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Abstract 

Asthma is a chronic inflammatory disease that affects over 7.1 million children under 18 years in 

the United States. While asthma-causing allergens like fungi, mites, and insects represent 

biologically diverse organisms, they have some biological similarities that may underlie their 

potential to cause asthma.  One of these shared biological features is the production of 

environmental proinflammatory microbial associated molecular patterns (MAMP). Studies have 

shown that MAMPs impact lung function and asthma despite not considered allergens. Recent 

studies have shown that chitin, along with endotoxin and beta-glucan, activate the innate immune 

system by triggering an allergic response in organisms that are exposed to them.   

After successfully creating a novel assay for the quantification of chitin with a detection limit of 

about 20 ng/mg of dust and validating commercially available assays for endotoxin and beta-

glucan, we acquired 380 household dust samples from the Inner-City Anti-IgE Therapy for 

Asthma (ICATA) clinical trial and quantified MAMPs like chitin, endotoxin and beta-glucan in 

those samples. Quantifying MAMPs in household dust samples gave us a better understanding of 

the environmental exposures that activate the innate immune system in those samples. Overall, 

this study contributes to our understanding of the mechanisms in human asthma and allergy.  

 

 

 

 

 

 

Introduction 



Asthma is a chronic inflammatory disease that often has a significant allergic 

component.  Asthma affects over 7.1 million children under 18 years of age in the United States1, 

and is the leading cause of hospitalization in children2. Longitudinal epidemiologic studies 

clearly demonstrate allergic sensitization as a critical predictor of asthma, especially when it 

begins in early life3, pointing to a critical role of developmental factors. Critical to understanding 

the genesis of asthma is the fact that not all allergens cause asthma.  Only a small set of allergens 

are responsible for the bulk of allergic asthma and these asthma-associated allergens 

(asthmagens) have properties that separate them from asthma-independent allergens.  The 

biological characteristics of these asthmagens likely impact their ability to cause 

asthma4.  Epidemiologic studies have strongly linked asthma in desert environments with 

sensitization to the fungus Alternaria alternata but not to pollens, whereas in more humid parts 

of the world, Dermatophagoides, the common house dust mite (HDM), and cockroaches are 

major asthma-related allergens5. While these fungi, mites, and insects represent biologically 

diverse organisms, they have some biological similarities that may underlie their potential to 

cause asthma.  One of these shared biological features is the production of microbe associate 

molecular patterns (MAMPs) like chitin, endotoxin and beta-glucan4. These proinflammatory 

environmental exposures may lead to lung inflammation and asthma, so we are analyzing these 

compounds in dust samples from a well-characterized group of asthma patients with excellent 

clinical data including response to treatment with an IgE inhibitor.  

The Inner-City Anti-IgE Therapy for Asthma (ICATA) Study is a 60-week clinical trial 

conducted to assess the effectiveness of Xolair (Omalizumab), an anti-IgE drug that reduces 

exacerbations and symptoms in asthmatic patients6-11. 419 inner-city children, adolescents, and 

young adults with persistent allergic asthma symptoms were accepted in the randomized, double 



blind, placebo-controlled, parallel-group study at various institutions across the 

country.  Participants underwent an allergen skin testing that consisted of a panel of 14 extracts 

that included mouse and rat epithelia, dog epithelium, 2 types of dust mites, cat hair, American-

German cockroach mix, German cockroach, 4 types of molds, timothy grass, and a ragweed 

mix13. Participants were also asked to collect dust samples from their bed and bedroom floor 

using a validated self-collection procedure, which was provided12. The dust samples were 

assayed for dust mites, German cockroach, dog and mouse allergens. The study results suggested 

that Omalizumab improved asthma control and mostly eliminated seasonal peak exacerbations in 

participants of the experimental group. Interestingly, the study also concluded that participants 

who were both sensitized and exposed to cockroach allergens benefited most from Omalizumab, 

as they experienced a 71.2% reduction in exacerbations as a group13.   

Although many conclusions were drawn from the ICATA study, the environmental dust samples 

were not assayed for components that may activate the innate immune system and augment 

allergic lung disease and asthma. Other than the regular allergens assayed in the clinical study, 

household dust consists of compounds called microbe-associate molecular patterns (MAMPS) 

like chitin, endotoxin, and beta-glucan that could influence the severity of asthma in patients, as 

shown in Figure 1. Thus, we will be quantifying these possible allergens and toxic compounds in 

dust samples from the ICATA study. Chitin, a modified polysaccharide, is among the most 

common biopolymers in the world. It makes up the exoskeleton of crustaceans and insects, and 

cell walls of fungi that are abundant in the environment.  Although chitin is not an allergen, 

recent studies have demonstrated its ability to trigger an inflammatory response in the body and 

potentially augment other allergic and inflammatory responses.  Frequent exposure of chitin has 

also led to the development of asthma14.  Despite its widespread distribution and clinical 



relevance, studies of chitin have been restricted by its relative insolubility in common aqueous 

and organic solvents.  

Similar to chitin, beta-glucans are polysaccharides of glucose subunits.  Beta-glucans are 

commonly found in plants in the form of cellulose, as well as in the cell walls of certain bacteria 

and fungi. Studies have shown that certain linkages of beta-glucan induces severe 

inflammation15,16. Following the quantification of chitin and beta-glucan, we will move on to 

quantifying endotoxin in the dust samples. Lipopolysaccharides, or endotoxins, are toxic 

substances that are held within the cell walls of bacterial cells. They provide structural support 

and protect the cells from environmental assault. Studies have shown that endotoxin exposure is 

associated with a higher risk of impaired lung function, so quantifying endotoxin in household 

dust samples of asthmatic patients could give us insight on its contributions to asthma17,18. 

The central hypothesis of this application is that environmental proinflammatory microbial 

associated molecular patterns (MAMP) impact lung function and asthma.  The overall goal of 

this project is to analyze environmental samples for MAMPs and determine the impact of these 

exposures on human asthma. We will address these issues in two specific aims: 

Specific Aim 1: Design an assay for the quantification of chitin and validate existing assays for 

quantifying endotoxin and beta-glucan in environmental dust samples.   

Specific Aim 2: Analyze environmental dust samples with human clinical asthma data and 

environmental information.   

 
 

Methods 



Dust Sample Collection 

Participants of the Inner-City Anti-IgE Therapy for Asthma study were instructed to collect a 

dust sample from their bedroom at two time points during the study. Each participant received a 

vacuum, an extra HEPA filter, 10 additional vacuum bags, a laminated card with instructions for 

ordering additional supplies, and a large shoulder bag for transporting purposes. Before each 

sample collection, participants watched a dust collection video and went through a review 

session with the study staff to ensure that the sample collection is done accordingly. The 

instructions given include vacuum assembly, HEPA filter and vacuum bag changes, suggestions 

on area to be vacuumed, and more. The Indoor Biotechnologies Mitest Dust Collector, including 

proper handling and storing instructions, was given to participants.  Specific instructions on the 

receipt, handling and storage of the dust samples were also given12,13.  

 
Chitin Extraction from Dust Samples and Quantification 

A detailed diagram showing the sources of each microbe-associated molecular pattern is shown 

in Figure 1. We extracted chitin by treating the dust samples with 30-50%w/v sodium hydroxide 

and autoclaving them at high temperature (1210C) and high pressure19. Creation of a quantitative 

assay for chitin is complicated by several factors.  It is a modified polysaccharide, not a protein, 

so it is difficult to make antibodies that will specifically recognize it.  Chitin is poorly soluble in 

water and many standard solvents so developing adequate standards is challenging. We bypassed 

these complications by developing a modified ELISA assay with a detection limit of 10 ng/mL 

allowing a detection of 3 ng chitin/mg of collected dust.  

 
 

Beta-glucan and Endotoxin Extraction from Dust Samples and Quantification 



To extract beta glucan and endotoxin from dust, dust samples were treated with a 0.2-3% 

extraction fluid of pyrogen-free water and 0.05% Tween-20 and extracted at room temperature 

for 1 hour as proposed by Douwes et al. (1995)21. The samples were centrifuged for 15 minutes 

at (1000 x g) and its supernatant was aspirated and stored at -800C until endotoxin and beta-

glucan analysis were performed. We validated a (1,3)-Beta-D-Glucan assay with a detection 

limit of 5 pg/mL manufactured by Associates of Cape Cod Incorporated, which was processed to 

remove Factor C, and quantified beta glucan in the dust samples. Similar to the beta glucan 

assay, we validated an endotoxin assay manufactured by Lonza with a detection limit of 0.1 

EU/mL. Since both beta glucan and endotoxin activate the proclotting enzyme in horseshoe crabs 

through the same pathway (as shown in Figure 2), we made additions to the assay protocol by 

adding beta-glucan blockers to block Factor G and specifically quantified endotoxin in the dust 

samples. A summary depicting the assays used for each microbe-associated molecular pattern 

and the amount of samples detected are shown in Figure 3.  

Statistical Analysis of Chitin, Beta glucan and Endotoxin Levels 

For the data analysis portion of the project, experimental data from the ICATA study was 

graciously shared by investigators of the clinical trial. We created a database that houses all of 

the data collected. All 380 dust samples were given unique barcodes and stored at -200C in our 

laboratory. Understanding data distribution is crucial to statistical analysis, so we created 

histograms to look at the distribution of chitin, endotoxin and beta-glucan separately. Datasets 

that are normally distributed are analyzed using the Pearson’s correlation test, while data that are 

not normally distributed are analyzed using the Spearman’s non-parametric correlation test. 

Datasets can be characterized as quantitative and categorical variables. Quantitative variables are 

variables in which mathematical operations like addition and subtraction can be applied. 



Categorical variables or factors are variables that partition into different groups or categories. To 

compare the differences in means of quantitative variables across several factors, we performed a 

one-way ANOVA test. To compare the dependence between two categorical variables, we 

performed a chi-square test. All of these tests are conducted at 95% confidence level, so a p-

value of less than 0.05 is considered statistically significant. All tests are performed on SPSS or 

STATA.  

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results 



Chitin, Endotoxin and Beta-Glucan Quantification 

Figure 4 shows a histogram of the log of chitin levels in 379 dust samples from the Inner City 

Anti-IgE Therapy for Asthma study. The figure shows a non-normal distribution and the sample 

mean is 284.1 ng chitin/mg of dust with standard deviation of 495.6ng/mg of dust. Figure 5 

shows a histogram of the log of endotoxin levels in 378 dust samples. The figure shows a normal 

distribution with a mean of 15520.7 EU/mg of dust and a standard deviation of 22057.6 EU/mg 

of dust. Figure 6 shows a histogram of the log of glucan levels in 306 dust samples. The figure 

shows a normal distribution with a mean of 1165.7 pg/mg of dust with a standard deviation of 

1750.8 pg/mg of dust.  

 
MAMP Levels on Environmental Information 

Table 1 shows the one-way ANOVA test determining the effect of gender on MAMP levels in 

households. There is no significant difference between the gender groups and MAMP levels in 

their respective households. Table 2 shows the results of the one-way ANOVA test, which 

determined that the difference in endotoxin levels between the groups of participants who are 

allergic to the mold Alternaria tenuis and the participants who are non-allergic is significant (p = 

0.048). Table 3 shows the results of a one-way ANOVA test of cockroach presence on MAMP 

levels. Participants in the ICATA study were asked the question: “ Have you seen any 

cockroaches in your home in the past 12 months?” There were no differences statistically in the 

levels of endotoxin or beta-glucan in dust samples when stratifying groups by the presence of 

cockroaches in the home. However, the difference in chitin levels of the participants who 

answered “Yes” and the participants who answered “No” was statistically significant (p = 0.043). 

Figure 7 shows the mean concentration (within 1 standard deviation) of chitin in dust samples 

associated with the participants who answered “Yes” and the participants who answered “No”. 



This figure shows that participants who have a history of cockroaches in their home within the 

past 12 months have higher levels of chitin in their household dust, while participants who have 

not seen cockroaches in their homes within the past 12 months have lower levels of chitin on 

average. To take this one step further, we asked participants the question: “Have you seen any 

cockroaches during the day in your home?”.  Figure 8 shows the mean chitin level in the 

following three groups: no cockroach history in home, has history of cockroach in home but have 

not seen cockroaches during the day, seen cockroaches during the day. Assuming that seeing 

cockroaches during the day corresponds to a higher amount of cockroaches in the household, 

Figure 8 does not show a dose-response curve. However, the mean chitin levels of both groups of 

participants with cockroaches in their homes are higher than the group of participants who have 

no history of cockroaches. In addition, we determined that chitin, glucan and endotoxin levels 

did not correlate with each other. The Pearson test between endotoxin and chitin levels (r = 

0.024), endotoxin and glucan (r = 0.115), and chitin and glucan (r = 0.002) showed that the 

correlations were not significantly different from 0 from a statistical standpoint.  

 
MAMP Levels on Asthma Phenotypes 

After analyzing MAMP levels with environmental information, we also correlated MAMP levels 

with asthma clinical data. Due to the normal distribution in data, we performed a Pearson’s 

correlation test and found a positive correlation between endotoxin levels and total serum IgE 

level (r = 0.18, p = 0.0001, N = 372) as indicated in Table 4.  We also found a statistically 

significant, weak negative correlation between dog wheal size on allergy skin test results and 

endotoxin level in household dust sample (r = -0.124, p = 0.038) using the Spearman’s non-

parametric correlation test as shown in Table 5.  

Discussion 



Main Findings 

This study aims to determine the roles of proinflammatory environmental exposures in asthma. 

We are one step closer to this goal by quantifying MAMPs in household dust samples from the 

ICATA trial. Dust samples collected in the ICATA study provide a unique opportunity to assess 

the impact of exposure to MAMP’s on asthma severity, exacerbations, and response to 

treatment. This is due to the study’s well-characterized group of asthmatics with excellent 

clinical data including response to treatment with an IgE inhibitor. 

Our study is the first study involving a chitin quantification assay for dust samples. Using this 

assay, along with validated endotoxin and beta-glucan assays, we have quantified MAMP levels 

in 380 dust samples provided to us by the ICATA investigators. Both endotoxin and beta-glucan 

levels are normally distributed, and the chitin levels is non-normally distributed. The bimodal 

distribution for the chitin levels as shown in Figure 4 can be attributed to the assay’s lower limit 

of detection. Dust samples that contain chitin levels that were too low for detection were 

assigned a value of 5 ng/mL, which is 50% of the lowest point on the standard curve of the 

assay. The values were later converted to units of ng/mg dust to normalize the samples to be 

independent of dust weight. By correlating each MAMP to the other, our analysis demonstrated 

that chitin, beta-glucan, and endotoxin levels in dust did not correlate with each other, indicating 

that our assays detected them as independent dust components. 

Using statistical software, we found that participants who are allergic to Alternatia tenuis have 

significantly higher levels of endotoxin in their homes. Alternatia tenuis is prevalent in damp 

conditions, which are ideal for bacteria to thrive. Thus, we expected participants who are allergic 

to Alternatia tenuis have high levels of endotoxin in their homes. Chitin levels have no 

association with indoor moisture levels.  Figure 7 and 8 demonstrates that the existence of 



cockroaches correlate with higher chitin levels, which was not surprising since cockroaches 

produce chitin. The absence of a dose response curve in Figure 8 was expected, as cockroaches 

are nocturnal animals indicating that encounters are mostly due to chance. Contrary to our 

expectations, we did not see an association of endotoxin with indoor pets even though pets are 

breeding grounds for bacteria.  

Clinically, we found a positive correlation between endotoxin levels and total IgE level, r = 0.18, 

p = 0.001, N = 372. The correlation was weak but statistically significant as shown in Table 4. 

IgE or Immunoglobin E is an antibody that plays a critical role in hypersensitivity. When the 

body is exposed to an allergen, in this case endotoxin, IgE levels increase to recruit immune cells 

like macrophages and mast cells to mediate inflammatory reactions and release chemicals like 

histamine. These events associate with allergy, inflammation and airway constriction in asthma. 

In addition, we found a negative correlation between dog wheal size on allergy skin test results 

and levels of endotoxin. A possible explanation for this finding is the “hygiene hypothesis” 

originally proposed by David Strachan, which states that the lack of exposure to infectious 

agents, bacteria, fungi and parasites in early childhood suppresses development of the immune 

system and leads to an increase in a person’s susceptibility to allergic diseases23. The 

demographics of the ICATA study consists of participants 6-20 years of age with an average age 

of 10.9 in the experimental group and 10.8 in the placebo group13. These participants who are 

still in the developmental age fit the conditions of the hygiene hypothesis. This may explain the 

negative correlation between dog wheal size and endotoxin levels in Table 5, as well as the weak 

correlation between endotoxin levels and IgE levels in Table 4. According to Williams et al., 

cross-sectional studies of children raised in rural European communities also found that early 



endotoxin exposure may protect against the development of allergic sensitization and atopic 

asthma24. 

 
Future Directions 

In the future, we will proceed with our analysis of clinical and environmental phenotypes that 

associate with dust endotoxin, (1,3)-Beta-D-glucan, and chitin. While we were conducting 

statistical analysis, we obtained data that we currently lack explanation for, so we will consult 

literature that have done similar studies and compare our findings. We will also be analyzing the 

ICATA dust samples for protease activity, as studies have shown that proteases induce 

inflammation22. Furthermore, we will expose dust samples to murine models of asthma to 

determine mechanistically how environmental dust samples impact lung inflammation and 

asthma.  
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Figure 1: Sources of chitin include arthropods (e.g. Dust mites) and insects (e.g. 
Cockroaches), as well as fungi (e.g. Mushrooms). Fungi produce beta glucan and 

bacteria (e.g. E.coli) produce lipopolysaccharide (endotoxin). Chitin, beta-glucan and 
endotoxin are examples of MAMPs that trigger inflammation25. 

Figure 2: Limulus Protease Activation Pathway used in the beta-glucan and endotoxin 
detection assays (Glucatell, Associates of Cape Cod Incorporated) 



 

 

 

 

 

 

 

 

 

 

 

 

N=379 

Figure 4: Histogram depicting the distribution of chitin levels in 379 dust samples. 

Figure 3: The 3 MAMPs (chitin, endotoxin and beta-glucan) were quantified using the 
assays described. Detection limits are in units per mL. 

Commercial Beta-Glucan 
Assay from Associates of 
Cape Cod Incorporated 

(Detection Limit of 5 pg/mL) 

Chitin 

Modified ELISA 
Assay (Detection 

Limit of 10 ng/mL 
dust) 

380 dust samples acquired 
from ICATA Study 

Endotoxin Beta-Glucan 

Commercial Endotoxin 
Assay from Lonza 

(Detection Limit of 0.1 
EU/mL)  

379 out of 380 
samples detected 

378 out of 380 
samples detected 

306 out of 380 
samples detected 

Log [Chitin] (ng/mg Dust) 



 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

N=378 

Figure 5: Histogram depicting the distribution of endotoxin levels in 378 dust samples. 

N=306 

Figure 6: Histogram depicting the distribution of (1,3)-Beta-D-Glucan levels in 306 
dust samples. 

Log [Endotoxin] (EU/mg Dust) 

Log [Beta-glucan] (pg/mg Dust) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8: Mean of chitin levels vs. the response to the following question: Have you seen 

any cockroaches during the day in your home (Yes/No)? 
 

Figure 7: Mean of chitin levels vs. the response to the following question: Have you 
seen any cockroaches in your home in the last 12 months (Yes/No)? 
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Table 1: One-way ANOVA test to determine the effect of gender on MAMP levels 

Table 2: One-way ANOVA test to determine if the difference of endotoxin levels 
between groups that are allergic to Alternaria tenuis (mold) and non-allergic is 

significant. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3: One-way ANOVA test to determine the effect of cockroach presence on 
MAMP levels 

Table 5: Spearman’s non-parametric correlation test to determine the correlation 
between dog wheal size on allergen skin test results and MAMP levels 

Table 4: Pearson correlation test showing that there is a weak but statistically significant 
correlation between serum IgE levels and endotoxin levels in household dust samples.  
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