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ABSTRACT 
Antimicrobial substances have multifaceted applications, primarily discovered and introduced for the 

treatments of infection diseases but now a day’s it uses as a preservative, sanitizer, cosmetics, and growth 

promoters is rampant. The irrational and unwarranted application of antimicrobial substance affects the 

environments causing antibiotics pollution. Presence of antimicrobial substances in environment and pre-

existing microorganisms containing pools of antimicrobial genes, synergistically guiding the development 

of newer resistance microorganisms become a major global health concern, as it can be transmitted from 

one environment to even via air. The aim of this work was to compile the studies on generation, 

dissemination, and prevalence of the bio aerosols containing antimicrobial resistance traits from artificial 

or natural environment including their probable effect on their surrounding communities, the measures so 

far been taken by various authorities, and the recommendation made by the scholars, which were carried 

out in recent past. Literature search was conducted mainly by using the Google scholar, Google search 

engine, MEDLINE and PubMed databases, including articles published until February 2016.  
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INTRODUCTION 
For the management of pathogens, antimicrobial substances are the only option available to the clinicians, 

but the emergence of resistance towards most potent antibiotics jeopardizes the current management 

protocols in practices (ECDC, 2015). Resistance toward antibiotics in microorganism is not a new 

phenomenon; it existed in the microbial world, much before even the discoveries of the antimicrobial 

substances. Previously thought that resistance traits in microorganism were developed due to the selection 

pressure or drug pressure exerted by the misuse and mismanagement of antibiotics, also known as 

antibiotics pollution, however, the recent findings are suggestive of antimicrobial resistance (AMR) is a 

natural phenomenon as evident by the releases of antimicrobial bioactive molecules in response to 

quorum or other organism, exhibiting hormesis, are also responsible for the augmentation, selection, and 

transmission of antibiotic resistance genes in environment naturally (Baltz, 2005; Marti et al., 2013; 

D’Costa et al., 2011; Hall and Barlow, 2004, Davies et al., 2006; Calabrese & Baldwin, 2002; Ryan and 

Dow, 2008; Linares et al., 2006; Allen et al., 2010; Sauer, 2003; Martinez, 2009; Igbinosa and Oviasogie, 

2014; Whitman et al., 1998). Thus, the study of AMR required multifaceted and multidimensional 

approaches, as it includes all the factors (biotic and abiotic) guiding the AMR acquisition and its sources 

(Cantas et al., 2013; Chee-Sanford et al., 2009; Davies and Davies, 2010; Huijbers et al., 2015). 

Segawa et al., (2013) while studying the regional geographical distribution of resistance genes believed 

that the most plausible modes of transmission of resistance genes are through airborne bacteria and 

migrating birds from distant regions where these genes exist either in form of resistome or subsistome. 

Antibiotic wastes and antibiotics excreted through urine or faeces may remain in environment for a longer 

duration, before degradation (Pei et al., 2006; Dolliver and Gupta, 2008). These remained antibiotics put 

forth a selection pressure on environmental pathogenic or saprophytic bacteria, accountable for the 

emergence of more resistant strains either by mutation or acquiring the genes or both (Boxall et al., 2004; 

Chander et al., 2005).  

World health organization in its policy paper “Worldwide country situation analysis: response to 

antimicrobial resistance” accepted that the antimicrobial resistance is a natural phenomenon, there is an 

urgent need of comprehensive national plans, based on a multi sectoral approach and with sustainable 
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financing to fight antimicrobial resistance globally (WHO, 2011; 2015). However, this surveillance based 

on the recognition of antibiotic patterns of microorganisms and identifies trends and outbreaks in clinical 

setup; it did not include the study on resistome or subsistome of the regions in questions. Therefore, to 

fight the menace of AMR, all the sources like, clinical, agriculture, waste, engineering, or natural 

environments and the means of transmission like anthropogenic, soil, water, and air must be included in 

the policies.  

The sources of airborne microorganisms are diverse includes both artificial and natural environments. The 

transmission of airborne microorganisms through air is familiar to all. Aero-microbial flora of any 

environment is highly specific, based on sources, aerosolization, anthropogenic, climatic, and spatial-

temporal factors (Clauß, 2015). These aeromicroflora containing diverse microorganism having AMR 

traits descended to the diverse environments that also includes those inhabited by human, is one of the 

biggest threat to communities. This review examines those studies, so far been conducted to assess the 

generation and transmission of microbes carrying AMR traits aerosolized from diverse environments and 

their threats impact on surroundings. The main objectives of the present review has been to analyses the 

generation and dissemination of microorganism containing antibiotic resistance genes and to consider 

whether, these bio-aerosols containing resistant microorganism poses some real threat to their 

surroundings are not. 

 

MATERIALS AND METHODS 
The literature reviewed in MEDLINE and PubMed databases, Google scholar, Google search engine and 

others, including articles published until February 2016. The keywords used for the search included: 

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

aero-bio-pollutants, air sampling, antibiotic, or antimicrobial resistance, aerobiological pathways, and 

cultivation. The meta-analysis was conducted to collect the recent researches performed in the area of 

emergences of AMR microorganism and AMR containing bio-aerosols in particular, which yielded 

plethora of references, out of which 100 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. Finally, standard textbooks on aerobiology, medical and veterinary microbiology, and aerosol 

science were examined for information. 

Transmission of Resistant Bacteria 

Antimicrobial resistance traits among microorganisms are a global problem, first recognised the Paul 

Ehrlich, and followed by many scholars (Ehrlich, 1909; Neuschlosz, 1919; Ross, 1939; Abraham & 

Chain, 1940, Rammelkamp & Maxon, 1942; Kirby, 1944). The practices of misuse and mishandling of 

antibiotics in various residential and occupational environments are widespread (Heuer et al., 2009; 

Marshall et al.,1990; Roe and Pillai, 2003; Sharma et al., 2008, Stockwell and Duffy, 2012; Thiele-

Bruhn, 2003), leads to the transmission of microorganism carrying AMR traits to newer places through 

the both biotic and abiotic modes like food chain, water, direct contact and others, poses a serious threat 

to public health (Arya and Agarwal, 2011; Marshall and Levy, 2011; Segura et al., 2009; Shah et al., 

2012, Walsh et al., 2011). In this review the menace of AMR and its transmission through aerial routes 

were extensively discuss based on available literatures till date.  

Clinical Environment 

Airborne transmissions of pathogens are indicated in more than 2 millions community associated and 

nosocomial infections. Fernstrom and Goldblatt (2013) after reviewing the scholarly article concluded 

that, of all the hospital acquired infections the air routes accounted for 10-35%. The average monthly 

concentrations of airborne bacteria ranged from 3.0-8.7X103 cfu/m3 in dental practices and 257.1–6,223 

cfu/m3 in hospital and those contributed from its occupants in a word could be as high as 336 cfu/m3 

(Augustowska and Dutkiewicz, 2006; Bennett et al., 2000; Frączek and Górny, 2011; Igbinosa and 

Oviasogie, 2014).  

According to Lynch (2001), the Enterobacter are the most common causes of hospital-acquired 

pneumonia. Humphreys et al., (1994) reported higher rate of emission of Burkholderia (Pseudomonas) 
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cepacia in air by the cystic fibrosis patients in an enclosed hospital word area. Huang et al., (2013) 

reiterated that finding by adding that P. aeruginosa represented the most frequently detected and 

abundant bacterium in the air samples and was the only bacterium exhibiting a positive correlation of the 

mean counts between air and surface samples, which is intrinsically resistance towards many antibiotics 

(Chopra and Roberts, 2001; Huang et al., 2006). The Extended-spectrum ß-lactamases were reported in 

the species belonging to the genera of Enterobacter and Klebsiella isolated from the air of hospital 

associated environment (Pathak, 2011).  

Fifteen month aerobiological surveys were undertaken by Greene et al., (1962) in various ward and area 

of two general hospitals. They have reported the Gram-positive cocci as a predominant airborne microbial 

flora followed by Gram-positive rods, Gram-negative rods, molds, actinomycetes, yeasts, and the 

diphtheroids and coccobacillary types, representing both human and environmental origins, Mirzaii et al., 

(2012), reported the contribution of airborne Gram-positive cocci in hospital environment is up to 84.2%. 

Messi et al., (2015) also reported Gram-positive cocci as a dominant microbial flora of nosocomial 

environment; he further added that more than 95% of isolates were resistant toward multiple drugs 

(MDR). However, Gandara et al., (2006) reported, low concentration (13.96%) MDR S. aureus from the 

houses of a residential area, as compare to nosocomial environment showing that presence of drug 

pressure is responsible for higher prevalence of MDR in nosocomial environment. Therefore, relatively 

higher concentration or the "cloud" phenomenon of S. aureus in air make it the most prevalent cause of 

hospital- and community-acquired bloodstream, skin and soft tissue, and lower respiratory infection 

(Beggs, 2003; Cooper et al., 2004; Cotterill et al., 1996; Diekema et al., 2001; Li and Hou, 2003; Roberts 

et al., 2006; Tambekar et al., 2005; Wagenvoort et al., 1993).  

Matthias et al., (2000) reported coagulase negative Staphylococci (30%) and Pseudomonas aeruginosa 

(24.4%) in a secondary care hospital and while measuring the indoor and outdoor air contamination of 

various sections in hospital, he also reported that various places of hospital act as a reservoirs of multi-

resistant nosocomial pathogens, where labour room was recorded as most contaminated site, followed by 

the dressing room and the operation theatre. The increased rate of methicillin-resistant Staphylococcus 

aureus (Dürmaz et al., 2005; Saadoun et al., 2015) followed by vancomycin- resistant enterococci (VRE) 

or extended-spectrum β-lactamase-resistant microorganism transmission associated with a prior 

occupant’s carriage is suggestive of some odd routes for the transmission of pathogen in intensive care 

unit (ICU) and other ward area of a nosocomial environment. Shiomori et al., (2001, 2002) reported that 

the diseased pre-occupants bed making procedure generate airborne methicillin-resistant Staphylococcus 

aureus (MRSA) could be responsible for nosocomial infection; he further added that sources of MRSA in 

wards include both animate and inanimate objects (Dürmaz et al., 2005). Wilson et al., (2004) reported a 

correlation between the resistance patterns and diseased patients admitted in wards; whereas, Messi et al., 

(2015) correlated it with the environmental source of MDR bacterial isolates. Kumar et al., (2013) 

reviewed various studies conducted in India pertaining to the menace of antibiotic resistance, 

recommended for more effective action for the introduction and enforcement of appropriate regulations 

and allocation of appropriate resources for education and surveillance in India. 

Agriculture Environment 

Hamscher et al., (2003) analyses the soil sample taken from piggery, detected higher concentration of five 

different antibiotics, including tylosin, tetracyclines, sulfamethazine, and chloramphenicol; according to 

them the dust containing antibiotics, microorganisms, endotoxins, and allergens not only hazardous to the 

communities but also it exert a selection pressure on microorganism to be evolved into more resistant 

strains. Dahm et al., (2014) from the meta-analysis reported the high prevalence up to 88.0% of 

methicillin- or multi resistant Staphylococcus aureus (MRSA), Extended spectrum beta-lactamases 

(ESBL), Vancomycin-resistant enterococci (VRE) and Methicillin-resistant coagulase-negative 

staphylococci (MR-CoNS) in human and animals in Europe, recommended more Interdisciplinary 

research between human and veterinary medicine.  

In agriculture environments it was assumed that the transmission of antibiotics and resistant bacteria were 

anthropogenic (Gilchrist et al., 2007), however other mode of transmission including airborne 
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transmission is thoroughly studied by the scholars (Griffin, 2007; McEachran et al., 2015). According to 

Seedorf et al., (1998) resistant microorganisms released into the environment via the aerial route may 

contribute to the development of antibiotic resistance in wild-type strains of other microorganisms, in 

which, concentrated animal feeding operation may plays as a reservoir for multiple drug resistance 

microorganism (Sapkota et al., 2006). The bacterial concentrations with multiple antibiotic resistances 

reported from the sites even after antibiotics were discontinued, might be a threat to the workers and its 

nearby inhabitants (Gibbs et al., 2006).  

From an animal feeding operation, the aerobiological pathways of antibiotic resistance microorganism 

were evaluated by Gibbs et al., (2006), recorded antibiotic-resistant S. aureus decreased with increasing 

distances from the facility, and the percentage of resistant group ‘A’ streptococci, faecal coliform and 

total coliform increased within the facility compared with upwind values for antibiotics tested, these 

bioaerosols containing antibiotic resistance genes could travel up to two km. from its sources of origins 

(Ling et al., 2013).  

According to Friese et al., (2012), the airborne transmission of MRSA within pig herds indicative of 

potential contamination of the barns environment. Ling et al., (2013) positively correlates the 

concentrations of aerosolized bacteria with the concentrations of airborne resistance genes, also noted 

higher frequency of resistance genes for some specific classes (Kumari and Choi, 2014). Resistant 

towards oxacillin and kanamycin were reported higher among the Proteobacteria followed by 

Actinobacteria, Firmicutes, Bacteroidetes in airborne bacterial communities of Hog Farm and Spray 

Field, by Arfken et al., (2014), towards Chloramphenicol and Gentamicin among the members of the 

genus Staphylococcus, by Heo et al., (2010) and rifampicin, erythromycin, and penicillin in Escherichia 

coli by Yao et al., (2007), isolated from the air of various agro-environments. 

Other Environment 

In order to investigate the occurrence of multidrug-resistant hospital strains in residence air, Lis et al., 

(2009) reported the presence of methicillin resistance of airborne coagulase-negative staphylococci in 

homes of people having contact with a hospital environment. Furthermore, Gandara et al., (2006), 

reported higher concentrations of airborne multidrug-resistant Staphylococcus aureus from inside of 

residential homes compared to the extramural environment, these findings were reiterated by Messi et al., 

(2015), while analyzing four types of environments in Modena (Italy) that includes indoor environments 

(both residential and public), dental clinics, operating rooms of hospitals and area associated with solid 

waste management.  

Odeyemi (2012) reported high level of resistance among the airborne isolates of the members of the 

family Enterobacteriaceae during an aerobiological survey conducted at municipal refuse dump in Ado-

Ekiti, Nigeria.  

More than a million times as many soil microorganisms on our planet than stars in the universe (Nesme et 

al., 2016); in which, the members of the family Streptomycetaceae are predominant. The Streptomyces is 

the type genus of family Streptomycetaceae are the major source of antibiotics, contributing more than 50 

antibiotics available till dates and based on discovery trends, may contain more than one lakh (294,300) 

antimicrobial compounds (Watve et al., 2001), that may actively released in its vicinity. D’Costa et al., 

(2006) while studying streptomyces from soil concluded that the antibiotic resistome are much more 

extensive in soil than as previously thought that were due to the presence of pre-existing genes that 

confers resistance towards these antibiotics, and hence, this is an ecological problem rather than 

regulatory (Singer et al., 2006).  

Allen et al., (2010) has concluded from the meta-analysis that many factors like translocation of wildlife 

into suburban areas owing to game release, habitat destruction, pollution, and changes to water storage, 

irrigation, or the climate, ecotourism, hunting and camping, exotic foods, wet markets, bush meat and 

game farms, exotic pets and the long-distance transport of live animals, zoos, aquaria, wildlife safari 

parks and circuses, and trapping or rearing of Fur-bearing animals, were responsible for dissemination of 

preexisting resistance microorganism and inappropriate uses of antibiotics, other anthropogenic activities 

and natural physical and biological factors were acted it’s as selectors.  
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Conclusion 

The higher number of resistance airborne bacteria reported by many workers in various environments 

previously, thus, it is essential to rectify present approaches to fight the menace of evolution, 

transportation, and incidence of AMR microorganism.  

Since, the rate of development of new antimicrobial agents is much lower than the incidence of resistance 

developments towards existing drugs; moreover the emergence of pandrug-resistant alarmed the world to 

resolve this problem with iron hands (WHO, 2015).  

WHO (2014) surveyed for the magnitude of AMR and the current state of surveillance has reported the 

significant gaps in surveillance, lack of standards for methodology, data sharing and coordination among 

all its stakeholders.  

Antimicrobial Resistance Technical Working Group of WHO has introduces a six points policy package 

to combat the menace of AMR, these includes: conception and implementation of antimicrobial resistance 

policies, strengthening surveillance and laboratory capacity, ensured availability of essential medicines 

timely pro- and metaphylaxis measures with its rational uses, and finally, to foster innovations, research 

and development for new tools by all its stakeholders (Leung et al., 2011).  

Keeping in the mind the ubiquity of AMR microorganism, Singer et al., (2006) and Cantas et al., (2013) 

recommends for the uses of more advance study design, tools and techniques to accurately measuring the 

diversity of selection pressures, and routes of transmission that are influencing the evolution, 

dissemination and persistence of antimicrobial resistance traits/genes in microorganisms. Probably these 

kinds of integrative approaches for the containment of AMR acquisition and spread may reduce the rapid 

emergence of resistance organism specifically for those against newer drugs. 

 

REFERENCES 
Abraham EP and Chain E (1940). An enzyme from bacteria able to destroy penicillin. Nature 

146(3713) 837. 

Allen HK, Donato J, Wang HH, Cloud-Hansen KA, Davies J and Handelsman J (2010). Call of the 

wild: antibiotic resistance genes in natural environments. Nature Reviews Microbiology 8(4) 251-259. 

Arfken AM, Song B and Sung JS (2015). Comparison of Airborne Bacterial Communities from a Hog 

Farm and Spray Field. The Journal of Microbiology and Biotechnology 25(5) 709-17. 

Arya SC and Agarwal N (2011). International travel with acquisition of multi-drug resistant Gram 

negative bacteria containing the New Delhi metallo-beta-lactamase gene, bla(NDM-1). Travel Medicine 

and Infectious Disease 9 47–48. 

Augustowska M and Dutkiewicz J (2006). Variability of airborne microflora in a hospital ward within a 

period of one year. Annals of Agricultural and Environmental Medicine 13 99–106. 

Baltz RH (2005). Antibiotic discovery from actinomycetes: will a renaissance follow the decline and 

fall? Society for Industrial Microbiology News 55 186–196. 

Beggs CB (2003). The airborne transmission of infection in hospital buildings: fact or fiction? Indoor and 

Built Environment 12 9–18. 

Bennett AM, Fulford MR, Walker JT, Bradshaw DJ, Martin MV and Marsh PD (2000). Microbial 

aerosols in general dental practice. British Dental Journal 189(12) 664-67. 

Clauß M (2015). Particle size distribution of airborne microorganisms in the environment – a review. 

Landbauforsch. Applied Agricultural and Forestry Research 65(2) 77-100. 

Bonten MJ, Hayden MK, Nathan C, Van Voorhis J, Matushek M, Slaughter S, Rice T and 

Weinstein RA (1996). Epidemiology of colonisation of patients and environment with vancomycin-

resistant enterococci. Lancet 348 1615-1619. 

Boxall ABA, Fogg LA, Blackwell PA, Kay P, Pemberton EJ and Croxford A (2004). Veterinary 

medicines in the environment. Reviews of Environmental Contamination and Toxicology 180 1-91. 

Boyce JM, Potter-Bynoe G, Chenevert C and King T (1997). Environmental contamination due to 

methicillin-resistant Staphylococcus aureus: possible infection control implications. Infection Control & 

Hospital Epidemiology 18 622-627. 



Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231– 6345 (Online) 

An Open Access, Online International Journal Available at http://www.cibtech.org/jls.htm 

2016 Vol. 6 (1) January-March, pp. 33-42/Pathak 

Review Article 

© Copyright 2016 | Centre for Info Bio Technology (CIBTech)  38 

 

Bures S, Fishbain JT, Uyehara CF, Parker JM and Berg BW (2000). Computer keyboards and faucet 

handles as reservoirs of nosocomial pathogens in the intensive care unit. American Journal of Infection 

Control 28 465-471. 

Calabrese EJ and Baldwin LA (2002). Defining hormesis. Human and Experimental Toxicology 21 91–

97. 

Cantas L, Shah SQ, Cavaco LM, Manaia CM, Walsh F, Popowska M, Garelick H, Bürgmann H 

and Sørum H (2013). A brief multi-disciplinary review on antimicrobial resistance in medicine and its 

linkage to the global environmental microbiota. Frontiers in Microbiology Antimicrobials, Resistance and 

Chemotherapy 4(96) 1-17. 

Chander Y, Kumar K, Goyal SM and Gupta SC (2005). Antibacterial activity of soil-bound 

antibiotics. Journal of Environmental Quality 34 1952-57. 

Chee-Sanford JC, Mackie RI, Koike S, Krapac IG, Lin YF, Yannarell AC, Maxwell S and Aminov 

RI (2009). Fate and transport of antibiotic residues and antibiotic resistance genes following land 

application of manure waste. Journal of Environmental Quality 38(3) 1086-108. 

Chopra I and Roberts M (2001). Tetracycline Antibiotics: Mode of Action, Applications, Molecular 

Biology, and Epidemiology of Bacterial Resistance. Microbiology and Molecular Biology Reviews 65(2) 

232-260. 

Cooper BS, Stone SP, Kibbler CC, Roberts JA, Medley GF, Duckworth G and et al. (2004). 
Isolation measures in the hospital management of methicillin resistant Staphylococcus aureus (MRSA): a 

systematic review of the literature. British Medical Journal 329(7465) 533. 

Cotterill S, Evans R, and Fraise AP (1996). An unusual source for an outbreak of methicillin-resistant 

Staphylococcus aureus on an intensive therapy unit. The Journal of Hospital Infection 32 207–216. 

D’Costa VM, King CE, Kalan L, Morar M, Sung WW, Schwarz C, Froese D, Zazula G, Calmels F, 

Debruyne R, Golding GB, Poinar HN and Wright GD (2011). Antibiotic resistance is ancient. Nature 

477(7365) 457-461. 

D’Costa VM, McGrann KM, Hughes DW, and Wright GD (2006). Sampling the antibiotic resistome. 

Science 311 374–377. 

Dahms C, Hübner N, Wilke F and Kramer A (2014). Mini-review: Epidemiology and zoonotic 

potential of multi resistant bacteria and Clostridium difficile in livestock and food. GMS Hygiene and 

Infection Control 9(3) 1-16. 

Davies J and Davies D (2010). Origins and Evolution of Antibiotic Resistance. Microbiology and 

Molecular Biology Reviews 74(3) 417–433. 

Davies J, Spiegelman GB and Yim G (2006). The world of sub inhibitory antibiotic concentrations. 

Current Opinion in Microbiology 9 445–453. 

Devine J, Cooke RP and Wright EP (2001). Is methicillin-resistant Staphylococcus aureus (MRSA) 

contamination of ward-based computer terminals a surrogate marker for nosocomial MRSA transmission 

and hand washing compliance? The Journal of Hospital Infection 48 72-75. 

Diekema DJ, Pfaller MA, Schmitz FJ, Smayevsky J, Bell J, Jones RN and et al. (2001). Survey of 

infections due to Staphylococcus species: frequency of occurrence and antimicrobial susceptibility of 

isolates collected in the United States, Canada, Latin America, Europe, and the Western Pacific region for 

the Sentry Antimicrobial Surveillance Program, 1997–1999. Clinical Infectious Diseases 32 S114–S132. 

Dolliver H and Gupta S (2008). Antibiotic losses in leaching and surface runoff from manure-amended 

agricultural land. Journal of Environmental Quality 37 1227–1237. 

Dürmaz G, Kiremitçi A, Akgün Y, Oz Y, Kaşifoğlu N, Aybey A and Kiraz N (2005). The relationship 

between airborne colonization and nosocomial infections in intensive care units.  Mikrobiyoloji Bulteni 

39(4) 465-71. 

ECDC (2015). European Centre for Disease Prevention and Control. Annual epidemiological report 

2014. Albu C., Brusin S. and Bruno Ciancio B. (Coordinators), Antimicrobial Resistance and Healthcare-

Associated Infections, Stockholm. 



Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231– 6345 (Online) 

An Open Access, Online International Journal Available at http://www.cibtech.org/jls.htm 

2016 Vol. 6 (1) January-March, pp. 33-42/Pathak 

Review Article 

© Copyright 2016 | Centre for Info Bio Technology (CIBTech)  39 

 

Ehrlich P (1909). Über den jetzigen Stand der Chemotherapie. Berichte Der Deutschen Chemischen 

Gesellschaft 42(1) 17-47. 

Fernstrom A and Goldblatt M (2013). Aerobiology and Its Role in the Transmission of Infectious 

Diseases. Journal of Pathogens 2013(6) 1-13. 

Frączek K and Górny RL (2011). Microbial air quality at Szczawnica sanatorium, Poland. Annals of 

Agricultural and Environmental Medicine 18 63–71. 

French GL, Otter JA, Shannon KP, Adams NM, Watling D and Parks MJ (2004). Tackling 

contamination of the hospital environment by methicillin-resistant Staphylococcus aureus (MRSA): a 

comparison between conventional terminal cleaning and hydrogen peroxide vapour decontamination. The 

Journal of Hospital Infection 57 31-37. 

Friese A, Schulz J, Hoehle L, Fetsch A, Tenhagen BA, Hartung J and Roesler U (2012). Occurrence 

of MRSA in air and housing environment of pig barns. Veterinary Microbiology 158(1) 129-135. 

Gandara A, Mota LC, Flores C, Perez HR, Green CF and Gibbs SG (2006). Isolation of 

Staphylococcus aureus and Antibiotic-Resistant Staphylococcus aureus from Residential Indoor 

Bioaerosols. Environmental Health Perspectives 114 1859–1864. 

Gibbs SG, Green CF, Tarwater PM, Mota LC, Mena KD and Scarpino PV (2006). Isolation of 

antibiotic-resistant bacteria from the air plume downwind of a swine confined or concentrated animal 

feeding operation. Environmental Health Perspectives 114(7) 1032. 

Gilchrist JM, Greko C, Wallinga BD, Beran WG, Riley GD and Thorne SP (2007). The Potential 

Role of Concentrated Animal Feeding Operations in Infectious Disease Epidemics and Antibiotic 

Resistance. Environmental Health Perspective 115 313-316. 

Griffin DW (2007). Atmospheric movement of microorganisms in clouds of desert dust and implications 

for human health. Clinical Microbiology Reviews 20 459–477. 

Hall BG and Barlow M (2004). Evolution of the serine b-lactamases: past, present and future. Drug 

Resistance Updates 7 111–123. 

Hamscher G, Pawelzick HT, Sczesny S, Nau H and Hartung J (2003). Antibiotics in dust originating 

from a pig-fattening farm: a new source of health hazard for farmers? Environmental Health Perspectives 

111(13) 1590. 

Heo Y, Park J, Lim SI, Hur HG, Kim D, and Park K (2010). Size-resolved culturable airborne 

bacteria sampled in rice field, sanitary landfill, and waste incineration sites. Journal of Environmental 

Monitoring 12(8) 1619-1624. 

Heuer OE, Kruse H, Grave K, Collignon P, Karunasagar I and Angulo FJ (2009). Human health 

consequences of use of antimicrobial agents in aquaculture. Clinical Infectious Diseases 49 1248–1253. 

Huang P, Shi Z, Chen C, Den W, Huang H and Tsai J (2013). Airborne and Surface-Bound Microbial 

Contamination in Two Intensive Care Units of a Medical Center in Central Taiwan. Aerosol and Air 

Quality Research 13 1060–1069. 

Huang SS, Datta R, and Platt R (2006). Risk of acquiring antibiotic-resistant bacteria from prior room 

occupants. Archives of Internal Medicine 166 1945-1951. 

Huijbers PM, Blaak H, de Jong MC, Graat EA, Vandenbroucke-Grauls CM and de Roda Husman 

AM (2015). Role of the environment in the transmission of antimicrobial resistance to humans: A review. 

Environmental Science & Technology 49(20) 11993-2004. 

Humphreys H, Peckham D, Patel P and Knox A (1994). Airborne dissemination of Burkholderia 

(Pseudomonas) cepacia from adult patients with cystic fibrosis. Thorax 49(11) 1157-9. 

Igbinosa EO and Oviasogie FE (2014). Multiple antibiotics resistant among environmental isolates of 

Stenotrophomonas maltophilia. Journal of Applied Sciences and Environmental Management 18(2) 255-

61. 

Kirby WMM (1944). Extraction of a highly potent penicillin in activator from penicillin resistant 

staphylococci. Science 99 452–453. 

Kumar SG, Adithan C, Harish BN, Sujatha S, Roy G and Malini A (2013). Antimicrobial resistance 

in India: A review. Journal of Natural Science, Biology and Medicine 4(2) 286–291. 



Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231– 6345 (Online) 

An Open Access, Online International Journal Available at http://www.cibtech.org/jls.htm 

2016 Vol. 6 (1) January-March, pp. 33-42/Pathak 

Review Article 

© Copyright 2016 | Centre for Info Bio Technology (CIBTech)  40 

 

Kumari P and Choi HL (2014). Seasonal Variability in Airborne Biotic Contaminants in Swine 

Confinement Buildings. Public Library of Science ONE 9(11) e112897. 

Leung E, Weil DE, Raviglione M and Nakatani H (2011). The WHO policy package to combat 

antimicrobial resistance. Bulletin of the World Health Organization 89 390-392. 

Li CS and Hou PA (2003). Bioaerosol Characteristics in Hospital Clean Rooms. Science of the Total 

Environment 305 169–176. 

Linares JF, Gustafsson I, Baquero F and Martinez JL (2006). Antibiotics as inter microbial signalling 

agents instead of weapons. Proceedings of the National Academy of Sciences USA 103 19484–19489. 

Ling AL, Pace NR, Hernandez MT and LaPara TM (2013). Tetracycline resistance and Class 1 

integron genes associated with indoor and outdoor aerosols. Environmental Science and Technology 47 

4046–4052. 

Lis DO, Pacha JZ and Idzik D (2009). Methicillin resistance of airborne coagulase-negative 

staphylococci in homes of persons having contact with a hospital environment. American Journal of 

Infection Control 37 177-82. 

Lynch JP3rd (2001). Hospital-acquired pneumonia: risk factors, microbiology, and treatment. Chest 119(2 

Suppl) 373S - 384S. 

Marshall B, Petrowski D and Levy SB (1990). Inter-and intra species spread of Escherichia coli in a 

farm environment in the absence of antibiotic usage. Proceedings of the National Academy of Sciences 

USA 87 6609–6613.  

Marshall BM and Levy SB (2011). Food animals and antimicrobials: impacts on human health. Clinical 

Microbiology Reviews 24 718–733. 

Marti R, Scott A, Tien Y, Murray R, Sabourin L, Zhang Y and Topp E (2013). Impact of Manure 

Fertilization on the Abundance of Antibiotic- Resistant Bacteria and Frequency of Detection of Antibiotic 

Resistance Genes in Soil and on Vegetables at Harvest. Applied and Environmental Microbiology 79(18) 

5701–5709. 

Martinez JA, Ruthazer R, Hansjosten K, Barefoot L and Snydman DR (2003). Role of 

environmental contamination as a risk factor for acquisition of vancomycin resistant enterococci in 

patients treated in a medical intensive care unit. Archives of Internal Medicine 163 1905-1912. 

Martinez JL (2009). Environmental pollution by antibiotics and by antibiotic resistance determinants. 

Environmental Pollution 157 2893–2902. 

Matthias SAJ, Somashekar RK, Sumithra S and Subramanya S (2000).   An assessment of reservoirs 

of multi resistant nosocomial pathogens in a secondary cares hospital. Indian Journal of Microbiology 40 

183-190. 

McEachran AD, Blackwell BR, Hanson JD, Wooten KJ, Mayer GD, Cox SB and Smith PN (2015). 
Antibiotics, bacteria, and antibiotic resistance genes: aerial transport from cattle feed yards via particulate 

matter. Environmental Health Perspectives (Online) 123(4) 337. 

Messi P, Sabia C, Anacarso I, Condò C, Iseppi R, Stefani S, Niederhausern SDe and Bondi M 

(2015). Prevalence of multi-drug-resistant (MDR) bacteria in air samples from indoor and outdoor 

environments. Aerobiologia 31(3) 381-387. 

Mirzaii M, Emaneini M, Parviz Maleknejad P, Jonaidi N, Fooladi AAI, Aligholi M, Jabalameli F, 

Halimi S, Taherikalani M and Kasaeian A (2012). Distribution of bacterial contamination in a teaching 

hospital in tehran – a special focus on Staphylococcus aureus. Acta Microbiologica et Immunologica 

Hungarica 59(1) 1–11. 

Nesme J, Achouak W, Agathos S, Bailey M, Baldrian P, Brunel D, Frostegard A, Heulin T, Jansson 

JK, Jurkevitch E and Kowalchuk GA (2016). Back to the future of soil metagenomics. Frontiers in 

Microbiology 7 73. 

Neuschlosz S (1919). Untersuchungen über die gewöhnung an gifte. Pflügers Archiv European Journal 

of Physiology 176(1) 223–235. 

Odeyemi AT (2012). Antibiogram Status of Bacterial Isolates from Air around Dumpsite of Ekiti State 

Destitute Centre at Ilokun, Ado-Ekiti, Nigeria. Journal of Microbiology Research 2(2) 12-18. 



Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231– 6345 (Online) 

An Open Access, Online International Journal Available at http://www.cibtech.org/jls.htm 

2016 Vol. 6 (1) January-March, pp. 33-42/Pathak 

Review Article 

© Copyright 2016 | Centre for Info Bio Technology (CIBTech)  41 

 

Oie S, Hosokawa I and Kamiya A (2002). Contamination of room door handles by methicillin sensitive/ 

methicillin-resistant Staphylococcus aureus. The Journal of Hospital Infection 51 140-143. 

Pathak AK (2011). Antibiogram of some selected species of gram negative bacteria isolated from 

hospital environment. Indian Journal of Fundamental and Applied Life Sciences 1 (4) 145-150. 

Pei R, Kim SC, Carlson KH and Pruden A (2006). Effect of river landscape on the sediment 

concentrations of antibiotics and corresponding antibiotic resistance genes (ARG). Water Research 40 

2427–2435. 

Rammelkamp CH and Maxon T (1942). Resistance of Staphylococcus aureus to the action of 

penicillin. Proceedings of the Society for Experimental Biology and Medicine 51 386–389. 

Roberts K, Hathway A, Fletcher LA, Beggs CB, Elliot MW and Sleigh PA (2006). Bioaerosol 

production on a respiratory ward. Indoor and Built Environment 15 135–140. 

Roe MT and Pillai SD (2003). Monitoring and identifying antibiotic resistance mechanisms in bacteria. 

Poultry Science 82 622–626. 

Ross RW (1939). Acquired tolerance of pneumococcus to M. and B. 693. Lancet 233(6039) 1207–1208. 

Ryan RP and Dow JM (2008). Diffusible signals and interspecies communication in bacteria. 

Microbiology 154 1845–1858. 

Saadoun I, Jaradat ZW, Al Tayyar IA, Ziad El Nasser ZE and Qotaibah Ababneh Q (2015). 
Airborne methicillin-resistant Staphylococcus aureus in the indoor environment of King Abdullah 

University Hospital, Jordan. Indoor and Built Environment 24(3) 315-323. 

Sapkota AR, Ojo KK, Roberts MC and Schwab KJ (2006). Antibiotic resistance genes in 

multidrug‐resistant Enterococcus spp. and Streptococcus spp. recovered from the indoor air of a 

large‐scale swine‐feeding operation. Letters in Applied Microbiology 43(5) 534-540. 

Sauer K (2003). The genomics and proteomics of bio film formation. Genome Biology 4(6) 219. 

Seedorf J, Hartung J, Schröder M, Linkert KH, Phillips VR, Holden MR, Sneath RW, Short JL, 

White RP, Pedersen S, Takai H, Johnsen JO, Metz JHM, Groot Koerkamp PWG, Uenk GH and 

Wathes CM (1998). Concentrations and emissions of airborne endotoxins and microorganisms in 

livestock buildings in Northern Europe. Journal of Agricultural Engineering Research 70(1) 97-109. 

Segawa T, Takeuchi N, Rivera A, Yamada A, Yoshimura Y, Barcaza G, Shinbori K, Motoyama H,  

Kohshima S and Ushida K (2013). Distribution of antibiotic resistance genes in glacier environments. 

Environmental Microbiology Reports 5(1) 127–134. 

Segura PA, Francois M, Gagnon C and Sauve S (2009). Review of the occurrence of anti-infectives in 

contaminated waste waters and natural and drinking waters. Environmental Health Perspectives 117 675–

684. 

Shah SQA, Colquhoun DJ, Nikuli HL and Sørum H (2012). Prevalence of antibiotic resistance genes 

in the bacterial flora of integrated fish farming environments of Pakistan and Tanzania. Environmental 

Science & Technology 46 8672–8679. 

Sharma R, Munns K, Alexander T, Entz T, Mirzaagha P, Yanke LJ and et al. (2008). Diversity and 

distribution of commensal fecal Escherichia coli bacteria in beef cattle administered selected sub 

therapeutic antimicrobials in a feedlot setting. Applied and Environmental Microbiology 74 6178–6186. 

Shiomori T, Miyamoto H and Makishima K (2001). Significance of Airborne Transmission of 

Methicillin-Resistant Staphylococcus aureus in an Otolaryngology–Head and Neck Surgery Unit. 

Archives of Otolaryngology--Head & Neck Surgery 127(6) 644-648. 

Shiomori T, Miyamoto H, Makishima K, Yoshida M, Fujiyoshi T, Udaka T, Inaba T and Hiraki N 
(2002). Evaluation of bed making-related airborne and surface methicillin-resistant Staphylococcus 

aureus contamination. Journal of Hospital Infection 50(1) 30-5. 

Singer RS, Ward MP and Maldonado G (2006). Can landscape ecology untangle the complexity of 

antibiotic resistance? Nature Reviews Microbiology 4(12) 943-952. 

Stockwell VO and Duffy B (2012). Use of antibiotics in plant agriculture. Revue Scientifique Et 

Technique 31 199–210. 



Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231– 6345 (Online) 

An Open Access, Online International Journal Available at http://www.cibtech.org/jls.htm 

2016 Vol. 6 (1) January-March, pp. 33-42/Pathak 

Review Article 

© Copyright 2016 | Centre for Info Bio Technology (CIBTech)  42 

 

Tambekar DH, Kalbande PS and Gulhane PB (2005).  Qualitative assessment of aeromicrobiology of 

hospitals in Amravati city. Indian Journal of Aerobiology 18(1) 18- 23. 

Thiele-Bruhn S (2003). Pharmaceutical antibiotic compounds in soils—a review. Journal of Plant 

Nutrition and Soil Science 166 145–167.  

Wagenvoort JHT, Davies BI, Westerman EJA, Werink TJ and Toenbreker HMJ (1993). MRSA 

from air-exhaust channels. Lancet 341 840–841. 

Walsh TR, Weeks J, Livermore DM and Toleman MA (2011). Dissemination of NDM-1 positive 

bacteria in the New Delhi environment and its implications for human health: an environmental point 

prevalence study. The Lancet Infectious Diseases 11 355–362. 

Watve MG, Tickoo R, Jog MM and Bhole BD (2001). How many antibiotics are produced by the genus 

Streptomyces?. Archives of Microbiology 176(5) 386-90. 

Whitman WB, Coleman DC and Wiebe WJ (1998). Prokaryotes: The unseen majority. Proceedings of 

the National Academy of Sciences USA 95(12) 6578–6583. 

WHO (2011). World Health Day 2011: Policy Briefs, (World Health Organization, Geneva, 

Switzerland). 

WHO (2014). Antimicrobial Resistance: Global Report on Surveillance, (World Health Organization, 

Geneva, Switzerland). 

WHO (2015). Country strategies to control antimicrobial resistance. In: Worldwide country Situation 

Analysis: Response to Antimicrobial Resistance, (World Health Organization, Geneva., Switzerland) 9. 

Wilson RD, Huang SJ and McLean AS (2004). The correlation between airborne methicillin-resistant 

Staphylococcus aureus with the presence of MRSA colonized patients in a general intensive care unit. 

Anaesthesia and Intensive Care 32(2) 202-9. 

Yao M, Gao Y, Chai T, Cai Y and Duan H (2007). Antibiotic resistance of airborne Escherichia coli 

from hen house and rabbitry and their spreading to surroundings. International Congress in Animal 

Hygiene Tartu, Estonia 578-583. 


