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 Antibiotic resistance is a matter of great interest 

worldwide, more and more international organizations 

and state authorities getting involved actively in the 

campaign to reduce the risk on the occurrence and 

spread of this phenomenon. The concept of microbial 

resistance defines the ability of pathogens to survive 

and multiply in the presence of antibiotics. The resis-

tant microorganisms are or become "tolerant" to anti-

biotics, thereby circumventing by various ways the 

antibacterial effect. The causes that led to this unpre-

cedented situation are multiple: releasing antimicro-

bials without prescription, unjustified prescription, fai-

lure to comply with the dosage, the use of antimi-

crobials with broad spectrum, prophylactic adminis-

tration of antimicrobials, non-compliance with with-

drawal periods after their administration to animals of 

economic interest, etc. Bacteria have the ability to 

develop resistance to antibiotics through a variety of 

mechanisms, which depend on the species and the 

chemical peculiarities of the antibiotic. In the same 

time, microorganisms have the enormous capacity to 

mutate and to exchange genetic material.

 The mechanisms of resistance occurrence are: en-

zymatic inactivation, alteration or over-expression of 

the drug target, modification of metabolic pathways, 

reduced permeability or uptake, enhanced efflux. 

 International organizations such as OIE, WHO, 

FVO, HMA, EMA developed guidelines that are meant 

to help national authorities of each state to develop its 

own strategies and measures, leading to reducing the 

incidence of occurrence and spread of bacterial resis-

tance. By knowing the causes and ways of occurrence 

of this phenomenon, as well as the reassessment of 

the modalities and correct situations for antibiotics 

use, it can be a starting point in the fight against anti-

biotic resistance, for every practitioner. 
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 Antibiorezistenţa este o problemă de mare actua-

litate la nivel global, tot mai multe organizaţii interna-

ţionale şi autorităţi ale statelor implicându-se în mod 

activ în campania de reducere a riscului privind apari-

ţia şi răspândirea acestui fenomen. Conceptul de re-

zistenţă microbiană defineşte capacitatea unor ger-

meni patogeni de a supravieţui şi a se multiplica în pre-

zenţa unor antibiotice. Microorganismele rezistente 

sunt sau devin “tolerante” la antibiotice, sustrăgându-

se prin modalităţi diverse efectului antibacterian.

 Cauzele care au dus la apariţia acestei situaţii fără 

precedent sunt multiple: eliberarea fără prescripţie 

medicală a antimicrobienelor, prescrierea nejustificată 

a lor, nerespectarea posologiei, utilizarea antimicrobi-

enelor cu spectru larg de acţiune, administrarea anti-

microbienelor în scop preventiv, nerespectarea peri-

oadelor de aşteptare după administrarea lor la anima-

lele de interes economic, etc. Bacteriile au abilitatea 

de a dezvolta rezistenţă la antibiotice printr-o multitu-

dine de mecanisme, care depind de specie, dar şi de 

particularităţile chimice ale antibioticului. În acelaşi 

timp, microorganismele au uriaşa capacitate de a su-

feri mutaţii şi de a face schimburi de material genetic.

 Mecanismele producerii antibiorezistenţei constau 

în: inactivarea enzimatică a antibioticului, modificarea 

sau supra-expresia ţintei pentru medicament, modifi-

carea căilor metabolice, permeabilitatea redusă a în-

velişului bacterian, efluxul sporit al antibioticului din 

celula bacteriană, etc. 

 Organizaţii internaţionale precum OIE, WHO, FVO, 

HMA, EMA au elaborat strategii şi ghiduri care au meni-

rea de a ajuta autorităţile naţionale ale fiecărui stat să 

îşi elaboreze propriile strategii şi măsuri care să ducă la 

reducerea incidenţei apariţiei şi răspândirii antibiorezis-

tenţei. Cunoaşterea cauzelor şi modului de apariţie a a-

cestui fenomen, precum şi reevaluarea situaţiilor şi mo-

durilor corecte de utilizare a antibioticelor pot constitui 

un punct de plecare în lupta împotriva antibiorezisten-

ţei, pentru fiecare medic practician în parte. 
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Bacterial resistance to antibiotics has become in 

recent years the most important subject, of great inte-

rest both as a matter of scientific concern, but also as a 

public health problem because it is associated with se-

vere infections,treatment failures which prolong treat-

ment's duration and costs, the use of therapeutic 

costly agents, sometimes more toxic, and the need for 

measures to prevent the spread of drug-resistant 

strains in the environment (2, 9, 12, 16).

In the last 75 years, antibiotics have played an 

important role in therapy. To retain their effectiveness 

and to be used by future generations, a responsible 

use is needed.

According to a study in the European Union, the 

consequences of antimicrobial resistance are:

- over 4 million patients a year acquire hospital 

infections;

- more than 25,000 patients die annually;

- 60-70% of healthy people are carriers of resis-

tant bacteria.

The super-bacteria arising as a result of antibiotic 

resistance could come to kill 10 million people a year 

by 2050, meaning one person every three seconds, 

warns a report commissioned by former British Prime 

Minister David Cameron.

In this situation, the priority of extreme urgency 

would be a global public awareness campaign to edu-

cate humanity on antimicrobial resistance.

Another action is to improve the development of 

new antibiotics to replace the current ones that be-

come ineffective. No new class of antibiotics has been 

discovered in recent decades and because of the lack 

of incentives for investment in this field, the research 

slowed. Major advances were not made in the area of 

antibiotics over the last 20-30 years, but probably in 

the natural environment, many antibiotics are waiting 

to be discovered. For example, at the University of 

Nottingham (UK), currently it is investigated the 

possibility of extracting substances from which to 

manufacture antibiotics, from the brain of insects 

(cockroaches and locusts). It is considered that parti-

cularly cockroaches living in unsanitary places come 

into contact with different bacteria and as a result, 

have developed protection systems. The extract of the 

brain of these insects, say experts, can kill 90% of 

resistant Staphylococcus aureus and Escherichia coli 

bacteria, without endangering human cells. 

Sascha Marschang, Policy Manager for Health 

Systems at EPHA (European Public Health Alliance), 

states that "especially in terms of excessive use of an-

timicrobials in animals, the European Union has much 

stricter laws than other regions". At the same time, 

"The European Union still has many problems of its 

own, including sales of antibiotics without prescription 

- illegal but still a common practice". These restrictions 

"should be controlled and applied better" stated 

Sascha Marschang in 2016. The report identifies 10 

areas of action to combat the phenomenon. 

The cost of the actions envisaged in the report is 

estimated at $ 40 billion over a decade, well below the 

cost of inaction on antimicrobial resistance, which 

could rise to 100000 billion dollars by 2050.

Antibiotic resistance represents a real global pro-

blem, so that:

- Margaret Chan – WHO (World Health Organiza-

tion) General Director - said in 2012: "soon the anti-

biotics will become useless, even a scratch would kill 

us if it comes to infection - dark scenario in the infec-

tious diseases area";

- Sally Davies - Secretary of State in the British 

Ministry of Health - claimed that antibiotic resistance 

"could turn a simple surgery into a mortal danger."

Thus, more and more voices consider the increa-

sing resistance to antibiotics as severe as global war-

ming or terrorism (1, 5, 11).

Bacterial resistance to antibiotics is a natural bio-

logical phenomenon amplified and accelerated by: the 

selection pressure exerted by the irrational use of anti-

bacterial therapeutic agents, the spread, sometimes 

at great distances, of the resistant clones due to the 

increased rapid traffic around the world, the demo-

graphic changes, the increasing density of population 

and the immune-compromised individuals (7).

President of the Romanian Society for Microbiolo-

gy, Prof. Dr. Alexandru Rafila warns that antibiotic re-

sistance and the lack of new products with which to 

treat these diseases is now one of the biggest threats 

to humanity, reported more often by world leaders, in-

cluding by WHO. Thus, it has been reported the exis-

tence of bacteria resistant to five types of antibiotics 

and even "pan-resistant" - resistant to any kind of anti-

biotic.Antibiotic resistance is one of the most published 

medical problems worldwide. The number of antibiotic-

resistant bacteria is alarmingly high and rising. 

The concept of microbial resistance defines the 

ability of pathogens to survive and multiply in the pre-

sence of antibiotics. The resistant microorganisms are 

or become "tolerant" to antibiotics, thereby circum-

venting by various ways the antibacterial effect. This 

natural biological process helps the surviving of most 

resistant bacterial strains (3, 13, 15).

The causes that led to this unprecedented situa-
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tion are multiple: releasing antimicrobials without 

prescription, unjustified prescription, failure to comply 

with the dosage, the use of antimicrobials with broad 

spectrum, prophylactic administration of antimicro-

bials, non-compliance with withdrawal periods after 

their administration to animals of economic interest, 

etc. (6, 8). The development of bacterial resistance is 

inevitable after the introduction of a new antibiotic be-

cause bacteria are extremely versatile in becoming re-

sistant.

There are two types of microbial resistance to anti-

biotics: natural resistance and acquired resistance. We 

can talk about „natural resistance” when all members 

of a bacterial species are resistant to one or more anti-

biotics. The resistance in this case is „intrinsically” de-

termined (e.g. lack of a transport system for an antibio-

tic or lack of the target of the antibiotic molecule) (4). 

Acquired resistance occurs as a result of:

a. chromosomal transfer (vertical gene transfer or 

vertical evolution) - these mutations are spontaneous 

or induced by some factors as antibiotics. In the case of 

vertical evolution, the gene which gives the resistance 

is transferred to all descendants during DNA replication. 

Mutations occur suddenly to a single drug and are final 

and they refer to a single nucleotide in the genome 

sequence or a large DNA transposition from one place 

to another. This type of mutation is rare (10%);

b. extra-chromosomal mutations - are more often 

(90%). This type of mechanism consists in transmis-

sion of plasmids from one bacterium to another. The 

bacteria can be of the same species or from different 

species, but they are found in the same habitat. Trans-

mission of the plasmids can be done by conjugation 

(via sex pilus), by phage transduction (the plasmid is 

taken by bacteriophages and transferred to a „non-

infected” bacteria), or by transformation (the plasmid 

is taken over by another microorganism after the des-

truction of bacteria) (3).

Bacteria have the ability to develop resistance to 

antibiotics through a variety of mechanisms, which 

depend on the species and the chemical peculiarities 

of the antibiotic. In the same time, microorganisms 

have the enormous capacity to mutate and to ex-

change genetic material. 

The mechanisms of resistance occurrence are: 

- enzymatic inactivation - antibiotic inactivation or 

destruction under the action of bacterial enzymes: 

e.g. penicillin inactivation by beta-lactamases that 

break the beta-lactam ring in the antibiotic molecule;

- alteration or over-expression of the drug target, 

so the molecule can not interact with cellular orga-

nelles(e.g. ribosomes) or enzymes involved in bacte-

rial cell wall synthesis and protein synthesis;

- modification of metabolic pathways: ex. bacteria 

resistant to sulphonamides no longer synthesize folic 

acid from para-aminobenzoic acid but they use a pre-

formed folic acid; 

- reduced permeability or uptake – inhibiting the 

penetration into the bacterial cell of the antibiotic mo-

lecule;

- enhanced efflux -removing active antibiotic from 

the bacterial cell (7, 10).

Bacterial resistance can be:

- to a single antibiotic;

- multiple resistance;

- cross-resistance (a single resistance mechanism 

confers resistance to an entire class of antibiotics. An 

example is the aminoglycoside - modifying enzymes 

which may confer resistance to several members of 

the aminoglycoside family. Cross-resistance can also 

occur across different classes of agents - a result of ei-

ther overlapping drug targets as is the case with ma-

crolides and lincosamides or if there is a drug efflux 

pump with a broad range of activity (capable to act on 

different classes of drugs) (3, 13, 15).

Multidrug resistance in bacteria may be generated 

by two mechanisms. First, these bacteria may accu-

mulate multiple genes, each coding for resistance to a 

single drug, within a single cell. This accumulation 

occurs typically on resistance (R) plasmids. Secondly, 

multidrug resistance may also occur by the increased 

expression of genes that code for multidrug efflux 

pumps, removing a wide range of drugs (14, 15).

There are two categories of bacterial resistance by 

the speed of induction: fast (involves a single gene) – 

e.g. streptomycin, and progressive (involves multiple 

mutations) – e.g. penicillin (3).

The bioavailability (effective penetration to the 

site of infection) is an important feature of the anti-

biotic, measuring the fraction of a substance which en-

ters the systemic circulation and concentrates at the 

site of infection where acts specifically.

Antibiotics act on bacteria by inhibiting specific 

physiological functions such as bacterial cell wall syn-

thesis, replication / transcription of the DNA, protein 

synthesis, cell breathing. To exercise the action, the 

antibiotic must bind to specific target molecules, usu-

ally located intracellular. 

The intrinsic activity of the antibiotic against certain 

bacterial species depends on complex factors such as 

affinity for the target, the number of the molecular tar-

gets, the concentration of antibiotic near the target, the 

Rev Rom Med Vet (2017) 27 | 2                                                                                                                                                                             41



extracellular concentration, the permeability of the bac-

terial membranes, the existence of activation / inactiva-

tion mechanisms, the presence of efflux bacterial 

pumps (7, 10).

Antimicrobial resistance is an inherent risk asso-

ciated with antibiotics use and its installing in time is a 

natural and inevitable phenomenon. However, the de-

velopment of resistance can be delayed, subjected to 

compliance to a series of measures in order to prolong 

life of antimicrobials (effective use) in both human and 

veterinary medicine.

Prudent use of antimicrobials should be seen in a 

broader context, along with animal welfare, improve-

ment of hygiene,nutrition, immunological status (non-

specific and specific stimulation by vaccination), etc. 

Prevention is very important in the process of reducing 

the need of using antimicrobials (16, 17, 18).

International organizations such as OIE, WHO, 

FVO, HMA, EMA developed strategies and guidelines 

that are meant to help national authorities of each 

state to develop its own strategies and measures lea-

ding to reducing the incidence of occurrence and 

spread of resistance towards antibiotics.

Regarding our country, at present, the institute of 

reference in the field of veterinary medicines (Institute 

for Control of Biological Products and Veterinary Medi-

cines - ICBMV - Bucharest) has taken a series of mea-

sures designed to contribute to this campaign.

The evaluation in order to authorize and to make 

available to veterinarians the medicinal products con-

taining safe and effective antimicrobials is made by 

respecting the European legislation (Regulation (EC) 

No 726/2004 of the European Parliament and of the 

Council of 31 March 2004 laying down Community pro-

cedures for the authorisation and supervision of medi-

cinal products for human and veterinary use and esta-

blishing a European Medicines Agency, Regulation 

(EC) No 470/2009 of the European Parliament and of 

the Council of 6 May 2009 laying down Community 

procedures for the establishment of residue limits of 

pharmacologically active substances in foodstuffs of 

animal origin, repealing Council Regulation (EEC) No 

2377/90 and amending Directive 2001/82/EC of the 

European Parliament and of the Council and Regula-

tion (EC) No 726/2004 of the European Parliament and 

of the Council, Directive 2001/82/EC of the European 

Parliament and of the Council of 6 November 2001 on 

the Community code relating to veterinary medicinal 

products transposed into ANSVSA Order no. 187/2007 

for approving the Sanitary Veterinary Norm on Veteri-

nary Medicinal Products Code), and also evaluation 

guides of EMA and VICH (Guideline for the demon-

stration of efficacy for veterinary medicinal products 

containing antimicrobial substances, Revised guide-

line on the SPC for antimicrobial products, Revised re-
rd thflection paper on the use of 3  and 4  generation ce-

phalosporins in food producing animals in the Euro-

pean Union: development of resistance and impact on 

human and animal health, Reflection paper on the use 

of fluoroquinolones in food producing animals - Pre-

cautions for use in the SPC regarding prudent use gui-

dance) (17). Also, under this legislation and the Euro-

pean Commission Decision C(2010) no. 4684 of 1 July 

2010 and C(2012) no. 182 of 13 January 2012, there 

were completed accompanying documents of veteri-

nary medicinal products, as found on the shelves in 

pharmacies or the labels with information about those 

situations when using antimicrobials: the release is 

made only by prescription issued by a doctor and it is 

preferable that the prescription is done only after a 

performing antibiogram (17). 

A series of antimicrobials, such as 3 and 4 genera-

tions of cephalosporins and fluoroquinolones - antibio-

tics of "critical importance" - should be used only in 

special situations, those set forth in the products' la-

bels: “reserved for the treatment of clinical conditions 

which have responded poorly, or are expected to res-

pond poorly, to more narrow spectrum antimicrobials”. 

Following procedures and discussions at the Eu-

ropean Medicine Agency and following the elaboration 

of the European Commission decisions, special mea-

sures of use were taken for other antimicrobials such 

as gentamicin, enrofloxacin, colistin, etc., measures 

which are found in the products leaflets (17).

In the leaflets of veterinary medicinal products 

containing antimicrobial substances is specified the 

importance of following the dosage (under-dosing or 

overdosing avoidance is done by weighing the animal 

in advance) and the compliance with the withdrawal 

period after using the medicinal product. Compliance 

with this period is very important because consump-

tion of products and by-products containing antimicro-

bials residues contributes to bacterial resistance.

Antimicrobials are prohibited for prophylactic pur-

poses; they are used only for the metaphylactic pur-

pose or for treatment, aspect recorded in products 

prospectuses.

These information whose inclusion in veterinary 

medicinal product prospects is made by ICBMV through 

specific procedures (licensing, renewal of authorization 

or variations), come to meet veterinarians needs, who 

are applying them and therefore are contributing to the 
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decrease of antibiotic resistance incidence.

In order to provide better information to medical 

practitioners, ICBMV provides a website to field veteri-

narians, where information about any product autho-

rized in Romania can be found.

It is very important to know how to choose the anti-

biotic that fits the patient: to be effective and safe by 

using it correctly, to not create resistance and to be 

possible to use it also in other situations with the same 

effectiveness, without modifying the dosage. Veterina-

rians can find support in choosing an antimicrobial 

agent searching the list posted on the ICBMV's website.

Currently, there are several classifications of anti-

microbials developed by international organizations:

- WHO - List of Critically Important Antimicrobials 
rd(CIA) 3  revision, 2011;

- OIE - List of antimicrobial agents of veterinary 

importance; in May 2007, the OIE  International Com-

mittee unanimously adopted the List of Antimicrobial 
thAgents of Veterinary Importance at its 75  General 

Session  (Resolution No XXVIII), revised in 2015, 

- EMA - List 381884/2014.

According to EMA, antimicrobials are divided into:

- antimicrobials used in veterinary medicine for 

which the public health risk is estimated to be small or 

limited (EMEA/CVMP/SAGAM/383441/2005): macro-

lides (+ ketolides), natural penicillins, narrow-spec-

trum penicillin, β-lactamase inhibitors, polymyxin, ri-

fampicin, tetracycline;

- antimicrobials used in veterinary medicine for 

which the risk to public health is estimated as high 
nd("antimicrobials of the II  line")(EMEA/CVMP/SAGAM/ 

81730/2006 Rev1,EMEA/CVMP/416168/2006 –Final): 
rd thcephalosporins of 3  and 4  generation, fluoroquino-

lones, aminoglycosides, aminopenicillins including β-

lactamase inhibitor combinations (co-amoxiclav);

- antimicrobials which are not commonly used in 

veterinary medicine: carbapenems, ceftaroline, cyclic 

esters, glycopeptides, glycylcyclines, lipopeptides, mo-

nobactams, oxazolidinons, penicillins: carboxypenici-

llins and ureidopenicillins including β-lactamase combi-

nations, sulphones, products used exclusively to treat 

tuberculosis or other diseases caused by mycobacteria.

- special situations: antimicrobials approved for 

human use only, used "off label" in animals:

 carbapenems - E. coli, pets;

 mupirocin - MRSA (methicillin resistant Staphy-

lococcus aureus), pets;

 nitrofurantoin -UTI (Urinary Tract Infections),cats;

 rifampicin - Rhodococcus equi respiratory infec-

tions, horses, dogs;

 ticarcillin - Klebsiella spp, horses;

 vancomicin - MRSA, horses;

 amikacin - septic arthritis, bacterial superficial 

folliculitis, horses, dogs;

 azithromicin - Rhodococcus equi, horses; psit-

tacosis, birds;

 cefazolin - respiratory, joint, and bone infec-

tions, dogs and cats;

 ciprofloxacin - UTI, pyoderma, dogs and cats;

 ofloxacin - ophthalmic infections, horses;

 clarithromicin - various infections, calves, hor-

ses and other pets (17).

The results of this approach for reducing the occur-

rence of antimicrobial resistance can be obtained only 

through close collaboration between regulators, practi-

tioners and educational units (faculties of veterinary 

medicine). Understanding all these concepts, The Na-

tional Sanitary Veterinary and Food Safety Authority, in 

collaboration with subordinated institutions, developed 

in 2016 The Strategy of the National Sanitary Veteri-

nary and Food Safety Authority to Combat Antimicro-

bial Resistance (RAM) in Veterinary Medicine from 2016 

to 2018 and the National guide on the prudent use of 

antimicrobials in veterinary medicine.

As part of the strategy to combat global resistance, 

starting with 2014, Romania reported to ESVAC (Euro-

pean Surveillance of Veterinary Antimicrobial Consump-

tion) the annual sales of antimicrobials. 

EMA has launched this project since 2010 at the 

request of the European Commission.

Although there are a number of steps to be taken, 

Romania is interested and involved in the fight against 

antibiotic resistance.

In the first years of the fight against the bacterial 

resistance, the president of the European Commission 

sent his message for all doctors (vets, humans) and 

for producers: “We must act rapidly and firm if we 

don't want to lose the antimicrobial medicines as a 

basis treatment against bacterial infections in humans 

but also in animals”. We all should enjoy this work and 

try to ensure that we will still be in the position to treat 

with success infected animals. It is in our hands !
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