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Introduction

Candidiasis is a fungal infection that can be invasive and lead to
serious illness if not properly treated. It is commonly caused by
Candida albicans (C. albicans), which is a top-ranking pathogen
that falls within the critical priority group according to WHO in
2022 '), To facilitate the development of treatment methods, it
is crucial to acquire reference C. albicans material with reliable
quantification information for analytical studies such as limit-of-
detection and nucleic acid-based detection.

Many yeast cell quantification methods were established
decades ago and it is essential to select a fit-for-purpose
method to generate reliable cell counting results to address
specific biological questions. Traditional methods such as
optical density can provide total cell estimation using standard
curves, but they cannot differentiate live and dead cells for
proper viability measurement or may generate false-positive
signals from air bubbles. Manual counting with a hemacytometer
under a standard microscope can determine live and dead cells
with appropriate staining, but also can be time-consuming for
multiple samples. Finally, colony forming unit (CFU) can measure
viable clonogenic cell numbers, however, may require days for
colony outgrowth and tedious manual counting procedures ¥,

In addition, CFU is unable to measure dead or dying cells that
may still retain genomic material necessary for analytical studies
using PCR-based technologies.
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Previously, several studies have demonstrated that CFU
typically provides fewer viable cell counts compared to

the actual stock due to plating efficiency and variability .
Nevertheless, this type of method generally requires larger
sample sizes and is labor-intensive and time-consuming .
In the recent decade, the Cellometer™ X2 automated

cell counter in combination with fluorescent stains has
demonstrated to be a reliable image-based cell counting
and viability method that can reduce hands-on time, making
it more suitable for routine use ©.

Alternatively, nucleic acid detection-based methods

have provided higher sensitivity and lower variability

in quantitative measurement. For example, quantitative
PCR (gPCR) can generate absolute quantification but it
requires external reference standards. In contrast, newer
technology such as droplet digital PCR (ddPCR), provides
absolute quantification and no dependency on external
reference. It is important to note that both methods require
effective lysis to achieve accurate results when the whole
intact organism is used 7, specifically for organisms like
C. albicans which has relatively thick cell wall/biofilm
structures making it difficult to be fully lysed.

Currently, there is no available reference count for

C. albicans that can be used to understand the reliability
and correlation between the Cellometer X2 direct cell
counting method and nucleic acid-based gqPCR or ddPCR
methods. Here, we present a quantification correlation
study between the Cellometer X2 automated cell counter
(Revvity, Cat. # CMT-X2-S150) and the two nucleic acid
detection methods (qPCR and ddPCR) using C. albicans and
an in-house developed short lysis procedure.

Materials and Methods

C. albicans fresh culture preparation

C. albicans frozen stock was received from BEI

(Cat. #NR-29445) and seeded on Candida BCG agar plate
(Edge Biologicals) for two days at 30°C. After the formation
of visible colonies, they were collected and resuspended
in 1X PBS buffer. The resuspended fresh culture stock
concentration was defined as 100X and stored at 4°C for
up to 14 days before testing.
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Cell staining and quantification using Cellometer X2

cell counter

The resuspended fresh culture stock (100X) was diluted with
the yeast dilution buffer (Revvity, Cat. #CSK-0102-2mL) at

a 1:1 or 1:4 ratio. 20 yL of each diluted sample was mixed
with 20 pL of the yeast acridine orange/propidium iodide
(AO/PI) dye (Revvity, Cat. # CSK-0102-2mL), incubated for 1
min, and subsequently loaded into the disposable counting
chambers (Revvity, Cat. # CHT4-SD100-002). The cell
counting slide was then inserted into the Cellometer X2 and
the cells were allowed to settle prior to image acquisition
and analysis. The samples were measured in triplicate per
testing condition. The Cellometer X2 utilized one bright-
field and dual-fluorescent imaging modes to automatically
generate stock concentration, viability, and fluorescent
intensity of target cells ©.,

gPCR quantification

A 10-fold serial dilution was performed by using the
resuspended fresh culture stock (100X) and sequentially
diluted into an in-house developed lysis buffer (Revvity, Cat.
# CMV-ELU-384) to generate concentrations at 10, 1, 0.1,
0.01, and 0.001X. Six replicates per concentration were
prepared individually. 50 pL of each concentration was
heat-treated at 95°C for 20 min. 10 pL of the heat-treated
sample was then loaded to setup a final 15 pyL TagMan-
based PCR reaction, with reagent A and reagent C from the
Candida auris Real-Time PCR Kit (Revvity, Cat. #DXMDX-
RGT-1001). Primers and probe specific to a C. albicans
target gene, which presented as a single copy in the whole
genome [, were used for detection. A ddPCR quantified
synthetic C. albicans plasmid with 5-fold serial dilution was
used as the quantification standard. gPCR was performed on
a QuantStudio™ Dx Real-Time PCR Instrument with 96-well
fast block (Thermo Fisher). Standard curve calculation

and analysis were calculated by the Quantstudio™ Test
Development Software (version 1.0.3). Real-time PCR cycles
were run as 37°C/2min, 94°C/10min, 40 cycles (94°C/10s,
62°C/15s, 65°C/45s).

ddPCR gquantification

The resuspended fresh culture stock (100X) was diluted

in an in-house developed lysis buffer (Revvity, Cat.

# CMV-ELU-384) to generate a final concentration of 1X.
Triplicates of 50 puL samples were heat-treated at 95°C for
20 min. After heat lysis, each sample was further diluted in
1X TE buffer to final concentrations of 0.1 and 0.01X. 5 uL
of each testing concentration was mixed with the ddPCR
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Supermix for Probes (Bio-Rad, Cat. #1863024), primers

and probe specific to C. albicans €, and 5U of Kpnl-HF
restriction enzyme (New England Biolabs, Cat. #R31425).
The reaction mix was incubated at 37°C for 30 min.

The manufacturer recommended ddPCR experimental
workflow was followed. 20 pL of reaction mix and 70 pL of
Droplet Generation Oil for Probes (Bio-Rad, Cat. #1863005)
were loaded onto DG8 Cartridges. Droplets were generated
by the QX200 Droplet Generator (Bio-Rad) and all droplet
contents were then transferred to a 96-well PCR plate.
After PCR amplification on a C1000 Touch Thermal Cycler
(Bio-Rad), the samples were analyzed on the QX200 Droplet
Reader (Bio-Rad, version 1.7.4).

Performance Data

Automated cell counting of fresh culture stock

The Cellometer X2 system acquired brightfield and
two-fluorescent channels sequentially to provide total,

live, and dead cell counts (less than 30 sec per sample)
(Figure 1A, 1B). The system software auto-calculated

the original stock concentration, viability, and cell mean

size based on the dilution factor parameter (Figure 1C).

The average concentration of the tested stock concentration
in this study was 6.32E8 cells/mL.

-
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Cell Count Concentration (cells/mL) Mean Size (pm)
Total 7346 | 6.38E8 3.7

Live 5386 | 4.67E8 3.7

Dead 1960 | 1.70E8 3.7

Viability | 73.3%

- /

Figure 1: C. albicans fresh culture stock concentration confirmation
in cell numbers by Cellometer X2 cell counter. (A) Example of
Brightfield image of C. albicans. (B) Example of fluorescent staining
image of C. albicans. Live yeast is shown in green and dead in

red. Scale bar not included in the image. (C) Summary of the
culture stock concentration in cells/mL and viability automatically
generated by the Cellometer software from the example.
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gPCR quantification of fresh culture stock with

standard curve

The fresh culture of C. albicans treated with an in-house
lysis procedure followed by qPCR (total < 2 hours) provides
efficient lysis and the average concentration of the original
stock is 7.48E8 genome copies per milliliter (gcp/mL), which
is approximately 1.2-fold higher than the result provided by
cell counting method (Figure 2). Quantified synthetic plasmid
was used to generate a standard curve for quantification
analysis.
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Figure 2: C. albicans fresh culture stock concentration
establishment by gPCR. (A) Amplification curve (top) of the C.
albicans fresh culture with 10-fold serial dilution to 10X, 1X, 0.1X,
0.01X, and 0.001X concentration. The original stock is defined as
100X. Standard curve (bottom) of the fresh culture demonstrating
the efficiency of the reaction (n=6). (B) Amplification curve (top)

of the ddPCR quantified synthetic C. albicans plasmid at 5E3,
1ES, 200, and 40 copies per rxn (cp/rxn) with standard curve
shown below (n=6), suggesting high efficiency of the C. albicans
primers/probe in the reaction. (C) Average of the original stock
concentration by gPCR.

ddPCR gquantification of fresh culture stock

The fresh culture of C. albicans treated with the in-house
lysis procedure followed by ddPCR (total ~4.5 hours) provides
similar efficient lysis and the average concentration of the
original stock is 3.60E8 gcp/mL, which is approximately
1.7-fold lower than the result provided by cell counting
method, and 2-fold lower than the gPCR method (Figure 3).
No external reference material is required for ddPCR.
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Figure 3: C. albicans fresh culture stock concentration establishment
by ddPCR. (A) ddPCR amplitude plot of the fresh culture sample

at 0.1X or 0.01X concentration (n=3). The original stock is defined

as 100X. NTC: no template control. (B) concentration plot of fresh
culture at individual tested concentration. Average is shown in the
graph. gcp/uL: genome copies per microliter. Grey error bar: total
error. Black error bar: Poisson error. (C) Average of the original stock
concentration by ddPCR.
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