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ABSTRACT 

Background: Antimicrobial resistance poses a major challenge to the healthcare 

system globally due to micro-organisms with the ability to produce enzymes such as 

Extended-Spectrum Beta-Lactamases (ESBL) and carbapenemase. They have been 

categorised by the World Health Organisation in 2017 as ESKAPE pathogens, namely 

Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter 

baumannii, Pseudomonas aeruginosa and Enterobacter species, to emphasise their 

importance as global multidrug-resistant priority pathogens. 

Aim: This study assessed the prevalence and sensitivity profiles of gram-negative 

ESKAPE pathogens at Inkosi Albert Luthuli Central Hospital and Mahatma Gandhi 

Memorial Hospital over a five-year period. 

Methods: Retrospective data were retrieved from the National Health Laboratory 

service through the Academic Affairs and Research Management Systems. The data 

was for patients infected by the gram-negative ESKAPE pathogens at Inkosi Albert 

Luthuli Central and Mahatma Gandhi Memorial Hospital, using analysis for five years. 

The data were analysed using Microsoft 365 Excel, and the results are presented in 

tables and figures. 

Results: A total of 4 781 patient samples from the two hospitals were analysed, of 

which 27.51% belonged to the 19–30 year age group, with a median average of 42 

years. Most were females at 55.33%, and males accounted for 44.34%. A small 

percentage did not specify their sex. Most pathogens were isolated from urine samples 

(38.38%) and blood cultures (37.36%). Isolated pathogens were identified as K. 

pneumoniae (57.31%), A. baumannii complex (18.74%), P. aeruginosa (17.30%) and 

E. cloacae complex (6.66%). Extended-spectrum Beta-Lactamases-producing 

microorganisms accounted for only 10.73% of all the isolated pathogens. The highest 

sensitivity was noted in amikacin (>60%) and carbapenem antimicrobial agents, 

except for A. baumannii complex. Tigecycline sensitivity was >50% for all pathogens 

except for P. aeruginosa and colistin sensitivity >70% for both P. aeruginosa and A. 

baumannii complex. Klebsiella pneumoniae was found to be the most isolated 

pathogen from all the gram-negative ESKAPE pathogens. 
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These results correlate with results obtained in other studies globally, which report the 

resistance of K. pneumoniae as causing major infections in the ICU. All these 

microorganisms were mostly isolated in urine and blood culture samples, proving 

invasive infections. This did not agree with reports from Iran, where only 8% of K. 

pneumoniae was noted, but high sensitivity to tigecycline, amikacin and carbapenems. 

The overall ESBL production for all Enterobacteriaceae was 10.71%.  

Conclusion: Over the five-year period, 2018 to 2022, infections caused by ESKAPE 

pathogens increased, and their resistance to beta-lactam and carbapenem 

antimicrobial agents also increased. Tigecycline and amikacin are still effective, but 

close monitoring will be needed to prevent the loss of the last effective antimicrobial 

agent. 
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CHAPTER 1: INTRODUCTION 

Bacterial resistance to antimicrobial agents poses a treatment challenge and has 

emerged as a major cause of morbidity and mortality worldwide (Spellberg and Gilbert, 

2014). These organisms, which primarily populate hospital areas, are commonly 

isolated from the urinary tract, gastrointestinal tract and respiratory tract (Paterson, 

2006). For bacteria to survive the effects of antibiotics, they are constantly finding new 

defence mechanisms, “and this has been the case for almost eight decades” (Christaki 

et al., 2020). The bacteria that produce Extended-Spectrum Beta-Lactamases 

(ESBLs) and carbapenemases are members of the Enterobacteriaceae (ENTER) 

family, characterised as Gram-negative organisms. 

Beta-lactamases are enzymes causing resistance to beta-lactam antibiotics. They are 

classified using two main systems, the Ambler and the Bush-Jacoby-Medeiros system, 

which classifies the most clinically significant beta-lactamases as those produced by 

Gram-negative bacteria (Bush and Jacoby, 2010). Similarly, carbapenemases are 

also members of the molecular classes A, B and D, which are used to classify the 

carbapenemase enzymes produced by these organisms (Kim and Eom, 2021). Ambler 

class A enzymes include penicillinase, cephalosporinase, broad-spectrum beta-

lactamases, ESBLs, and carbapenemases. They can be inhibited by beta-lactamase 

inhibitors, such as clavulanic acid, sulbactam, or tazobactam (Rice, 2010). Extended-

Spectrum Beta-Lactamase class A enzymes include TEM, SHV, and CTX-M types. 

The TEM-92, SHV-12, and CTX-M-2 and 43 have been described in Acinetobacter 

baumannii (A. baumannii) in Italy, China, Japan and Bolivia, respectively (Almasaudi, 

2018). Class A carbapenemase can be segregated into different groups, namely KPC, 

GES, SME, and NMC-A enzymes (Vrancianu et al., 2020). They are all produced by 

certain species of the Gram-negative ESKAPE pathogens, which are members of the 

ENTER that are regarded as highly virulent and multidrug-resistant (MDR). They 

include Enterobacter species, Pseudomonas aeruginosa (P. aeruginosa), 

Acinetobacter baumannii complex (A. baumannii), and Klebsiella pneumoniae (K. 

pneumoniae) (Dzidic and Kos, 2008). 

Ambler class B are Metallo-Beta-Lactamases (MBL), most commonly, Imipenem 

Metallo-beta-lactamase (IMP), mostly detected in P. aeruginosa, A. baumannii, K. 
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pneumoniae and Enterobacter spp. Verona Integron encoded Metallo-beta-lactamase 

(VIM) detected in P. aeruginosa and A. baumannii, the New Delhi Metallo-beta-

lactamase (NDM-1) detected in K. pneumoniae and Enterobacter cloacae (Rice, 2010; 

Kumarasamy et al., 2010). 

Ambler class C includes the AmpC beta-lactamase, which inactivates aztreonam. It is 

identified in P. aeruginosa and Enterobacter spp (Bush and Jacoby, 2010). Oxacillin 

hydrolysing enzymes (OXA) and their members are usually identified in P. aeruginosa 

and belong to the Ambler Class D (Hall et al., 1993; Danel et al., 1995). OXA type 

carbapenemases are also found in A. baumannii (Thomson and Bonomo, 2005). 

Beta-lactamases and most carbapenemase enzymes can hydrolyse antibiotics and 

render them ineffective against bacterial infections (Tewari et al., 2019). Severe 

infections brought on by carbapenem-resistant Enterobacteriaceae (CRE) have been 

linked to high fatality rates, typically surpassing 40% (Tzouvelekis et al., 2012). 

Klebsiella pneumoniae carbapenemases were first identified in 2001. Since then, 

genes encoding beta-lactamases have spread among several Gram-negative bacteria 

(Queenan, Jenkins and Bush, 2001).  

Previous studies in the United States have shown that the most prevalent ESBL-

producing organisms are Escherichia coli (E. coli), Klebsiella, Pseudomonas and 

Acinetobacter (Bradford, 2001; Alekshun and Levy, 2007). These organisms are 

usually acquired in hospitals, causing infections such as urinary tract infections (UTIs), 

wounds, and respiratory infections (Shakibaie et al., 2014). Among these infections, 

UTIs are the most common hospital-acquired infections (HAIs), accounting for 40% of 

nosocomial infections (Kalsi et al., 2003; Shakibaie et al., 2014). 

Treatment of these infections was first done using cephalosporins and penicillins. 

However, in Saudi Arabia in 2016, >70% of K. pneumoniae were resistant to ampicillin, 

which proved to be ineffective against ESBL-producing bacteria (Al-Wutayd et al., 

2018). Beta-lactamase resistance to antimicrobial agents began in the early 1940s, 

even before the first beta-lactam penicillin was developed (Abraham and Chain, 1940). 

Therefore, new beta-lactam agents like carbapenems have been designed to 

hydrolyse the beta-lactam ring of beta-lactamases and carbapenemases/ 

oxacillinases. Still, with every class of antimicrobial agent developed, new hydrolysing 
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enzymes also emerged (Bradford, 2001). These enzymes cause resistance to that 

specific class of beta-lactam agents, probably due to the use and/or misuse of these 

antibiotics. Hence, the cephalosporins discovered in the 1980s were not effective in 

1983 (Knothe et al., 1983; Bradford, 2001; Queenan and Bush, 2007). 

The first-generation cephalosporins, including cephalexin and cephalothin, have 

moderate activity against several Enterobacteriaceae, such as E. coli and Klebsiella 

species (Sykes and Papich, 2013). The second- and third-generation cephalosporins 

include cefoxitin, cefuroxime, cefixime, ceftriaxone, cefotaxime and ceftazidime being 

the most effective against P. aeruginosa (Balsalobre et al., 2019). The fourth-

generation cephalosporins include cefepime and cefpirome, which have remarkable 

stability against plasmid-mediated beta-lactamases (Bush and Bradford, 2016). 

However, in a study done in Saudi Arabia 2016 to evaluate the antimicrobial 

susceptibility of isolates in the intensive care unit (ICU), K. pneumoniae was found to 

be 87% to 96% resistant to ceftazidime, cefuroxime and cefotaxime (Azim et al., 2019). 

Europe also reported 15.7% resistance to third- and fourth-generation cephalosporins 

(Boattini et al., 2024). 

Furthermore, the organisms started becoming resistant to the current choice of 

antibiotics, such as ertapenem, imipenem, meropenem and doripenem, which all 

belong to the carbapenem class (Balsalobre et al., 2019). Resistance rates of 6.5% to 

31.4% to carbapenems were reported in Saudi Arabia, and only 8.6% towards 

meropenem (Al-Wutayd et al., 2018; Azim et al., 2019). Over the years, resistance has 

increased to 23% for K. pneumoniae and 75.6% for A. baumannii towards imipenem, 

including a 23.8% P. aeruginosa resistance towards meropenem, as reported in China 

(Yang et al., 2023). As a result, in 2017, the World Health Organisation (WHO) created 

a list of global MDR priority pathogens defined by the Infectious Diseases Society of 

America as ESKAPE bacteria, Enterococcus faecium, Staphylococcus aureus, K. 

pneumoniae, A. baumannii, P. aeruginosa and Enterobacter spp (WHO, 2017). 

These bacteria included the Gram-negative bacteria K. pneumoniae, A.baumannii, P. 

aeruginosa and Enterobacter spp., and when they are resistant to three or more 

antimicrobial agents, it is called MDR (Pendleton et al., 2013). A resistance study done 

in KwaZulu-Natal in 2011–2015 from 64 502 isolated organisms reported a high ESBL 

resistance in K. pneumoniae, accountable for 65%, while carbapenem resistance 
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increased from 4% in 2014 to 16% in 2015, and multidrug resistance in K. 

pneumoniae, while in A. baumannii numbers were as high as 70% (Ramsamy et al., 

2018). It is, therefore, of the utmost importance to monitor resistance in these 

organisms to practice effective antimicrobial stewardship. 

1.1 Research problem 

Extended-Spectrum Beta-Lactamases-producing bacteria and carbapenemase-

producing bacteria have become a worldwide health issue because of their ability to 

form resistance against different antimicrobial agents, deeming them challenging to 

treat. Extended-Spectrum Beta-Lactamase-producing bacteria and CRE have been 

recognised as the leading causes of HAIs, such as UTIs and respiratory tract 

infections, since the 1980s and continue to evolve rapidly. Therefore, it necessitates 

vigilant surveillance. During the COVID-19 pandemic, patients with compromised 

immune systems were hospitalised for extended periods, raising the likelihood of 

increased resistance development against beta-lactam and carbapenem antibiotics. 

This could be due to the increased use of broad spectrum antimicrobial agents during 

the pandemic and the increased capacity of patients who could be harbouring different 

stains of resistant microorganisms. 

1.2 Aim 

To determine the prevalence and sensitivity profiling of ESKAPE pathogens at the 

Inkosi Albert Luthuli Central Hospital and the Mahatma Gandhi Memorial Hospital from 

2018 to 2022. 

1.3 Objectives  

• Identify the Enterobacteriaceae organisms producing ESBLs and 

carbapenemases using data from the National Health Laboratory Service 

(NHLS) for KwaZulu-Natal Mahatma Gandhi Memorial Hospital (MGMH) and 

Inkosi Albert Luthuli Central Hospital obtained (IALCH) situated In KZN Bellair 

Durban. 

© Central University of Technology, Free State



Antimicrobial susceptibility analysis of Gram-negative ESKAPE organisms at Inkosi Albert 
Luthuli Central Hospital and Mahatma Gandhi Memorial Hospital from 2018 to 2022 

 
 

5 
 

• Determine the number of ESBL- and carbapenemase-producing organisms 

isolated in clinical settings using data from the NHLS Central Data Warehouse 

(CDW). 

• Determine antimicrobial sensitivity profiles using data from CDW. 

1.4 Hypothesis 

Infections caused by ESKAPE organisms have increased in both IALCH and MGMH, 

with high resistance to beta-lactam and carbapenem antibiotics. 
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CHAPTER 2: LITERATURE REVIEW 

Bacterial resistance to antimicrobial agents has been an ongoing issue causing major 

difficulties in infection treatment and control (Spellberg and Gilbert, 2014). 

Antimicrobial agents are the primary treatment of fatal bacterial infections, however, 

their use and inappropriate distribution has led to increased resistance, creating a 

global health emergency (Lin et al., 2003; Tumbarello et al., 2007). 

Extended-Spectrum Beta-Lactamases and carbapenemase/oxacillinase-producing 

organisms continue to be a global challenge to the health sector, with an increase in 

the antimicrobial resistance to the conventional drugs used in the treatment of 

infections (Paterson and Bonomo, 2005). Since the 1950s, diseases caused by 

Enterobacteriaceae have been treated with beta-lactam antibiotics. However, the 

introduction to broad-spectrum, third-generation cephalosporins, ESBLs, and 

carbapenems caused resistance to emerge in the family of ENTER, particularly E. coli, 

Klebsiella spp, Pseudomonas and Acinetobacter Gram-negative organisms 

(Korzeniewska et al., 2013). 

The first plasmid-mediated beta-lactamase was described in the early 1960s, isolated 

from a blood culture and named TEM 1 after Temonicra in Greece, capable of 

hydrolysing ampicillin (Bradford, 2001). In the late 1980s, carbapenems were 

introduced, but resistance emerged in Japan in 1990 (Osano et al., 1994). The SHV-

1 beta-lactamase was found in Klebsiella and E. coli species in the 1980s and led to 

the introduction of the third generation of cephalosporins (Deepthi and Deepti, 2010). 

In Germany, the SHV-2 beta-lactam enzyme with several mutants from TEM and SHV 

beta-lactamases, showed resistance to cephalosporins (Knothe et al., 1983; 

Livermore and Paterson, 2006). These organisms have shown an alarming level of 

antimicrobial resistance (AMR) to ESBL and carbapenems in clinical settings 

(Manandhar et al., 2020).  

2.1 Mechanisms of action 

Extended-Spectrum Beta-Lactamases can inactivate beta-lactam antimicrobials by 

binding to their carbonyl group and hydrolysing the beta-lactam ring, thus enabling the 
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organisms' resistance (Tewari et al., 2019). These enzymes can also hydrolyse 

penicillins, first-, second-, and third-generation of cephalosporins, monobactams and 

carbapenems (Pitout et al., 2005). Three mechanisms, including enzyme production 

(carbapenemase), efflux pumps, and porin mutation, can lead to carbapenem 

resistance. Enzyme production is the primary resistance mechanism (Suay-Garcia 

and Gracia, 2019). Most beta-lactam compounds, including carbapenems, are 

hydrolysed by carbapenemases, which are frequently encoded by mobile genetic 

components that are simple to transfer between bacteria, aiding in the rapid spread of 

resistance (Suay-Garcia and Gracia, 2019). Structurally, the carbapenemase mode of 

action is initiated by penetrating the bacterial cell wall, binding to penicillin-binding 

proteins and altering the cell membrane porin channels, reducing permeability and 

thus preventing beta-lactams from reaching their targets and acquiring resistance 

(Gasink et al., 2009). 

2.2 Transmission of resistant organisms 

There are several ways that AMR organisms can be transmitted among people in 

hospitals and communities (Hagel et al., 2019). These organisms are said to 

overspread mostly in hospital settings and are spread easily by healthcare 

professionals who regularly come into contact with contaminated surfaces such as bed 

bars, sinks and bed remotes (Guet-Revillet, 2012; Tschudin et al., 2017). The spread 

of ESBL can occur by simply touching someone or leaving the bacteria on surfaces 

other people touch (Hagel et al., 2019). Colonisation can also spread ESBL bacteria, 

where an individual becomes infected by interacting with an asymptomatic carrier 

(Schaufler et al., 2016). 

The spread of these AMR organisms is primarily associated with international clonal 

lineages CC1, CC2 and CC3 (Lee et al., 2012). Most ESBLs in P. aeruginosa are VEB 

and PER types, and they readily mutate to become resistant to carbapenems by 

inactivating the OprD porin, a family of proteins in the outer membrane of Gram-

negative bacteria (Bush and Jacoby, 2010; Bahr et al., 2021). In a study in Israel to 

distinguish the transmission route of different ESBL-E.coli clones, out of 125 patients, 

52 were colonised with ESBL-E. coli on admission, 59 acquired it during their hospital 

stay, and for 14 patients, the source was undetermined (Adler et al., 2012). A higher 
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increase in nosocomial-acquired ESBL-E. coli (2.5%) was reported compared to 

community-acquired (1.6%) in Sweden from 2004 to 2008 (Helldal et al., 2013). 

2.3 Predisposing factors 

Several risk factors contribute to infections with ESBL-producing organisms, including 

prolonged use of antibiotics, recent invasive procedures, anaemia, ICU stay, 

advanced age, immune suppression and permanent urinary catheters (Mendelson, 

2015). This poses an issue in the health sector as these ESBL-producing organisms 

seem to have or form defence mechanisms against commonly used antimicrobial 

agents (About ESBL-producing Enterobacterales | ESBL-producing Enterobacterales 

| CDC). Almost all human diseases are sexually dimorphic with regard to prevalence, 

severity and cause of infection, although genetic, immunity and social roles also 

contribute to the differences in disease risk (Ober et al., 2008).  

Acquiring infections such as viral, fungal and bacterial leading to individuals being 

hospitalised can be influenced by several factors such as sex inequality, social norms, 

occupational activities, social roles, lifestyle changes and access to healthcare (Fowler 

et al., 2007; Dias et al., 2022). Sex inequality plays a vital contribution to social and 

health outcomes, which include but are not limited to violence against women, men 

being breadwinners, and women as caregivers, leading to stress and the risk of being 

unable to fight infections (Shannon et al., 2019). Sex also influences susceptibility to 

infections, immune response, pathophysiology, and clinical presentation as they tend 

to differ in males and females, respectively (Giefing-Kröll et al., 2015).  

Several studies have been conducted to assess the influence of sex differences in 

hospitalised patients. Galligan and Fish note that the females immune system has an 

increased ability to detect pathogens compared to males due to the expression of 

pathogen-associated molecular receptors when compared to males (Galligan and 

Fish, 2015). Females have also been reported to possess a stronger innate and 

adaptive response than males, which allows better pathogen elimination and response 

to vaccination, but consequently makes them more prone to inflammatory autoimmune 

diseases (Klein and Flanagan, 2016). Furthermore, females are said to have higher 
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neutrophil counts, which are the first immune cells that respond to infections caused 

by micro-organisms (Bain and England, 1975).  

Age also contributes vastly to the ability of an individual's capabilities to fight infections 

leading to high hospitalisation rates in the older population as compared to the younger 

population of female patients (Pandey et al., 2017). It has been noted that the median 

age of hospitalisation reported in China in 2019 was 47 years, while in 2020, the 

median age of deceased patients was 68 years when compared to a median age of 

51 years of male patients who recovered from the COVID-19 (Wan et al., 2020; Chen 

et al., 2020b). On the contrary, a 56% hospitalisation rate for various diseases for 

females in the age range 15 to 59 years, which includes the younger age group (Naser 

et al., 2023). Furthermore, the influence of sex and age on the infectivity remains an 

area of active investigation (Kopel et al., 2020). 

2.4 Epidemiology 

2.4.1 Global reporting of ESBLs and carbapenems since 2004  

Antimicrobial resistance is still a major concern globally, and to try and keep up with 

the increasing resistance patterns caused by the Gram-negative ENTER, different 

countries worldwide are constantly under surveillance to minimise antimicrobial 

stewardship. In this case, infection control measures can be enhanced, and all 

countries will have an insight into the priority pathogens and how they are constantly 

acquiring resistance.  

A study, “Tigecycline Evaluation and Surveillance Trial or TEST”, done for the global 

surveillance database showed the rate of ESBL production was highest among K. 

pneumoniae isolates collected in Latin America, followed by Asia/Pacific Rim, Europe 

and North America (Reinert et al., 2007). India, with 72%, had the highest ESBL rate, 

followed by Mexico, with 71.4% (Reinert et al., 2007). The prevalence of ESBL among 

E. coli isolates was observed in the exact order between geographical regions but with 

lower rates compared to K. pneumoniae (Reinert et al., 2007). A study done in South 

India in 2004 reported 69% E. coli and 73% K. pneumoniae to be ESBL-producers. 

However, another study in India (Coimbatore) reported 41% E. coli and 40% K. 

pneumoniae as ESBL-producers (Babypadmini and Appalaraju, 2004; Singhal et al., 
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2005). Furthermore, according to a study done in Israel, the prevalence of ESBL-

producing E. coli and K. pneumoniae was expectedly high in long-term care facilities 

(Mendelson et al., 2005).  

A study done in the UK to test for ESBL production revealed that of 213 urine, blood 

and exudate specimens, 69% of the isolates were ESBL-producers. Of the 117 

isolates from exudate specimens tested, 78 (66.7%) were ESBL positive, 69% were 

E. coli and 73% were K. pneumoniae. Out of 92 isolates from urine samples, 69 (75%) 

were ESBL positive and out of 4 isolates from blood samples, 3 were ESBL positive 

(Umadevi et al., 2011). Mexico in 2013 reported 36.9% of K. pneumoniae as ESBL-

producers (Llaca-Diaz et al., 2013). Twenty percent of isolated E. coli produced 

detectable ESBL enzymes in Iran from 2011 to 2012 (Shakibaie et al., 2014). At the 

Nepali tertiary care hospital from 2012 to 2018, out of 2 153 isolates, 719 were E. coli, 

532 Klebsiella spp, 520 Enterobacter, and 383 Acinetobacter spp, with half of these 

species being ESBL-positive (Manandhar et al., 2020). 

A study done in KZN from 2011 to 2015 revealed an increased ESBL from 54% to 

65%, and a study done in Tygerberg Cape Town reported 73.8% of Klebsiella species 

being ESBL positive (Ramsamy et al., 2018; Reddy et al., 2021). Crichton conducted 

the same study in a rural hospital (Khayelitsha District Hospital) and noted a high rate 

of ESBL-producing K. pneumoniae (100%) (Crichton et al., 2018). A study in Pretoria, 

South Africa (SA) in 2018 showed that 39 patients in ICU for more than five days were 

ESBL positive, with the majority due to K. pneumoniae (Fourie et al., 2018). On the 

contrary, a retrospective review done in an academic complex hospital in Durban, 

South Africa, documented a decrease in ESBL production, even though the multidrug-

resistant organisms included ESBL-producing K. pneumoniae (7.6%) and A. 

baumannii complex (7.0%) (Pillay et al., 2021). 

2.4.2 Isolation trends of ESKAPE pathogens 

To assess the trends for the isolation rates of ESKAPE pathogens, several studies 

were conducted worldwide, and Iran reported 8% K. pneumoniae and 1.81% 

Enterobacter species isolated from 2011 to 2012 (Shakibaie et al., 2014). In a 10-year 

resistance trend study done in Saudi Arabia on pathogens causing HAI, Gram-

negative pathogens accounted for 63% of the infections, with specifically the Klebsiella 
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infection rate higher than Acinetobacter (Balkhy et al., 2020). On the contrary, China 

reported a rather less isolation rate for K. pneumoniae (26.2%), being the second-

most isolated organism in 2021 (Yang et al., 2023). Similarly, in a recent European 

study, Enterobacter cloacae complex (44.8%) was the most prevalent organism 

isolated (Boattini et al., 2024). 

Birru found that out of 225 blood samples, only 22 had confirmed bloodstream 

infections, with 40.9% caused by Gram-negative bacteria in a general South Ethiopia 

hospital (Birru et al., 2021). Contrary to the worldwide study by Shakibaie and team 

(2014), 78% of K. pneumoniae was obtained in a study conducted in South Africa from 

2010 to 2012, with 70% of carbapenem-resistant Enterobacteriaceae found to be 

hospital acquired, with a 38% mortality rate (Perovic et al., 2014). Klebsiella species 

are among the leading causes of sepsis in hospital cases, and K. pneumoniae was 

the most common isolate with 77%, and only 10% E. coli found in 36 of the patients 

on invasive ventilator support with 44% mortality rate in a private hospital in Pretoria 

from 2013 to 2014 (Fourie et al., 2018; Sorsa et al., 2019).  

2.4.3 Trends in antimicrobial agents  

Several studies have been conducted to assess the changes in resistance of ESBLs 

to different antimicrobial agents used as treatment. A descriptive study done in Saudi 

Arabia showed that ciprofloxacin, norfloxacin, nalidixic acid, aztreonam, amikacin and 

tobramycin have great efficacy with more than 83% sensitivity. Only imipenem had 

100% sensitivity against K. pneumoniae (Ahmad et al., 2009). A study by Chaudhary 

and colleagues (2010) in India showed high resistance to amoxicillin plus clavulanic 

acid with piperacillin plus tazobactam. However, ESBL-producing strains showed 

considerable resistance to imipenem with cilastatin (Chaudhary et al., 2010). There 

was sensitivity to elores, colistin and tigecycline with decreased sensitivity against 

carbapenems, although colistin is regarded as the last resort antibiotic (Falagas et al., 

2005; Chaudhary et al., 2010). However, according to Falagas and Karageorgopoulos 

(2009), carbapenems were regarded as the antibiotics of choice in treating infections 

caused by ESBL-producing bacteria. At the same time, a study in the United States 

indicated that amikacin is the most effective drug against ESBL-producing 

uropathogens after carbapenems (Falagas and Karageorgopoulos, 2009). To prove 
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the outcome of amikacin in treating UTI caused by ESBL-producing E. coli, an 88.9% 

cure rate and 100% susceptibility rate were reported in the United Arab Emirates (Al-

Zahrouni et al., 2008; Cho et al., 2016). 

According to Coetzee and Brink, the utilisation of ertapenem, meropenem and 

imipenem in the private sector in SA more than doubled between January 2009 and 

June 2011 due to the increased resistance noted in ESBL-producing pathogens 

(Coetzee and Brink, 2011). However, the emergence of carbapenem resistance was 

still low in SA (Coetzee and Brink, 2011). Africa as a developing country has not yet 

illustrated the antimicrobial problem adequately due to insufficient financial resources 

and a lack of antimicrobial agents in several regions, leaving common infections 

untreated, reports Tansarli et al. (2014). They go on to state that the prevention of 

infections in Africa is necessary for healthcare systems (Tansarli et al., 2014). In 2014, 

sensitivity to amikacin, imipenem, and meropenem in Iran was reported as 20% of 

isolated E. coli (Shakibaie et al., 2014). Also, in 2017, amikacin and imipenem were 

found to be the most active antibiotics against ESBL-positive K. pneumoniae in Asia, 

while other Gram-negative ESKAPE organisms demonstrated a reduced susceptibility 

to commonly prescribed third-generation cephalosporins (Yang et al., 2017). A study 

done in KwaZulu-Natal, South Africa, revealed carbapenem resistance to be 6% 

between 2011 and 2014, but it increased to 16% in 2015 (Ramsamy et al., 2018). The 

World Health Organisation (WHO) then launched the Global Antimicrobial Resistance 

Surveillance System (GLASS) in 2015 as an action plan against antimicrobial 

resistance (WHO, 2018). This included resistance against penicillins, third- and fourth-

generation cephalosporins, fluoroquinolones, aminoglycosides, carbapenems, 

tetracyclines, polymyxins, macrolides and co-trimoxazole (WHO, 2018). 

ESKAPE organisms have shown an enormous change in antimicrobial resistance to 

most antibiotics, including vancomycin, penicillin, cefazolin, ceftriaxone and 

piperacillin/tazobactam (Marturano and Lowery, 2019). However, SA has shown low 

occurrence of Gram-negative pathogens being resistant to vancomycin, while private 

and public sectors revealed an increased carbapenem resistance against these 

pathogens (Ismail et al., 2019; Mogokotleng et al., 2022). 

Increased resistance over the years has spread to carbapenems, bactericidal beta-

lactam antimicrobial agents with an extremely broad spectrum, presumed to be the 
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last resort antimicrobial treatment against ESBL-producing pathogens (Mills and Lee, 

2019). A study done in the US showed 65 isolates out of 322 in wastewater were 

imipenem-resistant E. coli, which poses an environmental risk of dissemination to 

humans (Hoelle et al., 2019). However, Saudi Arabia noted a higher carbapenem 

resistance in Acinetobacter and Pseudomonas (Balkhy et al., 2020). China reported 

K. pneumoniae to have a higher resistance rate of 23.4% to cefotaxime, 7.7% and 

7.6% to imipenem and meropenem, respectively, an average resistance of 17.4% to 

gentamicin and 6.6% to amikacin (Yang et al., 2023). Furthermore, ciprofloxacin has 

recently been reported to have a much higher resistance rate (23.3%) in China (Yang 

et al., 2023). Enterobacter cloacae complex accounted for a 15.7% resistance rate to 

third- and fourth-generation cephalosporins and carbapenems (Boattini et al., 2024). 

Gram-negatives were resistant to third-generation cephalosporins, with increased 

susceptibility to ciprofloxacin and amikacin, respectively, in a study done in Southeast 

Ethiopia (Sorsa et al., 2019). However, in 2021, in a study done in Ethiopia, it was 

found that 40.9% of Gram-negative isolates were sensitive to meropenem (Birru et al., 

2021). 

In a study conducted in Tygerberg, A. baumannii had low susceptibility to 

aminoglycosides, carbapenems and cephalosporins, while a retrospective review 

done in IALCH drew a conclusion that there were high resistance rates to first- and 

second-line antimicrobial agents (Reddy et al., 2021; Pillay et al., 2021). However, 

meropenem with or without vancomycin still provides optimal susceptibility, but 

requires ongoing surveillance (Pillay et al., 2021).  

A study done in 2020 at tertiary academic hospitals in South Africa also indicated an 

increased resistance in CRE-causing bacteraemia, with 76.8% carbapenem-

hydrolysing oxacillinase, followed by NDM 21.1% and lastly VIM with 1.3% (Lowe et 

al., 2022). As a result, this study will determine the prevalence of ESBLs over the past 

five years, which included before and during the pandemic of COVID-19, and possibly 

recommend detecting ESBL using the double-disc synergy test (DDST) as a screening 

routine test in all medical microbiology laboratories and to also further enhance 

infection control measures to decrease the resistance rate of Gram-negative ESKAPE 

pathogens.  
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CHAPTER 3: METHODOLOGY 

3.1 Study location 

The study was conducted with data from Mahatma Gandhi Memorial Hospital at the 

NHLS in KwaZulu-Natal Durban Phoenix and Inkosi Albert Luthuli Central Hospital 

NHLS situated in KZN Bellair Durban. 

3.2 Research design 

This is a retrospective, quantitative study where a systemic investigation was 

conducted on quantifiable data and statistical techniques performed with existing data. 

Data were obtained from the NHLS CDW for samples processed on the Vitek®2 

automated system (bioMérieux, Marcy I’Etoile, France). 

3.3 Population and sample 

The data used do not include patient personal information, except for sex and age. It 

includes tests performed, antibiotics tested in the laboratory for susceptibility, and the 

site of the laboratory where testing was performed. Permission to use such data was 

obtained from the NHLS by applying to the Academic Affairs and Research 

Management System (AARMS). The data in all NHLS laboratories are stored in the 

laboratory information system referred to as LIS and controlled at the CDW, where the 

data were extracted. 

Random sampling was done to minimise selection bias and to have an equal 

distribution of all characteristics. The method of randomisation that was used is 

stratified randomisation, where data were stratified in terms of sample type and then 

type of infection. A total of 4 782 samples were analysed.  

3.4 Inclusion criteria 

All specimens from patients aged 18 and above admitted at IALCH and MGMH. 

Immunocompromised patients were included. Duplicates were also included if a 

different diagnosis was confirmed for the same patient to assess if the infection was 
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hospital acquired. Only urine, sputum, stool, wound and blood culture samples were 

included. The length of stay in the hospital did not influence the inclusion criteria.  

3.5 Exclusion criteria  

The non-ESKAPE organisms and contaminants were excluded. All outpatients were 

excluded. 

3.6 Lab analysis methodology 

The diagnostic laboratory isolated the organisms using the following methods of 

detection, described briefly in sections 3.6.1 to 3.6.3. Data of results from these 

analysis methods were then captured on the LIS and stored in CDW. 

3.6.1 Double-disk diffusion 

An overnight suspension of the cultured isolate adjusted to 0.5 McFarland standards 

is inoculated using a cotton swab on a Mueller Hinton agar plate. A disk of cefotaxime 

30 µg and cefotaxime-clavulanic acid 30 µg/10 µg are placed 20 mm apart. The zone 

diameter is measured between the two disks, and >/= 5 mm zone is interpreted as 

ESBL production. 

3.6.2 Vitek analyser 

A pure culture or well-isolated colonies of the organism are used. On a labelled test 

tube, 3 ml of saline is dispensed and using an inoculating swab, a few colonies of the 

test organism are removed and carefully emulsified in the saline. The suspension tube 

is then placed into the Densichek, rotated through 360 ̊, and the reading should be 

adjusted to a 0.5 McFarland standard. The suspension tube (ID tube) is placed into 

the cassette alongside an empty tube to test for sensitivity. The isolate data are 

entered on the Vitek®2 automated system (bioMérieux, Marcy I’Etoile, France) 

analyser, and the ID and sensitivity card are scanned. The cards are placed into the 

corresponding slots on the cassette with the suspension or the blank tube and loaded 

into the Vitek®2 analyser. Results are generated after four to six hours for the ID and 

24 hours for the sensitivity where, if an organism is ESBL positive, the Vitek®2 
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analyser would state that the organism is a beta-lactamase producer and populate the 

sensitivity and resistance of different antibiotics of choice. 

3.6.3 Chromogenic cephalosporin method 

The reagent used is Nitrocefin, which is reconstituted by adding one vial of rehydration 

fluid, since it comes lyophilised. A drop of Nitrocefin reagent ID is placed on a strip of 

filter paper on a dry glass slide. Using an applicator stick, one to three colonies fresh 

from subculture are swabbed onto the paper strip, and a colour change is observed. 

No colour change indicates negative for ESBL, and a colourless to red/pink colour 

indicates Beta-Lactamase production. 

3.7 Data management plan 

3.7.1 Data collection 

This research included data from 1 January 2018 to 31 December 2022. The 

requested data were for patients in the MGMH and IALCH hospitals with infections 

caused by Gram-negative ESKAPE organisms between January 2018 and December 

2022. Documented NHLS laboratory results recorded for the antimicrobial sensitivities 

were received.  

3.7.2 Documentation and metadata 

Data were received in CSV file format to ensure integrity and stored in a double 

password-protected file/computer on the Figshare storage system as original. Figshare 

is a secure web application that POPIA security policies require. It is password 

protected, and passwords are unique for each investigator. The analysis of original 

data deidentification was done in Excel files that were password protected and 

completely deidentified and stored with a reference to a folder different from that with 

the deidentified and pseudo-anonymous information. The data were stored in a 

different file that does not have the metadata of the original study data and identifier. 

The anonymous data were analysed in Excel to create documents with my initials as 

principal investigator, the date created, and protected with passwords. 
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3.7.3 Data analysis 

Statistical data analysis done by the researcher and presented in the form of figures 

and tables. Microsoft 365 Excel was used to analyse the data and determine the 

significance of the results by calculating p-values using the T.TEST method. The 

results use different graphs and tables illustrating the difference in infection types 

between specimen types versus infections, ages, sex and hospitals, as well as the 

different antibiotic profiles for the different antibiotics of each of the Gram-negative 

ESKAPE organisms. Data did not indicate the immune status of the patients and thus 

were not considered in this study.  

3.7.4 Data storage  

This research is low risk, but certain measures have been put in place to protect 

original personal information in accordance with the Protection of Personal Information 

Act (POPIA) (POPIA, 2013). Data have been anonymised and de-identified before 

being shared among the research team. Data are stored on Figshare, which is POPIA-

approved to store all research data securely on the cloud and enable sharing of data 

privately among the research team. The device is scanned extensively for malware 

using reputable antivirus software, and regular backups are performed to ensure the 

safe storage of data. 

3.7.5 Ethics clearance 

Permission to use NHLS data was obtained via AARMS (PR2232466-see Appendix 

A) from CDW, ethical approval was obtained from the Health Science Research Ethics 

Committee (UFS-HSD2023/0400/2908-see Appendix B). Since NHLS is the data 

owner, no approval from the KwaZulu-Natal Department of Health was needed. 

Approval from the Central University of Technology (CUT) (FHES 3/13/03-see 

Appendix C) was also obtained. 

According to POPIA, for researchers, any research involving human participants 

requires ethical approval from a recognised or constituted research ethics committee, 

and that information is to be protected according to sections 14, 15 and 17 of the 
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National Health Act 61 of 2003 (RSA, 2003) with regard to confidentiality, access to 

health records and protection of health records. 

Data supplied by the NHLS were used ethically and solely for the purpose of this 

research, and confidentiality measures are maintained at a participant and institutional 

level with no disclosure of personal or confidential information as described by the 

NHLS policy and the POPIA Act (POPIA, 2013). 

The data were deidentified to avoid traceability to any patient. Only the information 

required for the research was supplied. The data used in this study are from routine 

clinical care investigations, and no further investigations were required. 

3.7.6 Data sharing and accountability 

Data will not be shared with anyone else outside the research group. The primary 

investigator is responsible for storing and protecting the research data according to 

the POPIA Act (POPIA, 2013). The principal investigator will be liable for any non-

compliance. 

Data will be stored for five years and thereafter destroyed. If the principal investigator 

leaves the NHLS/CUT, data and files under my protection will be deleted, and final 

control will be with the supervisor/CUT or an employee appointed if the supervisor is 

no longer available. 
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CHAPTER 4: RESULTS 

4.1 Demographic profile of patients presenting to the hospital from 2018 to 

2022 

A total of 4 782 isolates identified at the two hospitals, IALCH and MGMH, were 

analysed, and the results are presented in this chapter. Demographic profiles of 

patients presenting to healthcare facilities IALCH and MGMH according to age, sex 

and facility are presented between Figure 1 to 2. 

 

Figure 1: Age distribution of patients admitted at IALCH and MGMH from 2018 to 2022  

Figure 1 indicates that the majority of patients presenting to the hospitals range 

between the ages of 19 to 30 years, accounting for 27.51%, followed by the age group 

31 to 40 years, with 20.86%. The median age of patients presenting to either hospital 

is 42 years old. 
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Figure 2: Sex distribution of patients who were treated at Inkosi Albert Luthuli Central 

Hospital and Mahatma Gandhi Memorial Hospital from 2018 to 2022 

Figure 2 indicates that the majority of patients presenting to IALCH and MGMH during 

five years are females (55.33%). Males only accounted for 44.34%, which is not too 

different from females, indicating that both sexes are almost equally affected by 

infections caused by Gram-negative ESKAPE pathogens. 

4.2 Representation of the samples tested and Gram-negative ESKAPE 

pathogens isolated 

The following Figure 3 to 5 represent the specimen type used for the analysis of the 

different types of bacteria for both hospitals from 2018 to 2022. 
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Figure 3: Specimen type tested from patients treated at Inkosi Albert Luthuli Central 

Hospital and Mahatma Gandhi Memorial Hospital 2018 to 2022 

Figure 3 presents the distribution of the types of specimens collected for testing to aid 

in the diagnosis of a variety of medical conditions. Urine samples were the most 

predominant specimen type collected for analysis and accounted for 38.38%. Blood 

culture samples accounted for 37.36%, being the second-most frequently collected 

specimen for testing. The diagnoses were aided by laboratory tests, depending on the 

specimen received at the laboratory.  

 

Figure 4: Specimen type tested from patients treated at Inkosi Albert Luthuli Central 

Hospital and Mahatma Gandhi Memorial Hospital 2018 to 2022 
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The above Figure 4 illustrates which specimen type the Gram-negative ESKAPE 

pathogens were mostly isolated from. Klebsiella pneumoniae was mostly isolated from 

urine samples, P. aeruginosa from wound swabs, A. baumannii complex and E. 

cloacae complex from blood culture samples, respectively. A p-value of 0.0267 was 

obtained, which proves that the data are statistically significant. 

 

Figure 5: Pathogen groups isolated from patients at Mahatma Gandhi Memorial and 

Inkosi Albert Luthuli Central Hospitals, 2018 to 2022 

The most isolated pathogen is K. pneumoniae, with 65.82% and 48.80% at MGMH 

and IALCH, respectively, as illustrated in figure 5. Pseudomonas aeruginosa (25.73%) 

was the second-most isolated pathogen at IALCH, but at MGMH, A. baumannii 

complex (17.30%) was the second-most isolated pathogen. The p-value obtained was 

0,0316, which is <0.05, indicating a statistically significant association between the 

pathogen name and the facilities. 

4.3 Antimicrobial susceptibility patterns for the Gram-negative ESKAPE 

organisms isolated from Luthuli Central Hospital and Mahatma Gandhi 

Memorial Hospital from 2018 to 2022 

Figures 6 and 7, and Tables 1 and 2 illustrate the percentage of antimicrobial 

resistance patterns and ESBL production obtained in both hospitals for the five-year 

period. 
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Figure 6: Inkosi Albert Luthuli Central Hospital antimicrobial susceptibility pattern 

from 2018 to 2022 

 

Figure 7: Mahatma Gandhi Memorial Hospital antimicrobial susceptibility pattern from 

2018 to 2022 

Figures 6 and 7 illustrate the antimicrobial susceptibility patterns obtained for both 

IALCH and MGMH. Results in both graphs represented by null indicate all the samples 

that were not tested for susceptibility for each type of antibiotic thus not classified as 
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either sensitive, intermediate or resistant. The highest sensitivity at IALCH was seen 

in amikacin (63.99%), followed by meropenem (62.11%) and imipenem (61.43%), 

while the highest resistance was noted in cefotaxime-ceftriaxone (70.17%). At MGMH, 

tigecycline (78.86%) had the highest sensitivity rate, followed by meropenem (73.36%) 

and amikacin (72.52%), while the highest resistance rate was noted in trimethoprim-

sulfamethoxazole (69.98%). 

Table 1: Extended-spectrum beta-lactamase production at Inkosi Albert Luthuli 

Central Hospital and Mahatma Gandhi Memorial Hospital 

Pathogen name 

ESBL 

producers % Total isolated 

K. pneumoniae 462 19,14% 2414 

P. aeruginosa 17 1,48% 1150 

A. baumannii complex 6 0,63% 951 

E. cloacae complex 28 10,53% 266 

Total 512     

p-value = 0,028       

 

Table 1 indicates the ESBL production by the gram-negative ESKAPE pathogens 

isolated at IALCH and MGMH. Out of 2414 K. pneumoniae isolates, 462 (19.14%) 

were ESBL positive, followed by E. cloacae complex with 10.53% ESBL production. 

Pseudomonas aeruginosa and A. baumannii complex with only 1.48% and 0.63% 

respectively. The p-value was <0.05, which indicates that these results are statistically 

significant. 
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Table 2: Antimicrobial susceptibility patterns 

ORGANISM_NAME KLEBSIELLA   PNEUMONIAE   PSEUDOMONAS  
 
AERUGINOSA ACINETOBACTER  

BAUMANNII 
COMPLEX ENTEROBACTER  

 CLOACAE 

COMPLEX 
  Resistance Sensitivity Resistance Sensitivity Resistance Sensitivity Resistance Sensitivity 

Amikacin 8,66% 75,52% 10,61% 85,13% 13,67% 13,25% 2,26% 64,66% 

Amoxicillin- clavulanic acid 42,54% 31,44% 0,43% 0,09% 0,21% 0,11% 73,68% 2,26% 

Ampicillin-amoxicillin 84,80% 0,08% 0,43% 0% 0,32% 0% 6,02% 0,38% 

Cefepime 48,76% 30,74% 10,09% 71,39% 80,13% 10,09% 17,67% 36,47% 

Cefotaxime-ceftriaxone 64,42% 24,18% 85,04% 0,17% 85,70% 0,31% 29,32% 32,33% 

Cefoxitin 24,07% 59,86% 0,43% 0,09% 0,21% 0,11% 59,77% 1,13% 

Ceftazidime 57,21% 25,39% 8,52% 78,43% 80,97% 12,62% 25,94% 32,71% 

Ciprofloxacin 52,48% 42,58% 18,61% 78,17% 86,96% 11,78% 30,83% 67,67% 

Colistin 0% 0,04% 3,91% 79,65% 4,21% 86,01% 0% 0% 

Ertapenem 8,78% 62,47% 0,09% 0,17% 0,21% 0% 1,88% 47,37% 

Gentamicin 45,48% 41,30% 11,57% 73,56% 73,50% 17,87% 22,18% 41,73% 

Imipenem 16,11% 72,58% 13,57% 78,00% 84,75% 11,78% 4,89% 78,19% 

Meropenem 18,48% 74,81% 11,74% 76,17% 86,12% 12,09% 3,76% 84,96% 

Nitrofurantoin 37,28% 16,94% 0,43% 0,09% 0,32% 0% 6,77% 25,56% 

Piperacillin-tazobactam 38,03% 45,86% 16,26% 80,78% 89,38% 8,83% 21,80% 38,72% 

Tigecycline 1,53% 73,99% 84,95% 0,08% 1,05% 83,60% 1,50% 49,25% 

Trimethoprim-sulfamethoxazole 61,35% 25,68% 0,70% 0,35% 84,23% 9,78% 31,58% 33,08% 

Cefuroxime-p 58,86% 20,75% 0,17% 0% 0,21% 0% 35,71% 10,15% 

Cefuroxime-o 58,82% 21,25% 0,52% 0% 0,21% 0,11% 36,47% 10,53% 
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Table 1 shows the different pathogens and their resistance patterns to different types 

of antimicrobial agents; however, the resistance and sensitivity do not amount to 

100%, due to the intermediate susceptibility and some samples that were not tested 

for certain antimicrobial agents, but are shown in Appendix D. Klebsiella pneumoniae 

resistance is seen the highest against ampicillin-amoxicillin (84.80%), followed by 

cefotaxime-ceftriaxone, with 64.42% over the period of five years. The lowest 

resistance is noted against tigecycline (1.53%) and amikacin (8.66). Acinetobacter 

baumannii complex is highly resistant to piperacillin-tazobactam (89.38%), 

ciprofloxacin (86.96%), meropenem (86.12%), cefotaxime-ceftriaxone (85.70%), 

imipenem (84.75%) and trimethoprim-sulfamethoxazole (84.23%). The lowest 

resistance is seen against tigecycline (1.05%) and colistin (4.21%), with a sensitivity 

of 83.60% and 86.01% for tigecycline and colistin, respectively. 

Pseudomonas aeruginosa resistance was highest against cefotaxime-ceftriaxone 

(85.04%) and lowest against colistin (3.9%), but sensitive to amikacin (85.13%). 

Enterobacter cloacae complex is highly resistant to amoxicillin-clavulanic acid 

(73.68%) and less resistant to amikacin (2.26%) and tigecycline (1.50%), respectively. 

These findings demonstrate a statistically significant positive correlation between 

pathogens and antimicrobial agents, with a p-value of 0.037 which is <0.05. 
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CHAPTER 5: 

DISCUSSION AND CONCLUSION  

As shown in graph 1, the IALCH has the greatest number of patients with bacterial 

infection, which is explained by the capacity of patients this hospital can accommodate 

as a referral hospital. MGMH, as a district hospital, has fewer patients presenting with 

infections, as it can accommodate a smaller number of patients over the period of five 

years. These results were also affected by the COVID-19 era that occurred from 2020 

to 2022, where patients were hospitalised for extended periods and being 

immunocompromised and the restriction measures that were enforced.  

A total of 4 782 patients were admitted in both these hospitals with different bacterial 

infections, 27.51% of these patients were 19–30 years of age. The median age was 

42 years, which differs from a study that reported a median age of 47 years for patients 

hospitalised (Wan et al., 2020). On the contrary, China reported a median age of 68 

years, which is expected, since elderly people are more prone to infections as they 

have weakened immune systems (Chen et al., 2020b). Furthermore, India’s reported 

elderly population had a much higher rate of hospitalisation (Pandey et al., 2017), but 

on the contrary, this study indicated young adults are mostly affected by bacterial 

infections, which may be further distinguished with regard to which sex is mostly 

affected. The age gap of a study in China indicated widespread age, with most patients 

being elderly, with a median age of 47 years (Wan et al., 2020; Chen et al., 2020b and 

Pandey et al., 2017). Graph 1 shows right-skewed data, which could predict that the 

mode age range (19–30) could possibly be less than the median of the population of 

the study. Indeed, it is true that the average median age of the study population was 

found to be 42 years which is represented by adults in South Africa’s life expectancy, 

which is currently between 60 and 65 years. Therefore, the study results correlate with 

a study by Wan et al. (2020), so this could indicate that the older population was more 

prone to the infection. 

The infection rates, including COVID-19, have been reported not to be sex-dependent 

but mostly associated with the underlying health status of an individual (Kopel et al., 

2020). China reported a mortality rate of 75% males and only 27% of females during 

the pandemic This was explained by the fact that males are smokers, which affects 
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their lungs. Similarly, COVID-19 caused respiratory difficulties (Chen et al., 2020a). 

The results of the study indicated that out of 4 782 patients, 55.33% were females and 

44.34% were males, indicating a significant difference of 10.99% as reflected in Graph 

2. These results correlate with the common view that infections, including COVID-19, 

are based on an individual's health status and not sex. Different specimen types were 

collected and tested to ascertain the cause of these bacterial infections, and further 

analysis was performed. 

The most frequently tested specimen was urine, and therefore the most used test set 

was reported to be urine culture (38.38%). Blood culture samples (37.36%) were the 

second-most used specimen type, as indicated in Graph 4. These results correlated 

with the study by Sorsa et al. (2019), which reports that most of these infections are 

caused by pathogens associated with bacteraemia and are the leading cause of 

sepsis; therefore, the best specimen type was blood culture (Sorsa et al., 2019). This 

can be attributed to the health-deteriorating and shocked state experienced during 

COVID-19, where people were immunocompromised, and due to a high use of 

sanitisation and use masks, which provided less exposure to circulation of organisms, 

and possibly the aftereffects of COVID-19 infection, leading to prolonged 

hospitalisations. 

The most isolated pathogen for both hospitals is K. pneumoniae, with 48.80% and 

65.82% at IALCH and MGMH, respectively, which correlate with the fact that 

historically this organism was one of the pathogens that led to the introduction of third- 

generation cephalosporins in the 1980s due to its prevalence and increasing 

resistance patterns (Deepthi et al., 2010). However, in this study, K. pneumoniae for 

both hospitals was attributed to 57.31%, which correlates with Balkhy, who reported a 

63% K. pneumoniae infection rate (Balkhy et al., 2020). The P. aeruginosa, E. cloacae 

complex and A. baumannii complex results were 25.73%, 5.29%, and 20.18%, 

respectively, at IALCH. On the contrary, in a recent European study, Enterobacter 

cloacae complex (44.8%) was the most prevalent organism isolated, which does not 

correlate with this study (Boattini et al., 2024). 

Most studies have reported considerably high ESBL percentages, as opposed to the 

overall 10.71% obtained in this study. For example, of 117 exudate isolates reported 

by Umadevi et al., 66.75% were ESBL-positive. India reported 72%, followed by 
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Mexico with 71.4% in 2007 (Reinert et al., 2007; Umadevi et al., 2011). In 2013, Mexico 

only reported 36.9% of K. pneumoniae isolates being ESBL producers (Llaca-Diaz et 

al., 2013). In South Africa, 7.6% ESBL-producing K. pneumoniae and 7.0% ESBL-

producing A. baumannii complex were reported in 2011 on neonates (Pillay et al., 

2021). However, this study reported a 19.14% ESBL-producing K. pneumoniae, 

10.53% E. cloacae complex, 1.48% P. aeruginosa and 0.63% A. baumannii complex, 

which indicates increasing rates of ESBL production in adults. Individual antimicrobial 

resistance was done for each pathogen against commonly used antibiotics. 

IALCH, together with MGMH, noted a very high sensitivity rate against amikacin, 

tigecycline, and colistin, which correlates with a study done in India that reported 

colistin and tigecycline to have the highest sensitivity (Chaudhary et al., 2010). 

Colistin, however, shows increased sensitivity for A. baumannii complex (86.01%) and 

has not been tested for other pathogens, since it is normally considered the last-resort 

antibiotic for the treatment of multi-drug-resistant gram-negative infections (Falagas et 

al., 2005). A. baumannii complex has high resistance against most carbapenem 

(>80%) antimicrobial agents, leading to the use of colistin. 

On the contrary, most organisms have been reported to be more sensitive to 

carbapenem antimicrobial agents in some studies, although some degree of 

resistance has also been noted. In Asia, amikacin and imipenem were noted as the 

most active antibiotics, while Saudi Arabia as well as Ethiopia reported a greater than 

83% sensitivity to amikacin (Ahmed et al., 2009; Yang et al., 2017; Sorsa et al., 2019). 

Similarly, correlation was found in this study that at IALCH, a greater than 60% 

sensitivity rate was obtained for meropenem and amikacin. The results of this study 

proved the efficacy meropenem still has against gram-negative ESKAPE pathogens 

by showing optimal susceptibility (Pillay et al., 2021). At MGMH, most carbapenems 

had a sensitivity rate greater than 60%, including ertapenem (60.89%) and imipenem 

(68.08%). On the contrary A. baumannii had 75.6% resistance to imipenem reported 

in China (Yang et al., 2023). 

The highest resistance was noted against cefotaxime-ceftriaxone antimicrobial 

agents, with greater than 70% for both hospitals. IALCH showed a 45.90% resistance 

to ciprofloxacin, which differ from the findings of high sensitivity to ciprofloxacin that 
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was noted in Saudi Arabia in 2009, thus showing how quickly these organisms become 

resistant to antimicrobial agents (Ahmed et al., 2009; Sorsa et al., 2019). Most 

penicillins and third-generation cephalosporins had a greater than 30% resistance rate 

in both hospitals. Although these patterns clearly indicate the resistance to 

antimicrobial agents, each of the pathogens belonging to the gram-negative ESKAPE 

group was also individually assessed. 

Klebsiella pneumoniae was highly resistant to an ampicillin-amoxicillin combination 

(84.80%), with a greater than 40% resistance rate to cephalosporins ,which include 

ceftazidime, cefepime, cefuroxime and cefotaxime-ceftriaxone combination, but 

sensitive to amikacin (75.52%). A less than 20% resistance rate to carbapenem 

antimicrobial agents was noted compared to the 4% noted in 2014 to 16% in 2015, 

which proves the slowly increasing carbapenem resistance rates in these organisms 

dating back from 2015 in other studies to the >20% obtained in this study (Ramsamy 

et al., 2018). 

A greater than 80% resistance to piperacillin-tazobactam, ciprofloxacin, gentamicin, 

imipenem, meropenem and third-generation cephalosporins was noted in A. 

baumannii complex. Acinetobacter baumannii complex has shown high sensitivity 

towards tigecycline and colistin. Pseudomonas aeruginosa was highly resistant to 

cefotaxime-ceftriaxone (85.04%) and tigecycline (84.95%), with <12% resistance 

towards carbapenems and amikacin, proving a low carbapenem resistance, as 

opposed to the high resistance noted in Saudi Arabia (Balkhy et al., 2020). 

Resistance to amoxicillin-clavulanic acid combination was noted in Enterobacter 

cloacae complex (73.68%), with a less than 5% resistance rate to carbapenem 

antimicrobial agents, particularly meropenem (84.96), showing much greater efficacy 

in treating infections caused by E. cloacae complex. Enterobacter cloacae complex 

accounted for a 15.7% resistance rate to third- and fourth-generation cephalosporins 

and carbapenems in Europe, which does not correlate with this study (Boattini et al., 

2024) 
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5.1 Study limitations 

Only two hospitals were analysed in KZN; therefore, the study did not show an in-

depth analysis of the situation of antimicrobial resistance in KZN province.  

5.2 Recommendations 

Screening for the production of ESBL in all organisms should be routinely done at all 

district and provincial hospital laboratories to provide optimum patient treatment. 

Resistance patterns of ESKAPE priority pathogens should be monitored to improve 

infection control measures and limit the spread of HAI. As resistance has been noted 

in most commonly used antimicrobial agents, penicillins and first-generation 

cephalosporins have shown very little efficacy towards ESBL-producing 

Enterobacteriaceae. It is recommended that third-generation cephalosporins and 

carbapenems be used instead. Acinetobacter baumannii complex also requires more 

surveillance, as it has shown concerning resistance patterns towards some 

carbapenem antibiotics. 

5.3 Conclusion 

The most isolated gram-negative ESKAPE pathogen is K. pneumoniae, with the 

highest sensitivity towards amikacin in both hospitals. The infection rates over the five-

year period have increased for most pathogens, which proves the hypothesis that 

infections caused by ESKAPE organisms are on the increase. The resistance noted 

in this study further proves the increasing resistance patterns, although they were 

considerably lower increments, probably due to the extra precautions that were put in 

place to curb the spread of COVID-19. However, some of these organisms were still 

able to thrive and increase their resistance to most anti-microbial agents. Carbapenem 

resistance in these two hospitals is still low, but a concern for A. baumannii complex, 

which shows very high resistance to carbapenem antimicrobial agents, further proves 

my hypothesis of increased resistance rates to beta-lactam and carbapenem 

antimicrobial agents. Antimicrobial resistance has proven to be an area of concern 

that requires more research, as these pathogens seem to have more of an impact than 

what current studies portray. The ability of these organisms to constantly adapt and 
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evolve is concerning, especially in South Africa, which is a developing country without 

enough resources to overcome antimicrobial stewardship. Therefore, constant 

surveillance is required. 
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