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MDR BACTERIA 
 

Abstract 

 

The increased occurrence of 

community and nosocomial infections 

caused by multiple drug-resistant bacteria 

has become a serious challenge for 

effective chemotherapy. Moreover, this 

alarming state of drug resistance 

evolution has not been compensated by 

the development of novel antibacterial 

agents. The emergence of resistance in 

newer antibiotics is an issue of grave 

concern. In this context, old antibiotics 

are being revisited or revived and their 

rational usage can make them an 

alternative remedy in combating the 

infections of MDR bacteria.  The 

therapeutic armamentarium of antibiotics 

would also be optimized by preserving 

novel antibacterial drugs for future 

application. Furthermore, at the time of 

these drug approval pharmacokinetic and 

pharmacodynamic data were unknown 

and there was difficulty in dosing 

recommendations and dose-finding for 

their optimal usage in health care 

settings. In this chapter, an attempt has 

been made to provide a brief overview of 

the methodology of resistance prediction 

as well as the challenges associated with 

rejuvenating the older antibiotics, the 

need for resuscitating older antibiotics for 

hospital and community-acquired 

infections, and the strategies to redevelop 

these drugs including the involvement of 

standard methods, incorporating 
knowledge into regulatory frameworks, 

dose justification and optimization and 

filling the knowledge gaps from the 

research bench to bedside.  
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I. INTRODUCTION 

 

The infections caused by multi-drug resistant (MDR) bacterial pathogens have 

become a serious threat globally in terms of public health perspective challenging our 

armamentarium of antibiotics. The development of newer antibiotics is getting difficult due 

to various constraints both in academia and in the industries (Zorzet, 2014; Laterre and 

Francois, 2015; Anand et al; 2022). Therefore, novel approaches targeting resistance 

mechanisms are urgently needed for combating MDR problems (2008; Hughes and Karlen, 

2014). For the search of effective antimicrobials denovo drug discovery and repurposing or 

reviving of drugs both have been used. Although the problem of antibiotic resistance is a 

global threat, its solution is difficult and varies regionally. Reviving the older or forgotten 

antibiotics being cheaper and broad spectrum could be beneficial over the newly discovered 

costly antibiotics which should be preserved for the near future (Theuretzbacher et al., 2015). 

It has been observed that the pathogenic bacteria are going to be resistant to newly developed 

antibiotics probably due to the pre-existence of resistance genes in the bacterial population. 

Therefore, the antimicrobial resistance at present time is increasing at an alarming rate 

whereas the rate of antibiotic development is being decreased (Le and Rakonjac., 2021; 

Ahmad et al., 2022). This ongoing challenge can be tackled by using multifaceted approaches 

like improved surveillance of resistance rates and antibiotic consumption, retardation of 

healthcare-associated infections their transmission and environmental dissemination, 

reducing the veterinary and clinical mis usage of antibiotics, and rapid diagnosis (Ahmad et 

al., 2008; Pulcini et al., 2012). Based on their spectrum of coverage the older antibiotics when 

compared with today’s commonly used antibiotics sparse data on dose regimens for various 

types of infections are obtained and considered less effective in practice guidelines. 

Therefore, their safety and efficacy must be evaluated for optimizing their usage in 

chemotherapy. 

 

II. WHY THERE IS NEED OF OLD ANTIBIOTICS TO BE REDEVELOPED / 

REVIVED? 

 

The niche for early antibiotics covers both the community and hospitals. Currently 

and in the upcoming future three kinds of infections caused by MDR or XDR pathogens will 

be difficult to treat). These are:  

 

1. Community acquired infections by ESßL producing Enterobacteria  

2. Hospital-acquired infections by ESßL producing Enterobacteria   

3. Severe-hospital-acquired infections by carbapenem resistant gram negative bacilli 

(Theuretzbacher et al., 2015) 

 

The two most common ESßL producing enterobacterial species Escherichia coli and 

Klebsiella pneumonia are the causative agents of community acquired urinary tract infections 

(UTIs). In order to avoid broad spectrum Beta lactams and increased hospitalization for 

intravenous antibiotic administrations the old antibiottics that are predominantly being used 

for the treatment of UTIs are fosfomycine or mecillinam and nitrofurontoin are considered as 

relevant options at present time (Tasbakan et al., 2013; Giske et al., 2015). The mortality 

associated with carbapenem resistant gram negative bacteria (CR-GNB) is about 30-40% 

worldwide (Martin et al., 2018). Although the new antibiotics for such infections are being 
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approving or in pipeline. A 60 year old antibiotic, polymyxin has been considered as last line 

of treatment to such infections over the last decades. Their spectrum of action is not only  

limited to carbapenemase producing or non carbapenemase producing gram negative bacilli 

but also towards carbapenem resistant Pseudomonas and Acinetobacter spp. In  high 

antibiotic consumption hospitals carbapenem resistant  Acinetobacter spp have been found 

susceptible towards  cephalosporins and minocyclline  that spare the polymyxin treatment 

and thus delaying the emergence of resistance towards it.  Various factors responsible for the 

safe and effective use of polymyxins ,knowledge gap and set of key objectives for the future 

priority research associated to this drug have been developed (Nation et al., 2015; Giacobbe 

et al., 2015). 

 

Reviving of old antibiotics is considered as a immediate solution to the newly 

developing costly antibiotics that should reserved for the near future. For the international 

availability of most important and relevant antibiotic candidates must be prioritized. 

 

III. RESISTANCE PREDICTION TOWARDS OLD AND NEW ANTIBIOTICS 

 

Evolution of bacteria towards resistance in response to prolonged exposure of drugs is 

unstoppable consequently the problem of drug resistance follows the introduction of new 

antibiotics that ultimately leads to emergence of multi drug , pan drug or extensively drug 

resistant pathogens. There is urgent need to identify druggable targets by means of 

experimental methods and strategies having potential for inhibiting evolution of resistance 

(Mehta et al., 2018). Emergence can result either from mutation in housekeeping regulatory 

or structural genes or through acquiring foreign genetic elements. Dissemination of resistance 

genes can occur at bacterial own level either clonal spread , plasmid or through replicative 

transposes. The spread of resistance is closely associated with extensive application of drugs 

emphasizing the prudent use of these drugs. However based on deeper understanding of 

physiology of bacterial resistance towards antibiotics much more progress has to be needed in 

methods and techniques for in vitro elucidation and detection of resistance. The progress in 

resistance prediction in turn will be helpful in delaying the onsets of resistance i.e 

dissemination. 

 

During the drug development process of new antibacterial or revival of old antibiotics 

both the pharmaceuticals and academic researchers have major concern for the prediction of 

the risk of resistance. The development of risk assessment methods and also mutational 

resistance at a low rate in vitro are being increasing for the new hits and leads (Ling et al., 

2015). The first method for the prediction of mutational resistance in the laboratory is serial 

passage experiments in which the increasing concentrations of antibiotics determines the 

appearance of resistant mutants and also predict that how high level of resistance they have. 

Second method is the mutant prevention concentration that determines at which increasing 

dose of antibiotics plates with plated same of amount of cells ( usually 1010) have no 

resistant mutants appearance. Both of the above methods are used to predict mutation rates 

but they actually give a qualitative idea based on serial passage or mutant prevention 

concentration (threshold values. Another method for the determination of mutation rates is 

Luria-Delbruck Fluctuation assay where different independent cultures are fully grown and 

the bacterial cells are plated on increasing concentration of antibiotics to determine the 

appearance of mutation rates. The advantage of this method is that it is based on the 
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population size of the bacteria and also calculated probability of resistance emergence and 

fixation of resistant mutants per cell per generation (Dong et al., 1999; Drlica et al., 2003). 

Although the in vitro measurements of mutational resistance have certain limitations 

since one of the major resistance mechanism seen in MDR pathogens is the transfer of 

resistance genes through horizontal gene transfer (HGT) (Sommer et al., 2017). These 

resistance genes are the part of resistome (collection of all resistance genes including the 

precursor genes) of bacteria encode certain proteins that can target the drug or antimicrobial 

and are able to transferred in readymade form to other bacteria (Perry et al., 2014). For 

example the transfer of plasmid encoded qnrA gene from Shewanella algae to the members of 

Enterobacteriaceae, likewise the widespread and problematic group of genes i.e CTX-M are 

imported in different species of Kluyvera of environmental origin (Humeniuk et al., 2001; 

Poirel et al., 2005). Another relevant example is the occurrence of tetX gene in the bacteria 

Bacteroides fraglis is found to be proginator of the tetX gene. A study from Sierra Leone 

hospital revealed the occurrence of tetX gene in 21% of Gram-negative pathogens indicating 

the transmission of resistance genes into human pathogens from the bacteria of other origin 

(Leski et al., 2013). Therefore, resistance prediction will provide useful information to use 

antibiotics as specific purpose or recommended for common infection control. 

 

IV. CHALLENGES FOR THE REVIVAL OF OLD ANTIBIOTICS  

 

From a long time antibiotics have easy access in most of the countries of the world, 

dosing regimens were not optimized through indication and their registration did not require 

any relevant efficacy in comparative studies as well. Lack of regulatory approval to redevelop 

or restructure the drugs, no incentives to the companies as they are exiting from antibacterial 

space, no information about dose finding process or dose justification and poor 

communication between academia and industry are some of the challenges for reviving older 

antibiotics. In 1995 different antibiotics were approved by national approving authorities 

generating divergent product knowledge  across the Europe (Podolsky ., 2010).  As a result of 

signing of Kefauver-Harris amendments in to a law, FDA was required that newly 

synthesized drugs are to be passed through adequate and  well controlled clinical 

investigations by the trained and experienced scientific expertise to evaluate the safety and 

efficacy of newly involved drug (Theuretzbacher et al., 2014). Since 1995 there was 

continuous evaluation of national referrals and centrally authorized drugs for their 

consistency across the European medicine member states by European agencies, actually it 

was limited to the newly synthesizing drugs not to previously approved. From a long ago 

antibiotics are considered well therapeutic agent in combating infections but, in addition to 

increased understanding of the relationships between dosing regimens, exposure and 

response. This is mainly the case of old antibiotics that have been revolutionalized because of 

the development of resistance and the consequent the need for potentially active 

chemotherapeutic agents. Since the registration of older antibiotics approx six to seven 

decades ago, no new information have been updated and sometimes their original information 

becomes unjustified in many cases. Although the new formulations have been developed 

from them generating the significant pharmacokinetic (PK) profiles without  providing any 

updated product information (Kotwani et al., 2012; Murni et al., 2015). Some of the 

challenges in rejuvenating the older drugs to come in existence are listed here. 
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1. Pharmacokinetic and Pharmacodyanamic relationships (PK/PD): Now a day’s both 

national and international regulatory agencies have been accumulating the requirements 

to represent he increased demands for antibiotics that are potentially active against 

problematic species of multi drug resistant bacteria. The guidance from these authorities 

provides recommendations for the dose rationales on the basis of PK/PD studies, since 

they provide a universal framework for the exposure-outcome relationships including the 

measurement toxicity or safety efficacy and emergence of resistance (Mouton et al., 

2012). For determining optimal dosage or suitability for a particular indication, various 

factors of the exposure-outcome relationship should be considered like- 

 

 The MIC distribution of organism of interest\ 

 The PK profiling with different doses among various population 

 PD target and what actually exposure-response relationship 
 

Most commonly the PD properties are studied in different species like in dogs or 

the rodents (Ambrose et al., 2010). Then phase I studies are carried out in humans on the 

basis of relevant dosage and its outcome to the particular effect. Further phase 2 and 

phase 3 trial studies are carried out for the evidence of effective and safe exposure 

response relationship. In general PK/PD knowledge gaps are considered in current 

research (Sime et al., 2015; Muller etal., 2015). At present time colistin is gaining 

attention, its dosing recommendation varied  in different countries of the world and 

adequate studies were not done. In one case it was observer that 3-6 million international 

units9MIU0 colistimethate per day did not have sufficient colistin levels. In addition, the 

time needed to reach the steady state was also not in acceptable range suggesting the 

requirement for a loading dose strategy in severely compromised patients (Plachourus et 

al., 2009). In another case contradictory results were obtained with much higher 

compared to the expected levels of colistinmathanesulphonate dosing with quick access to 

the steady state further challenging the requirement for loading dose (Gregoire et al., 

2014). Such huge and unexplained variations for the colistin concentration suggesting the 

need for its therapeutic drug monitoring (TDM) among the patients.  Patients that are 

taking renal replacement therapy through the means of continuous haemodialysis, the 

high extent removal needs the larger doses as compared to patients having the normal 

renal functions (EMA., 2014). To standardise the use of colistin worldwide, the studies 

carried in the last decades resulted in formal changes in dose recommendations. 

 

Again, much more advancement have been done with colistin recommendations. 

Recent reports suggest that there is no significant difference in low(4 MIU/day) than high 

(9MIU/day) colistin doses in terms of mortality (Benattar et al., 2016). Therefore the 

dosing assessment for most older antibiotics are vastly missing and inadequate. Similar 

kind of advancements are needed in terms of PK/PD studies of other existing older 

antibiotics. 

 

2. Lack of knowledge in manifesting the evidence of old antibiotics: There are significant 

differences in knowledge gaps for most of the old antibiotics. The optimal dosing 

recommendations of recently revived older antibiotics is unknown. Firstly, this can be 

easily underscored by the observation that the dosing regimens of the older antibiotics 

covers the large spectrum of doses and dose frequencies. Secondly the clinical indications 
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listed in product information are usually extended beyond the appropriate usage of 

recognised drug. Such kind of unsuitable indications results in inadequate treatment 

options as well as in appropriate doses for the patient care (Asante et al., 2017). At 

present time the needs for the regulatory approval of the antibiotics becoming more 

stringent and the methods that are required for the updated product information or 

defining the drug   characteristics are either insufficient or in non existence (Zayyad et al., 

2017). Therefore the optimal usage and how older antibiotics perform their function is not 

consistently translated into the official guidelines of product characteristics summary of 

an older drug. Additionally there is no incentivization for the companies to make 

continuous development of an antimicrobial drug once it is approved, even if there is 

critical need beyond the commercial interest. 

 

V. OPTIMIZING THE USAGE OF REVIVED ANTIBIOTICS 

 

Due to increasing evidence of antibiotic resistance and few treatment options for 

combating infections caused by drug resistant bacteria, application of older drugs that exhibit 

activity against MDR becomes much more fascinating. Some of the older antibiotics that are 

currently used include fosfomycin, mecillinam, temocilline, nitrofurontoin and colistin for 

MDR gram negative bacteria but these antibiotics lack regulatory approval according to 

current standards. Some of the recently used older antibiotics that in combating MDR 

pathogens are listed in table:1. 

 

Due to increasing use of old antibiotics several publicly funded initiatives have been 

started that generates essential information regarding to them, maximise their potential and 

ensure that we do not lose these important drugs quickly to resistance. Recently in ESCMID 

conference discussion have been made on the current issues for creating a structured process 

in potential use of older drugs. Some of them are listed here: 

 

1. Minimizing evolution of resistance: Number of factors determine the risk of resistance 

development to an antibiotic, instead the individual drug exposure at the site of infection. 

The detailed knowledge or understanding of the risk associated with old antibiotics might 

support their improved usage and also which antibiotic to invest in.   In a study of 

Anderson (2015) who suggested different methods for the prediction of emergence of 

antibiotic resistance like metagenomic analyses complex modelling, PK/PD studies and 

fitness assessments  to predict resistance emergence. The emerging threat of antibiotic 

resistance can be minimized by the concerted efforts of all the members of a society for 

making continued efficiency of  antimicrobial drugs. The problem can be reduced by by 

following up antimicrobial stewardship programs (ASPs), diagnostic testings, clinical 

response, antimicrobial susceptibility testing (AST) as well as development new with 

novel mode of action antibiotics  

 

2. Generating high quality clinical data: At the time when antibiotics were going to be 

firstly approved  there was lack of guidance on the minimal evidence-base that is needed 

for the safety and efficacy of dug before it entered in clinical settings. At that time there 

was no effective recommendations on the reporting and designing of randomized control 

trials (RCTs). However at present time, these kind of revived drugs are now considered 

for indications instead for which purpose they were originally developed and utilized. 
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Like the case of trimethoprim-sulfamethoxazole is recommended for the treatment of 

MRSA and fosfomycin for combating severe infections associated with MDR gram 

negative bacteria (Pontkis et al., 2014; Paul et al., 2015). Hence, evidences for the clinical 

safety and efficacy are required to be generated for the indications for which the old 

antibiotics in current time intended. In RCTs ,there must examination of combinational 

regimens including older antibiotics (Yahav et al., 2012). Pharma companies of generic 

antibiotics are not taking incentives to generate such evidence, so public funding is 

equally needed. Laterre and Francois (2015) represented a brief overview on advantages 

and limitations of industry sponsored and academic randomized control trials ansd 

strongly point out that collaboration between them can make improvement in both types 

of research. 

 

3. International availability of drugs: In a survey of antibiotic availability only few of the 

revived antibiotics are licensed in all countries. Like in Europe, overall two third of 33 

antibiotics examined were found in fewer than half of the countries. This was especially 

associated with revived antibacterial drugs (Pulcini et al., 2012). It is totally based on the 

public’s interest to encourage the production, regulatory approval and distribution of high 

quality revived drugs to make sure uniform global availably of drug.  

 

4. Generating universal drug susceptibly data: In monitoring resistance trends peoples 

generally rely on regional or hospital- specific information. Selective testing of drug 

resistant organisms in specific settings or individual hospitals generates susceptibly data 

that is biased towards resistance. The reports of increasing resistance rates of colistin 

among the members of carbapenemase producing  Enterobacteriaceae exemplified the 

need for the incorporating the older antibiotics into the panels of antibiotic resistance 

surveillance system (Capone et al., 2013). 

 

5. Updating drug information: Sometimes in number of cases it happens that the drugs 

that are approved decades ago, their information that resembles from the original data 

become simply wrong or insufficient. This is particularly the case of dosing 

recommendations and PK data. Like the drugs that are approved through national 

regulatory agencies have some differences regarding in product information as well as 

dosing recommendations (Theuretzbacher et al., 2014). In a current scenario, there is 

almost none of the regulatory pathways have been established that generate structured 

process for the drug re assessment and new updates of the product regarding older 

antibiotics (Theuretzbacher et al., 2015). Accurate and updated product information is the 

prerequisite need for incorporating the advance knowledge in guidelines and treatment 

options. 

 

VI. CONCLUSION AND FUTURE PERSPECTIVE  

 

There is an urgent need for the redevelopment of the older drugs specially the revived 

ones by means of structures process and collaborative work that looks like the development 

of new antimicrobial drug (Falagas et al., 2008). Both clinicians and academia are performing 

their work in an uncoordinated manner filling some knowledge gaps as well as there is no 

incentives provided to pharma companies or the industries to invest in redevelopment process 

of older antibiotics. In particular strategies are urgently needed that enhance the structured 
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and coordinated redevelopment process associated with exposure-outcome relationships, 

appropriate dosing regimens and re-evaluation. In light of dryness of pipeline of the newer 

antibacterial drugs and high cost associated with their development, it is often important to 

prevent the decisions of new product development or the reintroduction of revived antibiotics 

should be based on experimental data with regard to predicting the risk associated from 

resistance emergence (Cheng et al., 2016). If we don’t do this, we erroneously discard the 

older antibiotics with promising activity by means of assuming that high in vitro mutations 

towards resistance leads to fast resistance development, but contrary to it, we might also 

make much more expenditure in new drug development we mistakenly generate slow 

mutation rates that results in slow resistance development. Therefore, without a systemic 

methodology to redevelop the old antibiotics and rigorously testing them in health care 

settings with the patients, we take further risk of increasing multidrug resistance. In a current 

situation, the challenge is to search much needed resources like funds and regulatory 

agencies, time and people to fast track the optimization of these potentially active life saving 

drugs and making them available to patients in critical medical care. In structured 

redevelopment process of antibiotic there is immediate need of public funds, international 

coordination, multidisciplinary communication and methods that provide recruitment of 

severely ill patients infected by drug resistant bacteria. 

 

Table 1: Some of the Revived Old Antibiotics against Multidrug Resistant Bacteria 

 

Old Antibiotic 
Year of first 

Publication 
Recently Active Against References 

Chloramphenicol 1947 Chlamydia pecorum Black et al., 2015 

Colistin 

1947 

P. aeruginosa associated with cystic 

fibrosis 

NDM-1-producing K. pneumoniae 

 

Gram negative bacteria (P. 

aeruginosa, E. coli and K. 

pneumoniae) 

Pompilio et al., 2015 

Lagerbäck et al., 2016 

Dosler et al., 2016 

Fosfomycin 

1969 

Infections caused by gram-negative 

and gram-positive bacteria 

ESβL producing E. coli related urinary 

tract infections 

Falagas et al., 2008; 

Keating et al., 2013 

Zykov et al., 2016 

Mecillinam 

1975 

ESβL producing E. coli and K. 

pneumoniae related urinary tract 

infections 

Titelman et al., 2012; 

Zykov et al., 2016 

Minocycline 

1966 

Carbapenem-resistant A. baumannii 

A. baumannii 

S. aureus 

Carbapenemase (KPC)-producing 

Enterobacteriaceae isolates 

Pei et al., 2012;  

Castanheira et al., 

2014 

Guerra et al., 2017 

Chen et al., 2017; 

Wentao et al., 2018 

Nitrofurantoin 

1954 

Multidrug-resistant urinary E. coli 

ESβL producing E. coli related urinary 

tract infections 

Sanchez et al., 2014;  

Tasbakan et al., 2012; 

Zykov et al., 2016 

Temocillin 1988 Urinary tract infections ESβL Livermore and 
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producing E. coli related urinary tract 

infections 

Tulkens, 2008 

Zykov et al., 2016 

Trimethoprim-

sulfamethoxazole 1967 

Carbapenem-resistant A. baumannii 

Carbapenem-Resistant Klebsiella 

pneumoniae 

Nepka et al., 2016 

Su et al., 2018 

 

Table 2: Problematic Group of MDR Bacteria Which Requires Revival of Old 

Antibiotics (Baucher et al., 2009; Van Duin and Paterson, 2016) 

 

Problematic MDR 

group 

Types of 

Colonization    

Current susceptibility towards 

antibiotics            

References 

 

Methicilline Resistant 

Staphylococcus 

aureus (MRSA) 

Skin infection, 

blood stream 

infection, 

osteomylitis, 

Endocarditis 

Ceftobiprol, Ceftaroline, 

ME1036, tigecycline 

Khan et al., 2018, 

Isnard et al., 

2018, FDA, 2008 

Vancomycin resistant 

Enterococci (VRE) 

Blood stream 

infectiom (BSI), 

urinary tract 

infection (UTI), 

heart valves 

Linezolid, daptomycine, 

tigecycline 

Cannon et al., 

2006,  

Erlandson et al., 

2008, Frakking et 

al., 2018 

ESßL producing 

E.coli and Klebsiella 

species 

Community 

acquired urinary 

tract infections, 

BSI 

Doripenem, Pivmecillinam, Dewaele et al., 

2018, Woerther et 

al., 2018, Dewar 

et al., 2013 

MDR Acinetobacter 

baumanii 

BSI and burn 

infections, 

native or 

prosthetic valve 

endocarditis, 

ocular 

infections, 

dominating 

respiratory 

infections, 

sepsis 

Tigecycline, 

daptomycin+Vancomycin 

Schafer et al., 

2007, Claeys et 

al., 2014, Irvem, 

2018 

MDR Pseudomonas 

aeruginosa 

Biofilm 

associated 

infections,GI 

tract, upper 

respiratory 

tract,Cystic 

fibrosis 

Imipenem, Amikacin, 

Ceftazidime-avibactam, 

Combination therapy 

(Imipenem/doripenem+Colistin) 

Carmeli et al., 

2016, Tangden, 

2014 

Carbapenemase 

producing 

Enterobacteriaceae 

Both health care 

and community 

settings, blood 

stream 

infection, 

wound 

infection, 

pneumonia and 

polymixinB+doripenem 

+rifampicin, ceftazidime-

avibactam, Meropenem and 

vaborbactam, Imipenem and 

relebactam(currently in phase 3 

trial) 

Urban et al., 

2010, Zavascki et 

al., 2013, Paul et 

al., 2014, Nelson 

et al., 2015, 

Jorgensen et al., 

2018 
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