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Imagine a case...

A patient has arrived at the emergency department with a fever, respiratory symptoms and
indications of sepsis. A sputum sample is sent for culture and metagenomic analysis.
Meanwhile, the patient is started on first-line broad-spectrum antibiotics. Before other testing
is completed, metagenomic results identify Klebsiella pneumoniae as the pathogen
responsible, with a gene associated with drug resistance. Clinicians increase infection control
precautions and switch antibiotics. The metagenomics results are also positive for another
pathogen, Tropheryma whipplei, which appears to be unrelated to the disease symptoms.

Based on Charalampous et al. 2024.
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Credit: American Society for Microbiology
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Background

Pathogen Metagenomics

« Method of sequencing pathogen DNA that analyses the whole sample
« Allows for picking up novel or unexpected pathogens in the sample

« Clinical and public health advantages over other methods (PCR, microbial culture...)
« Fast turn-around times
« Possible better identification of resistance genes
» Addressing diseases of unknown aetiology
* Addressing unexplained disease outbreaks
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Ethical Considerations

Rationing and cost-effectiveness

Some level of resource rationing is required in all
healthcare settings, because all are resource-
limited.

* Is it best for the clinician to use limited
metagenomics testing capacity for this
patient?

* Does costly metagenomics produce better
results than culturing and resistance testing?

« Will treatment be rendered much more cost-
effective if changed in response to
metagenomics findings?
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Details:

Rationing principles might include (Doyal 1994):

Allocating resources according to
distribution of health care needs within
the population

Allocation of resources according to
extremity of need within disease areas

Allocation of resources only according to
effective (non-futile) treatment

Otherwise equal allocation to resources



Ethical Considerations

Rationing and cost-effectiveness

Some level of resource rationing is required in all
healthcare settings, because all are resource-
limited.

* Is it best for the clinician to use limited
metagenomics testing capacity for this
patient?

* Does costly metagenomics produce better
results than culturing and resistance testing?

« Will treatment be rendered much more cost-
effective if changed in response to
metagenomics findings?

Details:
Rationing principles might include (Doyal 1994):

- Allocating resources according to
distribution of health care needs within
the population

- Some infectious diseases affect
populations uniformly, some affect
particular groups; metagenomics is
pathogen-agnostic; could/should
appropriate use be set according to
suspected pathogen/disease?
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Ethical Considerations

Rationing and cost-effectiveness

Some level of resource rationing is required in all
healthcare settings, because all are resource-
limited.

* Is it best for the clinician to use limited
metagenomics testing capacity for this
patient?

* Does costly metagenomics produce better
results than culturing and resistance testing?

« Will treatment be rendered much more cost-
effective if changed in response to
metagenomics findings?

Details:
Rationing principles might include (Doyal 1994):

- Allocation of resources according to
extremity of need within disease areas

- It seems intuitive that patients with
worse symptoms (who will also likely
be in more urgent need of diagnosis
and effective treatment) should be
prioritised for metagenomic diagnosis
access.
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Ethical Considerations

Rationing and cost-effectiveness Details:
Some level of resource rationing is required in all Rationing principles might include (Doyal 1994):
healthcare settings, because all are resource-

- Allocation of resources only according to
effective (non-futile) treatment

- If pathogen metagenomics is likely to
be used when clinicians are presented
with novel diseases or syndromes,
this may be difficult to achieve

compared to non-futile allocation of
«  Will treatment be rendered much more cost- other diagnostic methods.

effective if changed in response to

metagenomics findings?

limited.

* Is it best for the clinician to use limited
metagenomics testing capacity for this
patient?

* Does costly metagenomics produce better
results than culturing and resistance testing?
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Ethical Considerations

Rationing and cost-effectiveness Details:

Some level of resource rationing is required in all Rationing principles might include (Doyal 1994):
healthcare settings, because all are resource- : :

limited - Otherwise equal allocation to resources

* Is it best for the clinician to use limited - Arethere an.y nehw |STueshralsed by
metagenomics testing capacity for this metagenomics that alter the resource

patient? allocation principles that should be

: used?
* Does costly metagenomics produce better

results than culturing and resistance testing? - HOYV should c.;ost-effectiv.ene.ss get
weighed against other principles of

resource allocation where there are
other effective diagnostic options like
PCR and culturing?

« Will treatment be rendered much more cost-
effective if changed in response to
metagenomics findings?
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Ethical Considerations

Diagnostic benefit and tailoring treatment Details:

* Reduced turnaround time can contribute to - Pathogen genomics (broader than
diagnostic benefit. Metagenomic testing can metagenomics) has been hailed as facilitating
result in same-day diagnosis for up to 86% of precision medicine and precision public health
samples, and in one study resulted in changes (Leguia et al. 2019).

to antimicrobial treatment in nearly half of all

same-day diagnoses (48%, n=53) (Charalampous
et al. 2024).

» This avoids ineffective treatment and may
prevent the patient condition worsening.

« Culturing and sensitivity testing may be
needed for confirmation.
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Ethical Considerations

Diagnostic benefit and tailoring treatment

* Reduced turnaround time can contribute to
diagnostic benefit. Metagenomic testing can
result in same-day diagnosis for up to 86% of
samples, and in one study resulted in changes
to antimicrobial treatment in nearly half of all

same-day diagnoses (48%, n=53) (Charalampous
et al. 2024).

» This avoids ineffective treatment and may
prevent the patient condition worsening.

« Culturing and sensitivity testing may be
needed for confirmation.

Details:

Pathogen genomics (broader than
metagenomics) has been hailed as facilitating
precision medicine and precision public health
(Leguia et al. 2019). Yet—

Achieving clinical benefit from diagnosis
should be considered in comparison to
existing methods (e.g., drug susceptibility
testing using culturing may also be effective
for tailoring treatment)
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Ethical Considerations

Diagnostic benefit and tailoring treatment

* Reduced turnaround time can contribute to
diagnostic benefit. Metagenomic testing can
result in same-day diagnosis for up to 86% of
samples, and in one study resulted in changes
to antimicrobial treatment in nearly half of all

same-day diagnoses (48%, n=53) (Charalampous
et al. 2024).

» This avoids ineffective treatment and may
prevent the patient condition worsening.

« Culturing and sensitivity testing may be
needed for confirmation.

Details:

Pathogen genomics (broader than
metagenomics) has been hailed as facilitating
precision medicine and precision public health
(Leguia et al. 2019). Yet—

Achieving clinical benefit from diagnosis
should be considered in comparison to
existing methods (e.g., drug susceptibility
testing using culturing may also be effective
for tailoring treatment)

If achieving comparative benefit comes down
to the timeliness, this should be
acknowledged, especially if benefit is limited
by the need for confirmation from other less
timely methods.
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Ethical Considerations

Incidental findings Details:

« Might occur when: (i) clinicians were not - Incidental findings have been thoroughly
searching for the organism that was discussed in ethics literature on human genetics.
discovered, and (ii) clinicians receive a We might be guided by principles here including:
positive result for the type of organism they - Fostering resilience in patients through clinical
were searching for, but they are uncertain as interactions and preparing them for ‘genomic
to the significance. uncertainty’ (Newson et al. 2016)

« T. whipplei is frequently carried
asymptomatically (Keita, Raoult & Fenollar 2013).
Should clinicians be concerned or not? Does
the additional information create an
unnecessary burden of worry for patient or
clinician? Would treatment be a waste of
resources?

“ PANDEMIC SCIENCES INSTITUTE



Ethical Considerations

Incidental findings Details:

« Might occur when: (i) clinicians were not - Incidental findings have been thoroughly
searching for the organism that was discussed in ethics literature on human genetics.
discovered, and (ii) clinicians receive a We might be guided by principles here including:
positive result for the type of organism they - Fostering resilience in patients through clinical
were searching for, but they are uncertain as interactions and preparing them for ‘genomic
to the significance. uncertainty’ (Newson et al. 2016)

. - . - Whilst respect for patient autonomy might support

1. whipplei |§ frequently carried return of ir?cidentalpﬁndings (Christei/]husg et al.p2%13),
asymptomatically (Keita, Raoult & Fenollar 2013). this may cause unnecessary anxiety in cases of
Should clinicians be concerned or not? Does asymptomatic infectious disease, or untreatable
the additional information create an cases — although there may still be diagnostic
unnecessary burden of worry for patient or benefit for the latter (Johnson et al. 2025)
clinician? Would treatment be a waste of
resources?
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Ethical Considerations

Incidental findings

* Might occur when: (i) clinicians were not
searching for the organism that was
discovered, and (ii) clinicians receive a
positive result for the type of organism they
were searching for, but they are uncertain as
to the significance.

« T. whipplei is frequently carried
asymptomatically (Keita, Raoult & Fenollar 2013).
Should clinicians be concerned or not? Does
the additional information create an
unnecessary burden of worry for patient or
clinician? Would treatment be a waste of
resources?
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Details:

- Incidental findings have been thoroughly
discussed in ethics literature on human genetics.
We might be guided by principles here including:

Fostering resilience in patients through clinical
interactions and preparing them for ‘genomic
uncertainty’ (Newson et al. 2016)

Whilst respect for patient autonomy might support
return of incidental findings (Christenhusz et al. 2013),
this may cause unnecessary anxiety in cases of
asymptomatic infectious disease, or untreatable
cases — although there may still be diagnostic
benefit for the latter (Johnson et al. 2025)

Additional consideration might be needed in relation
to the return of incidental findings from children’s
samples (Kleiderman et al. 2014)




Ethical Considerations

Other uses of data Details:

* ltis unlikely that this patient’s case is relevant - Physicians have ethical obligations to promote
for public health. However, the results of population health as well as patient health
pathogen genomics for resistance testing in which may justify some forms of data sharing
other settings may be important for national (Jamrozik et al. forthcoming) on top of reporting that
surveillance of communicable diseases, and is legally required for notifiable diseases. Yet—
has informed public health responses (Poon et
al. 2016).

* In what situations should data be shared for
non-clinical uses? When ought the patient be
informed of this? What interventions are
acceptably developed on the basis of
population-scale metagenomic surveillance?
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Ethical Considerations

Other uses of data

« ltis unlikely that this patient’s case is relevant
for public health. However, the results of
pathogen genomics for resistance testing in
other settings may be important for national
surveillance of communicable diseases, and

has informed public health responses (Poon et
al. 2016).

* In what situations should data be shared for
non-clinical uses? When ought the patient be
informed of this? What interventions are
acceptably developed on the basis of
population-scale metagenomic surveillance?

Details:

Physicians have ethical obligations to promote
population health as well as patient health
which may justify some forms of data sharing
(Jamrozik et al. forthcoming) on top of reporting that
is legally required for notifiable diseases. Yet—

Potential for population health benefit from
sharing genomic data must be weighed
against risks of privacy infringement and harm
suffered by the individual (Faber et al. 2025).
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Ethical Considerations

Other uses of data

« ltis unlikely that this patient’s case is relevant
for public health. However, the results of
pathogen genomics for resistance testing in
other settings may be important for national
surveillance of communicable diseases, and

has informed public health responses (Poon et
al. 2016).

* In what situations should data be shared for
non-clinical uses? When ought the patient be
informed of this? What interventions are
acceptably developed on the basis of
population-scale metagenomic surveillance?

Details:

Physicians have ethical obligations to promote
population health as well as patient health
which may justify some forms of data sharing
(Jamrozik et al. forthcoming) on top of reporting that
is legally required for notifiable diseases. Yet—

Potential for population health benefit from
sharing genomic data must be weighed
against risks of privacy infringement and harm
suffered by the individual (Faber et al. 2025).

Forensic uses of metagenomic data raise
questions in jurisdictions where their use may
facilitate rights violations, e.g., to freedom of
association or expression of sexual orientation.
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Ethical Considerations

Addressing AMR Details:

« Genomic drug resistance testing is - This may mean that confirmation is always
recommended for HIV and TB. But with needed, which reduces the marginal benefit of
targeted testing, certainty of the association metagenomic testing over conventional
between gene and phenotype (of the target methods.

infection) is higher.

« With metagenomics, the certainty of
association between ESBL gene and K.
pneumoniae may be lower. This means:

1. First-line treatment may have been clinically
effective after all

2. Risk of AMR contribution from first-line
treatment may have been lower than
metagenomics indicated
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Ethical Considerations

Addressing AMR Details:

« Genomic drug resistance testing is - This may mean that confirmation is always
recommended for HIV and TB. But with needed, which reduces the marginal benefit of
targeted testing, certainty of the association metagenomic testing over conventional
between gene and phenotype (of the target methods.

infection) is higher. - For infections spreading within hospitals, if

« With metagenomics, the certainty of metagenomic testing does indicate resistance,
association between ESBL gene and K. and this is confirmed, this may make a
pneumoniae may be lower. This means: stronger case for infection prevention and
1. First-line treatment may have been clinically control methods and may help to address

effective after all infection spread and AMR within wards.

2. Risk of AMR contribution from first-line
treatment may have been lower than
metagenomics indicated
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Ethical Considerations — further work needed!

* Rationing and cost-effectiveness
» Diagnostic benefit

» Tailoring treatment

* Incidental findings

« Other uses of the data

* Addressing AMR

Ethics research lags far behind technological
development for pathogen (meta)genomics. With
countries like Australia starting to implement it
within public health systems for routine
surveillance and outbreak response (AusCDC 2025),
ethical guidance is urgently needed. Credit: American Society for Microbiology
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Conclusion

There are many ethical considerations that
need to be accounted for in using
metagenomic testing for diagnosis in clinical
settings, particularly for the diagnosis of
resistant infections.

Implications for patient burdens, extensions
of clinicians’ and microbiologists’ obligations,
and public health/AMR may be significant.

“ PANDEMIC SCIENCES INSTITUTE

This work was funded in part by the Wellcome Trust
[221719]. The Trust and Confidence Theme at the
Pandemic Sciences Institute is funded by the Moh
Family Foundation. With thanks to Reuben College for
co-funding this presentation.

With thanks to co-authors on this paper:
Euzebiusz Jamrozik, Prashanth
Ramachandran, and Stephanie Johnson.

( MICROBIOLOGY

& SOCIETY

JOURNAL OF
MEDICAL MICROBIOLOGY

Volume 74, Issue 2

Discover our portfolio v  Our resources v

Editorial | Open Access

Clinical metagenomics: ethical issues

This article is part of the Pathogen Genomics in Clinical Practice collection.

Tess Johnson'-2(), Euzebiusz Jamrozik'-%34(), Prashanth Ramachandran® and Stephanie Johnson'

© View Affiliations

Published: 27 February 2025 | https://doi.org/10.1099/jmm.0.001967




References

AusCDC [Interim Australian Centre for Disease Control]. 2025. National Microbial Genomics Framework for Public Health 2025-2027. Australian Government Department of
Health, Disability and Ageing. Available at: https://www.cdc.gov.au/resources/publications/national-microbial-genomics-framework-public-health-2025-2027

Charalampous, T., Alcolea-Medina, A., Snell, L.B., Alder, C., Tan, M., et al. 2024. Routine metagenomics service for ICU patients with respiratory infection. American Journal
of Respiratory Critical Care Medicine, 209:164—174.

Doyal, L.1994. Needs, rights and the moral duties of clinicians, in Principles of health care ethics, ed Gillon, R. Wiley: Chichester, 217-230.

Faber, F., Abeler-Dorner, L., Johnson, S., Johnson, T., and Jamrozik, E. 2025. Ethics of Identifying Individuals Involved in HIV Transmission Events by Phylogenetics in
Molecular Surveillance, Bioethics, https://doi.org/10.1111/bice.70011

Jamrozik, E., Johnson, T., Taok, M., Taiaroa, G., Johnson, S., and Parker, M. Forthcoming. Public health metagenomics: ethical issues. Under review at Lancet Microbe.

Johnson, T., Jamrozik, E., Ramachandran, P., and Johnson, S. 2025. Clinical metagenomics: ethical issues, Journal of Medical Microbiology,
https://doi.org/10.1099/imm.0.001967

Keita, A.K., Raoult, D., and Fenollar, F. 2013. Tropheryma whipplei as a commensal bacterium. Future Microbiology, 8:57-71.

Kleiderman E, Knoppers BM, Fernandez CV, et al. 2014. Returning incidental findings from genetic research to children: views of parents of children affected by rare diseases,
Journal of Medical Ethics 40:691-696.

Leguia, M., Vila-Sanjurjo, A., Chain, P.S.G., Berry, |.M., Jarman, R.G., and Pollett, S. 2020. Precision Medicine and Precision Public Health in the Era of Pathogen Next-
Generation Sequencing, Journal of Infectious Diseases 221(3): S289-S291, https://doi.org/10.1093/infdis/{iz424

Newson, A.J., Leonard, S.J., Hall, A. et al. 2016. Known unknowns: building an ethics of uncertainty into genomic medicine. BMC Medical Genomics 9:57,
https://doi.org/10.1186/s12920-016-0219-0

Poon, A.F., Gustafson, R., Daly, P., Zerr, L., Demlow, S.E., Wong, J., et al. 2016. Near real-time monitoring of HIV transmission hotspots from routine HIV genotyping: an
implementation case study. Lancet HIV 3(5):e231-8, https://doi.org/10.1016/S2352-3018(16)00046-1

“ PANDEMIC SCIENCES INSTITUTE



https://www.cdc.gov.au/resources/publications/national-microbial-genomics-framework-public-health-2025-2027
https://doi.org/10.1111/bioe.70011
https://doi.org/10.1099/jmm.0.001967
https://doi.org/10.1093/infdis/jiz424
https://doi.org/10.1186/s12920-016-0219-0
https://doi.org/10.1016/S2352-3018(16)00046-1

