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Abstract 

Antimicrobial resistance (AMR) is one of the top 10 threats affecting global health. AMR defeats the 

effective prevention and treatment of infections caused by microbial pathogens including bacteria, 

parasites, viruses and fungi (WHO). Microbial pathogens have natural tendency to evolve and mutate 

over time resulting in AMR strains. The set of genes involved in antibiotic resistance also termed as 

“antibiotic resistance genes” (ARGs) spread through species by lateral gene transfer thereby causing 

global dissemination. While this biological mechanism is prevalent in the spread of AMR, human 

methods also augment through various mechanisms such as over prescription, incomplete treatment, 

environmental waste etc.  

A considerable portion of scientific community is engrossed in AMR related work trying to discover 

novel therapeutic solutions for tackling resistant pathogens. Comprehensive inspection of the 

literature shows that diverse therapeutic strategies have evolved over recent years. Collectively, these 

therapeutic strategies include novel small molecules, newly identified antimicrobial peptides, 

bacteriophages, phytochemicals, nanocomposites, novel phototherapy against bacteria, fungi and 

virus.  

In this work we have developed a comprehensive knowledgebase by collecting alternative 

antimicrobial therapeutic strategies from literature data. We have used subjective approach for 
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datamining new strategies resulting in broad coverage of entities and subsequently add objective data 

like entity name, potency, safety information etc. The extracted data was organized KOMBAT 

(Knowledgebase Of Microbes’ Battling Agents for Therapeutics). A lot of these data are tested 

against AMR pathogens. We envision that this database will be noteworthy for developing future 

therapeutics against resistant pathogens. The database can be accessed through 

http://kombat.igib.res.in/. 

Keywords: Antibiotic resistance, text mining, therapy, database 

1. Introduction 

Antimicrobial resistance (AMR) is one of the top 10 threats affecting global health (1).  AMR defeats 

the effective prevention and treatment of infections caused by microbial pathogens including bacteria, 

parasites, viruses and fungi (1). Microbial pathogens have natural tendency to evolve and mutate over 

time resulting in AMR strains (2). The set of genes involved in antibiotic resistance also termed as 

“antibiotic resistance genes” (ARGs) spread through species by lateral gene transfer thereby causing 

global dissemination (3).  Not only this biological mechanism is prevalent in the spread of AMR, but 

also human noncompliance to use of antibiotics aggravate this scourge. Notable among the latter are 

mechanisms such as inappropriate use (under-dosing and over-prescribing) in humans, livestock and 

agriculture, misuse of antibiotics (for viral infections where they are ineffective) (4,5). The antibiotics 

in effluent water also add to the prevalence of AMR (6). Due to antibiotic resistance, 700,000 people 

die worldwide every year and this number is expected to rise to 10 million by 2050 (7). The health 

catastrophe due to AMR impacts on world’s GDP and it is expected to cause $100.2 trillion GDP loss 

by 2050 (7).  CDC’s (Centers for Disease Control and Prevention) 2019 antimicrobial resistance 

threats report lists 18 antibiotic-resistant bacteria and fungi as either urgent, serious or concerning (8). 

Notably the Carbapenem-resistant Acinetobacter, Enterobacterales, and Clostridioides difficile, drug-

resistant Neisseria gonorrhoeae and Candida auris are included in the urgent threats category. 

The answer to this crisis is to develop novel effective antibiotics.  However, it takes 10-15 years from 

discovery of a novel compound to development of new drug through pre-clinical and clinical testing 
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(9). The average cost from research and development to a new medicine is approximately $4 billion, 

and could exceed to $10 billion in some cases (10). Undoubtedly, the antimicrobial discovery pipeline 

needs rejuvenation with modern technologies. 

 Comprehensive inspection of the literature shows that diverse therapeutic strategies have evolved 

over recent years. Collectively, these therapeutic strategies include novel small molecules, newly 

identified antimicrobial peptides, bacteriophages, phytochemicals against bacteria, fungi and virus. 

There are several antimicrobial therapeutic databases, such as database of antimicrobial peptides, of 

chemical compounds. For example, AntibioticDB (11) is a database of antibacterial compounds under 

development belonging to different phases of clinical trials including discontinued compounds, APD 

(12) is a resource for Antibacterial, antifungal, antiviral and antitumor peptides retrieved from 

literature. A comprehensive list of different antimicrobial databases is displayed in Supplementary 

Table1. 

 To the best of our knowledge there is no encyclopaedically recorded site for newly discovered 

antimicrobial strategies comprising of novel molecules, AMPs, bacteriophages, probiotics, 

phytochemicals, photodynamic therapy, nanocomposites. Our goal in KOMBAT was to develop an 

integrated resource of newly identified chemotherapeutic strategies against microbial pathogens from 

scientific literature. Many of these strategies are tested against AMR pathogens. Currently the 

available antimicrobial databases belong to 2 major domains, one focussing on the problem of AMR 

with the resources for ARGs and their sequences (eg: CARD (13), MEGARes (14), ARDB (15), 

PATRIC (16)); the second focussing on the solution to the AMR problem,  (eg: AntibioticDB (11), 

ASDCD (17)).  Overwhelmingly, these databases focus on bacterial pathogens and include one type 

of anti-microbial agent. Also, a large fraction of data from these databases are part of PubChem (18), 

instead of collection from primary sources. Some databases are either not regularly updated or not 

accessible (eg ACD (19), AMDD (20)).  

Here we report KOMBAT (Knowledgebase of Microbes Battling Agents for Therapeutics). We have 

used a comprehensive method to overcome the discussed limitations by collecting text data from 

PubMed and organizing them in a user-friendly manner. We have used text mining (21) and natural 
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language processing (22) for data curation, classification and developed a protocol for regular 

updates. KOMBAT contains alternative antimicrobial strategies against bacteria, virus, fungi and 

parasites. Our approach is focussed in 

1. Data collection from primary sources 

2. Manual curation to remove false positive 

3. Subjective sentiment-based approach for datamining new strategies resulting in broad 

coverage of entities and subsequently add objective data 

4. Including all the microbes namely bacteria, virus, fungi and parasites. 

5. Tested strategies on AMR species. 

2. Methods: 

All text mining work was carried out using CRAN package pubmed.mineR (23). pubmed.mineR is a 

R package for analysis of PubMed literature texts. Infographics for detailed work flow is displayed in 

Figure 1. 

2.1 Data collection and classification 

1,42,205 abstracts were collected from PubMed using keywords “antimicrobial resistance” and 

“antibiotic resistance” using the “All fields” option.  Abstracts were classified into 4 categories, (1) 

antibacterial using the keywords: bacteria, bacterial, antibacterial, (2) antiviral using keywords: virus, 

viral, antiviral, (3) antifungal using keywords: fungi, fungal, antifungal and (4) antiparasitic using the 

keywords: parasite, parasitic, antiparasitic in case insensitive search mode.  

2.2 Subjective (Sentimental) text mining approach 

For data retrieval, initially a couple of seed terms ‘therapy’ and ‘therapeutic’ were selected and 

vocabulary of associated keywords were made. Due to high diversity in the nomenclature of new 

entities, we required anchor terms for data mining. In order to extract entities like ‘Phage ZZ1’ or 

‘ZZ1’, ‘1,4-naphthoquinones ', ‘compound6a’, we sought to locate ‘anchor’ terms expressing the 

sentiments of authors about their discoveries. Thus, we located 7 adjectives or adverbs namely, 
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‘therapeutic’, ‘promising’, ‘new’, ‘next’, ‘potent’, ‘alternative’ and ‘novel’. Additionally, we located 

anchor nouns: ‘therapy’, ‘strategy’ and verbs: ‘prevent’, ‘alternate’. Subsequently, we extracted the 

left associated and right associated words of these conserved terms. Associated words appearing as 

pronouns and prepositions were not considered. These combinations were used to extract co-occurring 

sentences described in the next section.  The word_associations() function of pubmed.mineR was used 

for collecting associated vocabulary of 11 anchor terms. The collected vocabularies are listed in 

supplementary Table2. Using natural language processing, the terms were automatically categorized 

in correspondence to part-of-speech (POS). Natural Language Toolkit (NLTK) library of python was 

used for POS tagging(24). Inclusively, we have collected 128 adjectives, 397 nouns, 48 verbs and 4 

adverbs. The temporal trends of these terms were analysed by using BWI (buzzword index) function 

of pubmed.mineR reveals trends patterns over a period of time  (25). 

2.3 Data retrieval 

For data retrieval, co_occurrence_fn() of pubmed.mineR package was used. This function extracts 

sentences with co-occurrence of 2 sets of given terms. One of the terms were among the 11 anchor 

terms and the other term was from the associated vocabularies.  The sentences were then manually 

curated and only positive evidences were considered. 

2.4 Objective text mining approach 

The sentiment approach provided a conserved set of terms serving as anchors for extracting the new 

strategies. This resulted in obtaining the landing sentences from the abstracts. However, users and 

peers would require objective data devoid of sentiments for their own assessments. Therefore, we 

used the lateral movement approach in the same abstract using different set of terms to extract 

objective data including name of the entity (IUPAC name in case of chemicals), MIC, IC50, EC50, 

target species tested, safety and toxicity data. The full list of Terms and their corresponding part of 

speech tagging used for the objective data extraction are displayed in Table 1. The diversity of terms 

in the objective approach is also noteworthy. Sentences from the abstracts containing the given terms 
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extracted were further curated manually. Whenever data was not available through this method in the 

abstracts, we used the same approach on full paper texts available from PubMed Central. 

Table 1: Vocabularies and their POS used in objective approach 

NOUN* ADJECTIVE PREPOSITI

ON 

'aim', 'goal', 'design', 'synthes', 'purpose', 'stud', 'test', 'evaluat', 

'investigat', 'examin', 'explor', 'compar', 'effic', 'log[1234]', 'MIC', 

'dos', 'cidal', 'fold', 'reduc', 'muta', 'resist', 'concentra', 'multipli', 

'MOI', 'days', 'inhibit', 'CFU', 'kill', 'effect', '[ ]heal[eis]', 'eradicat', 

'decoloniz', 'tolerat', 'advers', 'side effect', 'sever', '[a-z-]toxic', 

'reaction', 'discomfort', 'complian' 

'active', 'daily', 

'clear', 'safe' 

‘as well as’ 

*Words are stemmed 

2.5 Web interface development 

The web interface of KOMBAT was developed using PHP 8.0.2 and HTML. The consolidated data 

were entered in MariaDB 10.4.17 tables using XAMPP (v3.2.4). XAMPP is an open-source cross 

platform package including MariaDB (database), Apache 2.4.46 (server application) and PHP 

(scripting language). 

2.6 Database structure and content 

KOMBAT contains newly identified potential therapeutic strategies against microbial pathogens and 

in many cases tested on AMR pathogens.  Broadly the data can be classified in 4 categories: 

antibacterial therapeutic strategies, antiviral therapeutic strategies, antifungal therapeutic strategies 

and antiparasitic therapeutic strategies. Microbial species names were annotated using PubTator 

Central (26). The strategies were classified as (1) Antimicrobial Peptides, (2) Small Molecules, (3) 

Phage therapy, (4) Photodynamic Therapy, (5) Nano compounds and combinations, (6) 

Phytochemicals. Collected evidences were reported along with specific information containing data 
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on potency (MIC, IC50, EC50), safety (toxicity) and on species tested was retrieved using objective 

approach.  

Results and Discussion: 

3.1 Data collection: 

Antimicrobial research has increased substantially in recent years since 2001 with about 95% increase 

in the number of abstracts in PubMed articles.  Searches revealed 43509 abstracts in bacteria (68%), 

14418 abstracts in virus (23%), 5354 in fungi (8%) and 908 abstracts in parasite (1%) category. These 

sub-corpuses were used for text mining in the later stage. 

3.2 KOMBAT user interface 

KOMBAT has a very user-friendly web interface and it can be accessed through 

http://kombat.igib.res.in/.  

Home: In this section, features of the database are displayed through which the user can enter into its 

desirable section. Separate web pages for bacteria, virus, fungi and parasites were created and user 

can switch between these pages. At the bottom we have added links for some relevant and 

complementary information. The “Related Database” link directs user to the list of antimicrobial 

databases. It contains resources along with their name, focus, weblink and PMID. Another tab 

acknowledging major events of antibiotic and post antibiotic era is added, which can be accessed 

through “Related Links”.  

About:  Includes the rationale behind developing KOMBAT, categories and sub-categories of 

included data. 

Contact: Contact details of the authors are given in this section for query and suggestions. 

Help:  Guide for using different features of KOMBAT database were given here. 
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KOMBAT Community: Significance of this database can be appreciated when this is updated 

regularly with inclusion of most recent therapeutic strategies. Therefore, we created KOMBAT 

community and encourage students to join.  

3.3 Trend analysis of terms 

The Trends analysis over last 30 years revealing importance of the terms displayed in Figure 2. The 

terms ‘therapy’ and ‘new’ go hand-in-hand importance over the years. The terms ‘novel’, 

‘therapeutic’, ‘strategy’, ‘prevent’, ‘potent’, ‘alternative’ and ‘promising’ shows and overall increase 

in BWI values. The word ‘next’ shows a similar pattern with an exception of significant drop in BWI 

in 1994. The term ‘alternate’ shows a fluctuating trend with highest value (BWI = 14.48981) in 1991, 

followed by sudden drop (BWI = 0) in some years. However, over the last 15 years there is a rising 

trend in importance of this term.  

3.4 Data in KOMBAT 

3.4.1 Phage therapy 

Bacteriophages infect and multiply inside bacteria. The Phage therapy concept is the use of phage as 

antibacterial agents by exploiting the property of phages to recognize specifically, bind and multiply within 

bacterial host cells (27). Phage lysin enzymes are responsible for bacterial cell wall lysis and also have the 

ability to disrupt biofilms (28). Lytic bacteriophages are known as potential antibacterial agent (29).  

Phage therapy is yet not included in mainstream treatment despite having advantages of high 

specificity towards bacteria (29). Though it has gained immense interest in last few years. For 

example, clinical trials are going for evaluating safety and efficacy of phage therapy to treat patients 

with urinary tract infection due to E. coli and K. pneumoniae (30) and for  patients with ventricular 

assist devices (VAD) developing Staphylococcus aureus infections (31). 

 In KOMBAT database, we have reported 22 manually curated phage therapy strategies. This includes 

lytic phage, phage lysin enzymes and also different phage cocktails. For example, T4-Like Phage Bp7 

(32), PhageTPR7 (33), lytic phage EcSw (34) are some potential bacteriophage therapies against 

hospital isolated drug resistant strains of E. coli.  Jin et al., 2012 had reported the activity of phage 
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ZZ1 against different clinically isolated strains of Acinetobacter baumannii namely AB09V, AB0902, 

and AB0901 (35). In the database, the “phage ZZ1” is included under ‘ENTITY’ column, target 

species and latent period that is the time required by the phage to reproduce inside infected cell is 

included under ‘POTENCY’ column. Additionally, we have included the proof of association in the 

‘EVIDENCE’ column and link to PubMed site in the ‘PMID’ column. Another example of lytic 

phage cocktail included in KOMBAT is the combination of φkm18p, φTZ1 and φ314 having activity 

against extensively drug resistant Acinetobacter baumannii (36). Among the included lysins, 

CHAP(K) was tested against pathogenic Staphylococci including MRSA (37), combination therapy of 

bacteriophage lysin enzyme CF-301 with antibiotics was reported to be superior to traditional 

antibiotic monotherapy against several drug resistant and sensitive stains of S. aureus (38). HydH5 is 

another hydrolase with lytic activity as alternatives for anti-staphylococcal therapy  (39).  

3.4.2 Antimicrobial peptide 

In the quest of new therapeutic strategies for tackling AMR, antimicrobial peptides (AMPs) or host 

defense peptides have gained enormous interest. These are bioactive polypeptides comprising 12-50 

cationic and hydrophobic amino acid residues (40,41). The antimicrobial nature includes activity 

against bacteria, virus, fungi and parasites (42). These peptides interact directly with cell membranes 

via electrostatic and hydrophobic forces and self-assemble after reaching certain concentration (43). 

They further interact with the lipid bilayer and disrupt it. These interactions can be explained by 

transmembrane pore and non-pore models (44). Additionally, AMPs perform immunomodulatory 

activity by recruitment and activation of immune cells, which result in enhanced microbial killing 

(45). In KOMBAT database, 69 antimicrobial peptides having therapeutic potential are reported. 

Novel antimicrobial peptides and combinatorial therapeutic strategies of AMPs with photosensitizer 

or existing antibiotics are reported here. For example, the peptide KLKLLLLLKLK-NH2 and its D-

enantiomer showed in-vivo activity against MRSA infected mice with drop of relative bacterial 

growth from 100% to almost negligible(46), Hominicin purified from Staphylococcus hominis MBBL 

2-9 displayed potent antibacterial activity against different drug resistant and sensitive strains of S. 

aureus (47). Thionin Thi2.1 extracted from Arabidopsis thaliana is a potent AMP having activity 
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against S. aureus isolated from cow’s milk with subclinical mastitis (48). Many AMPs have been 

reported to have broad spectrum activity. TSG-8-1 (WWSYVRRWRSR-amide) is a potent 11-mer 

peptide with antibacterial activities against E. coli and S. aureus (49). Investigators have reported that 

this peptide showed very little hemolytic activity in human erythrocytes and this information is 

included in the ‘SAFETY INFORMATION’ head of KOMBAT. Brevinin-2Ta (B-2Ta) is another 

broad-spectrum AMP isolated and purified from Pelophylax kl. esculentus (European frog) showing 

in-vitro activities against S. aureus, E. coli and C. albicans (50). Further B-2Ta showed anti-

inflammatory activity against Klebsiella infected rats. MICs displayed in ‘POTENCY’ column as 64 

mg/L against S. aureus and C. albicans, 32 mg/L against E. coli. Histone H5 purified from chicken 

erythrocytes, has broad spectrum antibacterial properties against Gram-positive and Gram-negative 

planktonic bacteria including resistant strains (51). Alongside having therapeutic efficacies, AMPs 

can also be used as adjuvants to enhance the immune response.  Liu et al., 2012 had reported 

antimicrobial peptide YI13WF (YVLWKRKRKFCFI-Amide) and its photodynamic inactivation of 

different Gram-negative bacterial strains(52). Here peptide was used as an adjuvant to enhance the 

binding to cell wall, which can be disrupted using white light source for 2, 5, and 10 min. Dimeric 

PpIX-YI13WF conjugates show strong photoinactivation of Escherichia coli DH5a, S. enterica, 

antibiotic-resistant E. coli BL21 and K. pneumoniae epidermicin. The peptide CSpK14 synergistically 

enhances the activity of β-lactams against vancomycin resistant strains of Staphylococcus and 

Enterococci (53).  NI01 is a cationic, hydrophobic antimicrobial peptide discovered and purified by 

Sandiford et al., 2011 having antimicrobial activity against methicillin-resistant Staphylococcus 

aureus (MRSA), Enterococci, and biofilm-forming S. epidermidis strains (54). C(12)K-2β(12) is a 

oligo-acyl-lysyl (OAK) antimicrobial peptidomimetic, with anti-H. pylori activities (55). Overall, 

AMPs are promising therapeutic options for tackling various microbial infections.  

3.4.3 Natural products 

Phytochemicals have been used as part of traditional medicine. Their antimicrobial actions include 

diverse mechanisms like damage to cell membrane, suppression of virulence factors, enzymatic 

inhibition. In KOMBAT, we have included 88 different therapeutic strategies that use extracts from 
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natural products. For example, tea tree oil (TTO) has potent antimicrobial and anti-inflammatory 

activities (56). Loughlin et al., 2008 had compared the antimicrobial activity of TTO and terpinen-4-ol 

against different isolates of Staphylococci including drug resistant strains (57). Liposome 

encapsulated TTO with silver ions Ag (+) has strong therapeutic potential due to the controlled release 

and thereby causing reduced cytotoxicity and lower chance of developing resistance in long term (58). 

Epigallocatehin-3-Gallate, which is abundantly present in green tea extracts has potent antimicrobial 

activity against hospital isolated Pseudomonas aeruginosa and Escherichia coli (59).  It has potent 

antibiofilm activity and therefore can be used as adjuvant in antibiotic therapy (60). Antimicrobial 

property of honey has been extensively studied from different geographical regions against several 

Gram-positive, Gram-negative and fungal skin and wound infections (61,62). The combination 

therapy of honey and antibiotic has immense advantage due to synergistic enhancement in 

antimicrobial activity and reduction of developing AMR (63). Essential oils were part of traditional 

medicines and are used in modern medicine also. For example, essential oils extracted from 

Origanum heracleoticum L (64), Lippia gracilis Schauer leaves (65), Hyptis martiusii Benth leaves 

(66) were studied against different pathogenic microorganisms and showed considerable antimicrobial 

activities. Kwiatkowski et al., 2017 had studied the therapeutic potency of fennel essential oil in 

combination with antibiotics against drug resistant Staphylococcus (67).  

Terpenes are plant secondary metabolites that are well known for antimicrobial activities. In 

KOMBAT, we have included monoterpenes, diterpenes and sesquiterpenes. For example,  nerol 

(monoterpene) was proven as adjuvant with antibiotic therapy against multi-drug resistant 

Staphylococcus infection (68) and Totarol (diterpenoid) isolated from the bark of Podocarpus nagi 

showed activity against several Gram-positive and Gram-negative bacteria (69). Consumption of 

foods having antimicrobial activity is one alternative strategy for controlling the emergence of 

resistant microorganisms. The in-vitro and in-vivo activity of cranberry juice for treating drug 

resistant and sensitive strains of Escherichia coli in recurrent urinary tract infection was studied by 

Lavigne et al., 2008 (70). In another study, in-vitro observation showed the effectiveness of apple 

juice against Enterococcus feacalis and Streptococcus mutans (71). In KOMBAT, we have 
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accommodated more such examples of natural products and their therapeutic efficacies. Although, 

these require clinical testing, but phytochemicals can be outstanding starting materials towards the 

discovery of new chemotherapeutic molecules. 

3.4.4 Nanocomposites 

Nanoparticles have been getting rising attentions due to their antimicrobial properties (72). 

Nanoparticles allow targeted drug delivery owing to a narrow therapeutic window or lower 

bioavailability and thus potentiate drug efficacy (73). They exhibit antimicrobial properties through a 

vast range of mechanisms like cell wall biosynthesis inhibition, disruption of electron transport chain, 

generation of toxic ROS, photocatalysis, enzymatic inhibition, reduced DNA production (74).   

In KOMBAT, we have included 47 different nanoparticle combinations against bacterial pathogens. It 

includes different metal or metallic compounds nanoparticles such as that of silver, gold, zinc oxide, 

Tungsten, selenium, titanium and iron oxide. Also, various hybrid therapy comprising nanoparticles 

with herbal extracts, photodynamic therapy and conventional antibiotics are included.  

Li et al, 2013 had first reported the effectiveness of silver nanoparticles against Neisseria gonorrhoeae 

at MIC: 12.5 µg/ml. They have also observed that 120 nm Ag NPs form conjugates with cefmetazole 

and produced additive effects against multidrug resistant strains (75). Antistaphylococcol activity of 

AgNPs in combination with visible blue light was investigated to reduce rapidly emerging multidrug 

resistant strains (76). In another study, Scandorieiro et al., had demonstrated the combinatorial effect 

of Origanum vulgare (Oregano) essential oil and Biological Silver Nanoparticles (bio-AgNP) against 

Multidrug-Resistant Bacterial Strains (77). The inhibitory activity against different bacterial species 

was mentioned in the ‘POTENCY’ column with MIC against OEO in the range 0.298 to 1.193 

mg/mL and MIC against bio-AgNP in the range 62.5 to 250 μM. Zhang et al., had come across a 

combination therapy using β-carboxyphthalocyanine zinc photosensitizer, lanthanide-doped up 

conversion nanoparticles and polyvinylpyrrolidone (78). This showed promising antibacterial and 

antifungal properties including drug resistant pathogens like growth inhibition of MRSA by 4.7 log10 

fold and MDR E. coli by 2.1 log10 fols . Hybrid technologies comprising antibiotics and 
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nanoparticles offer useful resources for the elimination of drug resistant pathogens. One such 

technology using nanocomposite structure included in KOMBAT is Tobramycin mediated silver 

nanospheres tested against ampicillin and chloramphenicol resistant resistant E. coli (BL21 DE3) 

(79).  

3.4.5 Photodynamic therapy 

Antimicrobial Photodynamic therapy (aPDT) has emerged in recent years for treating infections 

caused by bacteria, fungi, and viruses (80). aPDT mainly uses a photosensitizer (PS) molecule that 

gets excited by light source to generate reactive oxygen species (81). PDT is site-specific and the PSs 

are only toxic when irradiated by light so no resistance is developed against antimicrobial (82). 

Diverse combinations of PS and light source are being reported in the literature. 

In KOMBAT, 39 strategies for photodynamic inactivation of bacterial pathogens have been included. 

Among them, various strains of E. coli, Staphylococcus, Pseudomonas, Acinetobacter, Enterococcus, 

Helicobacter, Clostridium, Propionibacterium, Klebsiella are covered.  Data retrieved from literature 

also includes combination therapeutic strategy of light source with antibiotics, herbal extracts and 

metal ions. Photodynamic inactivation strategy of different methicillin-susceptible and resistant 

strains of Staphylococcus was included namely using hypericin and LED light (83), photosensitizer 

5,10,15,20-tetrakis(1-methylpyridinium-4-yl) porphyrin tetra-iodide (Tetra-Py(+)-Me) (84), 

benzylidene cyclopentanone PSs (85). Another example included in KOMBAT is a broad-spectrum 

combinatorial therapy of Porphyrin-cellulose nanocrystals against multidrug-resistant Acinetobacter 

baumannii (MDRAB) and MRSA. Choi et al. had observed that antibacterial activity of tetracycline 

for treating Clostridium difficile infection was bolstered in combination with chitosan and ultraviolet 

A (UVA) light (86).  

These data suggest that there is a scope for extensive use of phototherapy to control drug resistant 

pathogens. This not only creates new therapeutic avenues but also enhances the efficacy of 

conventional antibiotics.  

3.5.6 Chemical compounds 
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Chemical compounds have always been the part of cause and solution to antimicrobial resistance 

problem. A considerable part of scientific research has been concentrated on developing novel small 

molecule inhibitors, which also includes derivatives of available antimicrobials. Chemical compounds 

follow diverse mechanisms to inhibit microbial growth like inhibition of cell wall or membrane, 

inevitable biochemical processes for cell proliferation like microbial replication, transcription and 

translation. They generally bind to specific enzymes and disrupt its function thereby inhibiting cell 

growth. 

Amidst the data retrieved from literature for this work, chemical compounds occupy the highest share. 

In KOMBAT, we have included 387 newly discovered antibacterial compounds.  This includes 

compounds derived by modifying antibiotics like derivatives of carbapenem, quinolone, 

cephalosporins, penicillin, β-lactams, oxazolidinones, erythromycins. For example, a novel 

pyrrolidinyl-thio carbapenem, CW-270033 was synthesized by Kim et al., which showed broad 

spectrum activity against different drug resistant and sensitive pathogens like E. coli, Pseudomonas 

aeruginosa and Staphylococcus aureus (87). This information is added in the list of antibacterial 

chemical compound table of KOMBAT.  

Overall, the data retrieved showed a clear focus on novel therapeutic molecules for tackling AMR. 

Conclusion 

AMR is a major public health concern. A considerable portion of scientific community is engrossed in 

AMR related work trying to discover novel therapeutic solutions for tackling resistant pathogens. In 

this work we have developed a comprehensive knowledgebase by collecting alternative antimicrobial 

therapeutic strategies from literature data. Overwhelmingly, the retrieved data are comprised of novel 

chemical compounds, antimicrobial peptides, photodynamic therapy, phage therapy, nanocomposites 

and phytochemicals. We have organized the extracted data into KOMBAT. A lot of these data are 

tested against AMR pathogens. We envision that this database will be noteworthy for developing 

future therapeutics against resistant pathogens.   
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Figures and Figure legends: 

 

 

 

Figure 1: Infographics for data retrieval and curation 
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Figure 2: Bubble plot showing relative trend of anchor terms 
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