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Abstract

Background: Indoor environments contain a broad diversity of non-pathogenic Basidiomycota 

yeasts, but their role in exacerbating adverse health effects has remained unclear.
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Objective: To understand the role of Vishniacozyma victoriae exposure and its impact on human 

health.

Methods: A qPCR assay was developed to detect and quantify an abundant indoor yeast species, 

Vishniacozyma victoriae (syn. Cryptococcus victoriae), from homes participating in the New York 

City Neighborhood Asthma and Allergy Study (NAAS). We evaluated the associations between V. 
victoriae, housing characteristics, and asthma relevant health endpoints.

Results: V. victoriae was quantified in 236 of the 256 bedroom floor dust samples ranging 

from less than 300 to 45,918 cell equivalents/mg of dust. Higher concentrations of V. victoriae 
were significantly associated with carpeted bedroom floors (P=0.044), mean specific humidity 

(P=0.004), winter (P<0.0001) and spring (P=0.001) seasons, and the presence of dog (P=0.010) 

and dog allergen Can f 1 (P=0.027). V. victoriae concentrations were lower in homes of children 

with asthma vs. without asthma (P=0.027), an association observed only among the non-seroatopic 

children.

Significance: These findings add to the inverse associations observed between microbial 

exposures in homes and asthma outcomes in children, specifically the contribution of non-

pathogenic Basidiomycota yeasts.

Keywords

Allergy; Asthma; Cryptococcus ; ITS; qPCR; Yeast

II INTRODUCTION

Microbial bioaerosols contribute to personal exposure within the built environment and 

have been associated with adverse health effects such as respiratory morbidities and allergic 

sensitization (1, 2). However, microbial exposures early in life may confer protective health 

effects such as decreased asthma symptoms (3), highlighting the dichotomy of microbial 

exposures and their role in health. Recently, contemporary molecular methods have resolved 

a much broader assemblage of endogenous and exogenous microbial sources that contribute 

to personal exposure (4). In addition to bacteria, fungi are ubiquitous and are commonly 

encountered within the built environment (5).

Traditional methods to detect and identify fungi have been primarily restricted to viable 

culture and light microscopy. Culture-based microbial assessments have identified yeasts 

as the most prevalent fungi in some indoor environments (4, 6). These methodological 

approaches have limited the identification of potential sources of fungal exposure such as 

unicellular yeast species that are unable to be identified (7, 8). Contemporary sequencing 

methods developed over the last decade have enabled the identification of fungi via the 

Internal Transcribed Spacer (ITS) region of DNA, known as the fungal barcode (9). This 

molecular approach has provided much needed insight to the complete spectrum of fungal 

assemblages in indoor air and dust samples (1, 10, 11). Yeast species were previously 

overlooked or unable to be identified in indoor environments (12–14), especially the 

presence of yeasts placed in the phylum Basidiomycota.

Rush et al. Page 2

J Expo Sci Environ Epidemiol. Author manuscript; available in PMC 2023 March 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Cryptococcus species are members of the phylum Basidiomycota placed in the order 

Tremellales (15). Species placed within this order can include pathogenic and non-

pathogenic yeast species (16, 17). Non-pathogenic Cryptococcus species such as 

Cryptococcus victoriae, which has since been renamed Vishniacozyma victoriae (15, 18), 

have been recently resolved in a variety of indoor environmental assessments that have 

utilized contemporary ITS sequencing methods (11, 14). V. victoriae is a slow growing 

polar budding yeast originally isolated in the Antarctic (19), but has since been shown to 

adapt to multiple conditions and inhabit a broad geographic range (15). The abundance 

of non-pathogenic Cryptococcus species is associated with either increased or decreased 

asthma severity, suggesting the potential involvement of multiple pulmonary immunological 

mechanisms following exposure. Decreased levels of Cryptococcus species diversity are 

significantly associated with increased asthma risk (1), which highlights the potential 

clinical significance of personal exposure to environmental Basidiomycota yeast species. 

In contrast, exposures to yeast and other microorganisms early in life can result in decreased 

allergy related symptoms, suggesting that yeast may confer protective effects against asthma 

in exposed children (10, 20, 21). Given the high prevalence of V. victoriae and the fact that 

its contribution to human health is not understood, it was chosen for this study.

Asthma has been an ongoing public health concern, particularly in cities such as New York 

City (22, 23). Asthma prevalence in school aged children (age 0–13 years) ranges from 5.1% 

to 17.6% and varies by neighborhood in New York City (24). Furthermore, children from 

lower socio-economic neighborhoods are approximately three times as likely to develop 

asthma as those living in wealthier neighborhoods (25). Many studies have examined the 

impact of detectable allergens and air quality on asthma prevalence in New York City, but 

the prevalence of fungi, specifically Basidiomycota yeast, has not been measured.

Although an inverse relationship between relative abundance of yeasts in indoor 

environments and asthma prevalence has been previously reported (1, 20), the specific 

quantification of V. victoriae in the homes of asthmatic children and associations with health 

outcomes has not been determined. To facilitate a better understanding of the burden of 

non-pathogenic Cryptococcus yeasts in indoor U.S. environments, species-specific primers, 

probes, and a quantitative polymerase chain reaction (qPCR) method were developed to 

provide the detection and quantification of V. victoriae (10). In this study, we provide the 

first quantification of V. victoriae in dust samples from homes participating in the New 

York City Neighborhood Asthma and Allergy Study. Furthermore, the influence of housing 

factors and health effects associated with exposures to V. victoriae in homes of children 

from low and high asthma prevalence neighborhoods in the New York metropolitan area 

were examined. This is the first study to utilize quantitative measurements and correlative 

statistics to support the findings of previous studies examining the relationship between 

yeast exposure and allergic airway disease.

III. MATERIALS AND METHODS

3.1 Fungal Strains and Growth Conditions

We used 11 fungal strains in this study (Supplementary Table 1). The Vishniacozyma 
victoriae type strain was purchased from the American Type Culture Collection (ATCC) 
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(Strain ID: MYA-305). This strain is an aerobic polar budding yeast with a Biosafety Level 

1 classification. V. victoriae was grown in Potato Dextrose Broth (BD Bioscience, San 

Jose, CA) and shaken at 15°C for 4 days. V. victoriae cultures entered the logarithmic 

growth phase at 50 hours post inoculation and developed a creamy pink color over time. V. 
victoriae yeast cells that entered the logarithmic growth phase were utilized in subsequent 

method development experiments. Fungi tested for cross reactivity in the qPCR assay 

included Ascomycota species Alternaria alternata, Aspergillus fumigatus, Candida albicans, 

Cladosporium cladosporioides, Cyberlindnera fabianii, Epicoccum nigrum, and Penicillium 
purpurogenum from the National Institute for Occupational Safety and Health (NIOSH) 

culture collection (Supplementary Table 1). Cross reactivity was additionally determined 

against Basidiomycota yeast species including Naganishia globosa and Rhodotorula 
glutinis from the Agricultural Research Service collection and NIOSH culture collection, 

respectively (Supplementary Table 1). Culture and growth parameters for each tested species 

can be referred to in Supplementary Table 1.

3.2 DNA Extraction

DNA was extracted from liquid culture (standards) and environmental dust samples utilizing 

the DNEasy PowerLyzer PowerSoil kit (Qiagen, Valencia, CA) following the manufacturer’s 

protocol with a few modifications. An aliquot of dust up to 25 mg was taken from each dust 

sample and processed for DNA extraction. Additional beads were added to each tube prior 

to DNA extraction, including 1 gram of garnet beads, 0.1 grams of 0.5 mm glass beads, 

and 0.3 grams of 0.1 mm glass beads (Biospec, Bartlesville, OK) (26). Samples were eluted 

in 50 μL of Tris-EDTA Buffer and stored at 4 °C. All DNA samples were diluted ten-fold 

to limit potential inhibition. DNA concentrations were reported per mg of dust in order to 

standardize differences in mass of collected dust samples.

3.3 Primer and Probe Design

The Internal Transcribed Spacer (ITS) 2 region of V. victoriae (Genbank accession number 

MH809977), was targeted for the primer and probe development. The ITS regions, known as 

the fungal barcode, are regions of high heterogeneity situated between ribosomal RNA genes 

that can be utilized for species identification of fungi (9). Compared to the ITS1 region, the 

ITS2 region is more heterogeneous at the Vishniacozyma genus level and provides better 

differentiation of Basidiomycota with reduced over-estimation (27). Therefore, this was the 

region targeted for the primer and probe development. Integrated DNA Technology’s (IDT) 

PrimerQuest tool (Coralville, IA) was utilized to design five primers and probes specific 

for V. victoriae (Supplementary Table 2). The full ITS region of V. victoriae was entered 

into the software, and parameters such as approximate melting temperatures (Tm) of 62 

°C, amplicon length of 100 base pairs, and GC content approximately 50% were selected. 

Probes were designed with carboxyfluorescein (FAM) dyes and tetramethylrhodamine 

(TAMRA) quenchers (IDT). Primer and probe pairs were initially tested in silico through 

The National Center for Biotechnology Information (NCBI) Blast (blast.ncbi.nlm.nih.gov) 

analyses to confirm species-specific amplification of the targeted ITS2 region.
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3.4 V. victoriae qPCR Assay and Standard Curve Development

V. victoriae cells were harvested during the logarithmic growth phase and quantified using 

a hemocytometer for use in the development of a standard curve. DNA extraction tubes 

containing 250 mg of sterile Coarse A4 Arizona Test Dust (Powder Technology Inc, 

Schofield, WI) were spiked with known concentrations of V. victoriae cells starting at 107 

cells in 100 μl of Potato Dextrose broth (BD #254290). Course A4 Arizona Test Dust was 

utilized as it is an International Organization for Standardization (ISO) standard for house 

dust. The DNA was extracted as specified above and stored at 4 °C. DNA standards were 

serially diluted ten-fold in Tris-EDTA (TE) buffer and used to develop a standard curve 

ranging from 1 to 106 cell equivalents/sample of V. victoriae. Cell equivalents units were 

used as they relate the quantification cycle (Cq) of the qPCR reaction back to the standard 

curve that correlates with the known concentration of cells added in order to account for 

copy number variation.

Quantitative real-time polymerase chain reactions (qPCR) for all extracted DNA samples, 

standards, and primer-probe pairs were run on a QuantStudio 6 Flex machine (Applied 

Biosystems, Foster City, CA) under the following conditions: 95 °C for 3 minutes, then 40 

cycles of 95 °C for 5 seconds and 57 °C for 30 seconds. Quantification cycles were all 

normalized to 0.1. Each qPCR reaction was performed containing 3.5 μl of DNA template, 

200 nM probes, 500 nM of each primer, and IDT PrimeTime Gene Expression Master Mix 

(IDT) with ROX reference dye for a final reaction volume of 10 μl. All samples were run 

in duplicate. Cell equivalent measurements were extrapolated from the Cq and aligned to the 

number of cells per reaction that corresponded with the cell-based standard. The standard 

curve reaction efficiency of each primer-probe pair was determined utilizing the slope of the 

linear portion of the log transformed cells per reaction.

3.5 V. victoriae qPCR Assay Specificity and Inhibition Testing

Supplementary Table 1 lists the fungal strains used to test the specificity of the developed 

primers and probes evaluated in this study. Cultures were inoculated on the selected 

nutrient media and temperature indicated and grown for 72 hours. Cells were counted 

via hemocytometer, and 106 cells in 100 μL of media (Potato Dextrose, Malt Extract and 

Yeast Malt Broth) were spiked into tubes of sterile Coarse A4 Arizona Test Dust (Powder 

Technology Inc). DNA was extracted as above and stored utilizing the same protocol as 

the environmental dust and standard samples. Inhibition tests were performed by spiking an 

aliquot of each environmental sample with a high concentration of V. victoriae DNA (from 

approximately 106–107 cells), running qPCR, and looking for significantly increased cycle 

threshold (Ct) values across all the samples. A significantly increased Cq value would result 

in decreased quantifications of V. victoriae suggesting polymerase inhibition. No samples 

were significantly inhibited (data not shown).

3.6 Study Subject Data Collection

The NYC Neighborhood Asthma and Allergy Study is a case-control study of asthma for 

which 7–8 year old children were recruited through a health care provider used primarily 

by a middle-income population (28). Recruitment targeted children living in higher asthma 

prevalence neighborhoods (HAPN, >11.0%) and lower asthma prevalence neighborhoods 
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(LAPN, <9.0%) in the Bronx, Queens, Brooklyn and Manhattan boroughs as previously 

described (28). Children with complete data on V. victoriae exposure were included in the 

analysis. This study was approved by Columbia University’s Institutional Review Board and 

the portion conducted at The Ohio State University was determined exempt by The Ohio 

State University Institutional Review Board under study 2017E0224.

During home visits, parents answered a detailed questionnaire pertaining to the child’s 

health, demographics and environmental exposures as previously described (23). Asthma 

cases were defined by questionnaire, including the modules from the International Study 

of Asthma and Allergy in Childhood (ISAAC) (23, 25). Children were classified as 

asthmatic if their caregiver reported at least one of the following for the child in the past 

12 months: 1) wheeze, 2) being awakened at night by cough without having a cold, 3) 

wheeze with exercise or 4) report of medication use for asthma. Children not meeting the 

asthma definition were classified as non-asthmatic. Serum immunoglobulin E (IgE) levels 

to common inhalant allergens (German cockroach, mouse urine proteins, Dermatophagoides 
farinae, cat dander, dog dander, common ragweed, and mixed tree pollen) were measured 

by ImmunoCAP (Phadia, Uppsala, Sweden) as previously described (29, 30). Children with 

measurable IgE (>0.35 IU/ml) to at least one allergen tested were considered seroatopic.

3.7 Environmental Sample Collection

Study participant home dust samples were collected from the child’s bedroom floor by 

vacuuming approximately 2 square meters surrounding the bed for 3 minutes using a 

vacuum cleaner and Dustream® collector (Indoor Biotechnologies, Charlottesville, VA). 

Samples were collected between March 2008 and June 2011 and were stored at −20 °C 

before being shipped. Aliquoted dust was stored at −20 °C for approximately 7 months until 

total DNA was extracted. Samples from 275 homes were utilized in this study. Bed dust 

samples were also collected during the home visits for measurement of inhalant allergens 

as previously described (23). Temperature, relative humidity, and specific humidity were 

measured at 5-minute intervals using HOBO H08-003-02 data loggers (Onset Computer 

Corporation, Bourne, MA). Monitors were installed for periods of 6–13 days (average 

9.1 days, standard deviation 2.1 days) after the dust sample was collected. Monitors were 

preferentially placed in the living room, 1.5 m above the floor and away from windows and 

drafts, as described previously (31).

3.8 Statistical Analysis

The quantifications of V. victoriae were determined from dust samples from homes 

participating in the NYC Neighborhood Asthma and Allergy Study. Given that V. victoriae 
and allergen concentrations in dust were approximately log-normally distributed, log 

transformed values were used for all statistical tests. Differences in geometric means were 

tested between housing and built environment data along with health outcomes. Variables 

conventionally considered as potential confounders were included in the multivariable model 

(32). Linear regression models were tested with logarithmically transformed V. victoriae as 

the dependent variable. Prevalence ratios (PR) for risk of asthma were calculated using a 

generalized estimating equation model with United Hospital Fund (UHF) used as a cluster 

variable because some of the neighborhood level data were available at the UHF level. Data 
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were analyzed in SPSS version 26 (Chicago, IL) and visualized in R version 3.3.1 (Vienna, 

Austria).

IV. RESULTS

4.1 Specificity of qPCR Assay

The amplified ITS2 regions by the designed primer-probe pairs shown in Supplementary 

Table 2 were analyzed in silico and aligned with 100% identity to V. victoriae sequences, 

uncultured fungus, or other unidentified Cryptococcus sequences deposited in NCBI. 

To further test primer and probe specificity, ten other strains derived from the phyla 

Ascomycota and Basidiomycota (Supplementary Table 1) were tested with each primer-

probe pair in the V. victoriae qPCR assay. Only the sample with V. victoriae DNA resulted 

in amplification over the limit of detection in qPCR when evaluated with all five of the 

primer-probe pairs, confirming the species-specificity of the assay.

4.2 Primer-Probe Pair Selection

All five primer-probe pairs were tested with the developed standards for V. victoriae. 

The efficiencies within the limit of detection were calculated for each primer-probe pair 

utilizing ThermoFisher’s qPCR Efficiency Calculator (Thermo Fisher Scientific, Waltham, 

MA). Supplementary Table 2 lists the efficiencies and correlation coefficients for each 

of the developed standard curves. Primer-probe pair VV05 had the highest correlation 

coefficient and greatest efficiency without polymerase inhibition and was therefore selected 

for downstream analyses to quantify V. victoriae in NYC Neighborhood Asthma and Allergy 

Study environmental samples (Figure 1A).

4.3 Sensitivity of qPCR Assay

The limit of quantification for the V. victoriae qPCR assay utilizing the primer-probe pair 

VV05 was 36 cell equivalents (cell eq) of V. victoriae per reaction, which equates to 

100 cell equivalents of V. victoriae in the total dust sample processed assuming extraction 

efficiencies were comparable across all samples. The limit of quantification was determined 

as it was the lowest concentration of cell equivalents which fell within the linear range 

of the standard curve for the assay. The limit of detection was set to Ct values ≤ 36.085, 

which aligned to the lowest concentration of V. victoriae consistently detected over the 

quantification cycle that did not have undetermined Cq values. Inhibition tests confirmed that 

none of the samples had significant polymerase inhibition (data not shown).

4.4 Detection and Quantification of V. victoriae in Environmental Samples

Environmental samples (n=275) from the NYC Neighborhood Asthma and Allergy Study 

cohort were evaluated for the presence and quantification of V. victoriae. Samples with <5.0 

mg of dust were excluded (n=19) from the analyses. Of the remaining 256 samples, 20 had 

quantifications of V. victoriae below the limit of detection (300 V. victoriae cell eq/mg of 

dust (ce/mg)) and were excluded from the analyses. The samples with quantifications of V. 
victoriae within the limit of detection (n=236) were approximately log normally distributed 

(Figure 1B, middle), ranging from <300 to 45,918 ce/mg with a geometric mean [95% C.I.] 

of 1,622 [1,370–1,971] ce/mg (Figure 1B, left). Spatial analysis of the distribution of V. 
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victoriae determined in the qPCR assay revealed a heterogeneous distribution of V. victoriae 
across neighborhoods that was dependent on a number of individual housing characteristics 

with no apparent clustering of low or high concentrations by neighborhood (Figure 1C).

4.5 Associations with Housing Characteristics

The presence of V. victoriae in homes was higher in homes with carpeted bedroom floors 

(P=0.044), a dog in home (P=0.010), and from samples collected during the winter and 

spring seasons (P<0.001) (Table 1). V. victoriae was also positively correlated with mean 

specific humidity (P=0.004) (Table 2). Among homes without a dog, the geometric mean 

concentrations of V. victoriae were similar for those that had never had a dog (1,456 [1,197–

1,772] ce/mg) and those that previously owned a dog (1,625 [1,006–2,624] ce/mg) (data not 

shown). Furthermore, V. victoriae prevalence was associated with homes with the presence 

of dog allergen Can f 1 (P=0.027) (Table 2).

V. victoriae was not significantly associated with neighborhood asthma prevalence, housing 

type, reports of mold odor or visible mold, unrepaired water damage, leaky pipes, adding 

water to air (such as via a humidifier), removing shoes when entering home, presence of 

basement in building, wet mop cleaning, or having a cat in the home (all P>0.05, Table 

1). When examining correlations between V. victoriae in bedroom floor dust and home and 

neighborhood characteristics, V. victoriae was not significantly (P>0.05) associated year 

home built, median neighborhood or family household income, or number of people living 

in the home (Table 2).

Associations between V. victoriae prevalence and environmental characteristics were 

additionally examined. V. victoriae was not associated with the presence of perennial 

allergens (Table 2). V. victoriae was also not associated with airborne PM2.5 (P=0.80) or 

black carbon (P=0.39) (Table 2). V. victoriae was associated with the number of people 

living in home (P=0.041), presence of dog in home (P=0.023), winter (P <0.001) and spring 

seasons (P=0.001) (Table 3).

4.6 Associations with Asthma Related Health Effects

Associations between V. victoriae and asthma symptoms were tested in a model that 

adjusted for sex, race, Hispanic ethnicity, season, neighborhood asthma prevalence, smoker 

in home, ever dog ownership, and collected sample >10 mg (Figure 2). Lower V. victoriae 
concentrations were observed in homes with an asthmatic child as compared with homes 

without an asthmatic child (P=0.027) (Table 4). In addition, concentrations of V. victoriae 
were lower in the homes of asthmatic children with more frequent symptoms as compared to 

homes of children without asthma (P=0.041) (Table 4). The inverse association with asthma 

was only observed among the non-seroatopic (P=0.007) and not the seroatopic children 

(P=0.35) (Table 4). Of the children classified as seroatopic, the vast majority (77%) were 

sensitized to at least two allergens (data not shown). Furthermore, the geometric mean of the 

total IgE was 33.2 IU/mL among the non-seroatopics as compared to 208 IU/mL among the 

seroatopic children.
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V. DISCUSSION

5.1 Environmental Yeast Exposures

To date, environmental yeasts have remained a largely overlooked source of fungal exposure 

in indoor environments (1). Popular fungal qPCR methods, such as the Environmental 

Relative Moldiness Index (ERMI) panel (33), do not include primers that are specific 

for individual Basidiomycota yeast species. Therefore, there are substantial knowledge 

gaps about the role exposures to these yeast species play in allergic airway disease. This 

study provides insight into the prevalence, distribution, and associations with housing 

characteristics of the non-pathogenic Basidiomycota yeast V. victoriae in dust samples from 

the NYC Neighborhood Asthma and Allergy study.

Although studies have suggested that pulmonary exposure to pathogenic Cryptococcus 
species, such as Cryptococcus neoformans, exacerbates asthma (34), non-pathogenic 

Cryptococcus species have not been examined until this study. Non-pathogenic 

Cryptococcus species, including V. victoriae, are abundant and contribute to personal 

exposure in indoor environments (1, 8, 10, 12, 14). Exposures to non-pathogenic 

Cryptococcus species have varying impacts on asthma severity (1, 34). However, it has 

been shown that decreased fungal diversity has been associated with increased asthma risk 

(10). This suggests that a diverse mycobiome including environmental yeasts (specifically 

the non-pathogenic Cryptococcus yeasts such as V. victoriae) may potentially be protective, 

and this study contributes to this theory. However, it is important to note that environmental 

microbial exposures comprise a mixed exposure rather than just one species. There are 

synergistic and antagonistic effects among various microbes which may play an important 

role in the formation of an immune response to exposure (35).

5.2 Detection of V. victoriae

Prior to the development of this qPCR assay, the specific identification and quantification 

of V. victoriae in environmental samples was not easily evaluated. In the present study, 

V. victoriae was prevalent and detected in 85.8% of tested NYC Neighborhood Asthma 

and Allergy Study homes. Previous studies that employed molecular methods and pan 

fungal primers to assess fungal exposure typically utilized standard curves developed with 

one fungal species to estimate total fungi in a sample (4, 36). This presents a potential 

confounding variable as fungal species are likely to contain varying copy numbers of 

the region of interest. In this study, V. victoriae was shown to be associated with mean 

specific humidity and is predominantly identified in the spring and winter seasons. The type 

culture was originally isolated from soil in the Antarctic (15, 19), therefore associations 

with lower temperatures indicated the species’ ecological and environmental requirements 

for lower temperatures to facilitate growth. V. victoriae was found to be associated with 

several housing characteristics including carpets, number of people living in the home, and 

mean specific humidity, which are commonly associated with increased fungal growth (37). 

Studies have suggested that elevated levels of yeast in bedroom floor dust are associated 

with reduced wheeze and asthma development (20), which corroborates the finding that the 

presence of V. victoriae was associated with reduced asthma cases compared to control.
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5.3 Association Between V. victoriae and Dog

V. victoriae was identified for the first time to be associated with the presence of dog 

allergen Can f 1. However, HAPN and LAPN homes in the New York City Neighborhood 

Asthma and Allergy Study had similar levels of Can f 1 (23). Yeasts comprise a significant 

portion of the dog microbiome (38, 39), and these data suggest that V. victoriae may be 

associated with the dog endogenous flora or that dogs disturb soil and then transfer the 

species into the built environment. Associations between the presence of a dog in home and 

decreased asthma cases and symptoms have been recently reported (40, 41). Microbiomes 

associated with dogs have been shown to confer similar protective immunological responses 

(3, 42, 43). Fujimara and colleagues have shown that mice exposed to dust from homes with 

a dog had increased levels of Lactobacillus johnsonii. When challenged in an ovalbumin 

animal model, L. johnsonii supplemented mice had decreased allergic airway response (42). 

However, it was noted that L. johnsonii was not responsible for all the protective effects seen 

in the dust from homes with dogs, suggesting that other unexplored organisms associated 

with dogs, potentially yeasts, could contribute to the airway protection observed.

Similar responses have been reported following Streptococcus pneumoniae and certain 

helminth infections, in which T regulatory cells were induced resulting in a suppression 

of the allergic airway response (44–46). Comparable trends have been reported when 

examining allergic airway disease in Amish and Hutterite Farm children, who share 

similar genetic backgrounds but vary in the microbial composition of their indoor 

environments (47). Compared to Hutterite children, Amish children with more abundant 

indoor microbiomes associated with animals had less allergic sensitization, serum IgE levels, 

eosinophils, and Th2 responses typical of allergic airway disease (47), further suggesting 

that microbial exposures within the indoor environment can influence allergic airway 

disease.

The associations of V. victoriae with dog and dog allergen in the NYC Neighborhood 

Asthma and Allergy Study, and the associations with decreased asthma cases, indicate for 

the first time, that study participants with asthma were less likely to have non-pathogenic 

Cryptococcus species present in their environment compared to control subjects. Although 

the immunological mechanisms are not understood, future animal models could help provide 

mechanistic insight into repeated exposure of V. victoriae and the species’ influence on 

adverse respiratory health effects. The results of this study highlighting the prevalence of V. 
victoriae in the study homes as well as the associations between this species and potential 

protective effects are in agreement with other recent studies indicating that certain yeast taxa 

confer protection against allergic airway disease (20). The results of this study highlight the 

contributions of V. victoriae to NYC Neighborhood Asthma and Allergy Study homes and 

may indicate that exposure to this yeast, especially in environments with a dog, potentially 

confers protection or attenuates the response to adverse health effects such as allergic airway 

disease. This association should continue to be evaluated in future studies.

5.4 Study Limitations

Although cell equivalent measurements of V. victoriae were calculated, the copy number 

of the ITS region for V. victoriae currently remains unknown and represents a potential 
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limitation of this study. Furthermore, as with all qPCR assay based methods, the potential 

for extraction and amplification biases must be considered as a potential study limitation 

(36). For example, there may be highly similar sequences to organisms not tested for 

cross reactivity in the samples that are being amplified resulting in the over estimation of 

the quantification of V. victoriae. Some of the developed standard curves had efficiencies 

greater than 100%, indicating mild polymerase inhibition. Presence of PCR inhibitors in 

the DNA samples is a potential limitation that could have been introduced into the assay 

(48). Furthermore, the standard curve approach assumes that the efficiency of the extraction 

and amplification is the same for the standards as it is for the environmental samples (36). 

Typically, the standards are created from pure cultures, as with our approach, therefore 

the sample template may differ slightly resulting in a different efficiency. However the 

aforementioned limitations apply to any qPCR based approach, and this methodology 

has been utilized and accepted by the scientific community as a reliable tool for the 

quantification of indoor fungal species (49, 50).

The environmental parameters of the homes such as humidity were monitored in the living 

room of the homes, however dust samples were collected from children’s bedrooms. Given 

that the distance from the bedroom to living room or size of the house was not measured, 

it is possible that the environmental parameters would be different in the bedroom. The 

finding that V. victoriae was more strongly associated with non-seroatopic than seroatopic 

children is striking. Non-seroatopic asthmatics included those participants who did not have 

IgE reactivity to the panel of tested allergens. It is possible that these children could have 

IgE reactivity to allergens that were not tested and thus be a false negative. However, given 

that 77% of the seroatopic children were sensitized to at least 2 allergens and the differences 

in the mean of total IgE between the two groups (33.2 IU/mL in non-seroatopic versus 208 

IU/mL in seroatopic participants), it is likely that these groups are distinct.

Lastly, given the cross-sectional nature of this study, it must be noted that we cannot infer 

causality and the direction of the associations cannot be proven. However, it seems unlikely 

that yeast growth would cause some of the associated factors to be true, such as cause 

carpeted flooring to be put in place, raise the specific humidity, or lead to dog ownership. It 

is possible that the behavioral practices of families with asthmatic children could have led to 

changes in domestic fungal growth (such as use of a fungicide or humidifier) or that there 

is an unmeasured confounder causing the observation of an association between V. victoriae 
and the control, non-asthmatic case. Still, these findings are in keeping with other studies 

observing inverse associations between fungal species and fungal diversity in general and 

asthma outcomes.

5.5 Conclusion

In conclusion. V. victoriae was quantified in 236 of the 275 NYC Neighborhood Asthma and 

Allergy Study samples within the limit of detection, and was associated with the presence 

of carpet, mean humidity, the presence of dog allergen and dog in home, and with the 

non-asthmatic control compared to the asthmatic case. These data suggest a potentially 

protective role of non-pathogenic Cryptococcus species, such as V. victoriae, in indoor 

repeated fungal exposures. Moreover, our data suggest that V. victoriae is associated with 
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the dog mycobiome and provides evidence that personal exposure to this species could 

potentially confer protective effects against allergic airway disease. Future studies aim to 

validate these associations in an in vivo model in order to elucidate the mechanisms behind 

these associations and environmental yeast exposures. This study provides novel insight 

into the contribution of often overlooked environmental yeast species towards the indoor 

microbiome, and more specifically, the role exposure to these species plays in protection 

against allergic airway disease.
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Figure 1: V. victoriae Standard Curve Development and Distribution
V. victoriae was quantified in samples utilizing a specific primer and probe set. A: The 

developed standard curve and range of detection. B: Numerical frequency distribution of V. 
victoriae quantifications in NYC Neighborhood Asthma and Allergy Study samples (left), 

log transformed quantifications (middle), and cumulative normal probability (right). C: 

Geographical distribution of V. victoriae ce/mg dust over the New York metropolitan area.
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Figure 2: Association of V. victoriae with Asthma
Multivariable model examining asthmatic cases vs. controls, cross-sectional, adjusted for 

sex, race, Hispanic ethnicity, season, neighborhood asthma prevalence, smoker in the home, 

ever dog ownership and a variable indicating if the sample collected was <10 mg, n = 227.
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