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Editorial 
Nombulelo P Magula

South Africa’s response, along with other world regions, 
to the severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) pandemic was to “flatten the curve”. The 
theory behind flattening the pandemic curve was to 
prevent an exponential spread of infections, that would 
reach a peak over a short period and thus overwhelm 
the healthcare system. The strategy worked very well 
as it bought time to prepare the healthcare system for 
the onslaught. During this period, new infrastructure was 
built or repurposed for the pandemic, human resources 
were reorganized and new equipment was procured. 

The top priority was to have healthcare workers ready to 
treat patients that required hospitalization. Surveillance 
of hospitalized patients in general wards and Intensive 
Care Units (ICUs) across the country was prioritized, 
focusing mainly on monitoring bed and oxygen 
utilization. This approach entailed increasing frontline 
staff to manage patients with coronavirus disease 2019 
(COVID-19). In many instances, clinicians that would 
ordinarily not be managing patients with multi-organ 
disease, a phenomenon observed with COVID-19, had to 
avail themselves for this purpose. Multiple task-shifting 
ensued as more staff was needed in the ICU space 
and other patients requiring ICU care were managed 
in the general wards. Fear of the virus that penetrated 
communities did not spare healthcare workers. The fear 
of death was observed among patients that were pulling 
oxygen devices off that needed to be calmed down, with 
anxiety mounting as bodies lay in wait to be taken away 
to mortuaries.

Weaknesses in protocols for Infection Prevention and 
Control (IPC) for hospital-acquired infections (HAIs), 
training, antimicrobial stewardship, local microbiological 
surveillance, and administrative interventions were 
overshadowed by the urgency to increase the number 
of staff on the frontline, acquire new devices and ensure 
adequate oxygen supply at facilities. The sophisticated 
and costly monitoring and surveillance of the SARS-CoV-2 
behaviour, and changing variants superseded. 

Amid a myriad of tested therapeutic interventions, the 
role of steroid therapy emerged with mortality reduction. 
Implementation of this evidence varied and was observed 
clinically, ranging from inappropriate use in patients that 
should not have been treated with steroids to the use of 
inappropriately high doses of steroids, often accompanied 
by empiric antifungal therapy. Fungal infections 
developing among patients treated for COVID-19 and 
without COVID-19 in this context of weaknesses in 
surveillance strategies for orphaned fungal infections 
remain a concern. 

In this issue, the critical role of understanding the local 
epidemiology of microbial and fungal infections is 
highlighted, including IPC interventions and prescribing 
behaviour. There is special attention to sedation practices 
in the ICU in patients with and without COVID-19.
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Antimicrobial resistance: 
beyond the clinical dilemma
Dr. Andrew. M Musyoki

(Department of Microbiological Pathology and South African Vaccination 
and Immunization Centre, Sefako Makgatho Health Sciences University, 
Pretoria, South Africa)

Antibiotic resistance has gained global recognition as a silent 
pandemic ravaging the public health (Dhingra et al. 2020). The United 
Nations and World Health Organization (WHO) have both declared 
antimicrobial resistance as the single most important danger to human 
health in this era. The effects of which have far-reaching consequences 
if not controlled (Sekyere, 2016, Dadgostar, 2019). The emergence and 
spread of infectious organisms resistant to treatment are currently 
so rife that knowing the mechanism of action of a drug alone is not 
enough; most developed countries only use local drug susceptibility 
profile data to make treatment guidelines. 

Numerous studies have highlighted the imminent danger posed by drug-
resistant organisms (Sekyere, 2016, Abdalla et al. 2021, Nogbou et al. 
2021) with some data showing almost complete loss of activity against 
some bacteria to locally available treatment options. Drug-resistant 
organisms have been attributed to causing most disease outbreaks in 
healthcare institutions and also in the community. These organisms are 
responsible for increased morbidity and mortality. The development of 
drug resistance has outpaced the development and approval of newer 
remedies. Much fewer agents are undergoing clinical trials and even 
fewer, novel agents are being developed. The modification of existing 
drugs has been met with quick development of resistance mechanisms 
rendering their effectiveness short-lived. The WHO has called on the 
scientific community to refocus on the development of alternative 
drugs to counteract the development of antimicrobial resistance. This 
silent pandemic though most pronounced in the clinical setting, its 
development and drivers are often found beyond the clinic.

The pressure exerted by antimicrobials is generally acknowledged as 
the cause for the development of drug resistance as the organisms 
develop survival mechanisms. Some organisms are intrinsically 
resistant to some antibiotic agents due to a mismatch between the 
mechanism of action of the agent and the biological characteristics 
of the organism. Repeated exposure has been recognized as the main 
driver of antimicrobial resistance. Indiscriminate use of antimicrobials 
has been the biggest contributor to antimicrobial resistance (Mathibe 
and Zwane, 2020). This comes in many faces, in some instances, it 
may be due to pressure from clients to prescribe antibiotics even in 
cases where the most likely causative organism may be viral (Fletcher-
Lartey et al. 2016, Kohut et al. 2020, Mathibe and Zwane, 2020). 
These cases mainly occur during the winter season when episodes 
of the common cold are frequent. The prescribing practices by many 
general practitioners without laboratory confirmation have also been 
alluded to contribute to the misuse of antibiotics (Chokshi et al. 2019, 
Mathibe and Zwane, 2020). Lack of local susceptibility profile data has 
often been cited for misuse of antibiotics further driving antimicrobial 
resistance. In most low-income countries ease of access to antibiotics 
has been cited as the biggest contributor to the development of drug 
resistance. Unregulated over-the-counter sale of antibiotics has been 
attributed to increasing indiscriminate exposure of microbes to various 
agents leading to the development of resistance to otherwise reserved 
antibiotics (Chokshi et al. 2019).

Environmental exposure in the form of untreated draining health care 
facility waste or inappropriate disposal of medicines has increased 
interactions of microorganisms in the environment with antibiotics. 
This leads to infections with antibiotic-resistant organisms outside 
the health care setting. The use of antibiotics in agricultural practices 
has also been acknowledged to contribute to the development of 
antimicrobial resistance (Manyi-loh et al. 2018, Abdalla et al. 2021). 
Just as in human clinical practice, the indiscriminate use of antibiotics 
in veterinary practice has led to the development of drug-resistant 
organisms. The use of antibiotics to enhance productivity in animal 
farms has also been cited to increase the exposure of microorganisms 
to antibiotics (Abdalla et al. 2021). 

Although most high-income countries have well-established policies 
for antimicrobial use, most low-income countries do not have policies 
to guide the use of antibiotics. Multilevel policy guidelines institute 
control in prescribing, dispensing, and disposal of antimicrobials is 
critical to prevent the development of drug-resistant organisms. 
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The South African antimicrobial resistance national strategy framework 
one health approach 2018 - 2020 quotes a host of legislative documents 
such as the national health act (Act of 2003), the medicines and related 
substances act (Act 101 of 1965), the pharmacy act (Act 53 of 1994), 
national drug policy (NPP) and the fertilizer, farm feeds, agriculture 
remedies and stock remedies act (Act 36 of 1947), to support the 
implementation of measures to curb the misuse of medicines that may 
lead to increased development of AMR. However, most studies have 
shown that there is a need for reinforcement of training of healthcare 
workers on prescribing practices that assist in minimizing the misuse of 
antibiotics (Balliram et al. 2021, Engler et al. 2021).

Institution of antimicrobial stewardship (AMS) programs has 
been advocated for by the WHO to promote the appropriate use 
of antimicrobials which will, in turn, improve patient outcomes, 
reduce the development of resistance, and slow down the spread of 
infections by multidrug-resistant organisms. The WHO provides a 
toolkit that healthcare facilities in low- and middle-income countries 
can adapt for the implementation of AMS programs. The guidelines 
on the implementation of the antimicrobial strategy in South Africa: 
One health approach and governance-2017 document (DoH), offers 
local guidelines for implementing AMS programs. Most AMS activities 
revolve around audits and reviews of prescribing and use of antibiotics, 
antimicrobial restriction practices, and training. A review of literature on 
antimicrobial stewardship in South Africa by Chetty et al. 2019, revealed 
the need and value for AMS in both the public and private healthcare 
sectors. A study on the AMS activities in the public healthcare facilities 
in South Africa revealed a need, especially, in the primary healthcare 
facilities for improved diagnostics and surveillance data. This together 
with shortcomings in the full implementation of AMS programs 
across many healthcare facilities in SA is hampering the fight against 
antimicrobial-resistant (AMR) organisms (Engler et al. 2021).

The implication of antimicrobial resistance span from high morbidity 
and mortality, increased costs of hospitalization due to increased time 
spent in hospitals, to costs accrued from time away from economic 
activity. Essentially three levels of impact; the patient, healthcare 
system and economy (Dadgosta, 2019). In a study that investigated 
the impact of one organism (Escherichia coli), Naylor et al. 2019, found 
that infections caused by this organism cost over 14 million pounds 
(over 268 million Rands) annually in England. A report by a group called 
the antimicrobial resistance collaborators showed that there were 3.57 
million deaths that were associated with AMR in 2019. The true cost 
and impact of AMR are almost impossible to quantify because of the 
widespread implications across different sectors.

A multidisciplinary approach is needed to effectively slow down the 
development and spread of AMR organisms. Thus far it is true that the 
implications of AMR go beyond the clinical dilemma (DAFF).
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Antimicrobial resistance (AMR) patterns 
during the COVID-19 pandemic
Dr Norma Bosman

Department of Clinical Microbiology, PathCare/Vermaak, 
Gauteng Province, South Africa

Before the start of the severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) pandemic, rising antibiotic resistance amongst the 
ESKAPE pathogens (Enterococcus faecium, Staphylococcus aureus, 
Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas 
aeruginosa and Enterobacter species), was already a pre-existing 
problem globally.1 This was further compounded by the slow 
development of newer antimicrobial agents to treat infections caused 
by these multi-drug resistant organisms (MDROs). To address this, the 
World Health Organization (WHO) published the Global Action Plan on 
Antimicrobial Resistance in 2015.1

Unsurprisingly, South Africa was also not spared from this. In 2019, 
the South African Society of Clinical Microbiology (SASCM), published 
national surveillance data for Klebsiella pneumoniae bloodstream 
isolates (BSI) for both private and public healthcare sectors.2 This 
reflected, an overall 64.8% extended-spectrum β-lactamase producers 
(ESBL) rate and 38.7% carbapenem-resistant Enterobacteriaceae (CRE) 
rate for the private sector, compared to an overall 73% ESBL rate and 
17% CRE rate, for the public sector.2 
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Figure 1: National South African surveillance data: Klebsiella pneumoniae resistance phenotypes for the year 2019.
WC: Western Cape; EC: Eastern Cape; KZN: KwaZulu Nata; NC: Northern Cape; BSI: bloodstream isolates

The unforeseen nature of the SARS-CoV-2 pandemic and coronavirus disease 2019 (COVID-19), particularly the lack of scientific information 
pertaining to management and treatment, large numbers of patients requiring admission to an intensive care unit (ICU) in many centres across the 
world, has worsened the situation.
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Bacterial and fungal superimposed co-infections have previously been 
reported in patients infected with severe acute respiratory distress 
syndrome (SARS), admitted to ICU.3 It is therefore not surprising, that 
several centres around the world started reporting similar experiences, 
during the pandemic, however, at a much larger scale, with higher rates 
of infections due to multi-drug resistant organisms (MDRO).3-5 

One of the challenges with these reports is that the occurrence of the 
co-infections was highly variable. This was multifactorial, and largely 
influenced by several factors including: institution-specific COVID-19 
treatment protocols which may have included the use of corticosteroids 
and immunomodulatory therapies; empiric antibiotic treatment 
choices; duration of ventilation or stay in the ICU; adherence to infection 
prevention and control protocols (IPC); surveillance cultures on patient 
admission; patient overcrowding; and availability of adequate nursing 
staff.3-5 In addition, the definitions used to determine co-infections 
with multi-drug resistance (MDR) also differed widely. 3-5 Geographic 
differences were evident from these reports based on the variety of 
organisms isolated, antimicrobial susceptibility profiles, as well the 
timing during the pandemic waves. 

A retrospective study conducted, during March – May 2020 (1st 
wave of the pandemic), at a tertiary university hospital in Madrid, 
Spain, reported a high incidence of nosocomial infections (40.7%), 
occurring after a median of more than 1 week, in ICU.3 These were 
defined according to the Centers for Disease Control and Prevention 
(CDC) as co-infections occurring at least ≥ 48 hours following hospital 
admission. They accounted for 33% of mortality in the ICU and resulted 
in a prolonged hospital stay.3 Co-infection was defined by the presence 
of positive microbiological culture from a significant clinical sample, 
with associated clinical signs and /or worsening organ failure.3

Although severe pneumonia was the main cause of ICU admission in 
these patients, with the vast majority requiring invasive mechanical 
ventilation, primary bloodstream infections (31%) and catheter-
related (25%) bloodstream infections were the most frequent causes 
of nosocomial infection, followed by pneumonia (23%).3 Enterococcus 
faecium and Enterococcus faecalis, were the most frequent cause 
of primary and catheter-related bloodstream infections, whereas, 
Pseudomonas aeruginosa and Staphylococcus aureus, were found to 
be the most frequent cause of lower respiratory tract infection (LRTI).3 
Overall, the most frequent antibiotic-resistant organisms included 
Enterococcus faecium, methicillin-resistant Staphylococcus aureus 
(MRSA) and Pseudomonas aeruginosa.3 The authors attribute the 
development of nosocomial infection among their COVID-19 patients 
to the widespread use of ceftriaxone (third-generation cephalosporin), 
usually in combination with another agent as empiric treatment, as 
well as the overcrowding in the ICU (capacity increased by 350%), and 
lapse in IPC measures3. This was particularly alarming as Enterococcus 
species were uncommon nosocomial pathogens in most Spanish ICUs.3 

Although this was a small study, it highlighted, the challenges faced by 
many centres around the world during the first wave of the COVID-19 
pandemic, where treatment and management were largely unknown, 
and healthcare centres were caught unprepared, thus resulting in 
the inappropriate and overuse of antibiotics, amongst many other 
pharmacological agents.

A similar, single-centre, retrospective study was conducted at Wuhan 
Union Hospital between January and March 2020 (1st wave of the 
pandemic).4 A total of 6.8% of their hospitalized patients with COVID-19, 
developed secondary bacterial infections (SBIs), defined as at least one 
positive bacterial culture from a significant microbiological specimen.4 
These occurred in the lungs (86.3%), bloodstream (34.3%) and 
urinary tract (7.8%), with Acinetobacter baumannii (35.8%), Klebsiella 
pneumoniae (30.8%), and Stenotrophomonas maltophilia (6.3%), being 
the top 3 Gram-negative organisms isolated and S. aureus amongst the 
gram-positive organisms, which differed significantly from previously 
reported bacteria causing hospital-acquired infections in the same 
hospital.4

Interestingly, a high rate of antimicrobial resistance was reported, 
with isolation rates of carbapenem-resistant Acinetobacter baumannii 
(CRAB) and carbapenem-resistant Klebsiella pneumoniae (CRKP) at 
91.7% and 76.6% respectively.4 Again, this was among critically ill 
patients, who had a greater frequency of central catheter placements 
and required invasive mechanical ventilation, where ceftriaxone and 
levofloxacin were the main empiric antibiotics of choice as per initial 
local COVID-19 treatment guidelines.4

From a South African perspective, literature is scarce regarding rising 
antimicrobial resistance during the SARS-CoV-2 pandemic. However, 
a private hospital in Johannesburg, Gauteng Province, South Africa, 
experienced a surge in nosocomial infections between December 2020 
- January 2021 (2nd wave of the pandemic), among patients admitted 
to ICU (unpublished data, personal experience). 

Like other centres in the rest of the world,3-6 an unexpectedly large 
number of patients required ICU admission, when a large proportion of 
healthcare personnel had taken a leave of absence during the holiday 
season (December 2020). This resulted in patient overcrowding and 
staff shortages necessitating the relocation of healthcare personnel 
from general medical wards, with less experience, to assist in the ICU. 
IPC measures shifted focus from routine practices and focused mainly 
on the prevention of the airborne spread of the virus.

Extensively-drug resistant Acinetobacter baumannii (XDRAB), 
Carbapenem-resistant Klebsiella pneumoniae (CRKP) and 
Stenotrophomonas maltophilia, became the predominant organisms 
isolated from bloodstream infections (BSI) in patients admitted to 
the ICU during the second wave. This illustrated a significant shift in 
the local epidemiology in the unit (figure 2). Before the SARS-CoV-2 
pandemic, Klebsiella pneumoniae was the predominant gram-
negative organism causing BSI in this unit, with a 50% ESBL rate and 
28.6% CRE rate (figures 2 & 3) and this carried through into the 1st 
wave of the pandemic. XDRAB and Stenotrophomonas maltophilia, 
were uncommon until the 2nd wave, where the incidence increased 
significantly, with a concomitant rise in K. pneumoniae CRE rate from 
28.6% to 57.1% (figures 2 & 3). This can largely be attributed to the 
significant overcrowding and lapse in IPC measures that occurred during 
this wave of the pandemic, as well as the inappropriate and overuse 
of the carbapenem class of antibiotics during this period (unpublished 
data, personal experience). 

Amongst the lessons learnt from available literature and local 
experience, the importance of using unit-specific surveillance data 
to direct empiric antibiotic choices, where appropriate, cannot be 
overemphasized. Adherence to IPC measures, the adoption of a 
multidisciplinary approach in the management of these patients, 
together with antimicrobial stewardship rounds were implemented as 
a measure to reduce the observed increase in antimicrobial resistance.
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In conclusion, the strain put on healthcare centres by the SAR-CoV-2 
pandemic, in all regions of the world, contributed to the high incidence 
of nosocomial infections in patients with COVID-19. Furthermore, 
the initial widespread empiric use of antibiotics in COVID-19, as 
recommended by earlier centre-specific treatment and management 
guidelines, drastically influenced the local antimicrobial resistance 
patterns. A multidisciplinary approach, adherence to IPC measures 
and AMS rounds is recommended for subsequent SARS-CoV-2 
pandemic waves.
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Sedation and Analgesia practices in ICU 
patients during the COVID-19 pandemic
Prof Veronica Ueckermann 

(Acting HOD of Infectious diseases, and Critical care specialist and 
physician Department of Internal Medicine, University of Pretoria, South 
Africa)

The past decade has seen a paradigm shift in the intensive care unit 
towards early animation and mobilization, aided by the judicious use 
of sedation. The aim is delirium prevention, reduced length of hospital 
stay and improved functionality for our patients after their acute 
illness. The COVID-19 pandemic, however, has seen large numbers of 
critically ill patients with acute respiratory distress syndrome (ARDS), 
who required high levels of ventilatory support in the context of staff 
shortages – a milieu that is not conducive to this paradigm. Unique 
challenges such as drug shortages during peaks of admissions, a lack of 
evidenced-based practices in a developing pandemic, and the technical 
difficulties associated with replacing devices that agitated patients 
may remove, further complicated the choice of sedative medication.

The focus of management protocols in COVID-19 has leaned heavily 
towards life-saving therapies and little attention has been paid to 
sedation practices specific to this cohort of patients. The literature 
and international guidelines suffer from a lack of evidence-based 
guidance for sedation in critically ill patients with COVID-19. Most of 
what is practised stems from the understanding of sedation in critically 
ill patients in general. Adequate analgesia remains the first tier in 
addressing patient comfort and addressing agitation. Opioids are the 
most frequently utilised to overcome the discomfort of procedures, 
prolonged immobility, and indwelling devices. 

Analgesia should be titrated to the patient’s unique needs, physiology, 
and organ function. The sedative medication most frequently prescribed 
in patients with severe COVID-19 includes propofol, benzodiazepines, 
dexmedetomidine and ketamine.  

Propofol is a short-acting lipophilic phenol derivative that modulates 
the function of GABA receptors. Its rapid onset of action makes it a 
particularly attractive option during procedures, whilst the rapid offset 
allows for more rapid weaning. At higher doses, propofol causes a 
decrease in myocardial contractility and peripheral vascular resistance 
– a disadvantage in patients who are already hypotensive or in septic
shock. COVID-19 has a spectrum of myocardial manifestations,
including myocarditis, stress-induced cardiomyopathy and myocardial
infarction, and the use of propofol will be limited in this context.  The
hypertriglyceridaemia caused by propofol, as well as pancreatitis
associated with this hypertriglyceridaemia appear to be more common
in the context of COVID-19.1 The rare, but potentially fatal, propofol
infusion syndrome should be guarded against, especially when propofol 
is used for prolonged periods of time.  In South Africa, shortages of
propofol led to increased utilization of benzodiazepine-based sedation
strategies.

The benzodiazepines such as midazolam and lorazepam, affect sedation, 
anxiolysis, muscle relaxation, anterograde amnesia, and anticonvulsant 
properties, through facilitating GABA action. Accumulation of active 
metabolites can occur in patients with long-term infusions and those 
with renal impairment and prolonged infusions may delay liberation 
from ventilation. The need for higher doses of benzodiazepines has 
been reported in the context of COVID-19,2 so the risk of toxicity must 
be considered and monitored. The risk of withdrawal also appears 
greater in the population of patients with COVID-19. The reason for this 
is most likely the higher doses employed during ventilation of patients 
with ARDS and prolonged mechanical ventilation which increases the 
cumulative dose. The biggest drawback of benzodiazepines is that they 
are associated with an increased risk of delirium, especially in older 
patients.3 It is important, therefore, to use the lowest effective dose, 
practice sedation vacations and consider organ dysfunction and the risk 
for accumulation.
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Dexmedetomidine, an alpha-2 adrenergic agonist, has shown many 
benefits as a sedative agent in the intensive care unit. It does not 
suppress respiratory drive, provides analgesia and is associated 
with shorter lengths of hospitalization. In the context of COVID-19, 
where ARDS frequently requires patient-ventilator synchrony and 
neuromuscular blockade may be employed, supplemental sedation 
with other agents will be necessary. Dexmedetomidine is not without 
side-effects and the most common are hypotension and bradycardia, 
which may limit its use in critically ill patients.  Most of the side effects 
occur during, or shortly after the infusion.4

Ketamine is an analgesic and sedative agent, which works as a N-methyl-
D-aspartate (NMDA) receptor antagonist. It is used frequently in the 
post-operative period for pain management and in trauma patients in 
the intensive care unit, to decrease opioid requirements. In the context 
of COVID-19 the use of ketamine is limited by its psychomimetic 
properties that may cause delirium. At high doses, myocardial 
suppression occurs, while lower doses have a sympathomimetic effect. 
Another major drawback in the context of COVID-19 is the increase in 
bronchial secretions caused by ketamine, as it may exacerbate mucus 
plugging. Its bronchodilatory properties may be useful in patients with 
comorbid asthma, but this benefit should be weighed against the 
discussed risks.

The sedation principles employed in non-COVID critically ill patients 
should still apply to those with COVID-19 pneumonia. Analgo-sedation 
should be tailored to the individual and should be frequently reviewed 
and monitored. The sedation prescribed should be as dynamic as the 
disease process – in the phase where ventilator synchrony is critical and 
neuromuscular relaxation is employed, deep sedation is appropriate. 
In this phase, adequate analgesia with opioid or non-opioid adjuncts 
should not be forgotten, and sedation should be titrated to the lowest 
effective dose.  Appropriate weaning of sedation is an important part of 
the multi-modal approach to improve functional outcomes for patients. 
It is not just survival of ICU admission, but the functionality of the 
individual and their re-integration into society that is the ultimate aim 
of critical care for patients with COVID-19. 
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The phenomenon of antimicrobial resistance (AMR) has come to light 
in recent years as being an important public health challenge, which 
will significantly impact human, animal and environmental health 
over the next 30 years. The terms “silent pandemic” and “next great 
global challenge” have been used to describe this crisis which is 
often overlooked.1 The recent study describing the global burden of 
antibiotic-resistant bacteria certainly drew the much-needed attention 
to the subject.2 However, much of the focus still remains on bacterial 
infections. Highlighting that the term antimicrobial refers to all 
microbes, including fungi, let us take a closer look at the burden of 
fungal infections and antifungal resistance.  

The common life-threatening fungal infections include cryptococcal 
meningitis, Pneumocystis pneumonia, disseminated histoplasmosis, 
invasive and chronic aspergillosis, invasive candidiasis and fungal 
keratitis. Together, the burden of these infections accounts for over 13 
million cases yearly.3 From the South African perspective, cryptococcal 
meningitis followed by invasive candidiasis accounts for the majority of 
acute invasive fungal infections.4 

Unlike the vast array of antibacterial agents available to treat bacterial 
infections, there are only 3 registered classes of antifungal agents 
routinely used as depicted in table 1. 

Table 1: Antifungal classes, agents and mechanism of action 

Antifungal class Antifungal drug Mechanism of action 

Azoles Imidazoles: 
- Ketoconazole
- Miconazole
- Clotrimazole

Triazoles:
- Fluconazole 
- Voriconazole 
- Itraconazole 
- Posaconazole 

Interrupts the 
production of 
ergosterol, which is 
an important sterol 
component of the 
fungal cell membrane

Echinocandins Micafungin 
Caspofungin 
Anidulafungin 

Interfere with 1, 3 beta 
– D glucan production; 
a major fungal cell wall 
structural component 

Polyenes Amphotericin B 
Nystatin 

Binds to ergosterol, 
resulting in the 
development of large 
pores. Interrupted 
osmotic pressure leads 
to cell death

Invasive fungal infections are associated with significant morbidity 
and mortality and carry a substantial economic burden. Consequently, 
widespread use of antifungal agents has become common practice in 
order to reduce these negative consequences. As with all antimicrobial 
agents, overuse and misuse of antifungal agents have led to an increase 
in antifungal resistance. Antifungal resistance is most notable among 
Candida spp., Aspergillus spp. and Cryptococcus spp.5  

Among pathogens causing candidaemia, associated species with 
increased resistance to the azoles include C. parapsilosis, N. glabrata 
(previously C. glabrata), Pichia kudriavzevii (previously C. krusei) and 
C. auris.5-7 There are currently no established antifungal breakpoints 
for Cryptococcus species. However, a systematic review investigating 
the prevalence of fluconazole resistance amongst Cryptococcus spp. 
isolates found a resistance prevalence of 12% amongst incidence 
isolates and 24% amongst relapse isolates.8 Azole-resistant Aspergillus 
spp. isolates have been documented globally, including the African 
continent and range from 1 – 27% in various settings, from both 
environmental and clinical isolates.9-10  
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Echinocandin resistance is of concern, with reports of C. auris and  
N. glabrata isolates demonstrate higher resistance rates compared to 
other species causing invasive candidiasis.5 Since echinocandins are 
fungistatic for Aspergillus spp, widespread use has not been adopted. 
Consequently, echinocandin resistance in A. fumigatus is quite rare. 

To combat AMR, the World Health Organisation launched the Global 
Action plan on Antimicrobial Resistance in 2017. The plan consists of 
five strategic objectives to address this public health threat. Objective 4 
is the appropriate use of antimicrobial agents in humans and animals.11 
Antimicrobial stewardship (AMS) is the means by which appropriate 
antimicrobial use is ensured. AMS aims to preserve the effectiveness of 
antimicrobial agents for the future and to improve patient outcomes by 
ensuring the appropriate use of these agents.12 

Changes in the field of invasive fungal infections have occurred as a 
result of newer antifungal agents becoming available and with novel 
species causing disease. Additionally, the epidemiology of pathogens 
causing diseases has shifted towards more resistant species. For 
example, species causing candidaemia have shifted towards non-
albicans species, which tend to be more resistant.  There have been 
concerns that overuse of antifungals may be driving this phenomenon 
and the need for formal antifungal stewardship programmes has 
become increasingly evident.13   

The principles of antifungal stewardship are based on the general 
principles of antimicrobial stewardship. The quality indicators of 
appropriate antimicrobial use start with the 5 “rights” – is it the right 
drug for the right patient, at the right dose, for the right indication and 
the right duration?14 Additionally, even after prescribing the antifungal 
agent, daily assessment of the need for the antifungal agent, and the 
appropriateness of the agent, dose and route are required. This is often 
performed by prospective audit and feedback steered by the AMS 
committee, but can, and should also be a self-initiated measure by the 
attending clinician.15  

More specific activity recommendations separated into groups labelled 
essential, achievable and aspirational have been published by the 
Infectious Diseases Society of America (IDSA) regarding antifungal 
stewardship programmes. The essential activities include developing 
institutional treatment bundles for antifungal prophylaxis and empiric 
antifungal use, developing educational programs for diagnosis 
and treatment of invasive fungal infections, review of antifungal 
prescriptions, handshake stewardship rounds or post- prescription 
review and feedback, intravenous to oral antifungal switch, and local 
surveillance of invasive fungal infections.16 Examples of antifungal 
stewardship bundles specifically for invasive candidiasis and invasive 
aspergillosis are shown in Table 2.16 

Table 2: Sample Care Bundles for Invasive Candidiasis and Invasive Aspergillosis as per IDSA Guidelines

Invasive candidiasis management bundle

At the time therapy is being started • Perform 2 high-volume blood cultures (40 mL) prior to starting therapy
• Removal of existing CVCs within 24 h of diagnosis
• Initial appropriate selection and dosing of antifungals considering local epidemiology started within 

12 h of culture
• Ophthalmological exam within the first week of diagnosis

After starting therapy • Follow-up blood cultures daily until clearance of candidaemia is documented
• Echocardiography in patients with persistent fungaemia, fever, or new cardiac symptoms
• Assessment of clinical efficacy 3–5 d after starting therapy and evaluating the need for alternative 

therapy based on culture identification and susceptibility results are available
• Administration of at least 2 wk of therapy after clearance of blood cultures (longer with organ 

involvement)
• Step-down to oral fluconazole therapy in patients with a favourable clinical course and an isolate 

with documented susceptibility

Invasive aspergillosis management bundle

At the time therapy is being started • Serum galactomannan test repeated twice in patients, not on mould-active azole prophylaxis
• CT imaging of chest and/or sinus/brain in patients with symptoms localized at these signs
• Early bronchoscopy (within 48 h) with cytology examination and culture of BAL fluid, measurement 

of galactomannan antigen titer in BAL; transbronchial biopsy if feasible
• Initial appropriate selection and dosing of antifungal agents considering previous antifungal 

exposure and local epidemiology
• Systematic screening for drug interactions using a computerized drug interactions database for any 

patient starting or stopping a triazole antifungal agent

After starting therapy • Periodic (eg, weekly) testing of serum galactomannan (if aspergillosis) as an adjunct criterion to 
assess treatment response

• TDM of voriconazole and posaconazole and possibly isavuconazole serum levels to document 
adequate drug exposures

• Assessment of therapy appropriateness based on microbiological, culture, or histological results
• Repeat chest CT imaging after 3–4 wk and periodically based on response, to assess infection status 

and/or progression
• Step-down to oral triazole therapy in patients with a favourable clinical course

Sources: [116, 126, 131, 132, 139–143].
Abbreviations: BAL: bronchoalveolar lavage; CT: computed tomography; CVC: central venous catheter;  

TDM: therapeutic drug monitoring.
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As the threat of AMR grows over the coming decades, quality improvement activities such as antifungal stewardship will become integral to 
daily practice. There are still numerous unanswered questions in the field of mycology related to antifungal resistance, however, antifungal 
stewardship programmes, practices and activities are growing steadily. It is imperative that each individual play their part to ensure optimal 
patient care along with safeguarding of life-saving antifungal medicines for future generations.  
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