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Abstract

The antimicrobial resistance (AMR) crisis has become more than a microbiological and medicinal
chemical issue and has taken a multifaceted dimension that connects social justice, economics, and public
health. Although academic laboratories have continued generating structurally complex antimicrobial
candidates with sub-micromolar MICs against priority pathogens their pharmacologic effects in the
actual locations where AMR is most significant are low in the same places. This critical review re-
examines a recent article about a series of quinolone-heterocycle hybrids in two different perspectives:
scientific rigor and translational realism. We discuss not only the In Vivo activity of six compounds based
on a fluoroquinolone backbone and functionalized with azole, thiazole, or pyridine functional groups but
also their synthetic accessibility, safety, and the prospects of local production in resource-constrained
environments (such as Iraq).

One such example is the compound QH-4, which contains a 4-fluorothiazole substituent, it is
characterized by a high level of activity (MIC = 1 pg/mL against S. aureus), a high index of selectivity
(SI > 25), and desirable drug-like characteristics all at the expense of a two-step chromatography-free
synthesis of the compound using commercially available precursors. Nevertheless, its real value goes
further than what it can do biochemically it represents a philosophy of deliberate austerity in design
which puts simplicity, low cost, and scalability first without reducing biological performance.

This review argues that the current paradigm on antimicrobial discovery is too obsessed with novelty and
potency to the detriment of contextual relevance. By critically unloading the premises, trade-offs, and
silent priorities inherent in molecular hybridization strategies, we propose a paradigm shift in the drug
development metrics so that we do not solely gauge a drug’s efficacy in terms of its ability to kill bacteria
in a petri dish, but rather gauge its efficacy in terms of reaching a patient and benefiting them in a publicly
accessible hospital with limited infrastructure. Through this, we make molecular innovation consistent
with the ethical requirements of Sustainable Development Goal 3: promoting health and well-being
among all people, and the most vulnerable in particular.

Keywords: Quinolone hybrids, antimicrobial resistance, critical drug design, molecular hybridization,
MRSA, low-resource settings, health equity, thiazole derivatives, frugal innovation, Sustainable
Development Goals

1. Introduction beyond Potency the Missing Metrics in Antimicrobial Discovery

In a process that has lasted decades, the testing of new antimicrobial agents has been dominated
by the use of a single parameter, the minimum inhibitory concentration (MIC). The reduced
MIC has now been abbreviated to mean better and medicinal chemists have been compelled
to design more sophisticated molecules with improved target affinity or dual mechanism of
action. Although this method has been able to provide useful scientific information, it has also
increased the gap between the promise of science in the laboratory and its effect on reality.
The irony of the situation is severe as, even with the volume of published antimicrobial
scaffolds, the WHO documents less than 10 truly new antibiotics to patients since 2017 most
of them being derivatives of existing classes with less activity against Gram-negative ESKAPE
pathogens 1. At the same time, in war torn Irag, where healthcare services are already stressed
by war and sanctions, even generic antibiotics are unavailable or cost prohibitive [,
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A molecule with an MIC of 0.1 pg/mL is not that useful when
it costs $500 per course and logistics needs to be maintained
at cold temperatures to get to a rural clinic.

This lack of connection is the result of one of the major
shortcomings in the discovery model: it makes potency the
finish line instead of the starting point. The most important
downstream issues synthetic scalability, cost of manufacture,
thermal stability, regulatory compatibility, and cost are rarely
considered during the design stage. They are instead pushed
to a later phase, and in most cases, a lot of resources have
been pumped in a molecule that might never see the light of
day.

Molecular hybridization where a pair of pharmacophores are
joined together into one molecule has been intensively
advanced as a logical approach to defeat resistance via multi-
target interaction or efflux avoidance [*l. The quinolones are
especially appealing scaffolds towards such hybridization
because they have a well-studied C-3 position of their
structure that can be modified. Various papers have
conjugated triazoles ™, oxadiazoles ), or coumarins [ to
quinolone cores, and described enhanced activity against
resistant strains.

However, there is another important question, which is at
what cost? A lot of these hybrid syntheses are based on
palladium-catalyzed couplings, chiral resolutions or multi-
step purification steps that are beyond the reach of most
laboratories in the Global South and even local drug-making
factories. What is produced is powerful but unfeasible
molecules.

The review questions the belief that novelty in science is
equal to value in the population health. Taking as an example
a recently reported series of quinolone-heterocycle hybrids,
we conduct a question and answer interrogation of the furtive
economics of molecular design. Is it possible to have a
scientifically reasonable, but socially acceptable, hybrid? Is it
possible to be simple and still be sophisticated? And most
importantly, to whom is this innovation to be used?

We suggest a paradigm shift, which is to focus our analysis
on a country with a high-level of MRSA prevalence, weak
diagnostics, and weak supply chains Il to implement a
paradigm shift: potency-based discovery to equity-based
design. In this context, such metrics as the number of steps,
the cost of the precursor, reliance on chromatography,
thermal stability has the same importance as MIC or IC50. It
is only then that antimicrobial research will serve its final
goal; not to kill bacteria, but to save lives in whichever they
are.

2. Synthetic Strategy: Simplicity as a Virtue (Expanded)
The production of the six quinolone heterocycle hybrids (QH-
1 to QH-6) is an outcome of a very rare yet fundamental
concept: strategic minimalism. Instead of seeking the
intricacy itself, the pathway was narrowed down to two steps,
each founded on classical and healthy reactions that any
properly equipped undergraduate lab can perform.
VilsmeierHaack formylation of the C-3 carboxylic acid into
the reactive aldehyde involves the use of phosphorus
oxychloride (POCI 3) and DMF as the first step. Although
critical temperatures must be maintained, despite this reaction
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being well-documented, scalable and solvent-efficient. The
intermediate aldehyde was obtained in 82% yield without any
chromatography, which is a clear sign of its usefulness.

The second reaction that uses heterocyclic amines (e.g., 2-
aminothiazole, 4-fluoro-2-aminothiazole) is the condensation
reaction that is carried out under reflux or microwave
irradiation. More importantly, there was no use of the
coupling reagents, metal catalysts, or protecting groups.
Precipitated products were purified using recrystallization
which is much more practical in low-resource contexts than
silica gel chromatography, which requires expensive
solvents, special glassware and technical know-how.

This is a very opposite way compared to numerous modern
strategies. As an example, one 2023 report presented a
quinolone oxadiazole hybrid that used a five-step series of
steps, such as a copper-catalyzed azide-alkyne cycloaddition
(CuAAC) and preparative HPLC [, Although these routes
have been found to be quite elegant, they are not
economically and logistically viable in countries that are not
high income.

Critical Reflection: It is not a tradeoff to avoid
chromatography but it is an ethical design decision. In Iraq,
where solvents such as acetonitrile are costly and face
importation time delays, chromatography-free synthesis has
an immense impact on reducing the barrier to local replication
and scale-up. This turns the molecule into a research curiosity
to a potential national treasure.

In addition, the commercially prepared starting materials (a
quinolone core, a derivative of ciprofloxacin) and
heterocyclic amines (also available as standard catalog
materials) will make the synthesis not depend on custom or
proprietary intermediates. The open-access design also
conforms to the philosophy of frugal innovation in global
health ¥, in which solutions are streamlined towards being
affordable, lasting, and user-friendly.

Overall, QH-1QH-6 synthetic strategy proves that molecular
simplicity does not compromise biological efficacy. Quite on
the contrary, it can be the very characteristic that makes real-
life impact possible. Uniquely, in the era where drug
development is commonly above $1 billion, even such
economy is not only admirable but revolutionary.

3. Biological Profile: Activity vs. Applicability -
Reconciling the Petri Dish with the Patient Bed

The broth microdilution assay is the gold standard of
antimicrobial discovery: low MIC = success. However, this
two-polar reasoning does not take into account the more
complicated fact that biological activity is conditioned by the
ecosystem where it functions. The QH-4 profile presents an
excellent chance to investigate the contradiction of In Vivo
potency and application in reality.

3.1. Antimicrobial Spectrum: Precision Over Breadth?
Table 1 below indicates that QH-4 (4-fluorothiazole) is the
most active: it has a MIC = 2 pg/mL on MRSA, only two
times higher than ciprofloxacin. This is in the clinically
actionable range with usual oral therapeutic levels reaching
10 20 times the MIC 19,
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Table 1: Minimum Inhibitory Concentrations (MIC, pg/mL) of Quinolone-Heterocycle Hybrids Against Clinically Relevant Bacterial

Strains
Compound S. aureus (MRSA) E. coli K. pneumoniae P. aeruginosa
QH-1 (5-methylthiazole) 8 16 4 8
QH-2 (1,2,3-triazole) 16 >32 8 16
QH-3 (thiazole) 4 8 2 4
QH-4 (4-fluorothiazole) 2 4 1 2
QH-5 (5-bromothiazole) 8 16 4 8
QH-6 (pyridin-3-y1) >32 >32 16 >32
Ciprofloxacin (reference) 1 2 0.5 1

Caption: Broth microdilution values (CLSI M07, 2023). The
clinical isolate of MRSA was obtained in a surgical wound at
the Al-Yarmouk Teaching Hospital, Baghdad and identified
using cefoxitin disc diffusion and mecA PCR. QH-4 shows
the most balanced profile, and activity in both 2-fold of
ciprofloxacin against all except P. aeruginosa.

Nevertheless, QH-4 exhibits reduced Gram-negative activity
(MIC = 2 pg/mL to E. coli, 4 pg/mL to P. aeruginosa).
Although this is usually considered a weakness, in the Iraqi
scenario, this is the range that can be beneficial because the
primary cause of hospital-acquired infections is MRSA
because of the overuse of the ICUs and the use of empirical
therapy based on P-lactam use 1. An MRSA-specific
precision agent would potentially minimize collateral damage
to the microbiome and delay multidrug resistance.

Critical Insight The quest to be broad in treatment a legacy of
empirical treatment can be counterproductive in the AMR
era. Targeted, context-specific, narrow-spectrum agents such
as QH-4 can be more beneficial to clinical and ecological.

3.2. Structure-Activity Relationships: The Fluorine Effect
Reconsidered

As it can be seen in Table 2, there is a definite SAR trend: the
thiazole ring is flurinated (QH-4 vs. QH-3), and it raises the
activity. This is normally explained by the enhanced
lipophilicity (cLogP = 2.1 vs. 1.9), membrane permeability
and target interactions 4. This is supported by molecular
docking (Figure 2), which demonstrates that QH-4 interacts
with DNA gyrase by hydrogen bonding to Asp83 and 0-piling
Phel01 (the binding energy of QH-3 is -8.5 kcal/mol).

Table 2: Structure-Activity Relationship (SAR): Impact of C-3 Heterocyclic Substituents on Anti-MRSA Activity and Physicochemical

Properties
Substituent MiIC
(Hybrid) (ug/mL) cLogP<sup>a</sup>HBA| Key Features SAR Commentary
5-Methylthiazole . . Moderate activity; methyl group adds lipophilicity
(QH-1) 8 23 5 | Hydrophobic extension without enhancing target engagement
Thiazole (QH-3) 4 19 5 Plan;g%iilit;(r:]ttron- Improved activity due to optimal polarity
4-Fluorothiazole - . Optimal balance: F enhances membrane penetration
(QH-4) 2 21 6 |Electron-withdrawing F and target binding
1,2,3-Triazole (QH- Polar, H-bond . o e
2) 16 1.8 6 donor/acceptor Moderate cLogP offset by high polarity; poor diffusion
— i Basic nitrogen (pKa Protonation at physiological pH reduces passive
Pyridin-3-yl (QH-6) >32 2.7 5 ~5.2) diffusion
Computed through Molinspiration.
Caption: QH-4 fluorine atom also becomes lipophilic Table 3: Cytotoxicity and Selectivity Index (SI) of Lead Hybrids

without being too hydrophobic (cLogP = 2.1), allowing
members of the DNA gyrase binding pocket to interact with
it.

However, there is one important question, does fluorination
also have any effect on the development of resistance? NorA
efflux pump overexpression is prevalent in the case of Iraqi
MRSA, and a large number of their substrates have planar,
hydrophobic motifs (¥, Whether the fluorothiazole in QH-4
promotes or avoids efflux recognition is not clear in this gap
that was not evaluated in the original study.

Methodological Gap: Mechanisms are not well understood
due to the lack of efflux inhibition assays (e.g. with reserpine)
or kinetics of time-kill. In the absence of these, the SAR is
incomplete.

3.3. Safety and Selectivity: The Therapeutic Window as a
Proxy for Equity
As Table 3 shows, QH-4 exhibits a selectivity index (SI) > 25
(CCso > 50 pg/mL, MIC = 2 pg/mL) far exceeding many
experimental quinolones that fail due to mitochondrial or
hERG toxicity 4],

in Human HEK-293 Cells

CCso MIC Sl = .
Compound (ug/mL) | (ug/mL) | cCsumic Evaluation
QH-3 40 4 10 Acceptable_ safety
margin
Excellent therapeutic
QH-4 | >50 2 >25 - dowp
Unsafe; cytotoxic at
QH-6 20 >32 <1 sub-inhibitory
concentrations

Determined by MTT assay after 72 h exposure.

Caption: A high SI (>10) is essential for outpatient oral
agents. QH-4’s SI of >25 suggests a wide safety margin.

This broad safety margin is not merely of pharmacological
benefit it is of health benefit to the population. A high Sl in
Irag, with no therapeutic drug monitoring, decreases the
possibility of adverse events due to dose error or drug
interaction. Decreased cytotoxicity of HEK-293 cells also
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implies a low likelihood of nephrotoxicity, particularly when
used in combination with aminoglycosides.

Critical Perspective: MICs have been reported in many
studies without cytotoxicity information and therefore the
implicit equating of antibacterial action and promise. This
does not give due attention to the moral aspect of safety: a
poisonous antibiotic can do more harm than good. Such high
Sl of QH-4 is therefore not only a manifestation of scientific
rigour, but also of moral responsibility.

Table 4: Comparative Profile: QH-4 vs. Commercial
Fluoroquinolones

Parameter QH-4 Ciprofloxacin | Moxifloxacin
MIC vs. MRSA
2 1 0.5
(ug/mL)
Synthetic steps 2 5-7 8-10
Chromat_ography No Yes (industrial) Yes
required?
Estimated costper | _ $20 ~ $100 > $1,000
gram
Cytotoxicity (HEK-| Low (CCso
293) >50 pg/mL) Moderate Low
Oral bioavailabilit Predicted | Confirmed (70- | Confirmed
Y good 809%) (59%)
Local producibility . Moderate
(Iraq) High (imported API) Very low

Caption: QH-4 balances potency and manufacturability,
making it suitable for low-resource pharmaceutical settings.

3.4. The Illusion of Target Validation

The docking results (Figure 2) are compelling but static. They
cannot predict susceptibility to common gyrA mutations (e.g.,
S84L) that confer ciprofloxacin resistance °l. Nor do they
account for off-target effects or In Vivo barriers like plasma
protein binding or tissue penetration.

Critically, the study lacks serum effect assays (activity in
50% human serum) or protein binding data key translational
indicators.

Table 5: Drug-Likeness and ADMET Predictions for QH-4
(Lipinski’s Rule of Five and Beyond)

Parameter \Valuel Rule Interpretation
Molecular weight 423.4|Yes (<500)| Favorable oral absorption
(g/mol)
cLogP 2.1 | Yes(<b) Balanced lipophilicity
Low risk of poor
HBD 1| Yes(s9) permeability
HBA 6 |Yes (£10) Acceptable polarity
Rotatable bonds 4 [Yes (£10) Moderate flexibility
TPSA (A?) 85 Suggests good_ intestinal
absorption
. Suitable for oral
Overall Compliant development

Caption: QH-4 can be followed by Lipinski Rule of Five,
which implies that it has a high oral drug-likeness.
Recommendation: To determine the frequency of resistance,
DNA gyrase enzyme inhibition  assays  with
resistant/susceptible strains and serial passage experiments
should be used in future work. Target engagement can only
be connected to durability then.

Conclusion of Section 3
The profile of QH-4 is not optimum in any one dimension but
is optimized on a variety of constraints. Context-sensitive
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design is manifested in its moderate MIC and narrow
spectrum, high selectivity, and probable metabolic stability.
The actual innovation that QH-4 brings to the world might
not be its chemistry, but its purposeful design.

4. The Equity Lens: Why “Low-Cost” Matters More
Than We Admit

Low-cost synthesis is regarded as a footnote to medicinal
chemistry. However in the AMR crisis, life and death are
dependent on cost. A molecular construct which cannot be
produced or even purchaseable in a publicly funded health
care system is practically non-existent to its intended users.

4.1. The Geography of Drug Availability Uncovered.
High-income countries produce over 80 per cent of new
antibiotics and charge these accordingly ranging typically
between 1000 and 3000 dollars per course 161, These are
created in cold chain, diagnostics and insurance not Baghdad
or Basra systems.

As far as Iraq is concerned, generic ciprofloxacin is even
periodically out of stock in the state hospitals, so patients are
forced to purchase it privately at 3-5 times the equivalent
subsidized price which equals several days of their wages [,
It is in this context that QH-4 produced on the basis of a bulk
fluoroquinolone intermediate (~$15/g) and fluorothiazole
amine (~$40/mol) is not just more than a molecule but it is
rather a potential anchor of a local pharmaceutical
sovereignty.

Critical Insight: Low cost does not only mean affordability
it is agency. It changes the multinationals power into the
national health systems.

Table 6: Proposed Future Optimization Strategies for Quinolone-
Thiazole Hybrids

Strategy Objective Expected Outcome
Introduce sulfonamide|  Enhance Gram- | Broaden spectrum to include
at N-1 negative penetration |K. pneumoniae, E. coli ESBL

Replace thiazole with

Improve metabolic

Extend half-life; reduce

1,3,4-oxadiazole stability dosing frequency
Evaluate against  |Address polymicrobial| Increase clinical relevance in
anaerobes infections wound settings
Chitosan nanoparticle|  Enhance tissue Improve efficacy in chronic
formulation penetration ulcers

Conduct serial
passage assays

Quantify resistance
development

Assess durability vs.
ciprofloxacin

Pilot production with

Iragi pharma

Test scalability & QC

Bridge lab-to-market gap

Caption: Strategies emphasize practical innovation and local
resource utilization particularly chitosan-based formulations
using materials available in Iraqg.

4.2. The False Economy of “High-Potency” Molecules

In the potency-centric paradigm, it is believed that low MIC
= good drug. However, a molecule with MIC = 0.01 pg/mL
that has to be chilled and infused through the IV will do no
good in a rural Iraqgi clinic with no refrigeration or IV fluids.
QH-4, which has MIC = 2 pg/mL, is both stable at room
temperature and probably orally bioavailable, as well as can
be produced by crystallization. Its small pretentiousness
compensates with strong deployability a strategic redrawing
of the measurements of success.

Paradigm Shift: We need to shift to system-fit design as
opposed to potency-based, wherein the value is judged by its
fit against the weakest member of the healthcare chain.
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4.3. Ethics of Chromatography

Column chromatography in a typical academic lab must have:
Intensive, costly imported solvents.

« Silica gel (degrades in humour)

»  Specialized expertise

Time that is unsuitable to scale up.

Purification of QH-1 6 by recrystallization is not an accident,
therefore, it is accessibility engineering. It is a low solvent
procedure, no special materials are used, and the procedure is
standard in Iragi quality control laboratories.

Ethical Imperative; When a molecule cannot be purified
without chromatography, it should not be defined as being
developable in the global health context. Full stop.

4.4. North and South: Beyond Synthesis: The Political
Economy of Local Production.

A flawless molecule is also a barrier to the system in Iraq.
The regulatory mechanism of new chemical entities is poorly
developed. The value of imported generics is also frequently
pursued in public procurement based on quality issues or
bureaucracy 18,

To see the potential of QH-4 therefore must be paralleled
investment: in regulatory science, manufacturing capacity
and stewardship programs. Professionals in the field of
research need to attract the attention of policymakers,
pharmacists, and clinicians to create ecosystems in which
such molecules might flourish.

Call to Action: Translation should not be added afterwards
by means of purification, translation should be part of the
design even of starting materials.

45. A New
Antimicrobials.
We suggest an Antimicrobial Equity Index (AEI) that has five
criteria:

Measure: The “Equity Index“ of

Table 7: Developability and Regulatory Feasibility Profile of QH-
4

Parameter Target Criterion QH-4 Assessment
2 steps with
Synthetic steps <3, no chromatography recrystallization simple
and scalable

Low-cost precursors
available locally
Likely stable suitable for

Precursor cost < $50 per mol

Thermal Stable at 30-40 °C; no cold -

o . o tropical Zone Vb
stability chain required conditions
Route of Predicted oral

Oral bioavailability from
ADMET profile
Pending policy alignment
requires engagement with

health authorities

administration

Alignment with WHO
EML<sup>a</sup> or national
essential medicines list

EML = Essential Medicines List.

Regulatory
pathway

Caption
QH-4 has several preclinical developability standards that
can be deployed in low-resource, high-temperature
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deployment environments, and it has been shown to be
manufacturable, cost effective and thermally robust. The
other issue is to be challenged is harmonization of regulation,
making sure that it remains in accordance with WHO and
Iragi national antibiotic stewardship guidelines.

This tool would allow funders and journals to allocate
resources towards applicants who have real potential of
equity.

Conclusion of Section 4

QH-4 is a case of contextually intelligent design one which
accepts the fact that the most sophisticated molecule is not
necessarily the most required. In order to respect global
health equity, the field should not use low-cost as a side-note
and instead it should consider it as the core of ethical
innovation.

Limitations and Future Directions: A Moderate Report.
Scientific integrity requires open admittance of constraints.
The research on quinolone-heterocycle hybrids has the
potential but can be optimally applied under the constraints
of reality in Irag. We do not consider these failures; instead,
we look at them as directions to a more grounded, equitable
research agenda.

5.1. Fugitive Microbiological Scope.

Only four reference strains and one clinical MRSA isolate of
Al-Yarmouk Teaching Hospital, Baghdad were screened.
Although this is narrow by regulatory criteria (which dictate
at least 30 isolates/species [*%) this is real-world operational:
limited access to BSL-2, no strain banking, and limited
authenticated collections in Iraq.

Future Direction: Iragi universities must create a national
AMR strain repository in co-operation with WHO in order to
allow a regionally relevant screening.

5.2. Absence of In Vivo Data

No PK/PD or animal efficacy information is provided a
typical gap in low-resource settings wherein national R&D
budgets are devoting less than 0.2% of GDP to science 2%,
Murine models in most cases are not economically and
ethically viable.

Strategic Alternative: intermediate between broth assays
and animal experiments: relying on ex vivo human tissue
models (e.g. mouse skin explant models) or artificial wound
micro-environment models.

5.3 Resistance Profiling

Figure 1. The gap in AMR research is lack of data on
metabolic stability, plasma protein binding and resistance
developing frequency.
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Fig 2: Molecular docking of QH-4 into ATP- Binding Pocket of S. Aureus DNA Gyrase B (PDB;20.T)

Pragmatic Pathway: Seek fair North-South relations:
determine QH-4 to foreign labs with resistance evolution
platforms in return of co-authorship and access of
information without Iragi intellectual leadership.

5.4. Formulation and Stability

A crystal in solid form is not a drug. There is no information
on solubility, dissolution, or stability in hot/humid conditions
of Irag (30 -45 C, and above 60 percent humidity). It would
have to degrade in weeks to be of clinical use.

Locally Anchored Innovation: Collaborate with pharma in
Irag to come up with -easy-to-swallow pills (with

starch/lactose) and do stability tests (400C/75% RH, 3
months) according to ICH Q1A (Zone IVVb).

5.5. The Bigger Blind Spot: Health Systems Integration.

Similar to most medicinal chemistry research, the work
considers the drug as an isolated entity not considering
diagnostics, reimbursement, and monitoring adverse events.
Interdisciplinary Imperative: Collaborate with clinicians in
Baghdad to co-design a pilot implementation study that
compares QH-4 with ciprofloxacin to uncomplicated skin
infections in order to produce real-world evidence on
effectiveness, adherence, and cost-effectiveness.A Revised
Roadmap for Contextual Translation
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Table 8: Phased Development Roadmap for QH-4 Under Resource-Conscious Conditions

Phase (Timeline) Objective

Key Activities

Feasibility / Requirements

I (0-12 months) Validate In Vivo profile

Test against >20 Iraqi MRSA/ESBL
isolates; perform efflux inhibition assays

High achievable with existing
laboratory capacity

11 (12-24 months) Assess developability

Evaluate stability (Zone 1VVb), solubility,
and zebrafish embryo toxicity

Moderate minor equipment
additions required

111 (24-36 months) | Generate translational evidence

Conduct ex vivo infection models;
collaborate with local pharma for
formulation; perform in silico
pharmacokinetic predictions

Needs partnerships academic-
industrial alignment critical

IV (36-60 months) Pilot implementation

Execute collaborative clinical pilot with
Ministry of Health; perform health-
economic and access analyses

Requires policy engagement
integration into national antibiotic
stewardship plans

Caption

This is a staged roadmap of a resource-planned approach of
QH-4 moving to initial clinical practice, having passed
through bench validation. It focuses on the idea of
progressive  capacity-building, local  pharmaceutical
involvement, and policy integration to make sure that there is
sustainability and fair antibiotic development in the context
of healthcare in Iraqg.

This roadmap denies the artificial distinction between basic
and applied science. Rather, it adopts a spectrum of relevance
with each of the experiments being selected in terms of how
it is close to the patient.

Conclusion of Section 5

Restrictions, met with in good faith, are their germ plots. The
limitations of this study constrained the strains, absence of
any animal models, there is not a lot of formulation data, but
this is not indicators of ineffectiveness, but indicators of a
system that requires investment. The way ahead is not to
copycat the rich-country pipelines, it is to rethink discovery
in a way that is just: collectively owned, economical and
unwearying of the end-user. By doing so, such molecules as
QH-4 can not only pass beyond the petri dish as a scientific
object, but also pass as a health justice instrument.
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