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ABSTRACT
Cryptococcus neoformans is an environmental yeast that primarily affects immunocompromised 
individuals, causing respiratory infections and life-threatening meningoencephalitis. Treatment is 
complicated by limited antifungal options, with concerns such as adverse effects, dose-limiting 
toxicity, blood–brain barrier permeability, and resistance development, emphasizing the critical 
need to optimize and expand current treatment options against invasive cryptococcosis. Galleria 
mellonella larvae have been introduced as an ethical intermediate for in vivo testing, bridging the 
gap between in vitro antifungal screening and mouse studies. However, current infection readouts 
in G. mellonella are indirect, insensitive, or invasive, which hampers the full potential of the model. 
To address the absence of a reliable non-invasive method for tracking infection, we longitudinally 
quantified the cryptococcal burden in G. mellonella using bioluminescence imaging (BLI). After 
infection with firefly luciferase-expressing C. neoformans, the resulting bioluminescence signal was 
quantitatively validated using colony-forming unit analysis. Longitudinal comparison of BLI to 
health and survival analysis revealed increased sensitivity of BLI in discriminating cryptococcal 
burden during early infection. Furthermore, BLI improved the detection of treatment efficacy 
using first-line antifungals, thereby benchmarking this model for antifungal testing. In conclusion, 
we introduced BLI as a real-time, quantitative readout of cryptococcal burden in G. mellonella over 
time, enabling more sensitive and reliable antifungal screening.
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Introduction

Cryptococcus neoformans (CN) is an opportunistic 
pathogenic yeast responsible for severe diseases and 
high mortality among HIV-infected individuals. Upon 
inhalation, environmental CN cells or spores initially 
cause pulmonary cryptococcosis; however, under 
immunosuppressive conditions, they can disseminate 
to the central nervous system (CNS) and cause life- 
threatening cryptococcal meningitis [1]. Cryptococcal 
meningitis is the leading cause of meningitis in patients 
with HIV and is estimated to account for 19% of AIDS- 
related deaths globally [2]. The recommended treat
ment consists of a combination of fluconazole, flucyto
sine, and amphotericin B, but is limited by BBB 
permeability, adverse effects, dose-limiting toxicity, 
and inaccessibility in resource-limited settings [3]. 
Moreover, reduced susceptibility of CN isolates to flu
conazole, the most commonly used antifungal against 
cryptococcosis, has been described, further limiting 
treatment options [4,5]. Thus, there is an urgent need 

to expand and optimize current treatment options for 
invasive cryptococcosis [3,6]. This was highlighted by 
a recent publication of the WHO fungal priority patho
gen list, in which CN received the highest overall com
bined rank based on research and development 
priorities and public health importance [7].

Over the last decades, Galleria mellonella caterpil
lars have gained popularity as experimental and pre
clinical infection models, among others, for antifungal 
(synergy) testing against cryptococcosis [8–13]. 
G. mellonella has important advantages over more 
commonly used in vivo models, such as rodents, 
because they are cost- and time-efficient, easy to han
dle, and do not require specialized housing equipment 
or ethical approval because they lack nociceptors and 
are thus insensitive to pain [14]. Another unique 
advantage G. mellonella has compared to other popu
lar invertebrate models, is that they can be kept at 
37°C, enabling the activation of temperature- 
dependent virulence factors in human pathogens 
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such as C. neoformans [15]. Therefore, it is 
a convenient model to test many different antifungal 
conditions in vivo before potentially moving on to 
more in-depth investigations in rodents, thereby com
plying with the 3 R’s (replacement, reduction, and 
refinement) of ethical animal research [16,17]. In 
vivo screening in G. mellonella is thus a significant 
step up from initial screening in in vitro systems, as 
G. mellonella offers in vivo therapeutic toxicity assess
ment and antifungal efficacy testing in the presence of 
an innate immune system, which in addition allows 
preliminary investigation of host-pathogen responses 
[18]. Moreover, the virulence and toxicity of fungal 
and bacterial strains in G. mellonella translate well 
towards mice, as shown by models of Aspergillus 
fumigatus, Candida albicans, and multiple bacterial 
strains [19–23], and antibiotic efficacy and dose in 
G. mellonella correlated with human data [23]. In 
a therapeutic study with propolis-loaded nanoparti
cles, G. mellonella was successfully used for in vivo 
validation between in vitro and mouse studies [24]. 
Taken together, these data highlight the added value 
of this model in preclinical antifungal testing 
pipelines.

Driven by its numerous advantages, G. mellonella is 
with good reasons emerging as an infection model. As 
it is a relatively recent model, the available readouts for 
fungal burden and antifungal efficacy are limited. On 
the one hand, there are longitudinal, non-invasive read
outs based on survival and descriptive health assess
ment [25]. While these are the most commonly used 
readouts in antifungal efficacy studies, survival and 
health scoring are indirect and observer-dependent 
measures which are binary or semi-quantitative. 
Moreover, the widespread lack of commercial research- 
grade larvae and standardized rearing protocols 
increases the variability of these health-based readouts, 
thereby preventing direct comparisons in the literature 
[17]. On the other hand, there are invasive endpoint 
readouts such as colony-forming units (CFU), currently 
the gold standard for fungal burden quantification, and 
qPCR [26]. While these are quantitative readouts, they 
have their own limitations and lack the longitudinal 
aspect, which is crucial for understanding the dynamics 
of infection and treatment. Therefore, the study of 
cryptococcosis in G. mellonella would benefit from 
a novel readout of fungal burden that is quantitatively 
correct but also non-invasive, allowing direct longitu
dinal follow-up of cryptococcal infection and treatment 
effects over time, independent of overall larval health 
state and off-target toxicity. Recently, we optimized 
bioluminescence imaging (BLI) for real-time quantita
tive readout of Aspergillus fumigatus, a filamentous 

fungus, in G. mellonella [27]. Similarly, BLI has the 
potential to be implemented as a fungal readout in 
G. mellonella for yeasts, such as C. neoformans.

In this study, we propose BLI as a non-invasive 
quantitative readout of cryptococcal burden in 
G. mellonella over time. We aimed to develop the first 
BLI-based G. mellonella model of cryptococcosis and 
compare the sensitivity of in vivo BLI with the current 
standard longitudinal readouts in terms of cryptococcal 
load discrimination and antifungal detection, as well as 
with CFU for quantitative validation. Finally, we 
benchmarked the model for antifungal screening 
using first-line antifungal agents against C. neoformans.

Materials and methods

Bioluminescent Cryptococcus neoformans strain 
and fungal culture

We used a previously validated C. neoformans (CN) 
KN99α strain expressing codon-optimized red-shifted 
firefly luciferase (KN99α-CnFLuc) [28]. KN99α-CnFLuc 
was first grown on Sabouraud agar for 2–4 d and then 
transferred to liquid Sabouraud medium for 2–3 d at 
30°C. Fungal cells were harvested by centrifugation and 
washed twice with PBS (Dulbecco’s phosphate-buffered 
saline, Gibco, Paisley, UK). The number of cells was 
counted using a Neubauer haemocytometer 
(Mariënfield Superior, Lauda-Köningshofen, Germany) 
and diluted to the required concentration in PBS [28]. 
The cell count in the final suspension was confirmed by 
in vitro bioluminescence imaging (BLI) and colony 
forming unit (CFU) plating, as described below.

In vitro and ex vivo bioluminescence imaging

In vitro BLI was performed on the fungal inoculum, 
and ex vivo BLI on larval homogenates to confirm 
the relative fungal cell count. Larval homogenates 
were prepared by placing individual larvae in 600 µl 
of PBS and homogenizing them using a tissue homo
genizer. Ten-fold serial dilutions of the fungal inocu
lum and larval homogenates were then made in 
a black 96-well plate (CliniplateTM, Thermo 
Scientific, Denmark) and 10% D-luciferin potassium 
salt (1.25 mg/ml in PBS, Promega, USA) was added. 
The BLI signal was read using an IVIS Spectrum 
(PerkinElmer, USA) imaging system by acquiring 
five consecutive images with an exposure time of 
30 s (open filter, F/stop1, subject height 0.5 cm, 
medium binning). Living Image Software (version 
4.5.4, PerkinElmer, USA) was used to define regions 
of interest (ROI) covering each individual well and to 
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calculate the total photon flux (p/s) per well, and 
peak total fluxes were used for analysis and compar
ison [27].

Colony-forming units

To determine the absolute viable cell count in the 
inocula (CFU/ml) and larval homogenates of weighted 
larvae (CFU/g), 10-fold serial dilutions were prepared 
in a black 96-well plate (CliniplateTM, Thermo 
Scientific, Denmark). Fifty microliters of each dilution 
were plated on Sabouraud agar containing chloramphe
nicol, incubated at 37°C and counted after 24 and 
48 h [27].

Galleria mellonella infection model

Healthy 6th week instar larvae weighing 300 ± 50 mg 
(in-house bred) with normal movement and no mela
nization were selected for the experiments. The larvae 
were randomly assigned to experimental groups 
(n = 10 per group) and housed individually in 12-well 
plates to provide sufficient space for normal movement. 
They were kept in the dark without food at 37°C to 
mimic human host temperature, for activation of rele
vant fungal virulence factors. Fungal inocula (10 µL) 
were administered via the last right proleg into the 
haemocoel, using a Hamilton® syringe (10 µL, 701SN, 
31 G, Switzerland). Larval health score (movement, 
melanization, and survival; adapted from [25]) was 
assessed daily for three to five days post infection 
(Table 1). The negative controls were sham-infected 
with PBS. At 24 h post infection, two predefined larvae 
per infected group were weighed and homogenized 
individually (Tissue Master Homogenizer, OMNI 
International, Tulsa, OK, USA) in 600 µL PBS per 
larva for fungal quantification by CFU plating and ex 
vivo BLI [27].

Antifungal treatment

Fluconazole solution (2 mg/ml) for perfusion (FLU, 
Diflucan®, Pfizer, Brussels) was diluted to obtain final 
doses of 12 mg/kg and 6 mg/kg in 0.9% sterile saline. 
For amphotericin B (AMB, Fungizone®, Bristol Myers 
Squibb, Canada), a stock solution of 5 mg/ml was pre
pared in sterile AD and adjusted to obtain final doses of 
10, 5, and 1 mg/kg in 5% glucose. These calculations 
were based on an injection volume of 10 µL and average 
larval weight of 300 mg. All treatments were freshly 
prepared and administered daily by intra-haemocoel 
injection alternately in the last left and right prolegs 
to prevent potential injury by repeated injections in the 
same proleg. The infected control groups were injected 
with the treatment vehicle, and the non-infected con
trol groups received the highest treatment dose to 
assess treatment-related health effects.

In vivo bioluminescence imaging

BLI of live larvae was performed daily from baseline 
(day 0, before infection) until day five post infection, 
using an IVIS Spectrum imaging system (PerkinElmer). 
D-Luciferin was administered daily before every ima
ging session at 40 µg/g in PBS for optimal tolerability 
and photon flux dynamics, as previously optimized for 
Aspergillus fumigatus [27]. Ten microlitres of 
D-luciferin were injected into the larval haemocoel by 
alternating the last right or left proleg. They were then 
transferred to a black 12-well plate with a transparent 
bottom (IBL Baustoff + Labor GmbH, Austria) at 37°C 
for 10 min. Bioluminescence light emission was then 
measured by acquiring five consecutive images with the 
following settings: open filter, F/stop 1, subject height 
0.5 cm, medium binning, and 
30 s exposure time per image. Using living Image 
Software (version 4.5.4), the total photon flux (p/s) 
per larva was defined through a circular ROI of 
2.5 cm diameter covering each well. We verified that 
any variability in peak photon fluxes among individual 
experiments that used the same anticipated inoculum 
size was due to variations in the infectious doses as 
determined by CFU and in vitro BLI [27].

Statistical analysis

All statistical analyses were performed using GraphPad 
Prism version 8.0.2 (GraphPad Software, USA). The 
log-rank (Mantel-Cox) test was used for survival ana
lysis. Longitudinal health scores and log10-transformed 
in vivo BLI data were analysed by repeated measures or 
mixed effects two-way ANOVA with Tukey’s 

Table 1. Health index scoring system for G. mellonella larvae.
Category Description Score

Movement No movement 0
Minimal movement on stimulation 1
Move when stimulated 2
Move without stimulation 3

Melanization Completely black 0
Black spots on brown larva 1
≥3 spots on beige larva 2
≤3 spots on beige larva 3
No melanization 4

Survival Dead 0
Alive 1

Total score /9

Adapted from Loh et al. (25); copied from Vanhoffelen et al. (27). Total 
scores were converted to percentages. 
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correction for multiple comparisons to detect signifi
cant differences within an experiment and between 
groups at defined time points. Pairwise repeated mea
sures or mixed-effects two-way ANOVA tests were 
performed to compare the slopes (interaction time 
and group) over time. Dead larvae were excluded 
from the BLI and health score statistical analysis but 
were retained in the graph with their last values before 
death to avoid visual survival bias. The correlation 
coefficient r was computed using Pearson correlation 
analysis after confirming normality using the Shapiro- 
Wilk test. Statistical significance was set at p < 0.05 [27].

Results

Longitudinal BLI sensitively discriminates 
cryptococcal load in vivo in G. mellonella

For antifungal screening in G. mellonella, it is essential 
to differentiate between different cryptococcal burdens 
with high sensitivity over the course of infection. 
Therefore, the sensitivity of fungal load differentiation 
was compared between in vivo BLI and the currently 
available longitudinal readouts for infection assessment, 
namely, health score and survival. To this end, larvae 
were infected with 103, 104, 105 or 106 firefly luciferase- 
expressing CN cells and were assessed by all three read
outs at 3 days post-infection (p.i.). Survival and health 
scores were unable to detect any significant differences 

between the log10-fold differences in fungal load over 
3 days or at individual time points (Figure 1a,b). In vivo 
BLI allowed a significant distinction between all cryp
tococcal doses since the first measured time point (day 
1 p.i.), showing a clear inoculum-dependent increase in 
photon fluxes over time (Figure 1c). Even before quan
tification, the difference between the groups was 
visually discernible on the raw images (Figure 2). In 
conclusion, in vivo BLI is the only available non- 
invasive longitudinal readout that sensitively differenti
ates log10-differences in CN load in real time as early 
as day 1 p.i. Thus, BLI clearly outperforms survival 
analysis and health scoring.

BLI is a real-time quantitative measure for 
cryptococcal burden in vitro, in vivo and ex vivo

To confirm the quantitative nature of BLI in different 
experimental samples, we performed in vitro BLI of 
cryptococcal inocula, in vivo BLI of infected 
G. mellonella larvae, and ex vivo BLI of larval homo
genates, and correlated these BLI signals with their 
corresponding colony-forming unit (CFU) counts, 
which are currently considered the gold standard for 
fungal load quantification. In vitro BLI of the different 
cryptococcal inocula over a range of 103-106 CN per 
10 µL correlated excellently with CFU and confirmed 
the linearity of the inocula before infection (Figure 3a). 
Cross-sectional comparison of in vivo BLI and CFU 

Figure 1. In vivo BLI sensitively discriminates longitudinal CN load in G. mellonella where survival and health score do not.
(a) Survival, (b) health score and (c) in vivo BLI signal of larvae infected with 103, 104, 105 or 106 KN99α-CnFLuc cells over 3 days 
post infection (p.i.). CN = Cryptococcus neoformans. BL (baseline) represents background signal (dotted line in c). Data are mean 
(±SD) (n = 10). Statistics in the legends refer to pairwise longitudinal differences over 3 days (“*”), and statistics on the graph refer 
to differences at individual days; “#” between 103 and 104, “*” between 104 and 105 and “+” between 105 and 106. */#/+P < 0.05; 
**/##/++P < 0.01; ***/###/+++P < 0.001; ****/####/++++P < 0.0001; ns = non-significant.
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on day 1 p.i. showed a very good correlation between 
both readouts, confirming the quantitative nature of 
in vivo BLI in G. mellonella larvae (Figure 3b). Finally, 
the ex vivo BLI signal of larval homogenates on day 

1 p.i. also correlated very well with the corresponding 
CFU counts (Figure 3c). Overall, the good correlation 
of in vitro, in vivo, and ex vivo BLI with CFU counts 
validates BLI as a quantitative readout of the 

Figure 2. Visual representation of in vivo BLI of G. mellonella groups infected with different CN loads.
Representative photon fluxes images of larvae infected with 103, 104, 105 or 106 CN cells and a vehicle (PBS)-injected control group on day 2 
p.i. Luminescence is plotted as radiance (in p/s/cm2/sr) on a logarithmic scale.

Figure 3. In vitro, in vivo, and ex vivo BLI signals correlate with their respective CFU counts.
Correlation between CFU counts of larval homogenates and (a) in vitro BLI of the cryptococcal inocula used in Figure 1, (b) in vivo BLI of 
cryptococcal burden in live G. mellonella at day 1 p.i., and (c) ex vivo BLI of larval homogenates at day 1 p.i. r = Pearson correlation 
coefficient. n = 2 per inoculum group in b and c. **P < 0.01; ***P < 0.001 ****P < 0.0001.
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cryptococcal burden in different experimental samples. 
More specifically, this shows that in vivo BLI qualifies 
as a real-time alternative for labour-intensive and end
point CFU counts, with the advantage of longitudinal 
in vivo assessment in G. mellonella larvae.

BLI allows improved detection of in vivo antifungal 
efficacy compared to survival and health readouts

To validate in vivo BLI for antifungal screening and 
compare its antifungal screening performance with 
health score and survival readouts, larvae were infected 
with 105 CN cells and treated daily with different doses 
of amphotericin B (AMB) or fluconazole (FLU) for 
5 days p.i. FLU and AMB were well tolerated in sham- 

infected larvae with no deterioration in survival or 
health score compared to vehicle-injected larvae 
(Figure 4a,b,d,e). Survival and health scores failed to 
distinguish AMB-treated groups from vehicle-treated 
controls, nor could they differentiate between different 
doses of AMB (Figure 4a,b). With BLI, on the other 
hand, the in vivo photon fluxes of the infected vehicle- 
treated group were significantly higher than all treated 
groups from day 3 p.i. onwards, indicating treatment 
effect (Figure 4c). Moreover, significant dose- 
dependent differences in photon fluxes were visible 
between all treated groups, again from day 3 onwards 
(Figure 4c). The longitudinal treatment effect of FLU 
compared to that of vehicle could be detected by survi
val, health score, and in vivo BLI. However, only in vivo 

Figure 4. In vivo BLI outperforms survival and health score as a method for antifungal screening in G. mellonella.
Survival, health score, and in vivo BLI of larvae infected with 105 CN cells and treated daily with different doses of AMB (a-c respectively) or 
FLU (d-f respectively) over 5 days post infection (p.i.). BL (baseline) represents background signal (dotted line, c and f). AMB = amphotericin 
B. FLU = fluconazole. Data are mean (±SD) (n = 12). Statistics in the legends refer to pairwise longitudinal differences 
over 5 days (“*”), and statistics on the graph refer to differences at individual days; “+” between vehicle-treated and AMB 1 mg/kg or 
FLU 6 mg/kg, “*” between AMB 5 and 10 mg/kg or between FLU 6 and 12 mg/kg, and “#” between AMB 1 and 5 mg/kg. */#/+P < 0.05; 
**/##/++P < 0.01; ***/###/+++P < 0.001; ****/####/++++P < 0.0001; ns = non-significant.
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BLI showed significant treatment effects as early as 
1 day p.i., while the corresponding health scores 
showed no significance until the endpoint on day 
5 p.i. No dose-dependent treatment differences of 
FLU were seen in any of the readouts (Figure 4d–f). 
Altogether, in vivo BLI outperforms current longitudi
nal readouts both in detecting dose-dependent treat
ment effects over time and in sensitive early detection.

Discussion

In this study, we developed the first Galleria mellonella 
model of cryptococcosis with real-time quantitative fol
low-up of the cryptococcal burden within the same larvae 
over time using in vivo BLI. By benchmarking this tool 
for first-line clinical antifungals, we unlock the full poten
tial of G. mellonella as an intermediate host and ethical- 
burden-free alternative to mouse infection models for 
in vivo antifungal efficacy screening against cryptococco
sis. In comparison with the currently used longitudinal 
readouts of infection in G. mellonella, namely survival and 
health scoring, in vivo BLI was the only readout capable of 
detecting (log10) differences in cryptococcal burden over 
a period of 3 days post-infection (p.i.), with significant 
differences appearing as soon as 1 day p.i. Therefore, 
BLI convincingly outperformed the sensitivity of survival 
and health scores as measures of fungal burden and 
infection development. Furthermore, good correlations 
were observed between golden-standard CFU counts 
and in vitro, in vivo and ex vivo BLI measurements, 
confirming the quantitative reliability of BLI in this 
model. Additionally, we validated in vivo BLI as 
a sensitive readout for preclinical antifungal testing, 
demonstrating its capacity to detect dose-dependent treat
ment responses to AMB and FLU more sensitively and 
earlier than survival and health scoring.

Although survival and health scoring are by far the 
most popular readouts to report antifungal efficacy, they 
showed insufficient sensitivity in our model despite 
using a broad range of fungal inocula and antifungal 
doses. Even higher fungal inocula or longer follow-up 
times might be necessary to reveal health differences 
between the tested conditions, especially for survival 
readouts that are inherently insensitive to sublethal 
changes in the fungal load. Moreover, since health read
outs are not directly measuring fungal burden but only 
the subsequent health effect of fungal burden, treatment 
effects will be detected with a delay in time compared to 
changes in fungal burden. Health effects are also more 
prone to inter-larva variation, leading to higher standard 
deviations and thus lower statistical power to detect 
treatment effects. In addition, health scores vary greatly 
depending on the initial quality and health of the larvae 

before infection, because they are a proxy of non-specific 
health-compromising effects. As conditions may vary 
among laboratories, accurately comparing health-based 
outcomes in the literature is nearly impossible. This is 
further complicated by the lack of standardized rearing 
protocols or research-grade suppliers of G. mellonella at 
this moment. In sharp contrast to these health-based 
readouts, in vivo BLI performed excellently at distin
guishing the different (anti)fungal conditions within 
the first days p.i., even at non-lethal or non-health- 
affecting fungal loads, thereby showing a broader appli
cation potential for optimizing novel or current antifun
gal treatments. Also, BLI is regarded as a measure of 
viable fungal load, as the light-producing interaction 
between luciferase and luciferin requires ATP and oxy
gen to be present. As ATP and oxygen deplete fast upon 
death of the fungal cell, no bioluminescent signal will be 
generated from dead or metabolically inactive fungi. 
Moreover, BLI has the advantage of being a real-time 
quantitative measure of cryptococcal burden with 
demonstrated capabilities to replace labour-intensive 
CFU analysis at in vitro, ex vivo and especially in vivo 
levels, thereby allowing real-time dynamic investigations 
of fungal load in all larvae without the need for cross- 
sectional sacrifices. A limitation of BLI is its lower detec
tion limit around 104–5 photons per second, whereas 
CFU can intrinsically detect even smaller amounts of 
fungi present. Also, in vivo BLI is only a quantitatively 
correct proxy for fungal burden in live larvae, possibly 
due to the limited oxygen supply to the fungi inside 
a dead larva, thereby preventing luciferase to catalyse 
luciferin oxidation (and thereby produce photons).

We have confirmed the advantages of in vivo BLI 
to sensitively monitor the fungal burden in 
G. mellonella in other fungal pathogens, such as the 
filamentous fungus Aspergillus fumigatus [27]. In this 
infection model, we similarly reported a higher sen
sitivity of in vivo BLI for detecting differences in 
fungal load and antifungal treatment compared to 
survival and health scores, as well as good correla
tions between in vivo BLI and CFU counts within 
defined dynamic ranges [27]. This underscores the 
versatility of the model in addressing fungal infec
tions and shows its potential as a valuable tool for 
studying and optimizing treatments across various 
fungal pathogens.

We consider BLI-supported fungal burden evalua
tion in Galleria mellonella to have the potential to 
become a widely adopted tool for standardized and 
ethical-burden-free antifungal efficacy screening 
under in vivo conditions. While the availability of 
a bioluminescent fungal strain is a prerequisite that 
can pose a limitation to certain specific applications, 
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such as antifungal testing against specific strains or 
clinical isolates, an increasing number of biolumines
cent fungi are becoming available, and growing exper
tise in fungal transformation with reporter genes 
facilitates the development of novel bioluminescent 
strains [28–34]. Moreover, our methodology is not 
necessarily restricted to specialized imaging labora
tories, as it was previously shown that a standard 
luminescence plate reader can also be used to detect 
in vivo photon fluxes in G. mellonella [35]. 
Alternatively, the imaging protocol for G. mellonella 
can be adapted to use fluorescent fungal strains, or in 
the case of bacteria, strains with a lux operon that 
encodes both the enzyme and the substrate for the 
light producing reaction. The advantage of those 
methods is that no luciferin injections are needed. 
However, we anticipate fluorescence imaging (FLI) 
to have a lower signal-to-noise ratio, which could 
decrease the sensitivity in distinguishing cryptococcal 
burdens compared to BLI [36]. Moreover, BLI has 
better tissue penetration than FLI, which we consider 
especially relevant for translation of experiments in 
G. mellonella towards BLI-compatible mouse models 
of infection [28]. Indeed, longitudinal in vivo BLI has 
previously been implemented in a mouse model of 
cryptococcosis, allowing non-invasive tracking of fun
gal dissemination from the lung to the brain over 
time [28]. While preclinical antifungal testing in 
such imaging-compatible rodent models is still an 
indispensable step, intermediate testing in 
G. mellonella larvae can help narrow down and iden
tify the number of relevant testing conditions in 
rodents, and therefore crucially reduce the ethical 
and financial impact. By introducing BLI of crypto
coccosis in G. mellonella and using the same thor
oughly characterized bioluminescent C. neoformans 
strain used in our BLI-based cryptococcosis mouse 
model [28], we did not only increase the accuracy of 
antifungal testing in G. mellonella but also facilitated 
translation between G. mellonella and mouse models 
of Cryptococcus infection.

Furthermore, we benchmarked the translational 
potential of our model by achieving successful antifun
gal therapeutic effects upon administration of clinically 
relevant doses of amphotericin B (Fungizone®; 0.5–1  
mg/kg per day), and fluconazole (Diflucan®; 6–12 mg/ 
kg per day), based on the recommended paediatric 
intravenous doses [37]. Our results show the capacity 
of in vivo BLI to not only detect treatment effects but 
also define a range of clinically pertinent doses in 
G. mellonella, thereby proving its value as an intermedi
ate preclinical screening tool that contributes to the 3  
R’s in animal research.

In conclusion, we successfully implemented BLI as 
a superior quantitative readout of cryptococcal burden 
in G. mellonella over time. We believe that the incor
poration of in vivo BLI as a longitudinal readout of 
fungal burden in G. mellonella models of cryptococco
sis will improve the sensitivity of antifungal efficacy 
detection compared to survival, health score, or CFU 
analysis, thereby contributing to a more successful and 
ethical translation of in vitro antifungal hits to animal 
research in rodents towards ultimately improving 
patient care.
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