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Executive Summary
The urgent global crisis of antimicrobial resistance (AMR), particularly among Gram-negative bacteria, threatens

modern medicine. Gram-negative pathogens such as Klebsiella pneumoniae, Acinetobacter baumannii, and

Pseudomonas aeruginosa cause rapidly rising morbidity and mortality (recent WHO assessments report multidrug-
resistant Gram-negative infections with mortality rates up to 57% ([1] www.nature.com)) and have few new therapies

in development. Traditional R&D pipelines have been insufficient: as of 2025, only 27 antibiotics targeting WHO priority

pathogens are in clinical trials (Phases I–III) (www.who.int), and merely 11 of these meet any innovation criteria

(www.who.int). Broadly, the current antibiotic pipeline is “insufficient to tackle” the AMR challenge (www.who.int).

In this context, a landmark partnership was announced on December 11, 2025 between Phare Bio, a nonprofit biotech

venture employing generative AI, and Basilea Pharmaceutica, a Swiss biopharmaceutical specialist in anti-infectives ([2]

www.businesswire.com) ([3] www.businesswire.com). The deal aims to co-develop a next-generation broad-spectrum
antibiotic addressing “critical unmet needs” against *high-priority Gram-negative pathogens” ([2] www.businesswire.com).

Uniquely, Phare Bio will deploy its AI-driven generative platform—parameterized with drug-like properties and guided

by a predefined target product profile (TPP)—to design novel molecules ([4] www.businesswire.com). After candidate

molecules are identified, Basilea will assume development, with Phare Bio earning success-based milestone payments

([5] www.basilea.com). Both partners emphasize this as a “watershed moment” that aligns cutting-edge AI discovery with

committed industrial expertise, potentially ushering in a new model for antibiotic innovation ([3] www.businesswire.com) ([6]

www.basilea.com).

This report provides an in-depth analysis of the Phare–Basilea deal and its implications for Gram-negative drug

discovery. We review the historical context of antibiotic R&D and the specific challenges of Gram-negative targets, survey

the state of generative-AI-driven antibiotic discovery (with case studies of recent breakthroughs), and analyze how this

partnership fits within technological, clinical, and economic landscapes. Key findings include:

Gram-negative Challenge: Gram-negative bacteria possess an outer membrane and efflux systems that severely limit drug penetration

([7] www.nature.com). Major Gram-negative pathogens (e.g. A. baumannii, K. pneumoniae, P. aeruginosa) are classified by WHO as

“critical” priority threats ([8] www.nature.com). The WHO 2025 pipeline report notes a dearth of truly novel agents against these targets

(www.who.int). High resistance rates (often >50%) and mortality (up to 57%) underscore the urgent need ([1] www.nature.com).

Generative AI in Antibiotic Discovery:Generative machine learning models (e.g. deep neural networks, variational autoencoders,

genetic algorithms) offer a new paradigm for de novo antibiotic design. Instead of screening existing libraries, these models can create
chemically novel molecules, optimizing for multiple objectives (potency, selectivity, synthetic accessibility) simultaneously. For example,
a recent Nature Machine Intelligence study introduced “SyntheMol”, a generative model trained on billions of compounds, which produced

58 novel compounds and validated six new inhibitors active against A. baumannii (Gram-negative) ([9] www.nature.com). Similarly, a

2025 Cell paper described a pipeline (using fragment-based screening and VAE models) that yielded 24 custom compounds, 7 of which

had antibacterial activity (including against Neisseria gonorrhoeae, a Gram-negative pathogen) ([10] www.sciencedirect.com). These

early successes demonstrate that AI can penetrate vast unexplored chemical space to find novel, synthesizable antibiotic candidates ([9]

www.nature.com) ([10] www.sciencedirect.com).

Case Studies: In 2020, machine learning (a deep neural network classifier) identified halicin, a repurposed compound, with broad-

spectrum activity including against A. baumannii and multi-drug-resistant Enterobacteriaceae, and cured infections in animal models ([11]

pmc.ncbi.nlm.nih.gov). In 2024, generative AI (SyntheMol) produced new scaffolds active against A. baumannii ([9] www.nature.com).

In 2025, a generative deep-learning pipeline designed de novo nitrofuran derivatives; one lead compound (D8) had sub-micromolar

potency vs S. aureus (Gram-positive) and low-micromolar potency vs E. coli (Gram-negative) ([12] pubs.acs.org). These examples

illustrate that AI-driven approaches can yield empirically validated leads against Gram-negative bacteria, overcoming limitations of

traditional methods.
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Economic and Regulatory Context: Major pharmaceutical companies have largely retreated from antibiotic R&D due to poor ROI and

regulatory challenges. Antibiotics often sell for ≤$11M per year, far below the >$300M needed for sustainable profits ([13]

www.nature.com). Innovative “pull incentives” (e.g. market-entry rewards, extended exclusivity) and public funding (e.g. CARB-X, BEAM

Alliance) are being explored.The Phare–Basilea partnership itself is an example of a hybrid model: a nonprofit leveraging philanthropic,

ARPA-H, and Google.org support to employ novel technology, while a biopharma partner provides know-how and commercialization

resources ([14] www.businesswire.com) ([6] www.basilea.com).

Future Implications: If successful, this project could validate generative AI as a core tool for designing Gram-negative antibiotics

aligned with clinical needs. It exemplifies a shift towards patient-centric drug design, integrating target product profiles with AI-driven

chemistry. It also demonstrates new collaboration models between AI-focused ventures and industry, potentially streamlining translation to

the clinic. However, challenges remain: model biases, synthetic feasibility, regulatory acceptance, and ensuring equitable access. The

partnership’s long-term impact will hinge on generating truly novel scaffolds with good safety profiles and proving efficacy in human trials.

In sum, the Phare Bio–Basilea collaboration sits at the intersection of cutting-edge AI drug discovery and urgent clinical

need, potentially accelerating the development of badly needed broad-spectrum antibiotics for Gram-negative

“superbugs”. This report examines the deal and its broader context in exhaustive detail, drawing on scientific studies,

market analyses, and expert commentary.

Background Context

The Antibiotic Resistance Crisis and Gram-negative Threat
Antimicrobial resistance (AMR) is a grave global health crisis. Infections once routinely curable now increasingly evade

treatment, leading to prolonged illness, higher mortality, and skyrocketing healthcare costs. The World Health

Organization (WHO) estimates that AMR already contributes to millions of deaths: in 2021 an estimated 4.71 million

deaths globally were associated with resistant infections ([15] www.nature.com). Without effective interventions, that figure

could rise sharply to 10 million per year by 2050 ([15] www.nature.com). Resistance not only endangers ordinary infections:

it also jeopardizes modern medical procedures (organ transplants, chemotherapy, major surgeries) which rely on

effective antibiotics ([15] www.nature.com).

Among resistant pathogens, Gram-negative bacteria pose a particularly ominous challenge. Gram-negative organisms

are defined by a characteristic cell-envelope structure: a thin peptidoglycan layer surrounded by an outer lipid
membrane. This extra membrane severely impedes entry of drugs, giving Gram-negatives intrinsic resistance to many

antibiotics. Additionally, Gram-negatives harbor efficient efflux pumps (especially Resistance-Nodulation-Division, RND,

family) that actively expel antibiotics ([7] www.nature.com). They also commonly produce powerful enzymes (e.g. extended-

spectrum beta-lactamases, carbapenemases) that degrade antibiotics in the periplasmic space ([16] www.nature.com). In

effect, Gram-negatives present a double barrier: reduced uptake and increased expulsion/inactivation.

The consequence is that few antibiotics remain effective against priority Gram-negative pathogens. The WHO’s latest

Priority Pathogens List (2024) designates Klebsiella pneumoniae, Pseudomonas aeruginosa, and Acinetobacter
baumannii as “critical” threats, the highest category ([8] www.nature.com). Alarmingly, multi-drug resistance rates among

these species are extremely high. For example, carbapenem-resistant K. pneumoniae now causes many untreatable

infections ([17] www.nature.com); A. baumannii in some regions exhibits ≥90% multidrug resistance ([18] www.nature.com).

Mortality from key Gram-negative infections is stark: Enterobacterales (like K. pneumoniae) bloodstream infections have

~40% mortality, while A. baumannii and P. aeruginosa sepsis mortality can reach 57% and 31% respectively ([1]

www.nature.com). These figures far exceed those for Gram-positive pathogens and underscore the urgent need for novel

Gram-negative agents ([1] www.nature.com) ([19] pmc.ncbi.nlm.nih.gov).

The antibiotic pipeline, however, remains woefully thin. A 2025 WHO pipeline report identified just 90 antibacterial
products in clinical development (50 small-molecule antibiotics and 40 “non-traditional” programs) as of Feb 2025

(www.who.int). Of those, only 27 small-molecule antibiotics target WHO’s priority pathogens (www.who.int). More
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critically, only 11 of these 27 have any “innovative” feature (new class, new target, or new mode of action) (www.who.int),

and all 27 are entirely new chemical entities (i.e. not reformulations) (www.who.int). In practical terms, even this pipeline

faces headwinds: recently approved drugs like cefiderocol (a siderophore cephalosporin) and eravacycline have seen

limited market uptake, reflecting the broken economic model of antibiotics. The WHO summarizes that the current

pipeline and approvals are “insufficient to tackle” the AMR crisis (www.who.int).

This dire backdrop – extremely high unmet medical need against resistant Gram-negatives coupled with an almost empty

pipeline – has spurred novel approaches and incentive structures. Public and philanthropic initiatives (CARB-X,

Combating Antibiotic-Resistant Bacteria Biopharmaceutical Accelerator; CARB-X; and the DRIVE-AB consortium) have

attempted to “pull” science toward new antibiotics. But the traditional R&D model (big pharma labs and NCATS

repurposing) has largely struggled; few large companies remain in the space. Consequently, new paradigms are needed,

including open-science initiatives and AI-driven discovery platforms.

Generative AI Meets Drug Discovery

In recent years, artificial intelligence (AI) and machine learning (ML) have begun reshaping drug discovery. Early ML

efforts mainly focused on “predictive” models: screening large molecular libraries with classifiers or regression models for

activity and ADMET properties. A hallmark success was the Halicin discovery (Stokes et al., 2020); this project trained a

deep neural network to predict antibacterial activity, screened large libraries (including repurposing collections), and

identified Halicin, a compound effective against a broad spectrum (including A. baumannii and Clostridioides difficile) ([11]

pmc.ncbi.nlm.nih.gov). Halicin proved that ML could jump outside traditional scaffolds and uncover non-obvious antibiotics.

However, predictive screening still starts from existing molecules. By contrast, generative AI seeks to create new

molecules de novo. Generative models—such as Variational Autoencoders (VAEs), Generative Adversarial Networks
(GANs), Reinforcement Learning (RL), and Genetic Algorithms (GAs)—can output novel chemical structures. For

example, “SyntheMol” (Swanson et al., 2024) is a generative model trained on 30 billion drug-like molecules, explicitly

biasing generation toward synthesizable and structurally novel antibiotics. SyntheMol designed 58 candidates, of

which 6 showed activity against Acinetobacter baumannii and other pathogens ([9] www.nature.com). Similarly, Lim et al.
(Cell, 2025) used a hybrid approach (screening 10^7 fragments and then assembling molecules with VAEs and GAs) to

generate 24 compounds; 7 exhibited antibacterial activity, including two lead compounds with unique modes of action

against the Gram-negative N. gonorrhoeae ([10] www.sciencedirect.com). These and other studies (e.g. Köllen et al., 2025;

a JACS Au paper) demonstrate that AI-driven design can traverse chemical space far beyond conventional

screening and yield viable antibiotic leads ([12] pubs.acs.org) ([10] www.sciencedirect.com).

Generative AI offers multiple potential advantages for antibiotic R&D:

Breadth of Chemical Space: Whereas traditional screens are limited to libraries of ~10^5–10^6 molecules, generative models can

sample effectively from stupendously larger virtual libraries (10^9–10^15 molecules) ([20] www.nature.com). This increases the chance

of novel scaffolds.

Multi-objective Optimization: Generative algorithms can simultaneously optimize for potency against specific bacteria and for drug-like
properties (solubility, toxicity, permeability). For example, Phare’s platform is “uniquely parameterized with drug-like properties” and

designed to meet a predefined TPP ([4] www.businesswire.com).

Target Profiling: Traditional discovery often starts with a molecular target; generative AI can start from a desired target profile (e.g.

activity spectrum, toxicity ceilings) and generate candidates to fit that profile.

Rapid Iteration: AI can generate and evaluate millions of candidates in silico in short timeframes, accelerating the lead discovery phase.

These strengths align with the needs of Gram-negative antibiotic discovery, potentially enabling the design of molecules

that specifically overcome permeability and efflux barriers. Notably, leading drug designers have begun to incorporate

“permeation rules”: e.g. studies by Richter et al. (2017) and Parker et al. (2019) defined physiochemical criteria (low
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molecular weight, amphiphilicity, presence of ionizable groups) that predict Gram-negative accumulation ([21]

www.nature.com) ([1] www.nature.com). Future AI models can enforce such constraints during generation.

Despite the promise, AI-driven discovery faces challenges. Many training datasets are biased toward known scaffolds

and Gram-positive bacteria, causing early models to “overpredict” Gram-negative activity and fail in experiments ([19]

pmc.ncbi.nlm.nih.gov). In effect, compounds computationally selected often flunk lab tests because they lack the structural

features needed to penetrate Gram-negative envelopes ([19] pmc.ncbi.nlm.nih.gov). Moreover, AI-generated molecules

must be chemically synthesizable, not just theoretically potent. The SyntheMol work specifically addresses this by

constraining generation toward easily synthesizable structures ([9] www.nature.com). Finally, AI predictions are often “black

boxes” lacking interpretability, making regulatory validation and medicinal chemistry follow-up more complex ([22]

pmc.ncbi.nlm.nih.gov).

The Phare Bio–Basilea Partnership
Against this backdrop, the Phare Bio–Basilea deal represents a novel attempt to harness AI for a critically needed

Gram-negative antibiotic. Announced on December 11, 2025, the $hi$-center (AI-driven) project partners Phare Bio
(Boston) with Basilea Pharmaceutica (Allschwil, Switzerland) ([2] www.businesswire.com) ([6] www.basilea.com). Its goal

is to discover and develop a broad-spectrum antibiotic, explicitly emphasizing Gram-negative targets. The press

release characterizes the compound’s target product profile (TPP) as “novel broad-spectrum antibiotic to address critical

unmet needs for patients battling life-threatening infections caused by high-priority Gram-negative pathogens” ([2]

www.businesswire.com).

Key features of the partnership include:

Generative AI Platform Deployment: Phare Bio will use its proprietary generative AI engine, preconfigured with “drug-like properties”, to

design novel antibacterial molecules meeting a strictly defined TPP ([4] www.businesswire.com) ([23] www.basilea.com). According to

Phare, this platform was built in collaboration with MIT’s Collins Lab and enables “entirely new classes of antibiotics” ([24]

www.businesswire.com). Importantly, the TPP incorporates both medical need and commercial viability, guiding the AI to produce

candidates with likely real-world impact ([5] www.basilea.com). This patient-/profile-driven design is touted as “historic” and a first in

antibiotic R&D ([25] www.businesswire.com).

Division of Labor and Incentives: Once Phare’s AI identifies candidate molecules, Basilea will take over development (lead

optimization and clinical trials). Phare Bio stands to earn “pre-defined success-based payments” upon achievement of certain milestones

([5] www.basilea.com). This mirrors models in other biotech collaborations (#table below). The structure attempts to align incentives:

Phare is rewarded if the AI produces a viable drug, while Basilea invests R&D capital for late-stage development, sharing risk and

potential rewards.

Strategic Alignment: Both organizations stress how their partnership fits their missions. Phare’s CEO Akhila Kosaraju emphasized that

this deal “aligns our cutting-edge AI platform with a partner committed to developing innovative drugs… solving one of the greatest public

health crises of our time” ([3] www.businesswire.com). Basilea’s CSO Laurenz Kellenberger highlighted that Phare’s AI combined with

Basilea’s expertise offers “a unique opportunity to deliver a new antibiotic with clinical relevance, commercial potential, and a positive

public health impact” ([6] www.basilea.com). The tone is optimistic: Basilea notes that Phare’s platform “could unlock transformative

solutions” for novel antibacterials ([26] www.businesswire.com).

This collaboration is significant in multiple ways. It is (to our knowledge) the first AI-based antibiotic R&D partnership
publicly announced by a biotech venture and an established pharmaceutical company. It also exemplifies a hybrid model

where a nonprofit “social venture” (Phare Bio) teams with industry. Phare Bio itself was founded in 2020 to tackle AMR

as a mission-driven entity (backed by Google.org, ARPA-H, the Audacious Project, etc) ([14] www.businesswire.com), distinct

from traditional startups. By partnering with Basilea, Phare bridges its AI-driven early discovery with Basilea’s experience

in anti-infectives (e.g. Basilea launched Cresemba (isavuconazole) and Zevtera (ceftobiprole) for fungal/bacterial

infections ([27] www.businesswire.com)). In essence, the partnership may serve as a case study for how AI technology

developed in the nonprofit/academic space can advance to commercial development.
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Feature Phare Bio–Basilea Model Traditional Model

Discovery

approach

Generative AI designed molecules to fit a predefined patient-need profile (AI-driven, data-driven) (
[4]

www.businesswire.com) ([5] www.basilea.com)

Empirical screening of large libraries or target-based design

(often limited to known chemotypes)

Innovation focus
Novel scaffolds via deep learning (new chemical space); active targeting of Gram-negative permeability and utility (

[4]

www.businesswire.com) (
[28] www.businesswire.com)

Often incrementally modified existing classes; heavy

reliance on known classes (beta-lactams, etc.)

Risk and

investment split

Phare (nonprofit) de-risks early generation with ARPA-H/Google funds; Basilea funds clinical dev with success milestones

([5] www.basilea.com)

Pharma funds entire pipeline; high risk if early discovery

fails

Incentives
Success-based payments; open-source data sharing (ARPA-H mandate for public datasets) (

[29]

www.businesswire.com)

Royalties/licensing fees on marketed drugs; proprietary

data

Timeline & Goals Aimed at “first in kind” broad-spectrum Gram-negative antibiotic; shorter ‘idea-to-candidate’ via AI
Conventional timelines (often >10 years); portfolio

approaches with uncertain payoff

Business model Social venture + industry collaboration; mission-driven Commercial R&D, investor-driven

Table 1: Comparison of the Phare Bio–Basilea generative-AI antibiotic model versus traditional antibiotic R&D models.

“Success-based payments” refers to milestone and royalty payments specified in the partnership ([5] www.basilea.com).

Phare Bio’s Generative Platform

Phare Bio, founded in 2020, is a “biotech social venture” explicitly focused on AI-driven antibiotic discovery ([14]

www.businesswire.com). Its ambition is to “develop novel classes of antibiotics” by combining machine learning with

biological screening ([14] www.businesswire.com) ([24] www.businesswire.com). Early milestones include selection by

Google.org’s 2025 Generative AI Accelerator (with $30M funding) to build an open-source AI antibiotic platform ([30]

www.businesswire.com), and a $27M ARPA-H grant (2024) to scale a project called TARGET (Transforming Antibiotic R&D

with Generative AI) ([31] www.businesswire.com).

Phare’s core technology is a generative AI engine specialized for small molecules. The press releases describe it as

integrating “advanced ML models with biological screening” ([24] www.businesswire.com) and being “parameterized with

drug-like properties” ([4] www.businesswire.com). We infer that this likely involves neural network architectures (e.g. graph

neural nets, SMILES-based language models) trained on both chemical data and assays. Indeed, Phare collaborates

with Jim Collins’ MIT lab – a group experienced in ML-driven antibiotics ([32] www.businesswire.com) – suggesting access

to custom datasets.

Uniquely, Phare’s platform is designed to incorporate Target Product Profiles during generation. A TPP summarizes

desired drug attributes (spectrum of activity, dosing, safety, PK, etc.). In this deal, the TPP focuses on broad-spectrum

coverage of high-priority Gram-negative pathogens (while also ensuring commercial viability). Phare explicitly states that

it will generate molecules meeting a predefined TPP ([4] www.businesswire.com) ([5] www.basilea.com). This is an advanced

use of AI: instead of merely optimizing for potency against one target, the model optimizes multi-parameter objectives

(solubility, half-life, toxicity thresholds, and pathogen activity). ARPA-H’s funding further aims to add up to 10 new “filters”

(toxicity, metabolism, formulation, etc.) into Phare’s engine ([29] www.businesswire.com). The intent is a bespoke, active-
learning AI platform that tailors new antibiotics to specific clinical indications ([28] www.businesswire.com). Collins remarks

that no such tailored AI biotech platform yet exists ([33] www.businesswire.com).

Phare is also committed to data sharing and open science. The ARPA-H TARGET project will create “the first open-

source database for AI-based antibiotic discovery” by publishing curated data ([29] www.businesswire.com). Similarly,

participation in Google.org’s accelerator implies open-access ambitions ([30] www.businesswire.com). This ethos addresses

a gap in AI-drug research: lack of public datasets on antibiotics (noted in literature ([19] pmc.ncbi.nlm.nih.gov)). Public data

can reduce biases and improve model training for Gram-negative properties.
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In sum, Phare’s approach is to harness state-of-the-art generative chemistry and align it tightly with the real-world

product profile. The collaboration with Basilea is the first test of this design-centric strategy in a major antibiotic R&D

project.

Gram-negative Discovery: Biological and R&D Considerations

Developing drugs for Gram-negative bacteria requires navigating unique scientific hurdles and strategic considerations:

Physical Barriers: The outer membrane of Gram-negatives acts as a “fortress wall” for drugs ([34] www.nature.com). Small, polar

compounds generally penetrate better, but these often lack potency. Conversely, large hydrophobic molecules (e.g. many Gram-positive

antibiotics) are excluded. To overcome this, researchers have pursued specialized entry routes. One notable strategy (Richter et al.,
2017) identified “permeation rules” for E. coli and A. baumannii: compounds should be low-weight (<600 Da), have polar surface area <

140 Å^2, and feature an amine and carboxylic acid functionalities to engage uptake porins ([21] www.nature.com). Another approach

(Parker et al., 2019) used computational predictions of K. pneumoniae accumulation to optimize a FabI inhibitor ([35] www.nature.com).

Phare’s AI could potentially embed such rules: indeed, basing generative models on permeation constraints might be key to success

against Gram-negatives ([19] pmc.ncbi.nlm.nih.gov).

Efflux and Enzymatic Inactivation: Even if a candidate crosses into the periplasm, Gram-negatives deploy efflux pumps (e.g. AcrAB-

TolC in E. coli) and enzymes like beta-lactamases to neutralize drugs ([36] www.nature.com). Thus, AI-generated candidates must avoid

known efflux motifs and resist enzymatic cleavage. This means extensive filtering for liability substructures (e.g. avoid imipenem-like
vulnerability). It also raises the prospect of designing molecules with dual mechanisms to counter resistance (e.g. membrane-perturbing

plus enzyme inhibition). The Basilea press release hints at this by noting interest in drugs with a “novel mode of action” ([6]

www.basilea.com) – generative AI could in principle explore unprecedented modes beyond target-centric designs.

Clinical Profile and TPP: Gram-negative infections can be severe (sepsis, pneumonia, complicated UTIs) and often occur in hospitals. A

suitable new drug might need intravenous administration, broad balance of Gram-neg and Gram-pos coverage, and dosing flexibility.
The partnership’s TPP likely includes such criteria (though exact TPP is confidential). Importantly, commercial viability is also part of the

TPP ([5] www.basilea.com). This signals that Basilea cares not only about clinical effectiveness but about market return (a perennial

challenge in antibiotics). The mention of “features relevant for potential commercial success” ([5] www.basilea.com) suggests the AI will

avoid designs with prohibitively difficult formulation or low potency that would kill margins.

Regulatory and Economic Factors: Regulators are increasingly open to novel antimicrobial pathways, but will demand rigorous proof-

of-concept. They also expect attention to stewardship and resistance management. Economically, governments have introduced

incentives (e.g. the US PASTEUR Act’s proposed subscription payments, EU’s Innovation Fund). The Phare–Basilea model of success-
based milestones somewhat echoes these incentives: Phare effectively “gets paid” when the drug proves valuable. Notably, Basilea’s

press materials include extensive forward-looking statements disclaimers ([37] www.basilea.com), reflecting awareness of regulatory and

market uncertainties.

Pipeline Data: To concretize the R&D landscape, Table 2 summarizes key metrics of the current antibacterial pipeline based on WHO’s

2025 review (www.who.int) (www.who.int). Only 90 products are in clinical trials worldwide, and just 21 of the priority-pathogen-targeting

antibiotics have activity against critical Gram-negatives (www.who.int). This underscores how any successful new Gram-negative

antibiotic could be transformative.

Category Statistic Source / Notes

Total antibacterial products in clinical dev. (Phase

I–III)
90 As of Feb 2025 (www.who.int) (50 antibiotics + 40 non-traditional)

Small-molecule antibiotics (Phase I–III) 50 (www.who.int)

Antibiotics targeting WHO priority bacteria 27 Includes Gram-neg. and Gram-pos infections (www.who.int)

Of these, with activity vs critical Gram-negatives 21 E.g. active against K. pneumoniae, A. baumannii, or P. aeruginosa (www.who.int)

Antibiotics meeting ≥1 innovation criteria 11 New class, new target or new mode (www.who.int) (still all NCEs)

Approved Gram-negative antibiotics (ever) ~5-10
A few new drugs since 2017 (e.g. cefiderocol, cefepime/zidebactam) but usage is limited; Basilea’s Zevtera (ceftobiprole) covers some

Gram-negatives.

Table 2: Summary of the global antibacterial development pipeline (WHO, 2025 update) and the scarcity of new agents
against critical Gram-negative pathogens (www.who.int) (www.who.int). These data highlight the urgency and limited
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current progress in Gram-negative antibiotic development.

AI-Driven Antibiotic Discovery: Case Studies

To appreciate how generative AI can impact Gram-negative drug discovery, we review several notable case studies:

Halicin (Stokes et al., Cell 2020) ([11] pmc.ncbi.nlm.nih.gov). This was an early example of AI in antibiotics. The team trained a deep

neural network on a dataset of ~2,300 molecules with known activities and applied it to screen the Drug Repurposing Hub (~6,000

compounds) and chemical libraries (>100 million compounds). They identified Halicin (previously investigated for diabetes) as a novel

broad-spectrum antibiotic. Halicin’s profile was striking: it was effective not only against E. coli but also pan-resistant A. baumannii and

C. difficile in animal models ([11] pmc.ncbi.nlm.nih.gov). Mechanistically, it collapses bacterial membrane potential (an uncommon

target). This work demonstrated two key points: (1) AI can find truly new scaffolds (Halicin was structurally distant from known antibiotics),

and (2) it can yield compounds active against Gram-negatives (Halicin cured A. baumannii infections in mice ([11]

pmc.ncbi.nlm.nih.gov)). The main limitations were that this was a predictive screen (not generative design) and involved mammalian

host safety issues (halicin itself was toxic in humans). Still, it proved the concept.

SyntheMol (Swanson et al., Nat Mach Intell 2024) ([9] www.nature.com). Swanson et al. developed a generative model specifically

tailored for antibiotics. They introduced SyntheMol, which frames AI generation as a continuous optimization over 30 billion compounds,
constrained by synthetic accessibility rules. They targeted Acinetobacter baumannii (a notoriously difficult Gram-negative). Out of 58 AI-

designed molecules synthesized, 6 novel compounds showed in vitro antibacterial activity against A. baumannii and other bacterial

strains ([9] www.nature.com). Critically, these hits were structurally novel from existing drugs. The authors state that this confirms the

potential of generative AI to produce “structurally novel, synthesizable and effective” small-molecule antibiotics ([9] www.nature.com).

This case exemplifies a high degree of novelty and addresses Gram-negative penetration by focusing on A. baumannii early. Challenges
here included selecting which of thousands of AI candidates to make; they used multi-round screening/clustering to pick 58 for synthesis.

It provides a model for how Phare’s platform might operate in its early discovery phases.

JACS Au Deep-Learning Pipeline (Köllen et al., 2025) ([12] pubs.acs.org). This German group built a deep-learning pipeline using a

chemical language model and genetic algorithms. They trained on a diverse library of drug-like and natural product scaffolds, then fine-
tuned on known antibiotic scaffolds. The model generated a blind set of novel compounds. They synthesized one set of 40 derivatives

around a predicted lead; among these, 30 compounds inhibited Staphylococcus aureus (Gram-positive) and 17 inhibited

Escherichia coli (Gram-negative) ([12] pubs.acs.org). A lead derivative (D8) had sub-micromolar MIC against S. aureus and low-double-

digit micromolar against E. coli, plus efficacy in combination therapies. The mode of action appeared to involve generation of reactive

species (consistent with a nitrofuran class). This study is instructive: it shows that deep generative methods can yield potent Gram-

negative actives (the 17 E. coli hits) even when optimizing from known scaffolds. It also highlights that medicinal chemistry human insight

was used (they synthesized derivatives of one scaffold). Phare’s platform might similarly iterate lead scaffolds after initial AI generation.

Cell 2025 Generative Design (Lim et al., submitted) ([10] www.sciencedirect.com). (As of this writing, the full Cell paper was not yet

available, but highlights are accessible.) The authors developed two AI-driven design strategies: one fragment-based and one fully de

novo. They screened >10^7 fragments in silico against N. gonorrhoeae (Gram-negative) and expanded top fragments into full molecules,

and also used unrestricted VAEs/GAs to generate new compounds. They synthesized 24 molecules, and 7 of them showed selective

antibacterial activity – notably, two lead compounds were effective against multidrug-resistant N. gonorrhoeae and S. aureus ([10]

www.sciencedirect.com). The leads had “distinct mechanisms of action”. This indicates that combining fragment-based reasoning with

unconstrained AI generation can explore uncharted chemistry. Crucially, N. gonorrhoeae is a hard Gram-negative target (gonorrhea with

rising resistance), demonstrating the approach’s relevance. Lim et al. also emphasize that their models mapped “uncharted regions of

chemical space” ([38] www.sciencedirect.com). This case reinforces that cutting-edge AI pipelines are now capable of generating novel

Gram-negative leads from scratch.

These case studies collectively illustrate the state-of-the-art: AI can indeed produce new antibiotics, including Gram-

negative ones, in the lab. However, all note that experimental validation is essential. For Halicin, AI narrowed 6,000 down

to 23 (finding 9 active compounds) ([11] pmc.ncbi.nlm.nih.gov); for the Nature AI example, 58 built to get 6 actives ([9]

www.nature.com); for JACS, 40 built to get 17 Gram-negative hits ([12] pubs.acs.org). Thus, hit rates remain modest and

require synthesizing dozens of compounds. This underscores the Phare challenge: translating in silico outputs to viable

leads will demand careful selection and possibly iterative cycles of design and screening.
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Analytics and Data-Driven Insights
The deal and surrounding science can be further contextualized with quantitative data:

AMR Burden: As noted, AMR already causes 4.71 million deaths (2021 baseline), projected to reach 10 million annually by 2050 ([15]

www.nature.com). Modeling suggests 8.22 million deaths attributable to AMR by 2050 ([15] www.nature.com). Economic costs are

enormous: requiring extended hospital stays, expensive last-resort drugs, and contributing billions in healthcare loss. In countries with

high Gram-negative resistance (e.g. parts of India, China), projections are dire ([15] www.nature.com).

R&D Economics: Developing a new antibiotic is expensive (~$1B over 10+ years). Returns are limited: novel Gram-negative drug

cefiderocol earned only ~$11M in its first year post-launch due to competition and stewardship ([13] www.nature.com). Analysts estimate

that an antibiotic must make at least ~$300M annually to break even ([13] www.nature.com). Such poor economics explain why virtually

no big pharma are prioritizing antibiotics. (Contracts like Phare–Basilea, which “de-risk” early stages, are attempts to partly solve this

market failure.)

AI Discovery Efficiency: Published generative pipelines suggest that, despite exploring billions of possibilities, lead identification is

statistically rare and requires wet-lab follow-through. For instance, SyntheMol’s 6 hits from 58 syntheses implies a ~10% hit rate ([9]

www.nature.com), although those were pre-filtered by in silico criteria. The Cell 2025 fragment/de novo approach had 7 hits out of 24

synthesized (~29%) ([10] www.sciencedirect.com). These metrics indicate that AI can enrich for actives relative to random, but

confidence is not yet near 100%. Hence, pipelines like Phare’s will likely involve iterative cycles: AI generates hundreds of candidates,

in silico triage (binding, ADMET filters) winnows them to dozens, synthesis/assay finds a handful of hits, which then loop back into the AI
to refine (active learning).

Expert Opinions: Industry and academic leaders are cautiously optimistic. Basilea’s CEO Veitch stated that “their AI platform could

unlock transformative solutions for accelerated development” ([26] www.businesswire.com). Jim Collins (Phare co-founder) called

Phare’s model a “major breakthrough” and saw ARPA-H funding as a step toward a truly bespoke AI platform tailored to clinical needs

([33] www.businesswire.com). However, reviews note limitations: for example, Sanapalli et al. (Antibiotics, 2026) warn that AI predictions

can be misleading if data biases and lack of biological insight aren’t addressed. An openly remarked limitation (in reviews) is that AI
strokes have low interpretability, making it hard to rationally optimize hits without domain expertise. Overall, experts view AI as promising
but not panacea; it must be integrated with biological screening and medicinal chemistry.

Implications and Future Directions
The Phare–Basilea effort, by applying generative AI to a defined Gram-negative TPP, could have broad impacts:

Accelerated Discovery: If the AI platform yields a candidate molecule efficiently, it demonstrates that AI can shorten the “valley of
death” in early antibiotic discovery. By front-loading the design process with AI, years might be shaved off the discovery timeline. The

open-science mandate (ARPA-H database, Google Accelerator) could then ripple through the field, enabling other researchers to build on

the data and methodology.

New Chemical Classes: Many antibiotics in use today derive from a handful of natural-product scaffolds (beta-lactams, aminoglycosides,
etc.). AI-generated molecules, as seen in case studies, are often structurally novel. For example, AI designs frequently feature nitro

groups or other warheads not seen in classical libraries ([12] pubs.acs.org) ([11] pmc.ncbi.nlm.nih.gov). Discovering a new class would

be a game-changer; even a single novel class (like lipopeptides or diazabicyclooctanes were) dramatically boosts future pipelines.

Public–Private Model: This partnership exemplifies a collaborative frame blending non-profit innovation with corporate development. If it

succeeds, it could encourage similar alliances (e.g. other AI startups with medium-sized pharma). The “hybrid trust” in Phare’s words ([39]

www.basilea.com) – that a social venture combined with private industry can solve public health crises – may gain credibility. On the flip

side, failure (or slow progress) could fuel skepticism about AI hype or nontraditional R&D models. Continuous evaluation will be crucial.

Economic Restructuring: New antibiotic approval alone does not solve market issues; revenue models must change. If the candidate
succeeds, Basilea may benefit from reputational boost and any new incentives (e.g. possible subscription payments, especially in the EU

which is considering such mechanisms). The success-based payments model for Phare is similar in spirit to a “market entry reward”.

Stakeholders will watch whether such payment schemes can make antibiotic R&D viable again.
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Technical Evolution: On the technology front, success in this project will mean generative AI overcame numerous hurdles. Failure

modes will also be instructive: e.g. if the molecules generated are all synthetic or ADMET dead-ends, that will signal limitations that need

addressing (better models, more/better training data, integration with lab automation, etc.). The open database Phare commits to will be a
rich resource to refine AI models further, potentially enabling cycles of improvement with community input.

Global Health Impact: Ultimately, the goal is therapeutic: an effective broad-spectrum antibiotic could save lives directly. Gram-negative

sepsis, hospital-acquired pneumonia, and other serious infections could be better treated. There are public health ripple effects: if such an

antibiotic is developed responsibly, it might reduce the incidence of untreatable “superbug” outbreaks and support safer surgeries and

cancer treatments. The partnership’s emphasis on “urgent medical needs” and “public health impact” ([6] www.basilea.com) underscores

that this is viewed as more than a commercial venture—it is pitched as a mission-driven response to a crisis.

Looking ahead, even if Phare and Basilea produce a successful candidate, further steps will include robust clinical trials

(especially Phase III in critically ill patients), regulatory approvals possibly with novel designations (e.g. QIDP in the US

for expedited review), and plans for manufacturing scale-up. These remain formidable, but at least the drug candidate

pipeline will have been refreshed.

Conclusion
The Phare Bio–Basilea AI antibiotics partnership represents a bold experiment at the cutting edge of drug discovery. It

brings together advanced generative AI, deep microbiological need, and a novel funding model. In exploring the critical

arena of Gram-negative infections, it tackles the toughest subgroup of AMR pathogens. This report has detailed the

historical context of Gram-negative antibiotic scarcity, the capabilities of AI-driven molecular design, and many facets of

the new collaboration. We have cited data from WHO pipeline reviews and cutting-edge scientific literature to show that

while AI has delivered impressive leads (Halicin, SyntheMol hits, etc.) and promises unprecedented chemical innovation,

there remain significant scientific and economic obstacles.

All stakeholders—scientists, clinicians, policymakers, and investor-innovators—will watch this project closely. If Phare

and Basilea accelerate a novel broad-spectrum antibiotic to patients, it would validate AI as a transformative tool in a field

that sorely needs reinvention. Even partial success (e.g. new lead compounds entering preclinical testing) would

propagate valuable knowledge and techniques. In any case, the insights gained (about AI model performance, Gram-

negative targeting, and partnership dynamics) will shape future directions in AMR research. As Basilea’s press release

put it, the hope is that this collaboration “delivers a new antibiotic with clinical relevance, commercial potential and a

positive public health impact” ([6] www.basilea.com). The coming years will tell whether generative AI can indeed fulfill that

promise in the fight against resistant Gram-negative infections.
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IntuitionLabs - Industry Leadership & Services

North America's #1 AI Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs leads the US market

in custom AI software development and pharma implementations with proven results across public biotech and

pharmaceutical companies.

Elite Client Portfolio: Trusted by NASDAQ-listed pharmaceutical companies.

Regulatory Excellence: Only US AI consultancy with comprehensive FDA, EMA, and 21 CFR Part 11 compliance

expertise for pharmaceutical drug development and commercialization.

Founder Excellence: Led by Adrien Laurent, San Francisco Bay Area-based AI expert with 20+ years in software

development, multiple successful exits, and patent holder. Recognized as one of the top AI experts in the USA.

Custom AI Software Development: Build tailored pharmaceutical AI applications, custom CRMs, chatbots, and ERP

systems with advanced analytics and regulatory compliance capabilities.

Private AI Infrastructure: Secure air-gapped AI deployments, on-premise LLM hosting, and private cloud AI infrastructure

for pharmaceutical companies requiring data isolation and compliance.

Document Processing Systems: Advanced PDF parsing, unstructured to structured data conversion, automated

document analysis, and intelligent data extraction from clinical and regulatory documents.

Custom CRM Development: Build tailored pharmaceutical CRM solutions, Veeva integrations, and custom field force

applications with advanced analytics and reporting capabilities.

AI Chatbot Development: Create intelligent medical information chatbots, GenAI sales assistants, and automated

customer service solutions for pharma companies.

Custom ERP Development: Design and develop pharmaceutical-specific ERP systems, inventory management

solutions, and regulatory compliance platforms.

Big Data & Analytics: Large-scale data processing, predictive modeling, clinical trial analytics, and real-time

pharmaceutical market intelligence systems.

Dashboard & Visualization: Interactive business intelligence dashboards, real-time KPI monitoring, and custom data

visualization solutions for pharmaceutical insights.

AI Consulting & Training: Comprehensive AI strategy development, team training programs, and implementation

guidance for pharmaceutical organizations adopting AI technologies.

Contact founder Adrien Laurent and team at https://intuitionlabs.ai/contact for a consultation.
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DISCLAIMER

The information contained in this document is provided for educational and informational purposes only. We make no representations

or warranties of any kind, express or implied, about the completeness, accuracy, reliability, suitability, or availability of the information

contained herein.

Any reliance you place on such information is strictly at your own risk. In no event will IntuitionLabs.ai or its representatives be liable

for any loss or damage including without limitation, indirect or consequential loss or damage, or any loss or damage whatsoever arising

from the use of information presented in this document.

This document may contain content generated with the assistance of artificial intelligence technologies. AI-generated content may

contain errors, omissions, or inaccuracies. Readers are advised to independently verify any critical information before acting upon it.

All product names, logos, brands, trademarks, and registered trademarks mentioned in this document are the property of their

respective owners. All company, product, and service names used in this document are for identification purposes only. Use of these

names, logos, trademarks, and brands does not imply endorsement by the respective trademark holders.

IntuitionLabs.ai is North America's leading AI software development firm specializing exclusively in pharmaceutical and biotech

companies. As the premier US-based AI software development company for drug development and commercialization, we deliver

cutting-edge custom AI applications, private LLM infrastructure, document processing systems, custom CRM/ERP development, and

regulatory compliance software. Founded in 2023 by Adrien Laurent, a top AI expert and multiple-exit founder with 20 years of software

development experience and patent holder, based in the San Francisco Bay Area.

This document does not constitute professional or legal advice. For specific guidance related to your business needs, please consult

with appropriate qualified professionals.

© 2025 IntuitionLabs.ai. All rights reserved.
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