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The environment plays a major role in resistance evolution
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What are antibiotic TPs?

Modified breakdown products of antibiotics — but not necessarily harmless.
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Why it matters: Transformation products can persist, may
remain biologically active, and potentially contribute to AMR
selection — yet they’re often ignored in risk assessments.
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Fusidic acid (1/50) - i *
Chloramphenicol (21/50) — -
Rifaximin (8/50) - I ——————
Vancomycin (27/50) - BT F————
Trimethoprim (50/50) - fa¥ —E—
Linezolid (10/50) - A
Tazobactam M1 (29/50) — EmTT— =
Tazobactam (49/50) - —{Tr—a :
Gentamicin C2 (20/50) - x o
Gentamicin Cla (6/50) — Fil T
Gentamicin C1(21/50) S HO—
Lincamyein {19/50) AT 1+—— 4
Clindarmycin sulfoxide (50/50) - 5 s— O+ =
Clindamyein (50/50) —— e . x
Hydroxy metronidazole (48/50) -~ = A T
Meatronidazale (50/50) - A /] T+
Fluconazole {50/50) A « o —IE—"
Oxytetracycling (14/50) — T x
Minocycline (42/50) — T+ x
Doxycycline (48/50) - & oo o—NIT— 4
Tilmicosin (2/50) £ HH x
Descladinose roxithromycin (48/50) - e—— 1 +——
Roxithromycin (3/50) fa HH X
Erythromyecin-18 (50/50) — —— e & 4
Desmethyl clarithromyein (3/50) A H—
Clarithromyein (3/50) - & HH—— X
Desmethyl azithromyein (4/50) - a3 H
Azithromycin (3/50) & —t— X
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Sulfathiazole (11/50) - | i =
Sulfasalazine (38/50) — & «—— .
Acetyl sulfapyridine (18/30) — L e
Sulfapyridine (50/50) — P A K »
aceatyl sulfamethoxazole (31/50) — 1T 3
Sulfamethoxazole (50/50) — P —_—{ X —
Sulfamethizole (1/50) — »
Sulfamethazine (30,/50) — B JF———— s X
Sulfamerazine (4/50) — CE—3H »
Sulfadiazine (35/50) a3 »
Desmethyl ofloxacin (2/50) & W
COfloxacin (38/50) - p— 1 i »
Desethylene norfloxacin (42/50) — il
Morfloxacin (48/50) — N X
Maoxifloxacin sulfate (4/50) Fa ——
Moxifloxacin (25/50) — | S
Desethylene ciprofloxacin (48/50) - A=~
Ciprofloxacin (50/50) b e I
Cefepime (7/50) - £— b4
Cefazolin (17/50) — | ¥
Cephalexin {50/50) Tl
Cefaclor (8/50) | A »
Fiperacillin (1/50) - Fa | =
Penicilloic V acid (45/50) Fi e I N
Penicillin V' (48/50) A S—Il—» =
Ampicillin (48/50) —t— ¢
Armoxicilloic acid (48/50) . e — [T
Amoxicillin (1/50) A ® |
- B e ——TT e -
0.001 o.M a1 1 10 30
Concentration (pg 1) A=LOG
X = PNEC

Concentration of antimicrobials and the TPs in wastewater influent in Australia. (Li et al. 2024)
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Chloramphenicol (6/47) = m_' : ? x Acetyl sulfamethoxazole (3/47) = A l—l—i [
Vaiisoniyein (2/47)= A " * Sulfamethoxazole (43/47) = 'A .‘n—EE—n—n :

Trimethoprim (41/47)— o A — [T —ex s::::‘t‘:‘°:"(1‘;j:;;: ij:'l_ : e
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Clindamycin (39/47) =
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Hyd idazole (44/47 Cetepime
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Minocycline (6/47) = = X . Penicilloic V acid (6/47)— A — T —

Doxycycline (28/47) = : M} : X Penicillin V (1/47) = : X A ]
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Descladinose roxithromycin (43/47) = —_{ 1 .. I Amoxicilloic acid (20/47) = L S— — . i

£l - - m
Erythromycin-18 (47747) — ——1— 0.001 0.01 0.1 1 10
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Concentration of antimicrobials and the TPs in wastewater effluent in Australia. (Li et al. 2024)
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From detection to impact:
Do TPs drive antibiotic resistance?

Strong AMR selection

Parent antibiotic »  Transformation product

Bacterial Survival (%)
o

Selection for AMR Selection for AMR?

5.0
Time (Days)

Bacterial survival under different antibiotic
concentrations over time.
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Growth inhibition profiles for Ciprofloxacin and Desethylene ciprofloxacin
(SELECT Assay) AUC vs Concentration

1100+

Compound

== CIP
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AUC (OD600)
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0.1 1 10 100
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Area under the curve (AUC) of bacterial growth (OD600) in response to increasing concentrations of CIP and deCIP.
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Growth inhibition profiles for Moxifloxacin and Moxifloxacin-N-sulfate
(SELECT Assay)

AUC vs Concentration
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Fluorogquinolones
Timepoint E3 Day 0 EZ Day7
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Effect of fluoroquinolone antibiotics and their transformation products on int/1 prevalence over 7 days.
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Fluoroquinolones

Group [ Parent | Metabolite

1.81
1.78 174 173
1.63 1.63
1.58
1.5
1.0
0.77

-0.21

CIP dmOFL  OFL NOR MOX deCIP  deNOR MOX-SO, Control

1.5

1.0

*
0.5
0.0

CIP/deCIP  OFL/dmOFL NOR/deNOR MOX/MOX-SO4

intl1 prevalence

Logso fold change intl1prevalence

Compound Pair Compound

Comparison of mean int/1 prevalence between antibiotics
and their TPs. Bar plots show the average int/1 abundance
across replicates for each compound pair after 7-day
exposure.

~ UQ

Log,, fold change in int/1 prevalence (Day 7 relative to Day 0)
across compound treatments.
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Conclusion

All TPs tested showed some ability to increase intl1 prevalence,
indicating potential for AMR selection.

In most cases, TPs had lower selective pressure than parent
antibiotics. However, some metabolites (e.g.

dmOFL) showed comparable or even higher enrichment than
parents, highlighting compound-specific risks.

* Transformation products should not be ignored in AMR risk )
assessments.
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