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Antimicrobial resistance (AMR) is a threat to public health. In a 
surveillance report, the World Health Organization (WHO) estimated 
87% of Escherichia coli and 77% of Klebsiella pneumoniae in the African 
region were extended-spectrum β-lactamase (ESBL) producers. In 
addition, carbapenem-resistant Enterobacterales (CRE) are increasing 
globally, with reported rates as high as 54% of all cases involving 
Enterobacterales.[1] Alarmingly, this rise in AMR is not restricted to 
the Enterobacterales. Multidrug-resistant (MDR) Gram-negative bacilli 
such as Acinetobacter baumannii and Pseudomonas aeruginosa are also 
rising,[2,3] alongside the emergence of MDR Candida auris.[4] Intensive 
care units (ICUs) are epicentres for AMR because of invasive procedures, 

prolonged hospitalisations and antibiotic prescriptions in these units. 
Trauma patients are at further risk of infections because of their breach 
in host defence systems, surgical interventions, ventilator support, poor 
nutritional status and medications.[5] Amid this landscape, it is important 
to ensure appropriate antibiotic usage. Current guidelines advise the 
‘narrowest-spectrum empirical antibiotic when indicated, to target the 
most likely pathogen’.[6] However, this is rarely practised. In a study 
assessing outcomes of Staphylococcus aureus bacteraemia, one author 
found that empirical antibiotics were ineffective in more than a third of 
patients with methicillin-resistant Staphylococcus aureus (MRSA) blood 
stream infections.[7] Similarly, a retrospective analysis reported more 
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than 50% of patients with ESBL-producing 
Enterobacterales. received inadequate 
empirical antibiotic therapy, with a consequent 
three-fold increased mortality.[8] For many, the 
response is to prescribe the broadest spectrum 
antibiotic while awaiting microbiological 
results, but this is not without consequence. It 
is well documented that overuse of antibiotics 
is driving antibiotic resistance.[9] Conversely, 
reducing antibiotics can alter resistance.[10] 
Additionally, inappropriate antibiotic usage 
causes adverse events in patients and increased 
costs. Appropriate empirical antibiotic therapy 
is imperative. One aid in this regard is the 
antibiogram.

The antibiogram – a summary of microbial 
pathogens in a unit with percentage suscep
tibility to possible antimicrobial treatment 
options (adapted from Merriam Webster 
Dictionary) – is useful in directing empirical 
antibiotic choice and tracking resistance 
trends. Resistance patterns vary between 
hospitals and often within wards of the same 
hospital. As a result, antibiograms inform the 
local epidemiology.

Charlotte Maxeke Johannesburg Academic 
Hospital (CMJAH), a Johannesburg-based 
tertiary hospital, receives referrals from many 
other hospitals throughout Gauteng Province, 
South Africa (SA), and has several specialised 
units, such as the trauma ICU. Patients 
admitted to this unit are adult polytrauma 
patients, many of whom are critically ill, have 
prolonged hospitalisation and require several 
indwelling medical devices (urinary catheters, 
central lines, drains, etc.) in their management. 
These factors increase their risk of developing 
infections, particularly with multi-drug 
resistant organisms (MDROs).[11] In 2016, the 
trauma ICU in this study changed empirical 
antibiotic therapy for nosocomial infections 
from piperacillin-tazobactam to imipenem 
and amikacin, based on information provided 
by an antibiogram. This empirical therapy 
was continued in 2017 based on 6-monthly 
antibiograms performed in that year. However, 
the impact of this choice of empirical therapy 
on the circulating microbes in the ward was 
unknown. The present study aimed to assess the 
impact of escalation in empirical antimicrobial 
treatment on the organism prevalence and 
resistance profile within the unit.

Methods
This retrospective, observational analysis 
of bacterial and fungal identification and 
susceptibility results used data extracted 
from the laboratory information system 
(TrakCare) of the National Health Laboratory 

Services (NHLS), from 1 January 2015 to 
31 December 2015 and 1 January 2017 to 
31 December 2017, to compare organism 
prevalence, resistance profile and specimen 
type within the unit, before and after 
empirical antibiotic escalation. Fig. 1 outlines 
the procedures and terminology used for this 
study. All positive microbiological culture 
reports with antimicrobial susceptibility 
results for clinical samples sent from the 
trauma ICU during the study period were 
included. The following items were excluded:
•	 screening samples, e.g. rectal and axillary 

swabs, etc.
•	 for the antibiogram section, repeat samples 

showing the same isolated organism for the 
same patient within 1 year, regardless of 
body site or resistance profile 

•	 for the specimen type section, repeat blood 
cultures within 2 weeks, and other repeat 
samples within 1 month, for the same 
patient, with the same isolate. 

The de-duplication criteria were in keeping 
with the Clinical and Laboratory Standards 
Institute (CLSI) guidelines to standardise 
antibiogram reporting, and the Centers for 
Disease Control and Prevention surveillance 

definitions for specific types of infections.[12,13] 
Antibiograms were constructed for organisms 
with >29 isolates. 

During the study period, identification 
and susceptibility of bacterial and fungal 
isolates were performed using the automated 
identification and susceptibility testing system 
Vitek 2 (BioMérieux, France). From 2017, 
matrix-assisted laser desorption ionisation 
time-of-flight mass spectrometry (MALDI-
TOF MS) (Vitek MS BioMérieux, France) was 
also utilised for identification of some isolates. 
Isolate identification was reported to species 
level. Confirmatory susceptibility testing was 
performed for a subset of isolates, specifically, 
amikacin disc diffusion for Acinetobacter 
baumannii, ciprofloxacin disc diffusion for 
Salmonella spp., and carbapenem e-tests 
(BioMérieux, France) for CREs. Susceptibility 
results were only reported for antimicrobials 
routinely tested by the laboratory, and were 
interpreted according to the CLSI breakpoints 
for the 2  years.[14,15] There were no significant 
changes in the CLSI breakpoints between 
the years that would affect susceptibility 
interpretation. 

The present study defined MDROs as 
organisms that were non-susceptible to at 

Raw data

Rectal swabs and environmental 
samples excluded (n=0)

2015 
(n=854 isolates)

2017 
(n=998 isolates)

Specimen type 
de-duplicated

Data removed for 
same patient with 

same organism at the 
same site within 14 
days of last positive 

culture for blood 
cultures or within 1 

month for other sites 
(n=225)

Antibiogram 
de-duplicated

Data removed for 
same patient with 

same organism 
within 1 year of the 
�rst positive culture 

(n=367)

Specimen type 
de-duplicated

Data removed for 
same patient with 
same organism at 

the same site within 
14 days of last 

positive culture for 
blood cultures or 

within 1 month for 
other sites (n=288)

Antibiogram 
de-duplicated

Data removed for 
same patient with 

same organism 
within 1 year of the 
�rst positive culture 

(n=535)

Specimen type
assessed
(n=629 )

Organism frequency 
assessed
(n=487)

Specimen type 
assessed
(n=710)

Organism frequency 
assessed 
(n=463)

Antibiogram 
performed where 

>29 isolates 
with susceptibilities 

(n=371)

Antibiogram 
performed 

where >29 isolates 
with susceptibilities 

(n=303)

Fig. 1. Data de-duplication process.
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least one agent in ≥3 antimicrobial categories, as per the international 
standard definitions for acquired resistance.[16] CRE were determined 
by non-susceptibility to at least one carbapenem on carbapenem e-tests 
with a positive Hodge or EDTA screening test for confirmation of 
carbapenemase production. Analysis for extensively-drug resistant (XDR) 
bacterial organisms (i.e. those susceptible to at least one agent in ≤2 
antimicrobial categories) was not possible, as not all agents were routinely 
tested. Furthermore, colistin susceptibility was not possible as broth 
microdilution was not performed routinely. Fisher’s exact test was used 
to compare percentages between the two years and to determine p-values 
for statistical significance. A p-value of <0.05 was considered significant.

Ethics
Ethics approval was granted by the University of the Witwatersrand’s 
Human Research Ethics Committee (ref. no. M181185).

Results
A total of 854 reports were extracted in 2015, generating 629 reports for 
the specimen type section and 487 reports for the antibiogram section, 
after de-duplication (Fig. 1). In 2017, 998 reports were extracted, with 
710 reports for the specimen type and 463 reports for the antibiogram 
after de-duplication (Fig. 1). In 2017, there were more positive cultures 
than in 2015, with overall more infections after de-duplication, although 
the number of organisms after de-duplication was comparable. The key 
changes in microbiological outcomes between the 2 years are illustrated 
in Fig. 2.

Table 1 summarises the frequency of organisms isolated in 2015 
and 2017. Gram-negative organisms predominated in both years, 
with K.  pneumoniae being the most frequently isolated organism, 
although there was no statistically significant change in the frequency 
of K.  pneumoniae (p>0.05). There was an 8.5% reduction in the 
number of non-fermenting Gram-negative bacilli isolated (p=0.003), 
most notably a 4.6% reduction in A. baumannii (p=0.05) and a 
4.4% reduction in Pseudomonas aeruginosa (p=0.019). There was 
no increase with the other non-fermenting Gram-negative bacilli, 

namely, Stenotrophomonas and Burkholderia. Overall, there were very 
few Gram-positive organisms, with a 2.7% increase in all streptococci 
isolated (p=0.019) in 2017. Similarly, there were very few yeast isolates. 
However there was a 1.7% increase in Candida auris infections 
(p=0.003) from 2015 to 2017.

Only 5 organisms with species-level identification among the 
Gram-negative organisms had sufficient numbers (>29) to perform an 
antibiogram. They are depicted in Table 2A. The remaining species with 
insufficient numbers from the Enterobacterales were grouped together 
to form an antibiogram. K. pneumoniae susceptibility showed a 13% 
increase in amp-C β-lactamase production (p=0.0002) and a 20.6% 
decrease in ESBL producers (p=0.004) in 2017. Conversely, the other 
Enterobacterales that were grouped together saw a 26.2% increase in 
ESBLs (p=0.0004) in 2017. In 2017, a 6.5% increase in CREs was seen 
(p=0.007), all of which were K. pneumoniae.

On analysis of the non-fermenters, A. baumannii showed a 
significant increase in susceptibility to each class of antibiotic and an 
overall 28.9% reduction of MDR A. baumannii (p=0.0001). There was 
a 60.4% reduction of MDR P. aeruginosa (p=0.0001) in 2017, although 
there was no significant change in susceptibility to individual drugs 
over both years. 

Regarding Gram-positive organisms, only S. aureus had sufficient 
numbers to compile an antibiogram, but this was only possible for 
2015 (Table 2B). Of note, the majority of S. aureus isolates (86.7%) 
were methicillin-susceptible. The remaining isolates were methicillin-
resistant and there were no vancomycin-resistant strains. 

Specimen type
Culture-positive specimen type numbers differed between the two years 
(Table 3). In 2017, there was a significant increase in pus, fluid and tissue 
samples, and a decrease in respiratory samples occurred when compared 
with 2015. As seen in Table 4, the majority of the CREs were isolated 
from fluid or tissue samples. There was no statistically significant change 
in bloodstream infections, although 7 of the 8 C. auris isolates in 2017 
were from blood cultures. 
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Table 1. Frequency of  isolated organisms
Microorganism Genus Species 2015, n (%) 2017, n (%) p-value
Bacteria, n (%) All 466 (95.69) 446 (96.33) 0.6244
Gram-positive All 96 (19.71) 111 (23.97) 0.1164

Staphylococcus All 65 (13.0) 63 (13.61) 0.9245
All S. aureus 30 (6.0) 25 (5.40) 0.6776
All coagulase-negative staphylococci 35 (7.19) 38 (8.21) 0.6262

Enterococcus All 23 (2.67) 28 (6.05) 0.3902
E faecalis 13 (2.67) 17 (3.67) 0.4588
E. faecium 10 (2.05) 9 (1.94) 1.0000
E. casseliflavus 0 1 (0.22) 0.4874
Enterococcus spp. 0 1 (0.22) 0.4874

Streptococcus All streptococci 8 (1.64) 20 (4.32) 0.0199
S. agalactiae 1 (0.21) 0 (0) 1.0000
S. allolyticus 0 1 (0.22) 0.4874
S. anginosus 1 (0.21) 4 (0.86) 0.2065
S. constellatus 0 2 (0.43) 0.2373
S. dysgalactiae 0 1 (0.22) 0.4874
S. mitis 1 (0.21) 4 (0.86) 0.2065
S. pneumoniae 1 (0.21) 5 (1.08) 0.1151
S. pyogenes 2 (0.41) 1 (0.22) 1.0000
S. sanguinis 0 1 (0.22) 0.4879
S. viridans 2 (0.41) 1 (0.22) 1.0000

Gram-negatives All 370 (75.96) 335 (72.35) 0.2080
All non-fermenters 151 (31.00) 104 (22.46) 0.0034
Acinetobacter baumannii 80 (16.43) 55 (11.88) 0.0508
A. haemolyticus 0 1 (0.22) 0.4874
Pseudomonas aeruginosa 52 (10.68) 29 (2.63) 0.0196
P. putida 1 (0.21) 0 (0) 1.0000
Burkholderia spp. 13 (2.67) 11 (2.38) 0.8380
Stenotrophomonas spp. 5 (1.03) 8 (1.73) 0.4107

Enterobacterales All 212 (43.53) 221 (47.32) 0.2157
Citrobacter braakii 1 (0.21) 1 (0.22) 1.0000
C. freundii 7 (1.44) 7 (1.51) 1.0000
C. koseri 3 (0.62) 0 (0) 0.2497
Enterobacter aerogenes 6 (1.23) 8 (1.73) 0.5968
E. cloacae 39 (8.00) 43 (9.29) 0.4906
Enterobacter spp. 1 (0.21) 8 (1.73) 0.0182
Escherichia coli 30 (6.16) 39 (8.42) 0.2111
E. fergusonii 1 (0.21) 0 (0) 1.0000
Klebsiella oxytoca 1 (0.21) 1 (0.22) 1.0000
K. pneumoniae 85 (17.45) 77 (1.63) 0.7958
Morganella morganii* 1 (0.21) 3 (0.65) 0.3620
Proteus mirabilis* 23 (4.72) 18 (3.89) 0.6324
P. penneri* 0 2 (0.43) 0.2383
P. retgerrii* 1 (0.21) 1 (0.22) 1.0000
Serratia liquefaciens* 1 (0.21) 1 (0.22) 1.0000
S. marcescens* 9 (1.85) 10 (2.15) 0.8186
*Sum of intrinsically colistin-resistant Enterobacterales 35 (7.19) 35 (7.56) 0.9013

Other Gram-negative organisms Haemophilus influenzae 7 (1.44) 8 (1.73) 0.7980
H. parainfluenzae 0 2 (0.43) 0.2373
Aeromonas hydrophilia 3 (0.62) 1 (0.22) 0.6247
A. sobria 0 1 (0.02) 0.4879

Yeasts All 22 (4.31) 17 (3.67) 0.6244
Candida albicans 15 (3.08) 2 (0.43) 0.0023
C. auris 0 8 (1.73) 0.0031
C. glabrata 2 (0.41) 3 (0.65) 0.6793
C. lusitaniae 0 (0) 2 (0.43) 0.2373
C. parapsilosis 2 (0.41) 1 (0.22) 1.0000
C. kruseii 2 (0.41) 1 (0.22) 1.0000
Cryptococcus spp. 1 (0.21) 0 (0) 1.0000

Total 487 (100) 463 (100)
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Table 2A. Pooled Gram-negative antibiogram (n/N, n (%))

Antibiotic (year)

Susceptible isolates/total isolates (%)

E. cloacae E. coli K. pneumoniae
Other 
Enterobacterales A. baumannii P. aeruginosa

Ampicillin
2015 1/39 (2.6) 4/30 (13.3) - 13/44 (29.6) - -
2017 1/33 (3.0) 4/39 (10.3) - 14/57 (24.6) - -

Amoxicillin-clavulanate
2015 1/38 (2.6) 19/30 (63.3) 34/85 (40.0) 27/50 (54.0) - -
2017 0/43 (0.0) 19/39 (48.7) 30/77 (39.0) 23/60 (38.3) - -

Piperacillin-tazobactam
2015 27/39 (69.2) 20/30 (66.7) 60/84 (71.4) 44/50 (88.0) 6/79 (7.6) 38/46 (82.6)
2017 22/26 (84.6) 25/33 (75.8) 36/57 (63.1) 41/48 (85.4) 16/49 (32.7)† 24/27 (88.9)

Cefoxitin
2015 0/39 (0.0) 24/30 (80.0) 85/85 (100.0) 31/55 (56.4) - -
2017 0/29 (0) 27/33 (81.8) 47/54 (87.0)† 20/50 (80.0) - -

Ceftriaxone
2015 26/37 (70.3) 18/30 (60.0) 37/84 (44.0) 51/55 (92.7) - -
2017 23/29 (79.3) 22/33 (66.7) 34/56 (60.7) 33/52 (63.5)* - -

Ceftazidime
2015 30/39 (76.9) 19/30 (63.3) 41/85 (48.2) 50/55 (90.0) 7/80 (8.8) 41/52 (78.9)
2017 25/30 (83.3) 24/34 (70.6) 35/57 (61.4)§ 39/51 (76.5) 21/51 (41.2)‡ 24/27 (88.9)

Cefepime
2015 30/39 (76.9) 20/30 (66.7) 42/85 (49.4) 52/55 (94.6) 6/80 (7.5) 38/52 (73.1)
2017 25/30 (83.3) 25/32 (78.1) 34/56 (60.7) 37/48 (77.1)* 19/51 (37.3)‡ 24/27 (88.9)

Ertapenem
2015 39/39 (100) 30/30 (100) 85/85 (100) 55/55 (100) - -
2017 27/27 (100) 33/33 (100) 47/52 (90.4) 48/48 (100) - -

Imipenem
2015 39/39 (100) 30/30 (100) 85/85(100) 37/37 (100) 6/80 (7.5) 37/52 (71.2)
2017 29/29 (100) 33/33 (100) 56/56 (100) 46/46 (100) 17/49 (34.7)§ 24/27 (88.9)

Meropenem
2015 39/39 (100) 30/30 (100) 85/85 (100) 55/55 (100) 6/80 (7.5) 39/52 (75.0)
2017 31/31 (100) 34/34 (100) 59/59 (100) 49/49 (100) 20/51 (39.2)‡ 25/28 (89.3)

Ciprofloxacin
2015 38/39 (97.4) 22/29 (75.9) 76/85 (89.4) 54/55 (98.2) 33/79 (41.8) 46/52 (88.5)
2017 22/27 (81.5) 19/22 (86.4) 35/45 (77.8) 26/30 (86.7) 39/53 (73.6)§ 27/29 (93.1)

Gentamicin
2015 28/38 (73.7) 28/30 (93.3) 41/85 (48.2) 52/55 (94.6) 25/79 (31.6) 45/52 (86.5)
2017 30/36 (83.3) 27/36 (75.0) 33/65 (50.8) 47/51 (92.2) 33/55 (60.0)* 24/29 (82.8)

Amikacin
2015 34/39 (87.2) 30/30 (100) 79/84 (94.1) 52/52 (100) 13/24 (54.2) 46/51 (90.2)
2017 41/43 (95.4) 38/38 (100) 67/77 (87.0) 60/60) (100) 34/50 (68) 39/41 (95.1)

Resistance profile % Isolates
AmpC

2015 100 20.0 0 43.6 - -
2017 100 18.2 13.0§ 20.0§ - -

ESBL
2015 23.1 40.0 56.0 10.3 - -
2017 16.7 33.3 35.4* 36.5‡ - -

CRE
2015 0 0 0 0 - --
2017 0 0 6.49* 0 -

MDR
2015 - - - - 92.50 67.31
2017 - - - - 63.64‡ 6.89‡

E. cloacae = Enterobacter cloacae; E. coli = Escherichia coli; K. pneumoniae = Klebsiella pneumoniae; AmpC = AmpC beta-lactamases; ESBL = extended spectrum β-lactamase;  
CRE = carbapenem-resistant Enterobacterales; MDR = multidrug-resistant; - = not applicable.
*p≤0.05.
† p≤0.001.
‡p≤0.0001.
§p≤0.0005.
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Discussion
The present study assessed the impact of escalation in empirical 
antimicrobial treatment from piperacillin-tazobactam to imipenem 
and amikacin on organism prevalence and resistance profile within the 
trauma ICU at CMJAH. This escalation saw two main changes: (i)  a 
decrease in the prevalence of non-fermenting Gram-negative bacilli, 
most notably in A. baumannii; and P. aeruginosa, (ii) accompanied by 
a reduction in MDR isolates among these organisms. These findings 
highlight the impact of empirical antibiotic choice on the organism 
prevalence and resistance profile. 

The decrease in prevalence and resistance rates of A. baumannii and P. 
aeruginosa is promising. Non-fermenting Gram-negative bacilli can cause 
life-threatening illnesses in critically ill patients and are intrinsically resistant 
to many antibiotics, limiting treatment options. Among these limited 
antibiotic choices, further resistance is developing.[17] These organisms are 
notorious for colonising patients and hospital environmental surfaces, 
causing nosocomial infections and the spread of antimicrobial resistance 
to other bacteria through horizontal gene transfer.[18] The findings of this 
study suggest that empirical antibiotic choice has an important role in 
affecting the microbiological epidemiology within a unit, particularly of 
non-fermenting Gram-negative bacilli, which could alter the numbers 
of nosocomial infections. 

Other studies show conflicting results on the effect of empirical 
antibiotics on organism prevalence and resistance. A retrospective 
review in a neonatal ICU showed that switching from cefotaxime to 
tobramycin reduced ESBL infection rates.[19] Similarly, a prospective 
study in a medical ICU in Italy showed a reduction in MRSA 
and piperacillin-tazobactam-resistant P. aeruginosa when empirical 
antibiotics were changed from piperacillin-tazobactam to imipenem 
for nosocomial pneumonias.[20] In contrast, a recent multi-centre 
randomised control trial showed that antibiotic cycling did not reduce 
carriage of Gram-negative bacteria in ICU patients.[21] However, this 
trial used 6-weekly periods of cycling, which was a much shorter 
period than in our study. In light of these conflicting results, more 
studies assessing longer periods are needed to ascertain the effect of 
empirical antibiotics on resistance rates. 

The frequency of organisms isolated in both years was similar to those 
seen in other ICUs. In an international point-prevalence study spanning 
75 countries, Gram-negative organisms were the most frequently 
isolated organisms from microbial cultures, followed by Gram-positive 
organisms and then fungi.[22] At a local level, similar findings are noted. 
In a study assessing cumulative antibiograms over two periods in an 
adult medical ICU and high care at CMJAH, Law et al.[23] documented 
a predominance of Enterobacterales. Furthermore, in a trauma ICU at 
Inkosi Albert Luthuli Central Hospital, Ramsamy et al.[24] describe a 
similar microbiological epidemiological pattern, with Gram-negative 
pathogens predominating, followed by Gram-positive pathogens and 
very few fungi. However, this trend was not seen in a 5-year review of 
data from the same province, in which S. aureus was the most frequently 
isolated pathogen. Similarly, von Knorring et al.[25] analysed cumulative 
antibiograms for a paediatric oncology unit at CMJAH and showed 
comparatively higher rates of Gram-positive isolates and yeasts,[26] 
which would alter empirical antibiotic choice. This stresses the value of 
unit-specific antibiograms in guiding empirical antibiotics, as resistance 
patterns vary between wards, even within the same hospital. One study 
comparing antibiotic susceptibilities within a hospital and a surgical 

Table 2B. Antibiogram for Staphylococcus aureus (2015)
Antibiotic (number of isolates tested) Susceptible isolates, n (%)
MSSA (30) 26 (86.67)
Penicillin/ampicillin -
Ceftaroline (0) -
Vancomycin (29) 29 (100)
Cefoxitin (30) 26 (86.67)
Teicoplanin(25) 25 (100)
Clindamycin(30) 25 (83.33)
Gentamycin (29) 27 (93.10)
Ciprofloxacin (30) 25 (83.33)
Co-trimoxazole (30) 23 (76.67)
Fusidic acid (0) -
Tetracyclines (26) 19 (73.08)
Fosfomycin (0) -
Tigecycline (25) 25 (100)
Chloramphenicol (2) 2 (100)
Quinopristin-dalfopristin (0) -
Linezolid (30) 30 (100)
Erythromycin (30) 25 (83.33)

MSSA = methicillin-susceptible Staphylococcus aureus.

Table 3. Comparison of culture-positive specimen types in  
2015 v. 2017
Specimen type 2015, n (%)* 2017, n (%)* p-value
Bood culture 151 (24.00) 166 (23.38) 0.7970
Cerebrospinal fluid 1 (0.16) 1 (0.14) 1.0000
Central line 1 (0.16) 0 0.47
Pus 42 (6.68) 71 (10.00) 0.03
Respiratory 257 (40.86) 209 (29.44) 0.0001
Fluid 100 (15.89) 153 (21.55) 0.009
Tissue 26 (4.13) 56 (7.89) 0.004
Urine 51 (8.11) 54 (7.61) 0.76
All (N) 629 710

*Unless otherwise specified.

Table 4. Specimen types for organisms with significant changes between 2015 and 2017 (n)

Microorganism
   Blood culture           Urine       Respiratory Fluid Tissue Pus
2015 2017 2015 2017 2015 2017 2015 2017 2015 2017 2015 2017

CRE 0 0 0 0 0 1 0 3 0 1 0 0
C. auris 0 7 0 1 0 0 0 0 0 0 0 0
All streptococci 3 6 0 0 1 5 2 5 1 2 1 2
A. baumannii 18 17 7 9 63 55 8 19 3 1 4 3
P. aeruginosa 8 8 3 4 45 31 12 8 2 3 5 10
Total 29 38 10 14 109 92 22 35 6 7 10 15

CRE = carbapenem-resistant Enterobacterales; C. auris = Candida auris; A baumannii = Acinetobacter baumannii; P. aeruginosa = Pseudomonas aeruginosa.
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ICU found significant differences between the two, suggesting that unit-
specific antibiograms could better guide empirical treatment.[27] 

The increase in cultures for certain specimen types (pus, fluid and 
tissue) and decrease in others (respiratory samples) between the 2 years 
is difficult to interpret. While this could be due to pharmacokinetic 
properties of individual drugs resulting in different levels of drug 
penetration at different body sites, other factors could play a role, 
namely culturing practices or changes in clinical presentation. Further 
studies that assess clinical outcomes are needed to ascertain whether 
changes in empirical antibiotics alter infection site.

Of note, most A. baumannii and P. aeruginosa in both years were 
cultured from respiratory samples, including sputum samples. The 
isolates may represent colonisation rather than infection. However, 
colonisation precedes infection, and for this reason, although the 
present study is unable to distinguish colonisation from infection, the 
reduction in non-fermenting Gram-negative bacilli is still significant.

The findings of this study show that microbiological surveillance is 
fundamental to guiding empirical antibiotic choice as a stewardship 
strategy. This fact was also highlighted in a local study by Ramsamy et al.: [23]  
when combined with active surveillance, empirical antibiotic policies 
were adequate in more than 90% of cases, thus reducing the need for 
ultrabroad-spectrum antibiotics. The authors emphasise that empirical 
antibiotics exert pressure on the microbial environment and contribute 
towards total antibiotic use. Coupled with a delay in obtaining culture 
results and failure to de-escalate therapy, inappropriate empirical 
antibiotics contribute significantly to AMR and provide an opportune 
target for AMS strategies.

Study strengths and limitations
The present study has numerous strengths. The international guidelines 
and standardised definitions used to develop the antibiogram and to 
define MDROs facilitate comparison with other studies. Another strength 
is that analysis was not restricted to resistance profiles alone, but included 
specimen type and organism prevalence, allowing for detection of changes 
in specimen type, spectrum of organisms and resistance profile, all of which 
are important considerations when selecting empirical antibiotics.
Nevertheless, a number of limitations exist. Firstly, since this was a 
retrospective observational analysis of laboratory data, correlation with 
clinical outcomes was not assessed, and for this reason, infection site 
was not assessed. Additionally, antibiotic susceptibility testing was not 
performed uniformly on all isolates. This may have been due to logistical 
reasons, where certain antimicrobial susceptibilities were missed if not 
deemed clinically necessary. These antibiotics included fosfomycin, 
chloramphenicol and tobramycin. Furthermore, only antibiotic agents 
routinely tested in the diagnostic microbiology laboratory were available 
for analysis. As a result, certain antibiotics were not tested for the 
Gram-negative organisms, namely ceftaroline, doripenem, aztreonam, 
ampicillin-sulbactam, colistin and doxycycline. For these reasons, XDR 
organisms could not be analysed. XDR organisms are defined based on 
susceptibility to at least one antibiotic agent in two or less antimicrobial 
categories.[16] This definition requires that all categories of antibiotics are 
tested and that every agent in each category is tested. 

Furthermore, relying solely on categorical interpretation of isolates 
as either resistant or susceptible introduces several limitations. Firstly, 
there is an increasing recognition of the importance of minimum 
inhibitory concentration (MIC)-guided antibiotic therapy.[28] Relying 
on categorical interpretations alone will miss subtle creeps in the MIC, 
which can affect patient outcomes. In addition, resistance could have 
been overcalled and higher antibiotic doses could have been used to 

treat the ‘resistant’ isolate. For instance, CLSI has a ‘susceptible dose-
dependent’ for the cefepime use in the Enterobacterales. This is an MIC 
range between the susceptible and intermediate categories. Isolates that 
fall into this range can be treated with cefepime, provided that higher 
dosing strategies are used.[14,15] However, categorical interpretation 
of antibiograms would falsely categorise these isolates as resistant 
to cefepime. Lastly, it is important to assess MICs in relation to site-
specific penetration of antibiotics, considering that a blood stream 
infection caused by an uncomplicated urinary tract infection could 
be treated with certain agents that would be inadequate for a blood 
stream infection in a patient with tertiary peritonitis. This is particularly 
relevant since trauma patients are at high risk of complicated intra-
abdominal infections or ventilator-associated pneumonias which can 
pose difficulties to antibiotic penetration. 

Lastly, the retrospective nature of this study prevents any immediate 
intervention based on the findings being instituted. However, it highlights 
the fact that yearly antibiogram comparisons and re-evaluation of 
empirical therapy will improve the infection profile in hospital units.

There are several barriers to extrapolating these findings to other 
units. Firstly, there is the issue of differing reporting. While national 
surveillance uses the number of isolates cultured as the denominator 
to determine percentage susceptibility, the WHO recommends using 
admission numbers and days of hospitalisation for intra- and inter-
hospital comparison.[29] This issue highlights the need for uniform 
reporting of AMR. Furthermore, patient risk profile, clinician culturing 
practices and infection control compliance differ between units, and 
direct comparisons would not assess these confounding factors.[25] 
However, although direct comparisons cannot be made between units 
regarding organism prevalence and resistance rates, the findings of this 
study underline the potential benefit of antibiogram-guided empirical 
therapy in any unit. A recent review of antimicrobial stewardship in SA 
outlines particular challenges to its implementation (paucity of data, 
limited healthcare facility infrastructure, staff shortages, laboratory 
inaccessibility and lack of quality-assured antibiotics), and stresses 
the need to maximise gains from ‘low-hanging fruit’, which are easy 
to implement.[30] Amid a climate of growing antimicrobial resistance 
and limited treatment options, antimicrobial stewardship has become 
crucial, and antibiograms provide an invaluable surveillance tool to 
guide empirical antibiotic choice in this regard.

Conclusion
This study shows a change in organism prevalence and susceptibility 
profiles, along with changes in specimen type numbers over the 2 years, 
with the escalation in empirical antibiotic therapy from piperacillin-
tazobactam to imipenem-amikacin combination therapy. These findings 
emphasise the value of cumulative antibiograms in guiding empirical 
antimicrobial choice, and underline their importance in preventing 
antimicrobial resistance.
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