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Abstract 

Antibacterial agents (ABAs) contribute significantly to 

reduce morbidity and mortality of bacterial infections as well 

as play a crucial role in the success of major advances in 

medicine such as organ transplants, advanced surgeries, 

cancer chemotherapy and cardiac surgery. However, their 

success as well as their very existence itself are under threat 

due to two major problems, one is antibacterial resistance 

(ABR) and the other is discovery void.  

A 2014 report by the World Health Organization (WHO) 

warns that bacteria that cause common health-care associated 

and community-acquired infections exhibit high resistance 

rate in all WHO regions. This threat has been endorsed by 

many organizations including Centres for Disease Control 

and Prevention (CDC), Infectious Diseases Society of 

America, and other UN bodies. Though bacteria can develop 

resistance spontaneously through mutation, the escalating 

public health threat of ABR is mainly driven by both 

appropriate and inappropriate use of ABAs in humans, 

animals, food production, agriculture, and aquaculture. 

Several initiatives at different levels have been launched to 

combat ABR. 

Development of new ABAs which feature new target or mode 

of action by pharmaceutical industries has the potential to 

address the problem of ABR.  However, hardly any new 

ABAs featuring new target or mode of action came to market 

in the last two decades due to economic and regulatory 

obstacles. Collaboration between industry, government 

bodies and academic institutions in the exploration of new 

ABAs, offering incentives, fast tracking market authorization 

are some of the initiatives recommended by the WHO to 

address this issue of dry antibiotic pipeline. Rational use of 

ABAs, implementation of antibiotic stewardship progra-

mmes, and adherence to strategies which minimise spread of 

resistant bacteria such as hand-washing and infection control 

measures are few key activities that can be incorporated in 

clinical practice.

Introduction

Antibacterial agents (ABA) have saved millions of lives. Not 

only do they contribute significantly to reduce morbidity and 

mortality of individual classic infectious diseases, but also 

serve a crucial role in the success of modern medicine such as 

advanced surgical procedures, organ transplants, cancer 

chemotherapy, neonatal care and intensive-care. However, 

the achievement of ABAs is currently under threat as 

antibacterial resistance (ABR) is escalating at an exponential 

rate. This review presents an overview of current trends of 

ABR and few key global and national initiatives towards 

combating ABR. 

ACCESS, WATCH and RESERVE antibacterial agents 

The World Health Organization (WHO) recently revised the 

entire antibacterial agents section in the model essential 

medicine list (EML) [1]. This was the biggest revision in the 

40- year history of WHO Model EML. The WHO Expert 

panel on selection and use of essential medicines has grouped 

the ABAs into three categories namely ACCESS, WATCH 

and RESERVE which is accompanied by recommendations 

on indications for each category. The list encompasses ABAs 

for 21 most common general infections which includes 

urinary tract infections, skin and soft tissue infections, 

surgical site infections, hospital acquired pneumonia, 

complicated intra-abdominal infections and bone and joint 

infections. It is postulated that this categorization will ensure 

access to ABAs when needed, rational prescription of right 

ABAs for right infections, improve treatment outcomes, 

reduce the development of drug-resistant bacteria, and 

conserve the effectiveness of "last-resort" ABAs that are 

needed when all others fail. Comprehending the rationale for 

this categorization is important to use this categorization in 

clinical practice and policy making.  

Antibacterial agents which are either first or second choice in 

at least one of the above 21 syndromes are classified as 

ACCESS ABAs (Table 1) [1]. 

“These essential ABAs are those that satisfy the priority 

health care needs of the population and intended to be 

available within the context of functioning health systems at 

all times in adequate amounts, in the appropriate dosage 
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forms, with assured quality, and at a price the individual and 

the community can afford.  They are selected on the basis of 

disease prevalence, evidence on efficacy, safety and 

comparative cost-effectiveness [2]”.

The main function of the WHO EML expert committee is to 

update the WHO model EML which is done every 2 years.  In 

previous years, the committee stopped with selection of 

essential ABAs (ACCESS group). The 2017 committee 

extended its role and categorized the remaining ABAs into 

two groups mainly to assist ABA stewardship programmes. 

The “WATCH” group includes ABA classes that are 

recommended as first or second choice treatments for a 

limited number of indications, but are flagged as having high 

resistance potential (Table 2). The RESERVE group identifies 

ABAs that should be considered as last-resort when other 

alternatives would be inadequate or have already failed (e.g., 

serious life-threatening infections due to multi-drug resistant 

bacteria). They are expected to be personalized to highly 

specific patients and settings (Table 3). Understandably, there 

are some overlaps: For example, some ABAs in the ACCESS 

group are listed under WATCH group as well since there are 

concerns about resistance. Their use should be monitored.  

The message delivered is: Ensure “universal access” to first 

group, “watch” the use of second group and “reserve” the 

third group as much as possible. Considerable amount of 

background work has been done by a group of global experts 

on adult and paediatric infectious diseases as well as by the 

members of the WHO expert committee representing both 

resource limited and rich countries in formulating this 

categorization.   It is highly recommended that the healthcare 

professionals, administrators and policy makers give serious 

attention to this recommendation if interested in combating 

antibacterial resistance (ABR).  This aim of this classification 

is to guide rational choice of ABAs and not function as 

guidelines. The expert committee stressed that the treatment 

decisions will depend on local/national uniqueness including 

availability of ABAs and local resistance patterns; hence 

clinical judgment would be the decisive factor when it comes 

to treatment of an individual patient.   

National Guidelines for empirical and prophylactic use of 

antimicrobials

In 2016, the Sri Lanka College of Microbiologists in 

collaboration with the other professional colleges in 

healthcare and the Ministry of Healthcare and Nutrition 

published the National Guidelines for the empirical and 

prophylactic use of antimicrobials [3]. Twenty Professional 

Colleges and Associations including the College of Surgeons 

have contributed in developing the guidelines. It gives the 

24

 Italics = complementary list in the essential medicine list 

*Watch group antibiotics included in the essential medicine list only for specific, limited indications

Table 2. Antibacterial agents listed in WATCH group

Table 3. Antibacterial agents listed in RESERVE

(last-resort) group 

Table 1. Antibacterial agents listed in ACCESS group
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national recommendations for 22 infections which require 

ABAs. Examples include bacterial endocarditis, bone and 

joint infections, intra-abdominal infections, surgical-

prophylaxis, urinary tract infections in adults, childhood 

urinary tract infections and trauma prophylaxis. Each 

infection is further categorized and recommendations for 

primary and alternative therapy are listed. Details of agent, 

dose and route of administration are indicated. In addition, 

relevant comments for example, investigations to be done, 

decision about duration of therapy, important precautions, etc 

can be found. 

Any guidelines on use of antimicrobials cannot give 

definitive recommendation because ABAs had to act against 

living organisms. Virulence and resistance of these living 

organisms dictate the final decision which differs from patient 

to patient, setting to setting and time to time. The Sri Lankan 

guidelines clearly indicate that the ABA should be tailored 

whenever a microbiological diagnosis and antibiotic 

susceptibility results are available. The guidelines will be a 

very useful guide for a clinician, especially when rapid 

microbiological diagnostic facilities are not available. 

However, it will not substitute clinical acumen and hospital 

level data on antibacterial sensitivity. In addition, treating an 

infection successfully goes beyond the boundaries of 

selecting the correct ABA. Pharmacokinetics and dynamics 

play key role in successful treatment of an infection [4]. 

Hence, rational use of ABAs and adherence to other strategies 

which combat ABR such as hand-washing, infection control, 

etc. are equally important. The guidelines is available for free 

downloading in the College of Microbiologists website 

(slmicrobiology.net/download/National-Antibiotic-

Guidelines-2016-Web.pdf)  

Surgical prophylaxis and surgical-site infection (SSI) 

Guidelines for surgical prophylaxis are available in his 

National Guidelines. Surgical procedures have been 

classified clean, potentially contaminate (clean contam-

inated), contaminated and dirty (infected) as per the National 

Institute for Health and Care Excellence-UK (NICE-UK, 

2008) classification [5]. Antibacterial prophylaxis is indica-

ted in some clean (e.g.; surgery involving introduction of 

prosthetic material, surgery where consequences of infection 

would be catastrophic like open heart surgery and surgery 

with impaired host defence) and all clean-contaminated 

surgeries. For contaminated surgeries either ABA 

prophylaxis or therapy is recommended depending on 

patient's clinical condition and for dirty surgeries ABA 

therapy is indicated. It also outlines patient care recommen-

dations, and recommended agent/s. dose, duration and timing 

of ABA prophylaxis.  Recently both WHO and Centres for 

Disease Control and Prevention (CDC) have published 

extensive stand-alone guidelines on surgical – site infections 

[6,7]. 
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Non human-use of antibacterial agents

Use of ABAs in veterinary medicine, food-animal industry, 

livestock production (mainly poultry, cattle, turkeys and 

pigs), agriculture and aquaculture contributes significantly to 

development and spread of ABR [8-10]. Infections caused by 

these resistant bacteria are transmitted to humans via food-

chain, contaminated hands and environment. 

In USA, it is estimated that about 1 in 5 resistant infections are 

caused by germs from food and animals [11]. Polypeptides, 

macrolides, quinolones and penicillins are approved for non-

therapeutic use (growth promotion) in animal agriculture. 

Fish-farming industry uses ABAs to prevent disease, promote 

growth, increase yield and treat infections. In animal 

husbandry, ABAs are often used in sub-therapeutic doses for a 

longer period of time. When few animals are affected by an 

infection, the entire group is treated with ABA irrespective of 

whether they are sick or healthy [8-10]. Already, European 

Union has imposed a ban on feeding antibiotics to livestock 

for growth promotion [9]. 

In this context, the recently published 5th revision of critically 

important antimicrobials (CIA) for human medicine by the 

World Health Organization Advisory Group on Integrated 

Surveillance of Antimicrobial Resistance [12] is a crucial 

initiative. It is a collaborative effort of Food and Agriculture 

Organization of the United Nations (FAO), the World 

Organization for Animal Health (OIE), and World Health 

Organization (WHO). Key object of this list is to rank 

medically important antimicrobials for risk management of 

antimicrobial resistance due to non-human use. 

The list classifies ABAs into three namely [1] critically 

important, [2] highly important and [3] important for human 

medicine. Antimicrobials listed under critically important 

group are the “sole or one of limited available therapies, to 

treat serious bacterial infections in people” and “used to treat 

infections in people caused by either: [1] bacteria that may be 

transmitted to humans from non-human sources, or [2] 

bacteria that may acquire resistance genes from non-human 

sources”. Example includes cephalosporin (3rd, 4th and 5th 

generation), glycopeptides, macrolides, ketolides, poly-

myxins and quinolones. 

Recently, the National Strategic Plan for combating antimicr-

obial resistance (2017-2022) was launched in Sri Lanka as a 

collaborative programme of Ministries of Health, Fisheries 

and Aquatic Resources Management, Agriculture and Rural 

Economy with the support and concurrence of the World 

Health Organization [13]. There are five strategies [1] 

Improve awareness and understanding of antimicrobial 

resistance through effective communication [2] strengthen 

the knowledge and evidence base surveillance and research 

[3] reduce the incidence of infection through effective 

sanitation, hygiene and infection prevention measures [4] 
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optimize the use of antimicrobial medicines in human and 

animal health [5] prepare the economic case for sustainable 

investment and increase investment in new medicines, 

diagnostic tools, vaccines and other interventions. Each 

strategy has specific objectives and mile-stones to achieve. 

Integrated surveillance of antimicrobial resistance and 

use

Surveillance of ABR and ABA use is an essential component 

to contain ABR [14]. The European Surveillance of Antimic-

robial Consumption network (ESAC-Net) has demonstrated 

that monitoring antimicrobial use patterns and costs is an 

important resource for advocacy at local or national level, 

especially when surveillance of use is enhanced by surveill-

ance of resistance [15]. Three surveillance programmes in Sri 

Lanka need special mention. 

Surveillance of antimicrobial resistance

In 2011, the Sri Lanka College of Microbiologists, in collabo-

ration with the Ministry of Healthcare initiated the National 

Laboratory Based Surveillance of Antimicrobial Resistance. 

The goal was to survey the pooled susceptibility of significant 

isolates (colony count ≥105 CFU/ml) cultured from urine of 

non-catheterized patients. In 2014, data from seven centres 

showed that the majority (80%) of isolates were coliforms 

with a very high resistance rate for ampicillin (90.1%). 

Those isolated from adults attending outpatient clinics were 

most susceptible to meropenem (100%) followed by 

imipenam (97.4%), gentamicin (86.4%), nitrofurantoin 

(65.1%), cefota-xime (63.4%), cephalexin (55.2%), 

cephradine (55.2%), amoxicillin/clavulanic acid (54%) and 

norfloxacin (48.3%). Those isolated from adult hospitalized 

patients were most susceptible to meropenem (87.9%) 

followed by gentamicin (62.6%), cefotaxime (39.5%) and 

ciprofloxacin (31.9%). Resistance rate was comparatively 

less with coliforms isolated from paediatric out-patients [16]. 

Secondly, in 2013, the Sri Lanka College of Microbiologists 

reported the results of Antimicrobial Resistance Surveillance 

Project (ARSP) of Phase 1. 

This surveillance programme exa-mined the Gram negative 

bacteria and their susceptibility to ABAs in patients who were 

clinically managed as bacterae-mia in seven hospitals during 

2009-2010 period: Of the 733 Gram negative isolates studied, 

ESBL producing Escherichia coli and Klebsiella pneumonia 

accounted for 22.5%.

They were most susceptible to meropenem and imipenam 

(100%) followed by amikacin (80-85%) and netilmicin (65-

67%). Susceptibility to gentamicin and ciprofloxacin was 

poor. In addition, a high level of ciprofloxacin resistance was 

seen among Salmonella paratyphi (90%) and typhi (50%) 

isolates [17].

Integrated surveillance of antimicrobial resistance and 

use in Colombo district

Having computerized data, extensive inter-connected 

surveillance networks, adequate laboratory capacity and 

rapid diagnostic facilities played a key role in the success of 

ESAC-Net and similar programmes established in resource-

rich countries. In most of the resource-limited countries 

(RLCs), such resources are scarcely available. Hence, in 

order to assist RLCs to carry out efficient surveillance 

programmes, the WHO published a model for Community-

Based Surveillance of Antimicrobial Use and Resistance in 

Resource-Constrained Settings based on five pilot projects 

conducted in India [3] and South Africa [2, 14]. 

For surveillance of antibacterial resistance, the model 

recommends monitoring the resistance pattern of Escherichia 

coli (E. coli) isolated from urine samples of patients with 

urinary tract infections presented to public and private 

outpatient departments. For ABA use data, the model 

recommends collecting data from multiple facilities, both 

from the public and private sectors, from which people living 

in the geographical area might obtain ABA for ambulatory 

use. This model was piloted in the Colombo district. 

In the public sector, of the 2183 urine samples, pathogenic E. 

coli was isolated in 9.3% (204), and 8% (n=16) of them were 

Extended Spectrum Beta Lactamase (ESBL) producers. E. 

coli was most resistant to ampicillin (85%), followed by 

nalidixic acid (58.5%), trimethoprim/sulphamethoxazole 

(47.1%), ciprofloxacin (46.2%), norfloxacin (43.7%) 

amoxicillin /clavulanic acid (36.3%), gentamicin (23%) and 

nitrofurantoin (9%). Multi-drug resistance was seen in 44% 

(18). In the private sector, of the 969 pathogenic E. coli, 28% 

were ESBL producers. E. coli was most resistant to ampicillin 

(80%) followed by nalidixic acid (67.8%), ciprofloxacin 

(59.5%),norfloxacin(59%),trimethoprim / sulphamethoxa-

zole (52.5%), amoxicillin /clavulanic acid (44%), gentamicin 

(33%) and nitrofurantoin (15%) Multi-drug resistance was 

seen in 53% (Senadeera et al, unpublished data). 

Empirical use of ABAs with high resistance rates is known to 

be associated with an increased risk of treatment failure and 

selection of resistant strains. Surveillance of ABA use 

(Senadeera, et al, unpublished data) documented that of a total 

of 22321 prescriptions containing at least on ABA, 

amoxicillin /clavulanic acid accounted for 17.5% followed by 

amoxicillin (15%), cefuroxime (11%), azithromycin (8%), 

doxycycline (7.8%), clarithromycin (7.1%), ciprofloxacin 

(6.5%) and levofloxacin (5.1%). From this data, one may 

predict that resistance to amoxicillin /clavulanic acid would 

also escalate similar to what has happened amoxicillin. 

Drivers for these initiatives

These accelerated initiatives are mainly due to two reasons: 

Escalating problem of ABR and the broken antibiotic 
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pipeline. Resistance to ABA is defined clinically as “a state in 

which a patient, when infected with a specific pathogen, is 

treated with an adequate antimicrobial dosage and 

administration schedule, but clinical criteria of cure (at a 

clinical and/or a microbiological level) are not reached” and 

microbiologically as “a state in which an isolate has a 

resistance mechanism rendering it less susceptible than to 

other members of the same species lacking any resistance 

mechanism” [19]. Alarming findings documented in a WHO 

global surveillance report published in 2014 inclde [20]:  

1. Klebsiella pneumonia: Resistance to third-generation 

cephalosporin was > 30% in many countries and > 60% in 

some countries. Resistance to carbapenems exceeding 

50% has reported 

2. Escherichia coli: Resistance to fluoroquinolones and third 

generation cephalosporin > 50% in 5 out of 6 WHO 

regions

3. MRSA resistance rates > 20 % in all WHO regions and in 

some regions it is > 80% 

The report documented very high rates of ABR in bacteria 

causing common health-care associated and community-

acquired infections in all WHO regions and identified 

important gaps in existing surveillance programmes such as 

lack of data from countries with high disease rates and lack of 

standards for methodology. 

Many pharmaceutical companies have abandoned the field of 

development of new ABA as it needs long time and huge 

investment. Only handful of the big pharmaceutical industries 

still continue to work on ABA development programmes, 

with others have closed the antibiotic research facility and 

manufacturing drugs that have proven sustainability in the 

market [9]. The three main factors responsible for 

pharmaceutical industries' lack of interest in antibiotics 

include: 

1. Scientific: Most of the known drug targets have been 

already exploited. 

2. Commercial: ABAs have limited prospects for profit as 

they are generally prescribed for short duration and most of 

the times cure the target disease. In addition, when the 

bacteria develop resistance, the demand for that ABA 

dramatically declines.

3. Regulatory bottlenecks: The regulatory requirements have 

become very demanding. 

There is an urgent need to fix the broken antibiotic pipeline:  

In 2010, the Infectious Diseases Society of America launched 

the “10 X 20” initiative with the aim of producing 10 new 

antibiotics by 2020.  In the first 6 years (2010-2016), though 6 

new ABAs have received FDA approval, only one was a novel 

compound [21]. The WHO has published the global priority 

list of antibiotic-resistant bacteria to guide research, 

discovery and development of new ABAs [22]. Pathogens 

listed under critical priority are carbapenem-resistant 

Acinetobacter baumannii, Pseudomonas aeruginosa, and 

Enterobacteriaceae and third-generation cephalosporin-

resistant Enterobacteriaceae. Pathogens like clarithromycin-

resistant Helicobacter pylori, fluoroquinolone-resistant 

Salmonella spp., third-generation cephalosporin-resistant 

Neisseria gonorrhoea, and fluoroquinolone-resistant 

Neisseria gonorrhoea are listed under second priority level. 

Penicillin non-susceptible Streptococcus pneumonia is in the 

3rd level. 

Antibacterial agents' stewardship programmes

Antibacterial agents' stewardship programme (ASP) is a 

hospital-level programme committed to improve use of 

ABAs [23]. The CDC recommends that all acute-care 

hospitals to implement ASP because improving use of ABAs 

is an important patient safety and public health issue as well as 

a national priority [11, 23]. Several benefits of such ASPs 

have been documented such as optimizing treatment of 

infections, reducing adverse effects associated with ABA use, 

improving quality of patient care, improving patient safety, 

increasing cure rates, reducing treatment failures, increasing 

correct prescribing and most importantly reduce ABR [24-

29]. The core elements of ASPs suggested by the CDC are [1] 

leadership commitment [2], accountability [3], drug expertise 

[4], action [5], tracking [6], reporting  [7] and, education [23]. 

Problem of ABR had to be confronted seriously: the 

innumerous initiatives and publications available in the 

literature is testimony that no intervention is entirely 

satisfactory in combating the problem. As long as ABAs are in 

use, ABR is an inevitable consequence.  

“While it is self-evident that the use of antimicrobial drugs 

has imposed selective pressures on the emergence of resistant 

microbes, to attribute the development of resistance entirely 

to imprudent antimicrobial use is, a fallacy that reflects an 

alarming lack of respect for the incredible power of microbes” 

[30].

All what we can do is to delay the emergence and spread of 

ABR by implementing these initiatives. 
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