
CIBTech Journal of Microbiology ISSN: 2319-3867 (Online) 

An Online International Journal Available at http://www.cibtech.org/cjm.htm  

2015 Vol. 4 (3) July-September, pp.36-43/Pathak 

Review Article 

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)  36 

 

RECENT TRENDS IN BIO-AEROSOL STUDIES 

*Apurva K. Pathak 

Department of Microbiology, Modern Dental college and Research Centre, Indore, M.P. India 

*Author fro Correspondence 

 

ABSTRACT 
Microorganisms are ubiquitous in nature, when they present in air phase of atmosphere regarded as 

bioaerosols. Aerobiology is one of the branch of science under which all the aspects of airborne 

microorganism were studied. With the recent advancement of tools and techniques along with the origin 

of newer branch of engineering that is aerosol engineering; this branch of science received tremendous 

advancement both in terms of simplification of techniques and retrieval of all types of primary airborne 

biological particles. The aim of this work was to compile the studies on bioaerosols, which were carried 

out in recent past, in the various branches of aerobiology with special emphasis on advancement of 

science. Literature search was conducted mainly by using the Google scholar, Google search engine, 

MEDLINE and PubMed databases, including articles published until October 2015. Despite of sincere 

efforts of aerobiologist, there exist lacunae in the structure and functioning of public health care delivery 

system with regard to both quality and quantification of the airborne microorganism in community 

environment and its confounding affect on aero-bio-pollutants. There is an urgent need to include these 

aero-bio-pollutants in air pollution parameters as adopted by various governments. This work can benefit 

the wider research community and policy makers by providing a concise overview of various aspects of 

the bio-aerosols. 
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INTRODUCTION 
When the growth conditions of microorganisms in their natural habitats are favourable, they amplified 

and disseminated either actively (self) or passively (environmental factors) from their natural habitats to 

other, where they consider as autochthonous or allochthonous microorganisms. When, these organisms as 

a whole or its parts dispersed in air, known as a primary biological aerosol particles or bio-aerosols. Air is 

one of the medium which do not support the microbial lives; quixotically it is one of the environments 

that contain varieties of components of biological origins. The organisms as a whole or its parts in bio-

aerosols may be allergens, toxins, saprophyte, opportunistic or primary pathogens in nature; comprises the 

agents such as viruses, bacteria, actinomycetes, fungal spores, algae, plant cells, insects, mites, and their 

fragments, endotoxin from Gram-negative bacteria, mycotoxins and glucans from fungi (OSHwiki, 

2013a, 2013b, 2014).  

In the socio-economic and health point of view, it is important to look for the recent advancement and 

researches in the area of aerosol sciences with special reference to potential pathogenic (plant, animal and 

veterinary) airborne microorganism, so that appropriate interventions can be initiated to tackle any 

adverse condition like outbreak of diseases. With this background, the present work included all the 

recent developments, challenges and key issues pertaining to the airborne microorganism. 

 

MATERIALS AND METHODS 

The literature was reviewed in MEDLINE and PubMed databases, Google scholar, Google search engine 

and others, including articles published until October 2015. The key words used for the search included: 

Aerobiology and/or bioaerosols and/or airborne microorganism and/or airborne bacteria with biohazards, 

aero-bio-pollutants, air sampling, pathways, forecasting, and cultivation. The meta-analysis was 

conducted to collect the recent advancements in bio-aerosol research and aerobiology in particular, which 

yielded 505 references, out of which 54 references were included for analysis, without publication bias. In 

addition, the citations in each study found during the main search were reviewed for potential relevance. 
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Finally, standard textbooks on aerobiology, medical microbiology, and aerosol science were examined for 

information. 

Classes of Bio-Aerosols 

The size of bio-aerosols are ranges from 0.02 to 100 μm; based on size, these can be classified into three 

types i.e. dust, droplets, and droplet nuclei. Dusts are solid particles of biological origin or laden with 

microorganism, ranging in size from 1 μm to 100 μm, which under the influence of external forces 

become airborne and may remain suspended in air for some time. Droplets originated from water bodies 

through natural or artificial process, large size droplets settle rapidly under the influence of gravity, 

whereas small droplets in warm and dry atmosphere become dry before reach to floor, become droplet 

nuclei, and remain suspended in air for comparatively longer duration. Both the dust and droplets having 

a mean aerodynamic diameter at or below 100 μm (micrometers) are inhalable in nature, and the droplet 

nuclei which are less than 5 μm in mean aerodynamic diameter are respirable in nature. The size of a 

single bacterium cell is ranging from 0.2 μm to 2.0 μm, when aerosolized capable of directly deposited at 

the alveolar region of the lungs. Based on the site of deposition in human lung the bio-aerosols can be 

classified into three main type i.e. inhalable, thoracic, or respirable fractions representing its deposition at 

nasopharyngeal, tracheobronchial, or pulmonary region respectively.  

Dissemination and Deposition of Bio-Aerosols 

The atmospheric air, whether indoor or outdoor, on the surface of the ground or at high altitude 

containing varieties and fraction of spores of bio-origin in addition to other atmospheric particles. The 

atmosphere contains only allochthonous microorganisms. Brock (1966) stated that, it is unlikely that 

microorganisms grow in the air itself because atmosphere is not a natural habitat of any organism due to 

the lack of nutritional substances, absence of substratum, presence of hydration-desiccation factors and 

harmful radiation. However, to survive in uninhabitable environment, various mechanisms of adaptation 

reported in airborne bacteria such as temperature tolerance, photoreactivation and DNA-repair 

mechanisms, presence of carotenoid pigments, dormancy, spore formation, cell aggregation, modified 

sugar and iron metabolism, and embed in or attached with particles (rafting); even some methanotrophic 

bacteria reported metabolically active at upper atmosphere (Amato et al., 2007). Thus, once the particle of 

biological origin aerosolized from artificial or natural sources, the concentration of bioaerosols per unit 

volume of air decreasing with increasing distance from the sources, due to non-survival of non-adopted 

bacteria in air (Gregory, 1973). 

Based on dimension, the sources of bio-aerosol emission can be classified as point (zero dimension), line 

(one dimension), area (two dimension), or volume sources (three dimension). The biological particles 

those releases (instantaneous or continuous, mobile or stationary and rural or urban) from the large 

sources like forests, grasslands, large water bodies, sewage system etc., are in low concentration but with 

higher buoyancy, transported in the form of microbial plumes, puffs, parcels or grid point, may affect 

large geographical region. Whereas, in terms of size, the sources (hospital, agribusiness, wastewater 

treatments or disposal, garbage handling, sneezing etc.) smaller than the area sources, releases the 

airborne particles of biological origin in higher concentration than the area sources, affect the small region 

due to conical-type of dispersion. Thus, the impact of bio-aerosols released from the point sources is 

higher in only those areas, which are close to the sources. 

According to Knight, large airborne particles of 100 μm in diameter takes only ten seconds to fall three 

meters, while 20 μm particles takes up to four minutes to settle from the same height. Particles 10 μm in 

diameter can remain airborne for up to seventeen minutes, while small particles less than 3 μm may 

remain airborne for an indefinite length of time before settling (Knight, 1980). The dispersion and 

deposition of airborne biological particle primarily depends on aerodynamic properties of bio-aerosols 

and the ambient environment. According to Gregory (1973), to disperse in the turbulent boundary layer of 

atmosphere, the biological particle must escape the laminar boundary layer of still air. The spatial and 

temporal distribution of bio-aerosols were measured on sub-micro- to macro-scale, based on distance and 

time taken by them. Bio-aerosols that remain in the turbulent boundary layers of atmosphere and cover a 

maximum distance up to one kilometre (micro-scale transportation- <1 hrs. or 1KM.) considered as a 



CIBTech Journal of Microbiology ISSN: 2319-3867 (Online) 

An Online International Journal Available at http://www.cibtech.org/cjm.htm  

2015 Vol. 4 (3) July-September, pp.36-43/Pathak 

Review Article 

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)  38 

 

local aero-bio-pollutants. Whereas, those crosses these boundary layers were remain suspended in air for 

a longer duration and cover a long distance both horizontally and vertically, (Kellogg and Griffin, 2006) 

are continental aero-bio-pollutants. 

The bio-aerosols advected into any environment as a consequence of long or short range transport are 

composed of aerobic pollutants originated from both within and outside of the geographical region. That 

is why; the concentrations of the bio-spores are though complex yet very much specific to its 

geographical location subjected to the environmental factors. Aerosolization and tenacity of 

microorganism in aerosols is a complex phenomenon; it can be abstracted in the form of model with the 

help of pure and applied sciences. Several models so far been constructed to address the long and short 

range transportation of aerosols, some of these are; Box model, Gaussian plume or puff models, ADMS 

air dispersion model (Carruthers et al., 1994), Lagrangian stochastic models (Jarosz et al., 2004), Eulerian 

model, Dense gas model, regional-scale models (Helbig et al., 2004; Sofiev et al., 2006) and global 

climate and transport models (Burrows et al., 2009b; Wilkinson et al., 2012). Most of these models are 

computer programs that calculate the gaseous pollutant concentration downwind of a source using 

information on the rate of emission, source type, topography, meteorology parameters, and ambient 

concentrations of pollutant. 

The concentration and composition of bio-aerosols are determine by both the immediate and remote 

sources, thus for aerobiological studies, it is more pragmatic to enumerate airborne microbial particle at 

site under studies rather than the dispersal of bio-aerosols from specific point sources. Moreover, these 

dispersion models fail to notice two majour properties of bio-aerosols i.e. viability and aggregation of 

microorganism, which is essential for any epidemiological studies. The transport of bio-aerosol primarily 

governed by aerodynamic properties of bio-aerosols and the meteorological conditions, whereas various 

environmental factors governs the tenacity of these biological particles in aerosols, in which ambient 

temperature and humidity plays a majour role. In absence of exceptional instantaneous sources, Multiple 

Linear Regression Analysis (LR), Seasonal Autoregressive Moving Average (SARIMA), Neural Network 

Analysis (NNA), and canonical correspondence analysis (CCA) are best in practices to forecast the 

bioload of any specific atmosphere by using environmental factors as predictors (Laaidi et al., 2003; 

Katyal et al., 1997, Luk et al., 2000, Moseholm et al.,1987; Galan et al., 2001; Box & Jenkins, 1976; 

Patterson, 1996; Verma and Pathak, 2008, 2009; Grinn-Gofron and Strzelczak, 2011; Grinn-Gofron and 

Bosiacka, 2012; Pathak and Verma, 2009, 2010, 2012, 2013). 

When airborne particles re-entered into the laminar boundary layer of air it is destined to deposited on 

solid or liquid interface. The process of bio aerosols deposition defined as either dry deposition (when the 

deposition is due to gravitational settling, turbulence and the nature of the ground surface or impaction) or 

wet deposition (when the deposition is due to removal from the air by precipitation). Some of the airborne 

spores are hygroscopic in nature; in upper atmosphere where higher amount of moistures are available, 

absorption of moisture increases the weight of airborne particles have caused the settlement of these 

particles under gravitational forces.  

Presences of metabolically active bacteria at upper layer of atmosphere were reported previously by many 

scholars ((Dimmick et al., 1975; Hill et al., 2007; Amato et al., 2005, 2007; Vaitilingom et al., 2010, 

2012; Durand et al., 2006), some airborne biological particles along with inorganic chemicals facilitate 

condensation process of water, some of it facilitates formation of ice crystals, and the condense water in 

the form of rain and ice crystals settled under the force of gravitation. Several species of bacteria so far 

been identified that acted as cloud condensation nuclei (CCN) and ice nucleators (IN), some of the 

bacteria belongs to the group of Gram-negative bacteria are, Pseudomonas syringae, P. viridiflava, P. 

fluorescens, Pantoea agglomerans, and Xanthomonas campestris (Deininger et al., 1988; Constantinidou 

et al., 1990; Kozloff et al., 1991; Turner et al., 1991; Bauer et al., 2003; Mohler et al., 2007, 2008; 

Bowers et al., 2009, 2011; Morris et al., 2004, 2011). 

Enumeration of Airborne Microorganism  

Traditionally, the studies of aerobiology have focused on the, active and passive emission, transportation, 

deposition, viability of airborne biological particle from its sources, and its interaction with other 
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environmental factors during its aerobiology pathway. With the advancement in science and technology, 

this branch of sciences also start focusing on long distance transportation of microbes, effect of bio-

aerosols on local and global meteorological patterns, forecasting and modelling of bio-aerosol dispersion 

etc.  

Quantitative and qualitative analysis of airborne particles is immensely important for aerosol engineers, 

aerobiological and epidemiological studies. Based on the sites chosen for the sampling, there considered 

four different approaches viz. personal sampling, area samples, source samples, and surface sampling. 

Extensive variety of tools and techniques are in uses for the enumeration of bioaerosols. Different types 

of aerobiological sampling instruments developed based on physical and biological characteristics viz. 

size, density, surface electrostatic charges, velocity, morphology, and aerodynamic structure, of these air 

spores. These samplers can be classified under following heads: 1. Precipitation sampler: Gravimetric 

precipitation for passive sampling (Petri dishes), Electrostatic precipitation (Durham collector), Thermal 

precipitations (Tauber collector); 2. Impact Sampler Suction uses solid media or adhesive surface: 

Impactor (Hirst collector, Burkard trap), Cascade impactor (Allergenco Air Sampler), Inertial and cyclone 

samplers (Andersen collector, Rotor collector, Cyclone collector, Surface Air System (SAS) samplers); 3. 

Impinger sample collector uses liquid media for bio-aerosol entrapment: all-glass impinge (AGI), 

Coriolis® µ cyclone sampler, SKC BioSampler, SAS-PCR sampler, and 4. Filtration sampler: filter solid, 

filter liquid (Mcleod trap), membrane filter. Apart from these, some real time detection samplers based on 

above techniques such as BioTrak™ Real Time Viable Particle Counter and BioLaz® Real-Time 

Microbial Monitor are also in practices. Andersen (1958, 1966) introduces a new sampler for collection, 

sizing, and enumeration of cultivable airborne microorganism that is one of the widely used samplers to 

evaluate and enumerate cultivable viable inhalable microbes of air.  

Airborne microbial community originated from various sources, is highly diversified consisting 

saprophyte, opportunistic or primary pathogenic. For airborne microbial analysis both culture dependent 

and culture independent methods are in practices. Culture dependent methods regarded as semi-

quantitative in nature, used to enumerate viable and cultivable microorganism as it is depends on tenacity, 

viability, aggregation, and type of strains as well as medium of growth; whereas, culture independent 

methods used to enumerate viable, viable but not cultivable and dead microorganism by utilizing 

microscopic, spectrophotometric, chromatographic and metagenomic techniques. During culture-based 

analysis, sampled organism were cultivated on specific media, and further identified by using their 

morphological, biochemical, metabolic, immunological, and molecular characters. Various tools and 

techniques are widely in uses for culture independent in natura, in-silico, or in-situ analysis of airborne 

biological particles; for instance microscopy, denaturing gradient gel electrophoresis (DGGE), high-

throughput pyrosequencing, epifluorescence, Matrix assisted laser desorption/ionization time of flight 

mass spectrometry (MALDI-TOF), fluorescence in situ hybridization (FISH), flow cytometry, 

microarrays, PhyloChip, ATP-bioluminescence, immunoassay and immunosensors (Maron et al., 2005; 

Sharma et al., 2007; Nehme et al., 2008; Millner, 2009; Gilbert & Duchaine,2009; Cho and Hwang, 2011; 

Rajendhran and Gunasekaran, 2011; Behzad et al.,2015). 

According to Behzad et al., (2015) due to low density of microorganisms in the air, inefficient and un-

standardized sampling techniques, DNA sequencing and bioinformatics protocols and methodologies 

affects the outcome of aerobiological metagenomic analysis. Whereas, the culture dependent techniques 

are easy, convenient, and cost effective as compared to culture independent techniques. Conversely, it is 

estimated that less than 1% of total bacteria of any environment is cultivable, thus for quantitative 

analysis, culture independent techniques preferred over culture dependent techniques. The culture 

dependent techniques generally used for epidemiological studies; where the semi-quantitative and 

qualitative analyses of viable and potential pathogenic bacteria are of prime concern. All the 

aerobiological investigation techniques have its own limitations, to investigate bacterial community 

composition of any environment more precisely, both the culture dependent and culture independent 

methods should be used simultaneously, as the output of these techniques of investigation are 

significantly differs with each other (Fahlgren et al., 2010; Al-Awadhi et al., 2013). 
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Hazards Associated with Bio-Aerosols 

The bio-aerosols of any working environment generated out of economic activities are known as 

occupation associated bio-aerosols. The factors such as chemical, physical, biological, ergonomic, etc., 

affecting the health of the workers at work place, is considered as an occupational hazards. Occupation-

associated airborne biological hazards can be defined as organic dusts originating due to any economic 

activity from different sources of biological origin such as virus, bacteria, fungi, proteins from animals or 

substances from plants such as degradation products of natural fibres, it may hazardous in nature. The 

aetiological agent might be derived from a viable organism or from contaminants or constitute a specific 

component in the dust.  

Biological hazards are grouped into infectious and non-infectious agents. Occupational diseases from 

infectious agents are relatively uncommon. Workers at risk include employees at hospitals, laboratory 

workers, farmers, slaughterhouse workers, veterinarians, zookeepers and cooks. Susceptibility is very 

variable (e.g., persons treated with immune-suppressive drugs or immune-compromised persons will have 

a high sensitivity).  

Airborne infectious hazards are generally of two types: Airborne respiratory tract infections and airborne 

non-respiratory tract infections. Microorganisms responsible for airborne respiratory tract infection 

primarily caused infection by a limited number of pathogenic mechanisms. The organism must be able to 

gain a foothold within the respiratory tract in order to grow to sufficient number produce systems. Bio-

aerosols sometimes cause non-respiratory infections; such infections are caused due to the entrance of 

aerosols through other tract such as mouth and reach to intestinal tract (Lundholm and Rylander, 1983; 

Datta and Pridie, 1960; Close et al., 1960), or colonized on epidermal surface may or may not invade 

deep. On the other hand, aerosols settle on foodstuffs and cause food infection or food poisoning (Varela 

and Olarte, 1942; Neter, 1950).  

Non-infectious hazards can be further divided into viable organisms, biogenic toxins, and biogenic 

allergens. Viable organisms include fungi, spores, and mycotoxins; biogenic toxins include endotoxins, 

aflatoxin and bacteria.  

The products of bacterial and fungal metabolism are complex and numerous and affected by temperature, 

humidity and kind of substrate on which they grow. Chemically they might consist of proteins, 

lipoproteins, or mucopolysaccharides. Examples are Gram positive and Gram negative bacteria and 

moulds. Workers at risk include cotton mill workers, hemp and flax workers, sewage and sludge 

treatment workers, grain silo workers. Biogenic allergens include fungi, animal-derived proteins, 

terpenes, storage mites, and enzymes. A considerable part of the biogenic allergens in agriculture comes 

from proteins from animal skin, hair from furs and protein from the faecal material and urine. Allergens 

might be found in many industrial environments, such as fermentation processes, drug production, 

bakeries, paper production, wood processing (saw mills, production, manufacturing) as well as in bio-

technology (enzyme and vaccine production, tissue culture) and spice production. In sensitized persons, 

exposure to the allergic agents may induce allergic symptoms such as allergic rhinitis, conjunctivitis, or 

asthma. Allergic alveolitis is characterized by acute respiratory symptoms like cough, chills, fever, 

headache, and pain in the muscles, which might lead to chronic lung fibrosis. 

 

CONCLUSION 

Since the advent of a new branch of science called “microbiology of the atmosphere” or “aerobiology” 

(Meier et al., 1933; Stepanov, 1935), in this field lots of works so far been done, as presence of 

microorganism were demonstrated even at exosphere (Shivaji et al., 2006, 2009). Despite of sincere 

efforts of aero-biologist, aerosol engineers and epidemiologist, still there is an absence of standardized 

protocol, tools and techniques requires sincere collective approaches to promulgate for this branch of 

sciences from all its stock holders. There is an urgent need to include these aero-bio-pollutants in air 

pollution guidelines in order to evaluate the risk associated with airborne microorganism in occupational 

environments and its associated community environments, it is essential to identify and characterised the 

biohazards of environments and its spatial and temporal distributions, including its sources. 
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