Table S1. List of isolates used in the study for time-kill analysis. S. pseudintermedius, S. aureus and E. coli, collected from canine skin infection cases.

Marbofloxacin
Methicillin Marbofloxacin- FQ-resistance genes
Bacterial species Isolate ID Haemolysis MIC (ug/mL)
susceptibility? susceptibility< qyrA grlAlparC PMOR
2-fold dilution
22219 MSSP Yes ] 0.25 WT WT NA
108 MSSP Yes 5 0.5 WT WT NA
1726 MRSP Yes ] 0.25 WT WT NA
S. pseudintermedius 41 MRSP Yes 5 0.25 WT WT NA
98 MSSspP Yes R 4 Glu88Gly Ser80Arg NA
115 MSSsP Yes R 16 Ser84Leu Asp84Asn NA
38 MRSP Yes R 32 Ser84Leu Ser80Ile NA
67 MRSP Yes R 32 Ser84Leu Ser80Ile NA
476 MSSA Yes ] 0.5 WT WT NA
B98 MSSA Yes ] 0.5 WT WT NA
A53 MRSA Yes 5 0.5 WT WT NA
@ o Ab4 MRSA Yes | | 0.5 WT WT NA
B53 MSSA Yes R 16 Ser84Leu Ser80Phe NA
B94 MSSA Yes R 16 Ser84Leu Ser80Phe NA
A009 MRSA Yes R 32 Ser84Leu Ser80Phe NA
A69 MRSA Yes R 64 Ser84Leu, Gly90Cys Ser80Phe NA
14L-1510 - Yes | | 0.06 WT WT NA
16L-1242 - Yes ] 0.06 WT WT NA
17L-0826 - No S 0.03 WT WT NA
17L-1562 - No S 0.125 WT WT NA
E. coli 2443 - No R 8 Ser83Leu Ser801le None
10L-2253 - No R 16 Ser83Leu, Asp87Asn Ser80Ile, Ala1l08Val None
10L-3690 ) No B 32 Ser83Leu, Asp87Asn Ser801le aac-(6")-1b-cr
15L-3275 - No R 32 Ser83Leu, Asp87Asn Ser80Ile qnrB

Isolates were chosen based on their susceptibility to marbofloxacin, and those reported as FQ-resistant were screened for the presence of chromosomal mutations on DNA gyrase and
Topoisomerase IV, and also for the presence of plasmid-mediated quinolone resistance (PMQR) genes in E. coli.
2 Methicillin resistance was confirmed by the presence of mecA gene. "WT: wild-type bacteria

< susceptibility to marbofloxacin was assessed according to clinical breakpoints from CLSI guidelines VET01S [1]. Resistance was considered if MIC > 4 pg/mL.




Table S2. Pharmacokinetic data (free concentration) obtained from preclinical studies in dogs following oral administration of marbofloxacin (2 mg/kg
Schneider, et al. [2] or pradofloxacin (3 mg/kg Hauschild, ef al. [3].

FQ Dose (mg/kg) Route fCimax Tmax Clearance AUCo-24n AUCo-inf Protein binding
(ug/mL) (hours) (L.kgLh?) (ug.h.mL) (ug*h.mL-) (%)
9.1
(product monograph)
Marbofloxacin » PO 1.25 25 0.1 14.55 19.96 ’
(Bregante, Bidgood and
Papich)
Pradofloxacin 3 PO 1.19 2.33 0.244 10.75 12.27 36-37

Cmax: maximum serum drug concentration. Tmax: time necessary to achieve Cmax. Half-life: time at which the initial drug concentration is reduced by 50%; Clearance: amount of drug that is
removed from the body per unit of time; AUC is the area under the concentration curve: Protein binding is the amount of drug bound to plasmatic proteins (data were obtained from separate
sources, marbofloxacin (product monographs of Marbocyl® [4] and Zeniquin® [5] and pradofloxacin from Bregante, et al. [6].



Table S3. Pharmacodynamic parameters in 4 FQ-susceptible and 4 FQ-resistant strains of S. pseudintermedius collected from canine pyoderma or skin

wound cases.

S. pseudintermedius
Pharmacodynamic parameters

PRADOFLOXACIN MARBOFLOXACIN
Estimates Bootstrap (#=30) Estimates Bootstrap (1=30)

ECso_P (mg/L) Susceptible Resistant  \/ dian  25%CI  975%CI | ECso_M (mg/L) Susceptible  Resistant  \\ yion  25%C1 97.5% CI

Pool pool Pool pool
MSSP_22219 0.037 - 0.036 0.029 0.049 MSSP_22219 0.17 - 0.18 0.15 0.21
MSSP_108 0.041 - 0.041 0.032 0.054 MSSP_108 0.49 - 0.45 0.41 0.53
MRSP_1726 0.033 - 0.039 0.030 0.054 MRSP_1726 0.18 - 0.19 0.15 0.21
MRSP_41 0.031 - 0.034 0.026 0.048 MRSP_41 0.18 - 0.17 0.12 0.19
MSSP_98 - 0.25 0.25 0.22 0.28 MSSP_98 - 2.63 2.79 2.58 3.06
MSSP_115 - 0.82 0.82 0.69 0.90 MSSP_115 - 8.41 8.58 7.70 11.38
MRSP_38 - 1.49 1.72 1.46 1.84 MRSP_38 - 19.94 22.21 19.71 32.26
MRSP_67 - 1.21 1.30 1.07 1.64 MRSP_67 - 22.83 24.00 22.02 25.42
Emax _P (1/h) Emax_M (1/h)

2.23 - 2.36 1.74 2.87 * 1.85 - 1.91 1.53 2.04

- 1.80 1.72 1.54 2.03 - 1.64 1.61 1.44 1.86
Gamma_P Gamma_M
(scalar) 1.90 1.87 1.67 2.54 (scalar) 2.58 2.58 2.30 3.01
Error term

stdev (Ln domain) 1.29

Emax, maximal increase in killing rate in addition to Koeats, ECso: concentration required to achieve 50% of Emax; gamma, Hill’s coefficient; Emax and gamma differed
between susceptible and resistant isolates.




Table S4. Pharmacodynamic parameters in 4 FQ-susceptible and 4 FQ-resistant S. aureus collected from canine pyoderma or skin wound cases.

S. aureus
Pharmacodynamic parameters
PRADOFLOXACIN MARBOFLOXACIN
Estimates Bootstrap (1=30) Estimates Bootstrap (12=30)
S“S;Zitlible Re;i)s:;‘“t Median  25%CI  97.5% CI S“s;iitlible Re;f;?“t Median 25%CI  97.5% CI
ECso_M

ECso_P (mg/L) (m g/_L)

MSSA_476 0.061 - 0.062 0.058 0.085 MSSA_476 0.32 - 0.317 0.297 0.359
MSSA_B98 0.072 - 0.076 0.069 0.103 MSSA_B98 0.31 - 0.31 0.29 0.36
MRSA_A53 0.051 - 0.052 0.040 0.066 MRSA_A53 0.28 - 0.28 0.26 0.32
MRSA_A54 0.031 - 0.031 0.024 0.052 MRSA_A54 0.25 - 0.25 0.22 0.28
MSSA_B53 - 1.29 1.28 1.24 1.48 MSSA_B53 - 15.47 15.74 14.78 16.85
MSSA_B94 - 1.34 1.34 1.29 1.90 MSSA_B94 - 17.05 17.77 16.15 19.16
MRSA_A009 - 1.34 1.33 1.26 1.87 MRSA_A009 - 16.30 16.72 15.53 17.65
MRSA_A69 - 4.46 4.20 4.10 5.30 MRSA_A69 - 60.60 62.30 57.22 65.31
Emax_P (1/h) 2.17 2.30 1.88 2.69 Emax_M (1/h) 1.97 2.01 1.67 2.23
gamma_P gamma_M

(scalar) 2.06 1.98 1.14 2.68 (scalar) 2.34 2.28 1.80 2.86

Error term
stdev (Ln domain) 1.53

Emax, maximal increase in killing rate in addition to Koeatn, ECso: concentration required to achieve 50% of Emax; gamma, Hill’s coefficient; Emax and gamma were shared
between susceptible and resistant isolates.



Table S5. Pharmacodynamic parameters in 4 FQ-susceptible and 4 FQ-resistant E. coli collected from canine pyoderma or skin wound cases.
Emax, maximal increase in killing rate in addition to Koeats, ECso_S1: concentration required to achieve 50% of Emax for the dominant more susceptible population S1;

gamma, Hill's coefficient; coefficient of variation (CV%) and confidence interval (CI) are represented in the Hessian matrix and obtained by simple run model. FOLD is a

parameter that represents the potency ratio between the ECsos2 and ECsos.

E. coli Pharmacodynamic parameters

Pradofloxacin Marbofloxacin
Estimates Precision of estimates Estimates Precision of estimates
S“S;‘:}:}ible Re;ii:‘l‘m CV% 25%CI  97.5% CI S“S;‘:)l::lible Re;i:;‘“t CV% 25%CI  97.5%CI
ECso_P_S1 (mg/L) ECs0_M_S1 (mg/L)
E.coli 14L_1510 0.047 - 8.72 0.04 0.05 E.coli 14L_1510 0.119 - 9.01 0.10 0.14
E.coli 16L_1242 0.052 - 9.13 0.04 0.06 E.coli 16L_1242 0.178 - 9.80 0.14 0.21
E. coli 17L._0826 0.033 - 9.43 0.03 0.04 E.coli 17L_0826 0.157 - 9.74 0.13 0.19
E. coli 17L_1562 0.076 - 9.29 0.06 0.09 E.coli 17L_1562 0.642 - 9.88 0.52 0.77
E. coli 2443 - 1.81 5.62 1.61 2.01 E. coli 2443 - 4.03 4.40 3.69 438
E. coli 10L_2253 - 2.07 5.88 1.83 2.30 E.coli 10L_2253 - 7.81 3.50 7.27 8.34
E. coli 10L_3690 - 7.43 6.69 6.45 8.41 E. coli 10L_3690 - 23.55 455 21.45 25.66
E. coli 15L_3275 - 13.38 5.37 11.97 14.80 E. coli 15L_3275 - 15.91 443 14.53 17.29
FOLD_P 1.97 FOLD_M 1.67
Emax_P (1/h) Emax_M (1/h)
Susceptible 8.73 - 3.63 8.11 9.35 Susceptible 17.14 - 4.22 15.72 18.56
Resistant - 3.11 3.03 2.93 3.30 Resistant - 2.85 2.64 2.71 3.00
gamma_P (scalar) gamma_M (scalar)
Susceptible 1.17 5.58 1.04 1.30 Susceptible 1.12 391 1.03 1.20
Resistant 2.37 10.08 1.90 2.84 Resistant 2.80 8.22 2.35 3.25

Error term stdev (Ln domain) 2.17




Table S6. Secondary parameters of 4 FQ-susceptible and 4 FQ-resistant S. pseudintermedius.

S. pseudintermedius

Secondary parameters

MIC PRADOFLOXACIN (ug/mL)

MIC MARBOFLOXACIN (ug/mL)

Experimental Estimated

Experimental Estimated

MIC (mg/L) MIC (mg/L) Median 2.5%CI  97.5% CI MIC (mg/L) MIC (mg/L) Median 2.5%CI 97.5% CI

Susceptible Susceptible

pool
pool
MSSP_22219 0.025 0.037 0.036 0.027 0.039 MSSP_22219 0.40 0.20 0.20 0.19 0.25
MSSP_108 0.028 0.037 0.037 0.027 0.039 MSSP_108 0.35 0.52 0.51 0.41 0.54
MRSP_1726 0.031 0.030 0.032 0.027 0.041 MRSP_1726 0.30 0.19 0.19 0.18 0.23
MRSP_41 0.025 0.028 0.028 0.027 0.034 MRSP_41 0.30 0.19 0.18 0.15 0.20
Resistant Resistant
pool pool
MSSP_98 0.225 0.28 0.28 0.24 0.32 MSSP_98 2.80 3.15 3.18 3.03 3.95
MSSP_115 0.9 0.93 0.89 0.84 0.97 MSSP_115 11.20 10.07 10.29 9.28 13.25
MRSP_38 1.8 1.70 1.80 1.55 2.39 MRSP_38 32.00 23.86 25.77 22.36 40.53
MRSP_67 1.6 1.37 1.39 1.26 2.00 MRSP_67 25.6 27.31 27.95 25.95 31.30

Minimum inhibitory concentrations were estimated by the model and compared with experimentally measured MICs. Median and confidence intervals were obtained
through bootstrap analysis.




Table S7. Secondary parameters of 4 FQ-susceptible and 4 FQ-resistant S. aureus.

S. aureus
Secondary parameters
PRADOFLOXACIN MARBOFLOXACIN
Experimental  Estimated Measured Estimated
MIC MIC Median 2.5% CI 97.5% CI MIC MIC Median 2.5% CI 97.5% CI
(mg/L) (ug/mL) (ng/mL) (ng/mL)

Susceptible Susceptible
pool pool
MSSA_476 0.056 0.059 0.059 0.051 0.066 MSSA_476 0.4 0.34 0.33 0.30 0.37
MSSA_B98 0.05 0.064 0.064 0.055 0.075 MSSA_B98 0.35 0.30 0.30 0.27 0.32
MRSA_A53 0.031 0.045 0.043 0.035 0.048 MRSA_A53 0.3 0.28 0.27 0.24 0.29
MRSA_A54 0.028 0.028 0.027 0.022 0.030 MRSA_A54 0.3 0.24 0.24 0.21 0.26
Resistant Resistant
pool pool
MSSA_B53 1.8 1.15 1.136 0.715 1.195 MSSA_B53 12.8 15.11 15.00 13.56 16.92
MSSA_B94 14 1.19 1.191 0.899 1.308 MSSA_B9%4 14.4 16.65 16.89 15.15 18.00
MRSA_A009 1 1.19 1.172 0.928 1.236 MRSA_A009 19.2 15.92 15.90 13.93 17.22
MRSA_A69 3.6 3.96 3.834 2.349 4.072 MRSA_A69 51.2 59.17 58.62 50.02 64.83

Minimum inhibitory concentrations were estimated by the model and compared with experimentally measured MICs. Median and confidence intervals were obtained
through bootstrap analysis.




Table S8. Secondary parameters of 4 FQ-susceptible and 4 FQ-resistant E. coli.

MIC pradofloxacin MIC marbofloxacin
Subdominant Subdominant
Dominant less Dominant less

Experimental susceptible susceptible Experimental susceptible susceptible

MIC (ug/mL) population  population CV% 25%CI 97.5% CI MIC (ug/mL) population  population CV% 25%CI 97.5% CI
susceptible pool susceptible pool
E. coli 14L_1510 0.022 0.013 0.026 5.46 0.012 0.015 E. coli 14L_1510 0.025 0.016 0.026 4.96 0.014 0.017
E.coli 16L_1242 0.022 0.014 0.029 5.54 0.013 0.016 E.coli 16L_1242 0.025 0.023 0.039 5.24 0.021 0.026
E. coli 171._0826 0.013 0.009 0.018 5.79 0.008 0.010 E.coli 171._0826 0.025 0.021 0.034 5.30 0.018 0.023
E. coli 17L_1562 0.030 0.021 0.042 5.80 0.019 0.024 E.coli 17L_1562 0.100 0.084 0.140 541 0.075 0.093
Resistant pool Resistant pool
E.coli 2443 2.40 1.85 3.94 5.47 1.65 2.05 E.coli 2443 5.60 440 7.35 4.78 3.99 4.82
E. coli 10L_2253 2.80 212 4.18 5.70 1.88 2.35 E. coli 10L_2253 14.40 8.52 14.21 3.83 7.88 9.16
E. coli 10L_3690 9.60 7.61 15.02 6.43 6.65 8.57 E. coli 10L_3690 32.00 25.71 42.88 491 23.23 28.18
E. coli 15L_3275 19.20 13.71 27.06 5.24 12.30 15.12 E. coli 15L_3275 22.40 17.36 28.96 4.80 15.73 19.00

Minimum inhibitory concentrations were estimated by the model and compared with experimentally measured MICs. Coefficient of variation (CV%) and confidence

interval (CI) are represented in the Hessian matrix and obtained by simple run model.




Table S9. Critical PK/PD values (f AUCrx_0-24v/MIC) that achieve 50% and 90% of the maximal antibacterial effect from the in silico model.
Two representative isolates (susceptible and resistant) were chosen for each bacterial species (S. pseudintermedius, S. aureus and E. coli). Concentration is a unitless
value which represents the average free plasma concentration required over 24 h to achieve 90% of the maximal efficacy.

Dose fractionation

Isolate PRADOFLOXACIN MARBOFLOXACIN
FAUCrk 024n/MIC (h) Average concentration SAUCrk 024v/MIC (h) Average
Experimental (T e fa Experimental concentration
MIC (ug/mL) B 90% of I MIC (pg/mL) (ug/mL) to achieve
50% 90% T 50% 90% 90% of Imax
MSRP 41 (susceptible) 0.025 24.97 35.72 0.037 0.18 25.75 3591 0.26 / 0.26
MRSP 67 (resistant) 1.60 19.44 29.53 1.97 25.60 25.23 36.19 39.78 / 38.76
MSSA B98 (susceptible) 0.050 3141 4495 0.094 0.35 21.30 31.65 0.92/0.46
MSSA B53 (resistant) 1.80 15.75 22.86 1.71 12.80 29.51 43.83 23.38 /22.83
E. coli 141-1510 (susceptible) 0.022 17.04 26.36 0.024 0.025 17.11 2691 0.024 /0.017
E. coli 10L-2253 (resistant) 2.80 2411 31.45 3.67 14.40 17.21 23.11 13.87 /13.89

Footnote: S. pseudintermedius: f AUCrk_o240/MIC was the best PK/PD index for both susceptible (R20.987, AIC 52.61 for pradofloxacin and R2 0.990, AIC 44.94 for
marbofloxacin) and resistant isolates (R20.992, AIC 44.80 pradofloxacin and R20.990, AIC 48.02 for marbofloxacin) for in both FQs.
S. aureus: f AUCrk_ 024/MIC was the best PK/PD index for both susceptible (R?0.987, AIC 52.61 pradofloxacin and R? 0.990, AIC 44.94 for marbofloxacin) and
resistant isolates (R? 0.992, AIC 44.80 pradofloxacin and R? 0.990, AIC 48.02 for marbofloxacin) for marbofloxacin in both FQs.

E. coli: f AUCpk 0-24n/MIC was the best PK/PD index for both susceptible (R?0.996, AIC 23.08 pradofloxacin and R? 0.990, AIC 66.52 for marbofloxacin) and
resistant isolates (R2 0.996, AIC 23.29 pradofloxacin and R20.989, AIC 59.15).
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Figure S1 Visual predictive check (VPC) of pradofloxacin-susceptible S. pseudintermedius.
Each stratification for each observed quantiles (20, 50 and 80%, red lines) are superimposed with
the predicted quantiles (20,50 and 80%, black lines). Black dots represent the observed data.
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Figure S2 Visual predictive check (VPC) of pradofloxacin-susceptible S. pseudintermedius.
Each stratification for each observed quantiles (20, 50 and 80%, red lines) are superimposed with
the predicted quantiles (20,50 and 80%, black lines). Black dots represent the observed data.
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Figure S3. Visual predictive check (VPC) of pradofloxacin-resistant S. pseudintermedius.
Each stratification for each observed quantiles (20, 50 and 80%, red lines) are superimposed with the
predicted quantiles (20,50 and 80%, black lines). Black dots represent the observed data.
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Figure S4. Visual predictive check (VPC) of marbofloxacin-resistant S. pseudintermedius.
Each stratification for each observed quantiles (20, 50 and 80%, red lines) are superimposed with the
predicted quantiles (20,50 and 80%, black lines). Black dots represent the observed data.
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Figure S5. Visual predictive check (VPC) of pradofloxacin-susceptible S.
Each stratification for each observed quantiles (20, 50 and 80%, red lines) are superimposed with the
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predicted quantiles (20,50 and 80%, black lines). Black dots represent the observed data.
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Figure S6. Visual predictive check (VPC) of pradofloxacin-resistant S. aureus.
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S. aureus susceptible pool marbofloxacin
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Figure S7. Visual predictive check (VPC) of marbofloxacin-susceptible S. aureus.
Each stratification for each observed quantiles (20, 50 and 80%, red lines) are superimposed with the
predicted quantiles (20,50 and 80%, black lines). Black dots represent the observed data.
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Figure S8. Visual predictive check (VPC) of marbofloxacin resistant S. aureus.
Each stratification for each observed quantiles (20, 50 and 80%, red lines) are superimposed with the
predicted quantiles (20,50 and 80%, black lines). Black dots represent the observed data.



Natural Log bacterial count
(CFU/mL)

Natural Log bacterial count
(CFU/mL)

0xMIC

- T
0 4 8 2 16 20 24

Time (h)

2xMIC

Time (h)

E.

Natural Log bacterial count

Natural Log bacterial count

coli susceptible pool pradofloxacin

(CFU/mL)

(CFU/mL)

0.5xMIC

Time (h)

4xMIC

Time (h)

Natural Log bacterial count
(CFU/mL)

Natural Log bacterial count
(CFU/mL)

1xMIC

ObservedQuant...
— 20%
S

80%

PredictedQuant...
— 20%

4 8 2 1% 20 24

Time (h)
8xMIC
ObservedQuant..

— 20%

PredictedQuant...

— 20%
------ 50%
weee 80%
® DVvsIVAR
I "1 E° Evd © 3
4 8 12 16 20 24
Time (h)

Figure S9. Visual predictive check (VPC) of pradofloxacin-susceptible E. coli.
Each stratification for each observed quantiles (20, 50 and 80%, red lines) are superimposed with the
predicted quantiles (20,50 and 80%, black lines). Black dots represent the observed data.
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Figure S10. Visual predictive check (VPC) of pradofloxacin-resistant E. coli.
Each stratification for each observed quantiles (20, 50 and 80%, red lines) are superimposed with the
predicted quantiles (20,50 and 80%, black lines). Black dots represent the observed data.
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Figure S11. Visual predictive check (VPC) of marbofloxacin-susceptible E. coli.
Each stratification for each observed quantiles (20, 50 and 80%, red lines) are superimposed with the
predicted quantiles (20,50 and 80%, black lines). Black dots represent the observed data.
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Figure S12. Visual predictive check (VPC) of marbofloxacin-resistant E. coli.
Each stratification for each observed quantiles (20, 50 and 80%, red lines) are superimposed with the
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Figure S13. Predicted bacterial count (IPRED, expressed) versus observed bacterial count (DV) in 4 FQ-susceptible and 4 FQ-resistant
S. pseudintermedius. Data are expressed as CFU/mL and are log normal transformed. Observed vs predicted values (black dots) should

ideally be aligned to the unity line (y=x)
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Figure S14. Predicted bacterial count (IPRED, expressed) versus observed bacterial count (DV) in 4 FQ-susceptible and 4 FQ-resistant
S. aureus. Data are expressed as CFU/mL and are log normal transformed. Observed vs predicted values (black dots) should ideally

be aligned to the unity line (y=x).
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Figure S15. Predicted bacterial count (IPRED, expressed) versus observed bacterial count (DV) in 4 FQ-susceptible and 4 FQ-resistant
E. coli. Data are expressed as CFU/mL and are log normal transformed. Observed vs predicted values (black dots) should ideally be
aligned to the unity line (y=x).
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Figure S16. Plot of CWRES (conditional weighted residuals) and IWRES (individual weighted residuals) vs Predicted bacterial count
(PRED) for the three bacterial species used in the study. CWRES/IWRES represent the goodness of statistical fit and values should
be concentrated between y= -2 and y=+2. Values that are above 3 or below -3 may indicate a lack of fit.
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Figure S17. Simple linear regression between experimental (x axis) and model-estimated MICs in S.

pseudintermedius, S. aureus and E. coli collected from canine skin infection cases.
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Text S1 Mathematical modelling
Bacterial growth model

Compartment “S” has a growth rate constant, (kgrowth, expressed in h).
To capture the progressive increase of Kgrowth from 0 to a maximal value
(kgrowthmax), kgrowth was adjusted based on the following equation:

— —(alpha x time
Kgrowth - Kgrowthmax X (1 —e (alp ))

Where alpha, expressed in h’, represents the progressive increase in
Kgrowtn that reaches a maximum rate, expressed as Kgrowthmax. The
corresponding mean generation corresponds to In2 / kgrowth (expressed in
h).

The maximal bacterial carrying capacity of the system (populations S and
P) is referred to as Bmax (oObserved plateau in bacterial density). During
bacterial growth, the semi-mechanistic model predicts that a proportion
of the bacteria from the susceptible compartment are transferred to the P
compartment at a constant rate called ksr. No growth is assumed in the P
compartment.

Moreover, both compartments share the same death rate constant (kdeatn,
expressed in h). To maintain good identifiability of model parameters,
the value of this parameter has traditionally been fixed to 0.179 h' by
previous authors [7-9] and we allocated this value to Kdeath in our models.

Drug effect model

The model also included drug effect, considered as additional to Kdeatn. It
is expressed as karug (unit h') through the Hill’s equation:

K — (Emax X CY)
drug ™ (ECgoY+CY)

where, Emaxis the maximum killing rate effect (h?'), ECso (mg/L) is the
concentration of the drug able to reach 50% of Emax and gamma (scalar),
the Hill’s coefficient. These parameters represent efficacy, potency and
sensitivity of the tested antibiotics, respectively. To account for the
differences in measured MIC (related to drug potency), we estimated a
separate value of ECso for each isolate.

Mathematical modelling

The following differential equations describe the change in number of
viable bacteria over time in the S and P compartments:

as

a kgrowth XS - (Kgeath + Kdrug) xS- Kgp XS

dap
& Ksp XS - Kgeath X P



The constant of transfer between S and P is described by the following
equation:
(kgrowth_Kdeath) x (S + P)

max

Ksp =

All data obtained in a TKC were simultaneously analysed with a Non-
linear Mixed Effect Model (NLMEM).

As differences in Bmax were observed between isolates for the
staphylococci (only), a random component was included in the model
with a Between Isolate Variability (BIV), which was modelled using an
exponential model of the form:

eBmax_i = etv_Bmax x Exp(n;)

With 0i is the value of theta (here Bmax) in the it isolate, 8y, pmay is the
typical population value of this theta and 7;, the deviation (noted eta)
associated to the i isolate from the corresponding theta population
value.

An exponential error model was selected to model residual variability to
account for the wide range of possible bacterial counts according to the
following equation:

Yi' = Yl] x et

Vijrepresents the ji response (expressed in CFU/mL), which is calculated
in the it curve with no initial log transformation of raw data, whereas &;j
represents the common errors terms with a mean of 0 and a variance of
o%. If an exponential model is specified, and if there is only one error
model as for our analysis, the predictions and observations were
automatically log-transformed by the software and are fit in that space.
This is because the error model becomes additive in log-space, which
allows for higher performance and accuracy. This affects all the plots
results and residuals because they are in log-space.

Precision of parameter estimates was estimated by computing standard
error (SE) using the Hessian method. When the engine was unable to
return these values, precision of parameters and their confidence
intervals were estimated by a bootstrap method (n = 30 samples).

Model fitting and diagnostic plots

Candidate models were assessed by goodness-of-fit plots (PRED
(population prediction) and IPRED (individual prediction) versus
dependent variable (i.e. time), and by inspection of residuals CWRES
(conditional weighted residuals).

Moreover, Visual Predictive Check (VPC) allowed graphical comparisons
of the 20, 50t (median) and 80% percentiles between model-predicted
intervals and observed data, VPC were derived from n=200 simulated
data sets, stratified by drug and initial bacterial pool (marbofloxacin-
susceptible or resistant isolate).



Secondary parameters

MIC and MBC were estimated through the following equations,
introduced by Mouton and Vink [10]:

1

K -0.221 2

MIC = ECs X groveh )
50 (Emax - (Kgrowth - 0-221)

The constant 0.221 was obtained from the following equation:

1
Time of measurement(24h)

N(t)
N(0)

X LN( ) =0.221

Where N(t) represented the inoculum size at time 18h, which was set at
108 CFU/mL (bacterial density associated with visible growth) and N(0)
the initial inoculum of 5x105 CFU/mL.

Pre-existing heterogenous population model

The initial model proposed by Nielsen and Friberg [11] did not capture
the regrowth of bacteria observed at IXMIC. We therefore hypothesised
that pre-existing subdominant less susceptible bacteria were present
within the total population E. coli., as described by Campion et al. [12].
The ratio between subdominant less susceptible bacteria and total
bacteria population has been shown from growth curves to be
approximately 10 to 10 [13]. The initial susceptible population (starting
inoculum) consisted of two subpopulations representing a heterogenous
bacterial population with a proportion (F1) of bacteria being a highly
susceptible dominant population (S1) and the remaining sub-dominant
population (S2) having a lower susceptibility. F1 was estimated by the
model. Apportioning of the starting inoculum (SLoad) to each of the
initial sub-populations is defined by the following equations:

Proportion of initial inoculum that is apportioned to subpopulation S1.
S1 = SLoad X F;
Proportion of initial inoculum that is apportioned to subpopulation S2.
S2 = SLoad x (1 —F;)

A proportion of the susceptible population (S1 and S2) is irreversibly
transferred to a non-susceptible, non-growing population at a rate
constant (Ksp). Both S1 and S2 subpopulations were assumed to have a
similar growth constant (Kgrown) and natural death rate (Kdeam). Drug
effect Karugs1 and Karugs2 were described by two separate Emax sigmoid
models, including respectively Emaxsi, ys1 and ECsosi and Emaxs2, ys2 and
ECsos2. The potency ratio between ECsos2 and ECsos1 was estimated by the
parameter “FOLD”, whose drug-specific values were shared between all
isolates.

EC50752 = FOLD X EC50751
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