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House dust is a complex matrix containing organic and inorganic content with a good
percentage of microorganisms. Microorganism’s growth and survival in dust depends on
available moisture level. Microbial origin in dust depends on sources other than dust. On
average people spend approximately 90% of their time in indoor environment. Therefore, they
are continuously exposed to microbes in dust. Based on the size and volume of dust particles
the microbes get access to human lungs via airways. Based on previous research; culture
dependent studies indicate that Penicillium, Aspergillus, Cladosporium are in abundance is
house dust along with 20 other fungal genera. While bacterial flora in house dust is dominated
by gram positive bacteria such as Staphylococcus, Corynebacterium, and Lactococcus etc.
Culture-independent studies demonstrate that higher diversity of fungal and bacterial species,
approximately 500-1000 species is prevalent in house dust. Microbial abundance in house dust
can exceed up to 109 cells/g dust, depending on techniques employed, different environmental
conditions and type of indoor environment, among other factors. In current study filter dust
samples were collected from ten households from Houston by volunteers by following the
devised protocol and assessed for diversity and bacterial abundance in indoor air. Samples were
transported and stored in labs before processing. Samples were processed by following two
techniques i.e., Cut sample technique and Serial dilution. The bacterial colonies were grown on
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three different media i.e., Luria-Bertani", Eosin Methylene blue and MacConkey agar. The pure
colonies were counted with serial dilution technique. The next step was bacterial identification.
Microbes were identified using Morphological characteristics, Gram staining, Oxidase,
Catalase test and Biolog technique. Ten bacterial strains were identified by using Biolog
technique based on their metabolic potential. All bacteria isolated and identified were found to
be Gram positive in nature. Bacillus cereus was selected as an organism of interest because of
its pathogenicity against humans. Therefore, ATTC strain of B. cereus was obtained and growth
kinetics and biofilm production was compared to investigate the survival potential of surrogate
bacteria when exposed to lead challenge (0.5ppm, 10ppm, 25ppm and 100ppm). The statistical
analysis indicated higher growth rate and biofilm production of B.cereus isolated from indoor
filter dust sample when exposed to different concentrations of lead (Pb) in comparison to an
ATTC strain of B.cereus.
Key words: House dust, bio-aerosols, bacteria, indoor dust.

TABLE OF CONTENTS
LIST OF TABLES ............................................................................................................................................ iv
LIST OF ILLUSTRATIONS ............................................................................................................................. v
LIST OF SYMBOLS ......................................................................................................................................... vi
VITA................................................................................................................................................................. vii
ACKNOWLEDGEMENTS ............................................................................................................................viii
CHAPTER
1. INTRODUCTION ................................................................................................................................... 1
2. REVIEW OF LITERATURE .................................................................................................................. 4
3. DESIGN OF STUDY............................................................................................................................. 11
4. RESULTS AND DISCUSSIONS .......................................................................................................... 16
5. SUMMARY, CONCLUSIONS AND FUTURE PROSPECTS ............................................................ 26
REFERENCES ................................................................................................................................................. 28

iii

LIST OF TABLES
Table

Page

1. Data collected from ten house holds ............................................................................................................ 17
2. Results for analysis of 10 samples for Morphology and Growth on different Media .................................. 17
3. Results for biochemical tests i.e. Gram staining, oxidase test and Catalase test .......................................... 18
4. Bacterial identification results on the basis of Bio log technique ................................................................ 20
5. Procedure details for biofilm production for B. cereus ATTC vs environmental strain (E) ........................ 21
6. Procedure details for growth kinetics for B. cereus ATTC vs environmental strain (E) ............................. 23

iv

LIST OF ILLUSTRATIONS
Figure

Page

1. Sample collection sites from ten households................................................................................................ 17
2. Morphological characteristics of pure bacteria isolated from ten samples on LB plate............................... 18
3. Biofilm production for B.cereus surrogate (ATTC) vs Environmental (E) strains in presence of different
concentrations of lead (Pb) ............................................................................................................................... 22
4. Biofilm production for B.cereus surrogate (ATTC) vs Environmental (E) strains in presence of different
concentrations of lead (Pb) ............................................................................................................................... 22
5. Biofilm production for B.cereus surrogate (ATTC) vs Environmental (E) strains in presence of different
concentrations of lead (Pb) ............................................................................................................................... 23
6. Graph indicating the growth pattern of B. cereus; surrogate strain (S) vs environmental strain (E) values
taken every 30 minutes for 10 hours a) without lead exposure b) at 100ppm of lead exposure c) at 50ppm of
lead exposure d) at 10ppm of lead exposure e) at 0.5ppm of lead exposure. ................................................... 24

v

LIST OF SYMBOLS
i.e.,

That is

Cm

Centimeter

g/L

Gram per litre

Conc.

Concentration

CFU

Colony forming unit

OD

Optical density

B. cereus

Bacillus cereus

ATTC

American Type Culture Collection

S

Surrogate

E

Environmental

EMB

Eosin methylene blue

MC

MacConkey

Ppm

Parts per million

ml

Millilitre

Pb

Lead

IF

Inoculating fluid

vi

VITA
2014…………………………………………………………………….

B.S, The University of the Punjab, Pakistan

2017…………………………………………………………………….

M.S. Quaid-i-Azam University, Pakistan

2019-21……………………………………………………………....

Teaching Assistant at Texas Southern University

Major Field…………………………………………………………..

vii

Biology

ACKNOWLEDGEMENTS
All praise to Allah Almighty for giving me the willpower to complete my thesis on time.
There were problems and hard times but there was a solution always which is a blessing.
To my family, the beginning and end of all that I do.
To my advisor Dr. Jason Rosenzweig who continuously guided and supported me, without his
help and guidance it was not possible.
To all my professors in the master who gave me knowledge in biology.

viii

CHAPTER 1
INTRODUCTION
Indoor airborne microbiota and its impacts on human life
People are continuously exposed to different levels of biological and non-biological
particles in air and this exposure has heterogeneous origin sources. Non biological particles
emitted from industries, vehicles and other sources are better characterized, however, biological
particles in air have not been adequately examined or poorly understood. Bio aerosols have
biological origin and account for 5-34% of indoor air pollution. Indoor bioaerosols are of more
relevance as it is found that people spend approximately 90% of their time indoors (Tringe SG.,
et al 2008). Indoor air quality monitoring is important because an individual inhales 6-10 liter
of air/min, accounting for almost 15,000l/day (Wood RA et al., 2002). As per studies conducted
by the United States environmental protection agency (EPA) in previous years, indoor air has
been found to be more contaminated than outdoor air. Additionally, indoor air has been one of
five top risk factors to public health (Kotzias D, 2005). Poor air quality is linked to heart and
lung disease, Moreover, in the last few years’ cases of Cancer, Diabetes, Neurological disorders
have increased dramatically, as people spend most of their time indoors, preliminary studies
suggest a correlation between aforementioned diseases and indoor pollutants (chemical or
biological) (Diamanti-Kandarakis et al., 2009). A study conducted in 2012 suggested that 3.7
million premature deaths were caused by poor air quality (Błaszczyk E et al., 2017). In 2016,
WHO announced that 4.3 million premature deaths were associated with bad air quality in
indoor environments (WHO, 2016).
Bioaerosol consists of water droplets and solid particles suspended in air, these solid
suspended particles are a blend of bacteria, fungi, viruses, their fragments, and metabolites (e.g.,
mycotoxin, pollen, endotoxin) etc. Many of these organic biological particles settle down or
move around in association with other dust particles. In this review, the focus would be on the
1
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indoor dust microbial population specifically bacterial consortia present in the indoor
environment. Most literature studies focus primarily on indoor dust matrix to evaluate air borne
microbial exposure because of the ease of sample collection and high replicability. It is difficult
to sample bioaerosols because of their dynamic nature and high-cost samplers, therefore,
household dust samples are used which tend to predict long term average conditions in indoor
settings. As inhalation of dust particles is known to cause a variety of diseases (infections and
allergies) (Nazaroff WW, 2016 and Hewitt KM et al., 2012), fine dust particles that can
penetrate lungs are of interest. Household dust is a complex mixture of organic matter; dead
skin cells, pollen, hair and diverse microbial communities and inorganic components; metals
and minerals (Mølhavea, 2000). The organic and inorganic components in household dust have
origin from both outdoor and indoor sources (Butte, 2002), therefore, it represents an important
environmental matrix to which an individual is exposed most of the time. To get a better
understanding of how this exposure affects human health, it’s important to explore and
characterize household dust composition, specifically focusing on the bacterial population in
the dust matrix (Rager, J.E.., 2016). Humans get exposed to household dust via diverse routes
such as by ingestion, inhalation, intake of contaminated food particles, and skin contact
(Blanchard, O., 2014).
Bacterial density in House dust
The predominant genera in house dust consists of gram-positive bacteria (phylum
Actinobacteria and Firmicutes); preliminary data trend suggests predominance of following
bacteria

in

household

dust:

Deinococcus,

Bacillus,

Enterococcus,

Lactococcus,

Staphylococcus, and Arthrobacter, Corynebacterium, Cyanobacteria, Propionibacterium
Micrococcus, Nocardiopsis, Rhodococcus, and Streptomyces (Andersson et al. 1999). One
study found the presence of Listeria monocytogenes from samples collected from farm
children’s beds (Korthals et al. 2008). Plant associated bacteria are also found in some studies
such as Actinobacteria in higher concentrations (Pakarinen et al. 2008). Some studies showed
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house dust also contains a reasonable population of gram-negative bacteria but in less quantity
than gram positive bacteria. Bouillard et al. reported prevalence of gram-negative bacteria in
house dust almost one third of total bacterial population isolated from air, dust, and surface
samples; the predominant taxa found to be Pantoea, Stenotrophomonas maltophilia and
pseudomonas putida (Bouillard et al. 2005). Furthermore, Rintala et al. observed 40% of OTUs
(operational taxonomic units) in house dust samples were of gram-negative origin (Rintala et
al. 2008). Although microorganisms are generally perceived as pathogens, their presence in
inbuilt environments could be beneficial for the occupants if a concept of ‘healthy building’ is
introduced keeping microbiology into account for development of symbiotic microbiome
(Yong E, 2017). Heavy amounts of gram-negative bacteria in the indoor environment in a
child's early life has been linked with high incidence of wheezing, however, this exposure
mitigates asthma and allergy risk in later life (Kotzias D, 2005).

CHAPTER 2

REVIEW OF LITERATURE
As people are at risk of exposure to household dust on daily basis, the particulate
matrix (PM), which coexists with indoor bacteria, gets access to our lungs via airways. Our
lungs inhale dust volume approximately 10000L per day (Tsuda et al., 2013), including an
average concentration of PM in the range of 10.6-54 µg/m3 of air as calculated by personal
monitoring (Morawska, L, et al 2013). Other than oxidative stress and inflammatory responses,
dust particles also act as carriers to transport diverse volatile organic chemical compounds
(Blanchard, O., et al, 2014). The suspended particles in air interact with airway passage and
deposit on different sites along the airways, depending on their aerodynamic properties,
predominantly their diameter. Mostly, larger particles comprising of 1-5um diameter tend to
deposit chiefly in the extra thoracic airways, particles of medium diameter such as between 510um occupy tracheobronchial region; while particles having diameter less than 1um usually
deposit in the alveolar region respectively; different particles initiate immune activation upon
deposition on cell surfaces (Owen, M.K and Ensor, D.S., 1992). Although, microbial
components in house dust activates defensive immune response which is necessary for
clearance of contaminants (microbes, toxicants) from the body (Kirjavainen, Pirkka V., et al
2019); unrestrained and unchecked immune response would cause immune dysfunction and can
be detrimental (P.C. Stark.,2005). Inhalation of ultrafine dust particles (diameter 100nm or less)
causes inflammation reactions; biological agents associated with these particles induce immune
dysregulation. A study reported that inhaled bacterial vesicles (extracellular and intracellular
vesicle) and bacterial components such as LPS (lipopolysaccharides), in indoor dust elevates
risk of pulmonary diseases (asthma, emphysema and lung cancer) by activating Th1, Th2 and
Th17 cell response (Yang, Jinho, et al., 2020). However, genetic susceptibility along with
environmental factors play a substantial role in disease onset.
4
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In indoor environments, the inhaled air contains estimated 106 air borne microbes
(Mandal, J., and Brandl, H. 2011). Some of these microorganisms have been found to be
responsible for pneumonia e.g., species of Legionella, Mycoplasma and non-tuberculous
Mycobacteria (Nishiuchi, Y., 2017). However, a more nascent emerging concept related to
hygiene hypothesis is that less microbial exposure in childhood could be a potential cause of
allergies and autoimmune diseases in developed countries (Man, W. H., 2017). Evelyn Xiu
Ling Loo et al, 2018, conducted a study to investigate differences in microbiota and allergen
concentration in house dust collected from allergic and non-allergic subjects in Singapore. The
results showed altered microbiota and allergen profiles in collected samples, the concentration
of Anaplasmataceae, Bacterioidaceae, and Leptospiracea was found higher in allergic
subjects’ samples than non-allergic ones. However, Actinobacteria, Firmicutes, and
Proteobacteria were found to be the most abundant genera and overall, the bacterial community
structure and concentration was constant in both groups (Loo, Evelyn Xiu Ling, et al., 2018).
The areas with high occupant’s density, such as military training facilities (Brundage, J. F.,
2018), correctional institutions (Hoge, C. W., 1998) and dormitories have more cases of humanto-human transmission (Schaal, K. P. 1991). Moreover, in hospitals nosocomial infections
spread through airborne transmission. A study conducted by Hoisington et al (2015) tried to
establish a link between mental health and the microbiome of the indoor environment. Studies
indicate that indoor dust microbiome also affects gut microbiota that influences brain cognitive
ability (Hoisington, A. et al 2016) Therefore it is pertinent to investigate ‘occupational dust
exposure’ that can impact brain health.
HVAC systems as a microbial source
HVAC systems are designed to distribute indoor air at supply vents and provide a
mixture of air from the outside environment, but it has been found that this system itself can
act as a potential source of microorganisms because of contamination (Ager B, Tickner J .,
1983) In a study, Bernstein et al. demonstrated that an inadequately maintained HVAC system
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may facilitate ample growth of Penicillium species and caused greater rise in concentration of
air borne fungi in an affected office than an unaffected one (Bernstein RS et al ., 1983) .
Dondero et al. examined the cause of the outbreak of Legionnaires disease and found the source
for this disease as an air conditioning tower contaminated with Legionella pneumophila.
Similarly, Ager and Tickener found that HVAC systems support growth of Legionella species
(Ager B and Tickner J. , 1983) .Additionally, studies show that human skin squamous cells
turnover, which cause shedding of these cells in constructed spaces provide plenty of nutrients
for bacteria to survive in HVAC (Ng TW., 2017) . Indoor dust contains ample nutrients to
sustain bacterial consortia for three months after isolation (Fahimipour AK, 2018). However,
researchers found that by proper maintenance and cleaning, the risk of microbial contamination
was highly decreased. Therefore, HVAC systems could be controlled to some extent to avoid
exposure to microorganisms and is important to maintain indoor air quality.
Samples collected from HVAC filters for analysing airborne microbiota of indoor
environments
As it has already been mentioned that the most common technique to access microbial
communities in indoor environments is carried out by collecting settled dust. However, settled
dust accumulates over an unidentified duration of time and cleaning frequency is not known;
mostly the dust samples represent large particles that settle naturally in less time than smaller
particles that remain suspended in air (Noris F., 2011). The alternative methods to collect dust
samples from air include passive sample techniques such as petri dishes, short term air samples
are accumulated on filters or by using liquid impingers (Adams RI, 2015). These methods are
useful as collection time can be monitored and collected particles are suspended in air at the
sampling time. However, these methods have certain disadvantages too depending on the
technique employed; less biomass is recovered by using these alternative techniques. Therefore,
a single sample is not enough to go through DNA intensive analysis, such as metagenomics
analysis, microbial sequencing, PCR and quantitative PCR etc. Moreover, they do not reflect a
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complete picture of temporal and spatial snapshot of suspended particles in other spaces of the
building and sampling period (Haaland D, Siegel JA., 2017). Heating, ventilation, and air
conditioning.
HVAC filters have been effectively used to identify indoor air born microbiota. This
filter forensics approach utilizes HVAC filters fitted inside homes, is a promising technique to
collect particulate matter associated with microbiota, allergens, SVOCS and metals in indoor
environments (Luongo JC et al., 2017). These HVAC dust filters are given preference over
other techniques because of the following advantages; they possess filters, they are installed for
long term and their time span is known, they are able to collect particles covering wide space
and height similar to high volume air sampler (Stanley NJ ., 2008) . Filters with high efficiency
can also collect smaller particles of range less than 10 um which is not found in settled dust
samples because of low deposition rate. (e.g., Stephens and Siegel 2013; Azimi et al. 2014) In
integration with HVAC system such as run times, filter efficiency and volumetric flow rates,
this HVAC filter dust sampling technique provides a spatially and temporally cohesive way of
identifying and monitoring contaminants present in low quantity in inbuilt environments. This
process of accessing indoor contaminates is known as quantitative filter forensic (Haaland D
and Siegel JA ., 2017) .Other techniques used for extraction of dust from HVAC filters in built
environment include liquid based extraction such as sonication, vortexing, brushing (Ni et al,
2011; Besis et al 2014), shaking and scraping (Noris et al, 2009), using tweezers (Tan et al 2007
a, b, c), cut and elution, and filtering (swabbing and vacuuming) (Barnes CS ., 2015). These
techniques have advantages and disadvantages and show variation in terms of repeatability and
biomass recovery. Since microbiota and other health associated biological agents in in-built
environments are considerably dependent on sampler type, therefore knowing these variations
is important (Frankel M., 2012). Checinska et al, used two approaches to investigate the
microorganisms in international space stations; first technique involved vacuum bags that had
been employed to collect samples from the protective screen on HEPA filters and second
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technique involved use of scalpel to scrap particles directly from HEPA filters. The results
indicated a huge difference in the taxonomy and viability of these two samples, most probably
because of variance in size of collected particles by utilizing two separate techniques. This
study revealed that sampling and extraction approach both play a significant role in recovery
of microbiota Checinska A et al., 2015). In a study conducted by Maestre et al, 2018, analysed
three extraction methods; swabbing, vacuuming and liquid based to recover microbiota from
HVAC dust filters. It was found that vacuum samples collected from samples captured
significantly greater bacterial diversity then other two methods, while fungal diversity remained
constant across all sample collection techniques. Vacuum and swab samples were substantially
more useful and repeatable than cut samples. Moreover, the influence of environmental and
human associated factors was the same in all employed techniques. Despite this reported data
by Master et al, 2018, the amount of recovered dust by vacuuming is still not understandable,
additionally, it is not clear if the recovered dust is reflecting the true nature of particles in
vacuum samples in comparison to the original samples. Hence, a more specific approach is
needed to get an exact recovery amount to examine particular analytes. (Cao et al, 2012).
Another study was conducted by Mahdavi et al, 2020 to get an insight into advantages and
disadvantages of vacuuming and the best approach to extract dust. In this study a highly
efficient vacuum sampler was used to extract dust from 20 filters manually loaded with dust
and 41 filters contained naturally accumulated dust in residential HVAC systems. It was found
that multiple extractions were efficient for maximum dust recovery, however, the recovered
dust was overly dominated by particles size greater than 10um. Hence, precautions should be
taken while dealing with smaller particles under consideration (Mahdavi et al., 2020).
Biofilm formed by indoor dust microbes
Microbe’s attachment to surfaces is facilitated by factors such as electrostatic
interactions, bacterial adhesive fibers and excreted sticky slimy exopolymer.

Microbial

communities grow together in a matrix and are held together by exopolymer called biofilms.
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Primarily the biofilm is consisted of polysaccharides, the extracellular matrix may contain,
proteins, carbohydrate binding proteins, nucleic acids, lipids, and sugars (Roldan et al. 2003).
Biofilms may comprise of diverse microbial population like bacteria, fungi, algae, and lichens
(Flemming 2002; Varnam 2000). The resilient character of biofilm is dependent on
environmental factors which encourages the “division of labour” within subpopulations of
bacteria by altering gene expression in response to local nutrient and oxygen availability (Lewis
2005; Domka et al. 2007). Studies of microbial growth on stone sculptures and fresco paintings
demonstrated that various microbial communities colonized a surface, not a single microbial
specie (Albertano et al. 1991). Although some biofilms are recalcitrant and provide protection,
many microorganisms also produce acids as their metabolic product. For example, oxalic acid
excreted from microbes has been observed to cause damage to stone and glass (di Bonaventura,
et al. 1999; Dornieden, et al. 2000)
Dust particles adhesion involve factors as the dynamics of molecular dispersive
forces, electrostatic interactions, and capillary condensation (Phenix et al. 1990). Additionally,
dust transports bacterial and fungal spores across long distances (Yoon et al. 2000) and while
considering the process of dust adhesion to a substrate or non-sterile surface, the biological
adhesion mechanism should also be taken in consideration. Bacterial adhesion to surfaces takes
place via electrostatic interactions, bacterial adhesive structures, and natural polymer. The first
step in bacterial attachment to the surface take place only after van der Waals and electrostatic
forces bring the bacteria in proximity to surfaces. When bacteria come in con tact to the surface,
bacterial cell structure is modified to bring about adhesion. The adhesion depends on the type
of bacteria and surface physiochemistry (Mozes et al, 1991). Although medical and
environmental research is mainly focused on biofilms at solid-liquid and liquid-air interfaces,
aerophytic biofilms can exist at solid-air interfaces (Gu et al. 2000 B). In this environment, the
bacteria in the exopolymer matrix sequester nutrients from the substratum by excreting
enzymes (Marshall 1996). Biofilms can form from just a few bacteria; the underlying bacteria
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multiply exude polymer, and die, while new ones are perpetually deposited on top from falling
dust. The biofilm can grow on and around the dust particles, strongly securing themselves and
the dust particles to surfaces.

CHAPTER 3
DESIGN OF STUDY
Sample site selection
The participants for sample collection were volunteers to bring vacuum samples and
Air filter samples from approximately 80 residences. The samples included 80 dust vacuum
samples and 30 Air filter samples. Dust collection protocol was devised by the help of research
lab fellows and professors and the questionnaire was distributed to the students. The
questionnaire included the occupant’s and dwelling characteristics. Through the questionnaire
the residence characteristics such as floor type, cooling system, heating system, humidity level,
cleaning frequency and occupant’s living characteristic such as number of inhabitants, pets,
smokers’ presence, and habitat was determined. In this study the filter samples from 10 houses
were used and processed for analysis to check microbial diversity and concentration.
Sample collection and processing
The Air filter samples were collected randomly from 10 houses, after the removal of
filters the filters were carefully and sealed in static shielding bags and transported back to
Texas southern University and stored at 4c.
Cut sample technique: The air filters were carefully removed from the shielding bags using
sterile techniques and carefully cut into 1´1 inch and 30 square pieces were generated and
were placed on top of LB agar plates, MacConkey agar plate and Eosin methylene blue agar
plates in duplicates, after this the plates were placed in incubator for 24 hours and checked for
microbial proliferation. The technique employed was a modification of protocol adapted by
(Maestre, et al. 2018).
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Cut and elution technique: The second technique used in this study to evaluate microbial
concentration and variety was modified cut and elution technique protocol (Stanley et al. 2008;
Farnsworth et al. 2006, Maestre et al. 2018). The Air filter were approximately cut 1´1 inch
square randomly across the filter. The test tube was filled up to 3ml with deionized water and
cut samples were dissolved. The solution was vortexed for 10 minutes and then undergo serial
dilution up to 10-3 dilutions.
Serial dilution: This technique was used to analyse colony forming units in dust filter samples
following modified protocol followed by Tarnowski, A., et al ;2004. First the cut samples were
mixed with deionized water in a sterile test tube, vortexed the tube for 10 mins to separate dust
and bacteria from the cut samples and then perform serial dilution. Using a micropipette and
sterile tip transfer 10ul of solution to the micro centrifuge tubes from 10ml test tube, this was
the undiluted tube 10-0. Label the micro centrifuge with the dilution factor as 10-1, 10-2, and 103

fill them with sterile water up to 9ul. Then the solution was diluted up to 10-3 dilutions. The

tube was vortexed between every dilution for at least 35 seconds to thoroughly mix the dust
containing bacteria with deionized water. Each time the pipette tip was discarded. The dilutions
were performed in duplicates. Label the nutrient agar plates with the sample number and divide
the plate in three sections with dilution factors 10-1, 10-2, 10-3 Then 30 ul of solution was taken
out from 10-1, 10-2, 10-3 dilutions and transferred to the nutrient agar plate and incubated for 24
hours. Number of colonies are counted by using colony counter and results were recorded. The
CFU was calculated by using formula; CFU= no of colonies /ml plated´ Dilution factor.
Biochemical identification
Gram staining: Gram staining is a technique used to differentiate two groups of bacteria based
on differences in their cell wall structure. The technique used for this purpose is gram staining.
First, smear is prepared, then primary stain; crystal violet is added for a minute, followed by
addition of mordant gram iodine for one minute, then the slide is washed by alcohol for one
minute and finally secondary stain safranin is added. The gram-negative cells would stain pink

13

under the microscope while gram positive cells would stain purple under the microscope.
(Coico, Richard, 2006).
Catalase test: Catalase test is used to determine organism’s ability to breakdown hydrogen
peroxide into water and oxygen. A Small amount of bacterial culture was placed on glass slide
and drop of 3% H2O2 was added. The formation of bubbles was observed which depicted
evolution of O2 (Reiner and Karen; 2010).
Oxidase test: The oxidase test is used to check the presence of cytochrome oxidase enzyme.
The test was performed by using filter paper, 1% solution of tetramethyl-p phenylene-diamine
dihydrochloride was added to filter paper and bacteria culture was mixed. A positive reaction
was observed if purple colour appeared within 5-10 seconds and negative reaction was observed
if purple colour has not appeared within 60 seconds or after 60 seconds (Tarrand et al, 1992).
Growth on different media: Selective and differential media were used to analyse
characteristic of bacteria. The bacteria were grown on Eosin methylene blue media and
MacConkey agar. Both media are selective for gram negative bacteria and gram-positive
bacteria do not grow on these media. The experiment was performed by streaking bacterial pure
culture on Eosin methylene blue and MacConkey agar and results were observed (Mahasneh,
1992).
Identification of bacteria using Bio-log
Isolation of fresh Bacteria culture: First prepare fresh culture of bacteria to be identified by
streaking on nutrient agar plate and put in incubator for 24 hours and label them properly. At
Labelling Station, carefully unpack a GEN III plate from the packaging. Be vigilant not to touch
the end of the plate below the wells. Label with extra-fine point Sharpie GEN III plate on the
short side of the plate, opposite the Biolog Logo (label the plate, not the lid).
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Turbidimeter value set to zero: Take out the inoculating fluid (IF) from the packaging, clean
the sides with the help of Kim wipes and then put the IF inside the turbidimeter and set the
transmission to 100% by using the adjustment knob.
Inoculation of IF: Touch the top of bacterial colony to be identified with the help of inoculating
needle or tip and mix it with IF. Place the IF in turbidimeter and set the cell density and wait
for transmission to be adjusted between 95-98%. Adjust the transmission if the value below or
above this range is obtained.
Transfer the IF into sterile plastic well: Remove the IF from turbidimeter and pour in a sterile
plastic well. Take a multi-channel pipettor and pick tips from the tip box. Adjust the pipettor
and set it to 100ul and draw out the IF containing bacteria present in plastic well to fill in GEN
III plate.
GEN III Plate filling: Transfer the IF to GEN III plate and fill all the wells by dispensing the
liquid through pipettor. After filling the wells purge discard the tips in autoclave bag. Cover the
GEN III plate with lid. Put the GEN III plate in incubator for 24 hours. After incubation the
phenotypic purple prints are compared to biolog’s established library. If match is found the
bacteria identified at specie level.
Growth curve analysis
Saturated cultures of Bacillus cereus isolated from dust filter samples (environmental
strain) and ATTC strain of Bacillus cereus was cultured in nutrient broth and put overnight in
shaker incubator. Both bacterial cultures were diluted to an optical density of 0.2 (595nm) in a
96 well plate. The final volume was 200ul /well. Nutrient agar broth was used as a control and
all experiments were performed in triplicate. Growth rates were observed every 30 minutes for
12 hours and results were recorded (Bado et al; 2017).
Biofilm formation assay
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For our biofilm formation assay, we employed our previously described methods
(Suraju et al. 2015) with some modifications. Briefly, saturated cultures B. cereus strains
environmental and reference strain were diluted to an optical density (595 nm) of 0.2 in a 96well plate (final volume, 200 μL/well). Microtiter plates were incubated for 24 h with agitation
(~ 100 rpm) at 37 °C, after which optical densities at 595 nm were measured. Wells were
washed with water and incubated with 0.1% (vol/vol) crystal violet (total volume, 250 μL/well)
for 1 hour at ambient temperature. Unbound crystal violet was removed by washing with water,
and wells were dried overnight. Biofilm-bound crystal violet was dissolved in 250 μL of 30%
acetic acid. Optical densities of solubilized crystal violet were measured at 570 nm. Biofilm
produced was normalised based on relative biomass (optical densities of planktonic cells) to
account for any differences in the growth rates of the various bacterial strains used. All
experiments were carried out in triplicate or quadruplicate (Bado et al; 2017).
Preparation of lead stock solution and dilutions: Stock solution of Pb at a concentration of
10,000 mg/L =10 g/L (10,000 ppm) was made dissolving 1.598 g of Pb (NO3)2 in 100 mL of
deionised water. The dilutions were prepared using the formula C1V1=C2V2.
Where: C1= 10,000ppm

V1 =?

C2= 100, 50, 10, and 0.5 ppm

V2=100mL V1= 100 ppm X 100 mL/10,000 ppm = 1mL
For the first concentration of 100 ppm, 1mL of the stock solution were added into a
graduated cylinder, plus 99 mL of distilled water was poured to complete 100mL.
For the second concentration (50 ppm) I added 500 uL of the stock solution into a
graduated cylinder, and 99.5 mL of distilled water.
(10 ppm); 0.1 mL or 100uL of the stock solution in a graduated cylinder and completed to 100
mL with distilled water.
For the third concentration (0.5 ppm); 0.005 mL or 5uL of the stock solution into the
graduated cylinder and completed to 100 mL with distilled water (G., Bhavya; 2019).

CHAPTER 4
RESULTS AND DISCUSSIONS
Bacteria in indoor environment thrives by attaching to inanimate objects and living
surfaces (Donlan, R. M, 2001). After attachment the bacteria needs sufficient moisture and
nutrients to proliferate (John Wiley & Sons, Inc., 2006). Floor dust collected represents the
airborne bacteria as the suspended dust particles naturally settle down on the floor (Leppã¤Nen,
H. K. et al; 2017). Air borne microorganisms circulate in the indoor environment and along
with particulate matter and organic content gets into air filters and trapped inside the filter
(Korves, T. M. et al. 2013). The already accumulated dust in air filters would act as a nutrient
source for bacteria proliferation and survival (Pokhum, C. et al. 2018). Higher nutrient level
would support higher bacterial growth. Indoor microorganisms are continuously influenced by
outdoor environment (Adams et al, 2013). The surrounding soil conditions would also impact
the bacteria heterogeneity in indoor environments (Rintala H et al, 2012). Therefore, it might
be concluded that Air filters are richer in bacterial population in comparison to the dust. Sources
such as occupant density also largely influences bacterial makeup of indoor environment. It has
been stated that among top 30 genera prevalent in indoor environment 10 are associate with
humans (Adams, R. I. et al.2015).
Sample collection
The samples were collected from ten households by volunteers by following the
provided protocol. The details are provided in the following Table 1 and the samples were
collected from different sites to cover all the directions. Maximum samples were collected from
Harris County, few were collected from Fort bend and one from Brazoria. Figure 1 indicates
that the samples collected were representing almost all the directions.

16

17

Figurecollection
1. Samplesites
collection
sites
from ten households
Figure 1. Sample
from ten
households

Table 1. Data collected from ten house holds

Bacterial identification by observing Morphology and growth on different media
Table 2. Results for analysis of 10 samples for Morphology and Growth on different Media
Sample #

Morphology

Growth on
MC/EMB

1008-1

white, creamy smooth colonies

-

1002-7

white, transparent, irregular
margins

-

1039-2

white smooth colonies

-

1047-3

Yellow, smooth colonies

-

1045-2

White, smooth colonies

-

1027-3

Greyish colonies

-

1052-3

Yellow, smooth colonies

-

1018-5

Off white thick colonies

-

1046-6

Light yellow

-

1046-4

Grey, transparent colony

-
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Figure 2. Morphological characteristics of pure bacteria isolated from ten samples on LB plate
Biochemical test Results
Table 3. Results for biochemical tests i.e., Gram staining, oxidase test and Catalase test
Sample #

Gram staining

Catalase test

Oxidase test

1008-1

Gram +

-

-

1002-7

Gram +

+

-

1039-2

Gram +

+

-

1047-3

Gram +

-

-

1045-2

Gram +

-

-

1027-3

Gram +

1052-3

Gram +

-

+

+

+
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1018-5

Gram +

+

_

1046-6

Gram +

+

+

1046-4

Gram +

+

_

The predominant genera in house dust consists of gram-positive bacteria (phylum
Actinobacteria and Firmicutes); preliminary data trend suggests predominance of following
bacteria

in

household

dust:

Deinococcus,

Bacillus,

Enterococcus,

Lactococcus,

Staphylococcus, and Arthrobacter, Corynebacterium, Cyanobacteria, Propionibacterium
Micrococcus, Nocardiopsis, Rhodococcus, and Streptomyces (Andersson et al. 1999).
Furthermore, Rintala et al. observed 40% of OTUs (operational taxonomic units) in house dust
samples were of gram-negative origin (Rintala et al. 2008). Current study also indicates the
dominance of gram-positive bacteria in household dust. The results of biochemical tests and
bio log show gram positive Bacillus species are in abundance. As Bacillus can form spores and
resist harsh environment therefore, they can survive physical stress and can germinate again
when the favourable conditions return.
Screening of bacteria of interest
B. cereus was selected as bacteria of interest because it acts as an opportunist pathogen
if gets access to mammalian tissues and can lead to local and systemic infections such as
diarrhoea, eye infections, endopthalmitis and septicaemia (Reviewed in Drobniewski et al.,
1993; Kotiranta et al., 2000). Bacillus cereus produces different types of toxins to cause disease
such as emetic toxin elicits vomiting (Ehling-Schulz et al., 2004b) whereas enterotoxin causes
diarrhoea by disrupting membrane permeability of epithelial cells in intestine. The three toxins
i.e. Pore-forming cytotoxins haemolysin BL (Hbl), nonhaemolytic enterotoxin (Nhe) and
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cytotoxin K (CytK) have been associated with causing diarrhoeal diseases (Beecher &
MacMillan, 1991; Lund & Granum, 1996; Lund et al., 2000). PlcR is the transcriptional
regulator controlling the production of theses cytotoxins (Lereclus et al., 1996; Gohar et al.,
2002).
Bio log results for bacterial identification
Table 4. Bacterial identification results on the basis of Bio log technique
Sample no

Bio log result

1008-1

Rhodococcus australis

1002-7

Bacillus lichenformis

1039-2

Bacillus cereus

1047-3

Bacillus vitanamesis

1045-2

Bacillus simplex

1027-3

Bacillus simplex

1052-3

Nocardia shimonfusnsis

1018-5

Bacillus
amyloliquefaciens

1046-6

Bacillus plakortidis

1046-4

Bacillus pumilus/safensis
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Biofilm kinetics for Bacillus cereus in presence of lead toxicants at different
concentrations i.e., 0.5ppm, 10ppm, 25ppm and 100ppm
Statistical analysis was done, and data was analysed using Microsoft excel and p-value
(<0.05) was calculated. The experiment was repeated in the same experimental conditions and
the results were evaluated. The results for Biofilm production for Bacillus cereus for
environmental vs ATTC strain in different concentrations of lead toxicants were recorded as
displayed in Figure 3-6.

Table 5. Procedure details for biofilm production for B. cereus ATTC vs environmental strain
(E)
Bacillus cereus biofilm plate 1
Software Version

2.06.10

Experiment File Path:
Protocol File Path:

C:\Users\Public\Documents\Protocols\HA Biofilm.prt

Plate Number

Plate 1

Date

2/5/2021

Time

12:46:25 PM

Reader Type:

Synergy HTX

Reader Serial Number:

14112019

Reading Type

Reader

Procedure Details
Plate Type

96 WELL PLATE

Read

Absorbance Endpoint
Full Plate
Wavelengths: 600
Read Speed: Normal, Delay: 100 msec,
Measurements/Data Point: 8
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Biofilm kinetics
0.2
0.18
0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02
0

p=0.033

p=0.060

p=0.137
p=0.49118

Bacteria

0.5

p=0.215

10

50

100

ENVIROMENTAL SURROGATE

Figure 3. Biofilm production for B.cereus surrogate (ATTC) vs Environmental (E) strains in
presence of different concentrations of lead (Pb)
Biofilm kinetics for Bacillus cereus in presence of lead toxicants at different concentrations
i.e., 0.5ppm, 10ppm, 25ppm and 100ppm

Biofilm kinetics
p=0.07

0.18
0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02
0

p=0.26

BACTERIA

p=0.20

p=0.33

p=0.10

10

50

100

0.5
ENVIROMENTAL

ATTC

Figure 4. Biofilm production for B.cereus surrogate (ATTC) vs Environmental (E) strains in
presence of different concentrations of lead (Pb)
Biofilm kinetics for Bacillus cereus in presence of lead toxicants at different concentrations
i.e. 0.5ppm, 10ppm, 25ppm and 100ppm
Biofilm kinetics
2
1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0

p=0.17
p=0.06

Bacteria

0.5

p=0.10
P*=0.018

p=0.20

10
Environmental

50
ATTC

100
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Figure 5. Biofilm production for B.cereus surrogate (ATTC) vs Environmental (E) strains in
presence of different concentrations of lead (Pb)
Growth Kinetics of B. cereus exposed to different concentration of lead
Lead toxicity has been studied widely among other heavy metal poisoning.
Microorganisms can accumulate lead in their cells, and it can get into humans via food web.
Human activities such as industrialisation and mining in combination to biogeochemical
cycling of variety of compounds lead to pollution.
This study investigates the growth of B. cereus ATTC and environmental strain in
difference concentrations of lead such as 100ppm, 50 ppm, 10ppm and 0.5ppm. Stock solution
was prepared, and then different dilutions were made following the formula C1V1=C2V2.
Measurement of growth kinetics after lead exposure
The growth of microorganisms in presence of different concentration of lead was
measured after 10 hours of exposure. The readings were taken at interval of half an hour at
600nm. The graphs were plotted by using software.
Table 6. Procedure details for growth kinetics for B. cereus ATTC vs environmental strain (E)
2.06.10
C:\Users\Public\Documents\Protocols\Hanan
Growth Rate.prt
Plate 1
2/4/2021
1:57:50 PM
Synergy HTX
14112019
Reader
96 WELL PLATE
Set point 37°C
Preheat before moving to next step
Runtime 10:00:00 (HH:MM:SS), Interval
0:30:00, 21 Reads
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Orbital: 1:00 (MM:SS)
Frequency: 282 cpm (3 mm)
Absorbance Endpoint
Full Plate
Wavelengths: 600
Read Speed: Normal, Delay: 100 msec,
Measurements/Data Point: 8

a)

b)

c)

d)

e)

Figure 6. Graph indicating the growth pattern of B. cereus; surrogate strain (S) vs
environmental strain (E) values taken every 30 minutes for 10 hours a) without lead exposure
b) at 100ppm of lead exposure c) at 50ppm of lead exposure d) at 10ppm of lead exposure e) at
0.5ppm of lead exposure.
Figure 6 shows that B.cereus isolated from dust air filter from indoor house has better
growth rate then the surrogate or ATTC strain. In dust minimal nutrition is present and microbes
are physically stressed so that could be the reason for better adaptation.
Bacterial survival in presence of lead is attributed to the genes that might be present
on extrachromosomal elements such as plasmids. The growth of B.cereus isolated from
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household dust was better than ATTC strain when exposed to different concentrations of lead
which could be because of the probability that bacteria in dust are already under stress. The lead
exposure also creates a stressful environment which favoured the growth of B .cereus isolated
from dust.

CHAPTER 5
SUMMARY, CONCLUSIONS AND FUTURE PROSPECTS
The dust filter samples collected from 10 Houston household reflect the abundance of
Gram-positive bacteria as described in previous studies. However, surprisingly Staphylococci
species or Streptococci species couldn’t be found. As Bacillus species are spore former and it
can resist harsh environment, so they were found in majority. Bacillus cereus is a human
pathogen that causes two different types of gastrointestinal diseases; diarrheal and emetic
therefore, further studies would be required to elucidate its role in indoor environment. Biofilm
production by Bacillus cereus environmental strain was better than the surrogate strain in
presence of lead challenge. Statistical analysis was done to compare the data using Microsoft
excel and p-value (<0.05) was determined to check significance of the data. The significant
large sample size should be processed to establish the real concentration and heterogeneity of
bacterial flora in indoor dust. Biofilm production of mixed bacteria isolated from indoor dust
can also be examined. Bacillus cereus growth kinetics and biofilm production should be
checked in presence of metals other than lead. The bacteria isolated from house dust can be
checked for causing cell toxicity in different cell lines. The bacteria present in indoor dust can
be checked for causing biofouling by using electron microscopy.
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