
JOURNAL OF THE MEDICAL ASSOCIATION OF THAILAND | 2018 305

Pharmacodynamic Evaluation of Oral Amoxicillin, 
Amoxicillin/Clavulanate, Cefditoren, and Azithromycin 
Against Streptococcus pneumoniae-Caused Respiratory 

Tract Infections: A Monte Carlo Simulation
Sermwoot Jannual PharmD1, Preecha Montakantikul BCP2, Jantana Houngsaitong MSc2, Visanu Thamlikitkul MD3, 

Paveena Sonthisombat BCP1

1 Department of Pharmacy Practice, Faculty of Pharmaceutical Sciences, Naresuan University, Thailand
2 Department of Pharmacy, Faculty of Pharmacy, Mahidol University, Bangkok, Thailand

3 Division of Infectious Diseases and Tropical Medicine, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand

Objective: To estimate the probability of oral amoxicillin, amoxicillin/clavulanate, cefditoren, and azithromycin achieving 
pharmacokinetic/pharmacodynamics [PK/PD] targets against Streptococcus pneumoniae in Thais.

Materials and Methods: A Monte Carlo simulation of 10,000 S. pneumoniae infected patients was conducted. Steady-state serum 
drug concentration-time proϐiles were created to determine the probability of target attainments at each minimum inhibitory 
concentration [MIC]. The MICs of 100 S. pneumoniae isolates were used. The cumulative fraction of responses [CFRs] were calculated 
to provide a single estimate of the probability of achieving PK/PD targets for dosage regimens against S. pneumoniae populations. 
A CFR of more than 90% was required.

Results: One third of S. pneumoniae isolates were susceptible to penicillin. The MICs90 of amoxicillin-based regimens, cefditoren, 
and azithromycin against S. pneumoniae were 2, 0.5, and 128 μg/ml, respectively. The probability of achieving PK/PD targets 
of all amoxicillin-based regimens and cefditoren 200 mg every eight hours were more than 90% for MIC90 values, while that of 
azithromycin 500 mg daily was 0%. All amoxicillin-based regimens, cefditoren 200 mg every eight hours, and cefditoren 400 mg 
every 12 hours achieved the CFR target, while azithromycin did not.

Conclusion: Based on the simulations, amoxicillin-based regimens or high-dose cefditoren provided a greater likelihood of achieving 
optimal PK/PD targets in adults with S. pneumoniae-related respiratory tract infections [RTIs].
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Streptococcus pneumoniae is Gram positive 
diplococci causing both invasive pneumococcal 
diseases [IPDs] (such as bacterial meningitis, primary 
bacteremia, endocarditis, bone and joint infections, 
and other invasive infections) and non-invasive 
pneumococcal diseases [non-IPDs] (such as otitis 
media infections, sinusitis, bronchitis, and pneumonia). 
Non-IPDs are very common in community acquired 
infections. Their clinical presentations are upper and 
lower respiratory tract infections [RTIs](1).

Beta-lactams, e.g., aminopenicillins and 
cephalosporins, and macrolides are recommended 
medications for treating S. pneumoniae-related RTIs. 
However, previous studies across the globe have  
shown an increase in the resistance rate of these 
medications. A study from the United States revealed 
that susceptibility rates of S. pneumoniae in non-
meningitis diseases to oral penicillin, amoxicillin-
based, and erythromycin were 56.3%, 81.1%, and 
55.2%, respectively(2).

The Asian Network for Surveillance of Resistant 
Pathogens [ANSORP], a prospective trial that collected 
2,184 clinical S. pneumoniae isolates from 60 centers 
in 11 Asian countries between 2008 and 2009, revealed 
that 4.6% and 0.7% of the collected isolates were 
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penicillin non-susceptible S. pneumoniae [PNSP] 
(minimum inhibitory concentration [MIC] ≥4 μg/ml) 
and penicillin resistant (MIC ≥8 μg/ml), respectively. 
From the ANSORP 2000-2001 to the ANSORP 2008-
2009, the prevalence of S. pneumoniae resistance to 
cefuroxime has increased from 32.4% to 53.9%. The 
average prevalences of S. pneumoniae resistance to 
erythromycin, azithromycin, and clarithromycin were 
72.7%, 69.7%, and 68.9%, respectively(3). However, 
the prevalences of PNSP and S. pneumoniae resistance 
to erythromycin in Thailand were 39.3% and 32.3%, 
respectively(4).

As mentioned above, the prevalence of S. 
pneumoniae resistance has been increasing worldwide, 
including in Thailand. This could lead to an increased 
use of other broad-spectrum antimicrobials. It is very 
important to use the appropriate drug and antimicrobial 
regimen to prevent S. pneumoniae resistance. To predict 
the pharmacodynamic-based dosage regimens and the 
clinical eff ectiveness of a variety of antimicrobials, this 
study was conducted using a Monte Carlo simulation 
to estimate the probabilities of attaining the desired 
percentage of time over MIC [%T>MIC] of oral 
amoxicillin, amoxicillin/clavulanate, and cefditoren, 
and the area under the curve per MIC ratio [AUC/MIC] 
of azithromycin for the treatment of S. pneumoniae-
related RTIs in Thailand.

Material and Methods
Microbiology

The authors collected a hundred S. pneumoniae 
isolates from respiratory tract infected patients visiting 
Siriraj Hospital, a university hospital located in 
Bangkok, Thailand, in 2011. The broth microdilution 
method was performed to evaluate the MICs of oral 
antimicrobials against S. pneumoniae according 
to the Clinical and Laboratory Standards Institute 
[CLSI] 2009 guidelines(5). Interpretive criteria for 
susceptibility of S. pneumoniae to amoxicillin, 
amoxicillin/clavulanate and azithromycin were based 
on the guidelines of CLSI 2011(6), and of the US Food 
and Drug Administration [FDA] for cefditoren(7).

Antimicrobials and dosage regimens
Dosage regimens for the included antimicrobials 

were based on RTI guidelines and the labeling 
recommendations of the Thai FDA. Drug regimens 
included amoxicillin 500 mg every eight hours, 
amoxicillin 500 mg every six hours, amoxicillin/
clavulanate 500/125 mg every eight hours, amoxicillin/
clavulanate 875/125 mg every 12 hours, amoxicillin/

clavulanate 875/125 mg every eight hours, cefditoren 
200 mg every 12 hours, cefditoren 200 mg every 
eight hours, cefditoren 400 mg every 12 hours, and 
azithromycin 500 mg every 24 hours(8-12).

Pharmacokinetic data
Pharmacokinetic data were collected from previous 

studies(13-16). Where appropriate, pharmacokinetic 
parameters for each selected dose and dosing interval 
were extracted. Specific variables included the 
absorption rate constant (ka), the elimination rate 
constant (ke), and the apparent volume of distribution 
corrected for bioavailability (Vd/F), for the fi rst-order, 
one-compartment model. The oral clearance (CLt/F), 
volume of distribution of the central compartment 
(Vc/F), intercompartment clearance (Q/F), volume of 
distribution of the peripheral compartment (Vt/F), and 
ka were included in the fi rst-order, two-compartment 
model.

Monte Carlo simulation
A Monte Carlo simulation of a cohort of 10,000 

infected patients (Oracle Crystal Ball, 2012, Oracle, 
USA) was conducted to create steady-state drug 
concentration-time profiles and to estimate the 
T>MIC for amoxicillin, amoxicillin/clavulanate, and 
cefditoren, and the AUC/MIC ratio for azithromycin 
of each regimen. The one-compartment model was 
used to generate the pharmacokinetic parameters of 
amoxicillin, amoxicillin/clavulanate, and cefditoren. 
The two-compartment model was used to generate 
the pharmacokinetic parameters of azithromycin. The 
number of patients who achieved the pharmacokinetic/
pharmacodynamic [PK/PD] targets at each MIC 
was calculated and divided by 10,000 to determine 
the probability of target attainment [PTA] at each 
MIC dilution. The PK/PD target achievements were 
defi ned as a T>MIC more than 40% for amoxicillin-
based regimens, a T>MIC more than 50% for 
cefditoren, and an AUC/MIC ratio greater than 25 for 
azithromycin(17-21).

The cumulative fraction of responses [CFRs] 
for each regimen against the population of S. 
pneumoniae were calculated by the PTA at each MIC, 
and were multiplied by the percentage of organisms 
in the distribution of the respective MIC. All values 
were summed to provide a single estimate of the 
probability of achieving the PK/PD targets for the dose 
administration regimens against the population of S. 
pneumoniae. A successful bacterial eradication was 
defi ned as a PTA and CFR >90%.
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Ethical approval 
The study was approved by the Institutional 

Review Board of Naresuan University, based on the 
Declaration of Helsinki (study protocol number: NU-
IRB 293/56).

Results
Microbiology

The S. pneumoniae strains were divided into three 
groups, penicillin-susceptible S. pneumoniae [PSSP], 
penicillin-intermediate S. pneumoniae [PISP], and 
penicillin-resistant S. pneumoniae [PRSP], based on 
the breakpoints of oral penicillin V. The percentages 
of PSSP, PISP, and PRSP were 35%, 35%, and 30%, 
respectively. The MIC90 values for the amoxicillin-
based regimens, cefditoren, and azithromycin were 
2 (0.06 to 4), 0.5 (0.03 to 1), and 128 (0.03 to 128) 
μg/ml, respectively (Table 1). The amoxicillin-based 
regimens showed the highest in vitro activity against 
S. pneumoniae, with a susceptibility rate of 93%, 
followed by cefditoren (48%) and azithromycin (40%).

The amoxicillin-based regimens and cefditoren 
showed good activity against PSSP strains (100% and 
94.29%, respectively), while azithromycin showed 
a susceptibility rate of 62.86%. As for the PISP 
strains, the amoxicillin-based regimens also showed 
good activity, with susceptibility rates of 100%, but 
cefditoren and azithromycin showed poor activity 
(34.28% and 42.86%, respectively). About 76.67% of 
the PRSP strains were susceptible to the amoxicillin-
based regimens. Cefditoren and azithromycin were   
low active against PRSP, with susceptibility rates of 
10%.

Monte Carlo simulations
PTA: The PTA percentages for amoxicillin and 

amoxicillin/clavulanate are at Figure 1. The probability 
of achieving the PK/PD target for the amoxicillin-based 
regimens was more than 90% for the MIC90 values and 
susceptibility breakpoints (CLSI breakpoint 2011). 
Amoxicillin 500 mg every six hours showed the highest 
PTA percentage (100%), followed by amoxicillin/
clavulanate 875/125 mg every eight hours (99.96%), 
amoxicillin 500 mg every eight hours (99.75%), 
amoxicillin/clavulanate 500/125 mg every eight hours 
(95.07%), and amoxicillin/clavulanate 875/125 mg 
every 12 hours (94.71%).

Figure 2 shows the probability of achieving the 
PK/PD targets for the cefditoren serum concentrations. 
The probability of attaining the PK/PD targets for all 
of the cefditoren-based regimens was 100% for the 
US FDA breakpoint. Cefditoren 200 mg every eight 
hours showed the highest PTA percentage of 95.17% 
for the MIC90 value, while the PTA percentages for the 
MIC90 value for cefditoren 400 mg every 12 hours and 

Table 1. Susceptibility of S. pneumoniae isolates (n = 100) to various antimicrobial agents from patients with RTIs

Drugs MIC (μg/ml) MIC90 (μg/ml) Number of S. pneumoniae isolates, n (%)

Susceptible Intermediate Resistant

Amoxicillin-based (n = 100) 0.06 to 4 2 93 (93.00) 7 (7.00) 0 (0.00)

PSSP (n = 35)
PISP (n = 35)
PRSP (n = 30)

0.06
0.12 to 0.5

1 to 4

0.06
0.5
4

 35 (100)
 35 (100)
23 (76.67)

0 (0.00)
0 (0.00)

  7 (23.33)

0 (0.00)
0 (0.00)
0 (0.00)

Cefditoren (n = 100) 0.03 to 1 0.5 48 (48.00) 23 (23.00) 29 (29.00)

PSSP (n = 35)
PISP (n = 35)
PRSP (n = 30)

0.03 to 1
0.12 to 1

0.12 to 0.5

0.06
0.5
0.5

33 (94.29)
12 (34.28)
  3 (10.00)

0 (0.00)
15 (42.86)
  8 (26.67)

2 (5.71)
  8 (22.86)
19 (63.33)

Azithromycin (n = 100) 0.03 to 128 128 40 (40.00) 13 (13.00) 47 (47.00)

PSSP (n = 35)
PISP (n = 35)
PRSP (n = 30)

0.03 to 128
0.03 to 128
0.06 to 128

128
128
128

22 (62.86)
15 (42.86)
  3 (10.00)

0 (0.00)
  6 (17.14)
  7 (23.33)

13 (37.14)
14 (40.00)
20 (66.67)

RTIs = respiratory tract infections; MIC = minimum inhibitory concentration; PSSP = penicillin-susceptible S. pneumoniae; PISP = penicillin-
intermediate S. pneumoniae; PRSP = penicillin-resistant S. pneumoniae
Susceptibility criteria of S. pneumoniae according to CLSI 2011 for amoxicillin-based regimens and azithromycin are ≤2 and 0.5 μg/ml, respectively. 
Proposed breakpoints in the US FDA indicating susceptibility to cefditoren is ≤0.125 μg/ml for S. pneumoniae.

Figure 1. PTA percentages for amoxicillin and amoxicillin/
clavulanate regimens for each MIC.
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of cefditoren 200 mg every 12 hours were 81.73% and 
40.11%, respectively.

The probability of achieving the PK/PD target for 
azithromycin 500 mg every 24 hours for three days was 
1.71% and 0% for the susceptibility breakpoints (CLSI 
breakpoint 2011) and the MIC90 value, respectively 
(Figure 3).

CFRs: The CFRs of the antimicrobial regimens 
against S. pneumoniae are at Table 2. Amoxicillin 
500 mg every six hours obtained the highest CFR. All 
of the amoxicillin-based and the cefditoren regimens 
(200 mg every eight hours, and 400 mg every 12 hours) 
achieved a PK/PD exposure of greater than 90% of the 
patients, while the %CFR of cefditoren 200 mg every 
12 hours was 80.50%. Azithromycin had the lowest 
%CFR (31.40%).

Discussion
The recent increase in the resistance of S. 

pneumoniae to oral antimicrobial agents has resulted 
in the need to re-evaluate treatment options for RTIs. 
Many of them have decreased activity against S. 
pneumoniae isolates. In this study, the impacts of 
the PK/PD profi les of oral amoxicillin, amoxicillin/
clavulanate, cefditoren, and azithromycin on the 
treatment of RTIs from S. pneumoniae in Thailand 
were investigated.

In considering the MIC values of S. pneumoniae 
to penicillin, the authors found a high proportion of 
PNSP (65%). This result is similar to the results of 
a survey of antibiotic resistance [SOAR] 2012 to 
2014 in Thailand, India, South Korea, and Singapore, 
with a 51% proportion of PNSP, according to the 
CLSI(22). However, when considering the MIC values 
of S. pneumoniae to amoxicillin-based regimens, 
the authors found that most S. pneumoniae were 
susceptible to an amoxicillin-based regimen (93%), 
while an intermediate resistance were found to the 
amoxicillin-based regimens (MIC 4 μg/ml) and to the 
amoxicillin-based regimens (MIC ≥8 μg/ml) at the rate 
of 7% and 0%, respectively. All of the PSSP and PISP 
strains were still susceptible to the amoxicillin-based 
regimens, and the MIC90 values were lower than the 
susceptible breakpoint (≤2 μg/ml), while the PRSP 
were susceptible to the amoxicillin-based regimens 
at the rate of 76.67%. These results are consistent 
with the SOAR study, in which amoxicillin-based 
regimens had a 97.1% susceptibility (the MIC90 values 
were 1 μg/ml)(22). These results might be explained 
by their pharmacokinetic advantages, such as a better 
absorption (80%, 60% to 73%), a longer half-life (1.2 
hours, 0.5 hours), and a lower protein binding (17%, 
65%) than penicillin V(23). All of these pharmacokinetic 
profi les contribute to a higher sustained level than 
penicillin V. In addition, the in vivo study showed that 
the alteration of the penicillin-binding protein [PBP] 
2x and PBP2b appeared to be the predominant changes 
in the PISP strains, and the alteration of the PBP1a, 
PBP2x, and PBP2b appeared to correlate with the PRSP 
strains. However, amoxicillin showed more affi  nity to 
these PBPs, which might explain the improved activity 
of amoxicillin relative to penicillin against many PISP 
strains. The affi  nity of amoxicillin for PBP2b decreased 
for the PISP and PRSP strains, but the affi  nity of this 
agent for PBP1a and PBP2x did not decrease for most 
PISP strains, in agreement with the amoxicillin MICs 
(0.125 μg/ml) for some PISPs being lower than that 
for the penicillin MICs (0.5 to 1 μg/ml)(24).

Figure 3. PTA percentage for azithromycin 500 mg every 24 hours 
for 3 days at each MIC.

Table 2. Cumulative fraction of response for antimicrobial 
regimens against S. pneumoniae

Drugs Dosages PK/PD targets % CFRs

Amoxicillin 500 mg q 8 hours
500 mg q 6 hours

T>MIC >40% 96.61
98.72

Amoxicillin/
clavulanate

500/125 mg q 8 hours
875/125 mg q 12 hours
875/125 mg q 8 hours

92.94
93.61
98.32

Cefditoren 200 mg q 12 hours
200 mg q 8 hours
400 mg q 12 hours

T>MIC >50% 80.50
96.59
92.31

Azithromycin 500 mg q 24 hours AUC/MIC >25 31.40

PK/PD = pharmacokinetic/pharmacodynamics; CFRs = cumulative 
fraction of responses; q = every; T>MIC = time over minimum inhibitory 
concentration; AUC/MIC = area under the curve per minimum inhibitory 
concentration

Figure 2. PTA percentages for cefditoren regimens at each MIC.
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Our Monte Carlo simulation found that all 
amoxicillin-based regimens provided ≥90% PTA for 
strains with MIC values ≤2 μg/ml, where the CLSI 
breakpoint and MIC90 value of S. pneumoniae in this 
study is 93% susceptible. However, the PTA percentage 
fell rapidly when the MIC value rose to 4 μg/ml. This is 
the fi rst Monte Carlo simulation study to report the PTA 
percentages of amoxicillin-based regimens in adults. 
However, in the pharmacodynamics studies, in which 
the concentrations measured in adults following the 
oral administration of either 500/125 mg every eight 
hours or 875/125 mg every 12 hours of amoxicillin-
clavulanate were simulated, the T>MIC of various 
amoxicillin-based regimens in strains with MICs 
values ≤2 μg/ml were 43% and 40%, respectively(19). 
In considering the MIC90 value of S. pneumoniae to the 
amoxicillin-based regimens in the present study, with 
an MIC90 value of 2 μg/ml, the authors found that the 
lowest daily dose of amoxicillin-based regimens in this 
study (500 mg every eight hours) was still appropriate 
for empirical therapy for S. pneumoniae-related RTIs. 
The coverage included PISP and PRSP isolates, of 
which 100% and 76.67% had MICs values ≤2 μg/
ml. This study provides further support to the CLSI 
recommendation that the susceptibility breakpoint for 
amoxicillin-based regimens should be MIC values ≤2 
μg/ml(6,25).

Based on the pharmacodynamics simulation 
that considered treatment according to the overall 
prevalence of pathogens, the amoxicillin-based 
regimens achieved an optimal CFR against S. 
pneumoniae of more than 90%. These results were 
consistent with a previous Monte Carlo simulation 
study, in which amoxicillin 500 mg every eight hours 
and amoxicillin/clavulanate 500/125 mg every eight 
hours achieved over a 90% CFR against S. pneumoniae-
related RTIs, while amoxicillin/clavulanate 875/125 
mg every 12 hours achieved an 88.2% CFR with a more 
conservative pharmacodynamics profi le (50% T>MIC 
for amoxicillin-based regimens)(26). In general, a time 
above the MIC of greater than 40% was required to 
achieve an 85% to 100% bacteriological cure rate(18). 
The fi ndings above demonstrated that amoxicillin is 
still the drug of choice for the empirical therapy of S. 
pneumoniae-related RTIs.

In this study, only 48% of the S. pneumoniae 
isolates were susceptible to cefditoren. The majority 
of the PSSP isolates were susceptible to cefditoren 
(94.29%), while the PISP and PRSP isolates were 
susceptible to cefditoren at the rate of 34.28% and 
10%, respectively with MIC90 values of 0.5 μg/ml. 

The results of this study were diff erent from a report 
of the in vitro activities of cefditoren against major 
respiratory tract pathogens from 11 Asian countries. 
There were 602 isolates of S. pneumoniae (53.0% 
PNSP), of which the majority of S. pneumoniae isolates 
(98.8%) were susceptible to cefditoren (susceptibility 
breakpoint of ≤2 μg/ml), with MIC50 and MIC90 values 
of ≤0.06 μg/ml and 1 μg/ml, respectively. Cefditoren 
was also active against PRSP isolates, although the 
resistance rate was 3.5% and the MIC90 value was 1 
μg/ml(27). The diff erent results might be explained from 
there being no breakpoint for cefditoren, as defi ned by 
CLSI. However, as the previous study had an MIC90 
value higher than that in the present study (1 and 0.5 
μg/ml, respectively), it is likely to have a higher rate of 
S. pneumoniae resistance to cefditoren than the present 
study using the same breakpoint.

The probability of attaining the PK/PD target for 
all cefditoren-based regimens was more than 90% for 
an MIC value of ≤0.125 μg/ml (US FDA breakpoint). 
Cefditoren 200 mg every eight hours could cover 
strains with an MIC value of ≤0.5 μg/ml, while 
cefditoren 200 mg every 12 hours and cefditoren 400 
mg every 12 hours could cover strains with an MIC 
value of ≤0.25 μg/ml. These results were diff erent 
from a previous pharmacodynamics study, in which 
a Monte Carlo simulation was performed using data 
from healthy volunteers who were given a single 
dose of cefditoren 400 mg, administered orally after 
a meal. Considering the target attainment of a time 
above the MIC of ≥40%, cefditoren covered strains 
with MIC values ≤0.5 μg/ml in the case of total serum 
concentration (96.91%)(28). The diff erent results may be 
explained by the diff erent PK/PD targets, with a PK/PD 
target of more than 50% of T>MIC for cefditoren being 
used for the present study. However, S. pneumoniae 
was treated with oral cephalosporin in a thigh infection 
model; both reduction and survival in colony-forming 
units were maximized when T>MIC was maintained 
at 50%(29). These fi ndings are consistent with clinical 
data in patients receiving oral cephalosporin for otitis 
media, with a time above the MIC of greater than 
50% being associated with maximal microbiological 
eradication(18). Therefore, all regimens of cefditoren 
should be considered when cefditoren the MIC is 
≤0.25 μg/ml. It may be necessary to maximize the 
daily dosing frequency to 200 mg every eight hours 
when the MIC value increases to 0.5 μg/ml. When 
considering MIC90 of S. pneumoniae for cefditoren 
in the present study, with MIC90 values of 0.5 μg/ml, 
cefditoren 200 mg every eight hours is appropriate for 
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the empirical therapy of S. pneumoniae-related RTIs, at 
least until susceptibilities for the organism are known. 
Considering the %CFR for cefditoren, cefditoren 200 
mg every eight hours and cefditoren 400 mg every 12 
hours achieved an optimal CFR against S. pneumoniae 
of more than 90%, while cefditoren 200 mg every 12 
hours resulted in 80.5%. The fi ndings demonstrated 
that the properties of cefditoren are related to time-
dependent killing activity, and that the more frequent 
administration of cefditoren at a slightly lower dose 
provided a higher microbial eradication rate than a 
less frequent but higher-dose regimen. Therefore, 
empirical therapy with cefditoren 200 mg every eight 
hours for S. pneumoniae-related RTI patients should 
be recommended, due to the highest probabilities of      
S. pneumoniae eradication. These results are consistent 
with the Thai FDA recommendations.

Regarding the breakpoint for cefditoren, no 
breakpoint as defi ned by the CLSI was established. 
The PK/PD data suggested that the susceptibility 
breakpoint of cefditoren should be within the range 
of ≤0.12 to ≤0.5 μg/ml(28). The US FDA approved the 
breakpoint in more conservative way (≤0.125 μg/ml). 
Considering the susceptibility breakpoint using PK/
PDs for cefditoren, the MIC breakpoint should be 
≤0.25 μg/ml, which is diff erent from the susceptibility 
breakpoint recommended by the US FDA. The results 
of this study were consistent with a previous report of in 
vitro activities of cefditoren against 300 S. pneumoniae 
isolates. If penicillin-resistant pneumococci are to be 
considered not susceptible to cefditoren, the tentative 
MIC breakpoints for cefditoren of ≤0.25 μg/ml for 
susceptible and ≥1 μg/ml for resistant could be selected. 
With those breakpoints, all PSSPs were susceptible to 
cefditoren, and the PISPs were mostly susceptible 
to cefditoren (85%)(30). Therefore, the susceptibility 
breakpoint for cefditoren as recommended by the 
US FDA should be increased to ≤0.25 μg/ml, for all 
cefditoren regimens can be expected to be eff ective in 
the treatment of S. pneumoniae-related RTIs.

In this study, S. pneumoniae isolates were 
susceptible to azithromycin at the rate of 40%. In 
the case of the PSSPs, the authors found that most 
(approximately 63%) of the S. pneumoniae were 
susceptible to azithromycin, which differed from 
the susceptibility rates of more than 94% for the 
other antimicrobials in this study. The ANSORP 
study showed a high prevalence of erythromycin 
resistance (72.7%). The resistance to erythromycin 
showed a relationship with that of azithromycin and 
clarithromycin. The azithromycin resistance of the 

pneumococcal isolates in the present study was 47%, a 
little higher than the erythromycin resistance of 44.3% 
for pneumococcal isolates that had been reported from 
Thailand and cited in the ANSORP study(3).

The probability of obtaining the PK/PD target 
of azithromycin was 1.71% and 0% for the CLSI 
breakpoint and MIC90 value (MIC ≤0.5 μg/ml and ≥128 
μg/ml, respectively). Based on the pharmacodynamics 
simulation that considered treatment according to the 
overall prevalence of pathogens, azithromycin achieved 
a 31.40% CFR against S. pneumoniae. These results 
diff ered from a previous Monte Carlo simulation, in 
which azithromycin 500 mg achieved a 76.5% CFR 
against S. pneumoniae(26). The diff erent results may 
be explained by diff erent MIC distributions. As the 
previous study had an MIC90 value lower than the 
present study (0.125 and 128 μg/ml, respectively), it 
likely to have a higher probability of achieving the 
AUC/MIC target than the present study. Thus, the 
authors do not recommend an empirical therapy with 
azithromycin 500 mg for S. pneumoniae-related RTIs 
because of the low probabilities of S. pneumoniae 
eradication. It is probably because azithromycin 
distributes rapidly from the vascular compartment to 
body tissues, resulting in lower azithromycin levels 
in serum(31). However, the major RTI pathogens are 
located in the extracellular rather than the intracellular 
compartment. The high intracellular concentration of 
macrolides may decrease their therapeutic potential in 
these infections(32).

Several limitations of this study should be 
discussed. First, the number of organisms were 
obtained from a small group of patients from only one 
teaching hospital. Our fi ndings may not represent the 
population of S. pneumoniae-related RTIs in Thailand 
as a whole. Second, the antimicrobial regimens selected 
were based on recommendations from RTI guidelines 
or Thai FDA labeling; other possible regimens were not 
incorporated in our analysis, such as amoxicillin 1,000 
mg every 12 hours. Third, some antimicrobial regimens 
could not be analyzed by a Monte Carlo simulation due 
to insuffi  cient pharmacokinetic data. Finally, all of the 
pharmacokinetic data were obtained from previously 
existing studies in healthy volunteers. Some parameters 
obtained from healthy volunteers may diff er from those 
obtained from actual RTI patients.

Conclusion
Our fi ndings suggest that amoxicillin is still an 

empirical oral therapy of choice for S. pneumoniae-
related RTIs. Amoxicillin 500 mg every eight hours 
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can be expected to be eff ective in the treatment of S. 
pneumoniae-related RTIs. Amoxicillin/clavulanate 
regimens should be reserved for patients who require 
additional beta-lactamase producing organism 
coverage. Cefditoren 200 mg every eight hours 
could be an alternative to cover the majority of 
S. pneumoniae. In addition, the authors do not 
recommend azithromycin as an empirical therapy for 
S. pneumoniae-related RTIs.

What is already known on this topic?
Amoxicillin is considered to be very good choice 

for S. pneumoniae-related RTIs.

What this study adds?
Empirical therapy with cefditoren 200 mg every 

eight hours in patients with S. pneumoniae-related 
RTIs could be an alternative to an amoxicillin-based 
regimen. In addition, due to an increasing prevalence 
of macrolide resistance, empirical therapy with 
azithromycin for S. pneumoniae-related RTIs is not 
recommended.
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