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Disclosure

• I received ISR grant from Pfizer on evaluation of culture and non-
culture diagnostics methods for invasive candidiasis.
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Questions!!

Q1. How many deaths caused by fungal infections 
where the cause of deaths were not reported as 

“fungal infections” in your institution?  

Q2. Has anyone used PCR for fungal detection in 
their practice?"
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Burden of Fungal Infections in 
Malaysia

Source: WHO fungal priority 

pathogens list to guide research, 

development and public health action. 

Geneva: World Health Organization; 

2022. Licence: CC BY-NC-SA 3.0 IGO

Source: Velayuthan, et al. (2018). Journal of Fungi, 4(1), 38
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Early Detection and Reduced 
Mortality
(Importance of Early detection in Fungal infections)

• Fungal infections can rapidly progress to severe and life-threatening 
forms, esp. in immunocompromised individuals. The longer the delay 
in dx, the higher the likelihood of complications, i.e., organ failure or 
sepsis. Early intervention significantly improves patient 
outcomes. 

• E.g., Invasive infections in ICU patients have mortality rates of 30-
50% if not diagnosed early and treated promptly (Pappas et al, 2018). 
In contrast, early initiation of antifungal therapy can reduce mortality 
by over 50%
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Early Detection and Reduced 
Mortality
(Impact of Rapid Diagnostics on Mortality)

• Several studies have demonstrated that rapid diagnostics reduce 
mortality by allowing earlier and more accurate treatment. Rapid 
identification of the pathogen leads to a faster, more effective 
treatment regimen.

• A randomized controlled trial (RCT) by Hedayati et al. (2021) found that 
rapid diagnosis of Candida bloodstream infections reduced mortality 
rates by 35% compared to the standard culture-based diagnosis

• Another study showed that the use of rapid PCR for Aspergillus 
detection in ICU settings significantly reduced mortality from 70% to 
48% (Riche et al., 2020)
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Delayed diagnosis worsens 
outcomes
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Sources:
Jan et al., J Microbiol Immunol Infect. 2023 Dec;56(6):1253-1260.
Katsuhiro et al. International Journal of Infectious Diseases, Volume 122, 279 - 284



Challenges in Diagnosing Fungal 
Infections

Laboratory support 
for mycology not 

widespread

Long turn-around 
time for diagnostic 

tests

Confirmatory 
diagnosis is still 

based on 
microscopy and 
histopathology

Sources:
Iyadorai, et al.,Epidemiol Rev. 2024 Sep 16;46(1):1-12.
Landscape analysis of commercially available and pipeline in vitro diagnostics for 
fungal priority pathogens. Geneva: World Health Organization; 2025. Licence: CC BY-
NC-SA 3.0 IGO.
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Urgency of Rapid Fungal Diagnostic
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Source: Hoenigl et al., 2014.. J Clin Microbiol 52:.

Source: Dib et al. BMC Infect Dis 18, 656 (2018).



Why Rapid Diagnostics Matter

• Early detection
• Fungal resistance
• Healthcare burden

Source: Antifungal agents in clinical and 
preclinical development. Overview and analysis. 
Geneva: World Health Organization; 2025. 
Licence: CC BY-NC-SA 3.0 IGO.
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Denning, David W
The Lancet Infectious Diseases, 
Volume 24, Issue 7, e428 - e438



R.E. - A.S.S.U.R.E.D. (WHO)
• Real-time connectivity
• Ease of specimen collection
• Affordable
• Sensitive
• Specific
• User-friendly
• Rapid and robust
• Equipment free or simple, Environmentally 

friendly
• Deliverable to end-users
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Source: Land, et al. 2019 Nat Microbiol 4, 46–54 



Traditional Diagnostic Methods
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Source: Landscape analysis of commercially available and pipeline in vitro diagnostics for fungal priority pathogens. Geneva: World Health Organization; 2025. Licence: CC BY-NC-SA 3.0 IGO.



Traditional Diagnostic Methods
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Source: Landscape analysis of commercially available and pipeline in vitro diagnostics for fungal priority pathogens. Geneva: World Health Organization; 2025. Licence: CC BY-NC-SA 3.0 IGO.



Traditional Diagnostic Methods
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Source: Landscape analysis of commercially available and pipeline in vitro diagnostics for fungal 
priority pathogens. Geneva: World Health Organization; 2025. Licence: CC BY-NC-SA 3.0 IGO.



Other culture-based Diagnostic Methods
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Source: Landscape analysis of commercially 
available and pipeline in vitro diagnostics for 
fungal priority pathogens. Geneva: World 
Health Organization; 2025. Licence: CC BY-
NC-SA 3.0 IGO.



Other non-culture-based Diagnostic Methods
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Source: Landscape analysis of commercially available 
and pipeline in vitro diagnostics for fungal priority 
pathogens. Geneva: World Health Organization; 2025. 
Licence: CC BY-NC-SA 3.0 IGO.



Other non-culture-based Diagnostic Methods
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Source: Landscape analysis of 
commercially available and pipeline in 
vitro diagnostics for fungal priority 
pathogens. Geneva: World Health 
Organization; 2025. Licence: CC BY-NC-
SA 3.0 IGO.



Other non-culture-based Diagnostic Methods
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Source: Landscape analysis of 
commercially available and pipeline in vitro 
diagnostics for fungal priority pathogens. 
Geneva: World Health Organization; 2025. 
Licence: CC BY-NC-SA 3.0 IGO.



PCR based advanced technologies workflow
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Source: Fang et al., J Biomed Sci 30, 42 (2023). 



Other non-culture-based Diagnostic Methods
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Source: Landscape analysis of commercially available and pipeline in vitro diagnostics for fungal priority pathogens. Geneva: World Health Organization; 2025. Licence: CC BY-NC-SA 3.0 IGO.



NGS workflow 
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Source: Fang et al., J Biomed Sci 30, 42 (2023). 



Emerging technologies

• Methods that combine existing technologies with entirely new 
technologies

• Examples,
i. PCR Multiplex testing strategy (Candida, Aspergillus and Rhipous 

arrhizus)
ii. Surface-enhanced Raman scattering (quant. & quali., determine 

severity)
iii. Bio-sensor based technologies
iv. Microfluidics, volatile organic compounds, AI/ML
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Source: Landscape analysis of commercially 
available and pipeline in vitro diagnostics for fungal 
priority pathogens. Geneva: World Health 
Organization; 2025. Licence: CC BY-NC-SA 3.0 IGO.



Antifungal Stewardship
(Role of Rapid Diagnostics in Antimicrobial Stewardship)

• Antifungal stewardship refers to the optimization of 
antifungal therapy to ensure that patients receive 
the correct treatment for the shortest duration, 
while minimizing adverse effects and the 
development of resistance. Rapid diagnostics are 
critical in guiding the appropriate use of 
antifungals.

• Empirical treatment for invasive fungal infections 
often involves broad-spectrum antifungals. This 
can result in overuse of antifungals, which 
contributes to the development of resistance. 
Rapid diagnostics allow clinicians to de-escalate 
therapy when fungal infections are ruled out or 
when a more targeted antifungal can be used. 

4/5/2025 23

Procacci et al., (2024). Antifungal Stewardship in Invasive Fungal Infections, a Systematic 
Review. In: Advances in Experimental Medicine and Biology(). Springer, Cham.



Antifungal Stewardship
(Avoiding Overuse and Resistance)

• Broad-spectrum antifungals should not be used indefinitely due to the 
risk of resistance and toxicity. With rapid diagnostics, clinicians can 
narrow their antifungal treatment spectrum, preventing unnecessary 
exposure to drugs.

• A study by Lortholary et al. (2014) showed that the use of rapid fungal 
PCR testing resulted in a reduction of unnecessary antifungal therapy 
in patients with suspected fungal infections but negative results.

• A study from 2022 by Gonzalez et al. found that using PCR-based 
diagnostics to guide antifungal therapy reduced the duration of broad-
spectrum antifungal treatment by 50% in critically ill patients.
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Antifungal Stewardship
(Impact on Treatment Duration and Cost reduction)

• By reducing unnecessary antifungal use, 
rapid diagnostics not only improve patient 
outcomes but also help reduce healthcare 
costs. Shorter courses of antifungal therapy 
mean reduced drug costs, shorter ICU stays, 
and fewer adverse drug reactions.

• Example, in a study of ICU patients, the use 
of rapid diagnostics led to a 30% reduction 
in antifungal treatment costs, as 
unnecessary broad-spectrum treatments 
were avoided (Nimri et al., 2017)
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Current Implementation and 
Limitations in Malaysia
• Access to Technology: Rapid diagnostic tests 

like PCR, MALDI-TOF, and antigen assays are 
still not universally accessible across all 
Malaysian hospitals

• Cost and Infrastructure: Some advanced 
tests (e.g., MALDI-TOF, NGS) are expensive and 
require well-equipped labs

• Awareness and Training: Need for continuous 
medical education and training to familiarize 
clinicians with the benefits and limitations of 
rapid diagnostics
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Future Directions and 
Recommendations
Expanding Access to Rapid Diagnostics:
• Government and private sector collaboration to reduce 

costs and improve infrastructure for rapid diagnostics 
across Malaysia.

• Encourage research on affordable, rapid diagnostic 
tools suitable for resource-limited settings.

Integration with AI and Digital Health: AI-assisted 
diagnostic platforms to analyze test results quickly and 
accurately, facilitating decision-making in clinical 
settings
Increased Focus on Fungal AMR: Research into local 
patterns of resistance and the role of rapid diagnostics in 
combating antifungal resistance in Malaysian hospitals
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Machine-learning paradigms
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Source: Fang et al., J Biomed Sci 30, 42 (2023). 



Summary
• Fungal infections are a significant health concern in Malaysia, 

especially for immunocompromised patients
• Rapid diagnostic techniques, can significantly reduce diagnostic 

time and improve patient outcomes, improve the speed and 
accuracy of fungal infection diagnosis, leading to quicker and 
more targeted antifungal treatment.

• Antifungal stewardship is enhanced by rapid diagnostics, ensuring 
the appropriate use of antifungals and reducing the risk of 
resistance.

• While some advanced techniques are emerging, challenges 
remain in terms of cost, accessibility, and infrastructure
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“It always seems impossible until it is done.”

- Nelson Mandela



Thank you
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