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Bacterial infections represent an increasing worldwide threat. The number of untreatable diseases 

decreased after the 1950s due to the introduction of antimicrobial agents. However, since the 1980s, 

morbidity has risen again, and mortality due to respiratory infections, AIDS and tuberculosis now represents 

about 85% of world mortality from infections [1,2]. The increase in the number of new infections is caused 

by general immunosuppression (primarily by tumour treatment, administration of immunosuppressive 

agents, wide-spectrum antibiotics and corticoids), a significant increase in the number of diabetic or HIV-

positive patients and development of resistance to commonly used drugs. The resistance of common 

pathogens to first-choice drugs increased by up to 100% during the last decade. Moreover, the resistance 

of some strains to second- or third-choice drugs can be found. Development of cross-resistant or multidrug-

resistant strains (Mycobacterium spp., Staphylococcus, Enterococcus, Salmonella, Pseudomonas, 

Klebsiella, Candida spp., Aspergillus spp. and Cryptococcus spp.) is a great problem [3,4]. Selection of 

resistant microorganisms is especially caused by irrational and unavailing application of antimicrobial 

agents in human, veterinary medicine and in agriculture [1,5–8]. Bacterial resistance may complicate the 

treatment of infections regardless of how mild these infections were at the early stage [9]. Infections caused 

by these MDR bacterial strains have been responsible for the increase in additional healthcare costs and 

productivity losses [3,4,7,10]. 

 Although it is not difficult to discover microbicidal agents, it is increasingly complicated to 

design new classes of antimicrobial compounds suitable for following rational development [11], therefore 

R&D of new antimicrobials imply risks, and thus many pharmaceutical originators have continued in 

development of me-too drugs. Increasing bacterial resistance refers to the urgency to design new effective 

antibacterial drugs [12–14]. 

 Application of nanotechnology represents an excellent alternative for improvement of existing 

antimicrobial drugs. Nanomaterials are an alternative approach to treatment and mitigation of infections 

caused by resistant strains. Microbial cells are unlikely to develop resistance to nanomaterials, because, in 

contrast to conventional antibiotics, they exert toxicity through various mechanisms [15]. Using 

nanosystems/nanoformulations, enhanced bioavailability of active substance can be ensured, and the route 

of administration can be modified. Specific nanoformulations also provide a controlled released system or 

targeted biodistribution. Due to these facts, smaller amount of substance can be used, i.e. dose-dependent 

toxicity and various side effects decrease. An increase in the efficacy of individual agents can be ensured 

by fixed-dose drug combinations or antimicrobially active matrices – polymers physically destroying cell 

membranes of the organism and rendering them ineffective that could be applied in the prevention of 

developing drug-resistance microbes. In addition, many formulations also protect drugs from degradation 

[16–22]. 

 

References 
[1]  S. Hojgard, “Antibiotic resistance – why is the problem so difficult to solve?” Infect. Ecol. Epidemiol., 

vol. 2, pp. 18165 (7 pages), 2012. 

[2]  WHO: World Health Statistics, 2014. [Online]. Available: 

http://apps.who.int/iris/bitstream/10665/112738/1/9789240692671_eng.pdf. 



 

Keynote 2 - 2 

[3]  WHO: Antimicrobial resistance: Global report on surveillance, 2014. [Online]. Available: 

http://apps.who.int/iris/bitstream/10665/112642/1/9789241564748_eng.pdf. 

[4]  WHO: Global tuberculosis report, 2015. [Online]. Available: 

http://apps.who.int/iris/bitstream/10665/191102/1/9789241565059_eng.pdf?ua=1. 

[5]  B. Beovic, “The issue of antimicrobial resistance in human medicine,” Int. J. Food Microbiol. vol. 

112, pp. 280–287, 2006. 

[6]  R. C. Moellering, J. R. Graybill, J. E. McGowan, L. Corey, “Antimicrobial resistance prevention 

initiative – an update: Proccedings of an expert panel on resistance,” Am. J. Med., vol. 120, pp. S4–

S25, 2007. 

[7]  ECDC/EMEA Joint Technical report (Doc. Ref. EMEA/533940/2009). The bacterial challenge: time 

to react. A call to narrow the gap between multidrug-resistant bacteria in the EU and the development 

of new antibacterial agents, 2009. [Online]. Available: 

http://www.ema.europa.eu/ema/index.jsp?curl=pages/news_and_events/news/2009/11/news_ 

detail_000044.jsp&mid=WC0b01ac058004d5c1/. 

[8]  ECDC, 2015. [Online]. Available: http://www.ecdc.europa.eu/en/Pages/home.aspx/. 

[9]  N. Kaku, K. Yanagihara, Y. Morinaga, K. Yamada, Y. Harada, Y. Migiyama, K. Nagaoka, J. Matsuda, 

N. Uno, H. Hasegawa, T. Miyazaki, K. Izumikawa, H. Kakeya, Y. Yamamoto, S. Kohno, “Influence 

of antimicrobial regimen on decreased in-hospital mortality of patients with MRSA bacteremia,” J. 

Infect. Chemother., vol. 20, pp. 350–355, 2014. 

[10]  N. Thampi, A. Showler, L. Burry, A. D. Bai, M. Steinberg, D. R. Ricciuto, C. M. Bell, A. M. Morris, 

“Multicenter study of health care cost of patients admitted to hospital with Staphylococcus aureus 

bacteremia: Impact of length of stay and intensity of care,” Am. J. Infect. Contr., vol. 43, pp. 739–744, 

2015. 

[11]  L. L. Silver, “Challenges of antibacterial discovery,” Clin. Microbiol. Rev., vol. 24, pp. 71–109, 2011. 

[12]  C. U. de Souza Mendes, A. M. de Souza Antunes, “Pipeline of known chemical classes of antibiotics,” 

Antibiotics, vol. 2, pp. 500–534, 2013. 

[13]  J. Jampilek, “Recent advances in design of potential quinoxaline anti-infectives”, Curr. Med. Chem., 

vol. 21, pp. 4347–4373, 2014. 

[14]  J. Jampilek, “Potential of agricultural fungicides for antifungal drug discovery,” Exp. Opin. Drug Dis., 

vol. 11, pp. 1-9, 2016. 

[15]  A. C. M. Mazarin de Moraes, B. A. Lima, A. F. de Faria, M. Brocchi, O.L. Alves, “Graphene oxide-

silver nanocomposite as a promising biocidal agent against methicillin-resistant Staphylococcus 

aureus,” Int. J. Nanomedicine, vol. 10, pp. 68476861, 2015. 

[16]  T. M. Allen and P.R. Cullis, “Drug delivery systems: entering the mainstream,” Science, vol. 303, pp. 

18181822, 2004. 

[17] S. Parveen, R. Misra, S. K. Sahoo, “Nanoparticles: a boon to drug delivery, therapeutics, diagnostics 

and imaging,” Nanomedicine, vol. 8, pp. 147166, 2012. 

[18] N. Kamaly, Z. Xiao, P. M. Valencia, A. F. Radovic-Moreno, O. C. Farokhzad, “Targeted polymeric 

therapeutic nanoparticles: design, development and clinical translation,” Chem. Soc. Rev., vol. 41, pp. 

29713010, 2012. 

[19] A. Jain, L. S. Duvvuri, S. Farah, N. Beyth, A. J. Domb, W. Khan, “Antimicrobial polymers,” Adv. 

Healthc. Mater., vol. 3, pp. 19691985, 2014. 

[20] V. W. L. Ng, J. P. K. Tan, J. Y. Leong, Z. X. Voo, J. L. Hedrick, Y. Y. Yang, “Antimicrobial 

polycarbonates: Investigating the impact of nitrogen-containing heterocycles as quaternizing agents,” 

Macromolecules, vol. 47, pp. 12851291, 2014. 

[21] J. Jampilek and K. Kralova, “Application of nanotechnology in agriculture and food industry, its 

prospects and risks,” Ecol. Chem. Eng. S, vol. 22, 321361,2015. 

[22] C. Wiegand, M. Nikolajski, U. C. Hipler, T. Heinze, “Nanoparticle formulation of AEA and BAEA 

cellulose carbamates increases biocompatibility and antimicrobial activity,” Macromol. Biosci., vol. 

15, pp. 12421251, 2015. 


