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Introduction
Children in low- and middle-income countries (LMICs) are leading consumers of antibiotics 
globally,1 and little progress has been made in mitigating the risk of antimicrobial resistance by 
improving stewardship in this setting.2 The World Health Organization (WHO) has classified 
180 antibiotics used in human health into Access, Watch and Reserve categories. This classification 
is based on spectrum of activity, frequency of use and resistance potential. Vancomycin is a Watch 
antibiotic and should be prioritised for stewardship and surveillance for resistance.3 Vancomycin’s 
mechanism of action against Gram-positive bacteria is by inhibition of bacterial cell wall synthesis. 
It remains the treatment of choice for infection caused by β-lactam-resistant Gram-positive 
bacteria such as Enterococcus faecium, β-lactam-resistant Streptococcus pneumoniae and methicillin-
resistant Staphylococcus aureus (MRSA).4,5

A pharmacist-led, multicentre, antimicrobial stewardship (AMS) initiative, across 47 private 
hospitals in South Africa, showed that 1 in every 15 antibiotic prescriptions required intervention 
when dosing errors and excessive duration were common.6 An audit on the impact of 
stewardship on vancomycin use in children indicated that non-approved indications for 
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prescription, dosing errors and prolonged duration of 
treatment were problems.7 Real-time intervention and 
feedback on prescriptions of vancomycin have reduced 
overall vancomycin use and improved the safety and 
quality of care in tertiary hospitals.8,9

Achievement of adequate plasma and tissue vancomycin 
concentrations is essential for an optimal clinical response. 
The effectiveness of vancomycin to treat invasive infections 
due to Gram-positive bacteria is associated with the area 
under the concentration-time curve from 0 h to 24 h divided 
by the minimum inhibitory concentration (AUC24/MIC ratio) 
of the organism being targeted. For MRSA with a vancomycin 
MIC of 1 mg/L, an AUC24/MIC ratio > 400 is recommended.10 
The 2011 Clinical Practice Guidelines produced by the 
Infectious Diseases Society of America (IDSA) recommended 
targeting vancomycin trough concentrations of 15 mg/L – 
20 mg/L, which correlates with an AUC24/MIC ratio > 400, in 
adults with severe bacterial infections. The effectiveness and 
safety of targeting trough concentrations of 15 mg/L – 
20 mg/L in children were not established at the time and a 
dose of 15 mg/kg per dose administered intravenously six-
hourly was recommended.11 Pharmacokinetic modelling 
suggests that a trough concentration of 7 mg/L – 10 mg/L 
may be sufficient to achieve an AUC24/MIC of > 400 in over 
90% of children with MRSA infection.12 Although optimal 
dosing and the role of therapeutic drug monitoring (TDM) in 
paediatric practice remain uncertain,11,13 current IDSA 
guidelines recommend individualised targeting of an 
AUC24/MIC ratio of 400–600 (assuming a vancomycin  
MIC of 1 mg/L) to achieve clinical efficacy while improving 
safety.5 Individualised AUC24/MIC targeting is not readily 
available in LMICs but has been successfully used as an 
entry point for stewardship elsewhere.14

Paediatric prescribing practices of vancomycin have not 
been evaluated in South Africa. To identify potential AMS 
intervention opportunities related to vancomycin usage and 
to aid better patient outcomes, the authors aimed to 
document the use, prescribing practices and monitoring of 
intravenous vancomycin, and to describe the spectrum of 
bacteria isolated on microbiological culture and their 
antibiotic susceptibility profile in children treated with 
intravenous vancomycin during a 12-month period at Red 
Cross War Memorial Children’s Hospital (RCWMCH) in 
Cape Town, South Africa.

Methods
Study design, setting and identification of study 
participants
A retrospective descriptive study of intravenous vancomycin 
use in children admitted to RCWMCH during 2019 was 
performed. The RCWMCH is a 272-bed referral hospital that 
serves children aged 13 years and younger from the Western 
Cape province and occasionally from surrounding provinces. 
All children treated with intravenous vancomycin during the 
study period were eligible for inclusion and excluded only if 
records were missing or the prescription chart could not be 

located in the hospital folder. Study participants were 
primarily identified from the RCWMCH pharmacy database. 
In addition, the intensive care unit (ICU) discharge summary 
database was searched, as vancomycin used to treat children 
admitted to the ICU is obtained from ICU medication stock 
and not issued directly from the pharmacy on an individual 
patient basis.

Data collection
Demographic details, clinical information and vancomycin 
prescription data on the enrolled participants were 
extracted from medical records obtained from the 
RCWMCH medical records department and entered into a 
REDCap database (Research Electronic Data Capture, 
Vanderbilt University, Nashville, Tennessee, United States 
[US]). The collected clinical information included diagnosis, 
comorbidities, surgical interventions, documentation of 
adverse drug events (ADEs) and clinical outcomes. Laboratory 
information collected included vancomycin trough 
concentrations and creatinine at the time of vancomycin 
administration. Details of each vancomycin prescription 
episode were obtained from the paper-based antibiotic 
prescription chart (a separate prescription chart from that 
used for other medication) that is currently in use at 
RCWMCH. This chart prompts the prescriber to send 
appropriate cultures prior to antibiotic prescribing and to 
indicate the suspected clinical diagnosis, source of infection, 
and an indication as to whether the antibiotic is for 
empirical or directed treatment. The route, dose, dosing 
frequency, duration, and start date and time are also 
captured (Online Appendix 1). Prescription data were 
collected directly from this antibiotic chart where available,  
and multiple prescription episodes were collected within  
a single admission. The total patient days for all  
hospital admissions during the study period was calculated 
by and received directly from the Provincial Health Data 
Centre.

The collected microbiological information included culture 
site, organism(s) cultured, antibiotic susceptibility testing 
(AST) results, and the MIC to vancomycin. All microbiological 
cultures were performed at the National Health Laboratory 
Service (NHLS) microbiology laboratory at Groote Schuur 
Hospital in Cape Town. Bacterial identification and AST 
were performed using the Vitek®2 automated system 
(bioMérieux, France), biochemical or antigen-detection 
methods, and disc or gradient diffusion AST methods 
where appropriate. Results of AST were interpreted using 
the Clinical & Laboratory Standards Institute (CLSI) 
guidelines.15

Data analysis
Data were analysed using Microsoft Excel (version 2111) 
and Stata version 15.0 (Stata Corp., College Station, Texas, 
US). Categorical variables were described using absolute 
values and percentages with the associated 95% confidence 
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intervals (CIs); continuous variables were described using 
median and interquartile range (IQR) for non-normally 
distributed data. Comparison of the vancomycin daily dose 
between treatment groups was done using the Wilcoxon 
rank sum test. To examine whether participants with a 
Gram-positive organism on culture had increased odds of 
being prescribed vancomycin for more than 14 days 
compared to those with negative cultures, odds ratio (OR) 
were calculated using the STATA immediate command. 
P-values of less than 0.05 were used to denote statistical 
significance.

Study definitions
An infection episode was considered community-acquired 
(CAI) if vancomycin was started within 48 h of admission 
to hospital and considered hospital-acquired (HAI) if 
vancomycin treatment was started more than 48 h after 
hospital admission or within 30 days of discharge from a 
previous admission.16

A vancomycin prescription was considered empiric 
treatment if commenced before culture and antibiotic 
susceptibility results were available, and all prescriptions 
for which cultures remained negative or no cultures were 
submitted to the laboratory. A vancomycin prescription 
was considered directed when an organism susceptible 
to vancomycin was identified by culture and AST, 
and vancomycin was considered the preferred treatment 
option.

Vancomycin usage was expressed as days of therapy per 
1000 patient days (DOT/1000 PD) defined as the number of 
days that study participants were treated with intravenous 
vancomycin (regardless of the dose) per 1000 inpatient days 
including all patients admitted in the hospital during the 
study period.17

Vancomycin TDM was considered appropriate if a serum 
trough concentration was performed before the fourth dose 
for treatment exceeding 3 days, based on the time to reach 
steady state.18 Trough concentrations of 10 mg/L – 20 mg/L 
were considered therapeutic based on guidelines followed 
within the study period.16,18

Ethical considerations
Ethical approval was obtained from the University of Cape 
Town Human Research Ethics Committee (approval number 
HREC Ref: 498/2020) and the RCWMCH research committee 
(RCC 241/WC_202008_114). A waiver of consent was 
granted on the basis that the study only used anonymised 
archived data. The study was done in accordance with the 
Declaration of Helsinki.

Results
A total of 158 vancomycin prescription episodes for 
143 children were included (Figure 1), of which 67 (47%) 

were male and 76 (53%) were female. The median age at 
admission was 7 months (IQR: 1–77) and the median weight 
was 7 kg (IQR: 3–19). Twenty-two (15%) of participants were 
term neonates and 26/143 (18%) had been born premature 
with a corrected gestational age below 44 weeks. Monthly 
usage stratified by use in and outside of the ICU is illustrated 
in Figure 2.

Vancomycin usage
The overall usage of intravenous vancomycin during the 
study period was 63 DOT/1000 PD (IQR: 38–72). The monthly 
usage ranged from 1 DOT/1000 PD to 104 DOT/1000 PD. 
Vancomycin prescription episodes occurred in the following 
wards: ICU (81/158, 51%), transplant (23/158, 15%), surgical 
(19/158, 12%), haematology/oncology (19/158, 12%) and 
general paediatric (16/158, 10%).
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FIGURE 2: Monthly usage of vancomycin over the study period (2019) in ICU & 
non-ICU wards at the Red Cross War Memorial Children’s Hospital.
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FIGURE 1: Participants and vancomycin prescription episodes included in the 
study.
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Vancomycin prescribing practices
Diagnosis and indications for vancomycin
All vancomycin prescription episodes met the definition of 
an HAI. Most prescriptions (127/158, 80%) occurred more 
than 48 h after admission. For the 31 episodes in which 
vancomycin treatment was started before 48 h, 19 (61%) were 
transferred in from other hospitals where they had more than 
48 h, and 12 (39%) were discharged within 30 days prior to 
current admission. Vancomycin was prescribed as empiric 
treatment in 127/158 (80%) prescription episodes and 
directed treatment for 31/158 (20%). Suspected clinical 
diagnoses and indications for vancomycin use are 
summarised in Table 1.

Dose
A starting dose of 15 mg/kg per dose was identified in 
83/158 (53%) prescription episodes, with the median 
starting dose also being 15 mg/kg per day (IQR: 14–15). 
The median daily dose was 45 mg/kg per day (IQR: 43–60) 
with no significant difference between the median total 
daily dose in the definitive 46 mg/kg per day (IQR: 40–60) 
versus empiric treatment 45 mg/kg per day (IQR: 43–60) 
groups (z = 0.3, p = 0.8). Thirty-four (22%) prescriptions 
were for a total daily dose of 60 mg/kg per day, and 
46/158 (29.1%) of the prescriptions were for a total daily 
dose of ≥ 60 mg/kg per day.

Dosing frequency
Dosing frequencies included six-hourly dosing in 42/158 
(27%) and eight-hourly dosing in 89/158 (56%) prescription 

episodes. Other frequencies included 12-hourly dosing in 
11/158 (7%) of which 10 (10/11, 90%) frequencies were based 
on prematurity and gestational age, and 1 (1/11, 10%) had 
renal dysfunction; 3 (3/158, 2%) episodes of 24-hourly dosing 
in which 1 (1/3, 33%) was based on gestation, and 2 (2/3, 
67%) had renal dysfunction. In both episodes (2/158, 1%) 
where vancomycin was prescribed 48-hourly, renal dysfunction 
was present. A single dose was given in 11/158 (7%) episodes 
with 10 (10/11, 90%) stopped after a single dose and 1 (1/11, 
10%) episode where the vancomycin was represcribed 
eight-hourly.

Duration of treatment
The median duration of vancomycin treatment was 5 days 
(IQR: 3–7). There was a significant difference in treatment 
duration between directed (7 days; IQR: 4–10) and empiric 
(4 days; IQR: 2–7) vancomycin treatment groups (z = 3.2, 
p = 0.001). In 15/158 (9%) prescription episodes, the duration 
of vancomycin treatment was 14 days or more. These 
prescriptions included empiric treatment of suspected 
meningitis or ventriculitis (4/15, 26%), skin and soft tissue 
infections (SSTIs) (2/15, 13%), postsurgical intra-abdominal 
infection and typhlitis (2/15, 13%), ventilator-associated 
pneumonia (VAP) (1/15, 7%), febrile neutropaenia (1/15, 
7%), spinal abscess (1/15, 7%) and suspected toxic shock 
syndrome (1/15, 7%). One episode of necrotising enterocolitis 
(NEC) and coagulase-negative staphylococci (CONS) on 
blood culture (1/15, 7%) and two episodes of directed 
treatment for confirmed MRSA BSI (2/15, 13%) from wound 
sepsis after cardiac surgery and hospital-acquired pneumonia 
(HAP) in an episode of flame burns. In 3 of 15 episodes  
(20%) where vancomycin was prescribed for 14 days or  
more, Gram-positive organisms were cultured. Similarly, in 
episodes where vancomycin was prescribed for less than 
14 days, 28/143 (20%) isolated Gram-positive bacteria from 
culture. Thus, the odds of having a Gram-positive organism 
on culture when treated with vancomycin for 14 days or 
more compared to the odds when treated for less than 14 days 
were similar (OR: 1.02, 95% CI: 0.17–4.2, p = 0.59).

Therapeutic drug monitoring
Therapeutic drug monitoring was performed in 95/158 
(60%) of the vancomycin prescription episodes. Vancomycin 
treatment exceeded 3 days in 98/158 (62%) prescription 
episodes, and of these, 65/98 (66%) had vancomycin serum 
trough concentrations performed. The median time of 
trough concentration collection was before the fourth dose 
(IQR: 3–5). 

Dosing strategies in relation to vancomycin 
serum trough concentrations
For samples obtained before the fourth dose, the median 
vancomycin serum trough concentration was 14 mg/L 
(IQR: 6–18).

There were 37/95 (39%) serum trough concentrations 
< 10 mg/L. Irrespective of the timing of serum trough 

TABLE 1: Clinical classification associated with each vancomycin prescription 
episode.
Clinical classification† Empiric (n = 127‡) Directed (n = 31‡)

n % 95% CI n % 95% CI

Infection without a clinical focus
Fever§ 4 3 1–8 1 3 0–17
Neutropaenia¶ 7 6 2–11 2 6 1–21
Infection with a clinical focus
Hospital acquired pneumonia 13 10 6–17 2 6 1–21
Ventilator associated 
pneumonia

18 14 9–21 4 13 4–30

Shunt infection†† 3 2 0–7 - - -
Subdural empyema 1 1 0–4 - - -
Ventriculitis 3 2 0–7 - - -
Meningitis 6 5 2–10 - - -
Intra-occular infection - - - 1 3 0–17
Intra-abdominal infection‡‡ 20 15 10–23 4 13 4–30
Necrotizing enterocolitis 14 11 6–18 3 10 2–26
Typhlitis 2 2 0–6 - -
Skin and soft tissue infection§§ 24 19 12–27 2 6 1–21
Toxic shock syndrome 1 1 0–4 - - -
Osteitis - - - 1 3 0–17
Spinal Abscess 1 1 0–4 - - -
Urinary tract infection 3 2 0–7 3 10 2–26
Infective endocarditis 2 2 0–6 - - -
Central line infection 5 4 1–9 7 24 10–41
Blood stream infection - - - 1 3 0–17

†, Includes any clinical diagnosis supplied at vancomycin initiation; ‡, n = denominator unless 
otherwise specified; §, Body temperature > 38 ⁰C at the time of prescription; ¶, Absolute 
neutrophil count < 1.5 X 109/L; ††, Includes ventriculoperitoneal and Ommaya shunts; ‡‡, 
Includes all post-surgical intra-abdominal infections and peritonitis; §§, Includes skin 
abscesses, burn wound infections and wound sepsis. 
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concentration measurements, prescription adjustments based on 
trough concentrations below 10 mg/L included an increase in 
dose (20/37, 54%), dose frequency (13/37, 23%) or both (5/37, 
14%). Nine (9/37, 24%) prescriptions were not adjusted. 

Trough concentrations greater than 20 mg/L occurred in 
21/95 (22%) of all prescription episodes where a trough 
concentration was performed. The dose (6/21, 29%), 
frequency (9/21, 43%) or both (1/21, 4%) were adjusted. 
Vancomycin was stopped in 3 (3/21, 14%) and continued 
without any adjustments in 2 (2/21, 10%) episodes.

Microbiology
Cultures were done before initiating 146/158 (92%) vancomycin 
prescription episodes. Culture results are detailed in Table 2. A 
high proportion of culture-positive episodes had an indwelling 
device present (39/58, 67%). These included indwelling venous 
catheters (31/58, 53%), urinary catheters (4/58, 7%), intracranial 
monitors (2/58, 3%), a ventriculoperitoneal shunt (VPS) (1/58, 
2%) and a peritoneal dialysis catheter (1/58, 2%). Of the 
17 S. aureus isolates, 8 (47%) were MRSA. There were 
15 Enterococcus spp. isolated, 13 of which (87%) were resistant 
to ampicillin. Vancomycin MICs were performed on 21/38 
(55%) of the Gram-positive isolates including all 8 MRSA 
isolates. All MICs were ≤ 1 mg/L.

Antibiotic de-escalation practices following 
culture and antibiotic susceptibility results
Cultures were negative in 88/146 (60%) episodes and the 
median vancomycin treatment duration in these episodes 
was 5 (IQR: 3–6) days. Vancomycin was stopped within 
3 days for 36/88 (41%), within 5 days for 28/88 (32%) and 

continued for a median of 7 (IQR: 6–10) days for 24/88 (27%) 
prescription episodes.

Positive cultures were obtained in 58/146 (40%) vancomycin 
prescription episodes and the median vancomycin treatment 
duration in these episodes was 6 (IQR: 2–8) days. Vancomycin 
was the appropriate antibiotic choice and prescribed as 
directed treatment in 22/58 (38%) prescription episodes and 
9/58 (15%) episodes where CONS were identified and of 
which the clinical significance was uncertain. For 19/58 
(33%) episodes, vancomycin was stopped within 5 days as 
culture either identified an organism for which vancomycin 
was not the appropriate antibiotic choice or the organism 
was not deemed clinically significant.

Vancomycin was continued beyond 5 days in 8/58 (14%) 
when the organism identified was either not susceptible to 
vancomycin or vancomycin was not considered the preferred 
treatment option. These included the following: 3/8 (37%) 
episodes where Gram-negative bacteria were isolated from 
blood and pus in suspected NEC2 and from a tracheal aspirate 
in febrile neutropaenia1; 3/8 (37%) episodes where 
methicillin-susceptible S. aureus was identified from sputum 
in an episode of VAP, from a pus swab from a wound infection 
following cardiac surgery, and from blood culture in febrile 
neutropaenia, respectively; 1 (1/8, 13%) episode in which 
Candida albicans was isolated from blood culture in an episode 
of VAP; and 1 (1/8, 13%) episode in which Streptococcus 
agalactiae was isolated from blood culture in an episode of 
NEC. 

Adverse events
Four ADEs were documented in the clinical records. One 
episode was associated with a hypersensitivity reaction; 
three had acute kidney injury (AKI) attributed to 
vancomycin with all having preexisting chronic kidney 
disease (advanced membranous nephropathy, lupus nephritis 
and hepatorenal syndrome). Two participants with 
documented AKI also received furosemide and amikacin, 
respectively. Whether co-administration of these drugs 
contributed to AKI is uncertain. Vancomycin TDM and 
dose adjustment were performed throughout the course of 
therapy for participants with ADE. Vancomycin was 
stopped in two (50%) episodes and continued despite  
the ADE in two (50%) episodes.

Discussion
To the best of the authors knowledge, this is the first 
description of vancomycin usage and prescribing practices in 
South African children. Intravenous vancomycin prescription 
occurs throughout RCWMCH, with ICU unsurprisingly 
accounting for most usage (51%) during 2019. Comparable 
vancomycin usage has not been published from healthcare 
facilities treating children in South Africa.

Vancomycin was prescribed exclusively for HAI and mostly 
as empiric treatment (80%) and less often as directed 

TABLE 2: Microbiological profile of organisms isolated from positive cultures.
Sample type (n = 58‡) n % Organisms identified (n = 61‡) n %

Blood 46† 79 Staphylococcus aureus 13 21
- - Coagulase negative Staphylococcus 8 13
- - Enterococcus faecalis 2 3
- - Enterococcus faecium 10 16
- - Streptococcus mitis 2 3
- - Streptococcus viridans 2 3
- - Streptococcus agalactiae§ 1 2
- - Gram-negatives¶ 6 10
- - Candida species†† 4 7

Pus swabs 4 8 Staphylococcus aureus 2 3
- - Enterococcus faecium 1 2
- - Klebsiella pneumoniae 1 2

Respiratory samples 3 5 Staphylococcus aureus 2 3
- - Serratia marcescens 1 2

Peritoneal fluid 2 3 Coagulase negative Staphylococcus 1 2
- - Enterococcus faecium 1 2

Urine 2 3 Enterococcus faecium 1 2
- - Enterococcus species‡‡ 1 2

Vitreous fluid 1 2§§ Streptococcus salivarius 1 2
- - Streptococcus mitis 1 2

†, Total pathogens isolated from blood culture includes two isolates identified in two 
cultures (48 pathogens from 46 samples), including a mixed growth of Klebsiella pneumoniae 
and Escherichia coli and Staphylococcus aureus and Streptococcus mitis; ‡, n = denominator 
unless otherwise stated; §, Group B Streptococcus; ¶, Klebsiella pneumoniae, Citrobacter 
freundii, Serratia marcescens, Pseudomonas aeruginosa, Klebsiella oxytoca, Escherichia  
coli; ††, Candida albicans, Candida parapsilosis; ‡‡, Only identified up to genus; §§, Two 
pathogens isolated from one vitreous fluid sample.
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treatment (20%) with cultures routinely obtained prior to 
prescriptions in most (92%). Clinical indications for using 
vancomycin at initiation of empiric antibiotic treatment 
included intra-abdominal infection and NEC (26%), HAP 
and VAP (24%) and SSTI (19%). For directed treatment, 
indwelling venous catheter-associated infection (24%), 
HAP and VAP (19%), and intra-abdominal infection and 
NEC (23%) were common. Vancomycin prescription for 
inappropriate or non-approved indications was less frequent 
than previously described in other settings.7

Dosing of vancomycin was variable with only 53% of 
prescriptions adhering to a starting dose of 15 mg/kg per 
day and only 22% adhering to the recommended total daily 
dose of 60 mg/kg per day.19 More than two-thirds of 
prescriptions were for < 60 mg/kg per day. Dosing frequency 
was most often eight-hourly (56%) or six-hourly (27%) with 
dosing less frequently than eight-hourly due to prematurity 
or renal dysfunction.

The significant difference in treatment duration between 
empiric and directed treatment episodes suggests that 
vancomycin is stopped sooner once cultures are negative 
than in cases where cultures and AST confirm an infection 
where vancomycin is the appropriate treatment. However, 
among the 15 episodes (9%) where vancomycin treatment 
continued for 14 days or more, empiric treatment accounted 
for 80% of prescription episodes. These findings are in 
keeping with studies from other countries indicating that 
inappropriate prescribing and prolonged empiric treatment 
are common, with differences among age groups contributing 
to dosing complexity.20,21,22

The optimal dosing of vancomycin and the role of TDM in 
paediatric practice remain uncertain11,12 and may soon be 
replaced with model-informed precision dosing where 
available.23 Infectious Diseases Society of America guidelines5 
recommend AUC24/MIC targeting, whereas guidelines 
aiming for vancomycin serum trough concentrations of 
10 mg/L – 20 mg/L are still followed at RCWMCH.19 Serum 
trough concentration monitoring was only performed in 60% 
of prescription episodes overall and in 66% of episodes 
treatment for longer than 3 days. Only 21% of TDM samples 
were obtained before the fourth dose, lower than the 40% 
reported in a study from France that evaluated 154 
vancomycin prescriptions.24 With the very variable dosing 
found in the study overall, it is surprising that the median 
vancomycin serum trough concentration in the 20 episodes 
with samples obtained before the fourth dose was 14 mg/L 
(recommended range 10 mg/L – 20 mg/L)19 although the 
variability was wide (IQR: 6–18). It was difficult to interpret 
the serum trough concentrations that were < 10 mg/L or 
> 20 mg/L, as well as the appropriateness of dose adjustments 
done in response to these results. Although AUC24/MIC 
monitoring is not currently available, its future utilisation  
as an AMS tool may improve vancomycin dosing and  
safety, which is particularly important as ADEs are likely 
underreported at RCWMCH.14 

The microbiological results revealed that approximately 
two-thirds of positive cultures occurred where an 
indwelling device was present. This finding suggests that 
improved compliance with infection prevention and 
control (IPC) could reduce the need for vancomycin 
prescription. Although blood culture yielded MRSA in 47% 
of isolates, it is reassuring that no isolates were non-
susceptible to vancomycin. The rate of MRSA in was lower 
than the 72% and 65% in hospital-acquired BSI due to S. 
aureus recorded in previous paediatric studies done in 
Cape Town.25,26

Like many others in LMIC settings, RCWMCH lacks the 
capacity to implement prospective audit and real-time 
feedback to prescribers, and discontinuation or de-escalation to 
narrower spectrum antibiotics based on culture and AST 
results where appropriate. Among episodes with negative 
cultures, vancomycin was discontinued in 41% within 3 days 
and 73% within 5 days of starting treatment. However, 
among 58 episodes with positive cultures, 8 (14%) continued 
vancomycin treatment despite the identification of an 
organism that was not susceptible to vancomycin or where 
vancomycin is not the preferred treatment option.

This study has several limitations. It was performed at a 
single centre and paper-based medical record review with 
missing documents resulted in a high exclusion rate (23%). 
Uniform local guidance on vancomycin prescribing is limited 
and variable, and the appropriateness of vancomycin 
treatment based on the documented clinical syndrome could 
not be assessed. Clinical indications were only collected 
when vancomycin was initiated, as information on indications 
for continued prescribing was not available. Furthermore, 
outcome data were not available and the impact of 
vancomycin prescription errors on outcomes could not be 
accurately assessed. As a result of the diversity in prescribing 
practices among different institutions, results may not be 
applicable elsewhere.

Monitoring antimicrobial consumption and instituting 
effective AMS interventions remain a challenge in areas 
where electronic prescribing is not yet feasible. This study 
emphasises the need to develop and implement uniform 
guidelines for the prescription and monitoring of vancomycin 
along with appropriate de-escalation practices as urgent 
AMS interventions. Similar guidance is important for all 
other antimicrobials prescribed at RCWMCH. Ongoing 
education of prescribers and compliance with IPC practices 
are essential. Future research should focus on defining 
methods to improve prescribing practices and evaluate 
future AMS interventions.

Conclusion
Dosing errors, prolonged empiric treatment and inappropriate 
vancomycin monitoring were problems associated with 
vancomycin prescriptions in the study. Antimicrobial 
stewardship interventions targeting uniform guidance and 
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concurrently improving IPC compliance may contribute to 
the preservation of vancomycin at RCWMCH.

Acknowledgements
The authors would like to acknowledge the Central Data 
Warehouse of the National Health Laboratory Service 
(NHLS) for data access and Ms Simone Takwu and the 
medical records personnel at RCWMCH for their assistance.

Competing interests
The authors declare that they have no financial or personal 
relationships that may have inappropriately influenced them 
in writing this article.

Authors’ contributions
L.G. was responsible for study design, data collection, data 
analysis and writing of the article. J.J.C.N., B.S.E. and H.D.T. 
assisted with study design, article review, editing and 
supervision. W.B. assisted with statistical analysis. A.M.M.B. 
provided the pharmacy data. All authors read and approved 
the final article.

Funding information
This research received no specific grant from any funding 
agency in the public , commercial, or not-for-profit sectors.

Data availability
The data that support the findings of this study are available 
from the corresponding author, L.G., upon reasonable 
request.

Disclaimer
The views and opinions expressed in this article are those of 
the authors and do not necessarily reflect the official policy or 
position of any affiliated agency of the authors.

References
1. Allwell-Brown G, Hussain-Alkhateeb L, Kitutu FE, Strömdahl S, Mårtensson A, 

Johansson EW. Trends in reported antibiotic use among children under 5 years of 
age with fever, diarrhoea, or cough with fast or difficult breathing across low-
income and middle-income countries in 2005-17: A systematic analysis of 132 
national surveys from 73 countries. Lancet Glob Health. 2020;8(6):e799–e807. 
https://doi.org/10.1016/S2214-109X(20)30079-6

2. Porter GJ, Owens S, Breckons M. A systematic review of qualitative literature on 
antimicrobial stewardship in Sub-Saharan Africa. Glob Health Res Policy. 
2021;6(1):31. https://doi.org/10.1186/s41256-021-00216-0

3. Hsia Y, Lee BR, Versporten A, et al. Use of the WHO Access, Watch, and Reserve 
classification to define patterns of hospital antibiotic use (AWaRe): An analysis 
of paediatric survey data from 56 countries. Lancet Glob Heal. 2019;7(7): 
e861–e871. https://doi.org/10.1016/S2214-109X(19)30071-3

4. University of Cape Town, Health and Medical Publishers. The South African 
Medicines Formulary. 14th ed. South African Medical Association. 2020.

5. Rybak MJ, Le J, Lodise TP, et al. Executive summary: Therapeutic monitoring of 
vancomycin for serious Methicillin-Resistant Staphylococcus aureus infections: A 
revised consensus guideline and review of the American Society of Health-System 
Pharmacists, the Infectious Diseases Society of A. Pharmacotherapy. 
2020;40(4):363–367. https://doi.org/10.1002/phar.2376

6. Brink AJ, Messina AP, Feldman C, et al. Antimicrobial stewardship across 47 South 
African hospitals: An implementation study. Lancet Infect Dis. 2016;16(9): 
1017–1025. https://doi.org/10.1016/S1473-3099(16)30012-3

7. Di Pentima MC, Chan S. Impact of antimicrobial stewardship program on 
vancomycin use in a pediatric teaching hospital. Pediatr Infect Dis J. 
2010;29(8):707–711. https://doi.org/10.1097/INF.0b013e3181d683f8

8. Gillon J, Xu M, Slaughter J, Di Pentima MC. Vancomycin use: Room for improvement 
among hospitalized children. J Pharm Pract. 2017;30(3):296–299. https://doi.
org/10.1177/0897190016635478

9. Moise-Broder PA, Forrest A, Birmingham MC, Schentag JJ. Pharmacodynamics of 
vancomycin and other antimicrobials in patients with Staphylococcus aureus 
lower respiratory tract infections. Clin Pharmacokinet. 2004;43(13):925–942. 
https://doi.org/10.2165/00003088-200443130-00005

10. Liu C, Bayer A, Cosgrove SE, et al. 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. 2011;52(3):285–292. 
https://doi.org/10.1093/cid/ciq146

11. Frymoyer A, Guglielmo BJ, Hersh AL. Desired vancomycin trough serum concentration 
for treating invasive methicillin-resistant staphylococcal infections. Pediatr Infect Dis 
J. 2013;32(10):1077–1079. https://doi.org/10.1097/INF.0b013e318299f75c

12. Oskarsdottir K, Haraldsson A, Thorkelsson T, Oskarsdottir T, Gunnarsson P, Thors V. 
Children may need higher vancomycin doses to achieve therapeutic concentrations. 
Acta Paediatr. 2021;110(11):3077–3082. https://doi.org/10.1111/apa.16025

13. Suryadevara M, Steidl KE, Probst LA, Shaw J. Inappropriate vancomycin therapeutic 
drug monitoring in hospitalized pediatric patients increases pediatric trauma and 
hospital costs. J Pediatr Pharmacol Ther. 2012;17(2):159–165. https://doi.
org/10.5863/1551-6776-17.2.159

14. Kreitmeyr K, Pecar A, Mikolajczyk R, Von Both U, Huebner J. Pediatric antibiotic 
stewardship: Optimization of vancomycin therapy based on individual 
pharmacokinetics. Pediatr Infect Dis J. 2021;40(6):556–562. https://doi.org/10.1097/ 
INF.0000000000003058

15. CLSI. Performance standards for antimicrobial susceptibility testing. 29th ed. CLSI 
supplement M100. Wayne, PA: Clinical and Laboratory Standards Institute; 2019.

16. National Department of Health, South Africa. Essential Drugs Programme. 
Hospital level (Adults) Standard treatment guidelines and essential medicines list 
[homepage on the Internet]. 5th ed. 2019. [cited 14 Aug 2023]. Available from: 
https://knowledgehub.health.gov.za/elibrary/hospital-level-adults-standard-
treatment-guidelines-and-essential-medicines-list

17. Stanić Benić M, Milanič R, Monnier AA, et al. Metrics for quantifying antibiotic use 
in the hospital setting: Results from a systematic review and international 
multidisciplinary consensus procedure. J. Antimicrob Chemother. 2018;73(6): 
vi50–vi58. https://doi.org/10.1093/jac/dky118

18. Martin JH, Norris R, Barras M, et al. Therapeutic monitoring of vancomycin in 
adult patients: A consensus review of the American Society of Health-System 
Pharmacists, the Infectious Diseases Society of America, and the Society Of 
Infectious Diseases Pharmacists. Clin Biochem Rev. 2010;31(1):21–24.

19. The National Department of Health, South Africa: Essential Drugs Programme. 
Hospital level paediatrics standard treatment guideline and essential medicine list 
[homepage on the Internet]. 4th ed. South African National Department of 
Health; 2017. [cited 14 Aug 2023]. Available from: https://www.knowledgehub.
org.za/system/files/elibdownloads/2022-07/Paediatric%20Hospital%20
Level%20STGS%20and%20EML_4th_2017.pdf

20. Di Pentima MC, Chan S, Eppes SC, Klein JD. Antimicrobial prescription errors in 
hospitalized children: Role of antimicrobial stewardship program in detection and 
intervention. Clin Pediatr (Phila). 2009;48(5):505–512. https://doi.org/10.1177/ 
0009922808330774

21. Jones DA, Pulver L, Tai B, Nourse C. Glycopeptide prescribing in an Australian 
tertiary paediatric hospital. J Paediatr Child Health. 2001;37(4):342–347. https://
doi.org/10.1046/j.1440-1754.2001.00662

22. Abanyie-Bimbo F, O’Leary E, Nadle J, et al. Evaluation of vancomycin prescribing 
quality in hospitalized pediatric patients. Open Forum Infect Dis. 2018;5(Suppl 1): 
S114. https://doi.org/10.1093/ofid/ofy210.286

23. Frymoyer A, Schwenk HT, Zorn Y, et al. Model-informed precision dosing of vancomycin 
in hospitalized children: Implementation and adoption at an academic children’s 
hospital. Front Pharmacol. 2020;11:551. https://doi.org/10.3389/fphar.2020.00551

24. Roustit M, François P, Sellier E, et al. Evaluation of glycopeptide prescription and 
therapeutic drug monitoring at a university hospital. Scand J Infect Dis. 
2010;42(3):177–184. https://doi.org/10.3109/00365540903413614

25. Dramowski A, Cotton MF, Rabie H, Whitelaw A. Trends in paediatric bloodstream 
infections at a South African referral hospital. BMC Pediatr. 2015;15(1):1–11. 
https://doi.org/10.1186/s12887-015-0354-3

26. Naidoo R, Nuttall J, Whitelaw A, Eley B. Epidemiology of Staphylococcus aureus 
bacteraemia at a tertiary children’s hospital in Cape Town, South Africa. PLoS One. 
2013;8(10):1–9. https://doi.org/10.1371/journal.pone.0078396

http://www.sajid.co.za
https://doi.org/10.1016/S2214-109X(20)30079-6
https://doi.org/10.1186/s41256-021-00216-0
https://doi.org/10.1016/S2214-109X(19)30071-3
https://doi.org/10.1002/phar.2376
https://doi.org/10.1016/S1473-3099(16)30012-3
https://doi.org/10.1097/INF.0b013e3181d683f8
https://doi.org/10.1177/0897190016635478
https://doi.org/10.1177/0897190016635478
https://doi.org/10.2165/00003088-200443130-00005
https://doi.org/10.1093/cid/ciq146
https://doi.org/10.1097/INF.0b013e318299f75c
https://doi.org/10.1111/apa.16025
https://doi.org/10.5863/1551-6776-17.2.159
https://doi.org/10.5863/1551-6776-17.2.159
https://doi.org/10.1097/INF.0000000000003058
https://doi.org/10.1097/INF.0000000000003058
https://knowledgehub.health.gov.za/elibrary/hospital-level-adults-standard-treatment-guidelines-and-essential-medicines-list
https://knowledgehub.health.gov.za/elibrary/hospital-level-adults-standard-treatment-guidelines-and-essential-medicines-list
https://doi.org/10.1093/jac/dky118
https://www.knowledgehub.org.za/system/files/elibdownloads/2022-07/Paediatric%20Hospital%20Level%20STGS%20and%20EML_4th_2017.pdf
https://www.knowledgehub.org.za/system/files/elibdownloads/2022-07/Paediatric%20Hospital%20Level%20STGS%20and%20EML_4th_2017.pdf
https://www.knowledgehub.org.za/system/files/elibdownloads/2022-07/Paediatric%20Hospital%20Level%20STGS%20and%20EML_4th_2017.pdf
https://doi.org/10.1177/0009922808330774
https://doi.org/10.1177/0009922808330774
https://doi.org/10.1046/j.1440-1754.2001.00662
https://doi.org/10.1046/j.1440-1754.2001.00662
https://doi.org/10.1093/ofid/ofy210.286
https://doi.org/10.3389/fphar.2020.00551
https://doi.org/10.3109/00365540903413614
https://doi.org/10.1186/s12887-015-0354-3
https://doi.org/10.1371/journal.pone.0078396

	A descriptive study of vancomycin use at Red Cross War Memorial Children’s Hospital, Cape Town
	Introduction
	Methods
	Study design, setting and identification of study participants
	Data collection
	Data analysis
	Study definitions
	Ethical considerations

	Results
	Vancomycin usage
	Vancomycin prescribing practices
	Diagnosis and indications for vancomycin
	Dose
	Dosing frequency
	Duration of treatment

	Therapeutic drug monitoring
	Dosing strategies in relation to vancomycin serum trough concentrations
	Microbiology
	Antibiotic de-escalation practices following culture and antibiotic susceptibility results
	Adverse events

	Discussion
	Conclusion
	Acknowledgements
	Competing interests
	Authors’ contributions
	Funding information
	Data availability
	Disclaimer

	References
	Figures
	FIGURE 1: Participants and vancomycin prescription episodes included in the study.
	FIGURE 2: Monthly usage of vancomycin over the study period (2019) in ICU & non-ICU wards at the Red Cross War Memorial Children’s Hospital.

	Tables
	TABLE 1: Clinical classification associated with each vancomycin prescription episode.
	TABLE 2: Microbiological profile of organisms isolated from positive cultures.



