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Pharmacokinetic/Pharmacodynamic indexes estimation 
Five thousand-subject Monte Carlo simulations with Oracle®Crystal Ball Fusion Edi-

tion v.11.1.2.3.500 (Oracle USA Inc., Redwood City, CA, USA) was used to estimate the 
PK/PD indexes, indicative of the probability of target success. The output consisted of a 
probability distribution and specific confidence intervals (CIs) over particular fT>MIC or 
AUC/MIC, and MIC values, according to the European Committee on Antimicrobial Sus-
ceptibility Testing (EUCAST) approach [1]. Moreover, the PTA, defined as the probability 
that a specific value of a PK/PD index associated with the efficacy of the antimicrobial 
treatment is achieved at a certain MIC [2] was estimated. The CFR, understood as the ex-
pected population PTA for a specific antimicrobial dose and a specific population of mi-
croorganisms, was also calculated. It allowed for an estimation of the proportion of the 
population achieving a certain PK/PD value, given the Monte Carlo simulation and the 
MIC distribution of the target microorganism [2]. 

Table S1 shows the PK/PD index and the pharmacokinetic parameters used for sim-
ulations. Logarithmic transformation was applied to the mean and standard deviation 
(S.D.) of the pharmacokinetic parameters to normalize their distributions. 

Table S1. Dose regimen, PK/PD index and pharmacokinetic parameters used for simulations. 

 Ciprofloxacin Azithromycin Ceftriaxone Cefixime 

Dose regimen 
500 mg 

single dose, PO 
1 g, 2 g 

single dose, PO 

0.25, 0.5, 1 g  
single dose, IM 

2 g/day, IV 
400 mg/day, PO 

PK/PD index AUC0-∞/CMI: 125 AUC0-∞/CMI: 59.5 
fT>CMI> 20 h (IM) 
fT>CMI> 60% (IV) 

fT>CMI> 60% 

AUC0-∞ (mg h/L) 10.7±2.6    
CL/F (L/h)  144±39.5   

Ke (h-1)   0.082±0.029 0.204±0.02 
Vd (L)   14.70±4.93 19±0.03 

Fu   0.05 0.35 
F   1 0.42±0.045 

Ka (h-1)   1 0.55 
References [3,4] [5,6] [7] [7] 

IM: intramuscular; IV: intravenous; PO: oral; AUC0-∞ : area under the plasma concentration vs time curve in a period of 24 h; CL: 
clearance; F: bioavailability; Fu: unbound fraction; Ka: absorption constant rate; Ke: elimination constant rate; Vd: volume of distri-
bution. 

For ciprofloxacin, AUC0-∞/MIC was calculated by using directly the value of AUC0-∞ 
published previously, obtained in healthy subjects who received 500 mg of ciprofloxacin 
as a single oral dose [8]. 

For azithromycin, the AUC0-∞/MIC was calculated as follow: 
 

𝐴𝐴𝐴𝐴𝐴𝐴24
MIC�  = 𝐷𝐷

𝐴𝐴𝐶𝐶 ∙ 𝑀𝑀𝑀𝑀𝐴𝐴�   
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Where AUC0- is the area under the curve plasma concentration-time from 0 to in-
finity (mg h/L), D is the daily dose (mg), and CL the plasma clearance (L/h) [9,10] 

For intramuscular administration of ceftriaxone [9], fT>MIC (h) was calculated by 
using the following equations: 

 
conc =  (F∙D∙K_a∙f_u)/(V_d∙(K_a-K) )∙(e^(-K∙t)-e^(-K_a∙t) ) 
 
where F is the drug bioavailability, D is the dose, fu is the unbound drug fraction, Ka 

is the absorption rate constant, Vd is the distribution volume, K is the elimination rate 
constant. 

fT_(>MIC)  (h)  =t_2-t_1  
 
where t1 and t2 corresponds to the time at which the drug concentration reaches the 

MIC in the ascendant and in the elimination phase of the plasma concentration-time 
curve, respectively [10]. 

 
For endovenous administration, the following equation was used [11]: 
 
fT_(>MIC) (%)=Ln((D∙f_u)/(V_d∙MIC)∙(1-e^(-n∙K∙τ))/(1-e^(-K∙τ) ))∙K_e∙100/τ 
 
where fT>MIC (%) is the proportion of time that the free drug concentration remains 

above the MIC at steady-state (%), Ln is the natural logarithm, D is the dose of antibiotic 
administered (mg), fu is the unbound fraction, Vd is the distribution volume, K is the 
elimination rate constant, n is the number of administered doses that ensures that the 
steady state is reached (10 doses was always selected), and  is the dosing interval. 

 
For cefixime [6], the %fT> MIC values were calculated by using the following equa-

tions: 
 
conc =  (F∙D∙K_a∙f_u)/(V_d∙(K_a-K) )∙[((1-e^(-n∙K∙τ))/(1-e^(-K∙τ) ))∙e^(-K∙t)-((1-e^(-〖

n∙K〗_a∙τ))/(1-e^(-K_a∙τ) ))∙e^(-K_a∙t) ] 
 
where F is the drug bioavailability, D is the dose, fu is the unbound drug fraction, Ka 

is the absorption rate constant, Vd is the distribution volume, K is the elimination rate 
constant, n is the number of administered doses that ensures that the steady state is 
reached (10 doses was always selected). 

 
fT_(>MIC)  (%)  =[(t_2-t_1 )]×100/τ  
where t1 and t2 corresponds to the time at which the drug concentration reaches the 

MIC in the ascendant and in the elimination phase of the plasma concentration-time 
curve, respectively [4]. 

 
 
 
 
 
 
 
 
 
 

 



Pharmaceutics 2021, 13, 1699 3 of 13 
 

 

Results 

Table S2. Probability of target attainment (PTA) and cumulative fraction of response (CFR) of 
ciprofloxacin, 500 mg, single dose, oral administration. 

  AUC0-∞/MIC 
CMI 

(mg/L) 
PTA (%) 

(AUC0-∞/MIC>125) 
Mean Median 92.5%CI 97.5%CI 

0.0015 100 7,135 6,940 4,707 10,224 

0.002 100 5,351 5,205 3,530 7,668 

0.003 100 3,567 3,470 2,354 5,112 

0.004 100 2,676 2,602 1,765 3,834 

0.006 100 1,784 1,735 1,177 2,556 

0.008 100 1,338 1,301 883 1,917 

0.012 100 891 864 585 1,293 

0.016 100 668 648 438 970 

0.023 100 465 451 305 674 

0.125 100 86 83 56 124 

0.16 4 67 65 44 97 

0.5 0 21 21 14 31 

0.75 0 14 14 9 20 

1 0 11 10 7 15 

1.5 0 7 7 5 10 

2 0 5 5 4 8 

3 0 4 3 2 5 

4 0 3 3 2 4 

6 0 2 2 1 3 

8 0 1 1 1 2 

12 0 1 1 1 1 

16 0 1 1 0 1 

33 0 0 0 0 0 

64 0 0 0 0 0 

CFR (%) 51 1,708 820 0  
PTA: probability of target attainment; CFR: cumulative of fraction of response (population 

PTA for the MIC distribution). 
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Table S3. Probability of target attainment (PTA) and cumulative fraction of response (CFR) of 
azithromycin, 1 g, single dose, oral administration. 

  AUC0-∞/MIC 

CMI 
(mg/L) 

PTA (%) 
(AUC0-∞/MIC>59.5) 

Mean Median 92.5%CI 97.5%CI 

0.016 100 520 450 254 991 

0.023 100 362 313 177 689 

0.032 100 260 225 127 496 

0.047 100 177 153 86 337 

0.064 97 130 113 63 248 

0.094 75 88 77 43 169 

0.125 47 67 58 32 127 

0.19 16 44 38 21 83 

0.25 6 33 29 16 63 

0.38 1 22 19 11 42 

0.5 1 17 14 8 32 

0.75 0 11 10 5 21 

1 0 8 7 4 16 

2 0 4 4 2 8 

CFR 33 196 41 63 6 
PTA: probability of target attainment; CFR: cumulative of fraction of response (population 

PTA for the MIC distribution). 
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Table S4. Probability of target attainment (PTA) and cumulative fraction of response (CFR) of 
azithromycin, 2 g, single dose, oral administration. 

  AUC0-∞/MIC 

CMI 
(mg/L) 

PTA (%) 
(AUC0-∞/MIC>59.5) 

Mean Median 92.5%CI 97.5%CI 

0.016 100 100 1041 514 911 

0.023 100 100 724 357 634 

0.032 100 100 521 257 455 

0.047 100 100 355 175 310 

0.064 100 100 260 128 228 

0.094 100 100 177 87 155 

0.125 98 100 133 66 117 

0.19 74 100 88 43 77 

0.25 47 100 67 33 58 

0.38 16 88 44 22 38 

0.5 7 66 33 16 29 

0.75 1 28 22 11 19 

1 0 12 17 8 15 

2 0 1 8 4 7 

CFR 64 137 84 421 11 
PTA: probability of target attainment; CFR: cumulative of fraction of response (population 

PTA for the MIC distribution). 
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Table S5. Probability of target attainment (PTA) and cumulative fraction of response (CFR) of ceftri-
axone, 250 mg, single dose, intramuscular administration. 

  %fT (h) 

CMI 
(mg/L) 

PTA (%) 
(%fT > 20 h) 

Mean Median 92.5%CI 97.5%CI 

0.003 100 74 75 42 96 

0.004 100 72 73 40 96 

0.006 100 68 66 37 96 

0.008 100 64 63 35 96 

0.012 100 60 57 32 96 

0.016 100 56 53 30 95 

0.023 99 51 49 27 87 

0.032 99 47 44 25 80 

0.047 97 42 39 22 71 

0.064 94 38 35 20 64 

0.094 87 32 30 17 55 

0.125 77 28 26 14 49 

0.250 35 18 17 8 34 

0.5 3 8 7 0 19 

1 0 1 0 0 0 

2 0 0 0 0 0 

CFR 96 56 55 20 96 
PTA: probability of target attainment; CFR: cumulative of fraction of response (population 

PTA for the MIC distribution). 
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Table S6. Probability of target attainment (PTA) and cumulative fraction of response (CFR) of ceftri-
axone, 500 mg, single dose, intramuscular administration. 

  %fT (h) 

CMI 
(mg/L) 

PTA (%) 
(%fT > 20 h) 

Mean Median 92.5%CI 97.5%CI 

0.003 100 79 83 48 96 

0.004 100 77 79 44 96 

0.006 100 74 74 43 96 

0.008 100 71 70 40 96 

0.012 100 67 65 37 96 

0.016 100 64 61 35 96 

0.023 100 60 57 32 96 

0.032 100 56 52 30 95 

0.047 100 51 48 27 86 

0.064 99 47 44 25 79 

0.094 97 41 39 22 71 

0.125 94 38 35 20 64 

0.250 76 28 26 14 49 

0.5 34 18 17 8 34 

1 4 8 7 0 19 

2 0 1 0 0 6 

CFR 98 64 63 27 96 
PTA: probability of target attainment; CFR: cumulative of fraction of response (population 

PTA for the MIC distribution). 
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Table S7. Probability of target attainment (PTA) and cumulative fraction of response (CFR) of ceftri-
axone, 1 g, single dose, intramuscular administration. 

  %fT (h) 

CMI 
(mg/L) 

PTA (%) 
(%fT > 20 h) 

Mean Median 92.5%CI 97.5%CI 

0.003 100 84 92 52 96 

0.004 100 82 89 50 96 

0.006 100 79 83 47 96 

0.008 100 77 80 45 96 

0.012 100 74 75 43 96 

0.016 100 71 71 40 96 

0.023 100 67 66 37 96 

0.032 100 64 62 35 96 

0.047 100 59 57 32 96 

0.064 100 55 53 30 94 

0.094 99 50 48 27 85 

0.125 99 47 44 25 79 

0.250 94 37 35 19 63 

0.5 75 28 26 14 48 

1 34 18 17 8 32 

2 4 8 7 0 19 

CFR 100 71 70 32 96 
PTA: probability of target attainment; CFR: cumulative of fraction of response (population 

PTA for the MIC distribution). 
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Table S8. Probability of target attainment (PTA) and cumulative fraction of response (CFR) of ceftri-
axone, 2 g/day, intravenous administration. 

 
  %fT> MIC 

CMI 
(mg/L) 

PTA (%) 
(fT >MIC > 60%) 

Mean Median 92.5%CI 97.5%CI 

0.0030 100 100 100 100 100 

0.0040 100 100 100 100 100 

0.006 100 100 100 100 100 

0.008 100 100 100 100 100 

0.012 100 100 100 100 100 

0.016 100 100 100 100 100 

0.023 100 100 100 100 100 

0.032 100 100 100 100 100 

0.047 100 100 100 100 100 

0.064 100 100 100 100 100 

0.094 100 100 100 100 100 

0.125 100 100 100 100 100 

0.25 100 99 100 100 100 

0.5 99 98 100 79 100 

1 94 91 100 57 100 

2 70 75 77 34 100 

4 27 45 40 9 100 

8 3 12 4 0 48 

16 0 0 0 0 0 

CFR 100 100 100 100 100 
PTA: probability of target attainment; CFR: cumulative of fraction of response (population 

PTA for the MIC distribution). 
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Table S9. Probability of target attainment (PTA) and cumulative fraction of response (CFR) of cefix-
ime, 400 mg/day, oral administration. 

  %fT> MIC 
CMI 

(mg/L) 
PTA (%) 

(fT >MIC >60%) 
Mean Median 92.5%CI 97.5%CI 

0.008 100 100 100 100 100 

0.016 100 100 100 100 100 

0.023 100 99 100 96 100 

0.032 100 98 100 90 100 

0.047 100 95 97 83 100 

0.064 100 90 91 78 100 

0.094 100 83 83 71 98 

0.125 100 77 77 66 91 

0.19 90 69 68 58 81 

0.25 65 63 62 53 74 

0.38 14 54 53 44 64 

0.75 0 38 38 29 47 

1 0 30 30 20 40 

CFR 97 97 100 77 100 
PTA: probability of target attainment; CFR: cumulative of fraction of response (population 

PTA for the MIC distribution). 
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Figure S1. MIC frequency of all antimicrobials studie. 

 
Figure S2. Alignment of partial sequences of the mtrR promoter from Neisseria gonorrhoeae FA1090 
(GenBank accession number NC_002946), Neisseria gonorrhoeae 38197 (GenBank accession number 
KT954125) and some N. gonorrhoeae isolates from this study. The -10 and -35 promoter sequences for 
mtrR gene is shown in overlines. The 13-bp inverted repeat (IR) is underlined. Lowercase letter rep-
resents the single-base-pair deletion (-35A Del) within the IR. *, location of the single base-pair de-
letion (G) 20 nucleotides downstream of where the -35A deletion occurs. 
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