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ABSTRACT 

Background 

There has been a global concern regarding increasing colonization and/or infection 

of paediatric burns patients with multi-drug-resistant organisms, especially in Africa. 

Surveillance of antimicrobial resistance patterns enables clinicians to opt for the 

most appropriate empiric antimicrobial agent according to their pathogen profile.  

Objective 

This study sought to compile unit-specific antibiograms by comparing the frequency 

of organisms and resistance trends at the paediatric burns unit at Chris Hani 

Baragwanath Academic Hospital (CHBAH) from January 2015 to December 2019. 

Methods 

A retrospective, laboratory-based review was conducted of bacterial and fungal 

isolates including antimicrobial susceptibility testing (AST) data from blood cultures 

and tissue samples for the study period. We analysed the frequency of 

Enterobacterales, non-fermenters, Gram-positive organisms, and yeasts as a 

percentage of total positive blood cultures. A comparative analysis of resistance 

trends was performed between 2015, 2017, and 2019 for extended-spectrum beta-

lactamases (ESBLs), carbapenem-resistant Enterobacterales (CRE), extreme drug-

resistant (XDR) Acinetobacter baumannii, and methicillin-resistant Staphylococcus 

aureus (MRSA). 

Results 

For blood culture isolates, a statistically significant decrease in ESBL was noted with 

a rise in CREs. Majority of A.baumannii were XDR despite an appreciably decrease. 

A notable decrease in S.aureus and MRSA isolates with an increase in C.auris was 

observed. 

Conclusion 

The results of this study encourage review of current antimicrobial choices in the unit 

for empiric antibacterial cover.  
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Due to low numbers of yeasts, we cannot comment on institution of early antifungal 

strategies. We support reinforced infection prevention and control practices as well 

as antimicrobial stewardship initiatives. 
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1 Introduction 1 

The number of paediatric burn patients is the highest in Africa with children younger 2 

than 5 years of age being greatest at risk and burns being ranked 5th among non-3 

fatal childhood injuries (1,2). The South African Medical Research Council 4 

approximates that 3.2% of the population are injured by burns yearly (3).  5 

South Africa, considered a middle-income developing country, has heavily crowded 6 

informal settlements often with poor access to electricity (4). A study by Parbhoo et al. 7 

at The Red Cross Children’s Hospital in Cape Town revealed that the highest 8 

incidence of burns was among toddlers, with 83% of paediatric burns caused by hot 9 

liquid, followed by fire and electrical burns respectively (4). 10 

Burns patients are inherently at risk of developing infections as the body’s first line of 11 

defence, the skin, has been breached (5). Despite noteworthy advances in the 12 

management of burn patients, infection poses a significant concern (6,7). Following a 13 

burn incident, the wound is initially sterile. Within 48 hours, microbes from the skin, 14 

sebaceous glands, and hair follicles colonise the wound. Thereafter, gastrointestinal, 15 

and respiratory tract microbes as well as those from the environment colonise the 16 

wound. Studies have shown that Gram-positive organisms predominate in the first 17 

week following burns and Gram-negative organisms thereafter (7,8,9). 18 

Infected burn wounds are associated with lengthier hospital stays and heightened 19 

morbidity and mortality (9). Apart from burn wound sepsis, burn patients also develop 20 

infections elsewhere including bacteraemia, catheter-related infections, urinary tract 21 

infections, and pneumonia (6,10).  22 

There has been an increase in antibiotic resistance trends among burns patients in 23 

recent years with an increased incidence of burns patients succumbing to drug-24 

resistant bacterial infections (9,11). Approximately 75% of all deaths in burns patients 25 

occur because of infection, and may be as high as 86% in some settings due to 26 

escalating resistance patterns (5,6) Burn patients are at increased risk of colonization 27 

or infection with multi-drug-resistant (MDR) pathogens which is an important 28 

determinant in their outcome (12,13). Burn severity correlates closely with the 29 

development of multi-drug-resistant infections, with more MDR infections seen in 30 

patients with larger total body surface area (TBSA) involved (12). MDR infections have 31 
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both clinical and financial implications with challenges in management (7). Often, the 32 

use of broad-spectrum empiric antimicrobial agents to prevent MDR infections 33 

aggravates the vicious cycle of selective pressure and resistance development (12).     34 

Antimicrobial agents are displaying reduced efficacy globally while limited newer 35 

agents are being developed, possibly leading us faster toward the ‘post-antibiotic 36 

era’ (14). Growing evidence suggests that antimicrobial stewardship (AMS) programs 37 

are effective in enhancing compliance to antibiotic policy, reducing hospital stay or 38 

readmissions, and decreasing the incidence of Clostridiodes difficile infections. 39 

Several antimicrobial stewardship program interventions have shown improved 40 

outcomes on patient care, emphasizing the need for microbiological surveillance 41 

(12,15,16). A core component of The National Antimicrobial Resistance Strategy 42 

Framework in South Africa, in line with conserving antimicrobial agents, is 43 

surveillance of antimicrobial resistance patterns (17). Surveillance of antimicrobial 44 

susceptibility enables doctors to opt for the most appropriate antimicrobial agent (7). 45 

An agent with suboptimal cover or to which the infecting pathogen is resistant can 46 

have dire patient consequences (18). This needs to be balanced against the risks of 47 

using broad-spectrum antimicrobial agents (19). 48 

An antibiogram is used mainly to monitor local susceptibility rates, assist in choosing 49 

appropriate empiric antimicrobial therapy, observe resistance patterns within units in 50 

a specified timeframe, and evaluate susceptibility rates across units and institutions 51 

(20). Institution-wide antibiograms may have vital differences in susceptibility data 52 

when compared to unit-specific antibiograms (18). An antibiogram specific to the burn 53 

unit is a useful aid in monitoring antimicrobial resistance trends and choosing 54 

appropriate empiric antimicrobial therapy.  55 

2 Aim 56 

The aim of this study was to determine the pathogen profile from blood cultures and 57 

tissue specimens at the Chris Hani Baragwanath Academic Hospital (CHBAH) 58 

paediatric burns unit between January 2015 and December 2019. 59 

3 Objectives 60 

The first study objective was to compile antibiograms specific for the paediatric burns 61 

unit based on positive blood culture isolates for the study period. The second 62 
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objective was to compare the frequency of organisms between the two periods 2015-63 

2017 and 2018-2019 and to compare antimicrobial resistance trends between 2015, 64 

2017, and 2019.  65 

4 Methods 66 

4.1 Study setting 67 

Chris Hani Baragwanath Academic Hospital is a tertiary-level hospital situated in 68 

Soweto, Johannesburg. It has a dedicated paediatric burns unit with 19 regular and 7 69 

intensive-care beds. The causes of burns seen at the facility are hot water, fire, and 70 

electrical burns. Current empiric antibiotic regimens used in the paediatric burns unit 71 

depend on duration of hospital stay. If within 3 days of admission, Co-Amoxyclav is 72 

started to cover community-associated infections. From day 4 onwards or if 73 

escalating therapy, meropenem and vancomycin are commenced to cover 74 

healthcare-associated infections. All antibiotics are started after blood cultures and 75 

other relevant site-specific cultures are obtained. 76 

4.2 Study design 77 

A retrospective, laboratory-based review was conducted of bacterial and fungal 78 

isolates and antimicrobial susceptibility (AST) data from blood cultures and tissue 79 

samples for the period January 2015 to December 2019. Clinical samples were 80 

tested at the SANAS-accredited National Health Laboratory Services (NHLS) 81 

microbiology laboratory situated at CHBAH. 82 

Blood cultures were obtained from patients in the ward who were suspected of 83 

having sepsis. Blood was collected in BacT/Alert bottles which were then loaded into 84 

the blood culture instrument (bioMerieux). When a bottle flagged positive (i.e. growth 85 

detected), the bottle was removed, and processed according to the local laboratory’s 86 

standard operating protocols.  87 

Tissue was collected in saline in a universal container from patients who were 88 

systemically septic, had septic wounds undergoing debridement, or were scheduled 89 

for graft procedures. Tissue was processed according to the local laboratory’s 90 

standard operating protocols. 91 
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For Gram-positive cocci in clusters, identification was made by use of catalase, 92 

DNAse agar, and Staphaurex (Thermo Fischer). Identification of Gram-positive cocci 93 

in pairs or chains was made using catalase, the bile esculin test, bacitracin and 94 

optochin discs, PYR (Hardy Diagnostics), and Streptex (Thermo Fischer). Gram-95 

negative bacilli were further identified using oxidase and Analytical Profile Index 96 

(API) 20E or 20NE (bioMerieux) and, if needed, Microscan (Beckman Coulter). Fungi 97 

were identified using the germ tube test and Vitek2 (bioMerieux) or Auxacolor 98 

systems (Auxacolor, Sanofi, Pasteur, Paris, France).  99 

Antimicrobial susceptibility testing was performed according to the Kirby-Bauer 100 

method and in line with the Clinical and Laboratory Standards Institute (CLSI) 101 

recommendations, and interpretation of results were as per CLSI breakpoints (21). If 102 

needed, Epsilometer/E-tests (bioMerieux) may have been done to determine 103 

minimum inhibitory concentrations (MIC). Detection of carbapenem-resistant 104 

Enterobacterales (CRE) was initially done using the modified Hodge and imipenem-105 

ethylenediamine tetra-acetic acid (imi-EDTA) tests, but the laboratory has since 106 

shifted to using the Resist-4 O.K.N.V. (Coris Bioconcept) kit.  107 

Data for the study period and specimen types was requested from the National 108 

Health Laboratory Services data warehouse. CLSI M39-A4 recommendations were 109 

adhered to when compiling the antibiograms (22). Thus, only the first isolate of a given 110 

species per patient per calendar year was included regardless of body site, 111 

antimicrobial susceptibility profile, or other phenotypic characteristics. Preference 112 

was also given to the first blood culture in cases where multiple blood and tissue 113 

specimens were collected on the same day. Surveillance cultures were excluded.  114 

Enterobacterales with minimum inhibitory concentrations (MIC) showing reduced 115 

susceptibility to any of the routinely tested carbapenems were included as 116 

carbapenem-resistant Enterobacterales (CRE). 117 

4.3 Statistical analysis 118 

Data analysis was performed using Microsoft Excel for tabulation and generating 119 

graphs. STATA software was used in comparative analysis to calculate p-values 120 

which were reported as two-tailed, with values <0.05 considered statistically 121 

significant.  122 



5 
 

Data was sorted into tables for Enterobacterales, non-fermenters (Acinetobacter spp. 123 

and Pseudomonas spp.), Gram-positive organisms, and yeasts. For the blood 124 

cultures, the percentage susceptibility to the various antimicrobial agents was 125 

calculated. For tissue samples, only predominant organisms, and their resistance 126 

profiles (in percentages) were reported.  127 

The percentage of total positive blood cultures per year was calculated for 128 

Enterobacterales, non-fermenters, Gram-positive organisms, and yeasts. The 129 

percentage resistance was calculated for both blood and tissue cultures as follows: 130 

% Staphylococcus aureus that were methicillin-resistant Staphylococcus aureus 131 

(MRSA); % Enterococcus spp. that were vancomycin-resistant enterococci (VRE), % 132 

Enterobacterales that were AmpCs, extended-spectrum beta lactamases (ESBL), or 133 

CRE; % Acinetobacter spp. that were MDR or extreme drug-resistant (XDR); and % 134 

Pseudomonas spp. that were MDR or XDR.  135 

To assess whether there were statistically significant differences for the organism 136 

types across the study period, the periods 2015-2017 and 2018-2019 were 137 

compared and p-values calculated. Regarding antimicrobial resistance, 2015 was 138 

compared to 2017 and 2019 with p-values calculated. The most common resistance 139 

profiles were included: ESBL and CRE for Enterobacterales, XDR for Acinetobacter 140 

spp., and MRSA. 141 

4.4 Ethical approval 142 

The study was approved by the University of the Witwatersrand’s Human Research 143 

Ethics Committee (protocol number M210952). 144 

5 Results 145 

A total of 2549 patients were admitted to the unit during the study period with an 146 

average of 510 admissions annually. Blood and tissue cultures for the study period 147 

totalled 1918 and 395 episodes respectively. Following removal as per exclusion 148 

criteria, 1511 blood and tissue cultures were included in the study. 149 

Blood culture isolates in descending order for all the years analysed were Gram-150 

positive organisms, non-fermenters, Enterobacterales, and yeasts. (Figure 1 and 151 

Table 1). Tissue culture isolates in descending order for all the years analysed were 152 

non-fermenters, Enterobacterales, Gram-positive organisms, and yeasts. (Table 1). 153 
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 154 

Figure 1: Organism type as a percentage of total positive blood cultures, 2015-2019 155 

Table 1: Organism type as a percentage of total positive blood and tissue cultures 156 

Blood 
cultures 

Organism 
Percentage of total positive blood cultures (%) 

2015 2016 2017 2018 2019 

Enterobacterales 18 15 20 22 19 

Non-fermenters 26 30 26 26 30 

Gram-positive organisms 42 37 35 26 31 

Yeasts 2 5 9 11 6 

Tissue 
cultures 

Organism 
Percentage of total positive tissue cultures (%) 

2015 2016 2017 2018 2019 

Enterobacterales 32 16 25 17 27 

Non-fermenters 36 54 48 50 44 

Gram-positive organisms 20 22 21 26 22 

Yeasts 0 0 0 2 1 

 157 

5.1 Blood culture isolates 158 

Enterobacterales 159 

Enterobacterales were the third most isolated organisms from blood cultures for all 160 

the years studied. As a proportion of total positive blood cultures, equal numbers of 161 

Enterobacterales were noted for 2015-2017 and 2018-2019 (n=118 for both periods, 162 

p=1.000). (Table 2). Klebsiella spp. was the predominant species from blood cultures 163 

in all years (Figure 2). A modest increase in Klebsiella spp. was observed from the 164 

period 2015-2017 and 2018-2019 (p=0.4982) (Table 2). Enterobacterales in lesser 165 
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proportions include Enterobacter spp., Escherichia coli, Serratia spp., Salmonella 166 

spp., and Citrobacter spp. (Figure 2). 167 

The most common resistance mechanism was AmpC production for all years studied 168 

except in 2015 where ESBL was more prevalent (Table 3). The percentage of 169 

Enterobacterales that were ESBL-producers had decreased in all years when 170 

compared to 2015 with the lowest ESBL rates noted in 2016. Comparing 2015 to 171 

2017 and 2019, a statistically significant decrease in ESBL was seen (p=0.0024 and 172 

p=0.0004 respectively). Carbapenem resistance increased appreciably in 2017 and 173 

2019 when compared to 2015 (p=0.010 and p=0.0003 respectively) (Table 4).  174 

Table 2: Comparison of frequency of organisms between 2015-2017 and 2018-2019 175 

on blood cultures 176 

Organism type 

Total 
number of 
isolates (n) 
2015-2019 

2015-2017 2018-2019 p  

 

Gram-negative organisms 575 297 278 0.2625  

Enterobacterales 236 118 118 1.000  

Klebsiella spp. 109 52 57 0.4982  

Other Enterobacterales 127 66 61 0.5304  

Non-fermenters 339 179 160 0.1445  

Acinetobacter spp. 208 103 105 0.8445  

Pseudomonas spp. 131 76 55 0.0095  

Gram-positive organisms 412 249 163 <0.001  

Coagulase-negative Staphylococci 141 82 59 0.0062  

Staphylococcus aureus 138 90 48 <0.001  

Enterococcus spp. 104 52 52 1.000  

Streptococcus pyogenes 29 25 4 <0.001  

Yeasts 86 37 49 0.0673  

Candida albicans 10 3 7 0.0736  

Candida parapsolosis 19 5 14 0.0035  

Candida auris 53 25 28 0.56  

Other Candida spp. 4 4 0 0.0047  
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 177 

Figure 2: Organism type as a percentage of total Enterobacterales on blood cultures 178 

Table 3: Percentage resistance for Gram-negative organisms on blood cultures 179 

Organism 
Number 

of 
isolates 

Percentage resistance (%) 

AMP C  ESBL CRE MDR XDR 

Enterobacterales 

31 19 42 3 - - 

33 24 12 21 - - 

54 33 22 17 - - 

73 29 23 22 - - 

45 33 19 19 - - 

Acinetobacter 
spp. 

25 - - - 0 100 

36 - - - 6 92 

42 - - - 7 81 

57 - - - 5 77 

48 - - - - 92 

Pseudomonas 
spp. 

19 - - - 0 16 

29 - - - 3 0 

28 - - - 0 0 

29 - - - 0 3 

26 - - - 4 0 

 180 

Table 4: Comparison of resistance mechanisms between 2015, 2017, & 2019 on 181 

blood cultures 182 

Enterobacterales Acinetobacter spp. S.aureus 

Year ESBL p CRE p XDR p MRSA p 

2015 42 
0.0024 

3 
0.0010 

100 
<0.001 

73 
0.0001 

2017 22 17 81 46 

2015 42 0.0004 3 0.0003 100 0.0039 73 0.0177 

0

10

20

30

40

50

60

2015 2016 2017 2018 2019

%
 o

f 
to

ta
l E

n
te

ro
b

ac
te

ra
le

s

Year

Klebsiella spp. E.coli Enterobacter spp. Other Enterobacterales



9 
 

2019 19 19 92 57 

183 
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Table 5: Gram-negative antibiogram (blood cultures) 184 

ORGANISM n 
Percentage susceptibility (%) 

AMP AUG TZP CTX CAZ CEP ETP IMI MERO GENT AMIK CIP STX 

Klebsiella spp. 

16 - 19 69 25 25 25 100 100 100 38 94 56 13 

16 - 19 38 31 31 31 50 75 81 38 94 56 31 

20 - 35 45 35 40 40 55 60 70 45 70 45 40 

36 - 17 44 25 25 28 58 61 64 28 83 58 28 

21 - 38 48 43 43 43 62 67 57 57 86 52 33 

Escherichia coli 

3 0 67 67 67 67 67 100 100 100 67 100 67 33 

5 0 80 80 100 100 100 100 100 100 100 100 100 60 

3 33 67 100 100 100 100 100 100 100 100 100 100 33 

4 0 25 100 100 100 100 100 100 100 75 100 100 0 

2 0 100 100 100 100 100 100 100 100 100 100 100 100 

Enterobacter spp. 

3 - - 100 67 67 67 67 100 100 100 100 100 100 

6 - - 100 100 100 100 100 100 100 100 100 100 100 

18 - - 89 78 89 94 100 100 94 94 100 89 67 

17 - - 71 65 65 71 82 100 100 71 100 94 71 

18 - - 83 72 72 78 94 94 94 83 100 89 61 

Other 
Enterobacterales 

9 0 56 100 100 100 100 100 100 100 78 78 89 67 

6 33 67 100 100 100 100 100 100 100 67 83 100 50 

13 0 23 100 46 46 92 100 100 100 77 85 77 15 

16 13 31 100 94 100 100 100 100 100 100 100 100 100 

4 0 50 100 75 75 100 100 100 100 100 100 100 0 

Acinetobacter 
spp. 

25 - - 0 - 20 0 - 0 0 16 16 12 0 

36 - - 3 - 17 6 - 3 3 14 11 14 3 

42 - - 12 - 14 10 - 12 12 19 36 17 5 

57 - - 18 - 23 18 - 14 16 26 37 28 16 
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48 - - 8 - 19 8 - 8 8 25 35 27 83 

Pseudomonas 
spp. 

19 - - 79 - 89 79 - 79 81 84 84 79 - 

29 - - 86 - 90 86 - 90 90 76 100 100 - 

28 - - 96 - 100 100 - 86 89 96 100 86 11 

29 - - 90 - 97 90 - 48 48 93 100 93 7 

26 - - 96 - 100 100 - 42 27 92 96 81 96 

 185 

Key: 186 

n=number of isolates; AMP=Ampicillin; AUG=Co-Amoxyclav; TZP=Piperacillin-Tazobactam; CTX=Ceftriaxone; CAZ=Ceftazidime; 187 

CEP=Cefipime; ETP=Ertapenem; IMI=Imipenem; MERO=Meropenem; GENT=Gentamycin; AMIK=Amikacin; CIP=Ciprofloxacin; 188 

STX=Co-Trimoxazole  189 

 190 

 191 
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Non-fermenters 192 

Acinetobacter spp. and Pseudomonas spp. were the second most common isolated 193 

organisms from blood cultures for all the years studied (Figure 1 and Table 1). 194 

Among the non-fermenters, Acinetobacter spp. predominated for all the years 195 

analysed (Figure 3). Although a statistically significant decrease in XDR 196 

Acinetobacter spp. was noted when 2015 was compared to 2017 and 2019 (p 197 

<0.001 and p=0.0039 respectively) (Table 4), the % Acinetobacter spp. that were 198 

XDR remained high for all years studied with all isolates in 2015 being XDR (Table 199 

3). In contrast, fewer Pseudomonas spp. isolates were considered XDR with majority 200 

susceptible to piperacillin-tazobactam, ceftazidime, and cefepime. A reduced 201 

susceptibility to imipenem and meropenem was noted from 2017 onwards (Table 5).   202 

 203 

Figure 3: Organism type as a percentage of total non-fermenters on blood cultures 204 

Gram-positive organisms 205 

Gram-positive organisms were the most isolated organisms from blood cultures for 206 

all years studied (Figure 1 & Table 1). Coagulase-negative staphylococci (CNS) was 207 

most prevalent among the Gram-positive organisms on blood cultures for the years 208 

2015, 2018, and 2019. For 2016 and 2017, S.aureus predominated (Figure 4) with 209 

all isolates susceptible to vancomycin and linezolid for the study period (Table 7). A 210 

notable decrease in the number of S.aureus was observed when comparing 2015-211 

2017 and 2018-2019 (p<0.001). MRSA also decreased when comparing 2015 to 212 

2017 and 2019 (p=0.0001 and p=0.0177 respectively) (Table 4). 213 
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Among the Enterococcus spp., Enterococcus faecalis was most prevalent for all 214 

years studied. The number of isolates from blood cultures that were Enterococcus 215 

spp. were equal for the periods 2015-2017 and 2018-2019 (p=1.000). Vancomycin-216 

resistant enterococci were detected from 2017 onwards (Table 6). 217 

 218 

Figure 4: Organism type as a percentage of total Gram-positive organisms on blood 219 

cultures 220 

Table 6: Percentage resistance of Gram-positive organisms on blood cultures 221 

Organism 
Number of 

isolates 

Percentage resistance (%) 

MRSA VRE 

Staphylococcus 
aureus 

26 73 - 

29 55 - 

35 46 - 

25 56 - 

23 57 - 

Enterococcus 
spp. 

14 - 0 

18 - 0 

20 - 5 

27 - 4 

25 - 4 

 222 

0

5

10

15

20

25

30

35

40

2015 2016 2017 2018 2019

%
 o

f 
to

ta
l G

ra
m

-p
o

si
ti

ve
 o

rg
an

is
m

s

Year

CNS S.aureus Enterococcus spp. S.pyogenes



14 
 

Table 7: Gram-positive antibiogram (blood cultures) 223 

Organism n 

Percentage susceptibility (%) 

CLOX PEN/AMP ERY CLIN VANC LIN STX RIF CTX CIP FUS GENT 

CNS 

27 22 - 26 52 100 100 15 56 - 33 70 52 

25 12 - 12 48 100 100 28 64 - 52 88 56 

30 23 - 17 57 100 100 27 73 - 50 83 20 

31 13 - 19 32 100 100 16 45 - 39 68 52 

28 29 - 21 46 100 100 21 39 - 39 89 39 

Staphylococcus 
aureus 

26 27 - 27 73 100 100 27 85 - 31 96 27 

29 31 - 45 66 100 100 52 90 - 52 90 45 

35 54 - 54 89 100 100 51 94 - 54 94 51 

25 44 - 44 68 100 100 60 84 - 60 80 40 

23 43 - 43 65 100 100 43 96 - 57 96 48 

Enterococcus 
faecalis 

10 - 100 - - 100 100 - - - - - 80 

10 - 100 - - 100 100 - - - - - 60 

11 - 100 - - 100 100 - - - - - 82 

20 - 100 - - 100 100 - - - - - 85 

17 - 100 - - 100 100 - - - - - 82 

Enterococcus 
faecium 

4 - 0 - - 100 100 - - - - - 100 

8 - 0 - - 100 100 - - - - - 100 

9 - 22 - - 89 100 - - - - - 67 

7 - 14 - - 86 100 - - - - - 71 

8 - 0 - - 88 100 - - - - - 75 

Streptococcus 
pyogenes 

5 - 100 100 100 100 100 - - 60 - - - 

10 - 100 90 90 100 100 - - 90 - - - 

10 - 100 100 100 100 100 - - 100 - - - 

3 - 100 100 100 100 100 - - 100 - - - 
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1 - 100 100 100 100 100 - - 100 - - - 

 224 

Key: 225 

n=number of isolates; CLOX=Cloxacillin; PEN/AMP= Penicillin/Ampicillin; ERY=Erythromycin; CLIN=Clindamycin; 226 

VANC=Vancomycin; LIN=Linezolid; STX=Co-Trimoxazole; RIF=Rifampicin; CTX=Ceftriaxone; CIP=Ciprofloxacin; FUS=Fusidic 227 

acid; GENT=Gentamycin228 
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Yeasts 229 

The minority of positive blood cultures were yeasts accounting for only 86 isolates 230 

over the total study period (Figure 1 and Table 1). The increase in yeasts and, 231 

particularly Candida auris, documented between 2015-2017 and 2018-2019 was not 232 

statistically significant (p=0.0673 and p=0.56 respectively) (Figure 5 and Table 2).  233 

 234 

Figure 5: Organism type as a percentage of total yeasts 235 

5.2 Tissue isolates 236 

Tissue culture isolates in descending order for all the years analysed were non-237 

fermenters, Enterobacterales, Gram-positive organisms, and yeasts. (Table 1). 238 

Pseudomonas spp. was the most isolated organism on tissue culture in all years 239 

except 2017 when Acinetobacter spp. predominated, all of which were XDR in all 240 

years except 2019 (Figure 6 and Table 8). After the non-fermenters, the 241 

Enterobacterales were most isolated on tissue with Klebsiella spp. prevailing in most 242 

years. ESBLs were the highest in 2015 with the highest CREs noted in 2017 (Table 243 

8). In contrast to blood culture isolates, Gram-positive organisms featured less 244 

frequently in tissue isolates with S.aureus being most isolated. Higher numbers of 245 

MRSA were noted from 2017 onwards (Table 8). Yeasts were the least isolated on 246 

tissue culture with most years having no yeasts isolated. 247 
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 249 

Figure 6: Top five organisms isolated on tissue cultures 250 

Table 8: Organism type and percentage resistance for tissue cultures 251 

Organism 
Number of 

isolates 

Percentage resistance (%) 

ESBL CRE XDR MRSA 

Enterobacterales 

8 38 13 - - 

6 0 0 - - 

21 24 14 - - 

7 14 43 - - 

23 30 4 - - 

Acinetobacter 
spp. 

3 - - 100 - 

7 - - 100 - 

22 - - 100 - 

9 - - 100 - 

16 - - 69 - 

S.aureus 

3 - - - 0 

3 - - - 33 

10 - - - 60 

8 - - - 75 

10 - - - 80 

 252 

6 Discussion 253 

Different healthcare settings have differing bacteriological and susceptibility profiles 254 

(7). Even within institutes, units may have disparate antibiograms, highlighting the 255 

need for unit-specific susceptibility profiles (18). This study is the first to describe the 256 

antimicrobial susceptibility profiles of blood and tissue cultures from the paediatric 257 
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burns unit at CHBAH and provides valuable information of epidemiological 258 

significance.  259 

A retrospective review by Moffa et. al. (19) at West Penn Burn Center over a 12-260 

month period showed that Gram-positive organisms feature prominently in the first 4 261 

days post-burn. From day 5 onwards, Gram-negative organisms and Candida spp. 262 

become more prevalent. It should be noted that this study did not take into 263 

consideration the time of obtaining cultures relative to duration of admission, an 264 

important determinant in terms of type of organism isolated. 265 

Gram-positive organisms were the most isolated for all the years analysed of which 266 

coagulase-negative staphylococci predominated for all years except in 2016 and 267 

2017 where S.aureus was more common. CNS are part of the normal skin flora and, 268 

as such, may be implicated as a coloniser or a true cause of infection, a distinction 269 

that may be difficult and warrant clinical correlation. Gram-positive preponderance in 270 

this study is in keeping with findings from a retrospective study by Asena et al. (5) 271 

among paediatric burn patients which revealed that the most commonly occurring 272 

bacterial growth was CNS. Gram-positive dominance was also reported in a 273 

prospective study conducted by Fekih Hassen et al. in Tunisia over a 30-month 274 

period, where S.aureus was the most common organism comprising 93.8% 275 

methicillin-susceptible S.aureus (MSSA) (23). This is unlike our study where, although 276 

a significant decrease in MRSA was noted when 2015 was compared to 2017 and 277 

2019, MRSA was predominant in all years except 2017. Other studies have also 278 

noted higher rates of MRSA among paediatric burns patients (8,24,25).  279 

In contrast to our findings, Bhat and Vasaikar reported Gram-negative prevalence 280 

with fewer CNS in their study conducted on burn wound specimens in the Eastern 281 

Cape (24) with majority of Gram-negative isolates being Klebsiella pneumoniae and 282 

high rates of ESBL similar to other studies (5,10,11,23). Dissimilarly, our study noted a 283 

statistically significant decrease in ESBL when 2015 was compared to 2017 and 284 

2019. The reason for the decrease is not known. Though this may seem 285 

encouraging, the increase in CREs is concerning. This could be, in part, due to the 286 

use of meropenem as an empiric antimicrobial choice for patients who require 287 

escalation of therapy or develop sepsis from day 4 of admission onward. 288 
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The non-fermenters were the second-most-commonly-isolated organisms from blood 289 

cultures with Acinetobacter spp. being the most common non-fermenter for all the 290 

years analysed. Alarmingly, even though a significant decrease in XDR was noted 291 

when 2015 was compared to 2017 and 2019, the majority of Acinetobacter spp. were 292 

XDR in all years studied. A study by Bayram et al. on wound swabs revealed 93% of 293 

Acinetobacter baumannii to be MDR (11). Our finding of Acinetobacter spp. being 294 

more common than Pseudomonas aeruginosa is unlike several other studies where 295 

P.aeruginosa was the most commonly isolated organism (7,9,25).  296 

Vinaik et. al. reported an increase in fungal infections in burns patients due to the 297 

widespread use of antimicrobial agents with the majority of infections due to Candida 298 

albicans (12). Relatively low numbers of yeasts were noted in this study across all 299 

years analysed. Of concern is the shift from Candida albicans to non-albicans 300 

Candida, a finding reported in the same study (12) and, particularly, Candida auris 301 

which is considered MDR. 302 

7 Recommendations 303 

The use of Co-Amoxyclav as an empiric antimicrobial choice for sepsis occurring 304 

from days 1-3 of admission may not be adequate to cover most organisms isolated 305 

from blood cultures due to the high incidence of resistant Gram-negative and Gram-306 

positive pathogens for all the years analysed. This, however, should be viewed with 307 

caution as the timing of the blood cultures relative to admission is not known. In 308 

addition, if meropenem is recommended as an empiric antimicrobial choice earlier on 309 

(before day 4 of admission), it may contribute to increased numbers of CREs (26). 310 

Though newer agents have shown promise in treating MDR Gram-negative 311 

organisms (27), these are not yet available at CHBAH.  312 

The use of piperacillin-tazobactam combined with amikacin as empiric antimicrobial 313 

agents for Gram-negative sepsis may be more appropriate as a carbapenem-sparing 314 

option. Our data shows that it will offer better antimicrobial cover for the most likely 315 

Gram-negative organisms than the current empiric choice used in the unit. For 316 

Gram-positive cover, vancomycin is appropriate given the high incidence of MRSA. 317 

Due to low numbers of yeasts isolated across the years analysed, this study cannot 318 

make recommendations regarding early antifungal strategies. It is likely that the 319 

consideration for initiation of an antifungal agent would have to be individualised. 320 
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We recommend paediatric infectious diseases consultation for management of 321 

patients in this unit. A study conducted in China by Tang et al. revealed that 322 

involvement of infectious diseases physicians in the management of patients with 323 

bacteraemia had a significantly lower mortality risk and encouraged appropriate 324 

antimicrobial use (28). In addition, we recommend institution of AMS initiatives, 325 

including the use of dedicated prescription charts, weekly AMS ward rounds, and 326 

post-prescription review and feedback. These measures have been shown in 327 

previous studies to enhance stewardship without adversely affecting patient 328 

outcomes (14,15,29). Lastly, we recommend reinforcement of infection prevention and 329 

control measures including standard and contact precautions, and scrupulous wound 330 

care, all of which have been shown to decrease the incidence of infection and 331 

reduce mortality (14,30). A likely challenge in implementing these recommendations is 332 

a paucity of financial and human resources, a concern shared in other studies (14,29).    333 

8 Study limitations 334 

This study has several important limitations. We only analysed blood and tissue 335 

cultures but burns patients may have other sources of infection such as catheter-336 

related infections, urinary tract infections, and pneumonia. Although the study is over 337 

a significant period (2015-2019), several organisms were below the CLSI target of a 338 

minimum of 30 isolates per species. Thus, the results of this study should be viewed 339 

with restraint. Other limitations are largely due to the retrospective nature of the 340 

study. Clinical information, key to directing antimicrobial choices, was not available. 341 

The primary site of infection (in the case of blood cultures) was not known. The 342 

timing of cultures in relation to duration of admission was not known. Distinguishing 343 

community-associated from hospital-associated infections was not possible. Findings 344 

could not be correlated to the clinical condition of the patient. As such, some isolates 345 

may be considered contamination in an otherwise well patient. It could not be 346 

determined if patients were on antimicrobial agents when cultures were collected – 347 

this would influence microbiological yield. The amount of blood in culture bottles is 348 

important. This information was not available. It was also assumed that aseptic 349 

techniques were employed during microbiological sampling. It was not known 350 

whether the tissue specimens were collected at in theatre or in the ward and how 351 

these specimens were collected. At the laboratory, consumable stockouts, fallen 352 

antimicrobial discs for AST, or erroneous omission in reporting meant that not all 353 
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relevant antibiotics may have been documented on the TrakCare laboratory 354 

information system. Although most of the yeasts other than Candida albicans with 355 

high MICs to fluconazole were referred for further testing on the suspicion of possible 356 

C.auris, there were some isolates that were mistakenly not referred. Similarly, some 357 

Saccharomyces cerevisiae identified on tissue cultures, suggestive of possible 358 

C.auris, were not referred for confirmation of identification. Details entered on the 359 

TrakCare system are assumed to be correct with possible discrepancies in hospital 360 

numbers not taken into consideration. 361 

 362 

9 Conclusions 363 

Infections in paediatric burns patients is a serious concern and may lead to adverse 364 

patient outcomes. The selection of the most appropriate empiric antimicrobial agent 365 

is an important consideration in the management of these patients. Our study 366 

revealed that the current empiric antimicrobial regimens in the unit need to be 367 

reviewed periodically. We recommend piperacillin-tazobactam with amikacin and 368 

vancomycin as empiric antimicrobial agents to cover the most likely bacterial 369 

organisms isolated from a bloodstream infection. Additionally, attention to IPC 370 

practices and provision of AMS activities need to be constantly reinforced due to the 371 

high burden of MDROs in the paediatric burns unit.  372 

 373 

 374 

 375 

 376 

 377 

 378 

 379 

 380 

 381 

 382 
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Introduction: 596 

The South African Medical Research Council approximates that 3.2% of the 597 

population are injured by burns yearly (1). Children are particularly at risk, with burns 598 

being ranked 5th among non-fatal childhood injuries (2). The number of paediatric 599 

burn patients is the highest in Africa with children younger than 5 years of age being 600 

greatest at risk (3). 601 

South Africa, considered a middle-income developing country, has heavily crowded 602 

informal settlements often with poor access to electricity (4). A study by Parbhoo et al. 603 

at The Red Cross Children’s Hospital in Cape Town revealed that the highest 604 

incidence of burns was among toddlers, followed by babies younger than 1 year (4). 605 

83% of paediatric burns were caused by hot liquid, followed by fire and electrical 606 

burns (4). 607 

An estimated 180 000 deaths occur annually because of burns, most of which take 608 

place in low-to-middle-income countries (LMIC) (2). Approximately 75% of all deaths 609 

in burns patients occur because of infection and may be as high as 86% in some 610 

settings due to escalating resistance patterns (5,6).  611 

Despite noteworthy advances in the management of burn patients, infection poses a 612 

significant concern (6,7). Burns patients are inherently at risk of developing infections 613 

as the body’s first line of defence, the skin, has been breached, contributing to the 614 

immunocompromising effects (8).  615 

Almost inevitable, burn wounds are colonised by microbes (5). Breached skin in burn 616 

patients is replaced by a proteinaceous, avascular environment that is conducive to 617 

microbial colonization and growth (9).   618 
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Following a burn incident, the wound is initially sterile. Within 48 hours, microbes 619 

from the skin, sebaceous glands, and hair follicles colonise the wound. Thereafter, 620 

gastrointestinal, and respiratory tract microbes, as well as those from the 621 

environment, colonise the wound. Studies have shown that Gram-positive organisms 622 

predominate in the first week following burns and Gram-negative organisms 623 

thereafter (7,10,11).  624 

Infected burn wounds are associated with lengthier hospital stays and heightened 625 

morbidity and mortality (11). A study by Amado et al., looking at morbidity and 626 

mortality among paediatric burn patients in Mozambique revealed that wound 627 

infections and sepsis account for 58% and 27% of complications, respectively. All 628 

deaths reported in their study were because of septic shock (3).  629 

Apart from burn wound sepsis, burn patients also develop infections elsewhere. In 630 

the first week following the burn incident, skin and soft tissue infections tend to 631 

dominate, followed by bacteraemia, catheter-related infections, urinary tract 632 

infections, and pneumonia (6,12). 633 

There has been an increase in bacterial antimicrobial resistance trends amongst 634 

burns patients in recent years (9).  A retrospective analysis was conducted by Bhat 635 

and Vasaikar in Eastern Cape, South Africa on burn wound specimens which 636 

reported that 57.5% of Staphylococcus aureus were methicillin-resistant (MRSA), 637 

while extended-spectrum beta-lactamase (ESBL) producers were detected in 638 

32.14% of Klebsiella pneumoniae, 11% of Klebsiella oxytoca, and 5.1% of 639 

Escherichia coli (5). den Hollander et al. describes the increased incidence of fatal 640 

sepsis as worrisome with many burn patients succumbing to drug-resistant bacterial 641 

infections (13).  642 
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Epidemiology of Burn Wound Infections: 643 

Different healthcare settings have differing bacteriological and susceptibility profiles 644 

(7).  645 

A retrospective study by Asena et al. (8) among paediatric burn patients revealed that 646 

the most commonly occurring bacterial growth was coagulase-negative 647 

staphylococci (CNS). Gram-positive dominance was also reported in a prospective 648 

study conducted by Hassen et al. in Tunisia over a 30-month period, where S.aureus 649 

was the most common organism comprising 93.8% methicillin-susceptible S.aureus 650 

(MSSA) (14). This is dissimilar to other studies, where higher rates of methicillin-651 

resistant S.aureus (MRSA) were noted (5,7,8,15).  652 

High rates of ESBL were documented in studies from different settings (5,8,9,12,14). 653 

Gram-negative bacilli (GNB) predominance was reiterated in a study in Southeast 654 

China by Li et al., where GNB accounted for 57.6% of pathogenic strains, with the 655 

most common bacteria being Acinetobacter baumannii (17.6%) resistant to 656 

ceftazidime, imipenem and meropenem in >80%, 58.5% and 83.3% of isolates 657 

respectively (12). The finding of A.baumannii as the most common isolate and 658 

P.aeruginosa as the second most common isolate was reported by Bayram et al. in 659 

their retrospective study in Turkey, where 93% of the A.baumannii and 43% of the 660 

P.aeruginosa were considered multi-drug resistant (MDR) (9). MDR is defined as 661 

acquired non-susceptibility to at least one agent in three or more antimicrobial 662 

categories. Extreme-drug resistance (XDR) is defined as non-susceptibility to all but 663 

two or fewer categories of antimicrobial agents. Pan-drug resistance (PDR) is 664 

defined as non-susceptibility to all agents in all antimicrobial categories (16).  665 
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The finding of P.aeruginosa as the most common organism isolated was reiterated in 666 

several Indian studies (7,11,15). A retrospective analysis by Singh et al. (7) found a 667 

15.2% occurrence of MDR P.aeruginosa.   668 

A retrospective study at a burns unit in Italy revealed a frequent occurrence of 669 

nosocomial pathogens causing burn wound infections, particularly carbapenem-670 

resistant A.baumannii (27%), carbapenem-resistant P.aeruginosa (25%), and MRSA 671 

(26%) (6). The incidence of infections was 27%, 40%, and 43.8% on days 7, 14 and 672 

28 of admission, respectively, congruent with the notion that longer hospital stay is 673 

associated with more infections.  674 

An increase in fungal infections in burns patients is noted due to the widespread use 675 

of antimicrobial agents. The majority of infections are due to Candida albicans, but 676 

one must bear in mind possible non-albicans Candida and other fungi including 677 

Aspergillus species and Fusarium species (17). Apart from bacterial and fungal 678 

infections that occur in burn patients, reactivation of latent viral infections, either 679 

systemically or close to the wound, is also a concern (18).  680 

Antimicrobial Resistance (AMR): 681 

The World Health Organisation (WHO) has acknowledged that MDR pathogens 682 

undermine the efforts taken to prevent and treat bacterial infections (19). AMR occurs 683 

as a result of an array of biological, pharmacological, and societal variables that 684 

occur globally, and LMIC are seeing a more rapid rise in AMR (19).  685 

The risk factors for the development of MDR infections present in other patient 686 

populations are also relevant to the burn patients, including the use of urinary 687 

catheters, endotracheal intubation, and prior use of antimicrobial agents (20).  688 

 689 
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Burn patients are at increased risk of colonization or infection with MDR pathogens 690 

which is an important determinant in their outcome (17,19). Burn severity correlates 691 

closely with the development of MDR infections, with more MDR infections seen in 692 

patients with larger total body surface area (TBSA) involved (17). 693 

 694 

MDR infections have both clinical and financial implications with challenges in 695 

management (7). Often, the use of broad-spectrum empiric antimicrobial agents to 696 

prevent MDR infections aggravates the vicious cycle of selective pressure and 697 

resistance development (17). MDR strains of certain isolates may establish 698 

themselves in the hospital environment and spread between patients (7).  699 

 700 

Antimicrobial Stewardship (AMS): 701 

AMS may be defined as the rational and judicious use of antimicrobial agents by 702 

instituting a series of logical steps at an individual, national, and global level, thereby 703 

enhancing the responsible use of antimicrobial agents (16). Global usage of 704 

antimicrobial agents has increased by 36% between 2000 and 2010 (21).  705 

Antimicrobial agents are displaying reduced efficacy globally while limited newer 706 

agents are being developed, possibly leading us faster toward the ‘post-antibiotic 707 

era’ (22). A core component of The National AMR Strategy Framework in South 708 

Africa, in line with conserving antimicrobial agents, is surveillance of antimicrobial 709 

resistance patterns (23).   710 

Growing evidence suggests that AMS programs are effective in enhancing 711 

compliance to antibiotic policy, reducing hospital stay/readmissions, and decreasing 712 

the incidence of Clostridiodes difficile infections. Several AMS program interventions 713 
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have shown improved outcomes on patient care, emphasizing the need for 714 

microbiological surveillance (17,24,25).  715 

Antibiogram – Why is it needed? 716 

An antibiogram is an intervallic consolidation of an institution or unit’s antimicrobial 717 

susceptibility data based on isolates submitted for testing to the microbiology 718 

laboratory. Its utility is mainly to monitor local susceptibility rates, assist in choosing 719 

appropriate empiric antimicrobial therapy, observing resistance patterns within units 720 

in a specified timeframe, and evaluating susceptibility rates across units and 721 

institutions (26).  722 

Surveillance of antimicrobial susceptibility enables doctors to opt for the most 723 

appropriate antimicrobial agent (7). An agent with a suboptimal cover or to which the 724 

infecting pathogen is resistant can have dire patient consequences (27). This needs to 725 

be balanced against the risks of using broad-spectrum antimicrobial agents (28). The 726 

global rise in antimicrobial resistance has confounded this decision. Commencement 727 

of empiric antimicrobial agents should be directed by patient-related factors (age, 728 

renal function, medications) and knowledge of the pathogens most implicated within 729 

the unit (29).   730 

Institution-wide antibiograms may have vital differences in susceptibility data when 731 

compared to unit-specific antibiograms as reflected by a study by Binkley et al. (27).  732 

An antibiogram specific to the burn unit is a useful aid in monitoring antimicrobial 733 

resistance trends and choosing appropriate empiric antimicrobial therapy.  734 

Aims: 735 

This study aims to review the bacterial and fungal antimicrobial resistance profiles for 736 

the Paediatric Burns Unit at CHBAH for the period January 2015 to December 2019.  737 
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Study Objectives: 738 

1. To compile unit-specific antibiograms based on positive blood and tissue 739 

culture specimens comparing the prevalence of bacterial and fungal isolates 740 

including their antimicrobial resistance trends  741 

2. To compare the frequency of organisms and resistance trends between the 742 

periods January 2015-June 2017 and July 2017-December 2019  743 

METHODS: 744 

Study Setting: 745 

The Chris Hani Baragwanath Academic Hospital is a tertiary institution situated in 746 

Soweto, Johannesburg. It is the third-largest hospital complex globally, with more 747 

than half its admissions being emergencies (30). A dedicated paediatric burns unit has 748 

19 regular and 7 ICU beds. The average admission between the period January 749 

2015 to December 2019 was 42 patients per month, with an average of 8 admissions 750 

to ICU per month. An average of 2 deaths per month occurred during this period. 751 

The majority of paediatric burns seen at the unit are caused by hot liquids, followed 752 

by flame and electrical burns. 753 

Current empiric antibiotic regimens used in the paediatric burns unit depend on the 754 

duration of hospital stay. If within three days of admission, Co-Amoxyclav is started 755 

to cover community-associated infections (CAI). From day four onwards or if 756 

escalating therapy, meropenem and vancomycin are commenced to cover 757 

healthcare-associated infections (HAI). All antibiotics are started after blood and 758 

other relevant cultures are obtained. 759 

Study Design: 760 
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This study is a retrospective laboratory-based review of blood cultures and tissue 761 

samples from January 2015 to December 2019. 762 

Laboratory Methods: 763 

The Microbiology Laboratory at CHBAH is accredited by the South African National 764 

Accreditation System (SANAS) according to International Organization for 765 

Standardization (ISO) 15189 standard and subscribes to the guidelines of the 766 

Clinical Laboratory Standards Institute (CLSI) (31). 767 

Blood cultures are obtained from burns patients who are suspected of having sepsis. 768 

Tissue is collected from burns patients who are systemically septic, have septic 769 

wounds undergoing debridement, or are scheduled for graft procedures. Both 770 

specimen types are processed according to the local laboratory’s standard operating 771 

protocols. 772 

Inclusion Criteria: 773 

Blood and tissue samples from the paediatric burns unit at CHBAH obtained 774 

between January 2015 and December 2019 will be included. Only the first isolate of 775 

a given species per patient per calendar year regardless of body site, antimicrobial 776 

susceptibility profile, or other phenotypic characteristics will be included. This is in 777 

keeping with CLSI M39-A4 recommendations for compiling a cumulative antibiogram 778 

to guide clinical decisions about empiric antimicrobial therapy of initial infections (35). 779 

If multiple blood and tissue culture specimens are collected on the same day from 780 

the same patient and cultures the same organism, preference will be given to the 781 

first blood culture.  782 

Exclusion Criteria: 783 
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In line with CLSI M39-A4 recommendations (35), patients with repeat isolates of the 784 

same species regardless of body site will be considered a single episode if within the 785 

same calendar year. Surveillance cultures will be excluded. 786 

Data Analysis: 787 

Relevant data according to the data collection sheet (appendix 1) will be requested 788 

from the National Health Laboratory Services (NHLS) Corporate Data Warehouse 789 

(CDW) for two 30-month periods, January 2015-June 2017 and July 2017-December 790 

2019. Data analysis will be performed using Microsoft Excel. Organisms will be 791 

sorted into separate tables for Gram-positive organisms, Gram-negative organisms, 792 

and yeast. Duplicates will be removed according to the exclusion criteria.  793 

Categorical data will be summarised by frequency and percentage. The total number 794 

of isolates per organism will be added and the frequency calculated as a measure of 795 

the total number of positive cultures in the data series over the study period. The 796 

percentage susceptibility to each of the routinely tested antimicrobial agents at 797 

CHBAH will be calculated according to Gram-positive, Gram-negative, and fungal 798 

panels. Results will be tabulated as percentage susceptibility per antimicrobial agent. 799 

The frequency and resistance trends of organisms will be compared between two 800 

30-month periods, namely January 2015 to June 2017 and July 2017 to December 801 

2019. Trends will be ranked according to prevalence. 802 

Enterobacterales with minimum inhibitory concentrations (MIC) showing reduced 803 

susceptibility to any of the routinely tested carbapenems will be included as CRE (31).  804 

Statistical Analysis: 805 

Descriptive statistics will be used to summarise the data. Due to the categorical 806 

nature of the data, Fisher’s exact test with a 2X2 contingency table will be utilised to 807 
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determine if statistical significance exists between the two comparative periods for 808 

the frequency of organisms and resistance patterns. Two-tailed p-values will be 809 

reported, with values <0.05 considered statistically significant. GraphPad (GraphPad 810 

Software, USA) will be used for this purpose. A biostatistician will be consulted as 811 

needed. 812 

Limitations: 813 

The retrospective nature of the study has several limitations: 814 

 Clinical information, key to directing antimicrobial choices, is not available. 815 

The primary site of infection (in the case of blood cultures) is not known. 816 

 The timing of cultures in relation to the duration of admission is not known. 817 

Distinguishing community-associated from hospital-associated infections will 818 

not be possible. 819 

 Findings cannot be correlated to the clinical condition of the patient. As such, 820 

some isolates may be considered contamination in an otherwise well patient. 821 

 It cannot be determined if patients were on antimicrobial agents when cultures 822 

were collected – this would influence microbiological yield. 823 

 The amount of blood in culture bottles is important. This information is not 824 

available. It is also assumed that aseptic techniques were employed during 825 

microbiological sampling. 826 

 It is not known whether the tissue specimens were collected at debridement in 827 

theatre or the ward and how these specimens were collected. 828 

 Details entered on the TrakCare system are assumed to be correct. Possible 829 

discrepancies in hospital numbers are not taken into consideration. 830 

 831 
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Timeline: 852 

 MONTH/YEAR 

APR 

2021 

MAY 

2021 

JUN 

2021 

JUL 

2021 

AUG 

2021 

SEP 

2021 

OCT 

2021 

NOV 

2021 

DEC 

2021 

JAN 

2022 

FEB 

2022 

Literature Review                       

Protocol Preparation                       

Protocol Assessment                       

Ethics Application                       

Data Collection                       

Data Analysis                       

Write-up                       

Submission                       

 853 

Ethics: 854 

Approval from HSREC and the CEO of CHBAH will be sought. No patient particulars, 855 

identification, or clinical details will be included. 856 

Funding: 857 

The Department of Clinical Microbiology and Infectious Diseases (CMID) at the 858 

University of the Witwatersrand will fund the printing and publishing costs. 859 

 860 
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 862 

 863 

 864 

 865 
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