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Objectives: South Africa implemented a National Strategic Framework to optimise antimicrobial stewardship
in 2014; however, there is limited data on how this has affected prescribing, especially to children treated in
academic centres.

Methods: We conducted a point prevalence survey using the World Health Organization (WHO) methodology to
evaluate antibiotic and antifungal prescribing practices in paediatric departments at three academic hospitals in
South Africa.

Resuilts: We recorded 1946 antimicrobial prescriptions in 1191 children, with'55.2% and 39.2% of the antibiotics
classified as WHO AWaRe Access and Watch drugs, respectively. There were significant differences in prescription
of Reserve antibiotics and antifungals between institutions. Receipt of WHO Watch and Reserve antibiotics was
independently associated with infancy (<12 months) and adolescents (13-17 years) (adjusted refative risk [aRR]:
2.09-9.95); prolonged hospitalisation (aRR: 3.29-30.08); rapidly or ultimately fatal illness (aRR: 1.94 to 5.52); and
blood transfusion (aRR: 3.28-5.70). Antifungal prescribing was associated with treatment of hospital-associated
infection (aRR: 2.90), medical prophylaxis (aRR: 3.30), and treatment in intensive care units (aRR: 2.15-2.27).
Conclusions: Guidance on optimisation of infection prevention and control practice and strengthening of antimi-
crobial stewardship would impact positively on the care of sick children in our setting.

Intreduction establishment of antimicrobial stewardship programmes (AMS) to guide

rational prescribing.

Overuse of antimicrobials leads to an accumulaton of drug-
resistance mutations in bacterial and fungal organisms, more difficult-
to-treat infections, and increased mortality rates (1], Drug-resistant in-
fections will contribute to ~ 10 million deaths annually by the year 2050
[2]. Efforts have been made to increase clinician awareness of this threat
through initiatives such as the World Health Organization (WHO) World
Antimicrobial Resistance Awareness Week (WAAW), development of a
tiered antibiotic classification by WHO (the AWaRe classification), and
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In South Africa, a low-middle income country with a high burden
of paediatric malnutrition, HIV type-1 exposure and infection, and tu-
berculosis, the Department of Health implemented a National Strategic
Framework designed at rationalising antimicrobial prescribing nation-
wide, in 2014 [3]. From a 2018 South African antimicrobial point preva-
lence survey (PPS) of 18 public sector hospitals, provincial tertiary hos-
pitals had the highest proportion of antimicrobials prescribed from the
WHO Access category (66.4%). Antimicrobials from the Watch (32.3%)
and Reserve (4.4%) groups were mainly prescribed at national central
hospitals [4].

Although prior research has been done in South Africa to determine
the prevalence of antimicrobial prescribing for paediatric patients in
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Table 1
Characteristics of study participants.
Parameter Hospital A Hospital B Hospital C Overall
n 3%0 395 406 1191
Median age (months, IQR) 12.00 [3.00, 60.00] 4,00 [0,00, 24.00] 11.00 [0.00, 48.00] 9.00 [1.00, 48.00]
Age category (%)
0-28 days 47 {12.1) 118 (29.9) 123 (30.3) 288 (24.2)
29-364 days 137 (35.1) 124 (31.4) B6(21.2) 347 {29.1)
1-5 years 115 (29.5) 97 (24.6) 112 (27.6) 324 (27.2)
6-12 years $0{23.1) 49 (12.4) 76 (18.7) 215 {18.1)
13-17 years 1(0.3) 7(1.8) 9(2.2) 17 (1.4)
Primary reason for antimicrobial use (%)
GIT diseases 5(1.3) 0(0.0) 18 (4.4) 23(1.9)
Lewer respiratory tract infection 20 (5.1} 39(9.9) 34 (8.4) 93 (7.8)
Medical prophylaxis 46 (11.8) 11(2.8) 10 (2.5) 67 {5.6)
Meningitis 25 (6.4) 4(1.0) 133 42 {3.5)
Nosocomial sepsis 117 (30.0) 143 (36.2) 122 {30.0) 382 {32.1)
Osteo-articular infections 2(0.5) 27 (6.8) 10(2.5) 39{3.3)
Other 48(12.3) 23(5.8) 36 (8.9) 107 (9.0}
Sepsis 55(14.1) 122 (30.9) 112 (27.6) 289 (24.3)
Surgical prophylaxis 67 (17.2) 22(5.8) 34 (8.4) 123 {10.3)
Urinary tract infectons 5{1.3) 4{1.0) 17 (4.2) 26(2.2)
Secondary reason for antimicrobial use (9%)
Cancer 57 (14.6) 24 (6.1) 44 (10.8) 125 {10.5)
Cardiac pathology 46 (11.8) 7{1.8) 19(4.7) 72 {6.0)
Central nervous system pathology 62(15.9) 27 (6.8) 25 (6.2) 114 {9.6)
GIT pathology 33 (8.5) 39 (9.9) 56 (13.8) 128 {10.7)
Injury/poisoning 10 (2.6) 23(5.8) 14 (3.4) 47 (3.9)
Hospital-acquired infection/sepsis 3(0.8) 46 (11.6) 2(0.5) 51 (4.3)
Other 130 (33.3) 114 (28.9) 131 (32.3) 375 {31.5)
Prematurity 6 (1.5} 21(5.3) 59 (14.5) 86(7.2)
Respiratory pathology 29 (7.4) 35(8.9) 127N 75 (6.3)
Term neonate 14(3.6) 59 (14.9) 45(11.1) 118 (9.9}
Median length of stay {days, [QR) 6.00 [3.00, 13.00) 5.00 [2.00, 12.50] 4.00 [2.00, 7.00] 5.00 [2.00, 10.00]
Note: GIT = gastrointestinal tract; IQR = interquartile range.
Table 2
Antimicrobial use by Hospital and World Health Organization anatomical therapeutic chemical classification.
Anatomical therapeutic chemical drug classification Hospital A Haospital B Hospital C Total
n 688 653 605 1946
Beta-lactamase sensitive pencillin, Benzylpenicillin, Comb. of benzylpenicillin, pracaine-benzylpenicillin 93 (13.5) 107 {16.4) 101 (16.7) 301 (15.5)
Aminoglycosides - Amikacin, Gentamicin, Tobramycin 90 (13.1) 90 {13.8) 88 {14.5) 268 (13.8)
Carbapenems - Ertapenem, Imipenem, Meropenem 75 (10.9) 73(11.2) 116 (19.2) 264 (13.6)
Cephalosporins includes cefalexin, cefazolin sodium, cefotaxime, ceftazidime, ceftriaxone, cefepime 82 (11.9) 94 (14.4) 70(11.6) 246 (12.6)
Antifungals Includes Nystatin, Fluconazole, Voriconazole 93 (13.5) 76(11.6) 29 (4.8) 198 (10.2)
Combinations of penicillins, including beta-lactamase inhibitors - Amoxicillin-clavulanate 11 (1.6} 70(10.7) 87 (14.4) 168 (8.6)
Penicillins with extended spectrum, Tazobactam 65 (9.4) 50(7.7) 18 (3.0) 133 (6.8)
Sulfornamides and wimethoprim 66 (9.6} 1421 14 (2.3) 94 (4.8)
Glycopeptide antibacterlal - Vancomycin 37 (5.4) 23(3.5) 26 (4.3) 86 (4.4)
Beta-lactamase-resistant penicillins Cloxacillin, Flucloxacillin 17 (2.5) 15(2.3) 5 {0.8) 37 (1.9
Tuberculosis treatment - combination or prophylaxis 14 (2.0} 12(1.8) 10(1.7) 36 (1.8)
Linezolid 1(0.1) 0 (0.0) 32(5.5) 34(1.7)
Polymyxins, Colistin 10{1.5} 20(3.1) 4 {0.7) 34{1.7)
Other antibacterials includes Macrolide, Lincosamides, Tetracycline, Thiocarbarbamide derivative 13 (1.9} 7{1.1) 4 (0.7} 24{1.2)
Fiuroquinolones - Ciprofloxacin, Moxifloxacin, Levofloxacin 21 (3.1} 2{0.3) 0 (0.0} 23(1.2)

Poisson regression models for prescribing of Watch and Reserve antibiotics

In multivariable multinomial Poisson regression analysis, receipt of
Watch antibiotics was independently associated with age groups 0-28
days, 29-364 days, and 13-17 years (compared to the 6-12 year age
group), length of hospitalisation at the time of the survey of 6 days
or more, rapidly or ultimately fatal disease classification, and receipt of
bleod transfusion (Table 4). Similarly, receipt of Reserve antibiotics was
associated with the 0-28 day, 29-364 day and 1-5 year old age groups
{compared to the 6-12 year age group), longer period in hospital at the
time of the survey, rapidly fatal or ultimately fatal diagnoses, and receipt
of blood transfusion (Table 4). The magnitude of the adjusted risk ratios
derived in the analysis for the covariates that were independently asso-

ciated with receipt of Reserve antibiotics were generally greater than
those for Watch antibiotics (Table 4).

Univariable analyses that did not contribute to variable selection in
the muitivariable model are tabulated in Supplemental Table 1.

Antifungal prescriptions

Antifungals were prescribed in 10.2% (198,/1947) of all antimicro-
bial prescriptions, with 69.7% (n = 138) administered for treatment
of HAI and 11.6% (n = 23) administered for medical prophylaxis. Re-
ceipt of antifungal agents was significantly more frequent in Hospital A
(93/688, 13.5% prescriptions) and Hospital B (76/652, 11.7% prescrip-
tions} compared to Hospital C (29/605, 4.8% prescriptions) {Supple-
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Table 3
Pairwise comparisons with adjusted P-values <0.001 to investigate for associations between key patient characteristics and reserve antiblotic prescriptions.
Group 1 Group 1 (%) Group 2 Group 2 (%) Adjusted P-value
Hospital
Reserve in Hospital A 11/610 (1.8%) Reserve in Hospital C a7/584 (6.3%) <0001
Indication 0/693 (0%) Reserve in HAL 68/761 {8.9%) <0.001
Reserve in community-acquired infection
Reserve in HAI 68/761 (8.9%) Reserve in surgical 07154 (%) <0.001
prophylaxis
Ward type 18/202 (8.9%) Reserve in PHRW 6/360 (1.7%) 0.001
Reserve in NICU
Reserve in PHRW 6/360 (1.7%) Reserve in PICU 197217 (8.8%) 0.001
Reserve in NICU 18/202 (8.9%) Reserve in PMW 7/428 (1.6%) <0.001
Reserve in PICU 19/217 (8.8%) Reserve in PMW 7/428 (1.6%) <0.001
Primary diagnosis 66/636 (10.4%) Reserve in Sepsis 1/484 (0.2%) <0.001

Reserve {n hospital-acquired infection/sepsis

Note: HAl = hospital-associated Infection; NICU = neonatal intensive care unit; PHRW = paediatric high-risk ward; PICU = paediatric intensive care unit; PMW = pae-

diatric medical ward.
P-values adjusted using the Benjamini-Hochberg method.

Table 4

Unadjusted and adjusted models of predictors of paediatric antimicrobial use according to the World Health Organization AWaRe classification in 957 patients at

three academic hospitals in South Aftica, 22 September 2021-05 Januvary 2022,

Characteristic Relative risk (95% P-value Adjusted relative risk {95% P-value
confidence interval) confidence interval)
Age
Receipt of watch antibiotics 6-12 years Reference Reference
0-28 days 1.62 {(0.77-3.42) 0.204 2.09 (1.03-4.22) 0.041
29-364 days 2.19 (1.16-4.15) 0.016 2,45 (1.42.4.23) 0.001
1-5 years 1.06 {0,70-1.62) 0.775 1.36 (0.94-1.97) 0.107
13-17 years 2.52(1.11-5.72) 0.027 4.00 (1.67-9.59) 0.002
Recelpt of reserve antibiotics 6-12 years Reference Reference
0-28 days 12.01 (2.75-53.25) 0.001 16.21 (2.86-91.83) 0.002
29-364 days 10,79 (2.62-44.34) 0.001 9.95 (2.43-40.79) 0.001
1-5 years 5.53 {1.09-27.96) 0.039 7.54 (1.44-39.51) 0.017
13-17 years 10.08 (0.77-132.40) 0.079 No estimate -
Duration of hospitalisation at time of survey
Reteipt of watch antibiotics <3 days Reference Reference
3-5 days 1.48 (0.98-2.25) 0.061 1.32 (0.78-2.24) 0.299
6-10 days 3.36 (1.88-6.03) <0.001 3.27 (1.72-6.21) <0.001
11+ days 5.15(2.43-10.88) <0.001 4.10 (1.81-9.29) 0.001
Receipt of reserve antibiotics <3 days Reference Reference
3-5 days 5.73{1.91-17.22) 0.002 4.18 (1.38-12.63) 0.011
6-10 days 11.31 (3.69-34.70) <0.001 9.44 (3.44-25.87) <0.001
11+ days 45.60 <0.001 30.08 (10.03-90.19) <0.001
{14.73-141.18)
McCabe Score of iliness severity
Receipt of watch antibiotics All other Reference Reference
Rapidly or ultimately fatal 2.25(1.29-3.93) 0.004 1.94 (1.07-3.52) 0.029
Receipt of reserve antibioti All other Reference Reference
Rapidly or ultimately fatal 6.65 {2.34.18.85) <0.001 5.52 (1.95-15.58) 0.001
Receipt of blood transfusion
Receipt of watch antbiotics No Relerence Reference
Yes 3.28{1.86-5.79) <0.001 2.48 (1.50-4.11) <0,001
Receipt of reserve antibiotics No Reference Relerence
Yes 5.70{2.00-17.95) 0.001 3.84 (1.41-10.48) 0.009

Supplemental Table 2}, Furthermore, antifungal prescriptions were sig
nificantly associated with treatment of HAI (aRR 2.90), and for medical
prophylaxis (aRR 3.30) (Supplemental Table 2). Receipt of care in NICU
and PICU was also significantly associated with antifungal prescribing
(aRR 2.27 and 2.15, respectively) (Supplemental Table 2).

Discussion

Qur study highlights the spectrum of antimicrobial utilisation in pae-
diatric departments at three academic hospitals in South Affrica, as as-
certained through a prospective audit of antimicrobial prescribing con-
ducted using the WHO PPS methodology during the COVID-19 pan-
demic. WHO Access antibiotics comprised 55.2% of all antibiotic pre-
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scriptions, although there was considerable reliance on the use of Watich
antibiotics overall (39.2%). Hospital C had the lowest prevalence of an-
timicrobial prescribing [6], yet had a significantly higher prevalence
of Reserve antibiotic prescribing compared to Hospital A, and a higher
rate of carbapenem prescribing than either Hospital A or B. On the other
hand, Hospital C had a significantly lower prevalence of antifungal us-
age, compared to Hospitals A and B. Reasons for these differences in
antimicrobial prescribing between facilities may have arisen due to dif-
ferences in patient characteristics, treatment protocols or institutional
and unit level antibiograms.

We have previously described the marked differences in antimicro-
bial prescribing by clinicians at the three academic hospitals included
in this survey, with the peoint prevalence in antimicrobial prescribing
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