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The Translational Zebrafish Larvae Framework Successfully Predicts 
Bedaquiline's Clinical Early Bactericidal Activity Against Tuberculosis

Mycobacterium tuberculosis (Mtb) is currently the leading cause of 
mortality by an infectious disease.
 

Translational pharmacometrics is a vital tool to accelerate the 
development of novel anti-TB drugs and regimens.
Zebrafish larvae (ZFL) could be used in preclinical translation1 as a New 
Approach Methodology,2,3 replacing rodent studies, but require further 
evaluation by computational back-translation.

Three types of measurements were performed: bedaquiline amounts in 
medium and in zebrafish larvae pooled whole-body homogenates, and 
longitudinal biofluorescence from Mycobacterium marinum (Mm).
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Establish a pharmacokinetic (PK) and pharmacodynamic
(PD) model of bedaquiline (BDQ) in a ZFL tuberculosis 

disease model.
Predict and evaluate the clinical early bactericidal activity 

(EBA) of bedaquiline by translating the ZFL exposure-
response relationship to humans.

Conclusions
The clinical EBA results of BDQ for Mtb were successfully predicted based on the PKPD from the 

zebrafish larvae animal model, further strengthening ZFL as a resource-e�icient and sustainable 
NAM for early anti-tuberculosis drug discovery and development.

The PK was described with a one-compartment model 
that included age-dependent clearance (Table 1).

Empirical PKPD Modeling

Translational Predictions
Model predictions of the bacterial burden closely aligned with clinical observations over time across doses (Figure 2A).

The bacterial growth followed a logistic growth 
curve that was proportionally inhibited by 
BDQ, with an increase in maximum e�ect 
over time (Table 1).

The ZFL PK and PD measurements were 
described well with the final PKPD model 
(Figure 1A-B).
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Figure 1. Visual-predictive checks of the whole-body homogenate bedaquiline pharmacokinetic (A) and bacterial pharmacodynamic (B) 
models. These plots show the simulated 95% prediction interval (blue) alongside the observations (black circles), observed median 
(black line), and 95% quantiles of the observations (black dashed lines). The bacterial biofluorescence is shown in arbitrary units (a.u.).

Table 1. Parameter estimates of the final ZFL PKPD model

Sequential PKPD analysis in NONMEM® (v 7.5)4 was performed, utilizing FOCE+I.
Structural models for PK, disease progression, and the exposure-response were 
evaluated, assuming a distribution volume equal to physical ZFL volumes5.

Predictions were evaluated for two Phase II EBA trials6-8, where exposures were 
simulated using a clinical PopPK model9 with individualized patient covariates. 
Zero net bacterial growth for clinical Mtb was assumed. The antibiotic e�ect 
from ZFL was reparameterized to an additive e�ect to account for this. 

The EC50 was adjusted for di�erences in pathogen susceptibility with an 
in vitro minimum-inhibitory-concentration (MIC) scaling ratio1,10. Herein, the MIC 
for Mtb was the EUCAST geometric mean (0.04 mg/L)11 and 0.1 mg/L for Mm12.

Empirical PKPD Modeling

Translational Predictions

Figure 2. A) Visual predictive checks of simulations of the studies (n = 2,000) that were performed with the translational model to produce predictions of the bacterial burden in colony-forming units per milliliter (CFU/mL) over time per treatment arm6-8. The time of pre-exposure measurements was set to day 0. Shown are the 
mean observations (black circles), observed standard deviation (black solid lines), the simulated median (dashed dark blue line), and the 95% prediction interval (blue ribbon). B) Boxplots and density plots displaying the distribution of the observed and predicted (n = 2,000) 0 to 14-day early bactericidal activity (EBA0-14d) 
values, expressed in colony-forming units per milliliter (CFU/mL) and stratified by treatment arm. C) Scatterplot showing the correlation between the observed measurements and their respective predictions, based on individualized bedaquiline exposure simulations. 
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The longitudinal decline as well as the 14-day early bactericidal activity were predicted well (Figure 2B-C).

Parameter (unit) Descrip�on 
Es�mate (RSE%)  

[% shrinkage]

𝑘10 (h-1) Degrada�on rate constant of bedaquiline in medium 0.0189 (30.6) 

𝑘12  (h-1) Absorp�on rate constant of bedaquiline by zebrafish 

larvae 
0.000941 (40.6) 

𝑘21 (h-1) Elimina�on rate constant of unchanged bedaquiline into 

the medium by zebrafish larvae 
0.03 (33.7) 

𝑘21,5𝑑𝑝𝑓  (h-1) Increase in elimina�on rate constant at 5 dpf 0.0544 (44.6) 

𝐹0.5<𝑥≤10  (-) 
Ra�o dose correc�ng factor for doses ranging from 1 to 

10 µM 
0.299 (28.4) 

𝐹10<𝑥  (-) Ra�o dose correc�ng factor for doses above 10 µM 0.216 (26.9) 

𝐼𝑁𝑂𝐶 (log10[RFU]) Bacterial inoculum size 6.52 (1.7) 

𝑘𝑔  (h-1) Bacterial growth rate constant 0.0853 (26) 

𝑡𝑑𝑒𝑙𝑎𝑦  (h-1) Time delay in bacterial growth 48 (20.4) 

𝐾 (log10[RFU]) Zebrafish carrying capacity 8.19 (0.9) 

𝐸𝑀𝐴𝑋𝑏𝑑𝑞  (h-1) Ra�o reduc�on in growth rate by bedaquiline  1.09 (42.9) 

𝐸𝑀𝐴𝑋𝑏𝑑𝑞 ,3𝑑𝑝𝑖  (-) Ra�o reduc�on in growth rate by bedaquiline a�er 3 dpi 1.37 (14.5) 

𝐸𝐶50𝑏𝑑𝑞  (µg/mL) 
Bedaquiline concentra�on for 50% of the maximum 

response 
26.5 (47.2) 

𝑅𝑈𝑉𝑝𝑟𝑜𝑝
𝑚𝑒𝑑  (σ2) 

Propor�onal residual unexplained variability of 

bedaquiline in medium 
0.381 (38.3) [1] 

𝑅𝑈𝑉𝑎𝑑𝑑
𝑧𝑓

 (σ2) 
Addi�ve residual unexplained variability of ng 

bedaquiline in zebrafish 
11.1 (10.4) [0.1] 

𝑅𝑈𝑉𝑝𝑟𝑜𝑝
𝑧𝑓

 (σ2) 
Propor�onal residual unexplained variability of 

bedaquiline in zebrafish 
0.247 (36.8) [0.1] 

𝑅𝑈𝑉𝑎𝑑𝑑
𝑟𝑓𝑢

 (σ2) 
Addi�ve residual unexplained variability of log10 

bacterial fluorescence 
0.0443 (19) [31] 

𝐼𝐼𝑉𝑖𝑛𝑜𝑐
𝑟𝑓𝑢

 (CV%) Inter-individual variability of the inoculum sizes 186.6 (14) [5] 

𝐼𝐼𝑉𝑔𝑟𝑜𝑤𝑡ℎ
𝑟𝑓𝑢

 (CV%) Inter-individual variability of the growth rate constants 74.6 (20) [27] 
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