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ABSTRACT

Objectives. To evaluate, by applying pharmacokinetic/
pharmacodynamic (PK/PD) analysis, if the change in antibiotic
susceptibility after the introduction of the 7-valent pneumo-
coccal conjugate vaccine (PCV7) in Spain had any influence on
the usefulness of the antimicrobials more frequently used as
empirical treatment of pediatric acute otitis media (AOM).

Material and methods. PK parameters and susceptibili-
ty of Streptococcus pneumoniae and Haemophilus influenzae
were obtained from bibliography. Monte Carlo simulation was
used to estimate the cumulative fraction of response (CFR),
understood as the expected probability of therapy success. For
amoxicillin and amoxicillin/clavulanate, the target was free
antibiotic concentration remaining above the minimum in-
hibitory concentration (MIC) for =50% of the dosing interval
(fT.c=50%), whereas for cefuroxime axetil and cefotaxime,
the target was fT_,=60%. CFR values =90% were considered
successful.

Results. When all serotypes of S. pneumoniae are con-
sidered, amoxicillin and cefotaxime turned out to reach a high
probability of success, and difference before and after vacci-
nation was scarce. For H. influenzae, CFR values were higher
with amoxicillin/clavulanate than with amoxicillin. For both
microorganisms, cefuroxime axetil resulted in low probability
of success in the two periods of study.

Conclusions. We have shown that the introduction of the
PCV7 vaccination did not lead to changes in the probability of
success of the current empiric treatments of the AOM. Inte-
grated PK/PD analysis has demonstrated to be a useful tool to
identify changes in antimicrobial activity after the implanta-

Correspondence:

Andrés Canut Blasco.

Hospital Universitario de Alava (HUA).
Tfno.: +34 9450007564

Fax: +34 945007555

E-mail: andres.canutblasco@osakidetza.eus

tion of a vaccination program, providing complementary in-
formation to the simple assessment of MIC values.
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Aplicacion del analisis farmacocinético/
farmacodinamico en la evaluacion de la
adecuacion de la terapia antimicrobiana de la
otitis media aguda en nifios en Espafia antes
y después de la implantacion de la vacuna
antineumocdcica heptavalente

RESUMEN

Objetivo. Evaluar mediante analisis farmacocinético/
farmadocinamico (PK/PD) si el cambio en la sensibilidad anti-
microbiana tras la introduccion en Espafia de la vacuna anti-
neumocdcica heptavalente (VNC7) ha implicado cambios en la
adecuacion del tratamiento antibidtico de la otitis media agu-
da (OMA) en nifios.

Materiales y métodos. Los parametros PK y datos de
sensibilidad de Streptococcus pneumoniae y Haemophilus in-
fluenzae fueron obtenidos de la bibliografia. Mediante simu-
lacion de Montecarlo, calculamos la probabilidad de éxito del
tratamiento antibidtico, expresada como fraccion de respuesta
acumulada (CFR). Para amoxicilina y amoxicilina/acido clavu-
lanico, el objetivo farmacodinamico considerado fue el tiem-
po durante el cual las concentraciones libres en sangre per-
manecen por encima de la concentracion minima inhibitoria
(CMI), expresado como porcentaje del intervalo de dosificacion
(T_cu=50%). Para cefuroxima axetilo y cefotaxima, el objetivo
fue fT..,=600%. Valores de CFR=90% se consideraron indicati-
vos de éxito.

Resultados. Si se tienen en cuenta todos los serotipos de
S. pneumoniae, amoxicilina y cefotaxima proporcionaron una
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alta probabilidad de éxito, sin apenas diferencia entre ambos
periodos. En el caso de H. influenzae, los valores de CFR fueron
mas altos con amoxicilinafacido clavuldnico que con amoxici-
lina. Para ambos microorganismos, las probabilidades de éxito
de cefuroxima axetilo fueron bajas en ambos periodos de es-
tudio.

Conclusiones. La introduccion de la vacuna PCV7 no ha
implicado cambios en la probabilidad de éxito del tratamiento
antibidtico empirico de la OMA. Hemos demostrado la utilidad
del analisis PK/PD para detectar cambios en la adecuacion del
tratamiento antibiotico tras la implantacion de una vacuna,
proporcionando informacion complementaria al sequimiento
de los valores de CMI.

Palabras clave: otitis media aguda, analisis farmacocinético/farmacodina-
mico, vacuna antineumocdcica heptavalente

INTRODUCTION

Acute otitis media (AOM) is one of the most frequent
illnesses in children and the most commonly cited indication
for antimicrobial treatment [1]. Since it is treated mainly em-
pirically, the antimicrobial agents must target the most fre-
quently isolated pathogens. Streptococcus pneumoniae has
been the predominant pathogen related to AOM. The 7-valent
pneumococcal conjugate vaccine (PCV7) has decreased AOM
in children <2 years, as demonstrated by a >28% reduction in
recurrent AOM [2,3] and a =43% reduction in AOM outpatient
visits or prescriptions [4]. Since the introduction of the PCV7
for the prevention of invasive pneumococcal disease, many
studies have shown a decrease in AOM cases in vaccinated
as well as in non-vaccinated children due to herd protection
[5]. In Spain, the PCV7 was introduced for child immunization
in June 2001, and, as expected, it has induced a continuous
decline in the prevalence of PCV7 serotypes. A recent study
carried out in the north of Spain over a 12-year period [6] re-
vealed that the most frequent serotypes of pneumococci caus-
ing AOM under the influence of the PCV7 were 19A (27.8%)
and 3 (11.2%), serotypes not included in the vaccine, and 19F
(9%). Specifically, the proportion of serotype 19A increased
from 17.9% to 37.9%, and that of serotype 3 increased to
5.1% to 15.0%. However, the rate of serotypes included in the
PCV7 sharply decreased from 62.49% in 1999-2001 to 2.2% in
the 2008-2010. In another study carried out in Spain, a simi-
lar decrease in the proportion of PVC7 serotypes was shown:
from 70.7% in 1999-2000 to 10.6% in 2009 [7]. On the other
hand, in Spain the introduction of PCV7 has been associated
to an increase in the proportion of AOM caused by Haemo-
philus influenzae [6]. In fact, the association of H. influenzae
and S. pneumoniae in AOM has been largely demonstrated [8],
especially in complex AOM [2,9,10], and several authors have
suggested the possibility of an increased rate of H. influenzae
AOM after the introduction of the PCV7 [11].

Pharmacokinetic/pharmacodynamic (PK/PD) analysis inte-
grates information about the required concentration of antibi-
otic that reaches the infection site and produces the desirable
effect, and information about the susceptibility of the path-

ogen against the antibiotic, expressed as minimum inhibitory
concentration (MIC). PK/PD analysis with Monte Carlo simu-
lation allows the researcher or clinician to select the optimal
antibiotic and dosing regimen for each infectious process and
patient in order to enhance the effect of the antibiotic, mini-
mizing the side effect incidence and the emergence of resist-
ance [12]. It can also be applied in drug development to scale
from animal studies, establish the optimal dosing regimens in
clinical trials or describe the kinetic and dynamic relation for
new drugs, as required by regulatory agencies. Moreover, PK/
PD analysis has also been proved to be useful to assess chang-
ing antimicrobial activity against clinical isolates, as comple-
mentary to the simply assessment of MIC values [13].

The goal of the current study was to elucidate, by means
of PK/PD analysis, if the change in antibiotic susceptibility af-
ter the implementation of the PCV7 in Spain had any influence
on the adequacy of the antimicrobials more frequently used as
empirical treatment of pediatric AOM: amoxicillin, amoxicillin/
clavulanate, cefuroxime axetil, and when oral antibiotics are
not indicated, cefotaxime.

MATERIALS AND METHODS

The methodology included the following steps: (i) dosing
regimen selection and acquisition of pharmacokinetic data; (i)
microbiological data acquisition; and (i) Monte Carlo simula-
tion of the antibiotics studied in children. Monte Carlo simu-
lation allowed us to estimate the probability of target attain-
ment (PTA), defined as the probability that at least a specific
value of a PK/PD index is achieved at a certain MIC, and to
calculate the cumulative fraction of response (CFR), defined
as the expected population PTA for a specific drug dose and a
specific population of microorganisms [14].

Dosing regimen selection and acquisition of phar-
macokinetic data. Oral amoxicillin alone and associated with
clavulanate, oral cefuroxime axetil, and intravenous cefotax-
ime were chosen based on their use for the treatment of AOM
in children in Spain. The following drug regimens were evalu-
ated: 1) amoxicillin and amoxicillin/clavulanate: 20 mg/kg, 40
mg/kg, 45 mg/kg and 50 mg/kg every 12h (q12h) and 13 mg/
kg, 27 mg/kg, 30 mg/kg and 33 mg/kg every 8h (q8h); the dose
of amoxicillin/clavulanate is expressed as amoxicillin and is ad-
ministered as an oral suspension of 100/12.5 mg, 2) cefurox-
ime axetil: 10 mg/kg and 15 mg/kg q12h, and 3) cefotaxime:
33 mag/kg, 50 mg/kg and 66 mg/kg q8h, as a 0.5 h infusion.
Pharmacokinetic parameters were obtained from published
pharmacokinetic studies in pediatric populations [15-20]. All
parameters were expressed as means and standard deviation
(table 1). In the case of cefuroxime axetil and cefotaxime,
published pharmacokinetic parameters were available only as
mean values, without variability. In order to carry out the PK/
PD analysis we assumed a variability (expressed as variation
coefficient) of 20% for the volume of distribution (V) and elim-
ination rate constant (K), and 25% for absorption rate con-
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out in children (mean+standard deviation).

Table 1 ‘ Pharmacokinetic parameters for each antimicrobial agent from published studies carried

Amoxicillin Cefuroxime axetil Cefotaxime
VIF (L/Kg) 1.44 + 037 0.72 + 0.14 0.295 + 0.059
K (h-1) 0.276 £ 0.137 05101 0.75 £ 0.15
Ka (h-1) 1.77 £ 0.99 0.43 £ 0.1 =
fu 0.8 0.6 0.6
Reference [14,15] [16] [17-19]

V[F: volume of distribution/drug bioavailability, K: elimination constant rate, KA: absorption constant rate, fu: unbound fraction

stant (Ka). Unbound fraction was included as a fix value [21].

Acquisition of microbiological data. Susceptibility da-
ta of clinical isolates to each antibiotic before and after the
implementation of the PCV7 were obtained from recently
published studies (tables 2 and 3). Pre- (2000-2001) and post-
(2010-2011) vaccination bacterial population MIC distribution
of S. pneumoniae isolates for each antibiotic was provided by
Fenoll et al. [7] (table 2). The proportion of the non-vaccine se-
rotypes varied from 44.5% (85/191) in the pre-PCV7 period to
92.1% (128/139) in the post-PCV7 period. The most frequent
serotypes in the post-vaccination period were 19A (47.5%,
66/139) and 3 (10.8%, 15/139). Pre-vaccination data of H. in-
fluenzae (1998-1999) were provided by the Medical Depart-
ment of GlaxoSmithKline [22], and post-vaccination data of H.
influenzae (2011) were obtained from a study performed by
Garcia-Cobos et al. [23] (table 3). The proportion of B-lacta-
mase-producing H. influenzae strains varied from 20.6% in
the pre-PCV7 period to 12.5% in the post-PCV7 period, and
B-lactamase-nonproducing  amoxicillin-resistant ~ (BLNAR)
strains varied from 25.3% to 22.9%.

The susceptibility (expressed as minimum inhibitory con-
centration, MIC) to amoxicillin, amoxicillin/clavulanate, ce-
furoxime axetil and cefotaxime was studied considering the
Clinical and Laboratory Standards Institute (CLSI) breakpoints
[24]. H. influenzae strains were classified as amoxicillin suscep-
tible (MIC < 1 mg/L), or resistant (MIC > 1 mg/L). BLNAR was
determined according to the CLSI breakpoints.

Estimation of probability of target attainment (PTA).
A 10,000 subject Monte Carlo simulation was conducted for
each antibiotic agent using Oracle® Crystal Ball Fusion Edition
v.11.1.1.1.00 (Oracle USA Inc., Redwood City, CA). As B-lactam
antibiotics show time-dependent antimicrobial activity, the
PK/PD parameter related to its activity is the percentage of
time that free drug concentration remains over de MIC ().
The target was the unbound antibiotic concentration remain-
ing above the MIC for =50% of the dosing interval for penicil-
lins (fT_yc 250%) and = 60% for cephalosporins (fT_y,c 260%)
[16, 25]. The fraction of time (expressed as percentage of the
dosing interval) that the drug concentration remains above
the MIC (fT, \,c) was calculated for over an MIC range of serial
twofold dilutions from 0.015 mg/L to 64 mg/L. We assumed a

one-compartment pharmacokinetic model and, according sta-
tistical criteria, a log-normal distribution for the pharmacoki-
netic parameters was used.

For cefotaxime (intravenous infusion), the following equa-
tion was used to calculate T [25]:

FTomic %) = [(tz + tins) — t1] x 100/7 (Eq. 1)

where t,(h) is the infusion time, t, (h) corresponds to
the time at which the drug concentration reaches de MIC
during the infusion phase, t, (h) corresponds to the post-in-
fusion time at which the serum concentration equals the MIC
and T is the dosing interval. Assuming that cefotaxime shows
linear pharmacokinetics, t, and t, were calculated as follows:

(MIC - mein,ss)/(meax,ss - mein,ss) (Eq 2)

Cmax 'S
t,=Ln (f—MIC”’ )x V/CL, (Eq. 3)

where fC ;. and fC . are the minimum and maximum
unbound serum concentrations (mg/L) at steady state, respec-
tively.

Total body clearance (CL), volume of distribution (V), and
unbound fraction (f,) were used to estimate fC,,and fCoe
according to the following equations:

CL
_ D =t 1
f Cmax,ss ﬁl : (1 ev mf) CL
CLtinf 1—pg— T E

(Eq. 4)

- @—ting)
mein,ss = meax,ss e v (Eq. 5)

For amoxicillin, amoxicillin/clavulanate and cefuroxime
axetil, which are administered by oral route, the following
equation was used:

_FDKafy (1-e"K7\ _po (1-e"Ka™y _p
TV (Ka—K) [( 1—e-KT) - (1—e-Kaf)e . ] (EQ- 6)

where F is the drug bioavailability, Ka is the absorption
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Table 2 Activity of the antibiotic studied against S. pneumoniae isolates from AOM
in children on pre-vaccination period (May 2000-May 2001), and post-
vaccination period (May 2010-May 2011). Pre-vaccination period: all isolates:
191, serotype 3: 18 isolates, serotype 19A: 18 isolates; post-vaccination
period: all isolates: 139, serotype 3: 15 isolates, serotype 19A: 66 isolates.
Y of strains inhibited at MIC (mg/L)
All isolates 0015 003 006 012 025 05 1 2 4 8 16 32 64
Amoxicillin Pre-PCV7 408 3.7 4.7 99 12 183 37 63 05
Post-PCV7 410 29 43 101 101 79 187 50
Cefuroxime axetil Pre-PCV7 42 209 52 63 4.2 63 68 73 262 126
Post-PCV7 6.5 295 22 29 5 29 79 101 245 43 43
Cefotaxime Pre-PCV7 168 173 84 42 105 131 262 37
Post-PCV7 34.5 14 36 36 29 86 237 173 43
9% of strains inhibited at MIC (mg/L)
Serotype 19A 0015 003 006 012 025 05 1 2 4 8 16 32 64
Amoxicillin Pre-PCV7 66.7 56 56 167 5.6
Post-PCV7 76 15 4.5 167 121 121 379 176
Cefuroxime axetil Pre-PCV7 444 167 5.6 16.7 16.7
Post-PCV7 1.5 45 1.5 3 91 152 485 91 76
Cefotaxime Pre-PCV7 222 389 56 56 1.1 1.1 56
Post-PCV7 6.1 1.5 9.1 364 364 76
Y% of strains inhibited at MIC (mg/L)
Serotype 3 0015 003 006 012 025 05 1 2 4 8 16 32 64
Amoxicillin Pre-PCV7 100
Post-PCV7 100
Cefuroxime axetil Pre-PCV7 277 555 111
Post-PCV7 267 733
Cefotaxime Pre-PCV7 770 220

Post-PCV7 100

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

Using Oracle® Crystal Ball, the values of time at which
concentration equals the MIC values were calculated and used
to estimate fT_y,c (%) as follows:

fTomic(%) = [to_t;1]x 100/T (g 7)

where t, and t, 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, re-
spectively.

The PTA (probability that fT_,c (%) reaches the PK/PD tar-
get: 50% for amoxicillin, and 60% for cefuroxime axetil and
cefotaxime), were estimated for every dosing regimen. The

Rev Esp Quimioter 2019;32(2): 121-129

treatment was considered successful if the PTA was =90 %
[26].

Estimation of cumulative fraction of response (CFR).
The CFR, understood as the expected probability of success of a
dosing regimen against bacteria in the absence of the specific
value of MIC, was also calculated. It results from the total sum
of the products of the PTA at a certain MIC times the frequen-
cy of isolates of microorganism exhibiting that MIC over the
range of susceptibility, according to the following equation:

CFR(%) = X, PTAi-Fi (Eq.8)

where i indicates the MIC category, PTA, is the PTA of each
MIC category, and F; is the fraction of microorganisms popula-
tion in each MIC category. As for PTA, the dosing regimen was
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Table 3 Activity of the antibiotic studied against H. influenzae isolates from AOM in
children in the pre-vaccination period (1998-1999, n=146 isolates), and in
the post-vaccination period (2011, n=48 isolates).

% of strains inhibited at MIC (mg/L)
Antimicrobial 003 006 012 025 05 1 2 4 8 16 32 64 128
Amoxicillin Pre-PCV7 541 185 68 14 192
Post-PCV7 625 187 6.3 42 83
Amoxicillin/clavulanate Pre-PCV7 07 07 07 55 431 287 151 55
Post-PCV7 42 604 271 83
Cefuroxime axetil Pre-PCV7 75 M0 473 226 103 14
Post-PCV7 21 250 479 25
Cefotaxime Pre-PCV7 992 03 0.3 0.3
Post-PCV7 813 188
Table 4 CFR values for S. pneumoniae pre- and post-PCV7.
All serotypes Serotype 19A Serotype 3
Amoxicillin Pre-PCV7 Post-PCV7 Pre-PCV7 Post-PCV7 Pre-PCV7 Post-PCV7
20 mg/kg q12h 85 80 96 63 100 100
40 mg/kg q12h 93 90 98 83 100 100
45 mgfkg q12h 94 92 98 86 100 100
50 mg/kg q12h 94 93 99 88 100 100
13 mg/kg g8h 88 83 97 69 100 100
27 mg/kg q8h 95 94 96 89 100 100
30 mg/kg q8h 96 95 99 91 100 100
33 mg/kg q8h 96 96 99 93 100 100
Cefuroxime axetil ~ Pre-PCV7 Post-PCV7 Pre-PCV7 Post-PCV7 Pre-PCV7 Post-PCV7
10 mgfkg q12h 49 47 73 1 100 100
15 mgfkg q12h 54 49 80 12 100 100
Cefotaxime Pre-PCV7 Post-PCV7 Post-PCV7 ~ Post-PCV7 Pre-PCV7 Post-PCV7
33 mgfkg q8h 92 83 98 70 100 100
50 mg/kg q8h 95 90 99 81 100 100
66 mg/kg q8h 97 93 99 86 100 100

Numbers in bold indicates CFR=900%.

considered successful if the CFR value was equal to 90 % or
higher [26].

RESULTS

Figure 1 features the PTA values of amoxicillin, cefurox-
ime axetil and cefotaxime for all the dosing regimens studied.
As expected, for each target (fT_,;c>50% for amoxicillin, and
M c>60% for cefuroxime axetil and cefotaxime), the highest
PTA values were achieved with the highest doses. Regarding
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amoxicillin, if the infection is caused by microorganisms with an
MIC=<1 mg/L, a high probability of therapy success (PTA=90%)
was achieved even with the lowest dose. For an MIC value of 2
mg/L, all dosing regimens except 20 mg/kg q12h and 13 mg/kg
q8h provided PTA=90%, and PTA was higher than 90% when
the MIC is 4 mg/L only with the dose of 33 mg/kg q8h). Both
cephalosporins, cefuroxime axetil and cefotaxime, cover infec-
tions caused by microorganisms with an MIC<0.5 mg/L, but for
a MIC value of 1 mg/L, only cefotaxime 66 mg/kg q8h ensured a
probability of therapy success higher than 900%.
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Table 5 CFR values for H. influenzae in the pre-
and post-PCV7.
Amoxicillin Pre-PCV7 Post-PCV7
20 mg/kg q12h 77 82
40 mg/kg q12h 86 86
45 mg/kg q12h 87 86
50 mg/kg q12h 88 86
13 mg/kg q8h 79 85
27 mgfkg q8h 89 87
30 mg/kg q8h 90 87
33 mg/kg q8h 91 87
Amoxicillin/clavulanate Pre-PCV7 Post-PCV7
20 mg/kg q12h 89 93
40 mgfkg q12h 96 98
45 mgfkg q12h 96 98
50 mg/kg q12h 97 98
13 mg/kg g8h 93 97
27 mgfkg q8h 98 99
30 mg/kg q8h 99 100
33 mg/kg q8h 99 100
Cefuroxime axetil Pre-PCV7 Post-PCV7
10 mg/kg q12h 38 46
15 mgfkg q12h 59 67
Cefotaxime Pre-PCV7 Post-PCV7
33 mg/kg q8h 97 100
50 mg/kg q8h 98 100
66 mg/kg q8h 99 100

Numbers in bold indicates CFR=90%.

The proportion of S. pneumoniae isolates amoxicillin-sus-
ceptible and cefotaxime-susceptible (MICs < 2 mg/L and < 1
mg/L, respectively) decreased 15% and 19% from pre-PCV7 to
the post-PCV7 period, respectively. Table 4 shows CFR values of
each antibiotic against S. pneumoniae taking into account the
MIC distribution data in the pre- and post- vaccination periods
(pre- and post-PCV7). When all serotypes of S. pneumoniae are
considered, amoxicillin (except 20 mg/Kg q12h and 13 mg/Kg
q8h) and cefotaxime turned out to reach a high probability of
success (CFR=90%), and difference before and after vaccination
was scarce. However, for serotype 19A, CFR values decreased
in the post-vaccination period, and the probability of success
was =90% only with the highest doses of amoxicillin. As can be
seen in table 4, serotype 3 is fully susceptible to all antimicrobial
agents, and when this serotype is responsible for the infection,
no difference in the probability of success of the antibiotic ther-
apy between the pre- and post-vaccination period was detected.

Table 5 shows the CFR values obtained for H. influenzae.

As expected, CFR values were higher with amoxicillin/clavula-
nate than with amoxicillin, and cefuroxime axetil resulted in
a very low probability of success. In the two periods of study,
cefotaxime led to a high probability of success (=97%).

DISCUSSION

In the present work, we have studied the antimicrobial
activity of the antibiotics used for the treatment of AOM in
children against clinical isolates of S. pneumoniae and H. influ-
enzae before and after the introduction of the PCV7 in Spain,
by using integrated PK/PD analysis.

Since the availability of PCV7, there have been changes
in the overall serotype distribution of S. pneumoniae; in par-
ticular, an increase in serotype 19A has been observed globally
[27]. In Spain, the rate of non-PCV7 serotypes increased after
the vaccine was introduced, including serotypes 19A and 3 [6].

The efficacy of an antimicrobial drug depends on the
relationship between the MIC of the microorganism and the
exposure of the microorganism to the agent in the patient.
For B-lactams, the time for which free drug levels exceed
the MIC, expressed as the percentage of the dosing interval
(fT_uc), correlates best with bacterial eradication [28]. Accord-
ingly, we have estimated the probability of treatment success
as the probability of this index to reach the target value (50%
for penicillins and 60% for cephalosporins), expressed as PTA.
Current AOM management guidelines recommend high-dose
amoxicillin (80-90 mg/kg/day) as the first-line drug of choice
in children [29] and, according to our results, these dose levels
would be effective against organisms with MICs up to 2 mg/L
(figure 1). Taking into account the susceptibility patterns of
S. pneumoniae (table 2), 89.5% (pre-PCV7) and 76.3% (post-
PCV7) of all isolates have a MIC<2 mg/L, although for the
serotype 19A the rate of isolates with MIC<2 mg/L has de-
creased from 94.4% to 54.5% after the implementation of the
PCV7. In the case of H. influenzae, data are even more favora-
ble, since most isolates present MIC<2 mg/L for amoxicillin/
clavulanate (table 3). Regarding cephalosporins, every dosing
level is enough to treat infections due to microorganisms with
MIC<0.5 mg/L, but if MIC is 1 mg/L, only the highest dose of
cefotaxime (66 mg/kg q8h) seems to be adequate.

Considering that AOM is typically treated empirically, the
treatment of choice should target the most frequently isolat-
ed pathogens. As previously mentioned, in the post-vaccina-
tion period it was not only a serotype replacement, but also
an increase of non-susceptibility rate of some serotypes not
included in the vaccine against B-lactams, as serotype 19A
[7]. Therefore we have calculated the probability of empirical
treatment successful (CFR) in the pre- and post-vaccination
period taking into account the MIC values. If we consider all
serotypes of S. pneumoniae, only a slight decrease in the prob-
ability of success in the post-vaccination period was observed
in comparison to the pre-vaccination period. Therefore, when
the serotype is not identified, amoxicillin and cefotaxime may
be good options for the treatment of AOM, although the prob-
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ability of success slightly depends on the dose.

Although H. influenzae is not involved in
the PCV7, mixed infections are common, and
the association of this microorganism with S.
pneumoniae has been widely demonstrated
[9,10]. Moreover, an increase in the propor-
tion of AOM cases caused by H. influenzae
has been shown after the introduction of
pneumococcal vaccines [2,3]. This is the rea-
son why we have also studied the probabili-
ty of treatment success before and after the
introduction of the PCV7 when H. influenzae
is responsible for the infection. According to
the CFR values obtained and, as expected, the
implantation of the vaccine hardly led to rel-
evant changes in the activity of the antibi-
otics studied. In spite that in the post-PCV7
period, the rate of 3-lactamase-producing H.
influenzae strains was lower than before the
introduction of the vaccine, and that the rate
of BLNAR isolates hardly changed, only small
differences in the CFR values of amoxicillin
and amoxicillin/clavulanate were found be-
tween both periods. Amoxicillin/clavulanate
provided slightly probabilities of treatment
success than amoxicillin. Regarding cephalo-
sporins, cefotaxime provided very high prob-
ability of therapy success both before and
after the introduction of the PCV7. On the
contrary, cefuroxime axetil resulted in a very
low success probability in both periods.

National vaccination recommendations
outside routine infant immunization programs
differ among EU countries. Some countries
have age-based vaccination programs, while
others have risk-based programs, and some
countries have regional variations with re-
spect to recommendations [27]. Previous stud-
ies have shown that PK/PD analysis is a useful
tool to identify differences in the antibiotic
treatment success due to different suscepti-
bility patterns [21]. Our study reveals that this
methodology is also useful for the surveillance
programs to evaluate the effect of a vaccine.

The change of serotype epidemiology due
to the PCV7 has led to the development and
introduction of higher-valent pneumococcal
conjugate vaccines, including PCV13, which
includes serotype 19A, to provide improved
serotype coverage against pneumococcal dis-
eases. In Spain, PCV13 has been available since
June 2010 and vaccination is recommended
for pediatric patients. However, before 2016 in
most provinces of Spain, the vaccine was not
financed by the public health insurance and it
had to be paid by parents, leading to non-uni-
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versal coverage. Although after the introduction of the PCV13,
a reduction in the frequency of infections due to vaccine se-
rotypes, mainly 19A and 1, was observed [30,31], the lack of
available data does not allow to include the post-PCV13 period
in the present study.

In conclusion, this study demonstrates the value of in-
tegrated PK/PD analysis to identify changes in antimicrobial
activity after the implantation of a vaccination program,
providing complementary information to the simply assess-
ing of MIC values. We have shown that the introduction of
the PCV7 vaccination did not lead to changes in the prob-
ability of success of the current empiric treatments of the
AOM.
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