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The effect of pregnancy and breastfeeding on the population pharmacokinetics of 
levofloxacin in South Africans with rifampicin-resistant tuberculosis

• A one-compartment disposition model with first-order elimination and absorption with transit 
absorption compartments best described the plasma data.

• Pregnant women achieve lower exposures of levofloxacin at the current 750-1000 mg daily doses.

•  Increasing the dose by an additional 250 mg once daily restores drug exposures to non-pregnant 
levels, and should be considered as dosing strategy upon further evaluation.

• Levofloxacin exposure in breastmilk is higher than in plasma, with rapid equilibration, resulting in 
breastfed infants receiving 6-8% of the recommended 15-20 mg/kg/day paediatric and adult 
dosing. However, the clinical the impact of the low exposure in the infants is unknown.
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• Rifampicin-resistant tuberculosis (RR-TB), poses increased risks of poor outcomes for pregnant 
and breastfeeding women in high-TB burden countries like South Africa.1

• Levofloxacin is a fluoroquinolone antibiotic recommended by the World Health Organization 
(WHO) for the treatment and prevention of RR-TB.2

• Levofloxacin is mainly excreted unchanged in urine, and undergoes limited metabolism.3

• Data on its pharmacokinetics in pregnant and breastfeeding women remain limited as they have 
historically been excluded from clinical trials.

Objectives:

• We characterized the population pharmacokinetics (PopPK) of levofloxacin in South African 
adults treated for rifampicin-resistant tuberculosis. 

• We evaluated the effect of pregnancy, including renal function and body size on the PopPK of 
levofloxacin.

• We assessed the accumulation of levofloxacin in breastmilk and exposure to breastfed infants.
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• We pooled data from two South African studies in adults with RR-TB; the BEAT Tuberculosis trial 
(NCT04062201) and the King Dinuzulu Hospital study,4 receiving levofloxacin 750-1000 mg daily 
based on body weight.

• Levofloxacin plasma and breastmilk concentrations were measured using high performance 
liquid chromatography with  tandem mass spectrometry with a lower limit of quantification of 
0.078 mg/L for plasma and 0.240 mg/L for breastmilk. 

• We used nonlinear mixed-effects modelling in NONMEM 7.5.1 (FOCE-I) to perform the analysis.

• Allometrically scaling was tested on disposition parameters using total body weight or fat-free 
mass (FFM).

• Breastmilk concentrations were characterized using a hypothetical effect compartment linked to 
plasma, estimating the breastmilk:plasma ratio and plasma-breastmilk equilibration half-life.

• The daily Estimated Infant Dose (EID) was calculated assuming a volume of milk intake of 0.15 
L/kg/day,5 calculated as: EID=Breastmilk:plasma ratio X average maternal plasma concentration 
X 0.15

Table 1: Participant characteristics of RR-TB participants treated with levofloxacin from both studies.

BEAT 
Tuberculosis 

Phase 3 trial

King Dinuzulu 
Hospital study 

Observational

Week 4

3rd  
trimester

X 7

X 6 X 6

6-8 weeks postpartum

X 5 X 1

X 4 X 4 X 4 X 1

6-8 weeks postpartum

Antepartum
(n = 42)

Postpartum 
(n = 32)

Non-pregnant females
 (n = 12)

Males 
(n = 14)

Total
(n = 72)

Age (years) 30 (19 – 48) 29 (19 – 48) 34 (20 – 45) 38 (27 – 51) 31 (18 – 51)

Weight (kg) 64.0 (43.0 – 101) 60 (40.0 – 86.5) 52.9 (37.0 – 67.9) 54.4 (41.9 – 64.0) 60.1 (37.0 – 101)

Height (m) 1.56 (1.49 – 1.77) 1.56 (1.49 – 1.69) 1.57 (1.46 – 1.80) 1.73 (1.58 – 1.88) 1.57 (1.46 – 1.88)

Fat-fee mass (kg) 38.5 (30.0 – 55.2) 37.4 (28.1 – 48.5) 35.7 (27.3 – 45.3) 46.4 (37.9 – 51.2) 38.0 (27.3 – 55.2)

Serum creatinine 
(µmol/L)

45.3 (32.0 – 91.0 ) 56.0 (25.0 – 108) 58.5 (37.0 – 110) 64.0 (52.0 – 102) 56.0 (25.0 – 110)

HIV positive 31 (74%) 24 (75%) 7 (58%) 6 (43%) 47 (65%)
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Figure 2. Final pharmacokinetic model. Ktr: transit rate constant; Ka: absorption rate constant; CL: clearance; Vd: volume of 
distribution; T1/2: equilibration half-life representing how fast the change in plasma concentrations is reflected in 
breastmilk. Note: Serum creatinine was used as a surrogate of glomerular filtration rate (GFR) due to a lack of a validated 
formula to estimate GFR in pregnancy.

Figure 1. Study protocol. At postpartum, maternal plasma, breastmilk and infant samples were taken on the same visit. 

Breastfed infants
(n = 13)

Age (weeks) 6.97 (4.86 – 8.1)

Weight (kg) 4.33 (2.30 – 10.3)

Length (cm) 53.9 (44.0 – 74.0)

Mode of breastfeeding, n (%)

Exclusive 6 (46%)

Mixed (infant formula and solid foods) 7 (54%)

Table 2: Breastfed infant characteristics.

Data in Table 1 and 2 are presented as median (range) or n (%). Participants with HIV were commonly treated with dolutegravir based antiretroviral therapy

Figure 3. Simulated levofloxacin area under the concentration time curve (AUC0-24) and maximum concentration (Cmax). 
Serum creatinine was categorized using tertiles within each group. The shaded ribbon represents the range of reported 
adult values. The red dashed line represents the AUC0-24 of 106 mg.h/L  calculated from an in vitro efficacy target.

Significant covariates:
Pregnancy on CL (%): +30.8 (+19.4 – +44.1)
Serum creatinine on CL (power exponent): -0.255 (-0.44 – -0.042)

Figure 4. Simulated typical profiles for plasma and breastmilk for a woman at postpartum with a median weight of 60 kg 
and serum creatinine of 56 µmol/L together with the breastfed infant raw plasma concentrations. The lines denote the 
median and the shaded areas represent 90% prediction intervals. LOQ: Limit of Quantification. T1/2: equilibration half-life.

• Breastfed infant exposure: The EID was 1.17 mg/kg/day, resulting to a relative infant dose of 6-8% 
of the recommended pediatric and adult levofloxacin dose.

T1/2, plasma-breastmilk = 7.5 min (95% CI: 3.89-11.5)

Breastmilk:plasma ratio = 1.46 min (95% CI: 1.40-1.52)
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