione and Paraboni, 2008).
Hence, caution should be applied when giving a vancomycin dosage
of 40-60 mg/kg/day to the sepsis children with PRISM III
scores =10.

In this study, it was interesting to note that although the failure
group patients received a higher vancomycin dosage than that in the
success group, they were still treated unsuccessfully. The reasons
may be attributable to the follows. One possible explanation might
be associated with illness severity. In our research, the failure group
patients had significantly higher PRISM III scores than those in the
success group. Higher PRISM III scores indicate more severe illness.
Thus, some pediatricians might give these severe patients a higher
initial vancomycin dosage or adjust to a higher vancomycin dosage,
which leaded the initial and mean vancomycin daily doses in failure
group were remarkably higher than those in the success group.
Another possible explanation might be reaching the target trough
concentration of 10-20 mg/L. Truong et al. (Truong et al., 2018)
demonstrated that severe sepsis and higher disease severity scores
were correlated with higher vancomycin treatment failure rates.
Although studies have showed that there was no need to attain
trough concentrations of 10-20 mg/L when using AUC-guided
vancomycin dosing in children with sepsis (Lanke et al., 2017).
Some pediatricians still adjusted the dose of vancomycin based on
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the target trough concentration of 10-20 mg/L (Sosnin et al., 2019).
Therefore, failure group children might be exposed to overuse of
vancomycin. Inappropriate use of antibiotics was associated with an
elevated risk of antibiotic-related adverse events and healthcare
costs (Principi and Esposito, 2019). We have demonstrated PRISM
III scores =10 might serve as an independent risk factor for
vancomycin treatment failure in children with Gram-positive
bacterial sepsis. Individualized vancomycin dosages were required
in these children. Moreover, the pediatricians should avoid to
increase vancomycin dosages blindly in clinical practice when the
treatment effect is poor, but should reevaluate the whole treatment
strategy. As sepsis comprehensive management not only focuses on
antimicrobial treatment, but also pays attention to early
identification, source control, appropriate supportive care and
hemodynamic optimization (Weiss et al., 2020; Mehta et al., 2022).

We found that failure group patients had a higher proportion of
concomitant utilization with carbapenems, but they did not obtain
higher treatment success rate. Researches have been reported that
vancomycin has many shortcomings, including poor tissue
penetration and slow killing time (Tong et al, 2020). Hence,
some studies investigated combination therapy using vancomycin
with other antibiotics for MRSA infections (Mohammadi-
Berenjestanaki et al., 2020; Tong et al., 2020). Mohammadi-
Berenjestanaki et al. demonstrated that co-administration of
vancomycin and imipenem could effective against MRSA and
MSSA infections (Mohammadi-Berenjestanaki et al., 2020). This
observation was inconsistent with the results of our study. One
possible explanation for this inconsistency could be Mohammadi-
Berenjestanaki et.al’s study was designed to evaluate the efficacy of
combination vancomycin with imipenem only on MRSA and
MSSA infections, while our study investigated the efficacy of co-
administration of vancomycin and carbapenems on Gram-positive
bacterial. Another explanation might be about 74% (14/19) patients
in failure group had PRISM III scores >10 in our study, which lead
to treatment failure. As meropenem therapy was associated with an
increased risk of Clostridioides difficile infection (Lee et al., 2021).
Thus, when there is no evidence of Gram-negative bacterial
infections, co-administration of vancomycin and carbapenems
should be applied with caution.
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There are some limitations of our study. Firstly, the sample size
of MRSA-infected children in this study was relatively small,
therefore the results of this study should be interpreted with
caution when applied to MRSA-infected children. Secondly, we
could not estimate the vancomycin nephrotoxicity cutoff value in
this population due to no reports of nephrotoxicity adverse effects.
Thirdly, although we have tried our best to control the possible bias,
it might still exist and potentially skew our results owing to its
retrospective design. A prospective randomized multicenter study
with larger sample size participants is needed to investigate the
vancomycin efficiency and safety with current dosages and
corresponding trough concentrations in children with Gram-
positive bacterial sepsis.

Conclusions

Vancomycin dosages of 40-60 mg/kg/d are effective and have no
vancomycin-related nephrotoxicity adverse effects occur in children
with Gram-positive bacterial sepsis. Vancomycin trough
concentrations >15 mg/L are not an essential target for these
Gram-positive bacterial sepsis patients. PRISM III scores >10 may
serve as an independent clinical risk factor for vancomycin
treatment failure in these patients.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and
approved by The Institutional Review Board, Children’s Hospital of
Chongqing Medical University. Written informed consent from the
participants’ legal guardian/next of kin was not required to
participate in this study in accordance with the national
legislation and the institutional requirements.

Author contributions

Conception and design: LP, ZG, and ZL; Methodology: LP, ZG,
and GZ; Collection and assembly of data: GZ, XT, and RG; Data

References

Cies, J., and Shankar, V. (2013). Nephrotoxicity in patients with vancomycin trough
concentrations of 15-20 pg/ml in a pediatric intensive care unit. Pharmacotherapy 33
(4), 392-400. doi: 10.1002/phar.1227

Diekema, D., Hsueh, P., Mendes, R., Pfaller, M., Rolston, K., Sader, H., et al. (2019).
The microbiology of bloodstream infection: 20-year trends from the SENTRY
antimicrobial surveillance program. Antimicrob. Agents Chemother. 63 (7), €00355-
19. doi: 10.1128/aac.00355-19

Finch, N., Zasowski, E., Murray, K., Mynatt, R,, Zhao, J.,, Yost, R, et al. (2017). A
quasi-experiment to study the impact of vancomycin area under the concentration-
time curve-guided dosing on vancomycin-associated nephrotoxicity. Antimicrob.
Agents Chemother. 61 (12), €01293-17. doi: 10.1128/aac.01293-17

Frontiers in Cellular and Infection Microbiology

10.3389/fcimb.2023.1117717

analysis and interpretation: LP, QL, and YL, Writing-original draft:
LP; Writing- review and editing: ZL. All authors contributed to the
article and approved the submitted version.

Funding

This work is supported by The Project of Young and Middle
Medical Distinguished Team in Chongqing, China.

Acknowledgments

We thank Jishuo Song from Children’s Hospital of Chongging
Medical University for assistance in statistical analysis. We sincerely
thank all the children and their parents for their cooperation during
this study and thank Children’s Hospital of Chongqing Medical
University for providing the precious research data.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fcimb.2023.1117717/

full#supplementary-material

Fleischmann-Struzek, C., Goldfarb, D., Schlattmann, P., Schlapbach, L., Reinhart, K.,
and Kissoon, N. (2018). The global burden of paediatric and neonatal sepsis: A
systematic review. Lancet Respir. Med. 6 (3), 223-230. doi: 10.1016/s2213-2600(18)
30063-8

Frymoyer, A., Guglielmo, B., and Hersh, A. (2013). Desired vancomycin trough
serum concentration for treating invasive methicillin-resistant staphylococcal
infections. Pediatr. Infect. Dis. J. 32 (10), 1077-1079. doi: 10.1097/
INF.0b013e318299f75¢

Goldstein, S., Kirkendall, E., Nguyen, H., Schaffzin, J., Bucuvalas, J., Bracke, T., et al.
(2013). Electronic health record identification of nephrotoxin exposure and associated
acute kidney injury. Pediatrics 132 (3), €756-¢767. doi: 10.1542/peds.2013-0794

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fcimb.2023.1117717/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcimb.2023.1117717/full#supplementary-material
https://doi.org/10.1002/phar.1227
https://doi.org/10.1128/aac.00355-19
https://doi.org/10.1128/aac.01293-17
https://doi.org/10.1016/s2213-2600(18)30063-8
https://doi.org/10.1016/s2213-2600(18)30063-8
https://doi.org/10.1097/INF.0b013e318299f75c
https://doi.org/10.1097/INF.0b013e318299f75c
https://doi.org/10.1542/peds.2013-0794
https://doi.org/10.3389/fcimb.2023.1117717
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Peng et al.

Haeseker, M., Croes, S., Neef, C., Bruggeman, C,, Stolk, L., and Verbon, A. (2016).
Evaluation of vancomycin prediction methods based on estimated creatinine clearance or
trough levels. Ther. Drug Monit. 38 (1), 120-126. doi: 10.1097/ftd.0000000000000250

Heble, D., McPherson, C., Nelson, M., and Hunstad, D. (2013). Vancomycin trough
concentrations in overweight or obese pediatric patients. Pharmacotherapy 33 (12),
1273-1277. doi: 10.1002/phar.1321

Hirano, R., Sakamoto, Y., Kitazawa, J., Yamamoto, S., and Tachibana, N. (2016).
Staphylococcus aureusPharmacist-managed dose adjustment feedback using
therapeutic drug monitoring of vancomycin was useful for patients with methicillin-
resistant infections: a single institution experience. Infect. Drug Resist. 9, 243-252.
doi: 10.2147/idr.S109485

Issaranggoon Na Ayuthaya, S., Katip, W., Oberdorfer, P., and Lucksiri, A. (2020).
Correlation of the vancomycin 24-h area under the concentration-time curve (AUC)
and trough serum concentration in children with severe infection: A clinical
pharmacokinetic study. Int. J. Infect. Dis. 92, 151-159. doi: 10.1016/j.ijid.2019.12.036

Khwaja, A. (2012). KDIGO clinical practice guidelines for acute kidney injury.
Nephron Clin. Pract. 120 (4), c179-c184. doi: 10.1159/000339789

Lanke, S., Yu, T., Rower, J., Balch, A., Korgenski, E., and Sherwin, C. (2017). AUC-
guided vancomycin dosing in adolescent patients with suspected sepsis. J. Clin.
Pharmacol. 57 (1), 77-84. doi: 10.1002/jcph.782

Le, J., Ny, P., Capparelli, E., Lane, J., Ngu, B.,, Muus, R., et al. (2015).
Pharmacodynamic characteristics of nephrotoxicity associated with vancomycin use
in children. J. Pediatr. Infect. Dis. Soc 4 (4), e109-e116. doi: 10.1093/jpids/piul10

Lee, J., Heintz, B., Mosher, H., Livorsi, D., Egge, J., and Lund, B. (2021). Risk of acute
kidney injury and clostridioides difficile infection with Piperacillin/Tazobactam,
cefepime, and meropenem with or without vancomycin. Clin. Infect. Dis. 73 (7),
e1579-e1586. doi: 10.1093/cid/ciaal902

Liang, X., Fan, Y., Yang, M., Zhang, J., Wu, ], Yu, J., et al. (2018). A prospective
multicenter clinical observational study on vancomycin efficiency and safety with
therapeutic drug monitoring. Clin. Infect. Dis. 67, $249-S255. doi: 10.1093/cid/ciy680

Liu, C,, Bayer, A., Cosgrove, S., Daum, R., Fridkin, S., Gorwitz, R., et al. (2011).
Clinical practice guidelines by the infectious diseases society of america for the
treatment of methicillin-resistant staphylococcus aureus infections in adults and
children. Clin. Infect. Dis. 52 (3), e18-e55. doi: 10.1093/cid/ciq146

Ma, N,, Walker, S., Elligsen, M., Kiss, A., Palmay, L., Ho, G., et al. (2020).
Retrospective multicentre matched cohort study comparing safety and efficacy
outcomes of intermittent-infusion versus continuous-infusion vancomycin. J.
Antimicrob. Chemother. 75 (4), 1038-1046. doi: 10.1093/jac/dkz531

Matson, K., Shaffer, C., Beck, G., and Simonsen, K. (2015). Assessment of initial serum
vancomycin trough concentrations and their association with initial empirical weight-based
vancomycin dosing and development of nephrotoxicity in children: A multicenter
retrospective study. Pharmacotherapy 35 (3), 337-343. doi: 10.1002/phar.1552

Mehta, Y., Paul, R., Rabbani, R, Acharya, S., and Withanaarachchi, U. (2022). Sepsis
management in southeast Asia: A review and clinical experience. J. Clin. Med. 11 (13),
3635. doi: 10.3390/jcm11133635

Mohammadi-Berenjestanaki, H., Khori, V., Shirzad-Aski, H., and Ghaemi, E. (2020).
In vitro synergistic effect of vancomycin and some antibacterial agents against clinical
methicillin-resistant and sensitive isolates. Microb. Drug Resist. 26 (3), 218-226.
doi: 10.1089/mdr.2019.0003

Peng, L., Gao, Y., Zhang, G., Tian, X., Xu, H., Yu, Q, et al. (2021). Effects of
continuous venovenous hemofiltration on vancomycin trough concentrations in
critically ill children. Ann. Transl. Med. 9 (3), 224. doi: 10.21037/atm-20-4005

Frontiers in Cellular and Infection Microbiology

11

10.3389/fcimb.2023.1117717

Pollack, M., Patel, K., and Ruttimann, U. (1996). PRISM III: An updated pediatric
risk of mortality score. Crit. Care Med. 24 (5), 743-752. doi: 10.1097/00003246-
199605000-00004

Principi, N., and Esposito, S. (2019). Antibiotic-related adverse events in paediatrics:
Unique characteristics. Expert Opin. Drug Saf. 18 (9), 795-802. doi: 10.1080/
14740338.2019.1640678

Randolph, A., Xu, R., Novak, T., Newhams, M., Bubeck Wardenburg, J., Weiss, S.,
et al. (2019). Vancomycin monotherapy may be insufficient to treat methicillin-
resistant staphylococcus aureus coinfection in children with influenza-related critical
illness. Clin. Infect. Dis. 68 (3), 365-372. doi: 10.1093/cid/ciy495

Rubinstein, E., and Keynan, Y. (2014). Vancomycin revisited - 60 years later. Front.
Public Health 2. doi: 10.3389/fpubh.2014.00217

Rybak, M., Le, J., Lodise, T., Levine, D., Bradley, J., Liu, C,, et al. (2020). Therapeutic
monitoring of vancomycin for serious methicillin-resistant staphylococcus aureus
infections: A revised consensus guideline and review by the American society of
health-system pharmacists, the infectious diseases society of America, the pediatric
infectious diseases society, and the society of infectious diseases pharmacists. Clin.
Infect. Dis. 71 (6), 1361-1364. doi: 10.1093/cid/ciaa303

Scaglione, F., and Paraboni, L. (2008). Pharmacokinetics/pharmacodynamics of
antibacterials in the intensive care unit: Setting appropriate dosing regimens. Int. J.
Antimicrob. Agents 32 (4), 294-301. doi: 10.1016/j.ijantimicag.2008.03.015

Sosnin, N., Curtis, N., Cranswick, N., Chiletti, R., and Gwee, A. (2019). Vancomycin
is commonly under-dosed in critically ill children and neonates. Br. J. Clin. Pharmacol.
85 (11), 2591-2598. doi: 10.1111/bcp.14084

Tang, Z., Guan, ., Li, ., Yu, Y., Qian, M., Cao, J., et al. (2021). Determination of
vancomycin exposure target and individualised dosing recommendations for neonates:
Model-informed precision dosing. Int. J. Antimicrob. Agents 57 (3), 106300.
doi: 10.1016/j.ijantimicag.2021.106300

Tkachuk, S., Collins, K., and Ensom, M. (2018). The relationship between
vancomycin trough concentrations and AUC/MIC ratios in pediatric patients: A
qualitative systematic review. Paediatr. Drugs 20 (2), 153-164. doi: 10.1007/s40272-
018-0282-4

Tong, S., Lye, D., Yahav, D., Sud, A., Robinson, J., Nelson, J., et al. (2020). Effect of
vancomycin or daptomycin with vs without an antistaphylococcal B-lactam on
mortality, bacteremia, relapse, or treatment failure in patients with MRSA
bacteremia: A randomized clinical trial. JAMA 323 (6), 527-537. doi: 10.1001/
jama.2020.0103

Truong, J., Veillette, J., and Forland, S. (2018). Outcomes of vancomycin plus a -
lactam versus vancomycin only for treatment of methicillin-resistant staphylococcus
aureus bacteremia. Antimicrob. Agents Chemother. 62 (2), €01554-17. doi: 10.1128/
aac.01554-17

Van Der Heggen, T., Buyle, F., Claus, B., Somers, A., Schelstraete, P., De Paepe, P.,
et al. (2021). Vancomycin dosing and therapeutic drug monitoring practices:
Guidelines versus real-life. Int. J. Clin. Pharm. 43 (5), 1394-1403. doi: 10.1007/
§11096-021-01266-7

Weiss, S., Peters, M., Alhazzani, W., Agus, M., Flori, H., Inwald, D., et al. (2020).
Surviving sepsis campaign international guidelines for the management of septic shock
and sepsis-associated organ dysfunction in children. Intensive Care Med. 46, 10-67.
doi: 10.1007/s00134-019-05878-6

Yang, C,, Sy, C,, Huang, Y., Shie, S., Shu, J., Hsieh, P., et al. (2018). Risk factors of
treatment failure and 30-day mortality in patients with bacteremia due to MRSA with
reduced vancomycin susceptibility. Sci. Rep. 8 (1), 7868. doi: 10.1038/s41598-018-26277-9

frontiersin.org


https://doi.org/10.1097/ftd.0000000000000250
https://doi.org/10.1002/phar.1321
https://doi.org/10.2147/idr.S109485
https://doi.org/10.1016/j.ijid.2019.12.036
https://doi.org/10.1159/000339789
https://doi.org/10.1002/jcph.782
https://doi.org/10.1093/jpids/piu110
https://doi.org/10.1093/cid/ciaa1902
https://doi.org/10.1093/cid/ciy680
https://doi.org/10.1093/cid/ciq146
https://doi.org/10.1093/jac/dkz531
https://doi.org/10.1002/phar.1552
https://doi.org/10.3390/jcm11133635
https://doi.org/10.1089/mdr.2019.0003
https://doi.org/10.21037/atm-20-4005
https://doi.org/10.1097/00003246-199605000-00004
https://doi.org/10.1097/00003246-199605000-00004
https://doi.org/10.1080/14740338.2019.1640678
https://doi.org/10.1080/14740338.2019.1640678
https://doi.org/10.1093/cid/ciy495
https://doi.org/10.3389/fpubh.2014.00217
https://doi.org/10.1093/cid/ciaa303
https://doi.org/10.1016/j.ijantimicag.2008.03.015
https://doi.org/10.1111/bcp.14084
https://doi.org/10.1016/j.ijantimicag.2021.106300
https://doi.org/10.1007/s40272-018-0282-4
https://doi.org/10.1007/s40272-018-0282-4
https://doi.org/10.1001/jama.2020.0103
https://doi.org/10.1001/jama.2020.0103
https://doi.org/10.1128/aac.01554-17
https://doi.org/10.1128/aac.01554-17
https://doi.org/10.1007/s11096-021-01266-7
https://doi.org/10.1007/s11096-021-01266-7
https://doi.org/10.1007/s00134-019-05878-6
https://doi.org/10.1038/s41598-018-26277-9
https://doi.org/10.3389/fcimb.2023.1117717
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Vancomycin efficiency and safety of a dosage of 40–60 mg/kg/d and corresponding trough concentrations in children with Gram-positive bacterial sepsis
	Introduction
	Methods
	Study site and study population
	Data collection
	Vancomycin administration and therapeutic drug monitoring
	Definition
	Outcomes
	Statistical analysis

	Results
	Enrollment and basic characteristics of all enrolled patients
	Basic characteristics of success and failure groups
	Risk factors for treatment failure
	The treatment success rate between trough concentrations &le;15 mg/L and &gt;15 mg/L

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


