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Differential skin immune responses in mice intradermally 
infected with Candida auris and Candida albicans
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ABSTRACT Candida auris, an emerging multi-drug-resistant fungal pathogen, uniquely 
colonizes the human skin long term, leading to subsequent development of life-threat
ening invasive infections in humans. The factors regulating skin colonization of C. auris 
are not well understood. In this study, we established an intradermal mouse model of 
C. auris infection to define the innate and adaptive immune response to this emerging 
pathogen and compare it to Candida albicans. Our results indicate that compared to 
C. albicans-infected mice, C. auris-infected mouse skin tissue had significantly higher 
fungal load after 3 and 14 days post-infection. C. auris infection was associated with 
a significantly decreased accumulation of CD11b+ Ly6G+ neutrophils and increased 
numbers of CD11b+ Ly6 Chi inflammatory monocytes and CD11b+ CD207+ Langerhans 
cells at the site of infection. Furthermore, a significant decrease in the absolute numbers 
of type 3 innate lymphoid cells and Th17 cells was observed in C. auris-infected skin 
tissue. Taken together, our findings indicate that the skin immune responses are different 
between C. auris- and C. albicans-infected mice. The increased fungal load observed in 
C. auris-infected mouse skin tissue is associated with less potent innate and adaptive 
immune responses induced by this emerging pathogen relative to C. albicans.

IMPORTANCE Candida auris is a globally emerging fungal pathogen that transmits 
among individuals in hospitals and nursing home residents. Unlike other Candida 
species, C. auris predominantly colonizes and persists in skin tissue, resulting in 
outbreaks of nosocomial infections. Understanding the factors that regulate C. auris skin 
colonization is critical to develop novel preventive and therapeutic approaches against 
this emerging pathogen. We established a model of intradermal C. auris inoculation in 
mice and found that mice infected with C. auris elicit less potent innate and adaptive 
immune responses in the infected skin compared to C. albicans. These findings help 
explain the clinical observation of persistent C. auris colonization in skin tissue.
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C andida auris was recently categorized as an urgent threat by the U.S. Centers for 
Disease Control and Prevention (CDC) and classified in the critical priority fungal 

pathogen group by the World Health Organization (1–3). Unlike other Candida species 
which colonize in the intestine, C. auris colonizes the human skin, which leads to 
nosocomial transmission and outbreaks of invasive fungal infections (4–6). Furthermore, 
C. auris not only colonizes the outer layer of the skin but also enters the dermis and 
deeper tissues, including hair follicles, a phenomenon that was not observed previously 
with other Candida species (4, 7). Recent findings indicate that C. auris was detected in 
the skin tissues of mice even after 4 months of initial epicutaneous inoculation, indicative 
of the persistent colonization in the deep skin tissue, which may evade routine clinical 
surveillance (4). However, the immune factors that contribute to the unique propensity 
of C. auris for colonization and long-term persistence in the skin tissue remain unclear.
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To address this question, we developed an intradermal mouse model of C. auris 
infection and compared the skin immune response of mice infected with C. auris or 
Candida albicans. Our results indicate that mice intradermally infected with C. auris had 
significantly higher fungal load in the skin. Furthermore, C. auris elicited significantly 
less potent immune responses compared to C. albicans. Our findings provide the first 
comparison of the immune cells that accumulate in the skin of C. auris-infected versus 
C. albicans-infected mice in vivo. Furthermore, they indicate that increased persistence of 
C. auris in the mouse skin tissue is associated with a less potent host immune response 
elicited by this emerging fungal pathogen.

MATERIALS AND METHODS

Strains and reagents

The strains used in the study were Candida albicans SC5314 (obtained from Dr. Andrew 
Koh, University of Texas Southwestern Medical Center, USA) and Candida auris isolates 
(South Asian AR0387, East Asian AR0381, African AR0383, and South American AR0385, 
obtained from CDC AR Isolate Bank, USA). The reagents and chemicals used in this 
study, purchased from the following vendors, were yeast peptone dextrose (YPD, 242810; 
BD Difco, Franklin Lakes, NJ, USA); deoxyribonuclease I (bovine pancreas, DN25-100mg; 
Sigma-Aldrich, St. Louis, MO, USA); CHROMagar (CA222; CHROMagar, Paris, France); agar 
(BP1423-500; Fisher Bioreagents, Pittsburgh, PA, USA); phosphate buffer solution (PBS) 
(10×) (BP3994, Fisher Bioreagents); ampicillin (14417; Cayman Chemicals, Ann Arbor, 
MI, USA); kanamycin-sulfate (BP9069-5, Fisher Bioreagents); liberase TL (05401020001; 
Roche, Basel, Switzerland); streptomycin (100556; MP Biomedicals, Santa Ana, CA, USA); 
U-bottom 96-well plate (229190; Cell Treat, Pepperell, MA, USA); 10-mL syringes (302995, 
BD Difco); 40-µm cell strainer (22–363-547, Fisher Scientific); 0.15-M NaCl (BP-358–212; 
Fisher Bioreagents); trypsin-1-mM EDTA (25200–056; Gibco, Thermo Fisher Scientific, 
Waltham, MA, USA); RPMI-1640 (SH30027.02; Cytiva, Marlborough, MA, USA); and fetal 
bovine serum (FBS-500-HI; CPS Serum, Parkville, MO, USA). For intradermal infection, the 
following items were used: 27-G hypodermic needle (NEZ27114; Air-Tite, VA, USA); 1-mL 
syringes (14–826-87, BD Syringes; Fisher Scientific); isoflurane (Dechra, Fort Worth, TX, 
USA); veterinary trimmer (Wahl; Kent Scientific, Torrington, CT, USA); chemical depila
tory cream (Nair, Ewing, NJ, USA); and cotton-tipped applicators (19–062-715; Puritan 
Medical Products, Guilford, ME). For immune cell staining, anti-mouse antibodies were 
purchased from BioLegend (San Diego, CA, USA): CD207 (PerCP/Cyanine5.5, 4C7); CD11c 
(APC, N418); Ly6C (Pacific Blue, HK1.4); CD11b (PE, M1/70); Ly-6G (PE/Cyanine7, 1A8); 
CD45 (FITC, 30-F11); CD64 (PE/Dazzle 594, F54-5/7.1); TCR γ/δ (Brilliant Violet 421, GL3); 
CD4 (PerCP/Cyanine5.5, GK1.5); TCR β (PE/Cyanine7, H57-597); IL-17F (Alexa Fluor 488, 
9D3.1C8); IL-17A (PE/Dazzle 594, TC11-18H10.1); IFN-γ (Alexa Fluor 700, XMG1.2); CD45 
(Brilliant Violet 421, 30-F11); CD90.2 (Thy-1.2) (PE/Dazzle 594, 53–2.1); and IL-17A (PE/
Cyanine7, TC11-18H10.1). The following lineage marker anti-mouse antibodies were 
purchased from BioLegend: TCR γ/δ (APC, GL3); CD3ε (APC, 145–2C11); CD19 (APC, 
6D5); CD11c (APC, N418); CD11b (APC, M1/70); NK1.1 (APC, PK136); IL-22 (APC, IL-22JOP); 
and IL-22 (PerCP-eFluor 710, IL-22JOP). LIVE/DEAD Fixable Yellow Dead (L34959) were 
purchased from Invitrogen, Waltham, MA, USA. Anti-mouse CD8b (PE, H35-17.2) was 
purchased from BD Biosciences, La Jolla, CA, USA. Anti-mouse MHC II (Alexa Fluor 
700, M5/114.15.2), IL-22 (APC, IL-22JOP), and IL-22 (PerCP-eFluor 710, IL-22JOP) were 
purchased from Thermo Fisher. The cell staining buffer (420201), cell activation cocktail 
without brefeldin A (500×) (423302), monensin (1,000×) (420701), intracellular staining 
permeable wash buffer (10×) (421002), and fixation buffer (420801) were purchased from 
BioLegend.

Intradermal infection in mice

All animal studies were approved by the Institutional Animal Care and Use Committee at 
Purdue University. Six- to eight-week-old C57BL/6 J mice of both male and female sexes 
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were used in the study. On the day of infection, mice were anesthetized using isoflurane; 
hair was removed using a trimmer; and chemical depilatory cream was applied for 
destroying hair follicles on the trimmed area. The shaved area was wiped clean with 
sterile water. Mice were then injected intradermally with 27-G hypodermic needle of 
inoculum size, 0.1 mL of 1×–2× 107 colony-forming units (CFU) per mice with live C. 
albicans SC5314, C. auris AR0381, C. auris AR0383, C. auris AR0385, C. auris AR0387 or 
sterile 1× PBS.

Determining fungal burden in skin tissue

After 3 and 14 days post-infection, mice from all groups were euthanized and skin tissues 
were collected. Skin tissues were weighed and homogenized using 1× PBS. Fifty-microli
ter tissue homogenate was either serially diluted or directly plated on YPD-agar plates 
containing antibiotics, 50-µg/mL kanamycin, 100-µg/mL streptomycin, and 100-µg/mL 
ampicillin. Plates were incubated at 37°C for 24 hours to determine the fungal burden 
in skin (CFU per gram of tissue). The skin homogenates were also plated on CHROMagar 
plates to confirm C. auris and C. albicans colonies.

Isolation and staining of immune cells from mouse skin tissue

Immune cells from whole skin tissue were isolated and stained as described elsewhere (8, 
9). Briefly, the whole skin excised from mice dorsal section was collected in cold sterile 
1 mL of digestion media (RPMI-1640 with 0.25-mg/mL Liberase TL and 1-µg/mL DNase). 
Each skin sample was placed in a 12-well tissue culture plate with 1 mL of digestion 
media. Tissue was minced using an ophthalmic scissors, and then 1.5 mL of digestion 
media was added in each well and the samples were incubated in a CO2 incubator for 
2 hours at 37°C. Ten minutes before the reaction ends, 0.5 mL of 0.25% trypsin-1-mM 
EDTA was added in each well. The reaction was deactivated by adding 2 mL of 5% 
chilled Fluorescence-activated cell sorting (FACS) buffer (5% FBS in 1× PBS) in each well. 
The resulting digest was mechanically dissociated with a 10-mL syringe by pumping 
moderately 10 times for each sample. Single-cell suspension was collected in 50-mL 
centrifuge tubes after straining through a 40-µm cell strainer. Tubes were centrifuged 
at 400 × g for 10 min. The cell pellet was resuspended in 8 mL of 5% chilled FACS 
buffer and centrifuged again at 400 × g for 10 min. The cell suspensions were transferred 
to a 15-mL centrifuge tube for all the centrifugation steps. The final cell pellet was 
resuspended in 500 µL of 5% chilled FACS buffer. Cells were transferred in a U-bottom 
96-well plate for the staining procedure. For surface antibody staining, cells were washed 
with cell staining buffer and live cells were determined by staining the cells with LIVE/
DEAD Fixable Yellow Dead stain. Next, the Fc receptors were blocked with anti-mouse 
CD16/32 antibody. The surface markers were stained with indicated surface antibodies 
in a ratio of 1:200, except MHC II (1:2,000). Cells were fixed after the staining procedure 
with fixation buffer. After fixation, cells were stained with CD207 antibody (1:200) in 1× 
intracellular staining permeable wash buffer for 1 hour in ice. For adaptive T cells and 
innate lymphoid cell staining, mononuclear cells were stimulated with cell activation 
cocktail without brefeldin (1:500) and monensin (1:1,000) for 4.5 hours at 37°C at 5% CO2. 
Cells were stained with respective surface antibodies and were fixed in fixation buffer 
overnight. For innate lymphoid cells (ILCs), the following lineage antibodies were used: 
TCR γ/δ (APC, GL3), CD3ε (APC, 145–2C11), CD19 (APC, 6D5), CD11c (APC, N418), CD11b 
(APC, M1/70), and NK1.1 (APC, PK136). On the next day, cells were washed and incubated 
with 1× intracellular staining permeabilization wash buffer with indicated intracellular 
antibodies (1:50). Cells were washed and suspended in cell staining buffer, and the 
flow cytometer data were acquired through a Attune NxT Flow Cytometer (Invitrogen, 
Carlsbad, CA, USA) and analyzed using FlowJo software (Eugene, OR, USA).
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Statistics analysis

All the data were presented as mean ± standard error of the mean. The data were 
statistically analyzed using Mann-Whitney U test (or) Kruskal-Wallis test followed by 
Dunn’s multiple comparisons test using GraphPad Software. P values of ≤ 0.05 were 
considered significant.

RESULTS

Mice intradermally infected with C. auris had significantly higher fungal load 
compared to C. albicans-infected groups

Groups of mice were infected with C. auris South Asian AR0387 strain or C. albicans at a 
dose of 1–2 × 106 CFU per mouse. Skin tissues were collected on day 3 and 14 post-infec
tion to determine the tissue fungal load (Fig. 1A). C. auris-infected mice had significantly 
higher fungal load compared to C. albicans groups (Fig. 1B). At day 3 post-infection, 
the average fungal load in skin tissue of C. auris-infected mice was 7.51 ± 0.70 log10 
CFU/g of tissue, whereas that of C. albicans-infected mice was ~5.97 ± .57 log10 CFU/g 
of tissue (Fig. 1B). At day 14 post-infection, only three out of seven mice infected with C. 
albicans had detectable fungal colonies with an average fungal load about 2.74 ± 0.23 
log10 CFU/g of tissue calculated from all mice. On the other hand, six out of seven mice 
infected with C. auris had detectable fungal colonies with an average fungal load about 
5.47 ± 0.51 log10 CFU/g of tissue calculated from all mice (Fig. 1B). Next, we compared 
the fungal load among four clades of C. auris (East Asian AR0381, African AR0383, South 
American AR0385, and South Asian AR0387). No significant difference in the fungal load 
was observed between the four clades of C. auris after 3 and 14 days post-infection using 
the intradermal route of infection (Fig. 1C). Collectively, our findings indicate that mice 
intradermally infected with C. auris had significantly greater fungal load compared to C. 
albicans-infected groups. Furthermore, persistence of C. auris in mouse skin tissue was 
observed for 2 weeks in more than 80% of infected mice.

C. auris infection is associated with significantly decreased accumulation of 
CD11b+ Ly6G+ neutrophils and increased numbers of CD11b+ Ly6 Chi 

inflammatory monocytes at the site of infection relative to C. albicans 
infection

Phagocytic cells such as macrophages and neutrophils play a critical role in host defense 
against Candida (10–12). Furthermore, a recent study indicated that C. auris may elicit a 
less potent pro-inflammatory response in mononuclear phagocytes compared to C. 
albicans (13). Therefore, we examined the accumulation of various phagocytic cells in C. 
auris-infected mice and compared them with C. albicans-infected groups. Mice injected 
with PBS served as control. We examined CD11b+ Ly6G+ neutrophils, CD11b+ MHCII+ 
CD64+ macrophages, CD11b+ Ly6 Chi, and CD11b+ Ly6 Clow inflammatory monocytes as 
indicated in Fig. 2A. Compared to PBS controls, after 3 and 14 days post-infection, a 
significant increase in the absolute numbers of CD11b+ Ly6G+ neutrophils, CD11b+ 
MHCII+ CD64+ macrophages, CD11b+ Ly6 Chi and CD11b+ Ly6 Clow inflammatory 
monocytes was observed in C. auris-infected mice (Fig. S1). Next, we compared C. auris- 
and C. albicans-infected mice. At day 3 post-infection, C. auris infection was associated 
with a significantly decreased accumulation of CD11b+ Ly6G+ neutrophils (Fig. 2B). On 
the other hand, absolute numbers of CD11b+ Ly6 Chi inflammatory monocytes were 
significantly increased in C. auris groups compared to C. albicans infection (Fig. 2D). No 
significant changes were observed in the absolute numbers of CD11b+ MHCII+ CD64+ 
macrophages and CD11b+ Ly6 Clow inflammatory monocytes between C. auris- and C. 
albicans-infected groups (Fig. 2C and D). Taken together, compared with PBS groups, C. 
auris infection induces a significantly increased accumulation of neutrophils, monocytes, 
and macrophages in the skin tissue. Compared to C. albicans infection, C. auris-infected 
mice had decreased numbers of CD11b+ Ly6G+ neutrophils and increased numbers of 
CD11b+ Ly6 Chi inflammatory monocytes at the site of infection.
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C. auris infection is associated with increased accumulation of CD11b+ 
CD207+ Langerhans cells

Antigen-presenting cells (APCs) such dendritic cells (DCs) play a major role in modulating 
the immune response to fungal pathogens in the skin (9, 14–16). We examined three 
major APC subsets gated from CD45+ CD11c+ MHCII+ cells: CD11b+ CD207− cells 
(CD11b+ dendritic cells), CD11b− CD207+ cells (CD103+ dendritic cells), and CD11b+ 
CD207+ Langerhans cells (LCs) as indicated in Fig. 3A and as described previously (9). At 
day 3 post-infection, compared to PBS-injected groups, C. auris infection resulted in a 
significant increase in the absolute numbers of CD11b+ DCs, CD103+DCs, and LCs. At 
day 14 post-infection, C. auris infection was associated with increased numbers of LCs 
and CD103+ DCs (Fig. S2). Next, we compared C. auris- and C. albicans-infected mice. At 
day 3 post infection, C. auris infection was associated with significantly increased 
accumulation of LCs compared to C. albicans infection (Fig. 3D). No significant changes 
were observed in the absolute numbers of CD11b+ DCs and CD103+ DCs between C. 
auris- and C. albicans-infected groups (Fig. 3B through E). Collectively, comparing with 

FIG 1 (A) Schematic of experimental design shown here. Mice were shaved and injected with PBS (or) infected intradermally with fungal cells on day 0. Fungal 

load in the skin of mice and immune cell isolation and analysis were determined on day 3 and day 14 post-infection. (B) Fungal load in the skin tissue of mice 

intradermally infected with C. auris AR0387 (or) C. albicans SC5314 after 3 and 14 days post-infection is shown here. (C) Fungal load in the skin tissue of mice 

intradermally infected with C. auris AR0381, C. auris AR0383, C. auris AR0385, or C. auris AR0387 after 3 and 14 days post-infection is shown here. Fungal load 

was determined by plating the homogenized skin tissue onto YPD agar containing the following antibiotics: ampicillin, streptomycin, and kanamycin. C. auris 

or C. albicans colonies were further confirmed by plating the homogenates onto CHROMagar plates. For days 3 and 14, each symbol represents the fungal 

load from each mouse (n = 6–7 per group). Data are represented as mean ± standard error of the mean for each group. Statistical significance was calculated 

using Mann-Whitney U test or the Kruskal-Wallis test followed by Dunn’s multiple comparisons test. *P ≤ 0.05 and **P ≤ 0.01 were considered as significant. D.L., 

detectable limit of fungal colonies.

Research Article Microbiology Spectrum

November/December 2023  Volume 11  Issue 6 10.1128/spectrum.02215-23 5

https://doi.org/10.1128/spectrum.02215-23


PBS groups, we observed a significant increase in the cutaneous accumulation of all 
three subsets of APCs in C. auris-infected mice. Comparing C. auris and C. albicans 
infection, we found that C. auris-infected mice elicited an increased number of LCs in the 
skin tissue after 3 days post-infection.

C. auris infection is associated with decreased accumulation of IL-17-produc
ing ILCs

ILCs play a critical role in host defense against fungal pathogens (17). We measured the 
total numbers of ILCs, as well as IL-17A+, IL-17F+, and IL-22+ ILCs in skin tissue of PBS-
injected, C. auris-infected, and C. albicans-infected mouse groups. ILCs were gated from 
CD45+ lineage-negative CD90.2+ cells as indicated in Fig. 4A. Compared to PBS injected 
mice, C. auris-infected animals had significantly increased numbers of IL-17F+ ILCs (day 3) 
and total ILCs (day 14) (Fig. S3). When comparing ILCs between C. auris-infected and C. 
albicans-infected mice, we noted an increase in the numbers of total ILCs in C. auris-
infected skin compared to C. albicans-infected mice at day 3 post-infection (Fig. 4B). 
However, at day 14 post-infection, C. auris infection was associated with a significantly 
decreased accumulation of total ILCs, IL-17A+ ILCs, and IL-17F+ ILCs compared to C. 
albicans (Fig. 4B through E). Taken together, these data show that compared to C. 

FIG 2 Absolute number of phagocytic cells in the skin tissue of C. auris- and C. albicans-infected mice groups. Mice were infected intradermally with C. auris 0387 

or C. albicans SC5314 strains. Mice were euthanized after 3 and 14 days post-infection, and the phagocytic cells was examined by flow cytometry. (A) Flow gating 

strategy of phagocytic cells; CD11b+ Ly6G+ neutrophils, CD11b+ Ly6 Chi monocytes, CD11b+ Ly6 Clow monocytes, and CD11b+ CD64+ MHC-II+ macrophages are 

shown here. Representative flow plots and absolute number of (B) CD11b+ Ly6G+ neutrophils, (C) CD11b+ MHC-II+ CD64+ macrophages, and (D) CD11b+ Ly6C hi 

monocytes and CD11b+ Ly6C low monocytes in C. auris- or C. albicans-infected mice after 3 and 14 days post-infection are shown. Seven to ten mice were used for 

each group and data represented were mean ±  standard error of the mean for each group. Statistical significance was calculated using Mann-Whitney U test. **P 

≤ 0.01, ****P ≤ 0.0001 were considered as significant.
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albicans-infected mice, C. auris skin infection is associated with decreased accumulation 
of type 3 ILCs that are critical for anti-fungal defense in skin tissue (7).

C. auris infection induces significantly decreased numbers of IL-17- and IL-22-
producing TCRβ+ T cells

T cells such as TCRβ+ IL-17+ T cells are critical for host defense against Candida patho
gens, including those in the skin (10, 18). We examined absolute numbers of total 
TCRγδ+ and TCRβ+ T cells, as well as IL-17-, IFN-γ-, and IL-22-producing CD4 and CD8 T-
cell subsets in PBS-injected and C. auris- and C. albicans-infected mice as indicated in Fig. 
5A. We analyzed T cells after 3 and 14 days post-infection. Analysis of T cells at the early 
timepoint of 3 days post-infection showed a mixed trend. Therefore, we focused on T-cell 
populations at 14 days post-infection. At that timepoint, compared to PBS-injected mice, 
C. auris infection elicited a significantly increased number of total γδ+ T cells and a 
decreased number of γδ+ IFN-γ+ T cells, γδ+ IL17A+ T cells, and γδ+ IL-22+ T cells (Fig. 
S4). Compared to PBS-injected mice, C. auris-infected mice had significantly increased 
numbers of total TCRβ+ T cells, TCRβ+ IFN-γ+ T cells, TCRβ+ IL-17A+ T cells, TCRβ+ 
IL-17F+ T cells, and TCRβ+ IL-22+ T cells (Fig. S5A through E). Similarly, a significant 
increase in the total numbers of CD4+ T cells, CD8+ T cells, CD4+ IFN-γ+ T cells, CD4+ 
IL-17A+ T cells, CD4+ IL-17F+ T cells, and CD4+ IL-22+ T cells was observed in C. auris-
infected skin compared to PBS-injected mice (Fig. S5F through J and 5K).

FIG 3 Absolute number of APCs in the skin of C. auris- and C. albicans-infected mice groups. Mice were euthanized after 3 and 14 days post-infection to 

determine the APCs in the skin tissue. (A) Flow gating strategy of antigen-presenting cells gated from CD11c+ MHC-II+ cells is shown here. Representative flow 

plots (B) and absolute number of (C) CD11b+ CD207− cells (CD11b+ dendritic cells), (D) CD11b+ CD207+ cells (Langerhans cells), and (E) CD11b− CD207+ cells 

(CD103+ dendritic cells) in C. auris- or C. albicans-infected mice skin tissue after 3 and 14 days post-infection are shown. Seven to ten mice were used for each 

group and data represented were mean ±  standard error of the mean for each group. statistical significance was calculated using Mann-Whitney U test. *P ≤ 0.05 

was considered as significant. APC, antigen-presenting cell.
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Next, we compared TCRγδ+ and TCRβ+ T-mediated immune response in the skin of C. 
auris- and C. albicans-infected mice. C. auris infection elicited a significantly decreased 
number of total TCRγδ+ T cells and an increased number of TCRγδ+ IL-17F+ T cells (Fig. 
5B through E). Mice infected with C. auris had significantly decreased numbers of TCRβ+ 
IL-17A+ T cells and TCRβ+ IL-22+ T cells compared to C. albicans-infected mice (Fig. 6C 
and E). Significantly decreased numbers of CD4+ IL-17A+ T cells, CD4+ IL-17F+ T cells, 
and CD+ IL-22+ T cells were observed in C. auris-infected skin tissue (Fig. 6H through J). 
No significant differences were noted in other TCRγδ+ and TCRβ+ cell types (Fig. 5 and 6). 
Taken together, C. auris skin infection induces significantly increased numbers of IL-17- 
and IL-22-producing TCRβ+ cells relative to PBS control. However, compared to C. 
albicans-infected mice, C. auris skin infection induces a significantly decreased number of 
IL-17- and IL-22-producing TCRβ+ cells that are important for host defense against fungal 
pathogens.

FIG 4 Absolute number of ILCs in the skin of C. auris- and C. albicans-infected mice groups. Mice were infected intradermally with C. auris 0387 or C. albicans 

SC5314. Mice were euthanized after 3 and 14 days post-infection to determine ILCs. (A) Flow gating strategy for ILCs is shown here. Absolute numbers of (B) total 

ILCs, (C) IL-17A+ ILCs, (D) IL-17F+ ILCs, and (E) IL-22+ ILCs in C. auris- or C. albicans-infected mice skin tissue after 3 and 14 days post-infection are shown. Ten 

mice were used for each group and data represented were mean ±  standard error of the mean for each group. Statistical significance was calculated using 

Mann-Whitney U test. *P ≤ 0.05, **P ≤ 0.01 were considered as significant. ILC, innate lymphoid cell.
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Differences in the skin immune response among different clades of C. auris

To examine if any differences exist in the skin immune response among isolates from 
different clades of C. auris, we compared innate and adaptive immune cell types such as 
neutrophils, monocytes, LCs, and IL-17+ T cells that are significantly different between C. 
auris and C. albicans mice using strains from four clades of C. auris (East Asian AR0381, 
African AR0383, South American AR0385, and South Asian AR0387). No significant 
differences in the absolute numbers of CD11b+ Ly6G+ neutrophils, CD11b+ Ly6 Chi 

inflammatory monocytes, TCRβ+ IL-17A+ T cells, CD4+ IL-17A+ T cells, and CD4+ IL-17F+ 
T cells were observed among the examined strains of the four clades of C. auris (Fig. 7A, B, 
and F through H). However, the absolute numbers of CD11b+ CD207+ LCs, IL-17A+, and 
IL-17F+ ILCs were significantly different among different clades of C. auris (Fig. 7C 
through E). Taken together, mice infected with different clades of C. auris elicit different 
levels of accumulation of LCs and ILCs. However, no significant difference in the absolute 
number of IL-17+ T cells was observed in the skin tissue among the four clades of C. auris.

FIG 5 Absolute number of γδ+ cells in the skin of C. auris- and C. albicans-infected mice groups. Mice were infected intradermally with C. auris 0387 or C. albicans 

SC5314. Mice were euthanized after 3 and 14 days post-infection. (A) Flow gating strategy of T cells is shown here. (B–F) Absolute numbers of total γδ+ cells, 

γδ+ IFN-γ+, γδ+ IL-17A+, γδ+ IL-17F+, and γδ+ IL-22+ T cells in C. auris- or C. albicans-infected mice skin tissue after 3 and 14 days post-infection are shown, 

respectively. Ten mice were used for each group and data represented were mean ±  standard error of the mean for each group. Statistical significance was 

calculated using Mann-Whitney U test. *P ≤ 0.05 was considered as significant.
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DISCUSSION

C. auris is an emerging multi-drug-resistant fungal pathogen that can cause fatal 
infections in humans (1, 19, 20). C. auris colonizes the human skin, which leads to 
nosocomial transmission and outbreaks of skin infection and candidemia (4, 5). However, 
determinants of colonization resistance and the local host immune response to C. auris 
in the skin are still poorly defined. Therefore, we developed an intradermal mouse model 
of C. auris skin infection and compared the fungal load and skin immune response 
of C. auris with that of C. albicans. Our findings show a significant increase in fungal 
load in the skin tissue of C. auris-infected mice compared to C. albicans-infected mice. 
Persistent fungal colonies were observed in >80% of C. auris-infected mice even after 
2 weeks post-infection. Recent findings indicate that mice epicutaneously inoculated 
with C. auris had significantly increased fungal load in the skin swab and underlying 
skin tissue compartment compared to C. albicans-infected groups (4). C. auris persisted 
in mice skin tissue for 4 months even after skin swab was found to be negative for live 
fungal colonies (4). Furthermore, mice epicutaneously infected with different clades of 
C. auris had significantly different fungal loads in the skin tissue (4). However, in our 

FIG 6 Absolute number of TCRβ+ cells in the skin of C. auris- and C. albicans-infected mice groups. Mice were infected intradermally with C. auris 0387 or C. 

albicans SC5314. Mice were euthanized after 3 and 14 days post-infection. (A–E) Absolute numbers of total TCRβ+ cells, TCRβ IFN-γ+, TCRβ+ IL-17A+, TCRβ+ 

IL-17F+, and TCRβ+ IL-22+ T cells in C. auris- or C. albicans-infected mice skin tissue after 3 and 14 days post-infection are shown, respectively. (F–J) Absolute 

numbers of total of total CD4+ cells, CD4+ IFN-γ+, CD4+ IL-17A+, CD4+ IL-17F+, and CD4+ IL-22+ T cells in C. auris- or C. albicans-infected mice skin tissue after 

3 and 14 days post-infection are shown, respectively. (K–O) Absolute numbers of total of total CD8+ cells, CD8+ IFN-γ+, CD8+ IL-17A+, CD8+ IL-17F+, and CD8+ 

IL-22+ T cells in C. auris- or C. albicans-infected mice skin tissue after 3 and 14 days post-infection are shown, respectively. Ten mice were used for each group and 

data represented were mean ±  standard error of the mean for each group. Statistical significance was calculated using Mann-Whitney U test. *P ≤ 0.05, **P ≤ 0.01 

were considered as significant.
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intradermal route of infection, four clades of C. auris showed almost similar levels of 
fungal load in skin tissues. This might be due to difference in route of infection and or 
difference in invasion potential among different clades of C. auris from skin surface to the 
dermis, which is an important future area to investigate (21). Previous findings reported 
the localization of C. auris and C. albicans in the skin tissue (4, 22, 23). Future studies using 
epicutaneous and intradermal routes of infection with different clades of C. auris and 
C. albicans might reveal the invasion potential and localization of these fungal species 
in the skin. Collectively, previous findings (4), along with ours, indicate that persistent 
fungal colonies were observed in the skin tissues of mice infected with epicutaneous 
or intradermal routes of infection with C. auris. The higher skin burdens for C. auris also 
correlate with clinical observations of persistent skin colonization and ex vivo models of 
C. auris growing on human skin (24).

Using the epicutaneous mouse model of infection, Huang et al. demonstrated that a 
local IL-17A/IL-17F-dependent response mounted by both innate and adaptive lymphoid 

FIG 7 Innate and adaptive immune cells in skin tissue of mice infected with different clades of C. auris. Mice were infected intradermally with C. auris AR0381, C. 

auris AR0383, C. auris AR0385, or C. auris AR0387. Mice were euthanized after 3 and 14 days post-infection. Absolute numbers of (A) CD11b+ Ly6G+ neutrophils, 

(B) CD11b+ Ly6C hi monocytes, and (C) CD11b+ CD207+ LCs in mice infected with different clades of C. auris after 3 days post-infection are shown here. Absolute 

numbers of (D) IL-17A+ ILCs, (E) IL-17F+ ILCs, (F) TCRβ+ IL-17A+, (G) CD4+ IL-17A+, and (H) CD4+ IL-17F+ T cells in four clades of C. auris-infected mice skin tissue 

after 14 days post-infection are shown here. Seven to ten mice were used for each group and data represented were mean ±  SEM for each group. Statistical 

significance was calculated using Kruskal-Wallis test followed by Dunn’s multiple comparisons test. *P ≤ 0.05 and **P ≤ 0.01 were considered as significant.
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cell subsets is associated with protection against C. auris skin infection (4). Using mice 
deficient in IL-17R-associated adaptor molecule Act1, which lack IL-17 responses, the 
authors demonstrated that IL-17A/IL-17F produced by αβ T cells, γδ T cells, and ILCs is 
associated with protection against C. auris (4). Furthermore, previous findings suggest 
that Th17 cells are required for cutaneous host defense, while Th1 response is critical 
against systemic C. albicans infection (18, 25). These findings suggest that IL-17-mediated 
immune responses are critical for protection against C. auris and C. albicans skin infection 
(4, 18, 25). Recent evidence indicates that C. auris elicits less potent innate immune 
responses compared to C. albicans in the mouse model of systemic infection (13). In 
addition, C. auris persisted longer than C. albicans in kidneys of infected mice (26). 
Although C. auris preferentially colonizes the skin, the innate immune cells involved in 
the cutaneous host response against C. auris had not been defined to date. Furthermore, 
the host factors that contribute to persistent colonization of this emerging pathogen are 
still not clear. Therefore, using this intradermal mouse model of infection, we compared 
the innate and adaptive cellular immune responses of C. auris with C. albicans.

Surprisingly, our results indicate that significantly decreased numbers of neutrophils 
were observed in the skin tissue of C. auris-infected mice compared to the C. albicans-
infected group. This agrees with previous findings that C. auris elicits less pronounced 
innate immune responses compared to C. albicans in a mouse model of systemic 
infection (13). The decreased number of neutrophils observed in the skin tissue of C. 
auris-infected mice may be an immune evasion strategy employed by this fungus. On 
the other hand, C. auris infection is associated with an increased number of CD11b+ 
Ly6 Chi inflammatory monocytes and LCs. Recent evidence indicates that differences in 
mannan composition between C. auris and C. albicans contribute to decreased innate 
immune recognition, phagocytic activity, and clearance of C. auris in human neutrophils 
(13, 27, 28). It is interesting to postulate that these cell wall mannosylation differences 
may also play a role in the differential innate immune responses observed for C. auris 
in our skin model. Our findings, along with others, suggest that increased fungal load 
in the C. auris-infected mice on day 3 post-infection might be in part due to the 
decreased number of neutrophils observed in the skin tissue. Previous findings suggest 
that C. albicans morphology, DCs subsets, and LCs elicit different skin immune responses 
in an epicutaneous and intradermal routes of infection (25). However, future studies 
are required to better understand the role of C. auris morphology and specific innate 
immune cells such as neutrophils, monocytes, macrophages, and DC subsets in different 
anatomical locations of the skin that are critical to control C. auris infection.

Next, we compared the lymphoid cell immune response between C. auris and C. 
albicans. Surprisingly, we found that C. auris infection elicits significantly less potent 
adaptive immune response compared to C. albicans. CD4+ IL-17+ T cells and CD4+ IL-22+ 
T cells that are important for host defense against fungal pathogens were significantly 
decreased in the skin tissue of C. auris-infected mice. In addition, C. auris infection 
induces a significantly decreased number of IL-17A+ ILCs and IL-17F+ ILCs in skin tissue 
relative to C. albicans infection. However, using an intestinal mouse model of infection, 
we recently found that C. auris and C. albicans elicit similar levels of cellular adaptive 
immune responses in the intestine (29). Mice orally infected with C. auris but not C. 
albicans had increased fungal-specific IgA levels in their serum (29). These results suggest 
that adaptive immune responses are Candida species specific and may differ in different 
host mucocutaneous niches such as the gut and skin.

Because U.S. isolates are closely related to those of South America and South Asia, 
we used the genome sequenced South Asian clade CA 0387 (B8441) to compare with C. 
albicans (4, 30–32). In order to rule out any differences in the major innate and adaptive 
immune cells among different clades of C. auris, we compared skin immune response 
between four clades of C. auris. Significant differences in the number of LCs and IL-17+ 
ILCs were observed among different clades of C. auris. However, no significant differences 
in the absolute number of CD11b+ Ly6G+ neutrophils, CD11b+ Ly6 Chi inflammatory 
monocytes, and IL-17+ T cells were observed among four clades of C. auris. Taken 
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together, intradermal infection of mice with C. auris had a significantly increased fungal 
load compared to C. albicans infected skin tissue. Persistent infection of C. auris in mouse 
skin tissues correlates with less potent innate and adaptive immune response elicited by 
this emerging pathogen. Our findings for the first time characterized the major innate 
immune cells involved in host defense against C. auris skin infection and identified 
quantitative differences relative to C. albicans skin infection. Furthermore, persistent 
infection of C. auris in the mouse skin tissue appears to be in part due to a less potent 
innate and adaptive immune response compared to C. albicans. Further studies are 
required to understand the fungal factors that contribute to differences in skin immune 
responses to different clades of C. auris. In addition, understanding the genetic and host 
factors that contribute to the differential immune response to C. auris and C. albicans 
infections is critical to prevent and treat this emerging skin tropic fungal pathogen (14, 
33).
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